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STRENGTH PREDICTION OF THIN-WALLED PLATE ASSEMBLIES
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The present study is aimed at verifying the effective width method for predicting the ultimate
strength of thin-walled plate assemblies in compression. In the effective width concept, it is
assumed that the ultimate compression strength of a section or a stub-column can be predicted
by an algebraic sum of the compressive strengths of individual plate elements. Thus, for a plate
assembled section, its approximate ultimate strength can easily be obtained if the strength
formulas for the isolated plate components are available. To this end, a set of strength formulas
for outstanding plates are derived as a function of both magnitudes of the initial out-of-flatness
and residual stress based on numerical results of an extensive elasto-plastic large displacement
analysis. The proposed formulas are then used, along with the strength formulas for simply
supported plates, to predict the ultimate compressive strength of the members of box, polygonal
and H-shape sections. Comparisons of the predicted ultimate strengths using the effective width
method and analytical results as well as test results have shown that the present method is very
simple and accurate in predicting the ultimate strength of the thin-walled plate assemblies.
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Table 1 Input Data for Numerical Analysis

Parameter Values

E (GPa) | 205

o, (MPay | 313

v 0.3

t (mm) 10

a=a/b 2.0

A 0.315, 0.500, 0.630, 0.788, 0.945, 1.260
Tre] Oy 0.0,0.1,032, 03,04, 05

A,/ 1/50, 1/75, 1/100, 1/150, 1/250
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Fig. 4 Residual Stress Patterns and their Effect
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Table 2 Predicted Strengths of Isolated Plates

Plate Type | Plate Number | b/t A Tm /0y
P-80-S 80 | 1.642 0.415
P-60-S 60 | 1.231 0.535
P-40-S 40 | 0.821 0.732
5.5 Plate P-30-5 30 | 0.616 | 0.868
P-20-8 20 | 0.410 1.000
P-10-8 10 | 0.205 1.000
P-20-F 20 | 1.260 0.682
S.F. Plate P-10-F 10 | 0.630 0.945
P-5- 5 0.315 1.000
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Fig. 5 Concept of Effective Width Method
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Table 3 Comparison of Predicted Strengths and Nemrical Results %

Column Column Component Plates d/b Ultimate Strength om/oy
Type Number Flange Web Analysis of Whole Section | Prediction (error)
B-40-0.75 | P-30-S | P-405 | 0.75 0.794 0.790 (-0.5%)
B-40-0.50 | P-20-S P-40-S 0.50 0.830 0.821 (-1.1%)
Rectangular | B-40-0.25 | P-10-S | P-40-S | 0.25 0.829 0.786 (-5.2%)
Section B-80-0.75 | P-60-S P-80-S 0.75 0.501 0.466 (-7.0%)
. [B-80-050 | P-40-S | P-80-5 | 0.50 0578 0.521 (-9.9%)
B-80-0.25 | P-20-5 | P-80.5 | 0.25 0.596 0.532 (-10.7%)
H-40-4.0 P-10-F P-40-S 4.0 0.801 0.840 (4.8%)
H-shape = | H-40-8.0 | P-5-F P-40-S | 8.0 0.800 0.822 (2.7%)
Section H-80-4.0 P-20-F P-80-S 4.0 0.618 0.549 (-11.2%)
. H-80-8.0 P-10-F P-80-S 8.0 0.605 0.592 (-2.1%)
Note: error = {Prediction — Analysis)/Analysis
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Z
2 2
B L \
g 05 . 1
= < -10%
B
A Rectangular
‘@ H-shape
0.0
0.0 0.5 1.0
(Py/Py)rrE

Fig. 6 Comparison of Predicted Ultimate Strengths and
Analytical Results
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