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Effect of the welding residual stress redistribution on impact absorption energy

Zhaorui Yang* and Youngseog Lee*¥

*Dept. of Mechanical Engineering, Chung-Ang University, Seoul 156-756, Korea

tCorresponding author : ysl@cau.ac.kr
(Received January 7, 2015 ; Accepted February 24, 2015)

Abstract

Evaluation of fracture toughness of welded structures has a significant influence on the structural design.
However the residual stresses is redistributed while the welded structures is cut for preparing specimens.
This study investigated an effect of the welding residual stress redistribution on the impact absorption energy
of Charpy specimen. SA516Gr70 steel plate by at the flux cored arc welding (FCAW) and gas tungsten
arc welding(GTAW) was cutting. Specimens for Charpy impact testing were taken from the welded plate.
Two material removal mechanisms (wire cutting and water jet) were used to make the specimens. Welding
residual stress and redistribution residual stress were measured using the XRD (X-Ray Diffraction) method.
The amount of redistribution of residual stress depends on the different material removal mechanism.
Redistribution of residual stress of reduced the impact absorption energy by 15%.
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Fig. 1 Weld plate showing dimension and location of the
Temperature measurement

Table 1 Chemical composition and mechanical properties of the base material and weld material

C Si Mn N/mm? N/mm? %

Base metal SA516Gr.70 ~0.28 0.15~0.4 | 0.85~1.2 | 485~620 260~ 17~
E9ITI-B3(FCAW) | ~0.08 ~0.62 ~0.54 ~726 604 19

Weld metal | ER70S-2(GTAW) ~0.07 0.4~0.7 0.9~1.4 540 410 25
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Table 2 Welding condition

Average current | Average voltage Weir diameter Welding speed
[A] [Vl [mm] [mm/s]
FCAW 220 24 1.6 5~6
GTAW 200 17 2 1.4~1.6

74

Journal of Welding and Joining, Vol. 33, No. 1, 2015



FrodAled vAe 9%

75

. 0 Line-I

|~—»l
10111111:{ T 10mm
T 1 4
e o o o p o o o o Linell
Weld—>

wwOs T

.co.*O..‘Liﬂe-HI:

Cal

wuwOgT

ﬁ%“......me_ﬂ

Weld—>

e o o o 4 o o o olLine-ll

@ N @ oMW BT B AP

<

(b)
Fig. 4 The welded plate of the wire cutting and waterjet

38MPaoltt. $1H Al #
680g/min, A" £&=
100mm/min®lth. 98 A ALE 73 2ES Fig.
4(b)llA Holzoh 8 Al A" b= HH YEA
(B.C waterjet) 3JAllA A2 BC-1212 A8 ]
£ ARSI}, TS oA Al HH S & ASTM E23-
07a T2l wg} Ak23] A|lH o2 AW (finishing) 7}
Bl

AHE A9 Adxd R S eaks Eol7]
sl FHAE FYsit. AlH FH A= Sic
(#800, #2000) |5 (paper) & AH&-3te] 7]A12] <
s gt} Awpgt & 5% HNO3;+95% methanolE
ol g&3alA 40x B AlF BEHE ol (etching) ATh
Woolggt 24& Bl AMEY Aol ¢ 0.06mm
€ AR ®k. AgldE AA 39 dHe U Fig.
5o A rehditt,

ASTM Ad7A2d] we} 713" AlHE o] &dld

g - Agets] A A33d A1, 20159 2€

L nm| TR TR T
|

B 14 15 16

Fig. 5 The charpy test specimen surface of the etching

treatment
A2 24 AeE sasn Adel 43 97 9o
T o Bsle EYd 3l 204 AL A

a7 4 v‘i";‘?_—‘& ZRI20A St 2R 27 ¢
;’r: D}E—’_E} Flg 6“—‘ GTAW au-—i %—
B AHAA A3 FF-sEATeld. Fig. 6(a)=
RIS met 243 &4 Tl AR-sEE
= Nur Syahronise A3 o|=2a ZAzle} A}
1= S ‘”‘ﬁ"ﬂ el *‘““'«] %;‘J% "]?ﬂ -
Fol

