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Table 1 Parameters of Specimens (Nagoya Univ.)

Year Specimen X Ry v/¥* | P/Py | n
[Ref.]
Unstiffened Cross section
Us-0C 0.484 | 0.560 0.0 3
U5-2M 0.484 | 0.570 — 0.2 0
Us-2C 0.486 | 0.560 — 0.2 3
U7-0C 0.488 | 0.780 -— 0.0 3
1989 U7-1C 0.488 | 0.780 — 0.1 3
ny | uraMm 0489 | 0.780 | — 02 | o
U7-2C 0.488 | 0.780 — 0.2 3
U7-2CC 0.489 | 0.780 — 0.2 oS}
Ug-1C 0.450 | 1.000 — 0.1 3
uuo 0.362 | 0.664 — 0.0 3
Uu1l 0.362 | 0.664 — 0.2 3
1990 Uuse 0.381 | 0.854 —_ 0.2 3
2] | Uu1o 0406 | 0297 | — 03 | 3
UuU11 0406 | 0.297 — 0.2 3
U45-25[0] 0.252 | 0.454 — 0.2 0
U45-25[3] 0.254 | 0.448 -— 0.2 3
U45-40[0] 0.404 | 0.448 — 0.2 0
1992 U45-40[3] 0.404 | 0.451 —_ 0.2 3
4] | UTo-25[0] | 0.263 | 0.701 | — 02 | 0
U70-25[3] | 0262 | 0.701 | — 02 | 3
U70-40[0] | 0.406 | 0.704 — 0.2 0
U70-40[3] | 0.406 | 0.704 | — 02 | 3
Stiffened Cross section
S3-0C(1) 0.441 | 0.330 0.95 0.0 3
§3-2C(1) 0.440 | 0.330 0.95 0.2 3
S3—'ZC(3) 0.439 | 0.330 2.92 0.2 3
$3-4C(3) | 0453 | 0330 | 292 | 04 | 3
$5-0C(1) 0.411 | 0.560 1.28 0.0 3
$5-1C(1) | 0.409 | 0.560 | 1.28 | 01 | 3
55—20(1) 0.409 | 0.560 1.28 0.2 3
1989 $5-2CC(1) | 0.409 | 0.550 1.28 0.2 (s}
[1] $5-1C(3) 0.417 | 0.550 | 3.07 0.1 3
$5-2C(3) 0.417 | 0.550 3.07 0.2 3
$5-1C(5) 0.422 | 0.550 5.32 0.1 3
85-2C(5) 0.422 | 0.550 5.32 0.2 3
$6-1C(1) 0423 | 0.870 1.11 0.1 3
S6-2C(1) | 0.430 | 0670 | 1.11 | 0.2 | 3
$6-1C(3) 0.430 | 0.670 3.81 0.1 3
$6-2C(5) 0.427 | 0.670 5.43 0.2 3
SS1 0.490 | 0.430 3.23 0.2 3
552 0.356 | 0.426 3.23 0.2 3
SS3 0.495 | 0.429 5.03 0.2 3
1990 SS4 0.495 | 0.429 5.03 0.2 3
[2] SS5 0.495 | 0.429 5.03 0.2 3
SSe 0.521 | 0.446 5.39 0.2 3
SS7 0.495 | 0.428 13.6 0.2 3
C-M 0.417 | 0.472 3.14 0.2 0
C-C-1 0417 | 0474 3.19 0.2 1
1991 C-C-3 0.420 | 0.472 3.12 0.2 3
[ | c-cs 0420 | 0474 | 317 | 02 | 5
C-C-8 0.420 | 0.472 3.12 0.2 8
C-CC 0.420 | 0472 3.10 0.2 o]
S30-25[0] 0.260 | 0.300 3.28 0.2 0
530-25[3] 0.261 | 0.300 3.28 0.2 3
$30-50[0] 0.491 | 0.301 3.28 0.2 0
1992 530-50[3] 0.489 | 0.300 3.28 0.2 3
[4] | S45-25[0] | 0.265 | 0489 | 328 | 0.2 | 0
545-25{3] 0.265 | 0.488 3.28 0.2 3
545—50[0] 0.502 | 0.477 3.50 0.2 0
545-50[3] 0.502 | 0.475 3.50 0.2 3
X = Slenderness Ratio{Eq.(2))
Ry = Width-Thickness Ratio of Flange(Eq.(1))
v = Relative Flexural Rigidity
v* = Required Relative Flexural Rigidity
P/P, = Axial Force Ratio, n = Number of Cyclic
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Fig.1 Test Specimens
Table 2 Results of Coupon Tests (Nagoya Univ.}
[ Year | E | o, €y | v | Eet | € | t | Material |
1989 208 310 0.149 0.247 3.04 1.52 4.5 S$S8400
210 315 0.150 0.253 3.39 1.91 4.5 $5400
197 266 0.134 0.269 9.36 1.53 4.5 55400
1990 198 298 0.151 0.258 8.47 2.33 4,5 $S400
203 365 0.179 0.253 6.82 1.55 6.0 SM490Y 1
1991 203 382 0.204 0.266 4.58 1.26 4.5 SM490 Cyc €8
210 318 0.151 0.271 4.89 2.00 6.0 $5400
1992 216 282 0.130 0.270 4.12 2.21 6.0 $5400
216 320 0.148 0.283 4.70 2.34 4.5 $5400

