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Preface

In November, 1987, the International Conference on Educa-
tion, Practice and Promotion of Camputational Methods in
Engineering Using Small Computers(EPMESC) was held on the
campus of the South China Institute of Technology,Guang-
zhou, the P.R.C.. Included in this volume is a represent-
ative collection of research papers recently presented at
the Conference.
Now, camputers have made their way into all walks of life.
Every day more and more of us find that computers have be-
come part of our daily background. The high speed of smll
camputers in performing tasks, their incredibly small size
and their low cost of operation have brought them to the
notice of workers in many industries. The pace of growth
of small computers is matched by the speed at which new
processes and computational methods are developed. In
order to enable a small computer to perform extremely
sophisticated and complex computations, the education,
practice and promotion of camputational methods can not
be neglected. It is for this reason that conference like
this are occurring.
Two years have passed since the first international con-
ference of EPMESC was held at Macau in August, 1985.Dur-
ing such a short period of time, many new tasks for smll
computers have been devised and many new camputational
methods to perform them have been developed. Camputer tech—
nology is advancing so rapidly that no book on this sub-
ject can ever be fully up to date. Due to limited space,
this volume includes only a selection of research papers
presented at the Conference. Our hearty thanks
go to all those who attended the conference and those
who gave their all-out support, and especially to those
who have made it a success by* supplying valuable in-
formation and presenting their ideas and experiences
without reservation.
The help received from many individuals and organiza-
tions is most gratefully acknowledged. Although it is
not possible to 4ckwowledge all of those who assisted
in the presentation of this conference, we give special
thanks to:

E.R. de Arantes-

of Lisbon

Boutzev Christo, UNESCO

Y.K. Cheung, University of Hong Kong

He Guanggian, Chinese Academy of Building Research

P. Karasudhi, Asian Institute of Technology

T. Kawai, Science University of Tokyo

S.L. Lee, National University of Singapore

Liang Qizhi, South China Institute of Technology

Serglo Machado des Santos,

Tanaskodic, United Nations University

T.H. Pian, Massachusetts Institute ot Technology

S. Valliapan, University of New South Wales

Oliveira, Technical University

University of Minho

iii

0.Cs University College of Swansea
and to the following sponsors:
" The State Education Cammission of
public of China
Technical University of Lisbon
University of Hong Kong
UNESCO
Education Department of Macau
The International Association for
Mechanics
Science University of Tokyo

Zienkiewicz,

People's Re-

Camputational

United Nations University
University of Minho

Liu Zhenqun
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President
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of Technology
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SUMMARY

he development and popularization of micro-computers
has brought the evolurion of computational methods in mar,
problams in solid mechanics and the algorithms of solving
large global matrix equations which can used on micro-
computers. Lately, couputer aided drafting in architec-
tural and structural designs of buildings are being deve-
loped ard certain realizations on micro-computers are now
available in practice. Jome future prospects in tie use
of mizro-computers in building engineering are alsc
stated in the paper.

INTRODUCTION

“he rapid develbpment of computer hardware aixl sofi-
wvare 1as brought about profourd effect in the evolution
of tir traditional corputational methods of structural
and cxntimnm mechanics. In the middle of the fifties,
the germination ard application of the Finite Element
Method has marked a great break-through in computational
mechanics. This advancement is due to the development of
the generalized variational principle coupled with the
come ‘nto use of com .ers in the fifties of the century.
The rerit of the former enables us to consider the dis-
placerents, stresses and strains of a problem as inde-
pendent functions without the necessity of satisfying
a priori the prescribed bourndary conditions. Fraa the
mathe wtical point of vieu, the pioneer work ' Difference
scheme based on variational principle n(1)
systematic discretization method for the second order
elliptical differential equations with constant or va-
riablz coefficients for arbitrary damain conficuration
with arbitrary boundary conditions. It has thus been
provel that the reliability of the theory of finite
element method is fully ensured.

presented a

he finite element method has proven itself to be
excellent in the analysis of bar-system structures and
plane stress or plane strain problems of plates whose
solutions can be easily worked out on small computers.
As to plate bending problems and problems of spatial
structures such as shells and suspended cable construc-
tiont due to the need of large computer storage, other
camputational methods should be recoursed to if small
conpuiers were to be used.

