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Fig.1 Fixing cultural relics with fasteners measures in a

certain museum
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Fig. 2 Cultural relics replicas and fasteners
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Tab.1 Geometrical parameters of cultural relics replicas

i

A/ RIEE R m /g mE /R
oE=N i3
L mm  £/mm EE/mm R E%};iﬁ T EA%

1 390 86 160 2.44 1.86 4.53
2 490 160 200 2.45 1.25 3.06
3 620 200 280 2.21 1.40 3.10

R2 XYEHBRRE.FERRD

Tab.2 Mass, density and barycenter of cultural relics

replicas
SE Fh/kg éfﬁ) s 6 1% /mm
1 1.98 2600 215
2 3.54 2650 238
3 11.60 2670 330
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Tab.3 Parameters description of fasteners

| [ 2 7 RF
i AR 10 mm, 5 EE 4 10,20, 30,50 mm
it 72 JEE N 10 mm, &5 E N 20,30 mm
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Fig.3 Test equipments
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Tab.4 Performance parameters of main test equipments
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Fig.4 Calculation method of swing rotation angle and slip
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Tab.5 Measured mean of friction coefficient

R 5 JEE 48 Z AL
1 0.339
2 0.320
3 0.319
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spectrum and target response spectrum
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Tab. 6 Parameters description of seismic waves
ELRE Hh A2 4 B 477 D fin WA/ g PRI I B g
NO.1 Hollister 5.60 0.191
NO.2 Northridge 6.69 0.557
NO.3 Imperial Valley-05 5.40 0.044
NO.4 El Centrol 7.10 0.034 0.07,0.2,0.4,0.62
NO.5 Taft 7.40 0.018
NO.6 Humbolt Bay 5.80 0.035
NO.7 San Femando 6.61 0.074
x7 RWITRULHA
Tab.7 Description of test conditions
S Jon R W (E /g Hh 72 2T RE 2R
5 390 mm
0.4,0.62

5 490 mm MR
#1620 mm Mk

0.07,0.2,0.4,0.62

NO.1,NO.2,NO.3

[ AL R 8 5% 10,20, 30, 50 mm ; BT - £ # 20, 30 mm
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Fig. 6 Swing states of different cultural relics replicas
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(a) Time history curves of rotation angle
of 390 mm high vase under the action
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(d) Time history curves of rotation angle
of 390 mm high vase under the action

of 0.62g-NO.2 wave
~ 3.0r i
=7 1.(5) r Vg
5;(;71‘5 ! . 'mﬂ

" 5 10 15 20
A1) /s
(g) 0.4g-NO.2VWAEF T =390 mmA i
AR 2%

(g) Time history curves of rotation angle
of 390 mm high vase under the action

of 0.4¢g-NO.2 wave
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(j) Time history curves of rotation angle
of 390 mm high vase under the action
of 0.62g-NO.2 wave

(b) Time history curves of rotation angle
of 490 mm high vase under the action

of 0.4g-NO.2 wave
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(e) Time history curves of rotation angle
of 490 mm high vase under the action

of 0.62g-NO.2 wave
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(k) Time history curves of rotation angle
of 490 mm high vase under the action
of 0.62g-NO.2 wave

(c) Time history curves of rotation angle
of 620 mm high vase under the action

of 0.4g-NO.2 wave
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(1) Time history curves of rotation angle
of 620 mm high vase under the action
of 0.62g-NO.2 wave
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Fig.7 Time history curves of rotation angle of different cultural relics replicas fixed by fasteners
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Tab.8 Response peak points of rotation angle and bottom slip of cultural relics replicas (1)

5 B R 8 1 5 10 mm

5 B 15 1 15 20 mm

58 F A 5 1: 5 30 mm

e
%'

E390mm  E490 mm H 620 mm = 390 mm

490 mm  E 620 mm FH 390 mm H 490 mm & 620 mm

i /g TS/ WB) WS/ WA e S/ WA/ Hesh/ WA/ WS/ WA/ Hefn/ WA/ Kesh/ WA/ e/ WA/ Fefn/ WA/

() mm ) mm (°) mm () mm

) mm () mm () mm () mm () mm

0.07
NO. 0.2
104 fiis

0.62 i

0.017 0.018
0.15 0.19
9.03 0.90 1.01 5.76 5.97
6.07 i 60.32 fifE 30.14

8.74
i 7

0.015 0.011
0.09 0.14
0.22 0.32 2.84 3.00
6.78 2.36 WA 35.76

0.012 0.008
0.06 0.12
2.96 0.13 0.29 1.93 2.54
10.21 1.71 1.79 5.03 2.92

3.96
i

0.07

NO. 0.2
2 04

0.62

0.065 0.112
0.19  0.39

7.51 w7 30.51 fWiE 7.54
©11.95 B 20.98 i 14.73

L
i

i 60.72 5 11.38

0.036 0.045
0.16 0.22
2.32 414 651 201

0.025 0.036
0.14 0.18
2.89 1.86 1.78 3.92 2.83
10.36 fHifE 79.13 f9if 17.34

7.97
Mt

0.07
0.2

0.050 0.064
0.25 0.75
10.13 5.86 6.76 7.13  7.96
6.32 MW7 78.36 fHAE 18.07

NO.

i

o

iz 5.18
i

1
0.62 {7

wl

1

7.96 i 38.35 i 10.14

0.028 0.018
0.23  0.46
1.38 2.86 4.11 6.74

0.023 0.013
0.21 0.34
5.86 0.94 1.32 2.16 3.22
14.68 10.05 7.32 fiifE 18.65

9.63
i
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Tab.9 Response peak points of rotation angle and bottom slip of cultural relics replicas (2)

