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In electric arc welding, the heat generated by the arc causes non-uniform expansion and contraction in the
weld and surrounding areas. Uneven expansion and contraction and the resulting plastic deformation are the
main sources of residual distortion and stress in welded structures. The distribution of residual stresses in a
welded joint depends on factors such as heat input, arc welding speed, material properties, preheating, part

thickness, groove geometry and welding execution schedule. In this research, a head to head joint is
investigated by penetration welding with experimental methods and finite element simulation. Residual
Finite Element stresses are measured by the central hole drilling method and by converting the obtained data into residual
Residual Stresses stresses, the obtained results are used to verify the developed finite element model. In the finite element
LTT model, the non-coupled thermal-mechanical mode is used and the method of birth and death of the elements is
HI-LOW used in the simulation of filler materials. In the simulation, the phase transformation process is considered and
with the help of LTT filler introduced, the residual stresses in the single-pass welding show a 15% reduction
in the tensile residual stresses. By examining the effect of misaligned welding on the specimens, the amount
of residual stresses generated increases significantly.
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Penetration Welding
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Table 2 Arc welding energy

Electrode Uv) 1(A) V(cm/min) Q(kj)
E6010 24 100 16 720
LTT 24 70 21 480

&gz g, -6-2

09 i8Il (6 ) Slgz b, 4 adiged (6, She> (imghy (nl 5o
5 0oy Joiide leos Sl g (Sl s Lt
ol 00 od.Sb'-)%- Lmd.;}o.: ‘L;)li;;':j? d...:‘)ﬁ

2 SMAW (Shielded Metal Arc Welding)

4 o )leis 8 )93 1400 280l pl 3des 9 il Swaiie

Gasz o Oyl Jll sdlolee flaie 4 dloles oyl
J> 5l ABAQUS 5 SYSWELD cla, |33l 5 .55 oo ooliceal
b Al g 5B ol (o)l Jlsl DY ol go0e
"o ool (6,892 Pl sl Gloy 4 iy j90 @
@l Oipe 4 pala 5l 485 )50 &)l Jlislans
255 oo ez (6) Wolea bass

g;n; =h( —Ty) (6)
ol 00t )l (7) olas b gghans (rtns &l > Jlanl
qn, =oeT *—aq, (7)

T (oo &yl Jasl oo h (7) 5 (6) oYolao ,o
oyl Jesl g g e @ copo o xaw Hlasil oo e

&y W1 -4-2

PR Spge 4 Sl B sy Kasr wnld o
Syge 4 D)l Jl g e Sjslre o 5 Vb slales
el 5l pan 599,50 D)9 Fomb slabes j3 Cd e
Sl Jsl cdls g0 o a5 ol s osliil oS 5 Lyl
9 S5 hwg 4l &l Ly, 4 axg b oyS e o )
doles dbod a3 atsly &)l sl oo o Gl [11] oo
sl 0 )| T ol s Jke 4y LBy 52 (8)

006687 (=) 0<T <500°C

h= mY (8)
02317 - 821 (—;) 500°C <T
m

as ol oyl [12] o)) en g STalS Lawgs oo 48l b

(bl JU oy b siladoe pas 5l L06 slbs
o bl a8 S cas 4 S)le e ghiel e
Ll gy 050 (6565 1 wilony (sl i @355 et
(pbo S| (pieis 5l o S aid o b oS aes oplis
55 0508 aid o o1l e W il e 00,8 3 51 a8
- ons,8 &l [13] o ee 5 jele bwg a5 6,8 Joe
Sl onl 28 oSl BWH LB 5o (6550 Ll o e
amio SLLI ples e a4 olnlr 5 piats Llyl oS
Jleel (Gl Vb 4ol g ) amio 3> 4 () hex

(9) wbay 31 T Sl ke oI5 el sl 055es

Q:hconvection (TL’ - Ta) + semabol(Ti4 - T;) (9)
! Brickstad
42



Oed 9 (50> LS e

e 89 ) Jilowny SO YIS YO Lwl jod b () Wubg 9 (SIS il juuis sl il (G339 ()T dumslite

G Sl B g cad colaiul caisS  olge (gileas
RUI PRVAPUE I N SR SRS I LI JON N UL g0 TSPV
a>,0 5 L DC3D8 2,5 8 slagldl 5l dacssloanss 4o
2S5 st glaglll s )l sl sly s ol
Sl sla s sly obul> gol5] 4>, aw L C3D8
Sy ks o9 @l -1 Gla JSs o el oo ool
g 3 mhaw o i Gla,gsls o m2 S ye g Weesls
awloads oole ylid digel ‘5?)[5

