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Seismie Performance Evaluation of Reinforced Concrete Bridge Piers
Supported by Laminated Rubber Bearings
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ABSTRACT

The purpose of this study is to evaluate seismic performance of reinforced concrete bridge piers supported by lominated rubber bearings. A
computer program, named RCAHEST(Reinforced Concrete Analysis in Higher Evaluation System Technology), for the analysis of reinforced concrete
structures was used. Material nonlinearity is tfaken into account by comprising fensile, compressive and shear models of cracked concrete and a
model of reinforcing steel. The smeared crack approach is incorporated. Seismic isolator element is developed to predict behaviors of laminated
rubber bearings. The proposed numerical method for seismic performance evaluation of reinforced concrete bridge piers supported by laminated
rubber bearings is verified by comparison with reliable experimental resulfs.
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EDC: Area of hysteresis loop

Fig. 3 Hysteresis loop of bilinear model
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Table 2 Test specimens
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(@) TP-18, TP-19

ltem TP-18 \ TP-19 ] TP-20
Section Size(mm) 400 X 400(Square)
Column Heightirmm) 1850 | 1750
Effective Depth(mm) 360
Longitudinal Reinforcement Ratio(%) ) 0.95 ’ 0.99
Volumetric Ratio of Tie Reinforcement(%) 0.77
Cylinder Strength of Concrete(MPa) 206 206 29.1
Longitudinal Reinforcement(Yield Strength) SD295A D13(367MPa) SD295A D16(374MPa)
Tie Reinforcement(Yield Strength) SD295A D6(376MPa) SD295A DB(363MPa) |
Axial Force(kN) 192(1.23MPa)
Table 3 Properties of high damping rubber bearing
Cross Section Size(mm) 270270
Effective Size(mm) 250% 250 O
Thickness of HDR Bearing(mm) 61
Thickness of Rubber 13mm @ 4 Layer =52mm
Thickness of Steel Plate 3mm @ 3 Layer=9mm
Maximum Reaction Force(kN) 160
Minimum Reaction Force(kN) 100 o
Design Displacement(mm) 80
Effective Design Displacement(mm) i 56 7 J
Shear Modulus(MPa) 12
Yield Displacement(mm) 7.0
Vield Force(kN) 30
Inifal Stifiness(kN/mm) 429 |
Second Stiffness(kN/mm) 0814
U T |
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oad < HDR Load %‘«-— HDR
CHO0S CHOOS
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Fig. 7 Test setup
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Fig. 8 Loading hystereses

ov NP 4PARS Ao T UYL ¢
% oleh. Thk TP20 A6l distelts o @79l 42
St ARAT vstel oHI AL tha simdtA Bt
o Qe 2% ool W@ 217E0) BT Aoz ¥
vk

AAAA 9ste] AQNAGGA 7} AMHH w2 {4
Aog st WY SHol FUHL P-4 a3t A U
= F=q

B 497 Atk & 59 el o8 47le
E olo] Zo] % FRUET} WS 2719 FE44

80 m
40 —
-
<
- -
=
-]
<
S o
®
=
3 - |
< l
| 7
vy
-40 — -
O el Experiment
B o - Analysis
-80 T ; T ’ T l T T 1 T
-120 -80 -40 0 40 80 120

Lateral Displacement (mm)
(a) Analysis without P- 4 effect

—>
8-node RC element 48
6-node Interface element | 4
8-node Elastic element 8
2-node Seismic Isolator 2
element
& Y [AYAYAYA¥ [}

Fig. 9 Finite element mesh used for analysis{TP-18)

44 25 ¥ 18

Fig. 13~Fig. 16 TP-19 #x

Al2~Ele] F3 -5 H
A #AAE 3

a5 Asel oe} ANARA Y 7)2-507re) A

O st vehfia gled sidddrt ddd et
|3F & QS & 4= Q) o2 Ea) /M xAA
24 AZnpud Ay 99, 32 g9, elw 9y
Z8l7t Qolvks JA7Ae) ATSHL 4 ¥ g
< Fdaitt
80
40 —
z
x i
-}
[1]
S o
<
2 ]
5]
-
-40 —
d Experiment
B e Analysis
-80 T I T ‘ T [ T T T i T

-120 -80 -40 0 40 80 120
Lateral Displacement (mm)
() Analysis with P- 4 effect
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Fig. 11 Lateral Load vs. Lateral Displacement hysteresis for specimen TP-19

80 - - —’ 80 — e

40 40 —
£ | g -
° ©
[v] [v]
S o 8 o4
® ©
h 1
2 J 3 J
] o
-l |
-40 — -40 X
————— Experiment — - — — — Experiment
- Analysis ~ Analysis
(. i} -
'80 *‘_—T—T___F—T_Y—’___V—’—V—’_’Y—— '80 T l T l T l T l T { T 7
-120 -80 -40 0 40 80 120 -120 -80 -40 0 40 80 120
Lateral Displacement (mm) L.ateral Displacement (mm)
{a) Analysis without P- 4 effect {b) Analysis with P- 4 effect