Bei jing 100013
China China

CTRUICTURAL ANALYSIS IN BUILDING ENCIMEERING

By tne generalized variational principle, the poten-
tial functional of the proolem can, in general, be re-

presented by:

. T T [[ T -T
1J=’§jj(5D6+ D X)dxdy - [Pdedy-—j s -
,n /! ol Ha anq

w0 L (1)
Cu
In general, the following interpolation formulae may be
adopted:
ulx,y) =J5 a; 4 ‘fi(x)%(y) ..... (2)
vix,y) =35 b5 Yi(x)%(y) cees (3)
wix,y) =§§cijcfi(x>wj(y) ..... (4)

There are many ways of choosing the Interpolation
formulae, each having its own features and merits in
application. The finite element method, presented as a
coivenient nethod of analysis of contimmm media Ly analog
witii discrete problems for which the computers have pro-
vided as powerful tools, is now recognized as a versatile
process of computation applicable to a larger variety of
building engineering problems. Houwever, due to the need
of large computer storages for most types of computational ,
problems, the alternate track of solution is to tum to
the semi-analytical approach of analysis. This will not
only reduce greatly the neged of computer sterege and the
computer time as a result of the much lower order of the
global matrix equation of the undetermined coefficients,
but also it can offer a good insight of the structural
behaviour of the structure under anzlysis and the rela-
tionship between the variations of internal stresses and
external deformations or displacements with the various
parameters of the structure. This makes the solution
quite adaptable and feasible on micro-computers. Further-
more, using the generalized variational principle in the
analysis, we can take the displacements, stresses or
strains as independent variables sAv$ the necessity of
satisfying a priori the prescribed bourklary conditions of
the problem.

The various ways of choosing the interpolation
formulae give rise to different computational methods,
all of which can be solved on micro-computers. They can
be erumerated as follows:



Sem -analytical Methods

(2)

(a)3ingle Series Solution

1f a series representation is chosen either for
fi(:c) or for )Uj(y) ard the resulting ordinary differen-
tial equation is discretized by any of the discretized
methods, the solution can be easily realized on micro-
computers.

(b) Finite Strip Method )

If a polynominal function or certain interpolation
func:tion is chosen for 701(’() and the beam function chosen
for %(y), then we have the finite strip method . It is
applicable for the static and dynamic analysis of tubular
structures in tall buildings, plates and shells on
micro-computers. Researches have been made to improve
the convergence of the method and some useful sugges-

tions have been obtained.

(c) Spline Finite Point Method(a)

If a B spline function is chosen for ?ﬂi (x) and a
beann function is chosen for t//j(y), then the method is
called the spline point method. This method has been
used in cases. where the boundary conditions can be
eas..ly approximated by such functions.

(d)' Boundary Element Method(S)

The vourdary element method has long been rccognized
as e vather important alternative to the finite element
method in the solution of many specific problems as it
shows to be more economical , more feasible for solutions
on nicro-computers with certain merits absent in the
finite element method. However, we should have, at our
disposal, the fundamental solutions of the problem. For
plates and three dimensional elasticity, they are alfeady
available in many literat:ures(6) (7)
the fundamental solutions of double curvature transla-
tional shells can be faotd by the plane wave decomposi-
tion met:hod(s) . If the direct method is used, some ma-
theratical artifices are needed to bypass singular inte-
grals of higher order but for the indirect method, such
singular integrals do not even exist in the computation.
Creat attention has been paid to this method and reseach
on its theory and application are being carried on at

. For shell problems,

present.

(e) Boundary Collocation Method (?7(10)

If the complete solutions of the governing differ-
ential equations of the problem are found, the boundary
conditions can be approximated by the collocation method
threugh the variational principle of minimum energy.
There are many ways of finding the complete solutions
such as ny the plane wave decomposition method. But the
rmettod of generalized Fourier Transforms based on the
thecry of generalized functions offers a very methodic

way of obtaining such solutions(u).

Other Discretization Methods

" (
ta! Variational T'inite Difference Method'lz)

The finite difference method used to be a rather
popular method prior to the finite element method but
tor rthe case of higher order of the governing differen-
tial equations and complicated boundary conditions, the
method has lost its attraction for practical purposes.
The merit of the finite difference method hased on the
variational principle lie in the fact that it has greatly
reduced the order of the differential equations by half
and that the boundary conditions can be incorporated in
the variational equations.

(b) Spline Function Method(la)(m)

The generally adopted cubic B splines are piece-
wise polynominals of the third order. It is continuous
to the second derivative belonging to c2. as a inter-
polation formmla, it is better than the third order
Langrange formula which belongs to c0 only and also
better than the Hermite formula which belongs to Cl. 8y
this method, the order of the global matrix equation s
greatly reduced as compared with that by the finite
element method. With the aid of Langrangian rultiplic =
the method can as well be used for problaems with arb.
trary boundary conditions.

(c) Spline Finite Strip Method '™’

£ in the finite strip method stated previously he
beam function for 5ﬁj(y) is replaced by the cubic B s} '
function, then the method is changed into the present
one with rmch better convergence in the calculation.
This is due to the fact that the beam functions which
contain hyperbolic fimctions are undergoing big véariz;'
tions in numerical values as the independent variable .
the beam function increases.

(d) Generalized Continuum-Discretization Method(lb)

For some complicated structures such as tall build-
ing shear wall construction with many openings along the
height of the building, the generalized continuum-discre-
tization method may sometimes be used to advantage on
micro-computers. The real structure is replaced by an
equivalent continmuum structure which is then discretized
for numerical analysis. It is generally found to be
sirpler in manipulation and smaller in the order of its
final global matrix.

