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The Effect of Thickness, Welding Metals Sequence and Composition on Residual
Stresses in Welding Gas Steel Pipes using LTT filler

Ali Reza Jami!, Mohammad Reza Khoshravan Azar?, Mojtaba Yazdani 2
1- Faculty of Mechanical Engineering, University of Tabriz, Tabriz, Iran

2- Faculty of Mechanical Engineering, Sahand University of Technology, Tabriz, Iran

* Tabriz, Iran, m.yazdani@sut.ac.ir

Article Information Abstract
Original Research Paper In electric arc welding, the heat generated by the arc causes non-uniform expansion and contraction in the
Received: 22 January 2021 weld and surrounding areas. Uneven expansion and contraction and the resulting plastic deformation are the

First Decision: 30 January 2021

main sources of residual distortion and stress in welded structures. The distribution of residual stresses in a
Accepted: 4 March 2021

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

g:m?;?;h welding 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
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
and in the two-pass welding show a 17% reduction in the tensile residual stresses. By examining the effect of
the arrangement and composition of the passes and the type of welding fillers, it was found that the
combination of LTT electrode with 6010 electrode provides more favorable results for residual stresses.
Regarding the effect of thickness change in the cross section of the samples, the output of the results of both
numerical analysis software does not show significant changes.
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Table3 Mechanical properties of test pipe materials

Yield Strength Tensile Strength
Grade (MPa) (MPa)
B 245 415
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Table 4 chemical composition of test pipe materials
C Mn P S Ni Mb
% % % % % %
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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

Table 3 welding
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Number Process p( A) Y (V? pipe Travel Speed
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E6010 o5 Sl b dusly S5 (s, Ssg> -

EB010 55 51 b dusly 90 (5,52 =

AMA 1461 55 2SI b dly 5 (g, Sy -

AMA 1461 55 2SI | anly 30 (6, Sisg -

E6010 5,501 g AMA 1461 55 2SI b aly 5 (o, Kg2 =

5 bogesl plxl jolite a4 (6, Kig> 5l an ladiges
ol8sils olge Sealins b, Slidsss olKivle;l a4 (5,503l
ol el glacsjlwoslel inds Jiiie 55 aiges (Sxio
a8 plonil J5 3550 ladore (el 5 ()15 ued cgdiinnd
do o 2B b (05) ez e Glagie S Gu s
ol olBiws @ Jlasl 5l aw a0 ,5 el oo (g 3lwookel
sl o oo ek 1 (g lop ools P L cepm ﬁloolo
- S il a5 (Sl 55 E g 4 o
|y cinles] aiges o (55, ieiiS JLal o9 g Joe i
S E g 5l dm diged ploa o -4 IS 50 5w s Li
el 0 o0ls Lt (g3 e

oo Judxi gl -5

&)z byl S 5 ¥1-1-5

anly S e -

3 ol gl Jle olaie o g 1 -5 (sl IS5 & eyt
5 ABAQUS osgaze ylodl jli8le i g0 lawsi (goue >
oy dbaie )3 (g)Lid LIS lie 45 Wlodds 4,1, SYSWELD

! Data Logger

2 o loits 8 )93 1400wyl whel 3dgs 9 il waiie

el 0038,5 ool oo ol3T sla i ,S 6 pSoslail g

()

(<)

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. 5 A, B) Comparison of environmental stresses of two software
outputs in terms of phase transformation in SYSWELD, c, d)
Comparison of axial stresses of two software outputs in terms of
phase transformation in SYSWELD in single-pass welding
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change of samples on residual stresses created on the outer surface of
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