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STUDY ON THE INFLUENCE OF FOUNDATION STIFFNESS ON THE
SEISMIC PERFORMANCE OF HIGH-RISE BUILDINGS

FAN Zhong , LIU Tao , CHEN Wei, YANG Kai

(China Architecture Design & Research Institute, Beijing 100044, China)

Abstract: A structural analysis model, which considers the influence of both the pile foundation stiffness and
the restraint provided by the soil around the basement, is established in this paper. The associated principles of
determining the vertical stiffness of pile, as well as the method of calculating the stiffness of the springs for the
soil around the basement, are proposed. Through the time-history analyses of three shear wall structures with
different stories (i.e., 21, 32 and 43) under 7 ground motions, the effects of foundation stiffness and soil spring
stiffness on the seismic performance of structures are investigated. The results indicate that if the foundation
stiffness is taken into consideration, the vibration periods and the inter-story drift ratios of the structure increase,
while the horizontal shear forces and overturning moments slightly decrease. The reaction force acting on the
exterior basement external walls provided by the soil significantly increases, while the amplitude of the variation
of the top reaction force for the piles decreases. For the buildings with rectangular plane, the influences of
foundation stiffness on the short edge direction are much larger than those on the long edge direction. In addition,
the influence of foundation stiffness increases with the increasing of the building height and aspect ratio. Due to
the relatively high aspect ratio, the lateral stiffness is generally regarded as the critical control factor for tall
building. Hence, the influence of foundation stiffness on the seismic performance of structures requires further
attention.
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Fig.1 Calculation model considering foundation stiffness
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Fig.3 Time-history acceleration records of earthquakes
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Table 1 Parameters of twenty-one story structural model

SMEEEImm AREE R /mm BRAREEL HESRZE. AEIR

e xl oyl xl oyl RS IREELRREEEY
F14~F21 180 160 C40 C30
F4~F13 200 160 C50 C30
F1~F3 250 160 C50 C30
B2~B1 250 300 160 300 C50 C30

x2 R EHIEEARESE

Table 2 Parameters of thirty-two story structural model

SAEEIEEImm R mm SRS HESRGE . BR

= xI oyl xl yr S REEREESY
F25~F32 200 160 C40 C30
F15~F24 250 180 C50 C30
F5~F14 300 200 C50 C30
F1~F4 350 250 C60 C30
B2~Bl 400 500 250 500 C60 C30
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Table 3 Parameters of forty-three story structural model

SMBIEREImm Y RESE RS /mm BEAREET HEZLRE. HEAR

= 6 oyl x oy SRESER REELIREER
F36~F43 200 180 C40 C30
F26~F35 250 200 C50 C30
F16~F25 300 200 C50 C30
F6~F15 400 250 C60 C30
F1~F5 500 300 Cc60 C30
B2~B1 500 800 300 600 C60 C30
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Table 4 Diameter, length and bearing capacity characteristic
value of single pile

BRI HEARE/m BE/m | S AL RIS
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Table 5 Proportional coefficient m of foundation soil
horizontal resistance

ENIVEN m/(MN/m4)
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Fig.5 Lateral deformation of basement and soil reaction
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Table 6 Friction coefficient between structure and
foundation soil

ERIET BEBRB
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Fitk+ ffizg 0.30~0.35
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Table 7 Deformation of pile o

HEK Lim
- 25 35 45
0.5 4.4 6.2 7.9
0.6 5.3 7.4 9.5
0.7 6.2 8.6 111
0.8 7.1 9.9 12.7
0.9 7.9 111 14.3
1.0 8.8 12.3 15.9
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Table 8 Vertical elastic deformation of single pile and

calculation model number

R B AR w /mm
b 5K M R -
20 10 5 0
21/2 Al A2 A3 A4
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Table 9 Period and vibration mode of twenty-one story shear
wall structure

T A AL R A2

A Wis PREHR JAWIs PRAEHR
1 1.765 v 3 1.661 v FPE)
2 1.310 x [0 1.230 x 1075
3 0.975 L% 0.969 Eilkas
4 0.390 v ) 0.389 y 3]
5 0.359 x 1A 0.359 x [0 F5)
6 0.305 1 I 0.278 HE;
7 0.278 L% 0.239 30
8 0.252 36! 0.214 v FE)
9 0.189 y [\ F3) 0.185 x A3

