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Comparative Study on In-Plane Compressive Strength of U-Rib
Stiffened Wide Plate System
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ZProfessor, Dept. of Civil Engineering, Cheongju University, Cheongju, 28503, Korea

Abstract - This study investigates effects on the in-plane compressive strength and ultimate behaviors of stiffened plate systems
caused by the difference between the displacement control and the load control in numerical simulation. A total of 18 hypo-
thetical models were set for U-rib stiffened plate systems which are mainly applicable to steel box-girders in cable-supported
bridges. The ultimate strength analyses were conducted on these hypothetical models in consideration of initial geometric im-
perfections and residual stresses using a commercial finite element analysis (FEA) package program. The FEA results by the
displacement control and the load control were investigated and compared to strength predictions from major design codes. It
was confirmed that the in-plane compressive strengths obtained using the load control method were similar to those obtained
using the FHWA provisions. It was also confirmed that the strengths obtained using Eurocode 3 and Korea Highway Bridge
Design Code — Cable-Supported Bridges specifications exceed those from the displacement control method in the certain ranges
of slenderness ratio.
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In-plane compressive strength
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Fig. 2. Deformed shapes of wide stiffened plates
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Fig. 3. Hypothetical stiffened plate model
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Fig. 4. Cross-sectional dimensions of a stiffened plate

Table 1. Dimensions of U-rib stiffener (Unit: mm)

U-rib type w b h h R t,

400%x240x8 | 400 | 250 | 240 |251.4| 40 8
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Table 2. Thickness and lengths of stiffened plate models

(Unit: mm)
Model ID tq L /lpl Aeol
1-A 1,629 0.3
1-B 2,716 0.5
1-C 3,802 0.7
29.6 0.3
1-D 4,888 0.9
1-E 5,975 1.1
1-F 7,061 1.3
2-A 2,018 0.3
2-B 3,364 0.5
2-C 4,709 0.7
12.7 0.7
2-D 6,055 0.9
2-E 7,400 1.1
2-F 8,746 1.3
3-A 2,152 0.3
3-B 3,587 0.5
3-C 5,022 0.7
8.1 1.1
3-D 6,457 0.9
3-E 7,891 1.1
3-F 9,326 1.3
600
500
— 400
S
=)
7 300
% 200
100
0
0 0.02 0.04 0.06 0.08 0.10

Strain

Fig. 5. Stress-strain relationship of SM355Y steel

Table 3. Material properties of SM355Y steel

E F, | F, Eg,
(GPa) | (MPa) | (MPa) | & e €| (GPa)
200 | 355 | 490 | 0.00178 | 0.021 | 0.0585| 3.6
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Alojol A= ABAQUSOA] AlFE= 4 At 5F5(shell
edge load) 7|52 &85t EA ool 54 (uni-
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(a) Local mode

(b) Global mode (upward)

(c) Global mode (downward)

Fig. 6. Initial geometric imperfection mode shapes
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Fig. 7. Residual stress model

Table 4. Normalized in-plane compressive strengths
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Table 49 F,/Fy 3t< A EH, HLA oo o3t 7
T (FEA-DC)7} sh5Aofo o3t ZF=(FEA-LC)Xth
& 2 %= 7HH Fig. 8914 2-B RS A 2 515
HE AZ9] Aol & B sIel=T, shaAlo] W} B
wsto] HeAo] S ALT B S &2
O F ol B3 A A"l HuY A (stiffness)O] F A

ha RS

F./F,
ModelID | 2t | Acor KHBDC| Fwa | Be3 | BWA || BC5
FEA-DC | FEA-LC | FHWA EC3 CSB
1-A 0.3 1.043 0.907 0.951 0.948 0.971 1.097 1.101 0.954 0.957
1-B 0.5 0.970 0.868 0.879 0.840 0.952 1.104 1.154 0.988 1.033
1-C 0.7 0.867 0.793 0.785 0.722 0.935 1.104 1.200 1.010 1.098
1-D 03 09 0.784 0.686 0.672 0.600 0917 1.167 1.307 1.021 1.143
1-E 1.1 0.742 0.601 0.550 0.488 0.901 1.349 1.520 1.093 1.231
1-F 1.3 0.708 0.528 0.440 0.398 0.885 1.609 1.779 1.200 1.327
2-A 0.3 0.887 0.821 0.853 0.949 0.777 1.040 0.935 0.963 0.865
2-B 0.5 0.850 0.805 0.806 0.852 0.762 1.055 0.998 0.999 0.945
2-C 0.7 0.813 0.753 0.753 0.740 0.748 1.080 1.099 1.001 1.018
2-D 07 0.9 0.767 0.668 0.672 0.616 0.734 1.141 1.245 0.994 1.084
2-E 1.1 0.734 0.608 0.550 0.498 0.721 1.335 1.473 1.105 1.220
2-F 1.3 0.710 0.567 0.440 0.400 0.708 1.614 1.777 1.289 1.419
3-A 0.3 0.749 0.664 0.685 0.841 0.583 1.094 0.891 0.970 0.790
3-B 0.5 0.725 0.608 0.635 0.766 0.571 1.142 0.947 0.957 0.794
3-C 0.7 0.710 0.560 0.580 0.679 0.561 1.224 1.045 0.965 0.824
3-D L1 09 0.694 0.506 0.521 0.581 0.551 1.332 1.195 0.971 0.872
3-E 1.1 0.666 0.479 0.458 0.480 0.541 1.454 1.387 1.046 0.997
3-F 1.3 0.658 0.471 0.396 0.391 0.531 1.662 1.682 1.190 1.204
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with variation of Ac, with variation of 4,
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(c) von Mises stress at U-rib (FEA-DC)

(d) von Mises stress at U-rib (FEA-LC)
Fig. 12. Ultimate behaviors of Model 2-B
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(c) Thin plate models (4,; = 1.1)

Fig. 13. Strength comparison with variation of A.,,
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Fig. 14. Comparison of strength relative ratio
with variation of 1.,
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