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Finite Element Analysis of Strain and Residual Stress in Weld Specimen

Y58 - 7YE - I
Seung-Yong Yang - Byeong-Choon Goo - Heungchai Chung

Abstract

This paper consists of two parts .ne is finite element analysis of the redistribution of residual stresses of weld
specimen by cutting, This work is necessary to predict the actual residual stress distribution of weld specimens used
in fatigue test. The other subject is to calculate the relaxation of residual stress and the strain field induced by cyclic
loading. To obtain fatigue life of weldment, the value of strain amplitude at each position is necessary, for example
in the strain-life approach, and the numerical results can be used to verify experimental strain measurements. Thermo
mechanical finite element analyses were conducted on the commercial package ABAQUS.
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Fig. 1. Welding proceeds downward along the welding line and
the cutting goes from left to right. After cutting is completed, the
plate is separated into 12 pieces
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Table 1. Numerical parameter values
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Fig. 2. Variation of conductivity k, density p and specific heat C
with temperature



The Iron Carbon Phase Diagram
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Fig. 3. Fe-C phase diagram. 25 at. % of carbon corresponds to
7 wt. % approximately.
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Fig. 4. Temperature distribution at a time during the welding. The
unit of temperature is C.
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Fig. 5. Variation of Young's modulus E and Poisson’s ratio v
with temperature
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Fig. 6. Yielding stress and plastic strain curves at several tem-
peratures
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(@) o0y,(= 0,) distribution after welding is completed (b) oy, distribution after cutting along the line 5
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-~ 2.20E+08
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%: - 6.38E+07 5.07+008
A 1.17E+07
<, -4.04E+07 3.80+00
<o -9.25E+07 B
-y’ o -1.45E+08 2.53+008__
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L2 -2.56+008._
(¢) oy distribution after cutting along the line 11 (d) oy distribution after welding is completed. The unit of stress
is Pascal
8.55+00 3.34+008
5.48+00 2.75+00
4.424008 2.16+00
3.35+00 1.57400
2.28+008 9.76+00
1.21+00 3.84+00
-2.07+00
-7.99+00

-1.39+008

(e) oy distribution after cutting along the line 5 (f) oy distribution after cutting along the line 11

Fig. 7. Residual stress distributions after welding and cutting. Distributions are plotted on the undeformed configuration
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(b) Change of o0, distribution during cutting procedure

Fig. 8. Change of residual stress distributions along the welding
line at the center (Fig 1) during cutting procedure. Stresses are
plotted when welding is completed (cutting number is 0) and
after cutting along lines 2, 5, 10 and 11
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Fig. 9. Residual stress ¢y, distributions before (a) and after (b)
cyclic loading of 500 MPa
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Fig. 10. Residual stress oy, distributions before (a) and after (b)
cyclic loading of 500 MPa
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Fig. 11. ¢, distributions before (a) and after (b) cyclic loading
of 500 MPa
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Fig. 13. Relaxation of ¢, with cyclic loading of 500 MPa. 2

second corresponds to 1 cycle and the first cycle exists
between 2 and 4 seconds
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Fig. 15, Relaxation of ¢y, with cyclic loading of 500 MPa. Stress

is almost completely removed at 4 seconds when the first cycle
is finished
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Fig. 12. e,, distributions before (a) and after (b) cyclic loading of
500 MPa
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Fig. 14. Relaxation of &5 with cyclic loading of 500 MPa. 2

second corresponds to 1 cycle and the first cycle exists between
2 and 4 seconds
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Fig. 16. Relaxation of gy, with cyclic loading of 500 MPa
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Fig. 18. Change of g5 with cyclic loading of 100 MPa. In this

Fig. 17. Change of ¢, with cyclic loading of 100 MPa. In this

case, residual stress relaxation is not large

case, residual stress relaxation is not large
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Fig. 19. Change of ¢, with cyclic loading of 100 MPa
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