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Abstract:
aggregate concrete frame model was retrofitted by using

An earthquake-damaged eight-storey recycled

epoxy injection and steel energy dissipation devices, then
shaking table test was conducted to investigate earthquake
response of the retrofitted frame and damping effect of the
steel dampers. Based on the test results, damage observation,
dynamic characteristic, acceleration and displacement
response of the test model were analyzed, furthermore,
stiffening and damping effects contributed by the steel
dampers to the primary frame were discussed. The test
results indicate that inter-storey stiffness degradation can be
reduced by hysteretic damping effect of the steel dampers,
and acceleration response can be effectively controlled under

strong earthquake excitations. Yielding sequence of the steel
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dampers along the floors starts from the middle floor towards
the upper and lower floors. Deformations of the steel dampers
installed at the middle floors increase greatly, dissipating a
large amount of input seismic energy.

Key words: retrofitting for seismic response reduction;
earthquake-damaged; recycled aggregate concrete frame;

shaking table test; steel damper
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Fig.1 Dimension and reinforcement of frame model
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Tab.1 Measured compressive strength and elastic

modulus of concrete

HE YRR E/MPa FYEETR /MPa
1 13.86 12 706
2 9.95 11 819
3 7.45 11 040
4 7.44 9 500
5 7.00 11 430
6 8.12 10 574
7 4,40 8279
8 5.49 7 462
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Fig.2 Earthquake-damaged features of the existing frame
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Tab.2 Mechanic property of epoxy

E 20 XH160 A/B XH111 A/B
PR /GPa 22.3 24.0
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Fig.3 Epoxy injection for concrete cracks
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Fig.4 Dimension of the steel damper (unit:mm)
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Fig.5 Performance test of the steel damper
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Fig.6 Test model and connection
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Fig.7 Arrangement of sensors and strain gauges
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Fig.8 Experimental observation for the damped frame
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Tab.4 Yielding sequence of steel dampers(unit:s)
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PO i3 El Centro i  Kobe I
7 ®/4.508 ®/10. 938 ®/0. 961 ®/1.938
6 ®/4.500 ®/12. 813 ®/0. 883 ®/2.203
5 ®)/3. 680 ®/12.781 ®/0. 906 ®/1.922
4 ®/5.125 ®/12. 758 ®)/0. 883 @D/2. 352
3 ®/5.125 ®/12. 750 ®)/0. 898 @D/2. 383
2 ®/5. 906 ®/31.93 ®/1.109 ®/2.133
1 @®/3. 961 @/32. 297 ®/1. 344 ®/1.992
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Fig.16 Maximum deformations of the steel dampers

under different earthquakes
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Fig.17 Schematic diagram of dynamic equilibrium
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Fig.18 Force vs. displacement curves
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Fig.19 Inter-storey shear contributed by the steel

dampers
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Fig.20 Cumulative energy dissipation for both steel

damper and inter-storey
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Fig.21 Percentage of energy dissipated by the steel

dampers
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Fig.22 Definition of inter-storey stiffness
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Tab.5 Inter-storey stiffness of test model under

different states(unit: N+ mm™!)

wp  WBER BEER WEEZ K KoK
Ko K. Ka Ko Ko
8 6 102 6 508 9 626 1.07 0. 48
7 6 159 6 892 14 560 1.12 1.11
6 5272 5 055 13 997 0. 96 1.77
5 4 864 4 950 13 735 1.02 1.77
4 4 651 3718 14 445 0. 80 2.88
3 5143 6 261 15 255 1.22 1. 44
2 6 983 6 707 20 813 0. 96 2.10
1 9193 12 958 31 416 1.41 1. 42

*6 REEZREEANERML(BEAM:N mm™!)
Tab.6 Degradation of inter-storey stiffness for damped

frame(unit; N+ mm™!)

B/ g
2

0. 084 0. 240 0. 480 0. 744
8 8216 5 706 5 256 4 457
7 12 571 8 885 4525 3 641
6 12 174 8514 4757 4602
5 11 877 5 436 4374 3735
4 8 241 5027 4046 4423
3 11 190 10 615 4 945 5188
2 11 923 9 942 6 716 5 340
1 18 590 11 382 10 578 9 849
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