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Research on the Ductility Behavior of Steel Box-Section Piers with
T-shaped Stiffeners

GAO Yuxue, GAO Shengbin *
(School of Civil Engineering, Shanghai Normal University, Shanghai 201418, China)

Abstract; In order to study the ductility behavior of steel box-section piers with T-shaped stiffeners
subjected to a constant vertical load and lateral cyclic loading, the accuracy of the finite element analy-
sis method is firstly verified by comparing with the test results. Then, a series of parametric studies is
carried out to investigate the effect of the normalized flange width-thickness ratio, normalized pier’ s
slenderness ratio, normalized stiffener’ s slenderness ratio and axial load ratio on the maximum strength
and ductility behavior of steel box-section piers with T-shaped stiffeners. Finally, the formulas for pre-
dicting the maximum strength and ductility ratio of steel piers are proposed on the basis of parametric
analysis results. The research results show that the ductility behavior of steel piers is significantly im-
proved with the decrease of the normalized flange width-thickness ratio, normalized pier’ s slenderness
ratio, normalized stiffener’ s slenderness ratio and axial load ratio.
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Fig. 1 Analytical model of steel box-section piers
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Tab.1 Geometrical parameters and size of test specimens

R 5 R, A o' )z h/mm b/mm t/mm b./mm t./mm P/P,
KD-5 0.45 0.30 0. 67 0.27 3303 738 12 90 9 0. 166
KD-10 0.35 0.30 0.50 0.18 3303 706 14 90 10 0. 148

=2 MR RBRUEENTRE G
Tab. 2 Material properties of combined hardening model for steel materials
JENRREE AR w Cin Cy, o Cyi,

b L e A T T

o,/MPa E/GPa  /MPa /MPa /MPa /MPa /MPa

Q235B 407 0.3 209 21 1.2

6013 173 5024 120 3026 32 990 35
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Fig. 2 Lateral cyclic loading pattern
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Fig. 4 Comparison of failure mode of specimen KD-5 between

test results and numerical results
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Tab. 3 Geometrical properties of test specimens and finite element analytical results (a=0.5)

WSS R4 A h/ v/ h/ ot/ b/ 1/ H, /H, 3,/8, 05/,

h mm mm mm mm mm mm n=1 7=2 7=3 n=1 n=2 n=3 n=1 n=2 n=3
S25-30-10 0.25 0.30 0.10 3090 19.60 76 11 125 19 2.00 2.16 2.34 8 8 8 10.01 9.57 9.46
S25-30-09 0.25 0.30 0.09 3030 19.60 85 13 139 21 2.05 2.20 2.40 9 8 8  10.68 10.2810. 09
$25-30-08 0.25 0.30 0.08 2960 19.60 96 15 153 23 2.10 2.26 2.45 9 9 9 11.49 10.9910. 68
S25-30-07 0.25 0.30 0.07 2890 19.60 120 17 155 23 2.15 2.31 2.52 9 9 9 12.0011.4711.14
S30-30-10 0.30 0.30 0.10 3 100 16.33 83 12 108 16 1.93 2.07 2.25 7 7 7 8.98 8.45 8.27
S30-30-09 0.30 0.30 0.09 3050 16.33 91 13 121 18 1.96 2.11 2.28 7 7 7 9.30 8.79 8.58
S30-30-08 0.30 0.30 0.08 2970 16.33 102 15 135 20 2.00 2.15 2.33 7 7 7 10.04 9.48 9.27
S30-30-07 0.30 0.30 0.07 2845 16.33 128 18 138 20 2.10 2.26 2.45 8 8 8 10.47 9.96 9.60
S35-30-10 0.35 0.30 0.10 3 110 14.00 88 12 96 14 1.86 2.00 2.16 6 6 6 7.8 7.37 7.15
S35-30-09 0.35 0.30 0.09 3050 14.00 95 14 110 16 1.89 2.03 2.20 6 6 6 8.21 7.72 7.57
S35-30-08 0.35 0.30 0.08 2980 14.00 106 15 123 18 1.92 2.06 2.23 6 6 6 8.87 8.37 8.09
S35-30-07 0.35 0.30 0.07 2840 14.00 130 18 138 20 2.01 2.16 2.34 7 7 7 9.89 9.25 8.92
S40-30-10 0.40 0.30 0.10 3120 12.25 89 11 89 13 1.78 1.91 2.07 5 5 5 6.47 6.39 6.28
S40-30-09 0.40 0.30 0.09 3050 12.25 97 13 103 15 1.82 1.95 2.11 5 5 5 7.19 7.00 6.86
S40-30-08 0.40 0.30 0.08 2970 12.25 109 15 117 17 1.87 2.00 2.15 6 6 6 7.90 7.66 7.35
S40-30-07 0.40 0.30 0.07 2835 12.25 132 17 131 19 1.93 2.07 2.24 6 6 6 8.80 8.53 8.29
S45-30-10 0.45 0.30 0.10 3 115 10.89 88 10 88 13 1.71 1.84 1.98 4 4 4 5,48 5.41 5.15
S45-30-09 0.45 0.30 0.09 3050 10.89 99 12 9 14 1.74 1.87 2.04 5 5 5 6.17 5.81 5.62
S45-30-08 0.45 0.30 0.08 2970 10.89 111 14 110 16 1.80 1.93 2.08 5 5 5 6.58 6.46 6.44
S45-30-07 0.45 0.30 0.07 2830 10.89 134 16 124 18 1.85 1.99 2.16 5 5 5 7.68 7.13 6.92
S25-40-10 0.25 0.40 0.10 4120 19.60 76 11 125 19 1.97 2.08 2.23 8 8 7 9.11 9.09 8.66
S25-50-10 0.25 0.50 0.10 5150 19.60 76 11 125 19 1.92 1.98 2.02 8 8 7 8.52 8.47 8.31
S30-40-10 0.30 0.40 0.10 4 140 16.33 83 12 108 16 1.90 2.01 2.15 6 6 6 8.78 8.04 7.53
S30-50-10 0.30 0.50 0.10 5170 16.33 83 12 108 16 1.86 1.92 2.02 6 6 6 7.53 7.51 7.13
S35-40-10 0.35 0.40 0.10 4 150 14.00 88 12 96 14 1.82 1.94 2.07 5 5 5 7.04 6.65 6.56
S35-50-10 0.35 0.50 0.10 5185 14.00 88 12 96 14 1.80 1.87 1.96 5 5 5 6.40 6.23 6.16
S40-40-10 0.40 0.40 0.10 4160 12.25 89 11 89 13 1.74 1.85 1.98 5 5 5 5.73 5.55 5.52
S40-50-10 0.40 0.50 0.10 5200 12.25 89 11 8 13 1.72 1.79 1.89 4 4 4 525 5.13 5.01
S45-40-10 0.45 0.40 0.10 4 155 10.89 88 10 88 13 1.67 1.79 1.92 4 4 4  4.79 4.70 4.64
S45-50-10 0.45 0.50 0.10 5190 10.89 88 10 88 13 1.64 1.72 1.83 4 4 4  4.56 4.41 4.36
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Fig. 6 Effect of normalized specimen’s slenderness ratio
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