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ABSTRACT

In most seismic design codes, lateral loads are reduced by applying the
response modification coefficient in the linear static analyses. Hence, the
lateral displacements of the structure should be increased to obtain a realistic
estimation of the actual displacements. In this regard, static drifts are
multiplied by a deflection amplification factor (Cq). This factor is proposed
based on single earthquakes in seismic codes such as ASCE 7 and Standard
No. 2800 (4th Edition) while structures in seismic regions will typically be
exposed to a number of aftershocks after a major earthquake. Since, the
repair of the structures will not be practically possible before exposing to
aftershocks, ensuring the proper performance of structures under successive
earthquakes is essential. Accordingly, in this paper, deflection amplification
factor has been evaluated for dual system of special moment-resisting frame
with shear wall under critical seismic sequences. For this purpose, 3 RC
building frames with the number of 3, 7 and 11 story have been subjected to
linear static, linear and nonlinear dynamic analyses and the deflection
amplification factor has been calculated and extracted for each of them under
two states of successive and single earthquakes. The results show that
successive shocks do not significantly affect the Cq compared to a single
earthquake. In addition, a supplementary study has been performed for a
number of single earthquakes (near-fault earthquakes which have been
introduced in FEMA P695) to provide more reliable results. This
investigation reveals that the proposed values in ASCE7-16 and Standard
2800 are not sufficient for Cq coefficient.
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No Name Date Time Time gap (min) EPA (g) Station
1 Chalfant Valley 86-07-21 14:42 9 0.4854 CDMG 54428 Zack Brothers Ranch
86-07-21 14:51 0.1047 CDMG 54428 Zack Brothers Ranch
2 Hollister 61-04-09 7:23 2 0.0725 USGS 1028 HoII!ster C!ty Hall
61-04-09 7:25 0.0794 USGS 1028 Hollister City Hall

S8l 4 S SEPA ¢, ) 5‘«':‘“51’55 dol b Jge slas) J Cliasein 1 0d g

No Name Date Time Time gap (min) EPA (g) Station

3 Chalfant Valley 86-07-21 14:42 9 0.2197 CDMG 54171 B!shop - LADWP South St
86-07-21 14:51 0.0887 CDMG 54171 Bishop - LADWP South St

4 Chi- Chi Taiwan 99-09-20 17:57 6 0.1797 CWB 99999 TCU079
99-09-20 18:03 0.2268 CWB 99999 TCU079

5 Chi- Chi Taiwan 99-09-20 17:57 6 0.1026 CWB 9999936 TCU129
99-09-20 18:03 0.2844 CWB 9999936 TCU129

6 Imperial Valley 79-10-15 23:16 3 0.4215 USGS 952 El Centro Array #5
79-10-15 23:19 0.1614 USGS 952 El Centro Array #5

7 Irpinia, Italy 80-11-23 19:34 1 0.1335 ENEL 99999 Cal!tr!

' 80-11-23 19:35 0.1221 ENEL 99999 Calitri
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A1 EPA 55, 10 5l jiaS g 85 alol b Jige slao) J laasede 1 Vg

