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Influence of post-weld heat treatment on residual stress of welded

joint of S30408/Q345R clad plate
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Abstract; The residual stress distribution of welded joint of S30408/Q345R clad plate before and after post-weld heat treatment (PWHT)
was studied by computer simulation, X-ray diffraction method and hole drilling strain-gauge. The numerical simulation results show that
with the increase of welding passes, the residual stress in the weld gradually decreases and tends to be stable, and the residual stress near
the fusion line gradually increases, and is higher than that in other positions. The test results show that the heat treatment process of
holding at 580 “C for 2 h has limited effect on eliminating residual stress. The maximum error of weld residual stress obtained by X-ray
diffraction method and hole drilling strain-gauge is 23%. The measured value of residual stress of the welded joint is obviously higher than
the simulated value, and the error of the weld and the location near the fusion line is large, with the maximum value of 33%.
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Table 1 Chemical compositions and mechanical properties of the experimental base metals

Chemical compositions/mass%

Yield  Tensile

Material strength/ strength/
C Si Mn P S Cr Ni Mo N Cu Nb \4 Ti Alt MPa MPa
ss408 S So0 S S = 15.00-20.00 8.00-10.50 = =20 500
0.08 0.75 2.00 0.035 0.015 ’ ’ ' 0.10 (Rpp)
aasp S < 120- < < < < < < < < < = 325 500-630
Q 0.20 0.55 1.70 0.025 0.010 0.30 0.30 0.08  0.30 0.050 0.050 0.030 0.020 (R,) -
Ry, : The yield strength at a non-proportional elongation rate of 0. 2%.
R, : Lower yield strength, refers to the minimum stress in the micro-plastic strain stage.

R2 EEWBHLERSRNFERE

Table 2 Chemical compositions and mechanical properties of the welding rods

Chemical compositions/mass% Tensile Yield
Material strength/ strength/
C Si Mn P S Cr Ni Mo Cu \Y MPa MPa
E308-16 <0.08 <1.00 0.5-2.5 <0.03 <0.02 18.0-21.0 9.0-12.0 <0.75 <0.75 - =550 -
E309-16 <0.15 <1.00 0.5~2.5 =<0.03 =<0.02 22.0-25.0 12.0-14.0 =<0.75 =<0.75 - =550 -
E5015 =<0.15 <0.90 <1.60 =<0.025 <0.015 <0.20 <0.30 <0.30 - <0.08 =490 R, =400
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Fig. 1  Groove shape of the welding
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Table 3 Process parameters of the welding

Passes Welding method Welding rod Dlarr:;:er/ WeldlngAcuITent/ Arc V(V)ltage/ We(l;l;rllj; I:If:-;d/ H(e;t] /lilr[;u)t/
1 SMAW E5015 $4.0 104 21 11.3 11.6
2 SMAW E5015 $4.0 141 23 8.6 22.6
3 SMAW E5015 4.0 141 23 9.9 19.6
4 SMAW E5015 4.0 141 23 7.6 25.6
5 SMAW E309-16 $3.2 100 21 8.0 15.8
6 SMAW E308-16 $3.2 102 21 6.0 21.5

K2 ghani i

Fig.2  The test of the residual stress
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Fig.3  Physical properties and mechanical properties curves of the base metals
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(a) X-ray diffraction method; (b) hole-drilling strain-gauge; (c¢) test positions
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Fig.4 Meshed elements for numerical simulation of the residual stress (a) whole model; (b) model cross section
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Fig.5 Temperature field at the weld center in the last pass (a) the whole welding temperature field;

(b) part of the welding temperature field; (c¢) cross section of the weld center
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Fig. 6 Temperature distribution curves (a) temperature distribution of weld in different passes;

(b) thermal cycle curve of weld center point
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Fig. 7 Stress distribution of the weld center in different passes (a) coating layer; (b) base layer
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Fig. 8 Stress distribution before PWHT (a) base layer; (b) coating layer
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Fig. 9 Siress distribution after PWHT (a) base layer; (b) coating layer
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Bl 10 R EHAEIREESSEAR N I A (a) BE;(b) HZ
Fig. 10  Stress distribution curves of the clad plate before PWHT (a) base layer; (b) coating layer
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Fig. 11  Stress distribution curves of the weld center before and after PWHT (a) base layer; (b) coating layer
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Table 4 Comparison of residual stress results measured by X-ray diffraction method and hole-drilling strain-gauge

Test method FL+25 FL+10 FL+2 Weld center FL+2 FL+10 FL+25
Before PWHT 124.3 280. 1 344.3 250.3 347.8 233.1 121.2
X-ray diffraction method .
After PWHT 150.9 221. 1 280. 1 201.3 303.7 227.6 195.7
Before PWHT 121.3 254.6 363.5 284.5 357.4 223.2 103.4
Hole-drilling strain-gauge
After PWHT 132.8 182.8 225.2 247.7 322.2 185.7 166.3

B 12 REA RIS R AR S A5 R LA (a) FRE VB BERT ; (b) SRR b B S
Fig. 12 Comparison of residual stress results measured by different testing methods (a) before PWHT; (b) after PWHT
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