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Abstract

The welding-induced initial imperfections such as residual stresses and initial strains in
plated structures of ships and offshore structures can be effectively evaluated by the thermal
elasto—plastic analysis method proposed in this paper.

In the analysis of heat conduction of plate structures, both the analytical method and the
numerical method are used. For the thermal elasto-plastic analysis of plates, the finite element
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analysis is performed, based on the initial strain method. In the plastic domain during
incremental process, the 2nd order terms of stress increments and yield stress increments were
considered, so that time increment could be controlled for more stable solution. To measure
temperature  distribution and angular distortion of plates during welding, bead-on-plate
experiment are performed with various heat input and plate thickness. Measured data show

good agreement with the calculated results.
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Table 1 Experimental conditions

Positi Voltage |Current |Speed |Heat input
osition
(V) (A) (cm/min) | (cal/cm)
1 280 70 40 7056
2 267 70 40 6728
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Table 2 Dimension of specimens

Length |Breadth | Thickness

(mm) | (mm) | (mm)

Case 11-15| 400 400 6
Case 21-25 | 400 400 10
Case 31-35 | 400 400 12
Case 41-45 | 400 400 14

Table 3 Welding conditions

Voltage |Current |Speed [Heat input
(V) (A)  |(em/s) | (cal/cm)
11 23.1 1617 |1.119 801
12 23.2 164.3 |0.995 920
13 232 | 1653 |0.895 1028
14 232 | 1658 [0.846 1071
15 225 | 1650 10.799 1117
21 198 | 2289 [0.580 1878
22 209 | 2180 (0518 | 2111
23 214 | 2015 10462 | 2243
24 21.0 | 2044 (0435 | 2371
25 212 | 2009 0390 | 2621
31 215 198.3 10.407 2514
32 214 1968 (0.360 | 2811
33 213 | 206.7 10331 3199
34 214 | 2061 10294 | 3607
35 215 | 2040 (0285 | 3690
41 21.3 1947 10332 | 2999
42 21.0 | 2053 10296 | 3487
43 214 | 202.1 0268 | 3871
44 210 | 2018 (0247 | 4112
45 210 | 2034 10.223 | 4600
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Table 4 Angular distorsions of welded
plates (6x10° rad)

Case [Measured |{Calculated |Error(%)

11 1659 1475 12.47

12 1413 1441 1.94

13 1075 1406 23.54

14 1388 1362 191

15 1018 1328 23.34

21 1254 1428 12.18

22 1251 1395 10.11

23 1283 1372 6.49

24 1113 1255 11.31

25 1099 1217 9.70

31 1325 1340 1.12

32 1184 1288 8.07

33 1124 1221 7.94

34 1026 1144 10.31

35 1064 1140 6.67

41 1258 1372 8.31

42 1157 1298 10.86

43 1150 1271 9.52

44 1346 1239 8.64
| 45 1003 1156 13.24
2000

Calcurated
o O Measured
1000 — °o  °
0 ' T ' i
0 2000 4000
Qh (calom®)

Fig. 10 Angular distorsions of welded
plates vs. Q@/h
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