No Name Date EPA (9) Station
8 Chalfant Vallev3 7/20/1986 0.2451 CDMG 54428 Zack Brothers Ranch
Y 7/21/1986 0.4854 CDMG 54428 Zack Brothers Ranch
9 Chalfant Valleva 7/20/1986 0.2451 CDMG 54428 Zack Brothers Ranch
Y 7/21/1986 0.1047 CDMG 54428 Zack Brothers Ranch
10 Coalinaa 7/22/1983 0.0993 CDMG 46617 Coalinga-14th & Elm (Old CHP)
9 7/25/1983 0.3513 CDMG 46617 Coalinga-14th & EIm (Old CHP)
1 Kalamata 9/13/1986 0.2512 ITSAK 99999 Kalamata (bsmt)
9/15/1986 0.2322 ITSAK 99999 Kalamata (bsmt)
12 Kozani 5/15/1995 0.0931 ITSAK 99999 Chromio Anapsiktirio
5/17/1995 0.1023 ITSAK 99999 Chromio Anapsiktirio
13 Mammothl 5/25/1980 0.3443 CDMG 54099 Convict Creek
5/25/1980 0.2618 CDMG 54099 Convict Creek
14 Mammoth2 5/25/1980 0.2726 CDMG 54214 Long Valley Dam (Upr L Abut)
5/26/1980 0.1117 CDMG 54214 Long Valley Dam (Upr L Abut)
15 Mammoth3 1/7/1983 0.1328 CDMG 54099 Convict Creek
1/7/1983 0.1201 CDMG 54099 Convict Creek
16 Mammotha 5/27/1980 0.1722 USC 37 USC McGee Creek Inn
5/31/1980 0.2767 USC 37 USC McGee Creek Inn
17 Mammoths 5/25/1980 0.2726 CDMG 54214 Long Valley Dam (Upr L Abut)
5/27/1980 0.4287 CDMG 54214 Long Valley Dam (Upr L Abut)
18 Mammothé 5/26/1980 0.1117 CDMG 54214 Long Valley Dam (Upr L Abut)
5/27/1980 0.4287 CDMG 54214 Long Valley Dam (Upr L Abut)
19 Managua 12/23/1972 0.3305 3501 Managua, ESSO
g 12/23/1972 0.2354 3501 Managua, ESSO
20 Northwest6 4/11/1997 0.2278 CSB 19001 Jiashi
4/15/1997 0.1545 CSB 19001 Jiashi
2 Oroville 8/2/1975 0.02188 CDMG 1546 Up & Down Cafe (OR1)
8/2/1975 0.03882 CDMG 1546 Up & Down Cafe (OR1)
Al 4 SO F EPA 59, 1 5l S 6 585 Aol U s slae ) Olasele 1 Vg
No Name Date EPA Station
2 Chalfant Valleys 7/21/1986 0.4854 CDMG 54428 Zack Brothers Ranch
alfant Valle
y 7/31/1986 0.0493 CDMG 54428 Zack Brothers Ranch
23 Chalfant Vallevé 7/21/1986 0.1047 CDMG 54428 Zack Brothers Ranch
alfant Valle
y 7/31/1986 0.0493 CDMG 54428 Zack Brothers Ranch
” Chalfant Valley? 7/21/1986 0.2197 CDMG 54171 Bishop - LADWP South St
alfant Valle
y 7/31/1986 0.0966 CDMG 54171 Bishop - LADWP South St
- Chalfant Vallevs 7/21/1986 0.0887 CDMG 54171 Bishop - LADWP South St
alfant Valle
y 7/31/1986 0.0966 CDMG 54171 Bishop - LADWP South St
2 Chalfant Vallevo 7/20/1986 0.088 CDMG 54171 Bishop - LADWP South St
alfant Valle
Y 7/21/1986 0.2197 CDMG 54171 Bishop - LADWP South St
”7 Chalfant Vallevio 7/20/1986 0.088 CDMG 54171 Bishop - LADWP South St
alfant Valle
y 7/21/1986 0.0887 CDMG 54171 Bishop - LADWP South St
28 Coalingal 7/22/1983 0.2731 CDMG 46617 Coalinga-14th & EIm (Old CHP)
oalinga
g 7/22/1983 0.0993 CDMG 46617 Coalinga-14th & EIm (Old CHP)
29 Coalinga3 7/22/1983 0.0248 CDMG 47T03 Sulphur Baths (temp)
oalinga
g 7/25/1983 0.1012 CDMG 47T03 Sulphur Baths (temp)
20 Kalamat 9/13/1986 0.2512 ITSAK 99999 Kalamata (bsmt)
alamata
9/15/1986 0.1465 ITSAK 99999 Kalamata (bsmt)
