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Quasi-Static Test for Seismic Performance of Circular R.C. Bridge
Piers Before and After Retrofitting
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Chung, Young-Soo Lee, Kang-Kyun Han, Gi-Hoon Lee, Dae-Hyung

ABSTRACT

10 RC bridge piers have been made on a 1/3.4 scale model, and six piers of them were
retrofitted with glassfiber. They have been tested in the gquasi-static cyclic load so as to
investigate their seismic enhancement before and after retrofitting with glassfibers. The
objective of this experimental study is to investigate how to strength the ductility of
reinforced concrete bridge piers which have been nonseismically designed and constructed in
Korea before 1992. Important test parameters are axial load. load pattern, retrofit type.
Glassfiber sheets were used for retrofitting in the plastic hinge region of concrete piers. The
nonlinear behavior of bridge columns have been evaluated through their yield and ultimate
strength, energy dissipation, displacement ductility and load-deflection characteristics under
quasi-static cyclic loads. It can be concluded from the test that concrete piers strengthened

with glassfibers have been enhanced for their ductile behavior by approximate 50 %.

Keywords : Quasi-static test, RC Pier, Ductility, Energy dissipation, Curvature,

Glassfibers
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Fig. 1 Hagal Bridge Section in Suwon City
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Table 1 Detail of Prototype and Specimen

Prototype Specimen Remark
Reirll}zrr]cgel:xlllj;?aslteel 40@D29 (28.6 mm) 32 @D10 (9.53 mm) o= 1.1%
Diameter | D19 (19.1 mm) #6 wire (4.8 mm)
Confinement Steel Space Plastic Hinge Zone : 100 mm Seismi.c D'esign '1 22 mm
Another Zone : 150 mm Nonseismic Design : 44 mm
Column Diameter | 170 cm 50 em
Height 640 cm 188 em
Axial Load 497.9 ton 43.06 ton, 70.60 ton
2.1 MBEAM Table 3914 fEldf 2 FEdF E2A A
854S JepAAH.
zaRdode Wae hgraed A2 2
-HY g 54¢& 2gslety] flated FE2e D109 2.2 AEA
SD40ATE AMgatAon FAUFHI L #6 Wire
& gAste ARgsglnh 28la KS B 08029 B AgA o8 ARAE 22 REATA
uz} Zy7he) 37ie) AlHo Wi AFEE S s 3 o datd WA 1572 AFE A7=xge A
FYERE 4,100kef/cm®. 2.900kgf/cm”S A Z RCF-ZE0 s 4ms 4% 2dg olgitgo
o didrREdA 715 FAE 284 FET) o ZAH 2 AJEH Y AlFe gl R 2EZER
240kgf/cm I8, Table 2¢ BAIE syl ut o 4

@ KS F 2405 (3AA 015%x30cm)el 39
A= ATE 242kgf/ cmiolUTt. 18 38
Enzte] WARZE A3t o FA] FAEZFE
&31417) E-Glass Composite® AM8-3ct.

NFA 58 a38d 1/3.4% ol &8ttt wet

wHe 28] 50em, HEE]
47cm, RGN 1850m, AEA| M a/d=3.94¢
A48 RCZI St} AldAY AY 2 A== Fig.
23} Table 4 YeRAATH

Table 2 Mix Proportions and Compressive Strength of Specimen

Unit Wei k 3 ~ i
Max. Size of W/C | Fine Coarse m eight (kgflcm) Compressive
Slump (%) . Fine C C Strength
Coarse Age. % Age. Ratio Water | Cement tne Loarse 0arse | A g, (kef/or)
Agsg. Agg
13mm LlZcm 46.1 49% 169 375 866 937 l 1.88 242
Table 3 Material Property of Glassfiber
Classification E-Glass Composite Test Method
’ (E-Glass + Epoxy) etho
Density 2.54 ASTM D 792
Tensile Strength (kgf/cm’) 31,000 5,390 STM 13
Tensile Modulus (kgf/om’) 735.000 252,000 STM 13
Elongation (%) 4.2 STM 13

