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Abstract: When assessing the seismic safety of freestanding museum artifacts, the influence of muse-
um-showcase-artifact system was not adequately considered, and the dynamic properties of showcases
were usually ignored in previous studies. The decoupled finite element modeling technique for the mu-
seum-showcase-artifact system was presented in this paper. The nonlinearity of the structure, the in-
terface between the artifact and showcase as well as the natural frequency of the showcase were consid-
ered, and the artifact was assumed as a rigid block in the models. A four-story frame structure subject-
ed to three unidirectional earthquake records with four types of showcases located on the ground and
on different floors was taken as an example. The seismic response of the artifacts with pure sliding,
pure rocking and sliding-rocking motions was analyzed. The pure sliding displacements and pure rock-

ing angles obtained from the finite element models were compared with those from the equations of
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motion, respectively. Results show that the sliding and rocking response of the artifact in the show-

case with a frequency of 10 Hz is the largest, while the response of the artifacts in the showcases with

frequencies of 20 Hz and 30 Hz and rigid showcase is similar. Moreover, the maximum sliding dis-

placement and rocking angle of the artifact increase as the floor level goes higher. Besides, the maxi-

mum sliding displacement and rocking angle of the artifact in the sliding-rocking motion are smaller

than the counterparts in the pure sliding motion with the same friction coefficient and in the rocking

motion with the same width-to-height ratio, respectively. Also, they decrease with the increase of

width-to-height ratio and friction coefficient.

Keywords: museum-showcase-artifact system; freestanding rigid body; sliding-rocking motion; seis-

mic response; natural frequency
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Fig.1 Finite element modeling for the local systems of the

showcase-floor and artifact-showcase surface
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between finite element simulation and equation of motion
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Fig. 12 Sliding displacement and rocking angle time histo-

ries of the artifact
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Fig.13 Comparisons of the maximum sliding displacements

and rocking angles of the artifacts in different showcases

KOMET, S5RAMESMIL: (1) PGA=0.2g
B, DU 23 R AR R 12 S B KRR AR AR Ol 8.2 Al
T SO ) e KW RS B 18 mm, 1T W B 4R W)
M e KEEAE AN 7.9, e R &4 11 mm; (2)
PGA=0.4g i}, — JZ AR v 4l 35 132 50 1 dse KA 12
AR 2.3°, Gl RS SO Y R KW RS o 13 mm, T T
BREXY R REEMANLYS R REERE R
8mm; (3) [R5 53 B« > 2 21 i s A8 [] B
5530 e AR TR 98 5 bR A9 4l 12 R0 A A [R) R 9 AR
BN WY 4l B4 s A L, B T RE R YRR, SC
T - H8 15 1 Bl AT L AV A I 1 5 R 42 AR R R K
HBE
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Table 6 The most unfavorable value of the maximum

rocking angle of artifact

Bz (%)
i PGA=0.2g PGA=0.4g PGA=0.6g
BN 0 0.7 (E13%) B (E13k)
"y = 0 1.9 (E13%) i (E1.E33%)
=) 0 i (EL.E3J%) s (EI-E33%)
E o 7.9E2%) MM (E1-E3¥)  MiE (E1-E3H)
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Table 7 The most unfavorable value of the maximum slid -

ing displacement of the artifact

Ff :mm
fi'%  PGA=0.2g  PGA=0.4g PGA=0.6g
b THT 0 8 (E2ik) 14 (E19%)
= 0 8 (E13%) 19 (E1.E33%)
== 0 21 (E1.E33) 29 (E1-E3¥%)
miE o 11(E23) 28 (E1-E33%) 43 (E1-E33%)
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Bz % L

B B RS 6 X h=150 mm X 450 mm 7% A
150 mm X 300 mm, B 98 /& L6 i 1/3 748 2 1/2, B
FHh 0.3578 1 0.55, B SC 4 & A v B -8 42 iz
Bl o ARl RE IR B R AL TR TR R 2 A K [R] R A
H IR W RS R 45 SO I AN R T B TE S-10 J#
R, SO B R RS i e KR AR S S FIE
LG9, 53R 6 MR TH L, AT SCH ) e K
FEAT A RN B KM A e B8/ ) |, 36 B B A5 T v b R JEE
P R B BE T, S I TR RS - A L R/
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Table 8 The most unfavorable value of the maximum

rocking angle of artifact

By ()
i  PGA=0.2g PGA=0.4g PGA=0.6g
i T 0 0 13.6 (E13%)
—JZ 0 0 18.0 (E3 %)
=)Z 0 34 (ELy) Mg (E33)
g2 0 i (E3i) % (E1IE3 %)
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Table 9 The most unfavorable value of the maximum slid -

ing displacement of the artifact

Eﬁﬂ[:mm
i PGA=0.2¢ PGA=0.4g PGA=0.6g
Hb 1fj 0 0 9 (E13%)
-y 0 0 17 (E39%)
=2 0 12 (E19%%) 21 (E3 k)
by 2 0 17 (E39%) 40 (E1-E3 %)
7 % it
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1) T8 S e NP A2 AR LB

(2) B2 0T, 45 Bl iR A sew v i
W i AR KPR M 3K

(3) Bt 2 8% Jah (L A9 186 K, S 19 e K B it
B, R R SO, K AR RS A A i e 2 AT
AU, e RO A% i & A 1 I 20 W AT ) AE 5 4 SO kR
7, U] 2 DA F s 0 28 Dl e 8 340 7

(4) M4 R BN T SC I s = H i, SC
NI iz 2 B AR T 8% 5 ez, > i AT ek B i
EAY K T 58 5 b 5 56 7 in A Ffe AR, SC A 1
P32 A X g Al RE A2 T 2 A 06 ) R
T EE 4 R B 0 R A T AU, SO i MR
iz SO T R

(5) MWk EWBIRIZEE N, R KIEE &
B R 128 A 389 RE X T A TR) B8 88 R BT B Sl B
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