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PSEUDODYNAMIC TESTS OF STEEL BRIDGE PIERS
WITH PURPOSE OF REDUCING RESIDUAL DISPLACEMENTS
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A recommendation for designing high ductility steel bridge piers was proposed in Ref.1) and
its validity was verified by pseudodynamic tests in Ref.2). The key idea of the proposal was to
increase the deformation capacity of bridge piers by limitting the parameters of bridge piers. Al-
though the test results showed that steel bridge pier specimens tested were of very high ductility
capacity, residual displacements turned out to be still large. In this study, two ways of reducing
residual displacement are considered :(1) raising the safety factor used in the primary design
and (2) filling-in concrete at the base of the high ductility piers. Their effects are investigated
through pseudodynamic tests. The test results have shown that both methods are effective in

reducing the residual displacement.

Key Words : Steel bridge piers, Residual displacement, High ductility,
Concrete-filled steel bridge piers, Pseudodynamic test
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Table 1 Measured Dimensions of Test Specimens

. h hefh 14 B D t bs ts ok - P/P
Specimen | (v | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | @um) | 774 R || PIB
[ Specimen Group A (A= 0.35) |
535-351 1033 — 104 224 202 4.9 26 4.9 371017 | 1.0 | 0172
S$35-35H(1 1033 — 104 224 202 4.9 26 4.9 36 | 017 { 1.0 | 0.172
S35-35H/[2 1033 — 104 223 201 4.7 28 4.7 391018 | 0.8 | 0138
SC35-35-30H 1033 0.3 104 224 201 4.8 26 4.8 38 { 018 | 1.0 | 0.172
SC35-35-20H 1033 0.2 104 224 201 4.8 26 4.8 38 {018 [ 1.0 | 0.172
r Specimen Group B (A= 0.45) —|
S35-45H(1 1328 — 104 224 200 4.8 26 4.8 3.8 | 018 | 1.0 | 0.140
S35-45H(2 1328 — 104 224 201 4.8 26 4.8 3.8 1018 { 0.8 | 0.112
SC35-45-30H 1328 0.3 104 224 201 4.5 26 4.5 42 ] 018 | 1.0 | 0.140

See Fig.1, Egs.(1)~(6) for notation. Flange Width-Thickness Ratio Parameter Ry 2z 0.33

Table 2 Tensile Coupon Test Results of Steels

[oy TE | ey [ B ] st [ ou | bt | ps |
Specimen : S35-35H][1]
382 | 208 | 0.183 | 5.05 | 1.12 | 574 | 31.0 | 0.275
Specimen : S35-35H[2]
389 [ 203 ] 0192 | 533 ] 1.59 | 572 | 30.0 | 0.258
Specimen : SC35-35-30H

411 [ 211 | 0.195T5.19W 1.60 | 590i29.u;0.281
Specimen : SC35-35-20H
386 | 208 0.186T3.50—| 148 | 579_L29.7 [ 0.269
Specimen : S35-45[1]~[2]
396 | 209 [ 0.190 | 6.58 [ 1.68 [ 588 | 29.0 | 0.267
Specimen : SC35-45-30H
385 | 207 0.186T 3.47 [ 1.53 ] 585i 32.&0.273
Notes:
ay = Yield Stress(MPa)
E = Young's Modulus(GPa)
ey = Yield Strain(%)
E, = Strain-Hardening Modulus(GPa)
€5t = Strain at Onset of Strain-Hardening(%)
oy = Ultimate Tensile Stress(MPa)
= Elongation(%)
us = Poisson’s Ratio
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Table 3 Compression Test Results of Concrete

H fC EC
Secimen (MPa) (GPa) He
SC35-35-20H 17.6 17.0 0.185
SC35-35-30H 20.9 20.5 0.180
SC35-45-30H 23.7 20.3 0.156

fe:Compressing Strength  Ec.:Young’s Moduls
te:Poisson’s Ratio
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Fig. 2 Accelerogram of Input Earthquake (JR-Takatori)
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Table 4 Psendodynamic Test Results

T H )
. P y y é Sp H,
Specimen f - (sec) | (kN) | (mm) o 5y -
Specimen Group A (3=0.35)
$35-35H|1 1.0 | 0.172 | 0.785 99.8 5.60 10.2 3.20 2.00
$35-35H]2 0.8 | 0.138 | 0.720 | 102.8 6.12 6.62 1.50 1.96
SC35-35-30H 1.0 | 0.172 | 0.750 | 104.5 5.11 10.6 2.75 2.09
SC35-35-20H 1.0 | 0.172 | 0.741 98.3 4.99 9.82 1.54 2.15
Specimen Group B (1=0.45) ]
S$35-45H][1 1.0 | 0.140 | 1.036 81.7 9.66 7.06 1.39 1.91
835-45H(2 0.8 | 0.112 { 0.926 84.3 9.96 6.13 0.772 1.81
SC35-45-30H 1.0 | 0.140 | 0.963 75.4 8.35 8.12 1.02 2.11
Note: T : Natural Period of Assumed Real Pier (5=8.0)
$max : Maximum Response Displacement, 6z : Residual Displacement
Hmax ¢ Horizontal Load Corresponding to émax
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Fig. 4 Test Results of Specimen Group A (A = 0.35)
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CTWa, LLEDRERLY, "M F0T7 40T 4 —8H
HBHOESIZa 7 ) — NERETH5E, BHO
HKREMORE S L, BEEMOMOMBEMEEEND
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Fig. 6 Comparison of Test Results of $35-35H[1] (without concrete), SC35-35-30H
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Fig. 7 Optimum Height of Concrete-Filled Columns
(Specimen Group A)
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Fig. 8 Effect of Concrete-Height (h./h) on Average
Strains in Filled-in Concrete(eo = 0.0023)
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Fig. 9 Optimum Height of Concrete-Filled Columns
(Specimen Group B)
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Table 5 Damage Degrees Proposed in Ref.(3)

r Rank

—] Residual Displacement l

Damage Degree

As(Collapse)

/100 < 85

Collapsed

A (Large Damage)

h/150 < 6g < /100

Not collapsed, but have lost function. More than two
months are required for restoring.

B (Medium Damage)

h/300 < 6g < h/150

Only emergency vehicles can run. Two weeks ~ two

months are required for restoring.

C (Small Damage) h/1000 < ér < h/300

Several days are required for restoring, or ordinary vehicles
can pass while being repaired. '

D (No Damage) Sr < B/1000

Almost no damage

'-g 3k O Ref(2)
« ® f-19 | {08
% 2 | A CopcrgtefFiHed
S b
X
N T
&0
0.5 1

Natural Period T (sec)

A §§RH§A:

Fig. 10 Comparison between Supply(Limits of Residual Displacement) and Demand (Experimental Residual Displace-

ment)
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ElpoTn.

(3) TDFA TOBIZ VT, XHR3) ITRE N
a7 ) — MERERICHT SRERHETOIZL
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P EofERII AN HESN JR EEHESII X L T

BoNZbDTHS., ZOHMBENIBHEICEEI > TK

ERIGEEN, BEEMNEEZDLDOT, ZOBED

BB LURBR 62T CF s (MAE)BE

(Table 5 Z2R) X THHITZDEIES TEARVL, B

FEHPE S DT LEMPED. SRIZLVZOHE

B L THREER TV, HETIRZBERANLZREZMX
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