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A STUDY ON GEOMETRICALLY NON-LINEAR BUCKLING ANALYSIS
OF DOUBLE LAYER LATTICED DOMES BY MODAL ANALYSIS

By Sang-Eul Hax and Haruo KuNiepa

Synopsis

The primary objective of this paper is to research on characteristics of geometrically non-linear
buckling behaviour of double layer latticed spherical domes by means of modal analysis. Modal
analysis is applied to derivation of the system matrices of simultaneous differential equations
representing the displacements by linear combination of several eigen modes which are independent
and orthogonal each other and transforming variables into generalized coordinates which are coeffi-
cients multiplied to eigen modes. These eigen modes were calculated from the global system
matrices.

By using modal analysis method in the buckling analysis of double layer latticed domes, it will be
expected to reduce the large dimension stiffness matrices of 3-dimensional displacement variables of
global systems to the small things of generalized coordinates extremely. The merit of use of modal
analysis, moreover, is to avoid the degeneration of system matrices in multi degrees on bifurcation
points. We can decrease the possiblity of divergence in the procedure of numerical calculation. It
is, therefore, very effective to determine the direction of post-buckling path on the bifurcation
points. Arc length method and Newton-Raphson iteration method is used to obtain the geometrical-
ly non-linear equilibrium path.

Three different non-linear stiffness matrices of the slope-deflection method for the unit members
are derived for the analysis of the system of rigid nodes.
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Table 1. Shape factors of analytical model

Upper Member R, (m) 28.0
Radius
Lower Member R, (m) 27.5
Span L (m) , 29.7
Rise H (m) 4.25
Web Depth h (m) 0.5
Upper Member Length 1; (m) 3.9
Upper & Lower Mem. A, (cm?) 12.18
Section area
Web Member A, (cm? 7.35
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(a) Plane (b) Perspective
Fig. 1. Analytical model of double layer latticed dome.
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(1) evgEgETL

Table 2. Classification of analytical model 1

CONTENTS OF CLASSIFICATION NO.
32¢° 1
Haif Open Angle (A) 28° 2
24° 3
Load (P) ALL, 2/4, 3/4 L23
100 1
Slenderness Ratio (S) 75 2
130 3

Table 3. Classification of analytical model 2

CONTENTS OF CLASSIFICATION NO.
Stiffness Matrix 1 1
Stiffness Matrix (K) Stiffness Matrix 2 2
Stiffness Matrix 3 3
Pin Node 2
Node (N)

Rigid Node 1
Pin Support 2

Support (B)
Rigid Support 1
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Fig. 2. Unit member model.
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Fig. 3. Process for the Arc-Length Method and decision of critical point.
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Fig. 4. Examples of eigen modes of analytical model (Model-RM111).
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Fig. 5. Buckling mode and distribution of member strain energy (Model-PM121).

Load (t)

(b) Web member (c) Lower member

40
30

== Modal(70%)
20 = Modal(50%)

=@ Non-Linear

10 -

v 1 v i M i
0 20 40 60 80

displacement (cm)

115

Fig. 6. Comparison of buckling characteristics by modal and non-linear analysis. (%: selected eigen
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Fig. 7. Comparison of buckling characteristics by modal and non-linear analysis. (Model-PM111)
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Fig. 8. Comparison of buckling characteristics by modal and non-linear analysis. (Model-PM121)
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Fig. 9. Comparison of buckling characteristics by modal and non-linear analysis. (Model-PM112)
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Fig. 10. Comparison of buckling characteristics by modal and non-linear analysis. (Model-PM113)
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Fig. 11. Comparison of buckling characteristics by modal and non-linear analysis. (Model-PM211)
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Fig. 12. Comparison of buckling characteristics by modal and non-linear analysis. (Model-PM311)
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Fig. 13. Comparison of buckling characteristics by modal and non-linear analysis. (Model-RM111:
Stiffness Matrix 1)
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Fig. 14. Comparison of buckling characteristics by model and non-linear analysis. (Model-RM111:
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