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HOEE S, S,=/S:S. 0.526
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Fig.4 Simulation model of main structure of Xiaoyan Pagoda
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Fig.8 Main model of Xiaoyan Pagoda shock absorption structure
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Tab.2 Natural vibration frequency and period of

Xiaoyan Pagoda model structure
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Tab.4 Maximum acceleration of the top floor of

-~ i 1B 2By
W T8 -
f/Hz  JA#/s  f/Hz JA /s
2T 5.83 0.17 14.13 0.071
INE 5.31 0.19 14.12 0.071
Tot
R 5.05 0.20 13.98 0.072
K= 4.71 0.21 13.81 0.072
31 6.08 0.16 15.23 0.066
INRE 5.98 0.17 15.23 0.066
EEE
W 5.93 0.17 14.97 0.067
KiE 5.45 0.18 14.97 0.067
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Tab.3 Maximum acceleration of the top floor of

the uncontrolled 8-degree tower g
N El-Centro i YL ATk
R mh ma mh BA B
/N 0.647  —0.661 0.603 —0.624 0.688 —0.694
hEE o 1.231 —1.304 1.770 —1.815 1.972 —1.938
K& 1.813 —1.914 2.354 —2.460 2.664 —2.589

the controlled 8-degree tower g
N El-Centro i YL N Tk
PR TRk o mAk mh Bk BN
/Mg 0.552 —0.570 0.512 —0.528 0.587 —0.604
hiE 0.886 —0.937 1.338 —1.387 1.461 —1.474
K 1.239 —1.458 1.739 —1.782 1.830 —1.714
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Tab.5 Maximum relative displacement of the top
floor of the uncontrolled 8-degree tower mm
El-Centro ARII})s PN
DLE st AR ST MR s MIxE
ik ik ik MR B i
N 5.011  3.197 4.354 2.094 15.16  5.318
g 9.485  5.819 8.169 3.530 28.89 10.190
KiE  16.840 11.870 12.230 5.908 62.06 31.830
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Tab.6 The maximum relative displacement of the
top floor of the controlled 8-degree tower mm
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BB g AR ST MDE sEml M
ik B g g AR R
INE 3.550 2.021  3.594 1.376 13.87  3.509
R 7.668 4.117  7.068 2.442 23.97  7.057
KE  13.210 8.051 10.030 4.098 49.49 23.32
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Tab.7 Xiaoyan Pagoda dynamic characteristic value
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1 A 5 e o il 2 1, 4R 5 BELE T8 06 R A
O AT IR R A ABIE S R
FE IS X SMA-SPDS # ATk 4k i% it .

W B TR CRY [ R B IR R R 00 R AL

Hi . Clw), Alw) A A E CHET o 1Y F B0,
D(w),B(w)N& T o i R 500,
&= O, B R AL 33 iR BN

G(w)|,_ =Clw)/A(w) (12)
§ = oo it SR AL i R KL
G(w)|__ =D(w)/Bw) (13)
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AEXE A ST R 401 A% 35 pRUEICH
_ D(w) Clo)/D(e)t
B(w) " Alw)/Blw)t+§ Blw)
Hrh ORI
AHXF Al ST (R 4503 A% 356 pR PR 5K (15) P

Glw)|,_, = Glw)|__ (15)

M ¢ =08 = co B M FAL R B RS ¢
TE K, PR M 12258 50 R 2 A0 e o g 8 1 e KA, T
FE Y CE B0 Ry i AE PR . #E #E 17 SMA-SPDS &
BB, R e B A AR TR U R Y I
V1

XF T2 [ R R R R A T R R
SCREAS M, IR 2 B H B IR R R R R R
FEVIRAR FR L SR HH AH R A 50 23 A2 358 bR ER, 4= (10) e
Ne FAR(10)~(14), BIAT 15 H B 25 i 80 [ i
JE Ul 2B ' e A R T A5 4 L DT AT LA E SMA-SP-
DS EESHIMT .

Glw)

1 w; 1

S ZE RN 2= T (16)

i LB I SR . (17)

HERER e 0w

BAMERH (5 )m= |1+—  (8)
st Hi

W %/§+2q?y (o)

H:w, Ry i B DR < B A 0,8 i i
A B AR N i RLE L s £, i SMA #2
SRR BE 3 L A BB s i BB BT 6

% SMA-SPDS & & 5 i i & Ji , 25 LA 0 T
SMA-SPDS W HbrFHJE tb it R : & =0.11,8 =
0.078,&,=0.05, 130 (18) R4 MR B E 1
SMA-SPDS i i bt K : 1y = 0.03, p, = 0.02, py =
0.007, M 1 v DL i & 4 SMA -SPDS 1 2 %,
L3 8.

x=8 INEEFEBZEH SMA-SPDS SE& T EIE
Tab.8 The recommended design value of sma - spds
structure of

parameters for the prototype

Xiaoyan Pagoda

Brdr R /kg K /m SMA E#/mm  SMA ¥
15 832 1.534 1.0 6
26 634 1.241 1.0 4
3B 459 0.953 1.0 4

3.3 HIRME

TE L H SMA-SPDS (4 Ak 45 il 2 R B, B4 44
002 R B 5 X6 4, X6 L7 45 A [m] B ok R 2801 14 4R
A% I ROCR BEAT 43 HT o H T e PR, b A B
8 B R AE FH T ML 7Y |l 5% I VT U AN [m] B ok A 2 1Y
JINHE Y 45 ) T2 1) A0 % A0 Jon 3k 3 e R L

F 9 IR 10 433 45 1 8 £ K% T El-Centro i |
VLI N T P A ) 1B iR B A Ak 4 o 2
B I AL O Ak 3 i A 3 B PR LN TE B R A R T B
KA B 5 0 B A e g % b O 5 ] 4 R AR AR
a LIS SMA-SPDS Xif /)N JifE 3 Ji 20 25 44y b 5% i iy
(OECTIEIES

a=(|X] —|X|)/]X],

*9 SMA-SPDSALIEHI BRI LL
Tab.9 Comparison of optimal control displacement
with SMA-SPDS

- BHRA  SHRAAE/mm /%
ik T el

1B — 191.06 17.9

El-Centro 2 1y 232.96 163.25 29.9

3B — 140.28 39.8

1By — 211.63 23.5

L% 2 266.34 183.34 33.7

3B — 152.89 44.7

1B — 133.52 18.3

AT 25 163.45 108.71 33.5

3B — 86.84 46.9

*& 10 SMA-SPDS L= HIniE ES R 3T L

Tab.10 Comparison of optimal control acceleration
with SMA-SPDS

FEHRED S5 M RO /g

ot (878 T Akl .
1B — 0.68 16.0

El-Centro 26 0.81 0.55 32.1
3B — 0.50 38.2

1B — 0.63 27.5

L% 20 0.87 0.60 31.0
3B — 0.47 46.0

1By — 0.77 7.2

AT 20 0.83 0.58 30.1

3B — 0.45 45.8
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SRR 43.8% F143.3% . F I AT, Bt 2 5 o) A
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Fig.14 The time-history diagram of optimal control of different displacement modes by Jiang You wave
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Fig.15 Jiang You wave optimization control acceleration time history diagram of different modes
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