ot fT

]_

Zﬂi ?*’5}“4’\1 7374]7\7401] 2] ?l’é} -
Helth, T3k Fig. 6(b)e &3] 25
ERd Aot} &5l 17 2HR-go] EEE AT
F&go] &4FolA HAZ(heat affected zone)d
Fo g oAdx tEo g Waldth 53] HAZTA
8 kol 59 ‘50131‘3}. o|AE &HT- B Ate]

el ‘%17401] 4 ARls ‘F% ot

% d

l‘

oo ot i T HU R og

_4
—

JJrOlE} Flg 69} 2L Wor AFSHL 2431
o Fig. T(a)e &A% @H¥EX-H)9 179



76

500
100 I Stress along transverse direction

= I

N L

= 300}

£ 200}~

© L

s 100

7 L

O

B O

[} -

S -100[-

=1

2 L

»n -200p~

Qqé L —5—— Measured at linel
-300 = —5— Measured at line2
400 I —&— Measured at line3

i o] Reference paper[14]
SO 5 1 0 1z 35 4 5
Location
(@)

500
200 I Stress along longitudinal direction

'S 3001

& L

E 200 |-

o 100}

2 of

9}

2 L

»n -100F

T§ L

] -200 - ——&—— Measured at linel

g 2300 - ——+&—— Measured at line2

~ L ———&—— Measured at line3
-400 |- 0 Reference paper[14]
PS5 2 1 0 1 2 3 4 5

Location
(b)

Fig. 6 Residual stress distribution of GTAW

BE¥Avolw Fig. 7(h)E £HUHY-2)9 2784
Aol FCAWS| #7828 ®x 732 GTAWS
H]S=3 Uehdth 28y FCAWS] X534 Y-5 W
& AF$Hol BF GTAWEL 7150] 4g Zo=
Helrh, olZ2 FCAWelM AREH &2 359 54
9} QPFAETF GTAWHTE oF 35% 33l FCAW 84
E=(5~6mm/s) = GTAW &4&%(1.4~1.6mm/s)
Ho} war] wZo|th, Y] $4F o 58
2 7k QTAW(324MPa)7} FCAW (278MPa) Bt
oF 14%7} 2A Yepdth, 1 o]+ GTAW S48~
(11pass)7F FCAW (4pass) 2t} 21 & g efo]
A7) wjiRo|th, £ At AR AMEsle] GTAW,
FCAW 4 F33 7|ed749¢9 wnsigit.
Deng Dean'¥59] Ao de Cr-Mo 435S A&
A B84 7bs 289 GTAWS GMAW(Gas metal
arc welding) & #o| ARgslo] £48 333} Para-
dowska. AP59] A= Aea7tS Adsie] FCAW

76

500
I Stress along transverse direction
400
L ———&—— Measured at linel
= 300 |- G Meeasured at line2
& B =——&—— Measured at line3
E 200 j [o Reference paper[15]
£ 100}
© I
7 0
n
2 L
5 -100+
2 -
T - L
S 200
= L
» -300 |
9]
~ L
-400 |-
00 I ! I I ! I ! I !
N5 4 3 2 1 0 1 2 3 4 5
Location
(a)
500
100 I Stress along longitudinal direction
" 300
a, L
E 200 -
o 100k
% OofF
[0 L
f}
2 -100}
S 200} _
kS | —+&——Measured at linel
o -300} ———B5—Measured at line2
M~ - ———+&——Measured at line3
-400 | [~} Reference paper[15]
! ! ! ! ! ! ! ! !
00— 5 2 1 o0 1 2z 3 1 &
Location
(b)

Fig. 7 Residual stress distribution of FCAW [13]=>[15]

4 . B AT 249 Red 29
(Fig. 6. Fig. T)sk 471419 a7 Ak vzap
Vddehdth web B Aol A18E 84 W
WReY 2ol AHge 2k Bud