31 K i 5/15/1995 0.0404 ITSAK 99999 Grevena
ozani
5/17/1995 0.0159 ITSAK 99999 Grevena
- K i 5/15/1995 0.0404 ITSAK 99999 Grevena
ozani
5/19/1995 0.0308 ITSAK 99999 Grevena
23 K i3 5/17/1995 0.0159 ITSAK 99999 Grevena
ozani
5/19/1995 0.0308 ITSAK 99999 Grevena
2 i 1/24/1980 0.086 CDMG 57187 San Ramon - Eastman Kodak
ivermore
1/27/1980 0.2119 CDMG 57187 San Ramon - Eastman Kodak
- M i 5/25/1980 0.2387 CDMG 54301 Mammoth Lakes H. S.
ammo
5/25/1980 0.4091 CDMG 54301 Mammoth Lakes H. S.
36 Mammoth2 5/25/1980 0.3443 CDMG 54099 Convict Creek
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5/25/1980 0.1563 CDMG 54099 Convict Creek
5/25/1980 0.3443 CDMG 54099 Convict Creek
37 Mammoth3
5/25/1980 0.2041 CDMG 54099 Convict Creek
5/25/1980 0.3443 CDMG 54099 Convict Creek
38 Mammoth4
5/26/1980 0.0912 CDMG 54099 Convict Creek
5/25/1980 0.3443 CDMG 54099 Convict Creek
39 Mammoth5
5/27/1980 0.2207 CDMG 54099 Convict Creek
5/25/1980 0.1563 CDMG 54099 Convict Creek
40 Mammoth6 -
5/25/1980 0.2041 CDMG 54099 Convict Creek
5/25/1980 0.1563 CDMG 54099 Convict Creek
41 Mammoth7 -
5/25/1980 0.2618 CDMG 54099 Convict Creek
5/25/1980 0.1563 CDMG 54099 Convict Creek
42 Mammoth8 -
5/26/1980 0.0912 CDMG 54099 Convict Creek
5/25/1980 0.1563 CDMG 54099 Convict Creek
43 Mammoth9
5/27/1980 0.2207 CDMG 54099 Convict Creek
5/25/1980 0.2041 CDMG 54099 Convict Creek
44 Mammoth10 -
5/25/1980 0.2618 CDMG 54099 Convict Creek
5/25/1980 0.2041 CDMG 54099 Convict Creek
45 Mammothl1l -
5/26/1980 0.0912 CDMG 54099 Convict Creek
5/25/1980 0.2041 CDMG 54099 Convict Creek
46 Mammoth12 -
5/27/1980 0.2207 CDMG 54099 Convict Creek
5/25/1980 0.2618 CDMG 54099 Convict Creek
47 Mammoth13 -
5/26/1980 0.0912 CDMG 54099 Convict Creek
5/25/1980 0.2618 CDMG 54099 Convict Creek
48 Mammoth14 -
5/27/1980 0.2207 CDMG 54099 Convict Creek
5/26/1980 0.0912 CDMG 54099 Convict Creek
49 Mammoth15 -
5/27/1980 0.2207 CDMG 54099 Convict Creek
5/25/1980 0.2635 CDMG 54214 Long Valley Dam (Upr L Abut)
50 Mammoth16
5/25/1980 0.0884 CDMG 54214 Long Valley Dam (Upr L Abut)
5/25/1980 0.2635 CDMG 54214 Long Valley Dam (Upr L Abut)
51 Mammothl17
5/25/1980 0.2726 CDMG 54214 Long Valley Dam (Upr L Abut)
5/25/1980 0.2635 CDMG 54214 Long Valley Dam (Upr L Abut)
52 Mammoth18
5/25/1980 0.2158 CDMG 54214 Long Valley Dam (Upr L Abut)
5/25/1980 0.2635 CDMG 54214 Long Valley Dam (Upr L Abut)
53 Mammoth19
5/26/1980 0.1117 CDMG 54214 Long Valley Dam (Upr L Abut)
5/25/1980 0.2635 CDMG 54214 Long Valley Dam (Upr L Abut)
54 Mammoth20
5/27/1980 0.4287 CDMG 54214 Long Valley Dam (Upr L Abut)
5/25/1980 0.0884 CDMG 54214 Long Valley Dam (Upr L Abut)
55 Mammoth21
5/25/1980 0.2726 CDMG 54214 Long Valley Dam (Upr L Abut)
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16 Roof drift ratio

17 Inter-story drift ratio
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