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THE GEOMETRICALLY NON-LINEAR BUCKLING
ANALYSIS OF DOUBLE LAYER LATTICED DOME

By Sang-Eul Han and Haruo KUNIEDA

Synopsis

The primary objective of this paper is to grasp many characteristics of buckling behavior of double
layer latticed spherical domes under various conditions. The Arc-Length Method proposed by E. Riks
is used for the computation and evaluation of geometrically nonlinear fundamental equilibrium paths and
bifurcation points and the direction of the path after the bifurcation point is decided by means of Hoso-
no’s concept. Three different nonlinear stiffness matrices of the Slope-Deflection Method are darived
for the system with rigid nodes and results of the numerical analysis are examined in regard to geomet-
rical parameters such as slenderness ratio, half-open angle, boundary conditions, and various loading
types. But in case of analytical model 2 (rigid node) the post-buckling path could not be surveyed be-
cause of Newton-Raphson iteration process being diversed on the critical point, since many eigenvalues
becom zero simultaneously.
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(a) Plane (b) Perspective
Fig. 1. Analytical model of double layer latticed dome.

Table 1. Shape factors of analytical model 1 Table 2. Shape factors of analytical model 2
Upper Member R; (m) 28.0 Upper Member R, (m) 30.0
Radius Radius

Lower Member R, (m) 27.5 Lower Member R, (m) 29.5

Span L (m) 29.7 Span L (m) 25.4
Rise H (m) 4.25 Rise H (m) 2.81

Web Depth h (m) 0.5 Web Depth  h (m) 0.5
Upper Member Length ¢, (m) 3.9 Upper Member Length ¢, (m) 3.87
Upper & Lower Mem. A, (cm?)/12.18 Upper & Lower Mem. A, (cm?)(12.18

Section Area Section Area

Web Member A, (cm?) 7.35 Web Member A, (cm?) 7.35
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Fig. 2. Unit member model.
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Fig. 3. Process for the decision of limit buckling point.
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Table 3. Classification of analytical model 1
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(a) Buckling mode of
upper member

(¢) Web member (d) Lower member

Fig. 4. Buckling mode and member strain energy distribution of analytical model F 121.
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Fig. 5. Buckling characteristics in regard to the loading model 1.
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Fig. 6. Buckling characteristics according to the variation of slenderness ratio.
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Fig. 7. Buckling characteristics according to the variation of half open angle of upper member.
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Fig. 8. Buckling characteristics in regard to the loading model 2.
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Fig. 9. Three dimensional representation of buckling paths in regard to boundary conditions:
support (F 1112) and rigid support (F 1111).
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Fig. 10. Buckling mode and member strain energy distribution of analytical model T 121.
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Buckling characteristics in regard to boundary
conditions.
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Relations of axial forces and load according to the
variation of node and boundary conditions.
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Fig. 13. Relations of moments and load according to the
stiffness matrix 1 and 2 on the pin support.
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Fig. 14. Relations of moments and load according to the
stiffness matrix 1 and 2 on the rigid support.
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Fig. 15. Buckling characteristics in regard to the stiffness matrix 1 and 3.
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Fig. 16. Three dimensional representation of buckling paths in regard to node conditions: rigid node
(T 111) and pin node (T 211).
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