5 FE A [ 1 15 50 mm

B+ [ £F 5 20 mm

BEJE R 8 7 5 30 mm

e

390 mm 490 mm  H 620 mm Fr 390 mm H 490 mm & 620 mm s 390 mm 490 mm 5 620 mm

() mm () mm () mm () mm

&;Z e/ WB/ Fesn/ MR/ Besn/ WA/ B/ MR/ Fesn /WA e/ WRS/ B/ B MR e/ R/

) mm () mm ) mm (°) mm () mm

0.07
0.2
1 04 259

0.62 9.88

0.009 0.007
0.05  0.07
1.84  1.76
4.25 3.66

1.95 0.11
7.18 0.75

0.23
0.75

1.07
2.52

1.34 0.08
2.97 042

0.007 0.006
0.02  0.04
0.45 0.53
1.94 2.34

0.005
0.008
0.16
1.37

0.005
0.03
0.15
1.96

0.12
0.50

0.58
1.76

0.27
2.83

0.06
0.36

0.08
0.34

0.07

NO. 0.2
2 04 695

0.62 iz

0.018 0.032
0.07  0.07
3.04 1.76
i 20.94

4.77 0.78
18.90 1.18

1.54
1.56

2.92
i

2.50 0.13
10.34 0.42

0.009 0.010
0.032  0.05
1.89  1.13
i 30.01

0.005
0.009
0.57
2.79

0.008
0.02
0.87
2.04

0.56
0.78

1.69
3.21

1.73
3.31

0.07
0.40

0.23
0.47

0.07

NO. 0.2
3 0.4 2.88

0.62 {57

0.015 0.012
0.09  0.17
1.82  1.43
Wi 20.97

4.57 0.37
15.17 1.47

0.39
1.47

1.60
3.68

1.76 0.10
3.08 1.39 1.20 2.35

0.012 0.009
0.03  0.09
0.73  0.77 0.55 0.94
2.34 2.34 2.56

0.006
0.02
0.54
1.77

0.007
0.05
0.40
1.89

0.23 0.06 0.14

0.44 0.38

Gy R PR AR

(3) /8 B /i I A8 AR AL SCH) 0 JE s B 5% i)
Bl 3 WA R o e R T R R A, R /IS T B AR
K, SCH I B A5 7 B B . = 490 mm AR S
620 mm M AH B, 5 A A BLY & B/ E AR L T
15 620 mm M AL B, A0 R Y B /K B AR R, B
HH G KRR [ X L 4 BB SCH, T R 490
mm A58 58 T8 BE /R 1B AR Fe /0N U 4 4 R N
/N RZ R 390 mm MRS JBR TE B /I TH 1A% e K
DU 2 422 0 7 5 K

(4) % BE B8 B /S T L A% AR RL B4 SCH s B 5% i)

I DAL A =D i N = Y WO T E R Y N & 7 B ]
P J5 0 N B R B . W 294 mm #5390 mm
M AR B, EL A AR AR 8 56 9 B /IS T AR L T e
390 mm MR E .8 L = /R AR, S EOE
Sy B R AR .

(5) BEIE = 1A HL A 5 i ] Ak SR, ] 3
I SCW A FR 42 K W B A N, . 20 mm BETE [ 124 [
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Fig. 8 Changing trend curves of rotation angle peak of different cultural relics replicas
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Fig. 11 Comparison curves of experiment results and numerical simulation of different cultural relics replicas
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Fig. 17 Changing trend curves of minimum sizes of fastener required for cultural relics with different body shapes
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Seismic effect and optimal design of fixing cultural relics by fasteners

WANG Meng', LI Meng-ging', GE Jia—qi*, MA Bo-tao®, YANG Wei-guo'
(1.Department of Architectural Engineering, School of Civil and Architectural Engineering, University of Beijing Jiaotong,
Beijing 100044, China; 2.China Aviation Planning and Design Institute (Group) Co., Ltd., Beijing 100120, China)

Abstract: In order to investigate the seismic effect and optimal design of fixing cultural relics by the most commonly used fasteners
in the museum, the shaking table tests are carried out on the typical large fragile cultural relics replicas with different shapes (porce-
lain vase) fixed by fasteners under different working conditions. The key geometric parameters affecting the motion state of cultural
relics replicas are obtained and the seismic effectiveness of the independent fasteners on larger cultural relics is discussed. Based on
the test results, numerical methods are established for seismic systems of cultural relics with fixing measures, and the parametric
analyses of key influencing factors are carried out to obtain the minimum sizes of fasteners required to effectively fix cultural relics
with different sizes under earthquake actions. It provides the necessary basis for optimal design of fixing measures in consideration
of safety and minimum intervention principle. The results show that the conformal fasteners could effectively fix larger-size cultural
relics compared with cylindrical fasteners. For the cultural relics with uneven body and high center of gravity, the height, outline
width and bottom diameter (area) significantly affecte their dynamic responses and the interaction behavior. The larger outline
width/bottom diameter and height/bottom diameter, the more obvious swing responses will be observed. To ensure the safety of
cultural relics, it is recommended that the gap between fasteners and cultural relics should not be larger than 2 mm. Adding rubber
pads or silicone pads could reduce the interaction force between cultural relics and fasteners by 60%~ 70% , which effectively pre-
vented the cultural relics from being damaged. In the case of the size of cultural relics exceeded a certain limit, the independent fas-
tener method is no longer applicable, and it is suggested to adopt combining fixing measures (fasteners and fishing lines). For the
cultural relics in the case of larger swing responses fixed with cylindrical fasteners compared with floating state, it is better to adopt

conformal fasteners or combining fixing measures.
Key words: seismic effect;cultural relics; fasteners; experimental studies; optimal design
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