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1. INTRODUCTION : The stability a real structure can be considerably influenced by

the existence of imperfections., The actual imperfections are difficult to evaluate,

hence it is more important to know the worst mode of them in reducing the maximum

carrying capacity to be taken into account in design purposes. This study presents

an optimization procedure to obtain the worst mode of the imperfections,

2. OPTIMIZATION PROCEDURE : Considering systems with proportional loading [1] for

simplicity, the optimization problem then can be expressed as

Minimize f
subjected to
ffi = Ki(xi,ﬁj) and §j§j =r* (i=1ton, j=1tom (1a,b)

where Ki = i~th component of internal force vector; f,fi = loading intensity and

loading pattern vector, respectively; x.= position vector; §j= initial imperfection

mode vector; r = norm of imperfections; and n,m = number of degrees of freedom and

components of imperfection of the system, respectively. Equation la is the governing

equilibrium equations of the imperfect system. Noting that the constraints are

nonlinear equations with equality signs, the above optimization problem can be trans-

formed by the Lagrange multiplier method into solving a system of nonlinear

equations, consisting of Eqs. 1 and

aKi aKi
kl—ax—j—= 0, ).i—sz.—i—" 2An+1§j =0, lifi = 1 (2a-c)
where li (i = 1 to n+l) = the Lagrange multipliers. Equations 1 and 2 are (2n+m+2)

nonlinear equations in terms of (2n+m+2) unknowns, consisting of f, X, §i and li.
To reduce the number of equationms, ki are eliminated by taking advantage that Eqs, 2
are all linear in term of Ai. Selection of initial values and scaling play important
role in solving this nonlinear equations. By giving a small value of r, the cor-
responding values of the perfect system can be used as the initial values., For a
relatively larger values of r, those values then can be obtained by interpolation.
3. NUMERICAL EXAMPLES : The above optimization procedure is demonstrated in numeri-
cal examples of truss structures of which imperfections are given in the form of
initial length imperfections and expressed as

L? = 1 -gr? (3)
where Lip, Lp = initial length of imperfect and perfect bar, respectively,
1) Consider the plane two bar truss as shown in Fig, 1. This truss is subjected to a
vertical load at node 1. For y = 2.5, the loading intensity and position of node 1
at the first bifurcation point of the perfect system are given in Table 1. Selecting
r* = 0.0008, the value of the worst imperfections mode, loading and position of node

1 at the limit point which is the first critical point are also given in Table 1,
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4. CONCLUSIONS : By employing Lagrange Point vs r? of Reticulated Space Truss.

Fig. 2 Lotding Intensity vs Vertical Position of Node 1 of

multiplier method, the optimization problem to obtain the worst mode of imperfection
is transformed into solving a system of nonlinear equations which is easier to solve
using the available software packages. Due to its simplicity, this procedure could
be incorporated in practical design analysis.
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