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Progressive collapse performance of cylindrical latticed shell

Yang Xiulai®, Xu Ying® *. Han Qinghua®:®
(a. School of Civil Engineering; b. Key Laboratory of Coast Civil Structure Safety of China ministry of Education,

Tianjin University, Tianjin 300072, P. R. China)

Abstract; We studied the progressive collapse performance of cylindrical latticed shell and its failure
modes indifferent load distribution and boundary conditions. By using the sensitivity assessment index
based on the ultimate bearing capacity of components, the influence of imperfection and buckling of
compressive rods on the sensitivity index of the rods and nodes. The results show that in the four-side
boundary condition, the full uniform-distribution load is mainly controlling. Nodes at the mid-span are the
sensitive components and the adjacent rods are the key components. In two-side longitudinal boundary
condition, the half uniform-distribution load is basically controlling. The largest sensitivity index of the
rods and nodes are found at 1/3 span, and the smallest is adjacent to the support. Considering the
structural imperfection, the important coefficients of the rods and nodes increase by 41% and 53%

respectively; and considering the effect of buckling of compressive rods, increase by 45% and 62%
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respectively. So we can optimize the progressive collapse performance of cylindrical latticed shell by

strengthening the key components.
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Fig. 1 Model of single-layer lamella latticed shell
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Table 1 Material property of rods
E /GPa v o/ (kg + m™*) os/MPa &P
210 0.3 7 850 235 0.2
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Table 2 Static and stability analysis result of single-layer lamella latticed shell

B3 T 8 P A% /MPa (7 /mm SR VA PR
i i i 8
b 6 5 24 1 7o 2R 159X 9 114X 4 63.77 52,94 2.13
XK 2 B B 17 i 3 159X 9 114X 4 63.20 18.93 2.39
o\ 1t W T 5 3 4 7o 2% 21910 114 X4 41,38 32.42 3.47
13 & e s 349 A i 4R 219X 10 114X 4 60. 62 72.12 2.81
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Table 3 The yielding strength result of compressive rods in single-layer lamella latticed shell

SR E FF 14 JUA K BE [/ mm K E [/ mm 6] % 22 42 i/ mm KA L A o/ o0 o./MPa
BHF 3 160 2 844 53.1 54 0.962 226
Mdis o ~
H ) g A 5 500 4 950 53.1 93 0.744 175
XK
I\ 171) i AT 3 000 2 700 38.9 69 0. 897 211
BT 3 160 2 844 74 38 0.982 231
[LB2END] »
K 1) S A 5 500 4 950 74 67 0. 909 214
W 01 37K
Y\ 1) S ¥ 3 000 2 700 38.9 69 0. 897 211
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Fig.2 Analysis area of initial failure rods
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Fig. 3 Analysis area of initial failure nodes
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Table 4 Sensitivity index of rods

FRAR ) 56 A BB M 5 A ik B 58 OEFFJE D
i 2 A1 LiSTH
Sij  max o Sij  max o Aot /% Sij  max o’ Aad /Y
332 0.146 0.005 1 0.282 0.006 8 33% 0.313 .007 4 44
127 0.098 0.004 7 0.205 0.006 3 32 0.211 . 006 7 42
380 0.115 0.005 3 0.176 0.006 2 16 0.193 . 006 6 25
175 0.098 0. 005 0.171 0.005 5 11 0.177 .0059 19
333 0. 089 0.005 3 0.113 0.006 8 28 0.124 .007 2 38
W 15 34 7 A 2%
228 0.105 0.004 6 0.11 0.005 1 11 0.107 .005 5 19
225 0. 089 0.005 1 0.099 0.005 5 8 0.105 .0059 16
336 0.072 0.005 3 0.088 0.006 7 26 0.091 .007 1 34
381 0.078 0.005 2 0.074 0.005 9 13 0.082 . 006 4 23
226 0.067 0.004 8 0.075 0.005 1 8 0.08 . 0056 17
332 0.138 0.004 5 0.224 0.005 4 22 0.246 .005 8 31
380 0.155 0.007 5 0.213 0.008 1 8 0.232 .008 6 15
127 0.093 0.003 8 0. 15 0.004 5 18 0. 155 .004 8 25
383 0.124 0.007 4 0.135 0.007 9 7 0. 144 . 008 6 16
381 0.106 0.007 6 0.11 0.008 2 8 0.118 .008 8 16
- 15 24 A i 2
428 0.096 0.005 3 0.108 0.005 3 0 0.116 .005 8 10
384 0.121 0.008 1 0.109 0.00 89 10 0.115 .009 6 18
131 0.071 0.005 4 0.096 0. 006 5 19 0. 104 . 006 9 27
336 0.079 0.005 7 0.093 0.006 8 19 0.099 .007 2 27
427 0. 087 0. 006 0. 084 0.0061 1 0. 088 . 006 6 10
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Fig. 4 Sensitivity index of rods (four-side boundary)
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Table 5 Sensitivity index of nodes

