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Abstract;  To mitigate the seismic collapse risks of elevated silo structures, this study adopted base
isolation devices to enhance their seismic performance. A photovoltaic-grade ethylene-vinyl acetate ( EVA)
packaging project was selected as the research object. A finite element model incorporating base isolation
was developed using IDA, and seismic fragility analysis was conducted. The maximum inter-story drift
ratio was selected as the Engineering Demand Parameter (EDP ) , while Peak Ground Acceleration (PGA)

was adopted as the Intensity Measure (IM). The seismic performance and failure probability of the original
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structure and the base-isolated structure were compared and analyzed. The results demonstrate that under
the rare earthquake (PGA = 0.22 g), peak inter-story drift ratios are reduced by 65. 8% ( X-direction)
and 51.07% ( Y-direction ) through base isolation. Furthermore, the progression of plastic hinges is
effectively suppressed, and the soft-story collapse mechanism is eliminated. Under the rare earthquake,
the collapse probability of the base-isolated structure is significantly reduced from 3.63% to 0.173%.
Compared to the original structure, the base-isolated structure exhibits significantly better capability in

resisting collapse risks induced by low-probability seismic events. This research provides a theoretical

foundation and practical guidelines for the seismic isolation design of elevated silo structures.
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Table 1 Structural seismic design parameters
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Table 2 Results of first 3-order modal analysis
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Fig.3 First three basic modes of vibration ( original structure)
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Table 3 Properties of isolation bearings
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Fig.4 Average floor displacement of elevated silos
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Fig.7 IDA curves of frame-elevated silos

(X 1) .2.0x107 rad (Y [1]) , FEFE L5 F9 ] 0. 789
10'2(X 1) .0. 982x107* rad (Y [f]) , 18 it Al bR 72

BEE FEARZ AL M 0 {H 65.78% (X 14) 5
51.07% (Y [n]) , BARAIREZ 07 75 AR T 485

B (P 8) 52 BB B PR 090 P
U S AT O 4 040 72 5
(P 9) SIS P A MR A1 F S A M T
FEREHFIE



bR e B o

A China  Safety

Science

$35%
20254F

Journal

—s—LANDERS
-+ CHI-CHI_1187
« “TH4TG090

NENANAMOUNTAIN
THITGO90
CHI-CHI 1229

-+~ LOMAPROETA

- - -CHI-CHI 2972

—+—COALINGA

-+ -BORREGOMTN

e S I Ik Vg

01 0T 02 02 00
KRG fi/rad

8 IDA &% (FREXIE)

Fig. 8 IDA curves of retrofitted frame-elevated silos

Level 2
Level 1

b R 5
Level 5
Level 4 §

| Level 3

Level 2
Level 1

(a)0.1g

3 ER-SRECHRSRESN

3.1 MEEKESMRREENX

TEHLRR Sy U0 23 B v 30 R T B4 A A M
RAEHIT B BIA R BE 70 A8 25 5, B — DR
S AR S BRI AR A, 5 A R
CRESHLRE BT LE) (GB 50011—2010) H 7%
BRI G AR I 225 (1, LA S BB 3 R3S o 2 T
PR F A RE AR, 2 SOHE 2 — 8 2R 10 &5 #) A A BR
RSNy IEEA S U —RI (R 5) , Ho R4
PEJZ B KR [ AL 7% A0 A o AL B b, 55 TDA 43 #r
TR b — 2

(b)04g (c)l0g

9 ER-SREGCHEMBHRRE

Fig.9 Plastic hinge state of frame-elevated silos

x5 EXR-BEHGECHEMEBREEN
Table 5 Definitions of limit states for frame-elevated

silo structure

PR | EA | R haE | TE
R 5% SO I 87 N B 27 N B 127

FR{E 0 | 1/550 17250 | 1/130 1/55 1/20

3.2 MERSZmESH

HuRR ZAR M SR AR MR B 2 T R i) — a1
PURhE ), KR S BE Mt e 4 R R ] #i=
SyAvi I il 2k BT EOE SRR R, M IDA
TR PR T G E IV 4 TS
AR FRARZS BB, 22l Z Bt i 2k

P(0

max

Inb, -,
=0 [IM)=1 - (I)(“"IM] (6)
T, | 1M

s A Fil o 5300 B K2 (B RS £ BT 94
FX bR 2% 5 @ Sy B E SR REL
MGk e (& 10) o]0 AE SR — = 2R f e 4
P 1 2 P i R e R By | T I &5 4 7 R AVE FH R
RHIEABIRES . 7E BB R T KA e AR
My 38. 16% , 45 K4 TC 18] 3 XSz 70 2 3 3t 7 1
IR IR 3, & A IR AR 3. 63% , Ik T
3 [E B N 2 A BB P-695 Fi5 1 v BSR4 - 24 481 15
W 10%, SMEUGE S, ) WPk 28 k28157
% ZEARARAE R S (W BE ) B B AR AR £ b
A 48. 34% MY RE R B B PIR A 10. 75% B HE



o511

B AT Ak B A2 2 el HE A — e AR AT MR S T 5 =79 -

RIEAFRMIR RS, ERBFHRE TN, AAETSE #RN 14.13% , BILP A AT E SR,

BipiHY SR P FIPN R U RS TR
(FRAR LIAR TAMR SR B B BE AR A 0. 173% , AHES T B3 Al 70 12
T aLs & DA 05 T JIT 20 A5, 4IPS o 2 b 7
08F i 1 : . e
gIcEp. T JEL4 2 (L 6 KU L K, PA 5 T
%O 0.5 ¢ WHEIAER K 87. 199% , 17 Il A2 o 1 5 450 53
= Sl e NN . = -
Rodkil!! | SEH 15. 95% , A ML 7255 T AHHE 2~ 520 T 0
: § 3 = s
Ll e M MU I LS ERE T
f4.
Lo R AYs S
oo 0.1 02 0.3 04 0.5 4 z:é': e
e A T ok N . R N
(a) JEi 4k H 1) JERlFR RS BRI HIR T 8N 2 ]
BT RO T 13RS FA U (E (X 1] B AIR 65. 8% .Y 1] FAIK 51.07%) |
TR R IIIEET s R TR AR 15 B 1 SR
0.8F " g ) N NS
Vg ‘ T JEAERANAL L B R R T B K35 T2 B B AL
Xosp i 4 £ ot 2) RAEREPR R e HE A - 2 R A5
/ E = 1 4 = 0 = e =2 |
Bl )| / L RV TR TR R I B 5
L he 1/ 0T R e T T 3 63% 6 1
e 2 e B ) \ N TONTS
O T TSR 073% AT A K KR BRI, RN
0.0 L= = A L 3 S e
0.1 02 03 04 0.5 R MR B R I AR T
g XL 0 4 4 245 AT S 7 i
(b) B s Hg 3) X% Ui R E S G AT W = LI
0 RS AR NG T LA PR 157 T (8 )2
A= | £ N ™ N =
. . . i) B R BRI L Tl i3 45 10 M R i s e
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