# STM = Seguin Test Method : Hexcelit £FAE
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Table 4 Important Test Parameter
Classificati Specimen Transverse Axial Load Retrofitting
sihication Designation Steel Space Load Pattern Pattern
CS1P2L1/WO 4.4 ¢cm 70.6 t L1 WO
Without Retrofitting
CS2P2L1/WO 4.4 cm 706t L1 WO
CS2P1L1/W1 4.4 cm 431t L1 W1
C82P1L1/W2 4.4 cm 431t L1 W2
Retrofitting CS2P1L1/W3 4.4 cm 43.1 ¢ L1 W3
with Glassfiber CS2P1L1/W4 4.4 cm 43.1t L1 w4
CS2P2L1/W4 4.4 cm 70.6 t L1 w4
C82P1L2/W4 4.4 ¢cm 43.1 t L2 W4
¥ 3 : CS1 - Seismic Design P1 - Axial Force 1(43.06ton) L1 - 3 Cyclic Loads

CS2 - Non-Seismic Design

110

P2 - Axial Force 2(70.60ton)

L2 - 10 Cyclic Loads
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Table 5 Strength Deterioration on Displacement Ductility Factor (Fmax / Fmn)

Displacement

AgAn

Ductility [ o CS2PIL1 | CS2PILI | CS2PILI | CS2PILI | CS2P2L1 | CS2PIL2
(1) CSIP2LL | C82P2L1 ) )y f/ W2 / W3 / W4 / W4 / W4
1 0.975 0.994 0.987 0.964 0.973 0.966 0.957 0.950
2 0.964 0.963 0.962 0.917 0.962 0.965 0.962 0.937
3 0.946 0.942 0.960 0.937 0.973 0.963 0.966 0.921
4 0.952 0.935 0.957 0.949 0.967 0.960 0.965 0.935
5 0.909 0.908 0.964 0.949 0.963 0.962 0.960 0.925
6 0.859 0.839 0.956 0.950 0.959 0.957 0.954 0.871
7 0.764 0.764 0.961 0.934 0.960 0.925 0.929 0870
8 [ 0.956 0.791 0.895 0.840 0.875 0.808
9 T 0.902 0.872 0.890 0907 | 0.890 0.891
10 I 0.944 0.933 0.936 0.946
11 0.629 0.943 0.929 0.952
12 0.560 0.931 0.927
13 0.940
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Table 6 Absorption of Energy on Displacement Ductility factor (kN - m)
Displacement Specimens
Ductility G - '
| CS2P1L1 CS2PIL1 CS2P1L1 CS2P1L1 CS2P2L1

(1) csipaLt | csaeov /Wi /w2 /W3 J / Wi /W4
1 0.692 0.357 0.444 0.543 0.566 0.636 0.797
2 2.928 2.081 1.608 2.236 2.351 2.555 3.007
3 6.030 4611 3.257 4.675 4.830 5.109 5.955
4 9.049 7.223 5.526 7.436 7.762 8.087 9.237
5 12.320 9834 | 8.276 10.460 1.1054 11.591 12.889
6 14.235 11.502 } 11.507 13.827 14.640 15.389 17.184
7 13.583 9.709 J 14.736 17.260 18.564 16.267 21.410
8 F \ 18.277 19.353 22.078 16.043 24.532
9 | 23585 11.918 | 19.167 11.540 18.010
10 | 25815 8.247 13.798 831l | 12,017
1 | 27.326 11.380 10.739
12 | 1297 | 9423

Table 7 Equivalent Damping Ratio on Displacement Ductility Factor (eeq)

Displacement Specimens

Duc(t;gty CS1POLI — (:5}2{)\}111‘1 (‘,3/2{-;\,12 L1 (35/25\71;1 cs/zg ) 4Ll cs/zaiu
1 0.067 0.051 0.116 0.078 0.064 0.064 | 0073
2 0.113 0.095 0.111 0.122 0.098 0.102 0.107
3 0.150 0.131 0.112 0.149 0.116 0.116 0.125
4 0.172 0.150 0.124 0.158 0.125 0.126 0.133
5 0.177 0.173 0.134 | 0.163 0.134 0.136 0.141
6 0.183 0.186 0.144 0.174 0.142 0.142 0.153
7 0.165 0.156 0.148 0.171 0.152 0.183 0.165
8 0.153 0.167 0.157 0.161 0.175
9 0.183 0.114 0.134 0110 | 0.141
oo | 0.170 0.077 0.09 0.076 0.093
11 0.176 0.074 | 0.078
12| | 0094 0.057 |
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