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Buckling Characteristics of Long Span Single-Layer
Lattice Dome with Member Failure

Yoon, Seok Ho'"
'Professor, Dept. of Civil Engineering, Kyungdong University, Yangju, 11458, Korea

Abstract - A large three-dimensional space dome has sufficient rigidity for external forces, but it is common to have a significant
impact on the stability of the overall structure if shape is deformed or stiffness is reduced in some components. In the case of an
already constructed single-layer lattice dome structure, the original rigidity is often lost when a single member or multiple mem-
bers are damaged or deformed due to external impact loads. In the case of dome having a triangular grid with constant member
length and member angle, it is common to have equivalent stiffness in circumference and gravity direction, and to have the stiff-
ness properties of shell structure. The failure of one member may not have a significant impact on the stability of the entire struc-
ture, but failure of multiple members may cause the redistribution of forces, leading to the collapse of the overall structure.
Therefore, the purpose of this study is to review the buckling characteristics of long span single-layer lattice dome structures due

to member failure.
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Fig. 1. Shape model and network pattern
for single-layer latticed dome
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Fig. 2. Number of nodal point and member
for 1/6 dome network
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Table 1. Interpretive model and data

¥
i

Model s Number of Failure member Model s Number of Failure member
failure member | (node number) failure member | (node number)

S15COF0 1.5 0 0 S15VOF0 1.5 0 0
S15C2F1 1.5 1 (705 - 706) S15V2F2 1.5 2 (659 - 662)
S15C4F1 1.5 1 (385 -386) S15V4F2 1.5 2 (351 -354)
S15C6F1 1.5 1 (161 - 162) S15V6F2 1.5 2 (139 - 142)
S15C8F1 1.5 1 (33-34) S15V8F2 1.5 2 (23 -306)
S20COF1 2.0 0 0 S20VOF0 2.0 0 0
S20C2F1 2.0 1 (705 - 706) S20V2F2 2.0 2 (659 - 662)
S20C4F1 2.0 1 (385 -386) S20V4F2 2.0 2 (351 -354)
S20C6F1 2.0 1 (161 - 162) S20V6F2 2.0 2 (139 - 142)
S20C8F1 2.0 1 (33-34) S20V8F2 2.0 2 (23 -36)
S25CO0F1 2.5 0 0 S25VOF0 2.5 0 0
S25C2F1 25 1 (705 - 706) S25V2F2 25 2 (659 - 662)
S25C4F1 25 1 (385 -386) S25V4F2 25 2 (351 -354)
S25C6F1 2.5 1 (161 -162) S25V6F2 2.5 2 (139 - 142)
S25C8F1 2.5 1 (33-34) S25V8F2 25 2 (23 - 36)
S15C4F0 1.5 0 0 S15V4F0 1.5 0 0
S15C4F1 1.5 1 (385 -386) S15V4F2 1.5 2 (351 -354)
S15C4F3 1.5 3 (383 -388) S15V4F4 1.5 4 (349 - 356)
S15C4F5 1.5 5 (381 -390) S15V4F6 1.5 6 (347 - 358)
S15C4F7 1.5 7 (379 -292) S15V4F8 1.5 8 (345 - 360)
S20C4F0 2.0 0 0 S20V4F0 2.0 0 0
S20C4F1 2.0 1 (385 -386) S20V4F2 2.0 2 (351 -354)
S20C4F3 2.0 3 (383 -388) S20V4F4 2.0 4 (349 - 356)
S20C4F5 2.0 5 (381 -390) S20V4F6 2.0 6 (347 - 358)
S20C4F7 2.0 7 (379 - 292) S20V4F8 2.0 8 (345 - 360)
S25C4F0 2.5 0 0 S25V4F0 2.5 0 0
S25C4F1 25 1 (385 -386) S25V4F2 25 2 (351 -354)
S25C4F3 25 3 (383 -388) S25V4F4 25 4 (349 - 356)
S25C4F5 2.5 5 (381 -390) S25V4F6 2.5 6 (347 - 358)
S25C4F7 2.5 7 (379 - 292) S25V4F8 25 8 (345 - 360)
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Table 2. Result of damage position of horizontal member

Mol ||y | e |7 | | gy | e

S15COF0 1.5 40.65 50.66 1.25 450 100 MB
S15C2F1 1.5 40.65 49.08 1.21 430 97 MB
S15C4F1 1.5 40.65 49.44 1.22 41 98 OB
S15C6F1 1.5 40.65 4431 1.09 265 88 MB
S15C8F1 1.5 40.65 36.04 0.89 7,10 71 OB
S20COF0 2.0 7.38 9.49 1.29 492 100 MB
S20C2F1 2.0 7.38 9.19 1.25 4 97 OB
S20C4F1 2.0 7.38 9.00 1.22 492 95 MB
S20C6F1 2.0 7.38 6.85 0.93 32 72 OB
S20C8F1 2.0 7.38 4.92 0.67 10 52 OB
S25COF0 2.5 1.93 2.16 1.12 557 100 MB
S25C2F1 2.5 1.93 2.14 1.11 128 99 OB
S25C4F1 2.5 1.93 1.89 0.98 72,73 88 OB
S25C6F1 2.5 1.93 1.47 0.76 267 68 MB
S25C8F1 2.5 1.93 1.00 0.52 7 46 OB

