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Quasi-Static Test for Seismic Performance of
Circular Hollow RC Bridge Pier
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ABSTRACT

Because of relatively heavy dead weight of concrete itself and unavoidable heat of massive concrefe in bridge
piers, circular hollow columns are widely used in Korean highway bridges. Since the occurence of 1995 Kobe
earthquake, there have been much concerns obout seismic design for various infrastructures, inclusive of bridge
structures. It is, however, understood that there are not much research works for nonlinear behavior of circular hollow
colurmns subjected to earthquake motions.

The objective of this experimental research s to investigate nonlinear behavior of circular hollow reinforced concrete
bridge piers under the quasistafic cyclic load, and then to enhance their ductilty by strengthening the plastic hinge
region with glossfioer sheets. Particularly for this fest, constont 10 cyclic loads have been repeatedy actuated to
investigate the magnitude of strength degradation for the displacerment ductility factor. Innportant test parameters are
seismic design, confinement steel ratio, axial force and load pattem.

It is observed from quasistatic tests for 7 bridge piers that the seismically designed columns and the refrofitted
columns show better performance than the norseismically designed columns, te. doout 20% higher for energy
dissipation capacity and about 70% higher for curvatures.

Key words : quasi-stafic, circular hollow section, hysteresis, ductifity, energy dissipation, glassfiber
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Table 1 Details of the prototype and specimen

Prototype Specimen Remark
Longitudinal Reiforcement Steel 40@D29 (28.6mm) 32 @D10 (9.53mm) 0=1.1%
_ Diameter D16 (19.1mm} #6 wire (4.8mm)
Confinement — .
Plastic Hinge Zone : 100 mm | Plastic Hinge Zone : 18mm
Steel Space
Another Zone 1 150 mm | Another Zone : 23mm
Diameter 170cm 60cm
Column :
Height 6.40m 1.882m
Axial Load 497 9t 43.07ton, 70.6ton
Section Type Circular Solid Circular Hollow
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Fig. 2 Stress-strain curve of reinforcement steels
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Table 2 Mix proportions and compressive strength of specimen

Max. Size of | g o |y [Fine Coarse Unit Weight(kgr/m) Compressive
Coarse Agg. o) | Agg. Ratio Fine Coarse Strength
(mm) (em) | (%) %) Water| Cement A, Coarse Agg. AE. katlerP)
13 12 | 46 49 169 375 866 937 1.88 242
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Fig. 3 Reinforcement details of pier specimen
Table 3 Important test parameters
I Confinement Steel Axial Force Load Patten
Classification Nomenclature i
Space (cm) (ton) (Fig. 6)
CH1P1L1 1.8 43.07 |
o ) CH1P1L2 18 43.07 I
Seismic Design
Without Glassfiber CH1P2L1 18 7060 [
Retrofit CH1P2L2 18 70.60 I
o CH2P1L1 23 4307 I
Non-Seismic CH2PIL2 03 4307 I
Design
With Glassfiber Retrofit CH2P1L1-R 2.3 43.07 |
#5t @ CH1-Seismic design CH2-Nonseismic design P1-Axial load (43.07ton)
P2-Axial load (70.60ton) LL1-3 Cyclic load pattem 2-10 Cyclic load pattem
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Table 4 Material property of glassfiber

Classification E-Glass Composite (Glassfiber+Epoxy) Test Method
Density 254 ASTM D 792
Tensile Strength(kg/cm?) 31,000 5,390 STM 13
Tensile Modulus(kg/cn) 735,000 252,000 ST™ 13
Elongation(%) 42 STM 13

3 STM=seguin test method : Hexcelit EZA|E
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Photo 2 Clip gauge measurement

