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Abstract

Recently the earthquake occurrences in Korea are likely to increase. Therefore, the facilities such as bridges and
tunnels under the unexpected earthquakes need to be enhanced. Especially most of the subways previously built before
1988 have not been seismically designed, so their seismic safety requirements are required to be inspected and/or
reinforced. In this study, the seismic reinforcement using FRP—ductile material layered composites was proposed to
reinforce for the subway columns. Material properties of FRP—ductile material layered composites were calculated by
laboratory tests considering the laminated conditions of the composites. Numerical simulations were performed using the
experimental results of the specimens and the calculated properties of the composites. Seismic performance varied
according to the types of composites: ductile material, number of layers, fiber orientations.
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Table 1 Detail of FRP—Ductile Material Layered Composites
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No BEL et iy layer=1
A (mm) /A2 Glass Carbon Glass Glass A (mm) /A2
1 S(A)2—-2C0—-4GO 0°/2 0°/4
2 S(A)2—2C0—-4GH 0°/2 90°/4
3 S(A) 2—2G0—-2GH 0°/2 0°/2,90°/2
4 S(A)2—-2CH-4G0 90°/2 0°/4
5 S(A)2—-2CH-4GH 90°/2 90°/4
6 S(A) 2—2G0—-2GH 90°/2 0°/2,90°/2
7 S(A)2-4C0-2G0 0°/4 0°/2
8 S(A)2-4C0-2GH 2/Steel 0°/4 90°/2 i 2/Steel
. 0°/1 01 .
9 S(A)2-4CH-2GO0 (Aluminum) 90°/4 0°/2 (Aluminum)
10 S(A) 2—4CH-2GH 90°/4 90°/2
11 S(A)2—2C0-2CH-2G0 0°/2,90°/2 0°/2
12 S(A) 2—2C0—2CH-2GH 0°/2,90°/2 90°/2
13 S(A)2-6C0 0°/6 -
14 S(A)2-6CH 90°/6 -
15 S(A)2—-4C0-2CH 0°/4,90°/2 -
16 S(A) 2—4CH-2C0 90°/4,0°/2 -
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Table 2 Material properties of FRP—ductile layered composites—confined concrete column

) s = [e) - =
(MPa) (MPa) Vs (MPa) (MPa) TR

S2-2C0—4G0O 493.20 50.71 0.020 A2—-2C0—4G0O 405.77 47.04 0.017
S2—2C0—-4GH 447.23 48.78 0.019 A2-2C0—4GH 306.67 42.88 0.013
S2-2G0—2GH 498.10 50.92 0.021 A2-2G0-2GH 378.67 45.90 0.016
S2-2CH-4G0 552.67 53.21 0.023 A2-2CH-4G0 42547 47.87 0.018
S2—-2CH—-4GH 310.10 43.02 0.024 A2—-2CH—-4GH 156.43 36.57 0.008
S2-2G0—2GH 393.33 46.52 0.017 A2—2G0-2GH 232.90 39.78 0.011
$2-400-2G0 699.10 59.36 0.031 A2-4C0-2G0 470.23 49.75 0.020
S2-4C0—2GH 600.57 55.22 0.026 A2-4C0-2GH 450,67 48.92 0.020
S2—4CH-2G0 406.97 47.09 0.018 A2—4CH-2G0 231.53 39.72 0.011
S2—4CH-2GH 314.30 43.20 0.026 A2—4CH-2GH 181.33 37.62 0.009
S2-200-2CH-2G0 |  496.20 50.84 0.021 A2-200-2CH-2G0 |  368.47 45.48 0.016
S2-2C0-2CH—2GH | 425.03 47.85 0.018 A2-2C0-2CH-2GH | 30623 42.86 0.013
S2—6C0 722.17 60.33 0.031 A2-6C0 641.33 56.94 0.029
S2—-6CH 322.03 43.52 0.011 A2—6CH 194.23 38.16 0.010
S2-4C0-2CH 614.37 55.80 0.026 A2—4C0-2CH 457.33 49.23 0.020
S2—4CH-2C0 45243 49.00 0.019 A2-4CH-2C0 317.80 43.35 0.014
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Fig. 5 Load—displacement relationship of retrofitted column
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Table 3 Ductility for retrofitted column
FRP—Steel #5554 FRP—Aluminum 23534
No s Sehag 9] s S R
(mm) (mm) A= (mm) (mm) =

1 30.0 76.0 2.5 35.0 68.0 1.9

2 29.0 72.0 2.5 25.0 58.0 2.3

3 30.0 78.0 2.6 27.0 65.0 2.4

4 32.0 82.0 2.6 27.0 71.0 2.6

5 24.0 83.0 3.5 23.0 42.0 1.8

6 28.0 66.0 2.4 24.0 55.0 2.3

7 36.0 97.0 2.7 28.0 76.0 2.7

8 34.0 87.0 2.6 28.0 73.0 2.6

9 28.0 68.0 2.4 24.0 49.0 2.0

10 26.0 58.0 2.2 23.0 45.0 2.0

11 30.0 76.0 2.5 26.0 65.0 2.5

12 29.0 70.0 2.4 25.0 58.0 2.3

13 34.0 80.0 2.4 33.0 94.0 2.8

14 26.0 58.0 2.2 23.0 46.0 2.0

15 33.0 88.0 2.7 28.0 74.0 2.6

16 29.0 72.0 2.5 26.0 59.0 2.3
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