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ABSTRACT

With the development of hnde element analysis, the dramatc ncrease in
speod and capacity of computers and the advances in compaathonal seence
and optirmization algorthms avaedable, tha mterest i structural ophirszabion has
been steadly on the increase As such Struclural optmization and smart
structural gesgn has become an active held of research on account of s
extenswve apphcaton n sconomie and sate design The ree  moduies
associted with the ethownt optmzation of structure gre an analyss module,
a dosign denvative module ang an ophrmzation module baute elomenst ot
plays anmportant role o the stractural analyss as even i very comphcatod
structure can be analyzed accurately and multiple loading conditions can bo
handied with ease I the context of present state of knowledge of brute element
analysis an eficiont module with compatibilities lor automated mesh generation
antd domint error sslirnahon G an essental prerecguasiie o Siructuse
pptirmzaton package. The two types of problems concerned with the struciund
cptrzation aré (1) member Siang problems which nvolves g tised geometny
and (n} shape optimizabon problems, wherein a tew vanable can dehbne the
profie 1o be optrazed but the analysis could be complex For the optrmzation
of structure 115 essental 1o obtain the denvativey of e abgoChve Sanchion i
constrant functions with respect o design vaoables 1o cast ol o stiuttunsl

optituzaton problem the calculation g design seasiivity 15 8 cotngabeatod e



v
particularly in the context of transient dynamuc loading. The numencal errors in
the computation of design dervatives and ther estimation constitute another
dimension to the problem. The thed important step concerned with the
structural optimization i the choice of a sutable optrmization algorithm,

The analysis and design sensitivity computation 1s simple in case of static
ioading but for dynarmic loading the presence of nerval forces and the tmeg
dependant load makes 1t & very compiex one. The inte diference approach on
the discretized problem s a common technique for computing the design
senstvity but it takes a large amourt of computing tme. Apart from the
computing effort the accuracy of these have to be ensured. For oplimization
problem a number of mathematcal algorthms based either on transformation
methods or drect approaches are available, In the present investigaton the
inmproved move hmd method of sequental inear programming s employed.

An attempt has been made to computs the design dervativaes by solviog
an adjoint system and it has been tested for russes with a small number design

vanables and a 2-D cantilever with one or two design vanables only, Since the

accuracy of these sensitivity values has not been lound satisfactory, finte
ditterence denvative computatons have been recommended and utibsed in all
the appheations, However a detaded analysis of error measures has been taken
up tor study later.

A general purpose optimization package for structures under dynanmic
loads has been developed to handle both suing and shape optutuzation
problems, This has been testod on o cantlever beam under the dynamic load
such as a suddenly apphed load and harmomc load. Some design vanables are

chosen 1o deling the profile of the beam and constramts are mmposed on the



stresses al the boundary. The minimization of the weight of the structure or a
function of stresses 1s taken as the objective function. The dynamic analysis has
been carned out by using by hirite element method and the design sensitivities
are obtaned by using hnite difference approach. By using the improved move
et miethod of sequental inear programming the acceptatile aplimized shape
of the sttuctures are obtanesd

Practical structures ke a steel chunney under earthquake or blast load
and a dam under reservar full condition have been chasen o the sire and
shape oplumgation study respectively. The analysis bas been portormod 1o
both the state and dynarmie lopds All the practcal design consder abons and
other technologeal constrints have been taken care ol in the design in these
cases also the constrams are imposed on the stresses al the boundary and
the abjective funchon s ethior on wenght rmourmization o a tunchion of strosses
I case of chimney the thickness of the steel plates used at different hesghits aee
chosen as design vanables and the wdth of the dam structure at dhilferont
heghts are chosen as desgn vanables in case of dam The structure
foundation nteracuon and structuce-fud interaction effects are ully accounted
tor Howewer the flud compressibaity effects have not been consdered The
nvestigation leads (o very prachcal dimensions tor the chamngy Siang problem
and reasonably acceptable shapes for the dam optirrezation probiem

A systematic procedure 1or accounting the numencal ercors in desagn
sensibvity computations using the adjont problem approach s presontedd 11y
shown thiat for truss frame problems, accurate contrad of mmsdal Broneaton
errors 1% the key for obtaming extremely accurate design donvatives o

structures under transent dynarmic loading condiions. Usmg appeopnite goor



measures for discretization error control and the choice of an optimal mesh for
a given number of basis modes and combining it with sutable modal truncation
ercor control measures, 1t s shown that one can obtan accurate design
sensiivities 1 the context of F £ based computations also This 5 a very
significant conclusion,

The conclusions of the present research have been summansed and

sugaestions for further research have been outined.
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