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Abstract

This paper presented the nonlinear behaviors of the single-layered lattice dome, which is widely used for the long-span structure
system. The behaviors were analysed through the classical shell buckling theory as the single-layered lattice dome behaves like
continum thin shell due to its geometric characteristics, and finite element analysis method using the software program Nastran.
Shell buckling theory provides two types of buckling loads, the global- and member buckling, and finite element analysis provides
the ultimate load of geometric nonlinear analysis as well as the buckling load of Eigen value solution. Two types of models for the
lattice dome were analysed, that is rigid- and pin—jointed structure. Buckling load using the shell buckling theory for each type of
lattice dome, governed by the minimum value of global buckling or member buckling load, resulted better estimation than the
buckling load with Eigen value analysis. And it is useful to predict the buckling pattern, that is global buckling or member buckling.
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(K] {u}={P} (1)
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Fig. 1 Lattice dome geometry for modeling(elevation

and plan)
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Table 1 Dome geometry used in modeling

Height, H/IL Radius of Angle of Half Angle of
. Curvature, . opening for
H Ratio opening, ¢
R members, 6
3m 0.05 151.0m 22.92 0.955
6m 0.10 78.0m 45.24 1.885
9m 0.15 54 5m 66.80 2.783
12m 0.20 43.5m 87.20 3.633
15m 0.25 37.5m 106.26 4.428

Table 2 Properties of members used in modelling

Member Sectional Area Moment of Radius of

(Tube) (4,) Inertia(Z,) |Gyration(r,)
$#-101.6x5.0| 1.517x10°mm? |1.77%10°mm"*| 34.2mm
$-165.2x5.0 | 2.516x10°mm* |8.08x10°mm*| 56.7mm
$#-216.3%4.5| 2.994x10°mm* |1.68%10'mm*| 74.9mm
= YEHaEY 3 24 & Foelss et 4 (8)2

gEj A5 AAF=(global buckling)ol 23+ Hjsl=S

A, 2 (95 FAFZ(member buckling)ol |3t
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Table 3 Ultimate load per joint from the shell theory

Height H/L Rigid joint Pin joint

ratio Global buckling” Member buckling” Global buckling Member buckling

3m 0.05 10.0 / 27.4 / 37.87 17.0 / 77.4 / 160.9 5.8/ 158/ 21.8 14.1 /64.5/ 134.2
(1.25 /1.24 / 1.08)" (2.12 / 3.51 / 4.61) (2.40 / 3.95 / 4.74) (5.89 / 16.14 / 29.18)

6m 0.10 38.1/104.7 / 144.4 32.2 /147.1 / 305.9 22 /60.5/ 83.4 26.9 /122.7 / 255.1
(1.36 / 1.31 / 1.20) (1.15 / 1.84 / 2.55) (1.26 / 2.02 / 2.38) (1.54 / 4.09 / 7.29)

9m 015 80.5 / 221.4 / 305.2 44.8 / 204.4 / 425.0 46.5 / 127.8 / 176.2 37.3 /170.5/ 354.5
(1.71/ 1.38 / 1.22) (0.95 / 1.28 / 1.70) (0.85/1.42 / 1.60) (0.68 / 1.89 / 3.22)

19m 0.20 131.7 / 362.3 / 499.5 54.0 / 246.3 / 512.2 76.1 / 120.9 / 288.4 45.0 / 205.4 / 427.2
(2.40 / 1.51 / 1.31) (0.98 / 1.03 / 1.35) (0.63/1.05/1.31) (0.38 /1.03 / 1.94)

15m 0.95 186.3 / 512.4 / 706.5 59.7 / 272.7 / 567.1 107.6 / 295.8 / 407.9 49.8 / 227.5 / 473.0
(2.74 / 2.03 / 1.36) (0.88 /1.08 / 1.09) (0.49 / 0.90 / 1.02) (0.23 /0.69 / 1.18)

YGlobal buckling load by Eq.(8)
2 Member buckling load by Eq.(9)

Member sizes ¢-101.6x5/165.2x5/216.3x4.5

4)Capacity ratio to the ultimate load by Eq.(4). Bold and underlined numbers denote governing ratio.
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Table 4 Comparison between buckling and ultimate load

Height H/L ratio : _ Rigid joint . . . Pin joint .

Buckling load Ultimate load Buckling load Ultimate load
w | o | B | srmims | /3800 earaesas
o | o | R STS | wimim | G208 e o
w | o | Be/ PO | om0 |l MRS oo s

YBuckling load by Eq.(3)
YUltimate load by Eq.(4)
YMember sizes ¢-101.6x5/165.2x5/216.3x4.5
Y Capacity ratio to the ultimate load by Eq.(4).
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Fig. 3 Load-displacement relation at maximum deflection and an apex point
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(b) Load ratio with respect to the nonlinear analysis

Fig. 4 Results of rigid-jointed dome analysis
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Fig. 5 Results of pin-jointed dome analysis
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