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K(t+At)x(t+At)=F(t + Ar) . (14)
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| =0 |—>|input initial internal force and initial deformation|

judge element deformation state by internal force and its increment

!

| obtain element stiffness by deformation, internal force and hysteretic model

‘ integrate element stiffness matrix K(7) ‘

!

compute structural deformation increment

l

|determine element deformation increment|

l

‘ determine element internal force increment |

l

substitute element internal force with the sum of element internal force and its increment

no yes
1=t end

B 1 Z5H SIS K(1) THR R
Fig. 1 The flow chart for the computation of K()
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Table 1  Storey heights of the building

level number N, 1 2 3 4~25 26 27 28

floor height H /m 3.4 4.5 4.2 3 3.6 1.25 4.15

K2 HURGTEAMREL

Table 2 Relevant information of the earthquake load

item value item value

modal combination method coupling maximum impact coefficient of common earthquake o, 0.16

total number of vibration modes N, 18 maximum impact coefficient of rare earthquake o, 0.90
seismic intensity M 8.00 seismic grade of the frame kaj 3
site classification S, 2 seismic grade of the shear wall qu 2

design earthquake group Ng 1 mass reduction factor of live load y a 0.50

eigenperiod Tg /s 0.35 periodic reduction factor T', 0.95

consider accidental partiality? no consider bidirectional seismic torsion effect? yes
damping ratio of the structure { /% 5.00 additional seismic number 0

3.1 EMMESWER

TEZBHRAE T, @SR ES AN SR A o KITF 24, S5 A4 1A T 53 A8 I B B X &5 48 1F
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PE7 ik B SR T FESR 5T N BT IRB S |, SR A SRS A A A A T B RS
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T 250 L FE it R4 ECFlong WA B0 T 45 2 0 1002 iy i 2 AR AL Z6 ] 2 ~ 4 i,

R TR EIERARE R 4 G TR (AR SPT Bk (ML = 0.2 s,V = 20)



% OF % W T g 447

IR Tl A 745 K49 55 1 1 8 4 A R F B8 P I 2 43 BT 19 EPDA. R P R+ 58 40 B (TR A
EPDA) 153 I ) 45 M TUZ S KA AS |88 BE F o 8 (. A e v m] LU I, R v s 2 B3 7 14
FIAERS R R A A B B0 A5 R AR W O, X U TR AR Bk T 2
SRLEE R A IS AR 23 A A R
F3 LT 18 RIS LR
Table 3 The first 18-order vibration modes

vibration mode N period T /s angle e /(°) translation cofficient oy, (ay + ay) torsion cofficient a,,
1 1.925 6 43.86 0.99(0.51+0.48) 0.01
2 1.871 9 135.04 0.96(0.48+0.48) 0.04
3 1.424 8 92.68 0.08(0.02+0.06) 0.92
4 0.592 3 14.49 1.00(0.93+0.07) 0.00
5 0.555 0 104.80 0.96(0.07+0.89) 0.04
6 0.451 6 81.28 0.10(0.02+0.08) 0.90
7 0.317 4 12.93 0.98(0.93+0.05) 0.02
8 0.299 4 103.55 0.89(0.05+0.84) 0.11
9 0.264 1 94.81 0.32(0.01+0.31) 0.68
10 0.240 3 129.42 0.34(0.14+0.20) 0.66
11 0.224 8 53.02 0.83(0.31+0.52) 0.17
12 0.206 8 156.84 0.74(0.59+0.15) 0.26
13 0.174 0 39.06 0.69(0.41+0.28) 0.31
14 0.164 9 103.35 0.73(0.05+0.68) 0.27
15 0.158 0 163.37 0.58(0.52+0.06) 0.42
16 0.130 5 18.11 0.96(0.86+0.10) 0.04
17 0.120 1 103.95 0.87(0.06+0.81) 0.13
18 0.118 0 123.26 0.22(0.08+0.14) 0.78

T4 RINTREMRE 1S EPDA BRI 53745 Fxt L (ECFlong P A)
Table 4 Comparison of the results between the SPI method and the EPDA method ( ECFlong wave)

(%28 ) oy /M (%28 ) ax 7 (M/'5) (%28) ma /(m/s%)
SPI method 0.537 761 0.182 419 0.129 685
EPDA software 0.537 760 0.182 421 0.129 685
0.6 T T T T T
£
~
ks i
-0.6f 5
_08 1 1
3 10 5 20 25 30
t/s

2 TUZMBHTFEZ (ECFlong W4T A )
Fig. 2 The time-history curve of the top floor displacement ( ECFlong wave)
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Fig. 3 The time-history curve of the top floor speed ( ECFlong wave)
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Fig. 4 The time-history curve of the top floor acceleration ( ECFlong wave)
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Fig. 5 The time-history curve of the top floor displacement ( TJFlong wave)
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Fig. 6 The time-history curve of the top floor speed ( TJFlong wave)
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Fig. 7 The time-history curve of the top floor acceleration ( TJFlong wave)
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Table 5 Comparison of the results between the SPI method and the EPDA method ( ECFlong wave)
(%28) jax /M (%28) ax 7 (M/'3) (%28 ) ma /(m/SZ)

SPI method 0.972 566 0.326 971 0.261 138
EPDA software 0.972 567 0.326 973 0.261 138
:l__: N

4 zn TEe
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RAEHT T BN AT 45 10 7RI YR AR T3 1k AT S 2 S5 A e B ey 280 TR I AR
Hrit— Bk, o R A BT R T g e.

R R AR T AR B BUEE R S HRTRAT RS M R R N0 EPDA Rk
THRVA BT A R0 b, R B A AR 7 A B A 25 53 5 R R A5 B A 285 SR AR
MR UE T 748 A3 T 3 R 05 J2 Sl S48 Fy L R e A A 9 ] A 1 55 A 2
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A Symplectic Precise Integration Method for
Seismic Responses of Tall Buildings

HOU Pinglan', DENG Zichen’
(1. Architecture Zabor University of Shaanxi Province,
Xi’ an 710068, P.R. China;
2. School of Mechanics, Civil Engineering and Architecture, Northwestern
Polytechnical University, Xi’ an 710072, P.R.China)
( Contributed by DENG Zichen, M. AMM Editorial Board)

Abstract: The response analysis of tall buildings under earthquake action is a difficult task in
civil engineering design. With the symplectic precise integration method, which has advantages
of high precision of the precise integration method and excellent long-time numerical stability of
the symplectic method, the seismic response analysis of a tall building was performed and the
elastic/elasto-plastic time-history results of the structure were obtained. Comparison of the nu-
merical results between the symplectic precise integration method and the EPDA software
shows the feasibility and the effectiveness of the symplectic precise integration method for seis-

mic response analysis of tall buildings.

Key words: symplectic precise integration method; seismic response; tall building; time histo-
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