Notes:

E = Young's Modulus(GPa), 0y = Yield Stress(MPa)
&y = Yield Strain(%), v = Poisson’s Ratio

E; = Strain-Hardening Modulus(GPa)

&5+ = Strain at Onset of Strain-Hardening(%)

t = Plate Thickness (mm)

Fig.2 Loading Program (Cyclic, n = 3)
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Table 3 Loads and Displacements at Various Loads (See Fig.3)

! ]
Year | Specimen Hyo §y0 %?m.n g.m_ %ﬂ %&i éj’l‘ %‘ F] =
) ¥0 ¥0 30 30 ¥0 v
[Ref.] (kN) (mm)
Unstiffened Cross Section
U5-0C 24.3 5.98 1.28 2.20 1.21 7.54 1.00 11.2 1.040
Us-2M 24.5 6.03 1.36 2.55 1.30 3.79 0.80 12.8 0.832
Us-2C 24.1 6.04 1.38 2.45 1.82 3.30 0.80 7.02 0.761
U7-0C 33.4 8.53 1.20 2.12 1.14 3.52 1.00 5.92 1.283
1989 u7-1C 33.3 8.54 1.21 1.68 1.15 2.56 0.81 5.41 1.126
[1] U7-2M 33.2 8.57 1.19 1.78 1.13 2.41 0.72 7.37 0.990
U7-2C 334 8.57 1.21 1.60 1.15 2.17 0.72 4.36 0.989
U7-2CC 33.4 858 1.20 1.82 1.14 2.23 0.72 2.90 1.013
Us-1C 46.6 9.42 1.03 2.18 0.98 2.38 0.63 4.69 1.265
Uuo 35.7 4.33 1.18 2.56 1.12 4.33 1.00 5.37 1.527
uu1 35.7 4.33 1.17 2.70 1.11 2.88 0.80 4.01 1.474
1990 Uusé 43.6 6.25 0.99 1.80 0.94 2.00 0.64 3.18 1.353
[2] uu10 78.2 5.34 1.43 8.33 1.36 11.0 0.70 21.2 1.747
UU11 78.2 5.34 1.51 10.0 1.44 13.3 0.80 24.0 1.752
U45-25{0 63.0 1.87 1.58 9.89 1.50 20.6 0.80 54.9 1.486
U45-25[3 61.7 1.88 1.48 4.87 1.41 6.70 0.80 9.22 1.786
U45-40[0 38.9 4.81 1.35 5.02 1.28 8.04 0.80 217 1.366
1992 U45-40(3 39.0 4.83 1.41 3.37 1.34 4.71 0.80 6.87 1.364
4] U70-25[0 93.3 3.21 1.22 3.19 1.16 4.09 0.74 16.3 1.582
U70-25[3 93.4 3.20 1.22 2.49 1.16 2.87 0.74 5.16 1.647
U70-40[0 60.6 7.68 1.25 3.46 1.18 4.18 0.74 12.0 1.466
U70-40(3 60.6 7.68 1.11 1.57 1.05 2.69 0.74 3.91 1.441
Stiffened Cross Section
53-0C1 52.6 7.58 1.46 5.98 1.39 8.86 1.00 116 1.260
$3-2C1 52.8 7.55 1.42 385 1.35 5.63 0.80 9.44 1.198
83-2C3 56.3 7.31 1.40 4.69 1.33 7.05 0.80 11.4 1.174
$3-4C3 54.0 7.56 1.33 4.08 1.26 4.32 0.59 6.53 1.071
$5-0C1 90.9 11.4 1.10 3.45 1.05 5.10 1.00 5.92 2.607
55-1C1 91.4 11.3 1.18 2.80 1.12 3.86 0.86 5.86 1.841
55-2C1 91.4 11.3 1.11 2.70 1.06 2.89 0.76 3.90 1.497
1989 $5-2CC1 90.9 11.3 1.06 2.47 1.00 2.55 0.76 2.71 1.602
[1] $5-1C3 93.3 11.3 1.16 2.71 1.11 5.04 0.86 7.07 1.790
$5-2C3 93.3 11.3 1.14 2.60 1.09 3.10 Q.77 5.14 1.387
85-1C5 94.5 11.3 1.23 3.07 1.17 4.05 0.86 7.27 1.792
$5-2C5 94.5 11.3 1.18 2.46 1.12 2.69 0.77 557 1.453
S6-1C1 105 14.6 1.15 3.05 1.09 3.29 0.81 4.68 1.936
$6-2C1 102 14.8 1.05 2.54 0.99 2.68 0.72 3.44 1.542
S6-1C3 107 14.6 1.17 3.25 1.11 3.73 0.81 5.97 1.917
$56-2C5 109 14.5 1.08 2.67 1.02 2.95 0.73 4.44 1.598
SS1 60.0 12.7 1.11 2.54 1.06 3.11 0.80 3.76 1.251
S§82 82.4 6.73 1.21 3.60 1.15 4.62 0.80 5.86 1.583
SS3 60.7 12.7 1.07 2.55 1.02 3.71 0.80 4.37 1.534
1990 5S4 60.7 12.7 1.12 2.87 1.07 3.99 0.80 4.84 1.626
[2] 885 60.7 12.7 1.08 2.84 1.03 3.65 0.80 4.53 1.604
556 69.7 13.6 1.12 3.52 1.06 5.09 0.78 7.01 1.442
S$87 60.7 12.7 1.13 2.76 1.08 3.10 0.80 4.39 1.443
C-M 106 8.42 1.31 3.64 1.24 6.15 0.78 14.7 1.180
C-C-1 107 8.42 1.36 5.14 1.29 5.66 0.78 8.81 1.551
1991 C-C-3 106 8.48 1.38 5.19 1.32 5.52 0.78 7.75 1.629
[3] C-C-5 106 8.48 1.43 5.08 1.36 5.36 0.78 745 1.542
C-C-8 106 8.48 1.39 4.10 1.32 4.81 0.78 6.82 1.316
C-CC 106 8.48 1.43 4.96 1.36 5.08 0.78 5.38 1.533
$30-25[0 144 3.18 1.53 18.9 1.46 26.5 0.80 56.1 2.075
$30-25[3 144 3.19 1.62 10.9 1.54 12.1 0.80 20.5 1.675
$30-50[0 76.4 11.3 1.31 3.72 1.24 9.29 0.80 47.7 1.560
1992 $30-50[3 76.7 11.3 1.41 6.46 1.34 8.23 0.80 9.62 1.460
(4] 545-25[0 247 5.25 1.16 5.83 1.16 8.02 0.79 17.3 2.119
545-25[3 246 5.28 1.18 3.80 1.12 5.93 0.79 8.49 2.083
$45-50[0 71.9 134 1.23 2.81 1.17 4.87 0.79 10.2 1.439
545-50[3 71.7 13.4 1.23 2.99 1.17 | 3.45 0.79 5.98 1.387
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Table 4 Parameters of Specimens