Table 5 Displacement ductility factor ()
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) Ultimate State Failure State Displacement
Specimen - - "
Strength (kN) | Displacement (mm) | Strength (kN) | Displacement (mm) | Ductility Factor ()
CHIP1L1 232.45 43750 171.75 76.95 7
CHIP1L2 233.95 54550 175.20 62.825 6
CH1P2L1 231.60 49775 184.10 69.825 7
CHi1P2L2 261.20 49.600 175.15 59.825 6
CH2P1L1 249.55 43.000 156.65 £6.05 6
CHzP1L2 22265 43,750 162.55 54.525 5
CH2P1Lt-R 200.65 63.975 220.90 87.675 8
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Table 6 Energy absorption (kN «m)
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Displacement Specimen Designation
Ductility Factor (#) | CHIPILY | CHIP1L2 | CHIP2L1 | CHiP2L2 | CHZPIL1 | CH2PIL2 |CH2PILI-R
1 169.66 375.76 84.96 99.67 37329 181.29 138.56
2 1337.11 653.363 756.40 642.82 3082.94 929.85 1031.28
3 5683.81 271%4.12 3618.12 206142 454294 3968.31 2986.50
4 5419.34 6336.77 4681.44 5383.56 9197.07 727535 4800.60
5 1264847 7596.39 9297.04 6627.41 11841.81 4575.79 13825.68
6 18052.01 4527.06 12803.81 5401.05 11673.33 3701.82 18650.20
7 13349.31 14304.86 6403.84 19858.64
8 6030.64 9603.85 6377.61
9 5317.54
10 5058.24
11 6201.36
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Fig. 13 Cumulative curvature
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Table 7 Equivalent viscous damping ratio on displacement ductility factor ( e,,)

Displacerment Ductility Specimen Designation
Factor (u) CHIPILT | CHIPIL2 | CHIP2L1 | CHIP2L2 | CH2PILT | CHoPiL2 |CH2PIL1-R
1 0016 0.045 0016 0.010 0.020 0017 0.013
2 0.050 0.025 0.033 0.026 0.079 0.036 0.036
3 0.125 0.062 0.088 0.065 0.078 0.091 0.061
4 0.085 0.099 0.079 0.091 0.123 0122 0.068
5 0.160 0.098 0.118 0.001 0.134 0.075 0.143
6 0.165 0.084 0.135 0.086 0.149 0.102 0.152
7 0.176 0.145 0.141 0.125 0.148
8 0.182 0.150 0.050
9 0.04
10 0.036
11 0.040
Table 8 Strength deterioration displacement on displacement ductility factor (F/F)
Displacement Ductility Specimen Designation
Factor {u) CHIP1L1 | CHIPIL2 | CHIP2LI | CHIP2L2 | CH2PILT | CH2PIL2 |CH2PIL1-R
1 0.980 0.991 0.994 0.962 0.99% 0939 0.968
2 0.968 0.953 0.979 0.929 0973 0.933 0.955
3 0.969 0.933 0.965 0.933 0967 0.910 0.963
4 0.941 0923 0.962 0929 0952 0.884 0971
5 0.944 0.784 0972 0.867 0.864 0653 0.974
6 0.890 0.370 0.937 0514 0.662 0.398 0.964
7 0.656 0.845 0595 0.844
8 0.381 0.520 0.862
9 0.936
10 0.961
11 0951
6.6 SI5-HEE SE U mAAM LA A@A7E v AAAEAS 1/2
HYHHE B kg H oz Jgyth
Fig. 162 a3 gt Swe % e Z} ARAA A VPG FAktel| A, Photo
429 SEE BAFA slen WA 30] vpehd whel go] WRAAAFA S A
AGAZE dAR T st T A2 ¢ HYAAE 494 AAATFE FAS 1
9] #Eo] vy EAAIGA A et 1~2 HgEE Yepdin oy vU-IAA AlE
SA st vEg T ehavA R, w9 Aol A HYAAE 30)dlol A AT
AAEdd i FAg HFIe HIEL Y go] B F HIFFE Ry

M3 M2z (EH M10%) 1999.6

=TT =2E 51



Lateral Force (kN)

Lateral Force (kN)

Lateral Force (kN)

308 17

e

100

Failure

[ Longitudinal Rebar ]

-35000 -25000 ~15040 -§000 000 15000 p ) REUIE)
. -6
Strain (X107)

