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Abstract

Some structural members of large-scale marine vessels such as large-scale offshore structures and very
large container ships are assembled by wvery thick plates of which thickness exceeds 60mm. Also,
high-tensile steels have been selected to meet the required structural strength and fatigue strength.
Generally, multi-pass welding method such as FCA(Flux-Core Arc) welding has been used to join the thick
plates. Considering the welding residual stresses, fatigue strength of the welded joints of thick plates
should be assured since the residual stress influences the fatigue strength. This paper presents a numerical
procedure to investigate the residual stress of structure joined by multi-pass FCA welding so that it can be
incorporated into the fatigue strength assessment considering the effect of welding residual stress. The
residual stress distribution is also measured by X-Ray diffraction method. The residual stress obtained by
the computational model also has been compared with that of experiment. The results of FEA are in very
good agreement with the experimental measurements.

Key Words : Multi-pass FCA welding, FEA, Welding residual stress, Flux core arc welding, X-Ray
diffraction measurement, EH40 TM, API2W Gr.50
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Table 1 Chemical component of specimen (wt %)

Steel C Si Mn P S
EH40 T™M 0.08 0.03 1.56 0.01 0.001
API 2W Gr.50| 0.08 0.25 1.43 0.01 0.002

Table 2 Mechanical property of specimen

Steel YS(MPa) | US(MPa) EL(%)
EH40 ™™ 470 582 25
API 2W Gr.50 433 548 30

Table 3 Welding condition of FCAW

] Layer

Welding 72 T Rl | cap | Fil Cap
Condition

1 |2~11]12~14|15~25| 26~28
Current(I) | 260 | 250 | 250 | 236 210
Voltage(V) | 27 27 28 | 26.6 23
Speed 9.1 | 131 | 121 | 136 13.7
(cm/min)
Heat input
(K)/mmy | 463 | 298 | 247 | 2.76 2.12
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Fig. 4 Schematic procedure for welding residual
stress analysis
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Fig. 7 Sectional view of heat flux distribution
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Table 4 Load cases of heat convection

Cooling steps |Convective time| Convective surfaces

Convection on all the
surface except
weldment

Each welding pass| Weld time

Convection on all the
surface
except weldment

Interval of pass 5 min

Convection on all

2 hour
surface

After welding
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Fig. 13 Residual stress measurement by X-Ray
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