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Seismic Performance Analysis of RC Frame
Rocking-wall Structure System

CAO Haiyun', PAN Peng"”, YE Lieping"?, QU Zhe', LIU Ming xue’
(1. Department of Civil Engineering, Tsinghua University, Beijing 100084, Chinz 2. Key Laboratory of Civil
Engineering Safety and Durability of Ministry of Education, Tsinghua University, Beijing 100084,
China; 3. Beijing Space-time Creator Architecture Design Co., Ltd, Beijing 100840, China)

Abstract: T he seismic responses of a 6-story reinforced concrete ( RC) frame with and without the
rocking-wall were compared using the elastie plastic time history analysis by general finite
element software SAP2000. T he analysis results show that this system is forced to vibrate on a
rocking mode during the earthquake. T he failure mechanism of this structure is overall yielding
mechanism instead of story yielding mechanism when it gets damaged. The overall yielding
mechanism endows satisfactory energy dissipation capacity of the structure. The story drift
becomes more uniform distributed and the deformation concentration phenomena significant
improved thanks to the rocking-wall. The first story drift can also be effectively controlled even if
the additional height of rocking wall only reaches half of the entire height of structure. The RC
frame rocking-wall structure system has satisfactory seismic performances.
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Fig. 1 Typical Damage of RC Frame Structure in
Wenchuan Earthquake
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Fig.2 Comparisons Between Rocking-wall Structure

System and Conventional Structure System
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Fig.3 Damage Modes of RC Frame Structure and 5 1
Rocking-wall Structure System Fig.5 Layouts of Rocking wall of Case 1
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Tab.1 Parameters of Mass-spring Model Tab.2 Earthquake Wave Records
/ . k/ apc/ vpc/
(GN* m-1) Qy/ MN (em* 5= 2) |(em* s 1)
6 1300 3.0 2.0 12.0 11976 Friuli, Italy M6.50| 314.8 30.8
5 1300 3.0 2.1 12.6 2 (1979  |Impernal Valley, US|M6.53| 351.1 33.0
4 1300 3.0 2.2 13.2 311987 | Supert Hills, US |M6.54| 207.2 34.5
3 1300 3.0 2.3 13.8 41989 | Loma Prieta, US [M6.93| 370.5 62.3
2 1300 3.0 2.4 14.4 5 | 1992 Landers,US  |M7.28| 244.5 51.4
! 1 300 3.0 25 5.0 6 | 1994 Northridge, US [M6.69| 568.3 52.5
WEH 7 11995 Kobe, Japan ~ |M6.90| 243.2 37.8
o — A 8 1999 Duzce, Turkey [M7.14| 822.4 62. 1
9 [1999 M7.62| 378.5 62.0
K 10 | 2008 MS8.00| 481.2 35.9
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Fig. 8 Pseude acceleration Response Spectra of
— Earthquake Waves and Structural Periods
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Fig. 7 Constitutive Relations Between Restoring 3
Forces and Displacements Tab. 3 Calculated Results of Story
Displacements and Story Drifts
3 /m /m
10 i 1 2 3 1 2 3
PEER/NGA 6]0.1070 [0.130 1 {0.120 1 [ 0.0057 | 0.0192 | 0.0055
(CSMNC) , 2 510.1054 {0.1130 | 0.117 9 | 0.009 5 [ 0.0199 | 0.0106
410.1023 {0.0957 | 0.1138 | 0.014 4 | 0.0214 | 0.0170
’ ., 310.0979 [0.076 5| 0.1063 [ 0.017 5 [ 0.0231 | 0.0352
arc 400 cm * s s 8
210.0855 [0.0541]0.0716[0.0309 [ 0.0260 | 0.0355
10 110.0580 [0.028 4 |0.0362|0.0580|0.0284 | 0.0362
8 ) 5%
8 8 4.1 1 2
, T; ( 1)1 0. 613 s
g « » 9 o« » ( 2), 1 0.605 s, 2
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Tab.4 Comparisons on the First Four Periods —iE s
Between Model 1 and Model 2 4
I
/s ¥
1 2 2
1 0.613 0. 605
2 0.214 0.182 0 30 60 90 120 150
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Fig.9 Comparisons on Drifts Between
Model 1 and Model 2
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