(e) Method of Weighted Residuals‘l’’

Crandall first classified those methods of appro-
ximate analysis such as the ‘Galerkin, the least squares,
the sub-dorain, the collocation and the method of moments
etc. as the method of weighted residuals.lately, the
latter has been extended to include the finite difference
and the boundary element methods. All these methods can
be worked on micro-camputers with basic theory studied.



IUMERICAL IMPLEMENTATION AND SOFTWARE TECHNIQUE

For the numerical implementation of engineering
problems using micro-computers, besides the proper choice
of the method of computational analysis, the software
techrique for solving the simultaneocus equations of the
global coefficient matrix plays an important rdle.

For symmetrical and sparse matrix of high order, one
can adopt the method of storage of variable band width
and solution by blocks. In order to speed up the nume-
rical computations, it is important to reduce the num-
ber of exchanges of numerical datas between the incore
and low-speed storages. For this purpose, the method
generally chosen 'is to store all the diagonal elements
in the incore storage and none in the low-speed storage.
Although this method camnot reduce the order of the
matrix, but it will greatly raise the speed of computa-
tion of the amalysis. In such a way, we can solve a
matrix equation of the order of 2000 (double precision)
on a micro-computer like the IBM PC/XT with a storage
of 512 X. and this covers all ordinary problems of
contimun mech;'mics

For the solution of problems using the boundary
integral equation method or the boundary element method,
one nas to deal with matrices which are often fully po-
pulated wnd non-symmetrical. However, they can bc: made
symaetrical if & spline boundary element method is
recoursed to but for the solution of such matrices, we
can either use the method of orthogonal transformation
or the method of generalized inverse. If one adopts the
methcd of storage of the elements of the matrix of high
order by rows or by colums and appropriate exchanges
betieen the incore and low-speed storages are duly con-
ducted, then one can still solve a matrix equation of
the order of 1000 on a micro—computer such as the
IBM PC/XT with an incore storage of 512 K.

For linear dynamic problems, the Rize-lancoz method
can greatly speed up the solution of the eigen pairs
with a speed faster than that by the subspace iteration
nethod by one order of magnitude(w)
problems of tall buildings, the solution of the eigen
pairs by the perturbational method can be adopted to

. For vibrational

advaricage on micro-computers.

For non-linear problems, one can use the precondi-
tioned conjugate gradient method of solution on micro-
computers. This is quite effective due to the fact that
a traasformation matrix has been introduced to reduce
the number of conditions in the original coefficient
matrix and to reduce the total amount of work in itera-
tion-and storage. (21) '

New software programs are incessantly emerging to
replace the old ones as a result of the development of
the software techniques. The latest finite element
method software(lg) in China is one that has been proved

to carry out the static, dynamic, linear as well as the
nori-linear analyses on IBM PC/XT computers. Besides,

it possesses many new features and specialities such as
the possibility of inserting desired short programs into
it by users themselves, advanced dynamic solvers with
very reasonable data documentations etc. Other softwares
such as the SAPS84 CH, JIGFEX, HAJIF, Building Design
Software Package can all be used on small computers with
the aid of the technique of coverage and mass treatment.
It is expected that we can arrive at using still larger
software programs on small computers in the near future.

COMPUTER AIDED DRAFTING ON MICRO-COMPUTERS

Since 1985, much work has been done aimed at the
development of computer aided drafting on micro—computers
such as IBM PC/XT. The general policy is to push forward
AUTO CAD with domain of application directed at:

(1) Architectural Drafting
- mainly on drafting of architectural plans, eleva-
tions, sections and perspectives. At present, we
have already the CAD softwares ROKCE of Huayuan,
Bei jing, the BEIJING CAD of the Architectural and
Civil Engineering Society of Beijing and the CAD
of Liaoning and of Muanshan Institutzs of Archi--
tectural DCesigr:.
(2) Electrical Design Drafting of Buildings
~ under development by Huayuan of Bei jing.
(3) Structural Design and Drafting of Buildings
- at present, we have the FBCAD for reinforced con-
crete frame for analysis and drafting with
reinforcements. Similar programs also from .the -
Liaoning and Tienjin Institutes of Design and
Dalian Institute of Technology are available.
(4) Urban Habitat Plamning
- computer aided plamning of urban habitat and
drafting under cooperation by Shanghai Planning
and Designing Institute with Fudan University.

In order that computer aided design or drafting be
really helpful to the designers, they should be such
that the users have to give only the parameters of
design or of drafting and not the orders or the menu to
obtain the necessary design and drawings by the computer.
This substantially means that AUTO CAD should be linked
to certain higher computer language through stipulated
links so that the parameters can be processed through
the higher computer language to the AUTO CAD software
to make the computer to work automatically.

PASCAL has been successfully used in this réspect

through the link betueen the program of structural draft-

ing and the program for AUTO CAD by the document of DX
automatically generated by the conputer(zo). The Shen-
Yang Institute of Building Engineering has successfully
established the link named SCR between AUTO CAD and the



