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Comparative Analysis of Seismic Performance on High-rise

Building with Damped Rigid Outrigger Storeys

WANG Meng-fu', YANG Han-qi
(College of Civil Engineering, Hunan Univ, Changsha, Hunan 410082, China)

Abstract: Through deriving the amplification formula of effective inter-storey displacement for triangle form steel
outriggers, the formula of additional modal damping ratio for the high-rise building with damped rigid outriggers were
presented. Taking the frame-core-tube structure as an example, the frame-core-tube structures with damped rigid out-
riggers, diagonal-brace damping layers, and strengthened storeys, respectively, under the action of pulse-like earth-
quake waves and non pulse-like earthquake waves were analyzed and compared. The computing results show that the
structure with damped rigid outriggers exhibits the best seismic performance in the above three frame-core-tube struc-
tures, and the pulse-like earthquake waves make a great enhance on seismic performance of the high-rise buildings.
Meanwhile, seismic performance of the structure with damped rigid outriggers is in proportion to the distance of shear
wall to outside frame column, but inversely proportional to storey height, and related to the angle of viscous damper.
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Fig. 1 The interlayer deformation of structure

with diagonal bracing damping story
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Fig. 3 The plane and elevation layout
of frame-tube structure
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Fig. 4 The layout of structure with strengthed layers
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Tab.1 The first three order natural vibration period
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Tab. 2 Pulse-like earthquake waves
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173 Imperial Valley-06 EI Centro Array # 10 6.5 8.6 58 73 6.7
185 Imperial Valley-06 EI Centro Differential Array 6.5 7.5 74 96 7.5
802 Loma Prieta Saratoga-Aloha Ave 6.9 8.5 58 62 6.2
803 Loma Prieta Saratoga-W Valley Coll 6.9 9.3 77 83 6.3
879 Landers Lucerne 7.3 2.2 134 170 4.4
1176 Kocaeli, Turkey Yarimca 7.5 4.8 93 155 4.4
6897 Darfield, New Zealand DSLC 7.0 8.5 67 107 6.7
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6960 Darfield, New Zealand RHSC 7.0 13.6 64 104 7.7
4 T py B TS AL FS | B K= B LRSS &8 BT ) L%
4 3 EREMIMEMEEXTL PSS R | T ) ) B LU e AN i G BB

SR FH BT 3 3 A9 J st R AR ok e 0 4 Bl 44
15 22 18 MR/ T AT DR it A BN 20 A » 1] 45 3

0 0] 1) PR G a0 B JF R XS ATE 55 45 ) ) il /s EE 36
e 4 Fros.



%38 TEAS BT 55 0 VR R 2 8 2 S M PR R RE X L 5 A0 BT 71
x 3 FERKHHER
Tab.3 Non pulse-like earthquake waves
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86 San Fernando San Onofre-So Cal Edison 6.61 124. 80 2.62
92 San Fernando Wheeler Ridge-Ground 6.61 52. 60 2.71
840 Landers Big Tujunga 7.28 144.10 4.48
867 Landers LA-Fletcher Dr 7.28 126. 33 8.51
875 Landers La Crescenta-New York 7.28 148. 50 3.16
893 Landers Sun Valley-Sunland 7.28 158. 25 4.48
1156 Kocaeli Turkey Canakkale 7.51 266. 17 6. 50
2100 Denali Alaska Anchorage-K2-05 7.90 269.07 3.29
3786 Hector Mine Castaic-Hasley Canyon 7.13 231.72 2.97
3834 Denali Alaska Anchorage-Aho Res 7.90 270. 30 4,47
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Tab.4 The seismic performance comparison of three kinds of structures
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Fig. 7 Comparison of the average interstory displacement and story shear force of three kinds structures
with frame-tube structure under the action of pulse-like earthquake waves
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with frame-tube structure under the action of non pulse-like earthquake waves
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Fig. 9 Comparison of the shear force time history of three kinds structures

with frame-tube structure under the action of 803 wave
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Tab.5 The equivalent damping ratio of two kinds of damping structure

ik b 35 3 ik
W W5 HTE W B
XS SCHE & NI A & Al & /& XF A SCHE & WA &2 WME & /&
173 0.020 0.112 5. 60 82 0.024 0.110 4,58
185 0.024 0.137 5.71 86 0.021 0.127 6. 05
802 0.026 0.113 4.35 840 0.025 0. 085 3. 40
803 0.0175 0.070 1,00 867 0.021 0.127 6. 05
879 0.015 0.095 6.33 875 0.019 0.112 5. 90
1176 0.017 0.062 3.65 893 0.020 6 0.112 5. 44
6897 0.027 0.155 5. 74 1156 0.030 0.183 6. 10
6911 0.018 0.075 4.17 2100 0.026 0.110 4,23
6927 0.049 0.230 4,69 3786 0.019 5 0.128 6.56
6960 0.030 0.128 4,27 3834 0.033 0.174 5.27
- ¥ {5 0.024 4 0.117 7 4.85 T34 0.023 9 0.126 8 5. 36
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