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Failure mechanism of an 80 meters span single-layer reticulated dome with bolt-ball
joints subjected to severe earthquakes
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Abstract ; Taking an 80-meters-span singer-layer reticulated dome which have been constructed in the Shenbei New
District as an example, the failure mechanism of the singer-layer reticulated dome under severe earthquakes were
analyzed with the FE software ANSYS. Based on the data of the numerical analysis and the test of the joints, the
bending performance of bolt-ball joints were obtained and introduced into the numerical analysis considering the
joint stiffness. Different structure models were established to investigate the effect of structure model changes,
including the strengthening the local members and joints and installing maintenance materials on the surface of the
structure. The analysis indicates that the failure mechanism of this structure is the collapse due to the dynamic
instability of the structures while the local joints are damaged instantaneously and massively. The reinforcement of
the reticulated dome merely improves the behavior of the structures in normal service condition, but it cannot
improve the ultimate bearing capacity. The seismic response including displacement and support reaction increase
obviously by installing maintenance panels on the existing surface, while the ultimate bearing capacity of the
structures reduces by 57.1% and its seismic capacity decreases largely.
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Fig.1 The whole structure and geometric model
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Fig.3 The acceleration amplitude-displacement
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Fig.4 Time-history curves of displacement in model-1
S T [ P90 5 (R 2) 2 B Ak b i AR ) 5
(FEHY 3) voRF At A BB L 091 i ey 280 0 28 A R
VLIS (b) #15(c) R 2 o ) FF R 7 for 4808 (N
400 gal AFIF 4 E A B, 24 fif 280 {EL 38 2] 700 gal
i, SE P AFAE 1P LU e ASBIE B 1.0% , 28K
T AIBE LA R 0.7% , AH HE AL 1, 4 30 L 451 {8
Py ATV 2 H O ST FLE IR Jaa vl [T S S50 TR B
AT A W BERE T, AR ST B0 $H B A D R B 22
IR ACTO A T Ay 2808 L PR S 28 2 v gt A BB PR AT



42 . 1IN

[ A NI S

49

PEEE 2 B8 3 H R N 100 gal TF 3R 7E A B8P
300 gal W, W72 H AR 1P DL A 83k H 5] ok
0.44% , T 2 i kA S8 FE 110N 0.22% , 1% M 5¢
MR AT 28 A 98 P e B 5 /N F LR B ]
3 Pl 7 5 2 e IR ASE XA N LA R R A IR 17 e A
FFAE.

1000
800 -
Eﬂ: 600 + —1PL I
T‘-% % —— 3PLE
= 400 —s—5PLLE
T
5@ ——8 P
200 F
0 3 1 1 1 1 1 |
0 02 04 06 08 10 12
IR L A1/%
(a) 17U 1
1000
800
5 600
T\i%
= 400f
i
€ 200 F
0 ! |
0 0.3 06 09 1.2 15
HEAIVEFHELEA1/%
(b) A7 2
400
_ 300t
%
| ——1 Pl E
= 200+ —-— 3Pl
g —o—s5PULE
100 ——3 P
0 * 1 1 1 1 |
0 0.1 0.2 0.3 04 05
HEAIBHEFFF H B/ %
(c) 1713

5 AN[E P 3k N BB AT 1 L 4
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33 TEREAA

A3 3 TR H B R BR Y B P g I i 2
L P 728 f R (HH A 5 6 8 e (), DL [T 6. 4%
A1 FIAAY 3 7 18 MR AR P A SR AR 3K a5 3K v
TR B R (E K 380 A PR 256 ) 5% 7 P i 28K 1 1L
ANT], AR 1 gAY A 400 gal FFAR TR PR 25
B AR 3 DU 220 gal , FIHG AT, 5 26 1 40 2
AT SRS e DA DARTE S by NI ) o R K
DAL 381 AR B 25 4 T A R AR 2 v () M R
BRIGHUAE HEFFTE 0.3~0.4 kN - m JUHIN , & K24
INTFEHISE 40 KN« m, PRIIHG SR 380 361 71 0 5 1 %)
KA SRR R Z W TG AR,

BT B SCHIB TR AR, b — R 3 AR AL
T RUBEIR LRI A 3808 T R 7 1Y iR R IR L
191 B A 268 MR L 00 22 P LA 181 7 7 B A Ay 28
ARSI, e I A R Ay P, AR 1 R 3 F iy
SR SRR 22 S50 A R RBIR 25
B LA AE R AT A, R 5 F R BROTY AR R R
FE W FE R AT JE Y SR e P K

O e
08l -~ 2
— o— FELIE
7,=0.591 kN-m IR 3
0.64— cmo

0 100 200 300 400 500 600 700

far 2RI/ gal
(a) FRRHE
100 ﬁﬂl
80 —— fEH2
g M,=59.144 kN -m — o B3
=~ 604
=
&
i

0 100 200 300 400 500 600 700
TR B /gal
(b) B RS
6 Ikim-friia{Emh L&

Fig.6  The force in bolt ball end-acceleration amplitude
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