(2)
Fig. 1 a) Mechanical-thermal boundary conditions of symmetry, b)
Mechanical boundary conditions
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Table3 Mechanical properties of test pipe materials

Yield Strength Tensile Strength
Grade (MPa) (MPa)
B 245 415

Table 4 chemical composition of test pipe materials

Cc Mn P S Ni Mb
% % % % % %

0/28 12 0/03 0/03 0/5 0/15
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Table 5 Chemical composition of LTT welding metal
C Mn Si Cr Ni Mb Nb
% % % % % % %
0/025 0/8 0/9 18/5 12/0 27 0/4
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Table 6 Welding parameters of the tested samples
Bead Welding Current Voltage Travel Speed
Number  Process Amp Range(A) Range (V) Range (cm/min)

1(Root) SMAW 100-70 28-24 21-16
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Fig. 2 a) Selective path to extract the results at an angle of 180 degrees

from the starting point of welding, b) stress contour on the inner and
outer surface of the pipe
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Fig.4 a) Sample rosette strain gauge installed, b) Rosette strain
gauge sample installed after drilling
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b)Comparison of the effect of misalignment on welding of samples
on environmental residual stresses on the outer surface of samples
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Table 7 Outputs of experimental test results and numerical analysis

Moy o5 polie g, 25 polie )

oolie pay;Slo
@ o 7a> e p e
SYSWELD S . T PETT Upe
(MPa) i;g;? ol (5 503l ’
(556 ) (MPa) (MP2)
-1505 235 -4305 130 270 E6010 1
-150t 200 -5105 150 225 LTT 2

Sy ez -7
5 o0 @l a4z L LTT 09280l 65,10 ogas 5
Ol Cam 095Ul ol 51 solail toe] Cwdy oy
OB axkd 4y 0al o)y s> 6351 el 5 ) Sdsr e e
2035 o baiged ;o LiiS Wl gl i ualS o
ol S5 ey Sl o (L8AS wilew A jlade 4S5 gk
e 4 LTT Lol 5 s 4o 5 008 270 MPa i, 6010
G gz el ol Bkl b e Lkels 225MPa
LS Bl L lediges ()1 s ;o (5)Lad wilewny
o it e per Sl b 4 azg b el oad obles
Sr97e SRS Hlade mer3SLe g (o> gl adlaie ;o (Jans
ooy &, HAZ aalais o i lo s polae peyiSle o
. 1, < , , D (L
aibic ;07> (Shp Jo @5 j9n 4 2y Ll
At aiS peSle s sl plejee 5 el
g 00y Cuedl Pl law @l Cpl 0 wilews gl
s Ole 4008 ggdge @ gl 425 el
390 335 Jome s Gy olyen 4 wilowy o il lulis
dwgp e 50 &S () Khgx g LS o o‘ rolie ey SLe
Olalad oube poe 5585 )50 10 s 5 e bl (o, Kig>

L Uder Cut

4 o )leis 8 )93 A1400)._s;‘ul),\.l Sod 9wl waie

P9 5 DP9z gl 0o Llger b mhaw 85 0 L
L s (5 ol oled) Lagio )5 s Joxe (g3Loole]
g6 5 oS abolo Ly gz sl 4l 50 b S Joes (o

wiload 4,8 a5 4o el g

2
250
L 200
z
n
v 150
i)
0
T 10
3
T
v 5
14
U N T T o e T s R T s R T Wl B L T
O RBINERRANASERN A IR ERRRR
" N"T“U.N'\T'DQ:H'\T'DU.-—' nmd TE‘-‘\JHmJﬁa n &~
N SRaEglgnateesyepnronsipetinen
' nomg Y SR N AR MM e g
sample
()
1P-LTT
750
.
£ 150
2
'n
n
©
w1
®
55:
@
fE DRI MIE ACRIACEECR AR AR
SAERLEREELEERE SRR EEE R
)]
Sample
(<)

Fig. 8 a) E6010 single pass welding) b) LTT single pass welding,
External surface samples

o 8 LTT ol S aea (0 6010 b ST g (1 8 Jsiis
lodiges o,

Moy 25 20 Jake Sl -8 S 3l

23,5 6 5ol 270MPa il E6010 b G o9 sy
bl bled L SYSWELD l3éle 5 29,5 0 s o)
%15 9 009 235MPa ol 6 Jos S @, plhe 551
&S Cedl o opl g aibioe L 1) oy lade L S
O399 ABAQUS l58le 5 9,5 5l ool s jlade e 3SLo