"OB: overall buckling; MB: member buckling

Table 3. Results of damages on horizontal member of the 4th line at boundary

LT $ (kI\%;nz) (kl\%r;z) @ Touck B;i)ljg*lg (Ilinf\l) Momax

S15C4F0 1.5 40.65 50.66 1.25 450 MB 55,069 640
S15C4F1 1.5 40.65 49.44 1.22 41 OB —52,469 640
S15C4F3 1.5 40.65 48.57 1.19 302 MB -50,459 640
S15C4F5 1.5 40.65 47.81 1.18 1 OB —47,791 640
S15C4F7 1.5 40.65 45.94 1.13 73 OB 44,826 640
S20C4F0 2.0 7.38 9.49 1.29 492 MB -10,884 726
S20C4F1 2.0 7.38 9.00 1.22 492 MB -10,281 726
S20C4F3 2.0 7.38 7.72 1.05 73 OB 8,503 725
S20C4F5 2.0 7.38 7.42 1.01 360 MB 8,074 725
S20C4F7 2.0 7.38 7.13 0.97 73 OB 7,741 725
S25C4F0 2.5 1.93 2.16 1.12 557 MB -2,728 726
S25C4F1 2.5 1.93 1.89 0.98 72,73 OB -2,285 726
S25C4F3 2.5 1.93 1.76 091 380 MB —-2,760 320
S25C4F5 2.5 1.93 1.54 0.80 72 OB -1,817 725
S25C4F7 2.5 1.93 1.43 0.74 48,53 OB 2,643 261

"OB: overall buckling; MB: member buckling
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Table 4. Results according to location of damage in two vertical members

g
b

Model 5 (klx%ﬁf) (kl\?/‘ﬁf) « Tock B;leg*lg (‘I)"I/ln;’n) uman
S15VOF0 1.5 40.65 50.66 1.25 450 MB 1,235 195
S15V2F2 1.5 40.65 47.35 1.16 470 MB 1,035 4,5
S15V4F2 1.5 40.65 46.77 1.15 303 MB 1,081 316
S15V6F2 1.5 40.65 34.90 0.86 25 OB 1,341 25
S15V8F2 1.5 40.65 22.97 0.57 1 OB 1,300 1
S20VOF0 2.0 7.38 9.49 1.29 492 MB 629 189
S20V2F2 2.0 7.38 7.96 1.08 113 OB 1,418 112
S20V4F2 2.0 7.38 7.51 1.02 316 MB 906 61
S20V6F2 2.0 7.38 5.45 0.74 25 OB 991 25
S20V8F2 2.0 7.38 4.05 0.55 1 OB 800 1
S25VOF0 2.5 1.93 2.16 1.12 557 MB 369 513
S25V2F2 2.5 1.93 1.82 0.94 112 OB 360 493
S25V4F2 2.5 1.93 1.81 0.94 316 MB 776 61
S25V6F2 2.5 1.93 1.24 0.64 235 MB 955 25
S25V8F2 2.5 1.93 0.97 0.50 189 MB 755 5

"OB: overall buckling; MB: member buckling
Table 5. Results of damages on vertical member of the 4th line at boundary

Model S (kl\%clsnz) (kl\%clj;l 2 @ Tok ( (;i ) B;;l;l;gg
S15V4F0 1.5 40.65 50.66 1.25 450 100 MB
S15V4F2 1.5 40.65 46.77 1.15 303 92 MB
S15V4F4 1.5 40.65 33.11 0.81 61 65 OB
S15V4F6 1.5 40.65 27.17 0.67 302 54 MB
S15V4F8 1.5 40.65 20.04 0.49 61 40 OB
S15V4F10 1.5 40.65 19.43 0.48 41 38 OB
S15V4F12 1.5 40.65 17.49 0.43 304 35 MB
S15V4F14 1.5 40.65 16.84 0.41 41 33 OB
S20V4F0 2.0 7.38 9.49 1.29 492 100 MB
S20V4F2 2.0 7.38 7.51 1.02 316 79 MB
S20V4F4 2.0 7.38 491 0.67 62 52 OB
S20V4F6 2.0 7.38 3.70 0.50 377 39 MB
S20V4F8 2.0 7.38 2.84 0.38 52 30 OB
S20V4F10 2.0 7.38 2.96 0.40 74 31 OB
S20V4F12 2.0 7.38 1.93 0.26 348 20 MB
S20V4F14 2.0 7.38 2.30 0.31 376 24 MB
S25V4F0 2.5 1.93 2.16 1.12 557 100 MB
S25V4F2 2.5 1.93 1.81 0.94 316 84 MB
S25V4F4 2.5 1.93 0.97 0.50 346 45 MB
S25V4F6 2.5 1.93 0.69 0.36 377 32 MB
S25V4F8 2.5 1.93 0.47 0.24 318 22 MB
S25V4F10 2.5 1.93 0.50 0.26 376 23 MB
S25V4F12 2.5 1.93 0.42 0.22 348 19 MB
S25V4F14 2.5 1.93 0.47 0.24 70 22 OB

"OB: overall buckling; MB: member buckling
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Fig. 16. Buckling mode (S20C4F1)
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