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Fig.1 The dome under impact and the designation
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Table 2 Distribution of the failure modes
mlt
v/ (mf's) 1 5 10 20 50 100 200 300
1 1 3 3 3 3 3 3
5 1 3 3 3 3 3 3 3
10 3 3 3 3 3 3 3 3
20 3 3 3 3 3 3 3 3
30 3 3 3 3 3 3 3 3
40 3 3 4 4 4 4 2 2
50 3 3 2 2 2 2 2 2
60 3 2 2 2 2 2 2 2
70 3 2 2 2 2 2 2 2
80 4 2 2 2 2 2 2 2
90 4 2 2 2 2 2 2 2
100 2 2 2 2 2 2 2 2
200 2 2 2 2 2 2 2 2
300 2 2 2 2 2 2 2 2
400 2 2 2 2 2 2 2 2
3
Table 3 Failure modes of reticulated dome (8] Wode 1 (b) Mode 2
under vertical impact load i
/ /m (¢) Mode 3 (d) Mode 4
2 1 < 0.02 = = =
3 1~ 4 0.05~ 3.27 2
4 8 > 24.00 Fig.2 Schematic diagrams of the final deformation




2 171
ts 5 Le 5 bt 3
> Le Iy , 3
(Dwv=40m/s, m= 20 t;(2)v= 70m/s, m= 20t , 34 3(a), 2 3(b)
(1) te<tr,(2) o=t
(a) Partition of modes 3 and 4 iS50 (b) Partition of mode 2
. Impact load applying (— Impact load applying
60F s :
e - - Before t; 90
K ---- After t; : Dome vibration
40 1 > 8 after rod failure
& ‘ 60F ||
= ] S :
= R :
20} - 3 - - Before t
Dome vibration B 30 @ etore ¢
t after rod failure ) : -+~ After ¢,
b
0] S A (P
/ I
0 20 40 60 0 20 40 60
t/ms t/ms
3
Fig. 3 Partitions of failure process
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(a) Dynamic response of joints 1 and 2 (b) Stress of rods 1 and 2
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(a) Dyn;irr}iC {espons]e gfjgints land2 (b) Stress of rods 1 and 2
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Fig. 5 Dynamic response of mode 2
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, Fig.6 Flow chart of energy transfer
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Table 4 Energy transmissibility %
Vi) i
5 10 20 50 100 200 300
1 1 vl AR
5
10
20 414 24.5 102 5.2 2.7 18
30 65.7
40 2.5 1.7
50 21.4 9.1 2.9 1.5
60 94.8 26.2
70
30
90
100 13.3
400 £ 0 0 0 0
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Table 5 Local loss ratio %
vl(s) mht
5 10 20 50 100 200 300
1 Ll AR
5 163 43.4 51.1 51.9 52.3 52.5
10 60.7 59.6 61.1 62.5 63.1 63.4 63.5
20 59.7 73.5 78.1 81.4 83.6 84.2 84.5 84.6
30 58.3 84.4 87.7 89.6 90.5 90.7 90.8 90.9
40 64.5 88.9 o1.1" 92.1" 92.7 92.8"
50 67.0 90.0
60 66.5
70 65.4
80 53.1" 99.9""
90 30.9%
100
400
e AV R 3, W ox OB 4, W e VRS 2.
6
Table 6 Left energy J
) mi
5 10 20 50 100 200 300
1 1 Zknlih AT A
5 LIX 107 1.3X10° 1.3X10° 1.3X10° 1.3X10° 1.3X10°
10 L7X 10 21X 10 2.5X 100 2.4X10* 2.5X10* 2.5X 10¢ 2.5X 10¢
20 LOX 10 4.4X100 4.6X 100 4.2X 10 4.2X100 42X 100 4.2X 100 4.2X 100
30 78X 10t L1X 108 LOX 1P LOX 109 9.7X 10* 9.7X 10¢ 9.7X10¢ 9.7X10¢
40 15X 10° L7X 108 17X 107" L7X 105" 1.7X 105 17X 105"
50 2.5X10° 24X 108
60 4.0X 109
70 6.0X 107
80 11X 105 0~24""
90 2.2X 10
100
400
Vi A BUCOREER 3, Pk PRI A, A e AR 2.
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Table 7 Relationship among failure type of dements, transferred energy
and failure modes of reticulated domes
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(a) Mode 2, shear failure (b) Mode 3, bending failure
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Fig. 9 Axial stress and shear stress on integral nodes
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Failure mechanism of single layer reticulated domes
subjected to impact loads’

WANG Duo zhi, FAN Feng, ZHI Xuwdong, SHEN Shr zhao
(School of Civil Engineering, H arbin Institute of Technology,
H arbin 150090, Heilongjiang, China)

Abstract: Numerical models for single-layer Kiewitt-8 reticulated domes with the span of 60 m and cyl
inder impactors were established by the ANSYS/LS DYNA program and a series of numerical simula-
tions were carried out. Four failure modes for the reticulated domes were put forward according as the
displacement and plastic deformation. The whole failure process was divided into three steps including
energy applying, energy loss and energy transfer, energy consumption, by the dynamic response char
acteristics of each step. Failure mechanisms of the reticulated domes were explained at the two aspects
of energy transfer and failure ty pes for members in impact zones. Energy analysis displays that the left
energy (Ei) is the main factor to decide the final dynamic response and failure mode, but Eiris the ini
tial impact energy eliminated penetrating loss by the impactor and local breakage loss by members in
the impact zone. Analysis for failure types of members indicates that failure of members may lag by
contrast the end of impact load, and failure types of members decide the ability of energy transfer.
When remembers undergo tension failure, intensities of members are made full use of, the most ener-
gy is transferred, the left energy is more, and the whole reticulated dome experiences severe break-
age. Moreover, there is a good consistent relationship among failure types of members, failure modes
of the reticulated dome and left energy.

Key words: solid mechanics; failure mechanism; impact; reticulated domes; failure mode; dynamic re-

sponse

*  Received 10 December 2008; Revised 11 May 2009
Supported by the National Natural Science Foundation of China (90715034) and the National Key Technology R &
D Program (2006BA JO1B04)
Corresponding author: FAN Feng, fanf@ hit. edu. cn
( KR Z)