48



Oba 9 (502 LS ule

e8I ) Aloany LA HINE ) Luwl jod b (5) gD 9 (5IHL il puuis sl 3l §33c 9 ()5 Amnliio

[4] P.Dong and J.K.Hong, "On the residual stress profile
in new APl 579, ASME Pressure Vessels and
Piping Division Conference, 2007

[5] Jonas Hensel TThomas Nitschke-Pagel T Klaus
Dilger, "On the effects of austenite phase
transformation on welding residual stresses in non-
load carrying longitudinal welds", Weld World
(2015) 59:179-190.

[6] R.H. Leggat, "Residual Stress in Welded Structures,"
International Journal of Pressure Vessel and Piping,
Vol. 85, pp. 144-155, 2008.

[7] Majid Hemmatzadeh, Hessamoddin Moshayedi,
Iradj Sattari-Far, "Influence of heat input and radius
to pipe thickness ratio on theresidual stresses in
circumferential arc welded pipes of API X46 steels",
International Journal of Pressure Vessels and Piping,
Vol. 150, pp. 62-71, 2017,

[8] X. Ren, S.K. As and O. Akselsen, "Residual Stresses
of X80 Pipe Girth Weld," International Offshore and
Polar Engineering Conference 2012.

[9] Kimiya Hemmesil, Majid Farajian, Mirko
Boin,"Numerical Studies of Welding Residual
Stresses in  Tubular Joints and Experimental
Validations bymeans of X-ray and Neutron
Diffraction Analysis",Materials & Design, Volume
126, 15, pp. 339-350, 2017.

[10] SYSWELD Toolbox, 2013.

[11]T. Chang, P. Teng, "Three-dimensional thermo-
mechanical analysis of circumferentially welded
thin-walled pipes,” International Journal of Pressure
Vessels and Piping, Vol. 75, pp. 237-247, 1998.

[12]J.A. Akhlaghi, M., Goldak, “Computional Welding
Mechanics”, Springer, 2005.

[13]1.F.Z. Fanous, Y. Maher, A. Younan, S., Abdalla.,
“3D Finite Element Modeling of the Welding
Process using Element Birth and element Movement
Techniques”, Journal of pressure vessel technology,
vol. 125, pp. 144-150, 2003.

[14]V. Pavelic, et al., “Experimental and Computed
Temperature Histories in Gas Tungsten-Arc Welding
of Thin Plates,” Welding Journal, Research
Supplement, Vol. 48, pp. 295-305. 1969.

49

4 0y aales oy Caedl Sl Al 0,00 ylicedsl CllilE 4
Ll ool (o) 88525 5lige 13U pgas,s e lsie
iz Gl dlown b i polae ioli8l (ladiges

SRy gose J> i b (028 Glagses] mls adlo
) Giludds Como 5 3yls cwlio Jls3pa SYSWELD

S g poii -8
) 093 (Sloyud 5 ,Sas ilpe siilooe p3¥ 095 HESbun g
53 Sales abuly 4 (058 (lmb)d] Ll 5B (e 25 02
ads 5l sl gaiss ol 5l (b coles 5 ladiged angs
o555 5 olge (Sealis kb, Slidow oSilejl vy
B LS ) Cua 4 dige (e oLl (eges
5 R 025 Ol bl sl 5L 0 )50 Sl g il ool

&1 -9

[1] V. Karineia, "Investigation of magnitude and
distribution of residual stresses in ambient welding
of a high-strength aluminum pressure vessel and
extraction of relationships based on geometric
parameters", PhD thesis, Amir kabir university 1393,
(in Persian W)

[2] F. Martinez, Caterpillar Inc., Peoria, IL; S. Liu,
Colorado School of Mines, Golden, CO,
"Development of Compressive Residual Stress in
Structural Steel Weld Toes by Means of Weld Metal
Phase Transformations”, Proceedings of the 7th
International Conference, 2005.

[3] S. Neubert, A. Pittner, M. Rethmeier, "Influence of
non-uniformmartensitic transformation on residual
stresses and distortion of GMA-welding", Journal of
Constructional Steel Research, Vol 128, pp. 192-200,
2017.

4 o )leis 8 )93 1400 280l pl 3dgs 9 walw Swaiie



