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Comparison of the effects of aftershocks on the performance of a concentrically braced
frame equipped with a shape memory alloy damper and a steel moment resisting frame

M. Gerami, M. Mirza Hosseini, E. kazemi

Abstract

Using shape memory alloys as a novel tool due to their self-centering property to reduce damage and control seismic
behavior of structures can be effective. Considering that the occurrence of aftershocks can always cause cumulative
damage in structures, it is important to investigate the performance of the above systems under aftershocks. The
present study evaluates a four-story steel frame in the state without braces and with convergent braces equipped with
shape memory alloy dampers. To investigate the effect of aftershocks on the behavior of the two frames and perform
incremental dynamic analysis, the OpenSees software was used. For this purpose, 29 records related to the main
earthquake and the actual recorded aftershock were used. To investigate the response of the structures, first, the main
earthquake was scaled to bring the structure to the collapse level, and then the aftershock was applied to the frames
considering three levels of drift structure (0.01, 0.025, and 0.04) under the main earthquake. The results show that the
braced structure equipped with a damper, compared to the structure without braces, experiences 13% more
acceleration, 30% less residual drift, and 21% less relative drift after experiencing 0.04 drift caused by the main
earthquake. Additionally, in both structures, more destructive effects are observed when they are under aftershock.
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SMA Damper, Aftershock, Incremental Dynamic Analysis, Steel Frame
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Model
Parameter 1 2 3
Initial stiffness (MPa/%) 80 90 50
Post-transformation stiffness
(MPa/%) 13 13 13
Forward transformation stress

(MPa) 160 90 140

Ratio of forward to reverse

activation stress (jB) 1.0 0.7 00
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Floor Calculated Units Design Units

Roof 1181 kips 1200 kips

4 1054 kips 1050 kips

3 1054 kips 1050 kips

2 1064 kips 1070 kips

total 4349 kips 4370 kips
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Record Earthquake Magnitude Record name Station name Database

1 Coalinga 6.36 NGA_no_368_H-PVY045.AT2 Pleasant Valley P.P.-Yard PEER NGA
5.09 NGA_no_383_A-PVY045.AT2

2 Coalinga 6.36 NGA_no_368_H-PVY135.AT2 Pleasant Valley P.P.-Yard PEER NGA
5.09 NGA_no_383_A-PVY135.AT2

3 Chalfant Valley 6.19 ChalfantValley86_CE54171P.V2 Number 54171 CESMD
5.44 ChalfantValley86C_CE54171P.V2

4 Chalfant Valley 6.19 ChalfantValley86_CE54428P.V2 Number 54428 CESMD
5.44 ChalfantValley86B_CE54428P.V2

5 Chalfant Valley 6.19 ChalfantValley86_CE54424P.V2 Number 54424 CESMD
5.44 ChalfantValley86B_CE54424P.V2

6 Imperial Valley 6.53 NGA_no_162_H-CX0315.AT2 Calexico Fire STA PEER NGA
5.01 NGA_no_195_A-CX0315.AT2

7 Imperial Valley 6.53 NGA_no_174_H-E11140.AT2 El Centro Array 11 PEER NGA
5.01 NGA_no_199_A-E11140.AT2

8 Imperial Valley 6.53 NGA_no_178_H-E03230.AT2 El Centro Array 3 PEER NGA
5.01 NGA_no_201_A-E03230.AT2

9 Imperial Valley 6.53 NGA_no_172_H-E01230.AT2 El Centro Array 1 PEER NGA
5.01 NGA_no_197_A-E01230.AT2

10 Imperial Valley 6.53 NGA_no_169_H-DLT262.AT2 Delta PEER NGA
5.01 NGA_no_196_A-DLT262.AT2

11 Livermore 5.80 Livermore80A_CE57187P.V2 Number 57187 CESMD
5.42 Livermore80B_CE57187P.V2

12 Livermore 5.80 Livermore80A_CE67070P.V2 Number 67070 CESMD
5.42 Livermore80B_CE67070P.V2

13 Livermore 5.80 NGA_no_212_A-DVD246.AT2 Del Valle Dam PEERNGA
5.42 NGA_no_219_B-DVD246.AT2

14 Livermore 5.80 NGA_no_215_A-SRM070.AT2 San Ramon PEERNGA
5.42 NGA_no_219_B-DVD246.AT2

15 Mammoth Lakes 6.06 NGA_no_231_I-LUL090.AT2 Long Valley Dam UPR L PEER NGA

59 NGA_no_250_L-LUL090.AT2

16 Mammoth Lakes 6.06 NGA_no_231_I-LUL090.AT2 Long Valley Dam UPR L PEER NGA
5.70 NGA_no_243_B-LUL090.AT2

17 Mammoth Lakes 6.06 NGA_no_231_I-LUL090.AT2 Long Valley Dam UPR L PEER NGA
5.69 NGA_no_234_]-LUL090.AT2

18 Northridge 6.69 NGA_no_963_ORR090.AT2 Castaic-0ld Ridge Route PEER NGA
593 NGA_no_1676_CASTA090.AT2

19 Northridge 6.69 NGA_no_1039_MRP090.AT2 Moorpark PEER NGA
593 NGA_no_1681_MPARK090.AT2

20 Northridge 6.69 NGA_no_1005_TEM090.AT2 Los Angeles-Temple and Hope PEER NGA
5.28 NGA_no_1712_TEMPL090.AT2

21 Northridge 6.69 NGA_no_971_ELI180.AT2 Elizabeth Lake PEER NGA
593 NGA_no_1677_ELIZL180.AT2

22 Northridge 6.69 NGA_no_945_ANA180.AT2 Anaverde Valley-City Ranch PEER NGA
593 NGA_no_1675_ANAVE180.AT2

23 Northridge 6.69 NGA_no_990_LAC180.AT2 Los Angeles-City Terrace PEER NGA
593 NGA_no_1678_CTYTE180.AT2

24 Northridge 6.69 NGA_no_1007_UNI095.AT2 LA-Univ. Hospital GR PEER NGA
593 NGA_no_1680_UNIHP090.AT2

25 Petrolia 7.20 Petrolia_25Apr1992_CE89530P.V2 Number 89530 CESMD
6.70 PetroliaAftershock2_26Apr1992_CE89530P.V2

26 Petrolia 7.20 Petrolia_25Apr1992_CE89156P.V2 Number 89156 CESMD
6.50 PetroliaAftershockl_26Apr1992_CE89156P.V2

27 Petrolia 7.20 Petrolia_25Apr1992_CE89509P.V2 Number 89509 CESMD
6.50 PetroliaAftershockl_26Apr1992_CE89509P.V2

28 Whittier Narrows 5.99 NGA_no_615_A-DWN270.AT2 Downey PEER NGA
5.27 NGA_no_709_B-DWN270.AT2

29 Whittier Narrows 5.99 NGA_no_663_A-MTW000.AT2 Mt. Wilson PEER NGA
5.27 NGA_no_715_B-MTWO000.AT2
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