X-& W&k Zdole 55mmel7] ujie] AdE A|H
[e]

Z91A+= Fig. 3 oA ®£719).
Aud AR AR ARE ZPPEe 2] &

H
759 239 22 XRDWHS ARESIT). Fig. 8

C

A

R
il

Journal of Welding and Joining, Vol. 33, No. 1, 2015



AL SHFSH ] TR viAle 9%

77

Redistributed stress along transverse direction

300

Residual stress, o, [MPal

o
LIS B B By B S E B B B B B B B R
\["1
Vi
[ ]
[ ]
(]

-100 10mm
-200 _E — §
——3—— W/C-Mcasured at linel
300 ——5—— W/C-Mcasured at line2
T ——83—— W/C-Mcasured at line3
——&—— W/J-Mcasured at linel
-400 ———b—— W/J-Mcasured at line2
——A—— W/J-Mcasured at line3
500 | | | | | | | | |
-5 4 3 2 1 0 1 2 3 4 5
Location
(@)
500
Redistributed stress along transverse direction
400
200
100

-100 10mm

-200
—H—— W/C-Measured at linel
——H—— W/C-Measured at line2
—H—— W/C-Measured at line3
—&A—— W/I-Measured at linel

-300

Residual stress, ¢, [MPal

-400 [- —A—— W/I-Measured at line2

—=A—— W/J-Measured at line3

_ | I IR I RN SN R R
=55 1 o0 1 2z 3 4 5

N =,

Location
(b)

Fig. 8 Residual stress redistribution of the charpy test
specimen

< 849 el W/C(Wire cutting)# W/J (water
jet) 02 Adtd AH X[ ARE Aot
Fig. 8(a)& GTAWSA “Jaolx datd Alde] AL
X8 A7 olal Fig. 8(b)e FCAWEH Zatel|A]
Aetd Al R AEE SHEH oty 4F
I (water jet or wire cutting)ol] web ZHF-2-2
AEE ¥l (pattern) 2 Bol EEAe AL & F ok
GTAW &34 2ol W/Jes AdsiA ¥

)

(oL

O rlo m oX -z oo Hu

-
it
ox
=
lo,
>
“H,
N
ol
o
=51
2
=2
r [
o
olo
HILE
o
o
)
poc)

© V. Garcia Navas 599 A7A3}olx HojZr},
utebd] FCAWEA oA W/C 7HE Al 2
<8 AEEE 27]-155MPL] $EAF-EA A%
Hi-52 (255MPa) 2.2 WatAl doh. == W/ 71

A% 7FE AHERAA GEIF-SEol ATt
17 a8 FCAWSH Zae W/J7hgd AlgelA

J¥ EHAR-3ES -155MPaclA -2257k4] <F
A5% 5 S7 ke AR ATEsH Hrt

R

O,

¢

g8 AEEE AlEE o]&st] ASME SEC. 11
SA370: 20107+20l w} A2y A8S st
U Fig. 95 £ debiy |
At2d FAZFFAURA] S Adjeltt,
o] WA HH W/Jog Aoty A|He 27
YA (FCAWS! 7$-225J, GTAWS! Z$-175J)7F W/C
o7 Hekd AJHe] FZHFSUAIFCAWS] 78180,
GTAWS! A$1440) B}t it <F 25% A= 3A
ERIT) = Sl UE 49-E B W/CR Hdd
AR FAFZFAUA = FCAWZF 1800112 GTAW
£ 144J°]t}. FCAWEHS GTAWET} 20% A 1
ERdith v R W/J Aeel A FCAWAIHS] &4
ZAYA (225J)7F GTAWAIAS] EFZH LA
(175J)Ht} & 28 5%5 713tk webd FCAWS
e Ale] FAZTAUAE | $gitt o] 2 FCAW
S350 ALgE 27Kl (weld metal)7F GATW-E-4 <l
AHEE S7HAETE 7)Aol T Aoz Helth
TE W/CEY W/Jez Add Al#e 74 E5ddy
A7} $4gt