R B A3 Bl A4

A 3ls PRAHA JAHils PRAHHR
1 1.558 v W\ F3) 1.348 y 3]
2 1.185 x [a]°F3) 1.131 x A3
3 0.960 ik 0.919 Eiikzg
4 0.393 v 73 0.393 v i3]
5 0.359 x [A)°F3) 0.370 x [ F5)
6 0.277 % 0.289 HE;
7 0.200 36! 0.206 x 18575
8 0.191 v [ FE) 0.198 y 3]
9 0.188 x [P35 0.160 1% i)
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Fig.6 Horizontal displacement of twenty-one story shear wall

structure
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Table 10 y direction spectra displacement and maximum top
lateral displacement of Model Al to Model A4

Sa 5 HhiE

B ued  REY KR RS R R AT AL CHIHE
mm o 1 W2 B3 W4 PS5 Wl W2
S4 244 163 236 283 307 305 340 268

Al umax 367 297 321 352 461 475 554 404
Sq¢ 268 150 251 222 294 302 295 255
Az umx 373 276 322 38.0 437 446 473 387
Sq¢ 257 182 264 200 282 273 268 247
A3 umax 391 261 381 302 421 380 413 364
A Sq 283 136 182 189 250 225 244 216

Unax 402 247 245 277 367 344 335 317
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Table 11  Period and vibration mode of thirty-two story shear
wall structure

S 17 B1 17 B2
JAHils PRAHR JAHils PRAHA
1 2.526 v 73 2.304 v 73]
2 1.856 x [a]°F3) 1.735 x [A]° T3]
3 1.248 kg 1.239 Eiikag
4 0.537 x [a]°F3) 0.537 x 1173
5 0.49 v \F) 0.485 v [ FE)
6 0.352 Eiik=g 0.351 HEE
7 0.318 x 673 0.263 x P2
8 0.285 %] 0.256 I 1)
9 0.228 y HFE) 0.225 y 3]
I B B3 Bl B4
JE IS PRAHA Ja Hils PRAHHR
1 2.101 v 3 1.727 v FFE)
2 1.669 x A5 5) 1.591 x 1173
3 1.225 Eiikig 1.160 H#
4 0.537 x [A)°F3) 0.543 x 18 F5)
5 0.479 v 3 0.460 v FFE)
6 0.350 Eiikig 0.357 %
7 0.253 x [a]°F35) 0.311 x A T3]
8 0.222 v 73 0.224 v 3]
9 0.221 1% ) 0.212 x 1] F-3))
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Fig.11 Lateral displacement of thirty-two story structure
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Fig.12 Inter-story drift ratio of thirty-two story structure

B LRI SE AR B4 G Frsn, (HAER Bl
IR RS /N TAE R B2, X2 il T4 7 BL 5% 1 J 4
FHRLFAE A% RSP E /N T8 B2 565 1 J&AH R
LS T VI ) 2
323 BMEWHLEMENLE

1B 7 MR BAEH T, B4 B1~B4 &85 Z 18Y
JIWLE 13, MEHET N, 5 21 285 SiREgh AL,
B2 B 7 ¥y b 5 R I B B K T T K, BT
R = 2B E L R IER, R AR

I
35 35
—— fiRB]
30F 304 —— fHEAYB2
—— i 1YB3
254 25k __%%;EEB4
%20- %ﬁzo
T 15F 15F
10} — HABI 10r

—— B2
5F —— YB3

—— B4 _
1 . 0 1 1
06 5000 10000 —40000 20000 0 20000
HEIZ8Y )1/KN PEZTJIAN
(@) x J7 1 (b) y 77171

K13 32 R8T A IR 2 8T )
Fig.13 Shear force of thirty-two story structure
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Fig.14 Overturning moment of thirty-two story structure
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Table 12  Period and vibration mode of forty-three story shear
wall structure

