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1. Introduction

The problem of manufaduring imperfedionsand thar influenceon structural configurationis
discussd in the paper. When a structure is composed of members with dimenson impefedions
states of stresses, strains and displacements inducel by externd load will vary and additiondly in
hypestatic structures self-equilibrated states of stresses will arise. Theinfluenceof these effeds on
the optimal design was andyzed in [3] and [4]. However, length imperfedions even in unloaded
structure may inducevariations of geometry. The problem of determination of these changes for
seleded points of a structure, which can be cdled geometric senstivity analysis, is studied in this
paper. It is extendgon of the previous condderations presented in [2], and here also geometricdly
nonlinea case is andyzed. It is important to natice that the cumulative change in point postion
may be far greaer then it would appea from the value of members tolerances and it even may
cause tha the structure will read ungable state corresponding to the limit point.

2. Geometric sensitivity analysis— linear case

Let us consde a truss or a frame composd of members, which have nomind lengths
I,l,,...,, where n isthe number of members. It is assumed tha member lengths may deviate from
their nomind vaues by tolerances t! t{’,...t". The change of i-th member length arising diredly
from the tolerance can beexpressed in theform Al(V =a;t{"), where |a;| <1, i=1.2,...,n.

Thefirst problem andyzed here is to determine maximal trandation w in fixed diredion of

certain point (nodg inducel by conddered tolerances. Let usintroducethe adjoint structure without
any dimenson impefedions and with the same boundxry conditions as the primary structure but

subjeded to force AP? applied in diredion of the analyzed displacanent w, where A is the load

paameter and P? denotes the reference load. Now, the virtud work equéion for the primary and
adjoint structures can be written in the form

1) Apaw=_§l[|\|iami<°> +ngK(°)dxiJ,

iz i
where Al{®), x(©) are the total elongations of members and the total curvatures in the primary
structure, while N?, M7 denote the noma forces and the bending moments in the adjoint
structure. Let us notice, tha andyzed tolerances induceself-equilibrated state of stresswith elastic
elongadions A (*) =Al(®) - Al{"Y) and elastic curvatures «(®) =«(®), Using for this state and for the
adjoint structure the virtual work prindple, we get

i=1

) i[Nf‘Al}e" +|1M3K(e')dxij:o.

In order to obtain relationship for the trandation w in the seleded diredion we should subditute
equaion (2) into (1). Now, it is easy to noticg tha the maximal trandation ocaurs, when Al{"
attain extreme values i.e when a, =1 or a; =-1 and when for al members it has simultaneoudy

thesame (or smultaneoudy theopposte) sgn & corresponding force N2 . So, taking AP® =1, the



36th Solid Mechanics Conference, Gak, Sept. 9—12, 2008 397

maximal trandation in fixed diredion can bewritten as follows

(3) W =max

ai

Zn;Niaaiti(l)

i=1

- N,
i=1

Now, let us condder problem of determinaion of maximal trandation w, of certain point
(nodg in arbitrary diredion. We assume, that this diredion forms unknown ange g with axis x of
theredangular coordinae system x, y. Thetrandation w, can be determined usng trandationsin x
andy diredions Then, we have

4) AP?w, = AP? cos B W, + AP? sin B[, :i(Nf"(x) cos B+ NAY) sinﬁ)aiti('),
i=1

where N2 N#¥) denote forces in i-th member induced by unit loads AP? =1 applied respedively

in x andy diredion. Findly, maximal trandation can be determined as the solution of the following
problem

@ ek oplgl s |
i=1

3. Geometric sensitivity analysis — non-linear case

In this case the adjoint problem is introducel by andogy to the incremental problem for the
primary structure related to perturbation of the current equilibrium state. Then, usng finite element

notation, equilibrium equétion for the adjoint structure can be written in the form K 'u?® = iP? (cf.
[1]), whee K' is the tangent stiffness matrix and u® denotes vedor of displacenents. The load

AP? is applied, as previoudy, in diredion of the analyzed displacement w, where point over the
symbol denotes increment of the quantity. Using approad analogousas for the linea case, we get

(6) APw= 3 Nt |
i=1

In order to obtain the maximal trandation, nondinea equdion (6) should be solved with resped to
w, where values a; are choen andogousy as in (3). It is important to notice tha during

incremental processof solving the problem (6), situationwhen A =0 may appea andit corresponds
to gructure geometric ingability related to the limit point.

4. Concluding remarks

The problem of maximal trandation determindion for certain points (nodes) of trussor frame
structures inducel by length imperfedions of their members, is discussed in the pgper. Apart from
the linea anaysis, in order to reved possble geometric ingabiliti es of the limit point type, the
consdeationsare dso develope for the nondinea case.
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