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Finite Element Analysis of the Shear Buckling Load with Respect to the Aspect
Ratio and Number of Spots of two Rectangular Plates Spot-welded

o
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Geun Jo Han, Hyung Yong Jeon, Hyoun Chul Lee

ABSTRACT

The stability of a structural plate is a crucial problem which causes wrinkling and buckling.
In this paper, the effect of the pattern of spot-welding points in the two rectangular plates on
the shear buckling load is studied with respect to the thickness, the aspect ratio of plates, the
number of welding spots. Buckling coefficient of the simple plate was compared with that of
two plates with various conditions to extract the effect of buckling strength. The effect of the
number of welding spots are studied in two directions, longitudinal and transverse directions.
This concluded that the reinforcement effect was maximized when the aspect ratio was close to
1.5 and that the effect of number of welding spots in longitudinal direction was larger than
that in transverse direction.

F871%& 8. Spot-welding(d83), Buckling(&&), Stability(¢+44), Buckling
Analysis(#2384), Rectangular plate(A}Z}8 ), Buckling coefficient
(&2 A <), Finite element analysis(f+382314)

Nomenclature 0. : spot-welding point of x-direction
a : length of plate, mn B : spot-welding point of y-direction
b : width of plate, mn
t : thickness of plate, mm 1.4 &
A : spot-welding pitch of x-direction, mm
B : spot-welding pitch of y-direction, mm 2o Aol g3l ZAsigq e v
r : aspect ratio of thdt wAle] ol x, 1 FEHAE FF7,
A, AEAY, A 5 Al dH P
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Table 1 Mechanical properties of STS 304

A

Materials STS304
Elastic modulus (E) 213648 GPa
Tensile strength (o) 5194 MPa

Yield strength (oy) 205.8 MPa
Poisson's ratio (v) 0.29

Table 2 Minimum welding pitch of spot-welding(JIS

E 4049)
Thickness of thin Mmlrrlum welding

late(t ) Dlt')Ch(Pmin)
paeth T<25t1 | T=25tl
0.8mm 14mm 18mm
1.0mm 17mm 21mm
1.2mm 19mm 24mm
1.5mm 22mm 28mm
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Table 3 Dimensions of the rectangular plate

Length of plate ( a) 120~ 480mm
Width of plate ( &) 240mm
Thickness of plate (t) 1mm

Spot-welding pitch of
x-direction ( A)

Spot-welding pitch of
y-direction ( B)

31.2~238mm

54 ~108mm

Fig. 1 Thickness and minimum welding pitch of
spot-welding
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Fig. 2 Finite element meshes of a rectangular plate
model
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Fig. 3 The boundary condition under shear load
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Table 4 The values % of unwelded plates for seven

aspect ratios

r [ 051075] 1.0 [1.25|1.51.75| 2.0 |remarks

k,12135(12461] 935 | 791 |7.128|6.656| 6.35 | sinple
k. (31381894 | 1458 (12.564{11.47{10.81}10.38| clarrped
k£ |40.474|20453|12.610] 9.339 |7.861 | 7.09 {6.718| FEM
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Fig. 4 The relation of shear buckling coefficient for
theoretical approximation and FEM analysis
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Table 5 The number of welding spots and critical
load for seven aspect ratios
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Table 6 The equivalent thickness of two welded
plates for seven aspect ratios

Interval of spot-welding
condition (mm) tl
r 5454 | 66X66 | 66X99
0.50 1.381
0.75 1458 1.332 1.281
1.00 1525 1.414 1.367
1.25 1577 1475 1.410 1.26
150 1611 1515 1.443
1.75 1.637 1.543 1.473
2.00 1.650 1.556 1.487

of P P
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—8— §4x54mm
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Equivalent thickness. te{mm)

—— t1x2

1.2 i 1 " | ISP Y L A T | ol
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aspect ratio, (r=a/b)

Fig. 5 The relation between aspect ratio and
equivalent thickness for 4 simulation models
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Table 7 The critical shear buckling load(Fcr) for the
number of welding spots in six aspect
ratios and percentage increment(A %) with
respect to that of t1
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