300

200

100

Charpy energy [J]

50

LABLINL I N B N ) O

| | | |
W/C-FCAW ~ W/C-GTAW  W/J-FCAW  W/J-GTAW

0

Fig. 9 The impact absorbed energy of the welding and
cutting

77



78 5
300 300
| GTAW W/C: Wire Cutting i W/C: Wire Cutting
L - FCAW 204mm
204mm B -
_ 3 — i > |
=250 = 250} e
| yx .......... .I.........Lmel ] I J/ Linel
2 L f > g ([Y |
o0 ElY 00 - = 1 — i
b - g .................... 5 L = Line2
S | B I Line2 ch | © I
200 - 200 ] Hon
o Tine3
g 2007 - I 3 T o f-ine
£ | 8 s | AT
S L S S L L g
n ™ %) \‘\9\
a) - o A ) I —
< 150 | \E\ < 1501
: O Measured at linel AT : B Measured at IEHEI
|l & Measured at line2 A o 4 Measured at 1¥ne2
L O Measured at line3 | O Measured at line3
100 L L | | L L L | L L L 100 ! L ! | ! L ! | 1 I 1
225 240 255 270 285 225 240 255 270 285
Residual stress [MPal] Residual stress [MPal
(@) (a
300 300
[ GTAW W/J: Water Jet FCAW W/J: W ater Jet
I & 204mm > I O Measured at linel
= - i i — orn | A i
— 2500 | gL - ) = 250 A o Measured at l%neZ
— L * Linel — | >~ O Measured at line3
> L 2]y | > A~ __ O
o0 =0 | - o0 3 ~
g R I Tine2 E) - \\
L — - ~._ 0
g 200 |- = ) © 900 L ™~
o N A e 1ine3 o 8 I 904mm O~
2 L - Q a i - > o
3 - A s - AN
2 L 2 I =Linel
< 1501 < 150 |g||Y I
N [m] Measured at linel _lé .......... i. ........ Line2
i A Measured at line2 = .
| O Measured at line3 I e t ......... Line3
1 O O L L L I L L L I L L L l O O 1 1 | I 1 1 1 I 1 1 1
-280 -240 -200 -160 -280 -240 -200 -160
Residual stress [MPa] Residual stress [MPal
(b) (b)

Fig. 10 The relationship for residual stress redistribution
and absorbed energy of GTAW

Fig. 102 AEXE 778 we A 455
ozl Aztelt} Fig. 10 ARinss
W/Jo.g2 7hgsle] 2 = T
Hxlolt}, Fig. 10(b)& GTA +3 AEe w/ce
7] AlREE AR-eEdl mE $4 Sl ¥
olt}. Fig. 10(a)olld AEEH #FHF-3Eo] 240MPacl
A 260MPaZA S7FFAA FAEFTAUA= <F 14%
(25) % "olzlt}, Fig. 11(a)= AE¥xd 7HFed
o] 240MPaclx] 270MPa7}x] Z7falar] 228
Ae F 12%(22) 7Hagct whHo| 53-8 A
B30 7% Fig. 11(b)E P?—r%%%o] -190MPac°llA
-162MPa7iA] 7HAsliA FAFFALAE 9.7%(18J)

v

N

adt Hepd B9 9%

15 ARgHo] FAEFI
AZ F7)E 9Fan Q3 AR FAES
UAE Al 9l B A MAE A% B

78

Fig. 11 The relationship for residual stress redistribution
and absorbed energy of FCAW

S Slth, Ea ol2let ARE @ e B W/
Won Ags Az AHe] FAFFUA} o
Sxdtin 2 5 ot

4.4 =

o ARgEoT AEEEA Hrh W/OHHoz A
e A & g AR5 SR
| A

>
re
lo,
ofj
N
]Ilo{l
9
o,
<
XN,
T
Aui

A
X
i
i,
=
i)
AN

Journal of Welding and Joining, Vol. 33, No. 1, 2015



79

References

1. Sridhar B.R, Devanda G, Ramachandra K., Effect of
Machining Parameters and Heat Treatment on the
Residual Stress Distribution in Titanium Alloy IMI-
834, J Mater Process Technol, 139 (2003), 628-634