o FAE ) 55 A B e A ik B W 58 OEFFJE D
i 37
G5 Sij  max o’ Sij  max o A )% Sij  max o Aad /Y
86 0.693 0.012 9 1. 000 0.019 7 52 1. 000 0.020 8 61
79 0. 694 0.012 8 1. 000 0.019 7 53 1. 000 0.020 8 62
93 0. 685 0.012 9 1. 000 0.019 3 50 1. 000 0.020 4 59
100 0.692 0.013 0 0. 985 0.018 4 42 1. 000 0.019 4 50
107 0.678 0.012 8 0.909 0.017 0 32 1. 000 0.018 1 41
W 125 3% 7 A 2%
197 0.571 0.012 2 0.698 0.017 6 45 0.725 0.018 5 52
80 0. 640 0.0115 0.662 0.0151 31 0.718 0.016 0 39
108 0.643 0.011 3 0. 648 0.013 1 15 0.705 0.013 9 22
221 0.603 0.0119 0.595 0.014 3 20 0.621 0.015 0 26
245 0.542 0.007 1 0.551 0.007 5 6 0.551 0.007 9 11
101 0. 594 0.012 0. 766 0.014 12 0. 838 0.015 18
94 0.603 0.012 0.767 0.013 13 0. 837 0.014 20
87 0.602 0.011 0.761 0.013 16 0. 831 0.014 22
108 0.596 0.013 0. 757 0.014 8 0. 828 0.015 15
80 0.601 0.012 0.752 0.013 14 0. 808 0.014 20
e 15 24 A i 4

221 0.627 0.013 0. 607 0.015 12 0. 607 0.015 17
197 0.592 0.012 0. 585 0.014 25 0. 606 0.015 30
245 0.570 0.011 0.568 0.011 28 0.568 0.012 9
79 0.506 0. 009 0.473 0.012 37 0.507 0.012 43
107 0.490 0.010 0.451 0.011 12 0.484 0.012 22
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Fig. 5 Distribution of node sensitivity index

(four-side boundary)
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Table 6 Sensitivity index of rods
LG FHLAE ) 7 A BB M 5 A il B 58 R FFJE D
107 4 A B o
ETRE Sij smax o Sij  max o Ao /Y Sij .max o Ao /Y
228 0.09 0.002 6 0.093 0.002 9 12 0. 086 0.003 14
225 0. 062 0.001 4 0.074 0.002 41 0.076 0.002 1 45
227 0. 06 0.002 7 0.063 0.003 3 22 0. 064 0.003 5 26
179 0.042 0.001 6 0.053 0.002 28 0.053 0.002 1 32
131 0.041 0.001 7 0.051 0.002 1 25 0.051 0.002 2 29
T 125 3% A i 8%