R A C1 A C2

JaHils PRAHHA JA PRAHHA
1 3.653 v 3 3.317 v FFE)
2 2.588 x [a]°F3) 2.439 x [A]° T3]
3 1.803 kg 1.791 L
4 0.782 x [A)3F3h) 0.781 x 18 F5)
5 0.726 v 73 0.715 v 3]
6 0.524 Eillkzd 0.522 HEE
7 0.396 x [A)°F ) 0.386 x 18 F5)
8 0.339 36! 0.333 v 3
9 0.336 y 3 0.284 i)

S BiE C3 A C4

G PRAEHR G PRAEHR
1 3.033 v W\ F) 2570 v FE)
2 2.359 x 173 2.266 x P2
3 1.774 % 1.696 Bk
4 0.781 x [a]°F3) 0.787 x [A]° T3]
5 0.701 v HFE) 0.667 v 3]
6 0.520 % 0.522 Bk
7 0.381 x [a]°F3) 0.456 x [A]° T3]
8 0.329 AEREZ) 0.325 y mFE)
9 0.255 1B Jr) 0.314 x 1173
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Fig.15 Lateral displacement of forty-three story structure
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Fig.16 Inter-story drift ratio f forty-three story structue
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Fig.17 Shear force of forty-three story structure
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Table 13 Basement lateral displacement of forty-three story

structure
AR m AE/(MN/m®)
R Imm %2 m=30 m=60 m=90

xl oyl xfA yR xl oyl
B1 0.888 2662 0.859 2101 0.834 1744

20 B2 0428 1287 0.409 0.987 0.399 0.805
Bl 058 1.862 0569 1585 0.555 1.402
10 B2 0276 0.891 0266 0.742 0.256 0.640
B1 0381 1247 0372 1.093 0363 0.977
> B2 0174 0586 0.168 0502 0.162 0.438
B1 0129 0203 0.128 0.196 0.126 0.189
0 B2 0.046 0.062 0.045 0.058 0.043 0.054
412 WFERALERS

TE 7 SFHREAE T, MR S AR T
KIREFEMEIZR 14 Fras. WERBALLE H,
HEAH P 0T 1 = 0 17 AR S T REMAAR K,
S 73 B8 FEA B2 A TR )N o B R 5 A L

®14 BEHNEEMEDTHORN kN

Table 14  Surrounding soil reaction force of forty-three story
sstructure

JH A4 m AE/(MNIm®)
WA Imm # 2 m=30 m=60 m=90
xl oyl xB oy x[ oyl
Bl 690 6468 1337 10211 1944 12713

20 B2 2663 25019 5095 38380 7440 46964
B1 455 4525 885 7705 1294 10223

10 B2 1719 17326 3307 28865 4774 37333
B1 296 3030 578 5313 847 7125

> B2 1085 11383 2088 19517 3023 25535
0 B1 100 494 198 954 293 1380

B2 287 1213 556 2247 808 3120

A m AEHG R, HTN AN AR AR S B2 3
Ko B2 2RI KT Bl JZ.
4.2 ERHREEXFHET R 1895200

43 JEBYIREEEMIAE 7 SR HRAE R N, O
@RS RALHETR ) K [ e F) . /N 1
HMRARRMEZ L WK 15 WEPHLEH, B
Bl O BE AT T fse g s 2., Rt e v A A KG
BETHUS JME R K o 7 = Ji 3 AT m AE XA TS
JIRIFEMAAR /N, AT LA BB AN

R 15 43 BEIARERRINE RS NERR NS

EhFHAKEZL
Table 15 Ratio of the maximum and minimum vertical

reaction forces to gravity representative value for forty-three
story structure

AL AR m AEI(MNIm®)
AT /mm ol m=30 m=60 m=90

xW oyl xF oy xFl ylA

2 A 113 114 113 112 113 11
/N 086 086 086 089 086 091
®AK 116 12 116 118 116 1.16
10 /N 083 081 084 083 084 085
A 119 126 119 124 118 122
> /N 082 075 082 078 082 079
A 129 149 129 148 129 147
0 /N 072 052 073 053 073 053
5 g
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