2. Ulutan D, Alaca EB, Lazoglu 1.J., Analytical Modelling
of Residual Stresses in Machining, J Mater Process
Technol, 183 (2007), 77-87

3. Dattoma V, Giorgi MD, Nobile R., On the Evolution of
Welding Residual Stress after Milling and Cutting
Machining, Comput Struct, 84 (2006), 1965-1976

4. Hee-seon Bang, Han-Sur Bang, 1k-Hyun Oh, Jun-Hyung
Kim, Analysis of welding residual stress redistributions

on notched multi-pass FCA butt weldment, Journal of

KWJS, 28 (2010), 86-91 (in Korean)

5. Myoung-Soo Han, Welding simulation incorporating the
mechanical relaxation due to melting, Journal of KWJS,
25 (2007), 22-26 (in Korean)

6. Michael B. Prime, Thomas Gnauple-Herold, John A.
Baumann, Richard J. Lederich, David M. Bowden,
Robert J. Sebring,, Resiudal stress measurements in a
thick, dissimilar aluminum alloy friction stir weld, Acta
Materialia, 54 (2006), 4013-4021

7. A. J. C. B. Saint-Venant, Memoire sur la Torsion des
Prismes, Mem. Divers Savants, 14(1885), 233-560

8. J Altenkirch, A Steuwer, MJ Peel, PJ Withers, The
Extent of Relaxation of Weld Residual Stresses on
Cutting out Cross-Weld Test-Pieces, JCPDS-International
center for diffraction data, (2009), 593-607

hehgA - Hets Al 21334 Alls, 20159 2€

10

11.

12.

13.

14.

. Wenchun Jiang, Wanchuck Woo, Gyu-Baek An, Jeong-

Ung Park, NeNeutron diffraction and finite element
modeling to study the weld residual stress relaxation in-
duced by cutting, Materials and Design, 51 (2013),
415-420

. Vladimir Ivanovith Monin, Ricardo Tadeu Lopes,
Sergio Noleto Turibus, Joao C. Payao Filho, Joaquim
Teixeira de Assis, X-Ray diffraction technique applied
to study of residual stresses after welding of duplex
stainless steel plates, Materials Research., 17 (2014),
pp-64-69

Standard Practice for Microetching Metals and Alloys,
ASTM: E407-07, (2011)

Standard Test Methods for Notched Bar Impact Testing
of Metallic Materials, ASTM: E23-07a

Nur Syahroni, Mas Irfan Purbawanto Hidayat, 3D
Finite Element Simulation of T-Joint Fillet Weld:
Effect of Various Welding Sequences on the Residual
Stresses and Distortions, Numerical Simulation-From
Theory to Industry, (2012), 583-606

Deng Dean, Murakawa Hidekazu, Prediction of weld-
ing residual stress in multi-pass butt-welded modified
9Cr-1Mo steel pipe considering phase transformation
effects, Computational Materials Science, 37 (2006),
209-219

15. Paradowska. A., Price. J. W., Ibrahim. R., Finlayson.T.,

16.

17.

A neutron diffraction study of residual stress due to
welding, Journal of materials processing technology,
164 (2005), 1099-1105

V. Garcia Navas, 1. Ferreres, J.A. Maranon, C. Garcia-
Rosales, J. Gil Sevillano, Electro-discharge machining
(EDM) versus hard turning and grinding-Comparison
of residual stresses and surface integrity generated in
AISI Ol tool steel, Journal of Materials Processing
Technology, 195 (2008),186-194.

D. Arola, M. Ramulu, Material removal in abrasive
waterjet machining of metals A residual stress analy-
sis, Wear, 211 (1997), 302-310

79