332 0. 045 0.001 7 0. 048 0.001 8 1 0.05 0.001 8 4
177 0.033 0.001 7 0.043 0.002 3 35 0.043 0.002 4 38
180 0.038 0.001 4 0.041 0.001 6 11 0.039 0.001 6 14
178 0.03 0.001 7 0.038 0.002 3 36 0.038 0.002 4 38
130 0.029 0.001 7 0.038 0.002 4 35 0.038 0.002 4 38
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4k 6
L HHAE [ 58 A BRI e A BB 58 AT D
i 48 A L
EiRe) S max o Sijomax o At /Y% S max o Aot /Y%
430 0.114 0.001 5 0.159 0.002 1 38 0.166 0.002 2 41
128 0.123 0.002 1 0.159 0.002 5 19 0.166 0.002 6 22
382 0.118 0.002 9 0.154 0.003 6 24 0.161 0.003 7 28
334 0.114 0.002 6 0.148 0.003 2 25 0.155 0.003 3 28
379 0.108 0.002 4 0.139 0.002 9 20 0. 141 0. 003 23
F 5 149 A i 4%
331 0.105 0.002 3 0.136 0.002 7 20 0.138 0.002 8 22
225 0.107 0.002 0 0.134 0.002 6 28 0.136 0.002 7 31
132 0.061 0.001 6 0.073 0.001 8 11 0. 069 0.001 8 11
383 0.027 0.001 2 0. 04 0.001 4 18 0.043 0.001 5 20
431 0.025 0. 000 7 0.03 0.000 8 26 0.032 0.000 9 32
x®7T VRBNBREER
Table 7 Sensitivity index of nodes
T HAE ) 55 A BB e A BB W 58 CHEAF IR 1D
1§ 37
% Sij max o Sy max o Mo’ /% Sij ymax o Aad /Y6
114 0.310 0.004 8 0.303 0. 005 5 15 0.307 0. 005 6 17
107 0.308 0.004 8 0.293 0.005 5 14 0.297 0. 005 6 16
100 0.303 0.004 9 0.288 0.005 4 11 0.291 0.005 6 13
93 0.301 0.004 9 0. 285 0. 005 4 11 0. 289 0. 005 5 13
79 0. 300 0.004 9 0. 285 0.005 4 10 0. 289 0. 005 5 12
W 125 3% A A 2%
86 0.299 0.004 9 0. 285 0.005 4 10 0. 289 0.005 5 13
80 0.295 0.004 7 0.258 0.005 2 10 0.262 0.005 3 13
108 0.283 0.004 6 0. 240 0.004 9 8 0. 245 0.005 1 10
145 0.213 0.009 1 0.238 0.011 3 24 0.233 0.011 8 30
144 0.197 0.006 1 0.219 0. 008 6 40 0.225 0. 009 0 46
108 0.363 0.007 5 0.415 0.009 1 22 0.431 0.009 2 23
101 0.363 0.007 5 0.414 0.009 1 22 0.430 0.009 3 24
94 0.362 0.007 5 0.413 0.009 1 22 0.428 0. 009 3 24
86 0.361 0.007 5 0.412 0.009 1 22 0.428 0.009 3 24
80 0.361 0.007 5 0.412 0.009 1 22 0.427 0.009 3 24
e 5 2 5 i 4K
115 0.359 0.007 5 0.411 0.009 1 22 0.427 0.009 3 24
143 0. 284 0.007 2 0.329 0.009 3 29 0.342 0.009 4 31
246 0.261 0. 006 0 0.317 0.007 7 28 0.326 0.007 8 30
198 0.228 0.007 0 0.279 0.008 9 27 0. 286 0.009 1 29
222 0.222 0.007 2 0.273 0.009 1 27 0.279 0.009 3 29
M 6 AT LUE TR 2 A i B TR e 85 AT 6 284 TR - AT 1/3 B 40 B A1

JECE 8 b i K B FTPF 1 B S BEE 3 L R R SR AL 4303 S, L IR E 0. 166 fie K T S A R
FEOE 228 B9 Sy mex 35 0. 086 Jyde K. HLHET, 3 fe bRt/ WA 8 FiR .

FEAF RO 2 A R A H 355 v 1) S A A 32 T 1S K 2 5 1 A Af AR T A U PR A8 b B KAE
WE 8 fiR . TSI DL 2 A% BRI ZE N SR &R B 5 1
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