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Simplified method

Cutting and welding are essential processes in constructing complex steel
structures. In these processes, local heating and cooling generate strains and
stresses in the cut and welded areas, resulting in deformation of the entire
structure. To accurately predict the welding deformation of the model, it is
necessary to consider the effects of previous cutting. In this study, thermal
conduction analysis was used to derive the temperature history via cutting and
bead-on-plate welding. Additionally, temperature history was applied to
thermal—elastic—plastic analysis of welds while cutting. When applied to large
structures, a simplified analysis was performed. Thus, the thermal—elastic—
plastic analysis results were applied in a shell structure as equivalent shrinkage
and moment, and elastic analysis was performed. Through this study, it was
confirmed that cutting influenced the final welding deformation. Further, the

suitability of the simplified method for analyses of large structures was

verified.
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Fig. 1 Temperature-dependent material properties
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Fig. 2 Finite element simulation model
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Table 1 Heat source parameters

Cylindrical Double ellipsoidal
Parameter Value Parameter Value
Speed 35 mm/s Speed 16.7 mm/s
Power 4000 W Voltage 250 V
Beam diameter 1 mm Current 288.0 A

NT11
+3.599+03
+3.301e+03
+3.002e+03
+2.704e+03
+2.406e+03
+2.108e+03
+1.809%+03
+1.511e+03
+1.213e+03
+9.147e+02
+6.165e+02
+3.182e+02
+2.000e+01

(a) Cutting

NT11

+2.050e+03
+1.880e+03
+1.711e+03
+1.542e+03
+1.373e+03
+1.204e+03
+1.035e+03
+8.657e+02
+6.965e+02
+5.274e+02
+3.583e+02
+1.891e+02
+2.000e+01

(b) Welding

Fig. 4 Temperature history of the cutting and welding heat
conduction analysis
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Fig. 5 Boundary condition of thermal-elastic-plastic

U, Uz

+1.117e-01
+1.938e-02
-7.295e-02
-1.653e-01
-2.576e-01
-3.500e-01
-4.423e-01
-5.346e-01
-6.270e-01
-7.193e-01
-8.117e-01
-9.040e-01
-9.963e-01

(a) Welding

U, U3

+4.308e-01
+3.012e-01
+1.715e-01
+4.190e-02
-8.773e-02
-2.174e-01
-3.470e-01
-4, 766e-01
-6.063e-01
-7.359e-01
-8.655e-01
-9,952e-01
-1.125e+00

(b) Welding after cutting

Fig. 6 Simulation results of welding and welding after cutting
using thermal-elastic-plastic

e ©)

AR

oo \/(0’1—U)2+(0'22_0')2+(0'3—0’)2 (10)

o}7]A
(K] = / (B)7(D][Bldv = element stiffness matrix

vol

{Fth} = / [B]71D] {e" } dv = element thermal load vector
vol

{e"} ={a}AT= thermal strain vector

{a} =vector of coefficients of thermal expansion

o
ot
ok

AAE s4] Auat 84 349 Aol 2 L& ol



Hee-Chan Yoon et al.

Inherent strain
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(b) Welding after cutting

Fig. 7 Inherent strain distribution of welding and welding after cutting for transverse length
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1602 mm
(a) Symmetric model (b) Boundary condition

Fig. 9 Finite element symmetric model and boundary condition
for elastic analysis
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Fig. 10 Applicaion range setting according to the inherent strain
distribution
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after cutting after cutting
(@) (b)

U, U3 u, u3
+1.117e-01 +0.000e+00
+1.938e-02 -8.552e-02
-7.295e-02 -1.710e-01
-1.653e-01 -2.5668-01
-2.5768-01 -3.421e-01
-3.500e-01 -3.2768-01
-4.423e-01 -5.131e-01
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-8.117e-01 -8.552e-01
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(© (]

u, U3 U, U3
+4.308e-01 +0,0006+00
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-7.350e-01 -8.788e-01
-8.655e-01 -0.765e-01
-0.952e-01 -1.0748+00
-1.125e+00 -1.172e+00

Fig. 11 Comparison of thermal-elastic-plastic and elastic analysis
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