300
208
100
Wk PR,
-100
200
[ﬂagsverse Rehsr]
-300
225000 -20000 15000 -10004 -5000 " 000 oo 15000 20400 25000
Strain (X10°)
(@) CHIP1L1
300
200
100
o \ S
Lateral Looding Point B
108 - :
3 .
-100 \, -
A S : R
R Longitudinal Rebar |

-300
-35000 -25000 15080 -5000 000 15000 25000 35000

Strain (X10°)

7.4

£

o 1/34 549 FEHHL] 4¥TE w4 Y

A& A2l quasistatic test® LS F3Y3IA

Z o, YA mAE APAe WS e

£ A% wAHOE RRAMREYNT S WAe
: ek AFATAAE g ogat 2ok

| [Gmmmerse et D WALAG Sjete] P Wio] WYY

+25000  -20000 15000 -1000% iju . [l ':ncm 10000 15000 26000 25000 73_?_ hOHOW RC7]%% ]\ﬂi% L/\S{E% 6~7

Strain (X107) _g_i 7]‘:]]@ ../.'?_ %lq_

(o} CHaPiL @ N WAHAE HEHA Le AP

Fig. 16 Lateral force-strain hysteresis T AR A Yty AAIE wte

52 T=RIZTUY =B K32 M2 (8B M102) 1999.6



208813 Plog, A7k 01591 AlExe] A
Tl ol 4] Fslo] B} apd=ict

2]

U R RRgaTd gelMe vLL‘E«l
3 oA B3ATh 53], plastic
2 BAA cold joint¥-9] @RS o
gmusiEe] g3 Mg AEs} g

2 d7E 32 AAZNEHFANE
97K3-1301-04-02-3) 2 Z4stw o] LS
o} FAERom, AFA AR 2 A
AZAA - gule] FTYREF) 2 o
7|E@TFadM Qe ol FHE

ruZ: JW’ nEl ..

vl FFEALA, 19%.
2. P=xAEes, AE R HIAA, e

3, “pxEe YAAA,
%43 434, 2

2l
=
ok
lo,
9
2
offt
oft
ot
4
N
(R
o4
1ok
for
P

10.

11.

12.

13.

14.

gl
3 wzte] WRIAF

BE 244 49, BRANIII =R,

A3dE A2%, 199. 6.

Newmark, R., Fundamental of Earthquake

Engineering, Prentice Hall, 1971.

=
'/—l‘:/ 0170]-@/ ?}7]:‘1}/ 15]‘}%%/

. Benson, H. T.,, Principle of Vibration, Oxford

University Press, 1996.

. Chai, Y. H, Priestley, M. J. N, and Seible,

F, "Seismic retrofit of circular bridge columns
for enhanced flexural performance," ACI
Structural Journal, Vol. 88, No. 5, 1991.
9-10, pp. 572-584.

. Ghee, A. B, Priestley, M. ]. N, and Paulay,

T, "Seismic shear strength of circular rein-
forced concrete," ACI Structural Journal,
Vol. 86, 1989. 1-2, pp. 45-59.

Priestley, M ]. N. and Park, R, "Strength and
ductility of concrete bridge columns under
seismic loading," ACI Structural Journal,
Vol. 84, 1987. 1-2, pp. 61-76.

Zahn, F. A, Priestley, M. J. N,, and Park,
R, "Hexural strength and ductility of circular
hollow reinforced concrete columns without
confinement on inside face," ACI Structural
Journal, Vol. 87, No. 2, March-April,
1990, pp. 156-166.

Jack, P. M., "Strength of slab-column edge
connections,”" ACT Structural, Journal, V.85-511,
November-December, 1988, pp. 89-98.
Park, R. and Paulay, T., Reinforced concrete
structures, John Wiley & Sons, Inc, pp.
118-194.

Priestley, M. J. N, Seible, F,, and Calvi, G
M, Seismiic design and retrofit of bridges,
John Wiley & Sons, Inc.

M3z Ki2s (S M10%) 1999.6

S=EXIETHE =2E 53



