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Analysis of Welding Deformation by Equivalent Load Method on Steel Structures
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Abstract

This study presents a new method to derive the constraint coefficient from the degree of angular deformation caused
by welding, as measured experimentally by varying the shape of welded joints and the magnitude of constraints and
from analysis results given by the elastic FEM method. The equivalent load was then calculated with this constraint
coefficient. The validity of the numerical analysis involved in this new method was confirmed by its agreement with
the experimental results. As for the effects of the constraints based on the shape of the welded joints in the case of
Butt welding when the constraint coeflicients are not considered, the deformed quantity produced by analysis is larger
that produced by experiment and consequently is largely affected by the constraints. However, in the case of Fillet
welding, the deformed quantity is seldom affected regardless of constraint coefficient considerations.
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Table 1 Welding deformation parameters

Parameter Contents

Welding condition, groove type,
welding position, inner restraint etc.

Shape, dimension, welding,
self-weight etc.

Heat input

Outer constraint|

Metallurgy Phase transformation
Manufacture | Initial deformation, moving and turn
condition over etc.
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Table 2 Mechanical properties of base metal and
welding material

Ultimate

Yield stress Elongation
(N/mm?) | Sirensth (%)
KSD3515 215-245 400-510 11-23
YFWC50DX 510 570 30

T
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(a)Free condition (b)Constraint condition
Fig. 2 Type of butt welded joint
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FFig. 3 Type of Fillet welded joint

Table 3 Specimens of butt welding

Dimension (mm)
Sp:;i':;m Base plate Constraint plate Garr?;:e Quantity
Thickness (t) | Length(l) | Width(b) |Thickness(Ct)| length(Cl) | height (Ch)
B10 - f 10 1000 60O = & 40 1EA
BiD — gl " " " 10 60O 200 " 2EA
B15 = f 15 " Y = = 42° 1EA
BL§ = el " " U 15 GO0 200 " ZEA
B16 - f 16 300 = 40° 1EA
BI16G = f " " " 22 600 200 " IEA
B16 = c2 ” » 10 300 100 Y 1IEA
B16 — c3 " " L " o # " 1EA
B28 — f 28 500 = = = " 1EA
B28 — ¢l " " " 22 600 200 " IEA
B28 = ¢2 # " 22 600 80 » 1EA
B28 - c3 " " " 10 300 100 " IEA
B28 = c4 " " 300 570 " 1EA
FEEGEEEEE B20% B3, 20025 67 387
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Table 4 Specimens of fillet welding
Dimension(mm)
Specimen Base plate Stiffener Constraint plate Quantity
No.
% |Thickness| Lenath | Width | Thickness | length | height | Thickness | length | height
(t) () (b) (Ct) (C1 (Ch) (Ct) (Cl) (Ch)
BIO - f 10 1000 300 10 1000 100 = = = 2EA
B10 - ¢l " " " " 10 300 120 2EA
B10 - ¢2 # " " " " " " » 50 9FA
Bl5-f 15 1000 » 15 1000 = = - = 2EA
'B]5 -cl o " " " n " 15 300 120 2EA
B15 - ¢2 " ’ v 10 " 50 2EA
(Fx: F10-f: F: fillet welding, 10: thickness(mm), {* free, ¢! constraint, Number! a degree of constraint)
Table 5 Butt welding condition
J K Welding sequence @ E
Pass Current(A)| Voltage(V) |Velocity (mm/s) 2 30mm
- mmmm —:—=
1Pass 290 28 3 b =
9Pass~End 20() 32 A~6 Welding sequence (I

16 %g ;
Y 1

[fig. 4 Deposit sequence by butt welding.
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Fig. 5 Location of tack welding and welding sequence
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FFig. 17 Angular distortion by fillet welding
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