Fig. 12 Lateral Load vs. Lateral Displacement hysteresis for specimen TP-20
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Fig. 17 Failure mode for specimen TP-19

[

I
W
_O'd
X
=3
o
o
(=
e
{o
o, .:)
)
P}«"
B!
N
e
)
o
Y
o
o

AN LRS Zds} gk

HU oo niE
PO
ot
oo
2 1L

A

i

=]

N3
B ok oo

2 S4eA Qe AFuyuiy 2

2
Loy N

ol
X

%

{

i

)

N
g
= N

A B)(KEERC) 2

e

=
=]
A AA71EATE AL,

all 1 oagd
A& H3H ool ZAEHY:

1. Priestley, M. J. N,, Seible, F., and Calvi, G. M., Seismic
Design and Retrofit of Bridges, John Willey & Sons, Inc.,
1996.

2. Roeder, C. W. and Stanton, ]. F., “State-of-the-Art
Elastomeric Bridge Bearing Design,” ACI Structural
Journal, Vol. 88, No. 1, 1991, pp. 31-41.

3. Juhn, G., Manolis, G. D., Constantinou, M. C, and
Reinhorn, A. M., “Experimental Study of Secondary
Systems in Base-Isolated Structure,” Journal of Structural
Engineering, ASCE, Vol. 118, No. 8, 1992, pp. 2204-2221.

4. Tsopelas, P., Okamoto, 5., Constantinou, M. C,, Ozaki,
D., and Fujii, S, “NCEER-Taisei Corporation Research
Program on Sliding Isolation Systems for Bridges: Ex-
perimental and Analytical Study of Systems Consisting
of Sliding Bearings, Rubber Restoring Force Devices
and Fluid Dampers,” Report No. NCEER 940002, National
Center for Earthquake Engineering Research, State Uni-
versity of New York at Buffalo, 1994.

Hed HM25 (83 HM36%) 20044

SRR B £2F 71



5 &8, B9R, A9, 7% VxAdE 72EY 12. A89E, A4Ls, NS, “HE Feles we 484
WS E7E A A3, d=A3538] =23, 2B wzhel V4537, daAde%sE =4, A
A1, 45, 1997, pp. 45-58. 78, A23, 2003, pp. 67-73.

6. Kawashima, K. and Shoji, G., “Interaction of Hysteretic 13. Mander, ]. B, Panthaki, F. D, and Kasalanati, K,
Behavior between Isolator/Damper and Pier is an “Low-Cycle Fatigue Behavior of Reinforcing Steel,”
Isolated Bridges,” Structural Engineering, JSCE, Vol Journal of Materials in Civil Engineering, ASCE, Vol. 6,
44A, 1998, pp. 733-741. No. 4, 1994, pp. 453-468.

7. 74&W, 7194, A4, 849, “PTFE mFukxle .8 14. Kakuta, Y., Okamura, H., and Kohno, M, “New Concepts
3 24wk FAA AR, HIEEEE] =534, A for Concrete Fatigue Design Procedures in Japan,”
20, A1-A%, 2000, pp. 59-67. IABSE Colloguium on Fatigue of Steel and Concrete

8. ZElE, A&E, “Analytical Approach to Evaluate the Structures, Lausanne, 1982, pp. 51-58.

Inelastic Behaviors of Reinforced Concrete Structures 15. Kawashima, K. and Shoji, G., “Cyclic and Hybrid
under Seismic Loads,” 32X X383 =24, A5, Loading Tests for Reinforced Concrete Columns Sup-
A|23, 2001, pp. 113-124. ported by High Damping Rubber Bearings,” Proc. 3rd

9. Kim, T. H, Lee, K. M,, Yoon, C. Y., and Shin, H. M,, Regional Symposium on Infrastructure Development in Civil
“Inelastic Behavior and Ductility Capacity of Reinforced Engineering, Tokyo Institute of Technology, Tokyo, Japan,
Concrete Bridge Piers under Earthquake. I: Theory and 2000, pp. 163-172.

Formulation,” Journal of Structural Engineering, ASCE, 16. Naeim, F. and Kelly, J. M., Design of Seismic Isolated
V. 129, No. 9, 2003, pp. 1199-1207. Structures from Theory to Practice, John Willey & Sons,

10. Ze)E, “B)AE G3la AsAS 0|83 AZZIFE Inc., 1999.
nZre] YRAEHE7), s ek =8, Adaoista, 2003 17. Logan, D. L., A First Course in the Finite Element Method,

11. Kent, D. C. and Park, R., “Flexural Members with PWS-KENT, 1992.

Confined Concrete,” Journal of Structural Engineering, 18. Taylor, R. L., FEAP - A Finite Element Analysis Program,
ASCE, Vol. 97, No. 7, 1971, pp. 1969-1990. Version 7.2, Users Manual, Vol. 1 and Vol. 2, 2000.
72 BEA|XFEE =2 HeH M2z (8H HM365) 20044



