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Study on Residual Stress Distribution in Thick Plate Welded Material Using
Indentation Equipment
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ABSTRACT: Recently, the production of shipbuilding and offshore plant industries, with a trend toward large structures, has led to an increased
use of high strength ultra-thick plates. The use of ultra-thick plates increases the welding tasks, and the welding process generates distortion and
residual stress in the weldment because of the rapid heating and cooling. Welding distortion and residual stress in the welded structure resulte in
many troubles such as deformation and life deterioration. In particular, the welding residual stress has an important effect on welding deformation,
fatigue, buckling strength, brittleness, etc. The purpose of this study was to evaluate the residual stress at a multi-pass weldment using an
experimental method for EH36 high-tension steel. In this experimental method, AIS3000 was used to measure the residual stress of a welded part,
HAZ,and base metal; EPMA and XRD were used to study the material properties.
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Fig. 1 Conﬁgﬁration of welded specimen

Fig. 2 Cross section of welded specimen

Table 1 Welding condition of welded specimen

Nur;:;r of nVY;cC}l:rli Voltage  Current Wekig;%) time
TIG 160A 90Sec
2 O, 25V 20A 130Sec
3 o, 26V 250A 1355ec
4 CcO 26V 250A 140Sec
5 O, 26V 250A 150Sec
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Fig. 4 Typical indentation load-depth curves for elastic-plastic

Fig. 4= 44/ 9218 Yee Aoz FEAPA A
e ddsteol S71etel wietk " o) v, v, &
Ao 3GAE AXA =M AdAte} Ao HE S
Fdatzol F7Hel wet FvlskAl Enh webA FEUA
B¢ Gdzlolrt Skl wet Age] Wde] Srksked ¢
shs-AfA o2 RE SN dojAe FE55AES
T3 U "ok FRAPAE o83t AR as THlS
o) Fedxtek AlHo] HEslaL e ZHolE haka oS B
B3O e T8 o] g@AA vhEE HolAl HY o]
735 B sFste steAlA F49 o]EFU A4S
B3l HEzo] heE FsH ©ot, E3F Hdsks 271549 %
71-gollA FAe 71271 AR Al s, o] &
0741 £4keh A4S hig goJstar ole|gh o] &2 ZAE Hie
o7 FAAF7IS Akl et A 9 R-SHS 78H
HrhJang et al., 2002).

Fig. 5 Z4=34& A3 AlF9Y &¥ 2 A 34XE vst

[)

o

—



68 ]

o

=4

3mm oS HYA SGFozZN SH GUALE ol %% &
Qlakel] TS XA BIEE dgor, TA7} 40mmE
| g7 S-S 7] wEol 289 19 Aok

(a) welded specimen (b) Indentation equipment
for measurement
Fig. 5 Configuration of specimen and equipment
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Table 2 Mechanical properties of base and weld part
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Table 3 Mechanical properties along the depth in weld part

osition Yield Tensile HV
P Strength Strength
[MPa] [MPa] [MPa]
Base 29413 637.67 208
Weld 344.9 748.7 234

Depth S;éggth s{reéi;; HY

[MPa] [MPa] [MPa]
5mm 330.6 7173 2274
10mm 321.5 694.2 218.6
15mm 331.6 720.6 233.9
20mm 395.8 862.8 393.9
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Fig. 7 Residual stress distribution on the top surface and side
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Fig. 8 Residual stress distribution along the depth direction

(c) 15 mm from the surface
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Fig. 9 Residual stress distribution welded material (3D dimension)
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Fig. 13 Results of conponent analysis in welded part
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