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GEOMETRICALLY NONLINEAR DYNAMIC ANALYSIS OF SPACE FRAMES

Nobutoshi MASUDA 1, Takeo NISHIWAKI 2,
Masaru MINAGAWA 3, Hideo YAMAMOTO 4

SUMMARY

A geometrically nonlinear dynamic analysis method is presented for
frames which may be subjected to finite rotations in 3-dimensional
space. The proposed method has its base on the method reported by
Yoshida et al. In the method, governing incremental static equilibrium
equation is represented by the coordinates itself rather than
conventional displacements. With this equation and the corrective-
iterative solution process also proposed, many kinds of geometricaily
nonlinear problems in the statics were analyzed satisfactorily.

The governing dynamic equilibrium equation for. each member is obtained
from the static equation by adding the inertia term. thus:

A f:T(:f1)M* Koot Al + [I(IH)M* Tasty — T(L)M‘ Tiny | ':j(m
T * o + V ‘
+ T(rnl)k T(qo\) AN+ '(ml)k [T(ml) Az+AT (U‘!"+l(n)) J 'fA—lr- '_(:,

where, T is the coordinates transformation matrix from global to member
coordinates system, f% is the member nodal forces vector, kx 1is the
conventional linear stiffness matrix, Mx is the conventional mass matrix
in its member coordinates system, r is the rigid body rotation vector,

(n) indicates the n-th equilibrium point, and & is a prefix to represent
increment. In practice, the two-step approximation & iterative correctior
solution procedure developed for static analysis is adopted and combinec
with a modified Steffensen's iterative process.

A numerical example of a curved cantilever beam under lateral load:
illustrates the effectiveness of the proposed method in the field oi
finite rotations in 3-dimensional space. Among compared are Runge-Kutt:
type solution processes and a process using original Steffensen'c
iteration. The former gave divergent solution after certain amount of
displacements are obtained. And the effectiveness of the latter was about
half of the proposed method in the sense of computational time. 1In order
to examine the applicability of the proposed nonlinear dynamic analysis
method, it 1is applied to shallow arches to investigate the dynamic
stability. Forced wvibration analyses of two-hinged shallow arches under
central step loading are conducted with several loading amplitudes. The
results are compared with those given by Gregory and Plaut in 1982, whec
used Galerkin method, and show good correspondence. The effect of the
number of members on the accuracy is also examined.
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