Number
Author X Ry P/P, v/v* n of Material
[Ref.] Specimens
Kawashima [5] | 0.30 ~ 0.51 | 0.30 ~ 0.44 | 0.054 ~ 0.11 | 0.294 ~ 5.01 | 1,3,5,10 13 | SS400,SM490
Temura {6] 0.41 ~0.41 | 0.60 ~ 0.66 0.16 1.15 ~ 31.0 3 5 | S5400
Watanabe [7] 0.38 ~ 0.39 | 0.46 ~ 0.46 0.062 5.16 ~ 5.27 3 4 | SS400
Tominaga [8] 0.34 ~ 0.63 | 0.17 ~ 0.47 0.2 1.37 ~ 3.06 3 8 | SS400,SM490Y
H Elastic 1s¢ arder (Flexural Def. only) £t (Fig.4(a)).
H (b) MEL : MEHIVNIVEE (X=0.275) T,
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(e) Effect of Number of Cycles (Stiffened)

Fig.4 Effects of Parameters on Horizontal Load-Displaceﬁxent Relationship
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Variation of Ductility Capacity of

(1994. 9. 28 3A4%)

ESTIMATING FORMULAS OF STRENGTH AND DEFORMATION
CAPACITY OF STEEL BRIDGE PIER MODEL UNDER CYCLIC LOADING

Moriaki SUZUKI and Tsutomu USAMI

During the recent few years, a total of 59 steel box column specimens modeling steel bridge piers
have been tested under a constant axial load and cyclic laterl loads in NAGOYA university. Also
same type of experiments conducted by other reserchers have been studied.

The influences of the parameters such as width-thickness ratio, slenderness ratio and number of
cycles of loading on the strngth and deformation capacity of the tested columns are investigated.

In order to estimate the strength and ductility capacity of columns, simple and effective formulas
are proposed which can be used for seismic resistant design.
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