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COMPUTERIZED STRUCTURAL ANALYSIS

By Jitjaroen Suntornpalin*

SUMMARY

The worldwide state of the art in the field of comput-
erized structural design is summarized. The superiority of
the matrix displacement method, using generalized coordi-
nates, over the force method is discussed. Development of
computer softwares for the construction industry is ocutlined,
and the feasibility of establishing & computer software cen-

tre within TRI is envisaged.

I. INTRODUCTION

The Classical Theory of Mechanics was originated in Europe in the
18th century. It was rapidly developed during the first half of the
19th century. The theory was concerned mainly with the exact solutions
of the complex mathematical expressions based on equilibrium equations,
compatibility equations, and boundary conditions of the problem. Due
to the narrow fields of its practicel epplication, the second half of
the 19th century saw the theory eventually transformed into a new prac-
tical form called the Theory of Applied Mechanics. The transformation
took place by the injection of some acceptable assumptions into the
classical theory; thus certain physical restrictions were relaxed to the
extent that practical solutions from specific engineering problems were
obtainable by various numerical means. Numerical results obtained from
problems in applied mechanics are of course approximate, but suitable

for practical usges.

Generally speaking, there are two analytical techniques which are
being used at present by practicing engineers in attacking structural
engineering problems, viz. the conventional technique and the comput=-
erized technique. Though both techniques stemmed from the same stunmp,

the classicel theory, their analyticel procedures are totally different.
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The mein difference is not only in the choice of numerical tools to aid
the analysis, but also in the style of mathematical backgrounds used in

formulating the related equations.

The conmputerized technigque yields great flexibility ir that the
computation cen be carried out in a well-organized fashion so that a sys-
tematic analysis can always be achieved by the aid of a digital computer.
regardless of the complexity and size of the problens. The humen brain
is totally replaced by the enduring machine which is capable of doing

conputation and menerizing things without being fatigued.

Analytical investigation of a structure with several degrees of re-
dundancy always involves 2 get of linear gimultaneous algebraic equations
with the number of unknowns cqual to the degree of redundancy. To 1llus=-
trate the conplexity of the conventional approach in attacking even an
ordinary structural problem, let us consider a set of eight linear equa-
tions of this type, where all congtant coefficients are non-zero. One
would be extremely fortunate if he could obtain the numerical roots of
the set by conventional neans in one working day, even when equipped
with a nost advanced desk calculating machine. Without any doubt, the
task becomes increasingly laborious and tiresome when the nurtber of un-
%¥nowns is increased. After a certain limit of, say, twenty unknowns,

the solution by any existing conventional approach nay be inpossible.

This is the regime where most structural engineers resert to a npore
effective analytical tool, and the digital computer plays the central
role in the nurerical part. The tool, discovered by an American engi-
neer named Hardy Cross {(Cross 1934; Cross and Morgan 1949), is universally
known as the moment distribution method. It was in the past very pepular
among engineers. The other version of this method, developed later by
Kani (1967), is even more suitable to be implenented on the computer,
However, this method is in fact the liniting case of the nore general
procedure of Southwell's (1940, 1646) relaxation practice, sonetimes
referred to as the iteration on finite-difference method, and hence the

three names arc always interchangeable.

The basic principle of the relaxation practice depends entirely on
the technique of finite difference approximation to the differential

equations of the idealized problens, based on the idea of Gauss' relaxa-
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tion process. The practice is considered suitable fer the analysis of
highly redundant structures such as nenmbrane structures and plates and

shells of arbitrary geonetry,

Methodolegically speaking, the relaxation practice involves systena-
tic iterative operztions ir transforming, in effect, the fictitious con-
figuration of a structure, due to its initially assigned hypothetical
constraints, to anr acceptably relaxed state, The result so obtained is

regarded as only approximate,

Matrix nmethods of structural analysis came up te replace the
finite difference method because »f their greater flexibility together

with the general availability of digital computers in the recent past.

A practice calling for the sinmultaneous use of both techniques, i.e.
the matrix methods for formulating the related eguations and the iteration
technique for the nunerical sclution of the equations, is currently en-
pleyed in conjunction with the digital computer by structural engineers,
This fashion of analysis helps tc reduce the requirement for space in the
computer's core storage to a ninimum. Nevertheless, all methods involving
iterative operation yield productive results in only narrow fields of
practical application, and a full utilization of the computer's capability

is not always possible.

As mentioned earlier, nuwierical analysis of redundant structures
always involves a set of lincar simultaneous equations; solving for the
unknown is therefore conveniently achieved by using nmatrix algebra and e
digital computer, But one nust not be nistaken in thinking that & con-
plex machine should be used enly for solving a set of such linear egua-
tions or for performing iterative operations. The conputer should be used
to substitute for the husar btroain right from the beginning of the analy-
8ig, and it remains under the auntonatic ceontrol of the programme until the
desired results are fulfilled. Suchk a nmaxirmm utilization of the conputer

can oanly be achieved in structural analysis by applying matrix nethods.

The gcope of this report is tc review the basie idea invelved in
modern techniques used in structural analysis. The idea is based on a new

conceplt of nman~computer relationship.



I1I. IMPACT OF DIGITAL COMPUTER ON STRUCTURAL ANALYSIS

The nost computer~conscious nation in the western world is of course
the U.S.A., wherein the computer has become an inportant tool in various
gsections of technology. Two important aspeects concerning the nan-conputer
relationship have undergone active development since the beginning of the
last decade. OCne is the "hardware" or equipment, and the other is the
ngoftware” or the meesns by which the user and his machine cormunicate.
Apparently, the former had undergone developrment faster than the latter
in the past «a rather anfortunate situation. Hore recently, due to the
vast undertaking in research work leading to the idea of integrated pro-
grarming system, the latter has begun tec gain developing speed, but even
now its status is still far below the level of the development of the

hardware,

As we in Thailand only use but never produce computers, our direct

concern is in the software developnent.

One of the many importent events which took place in the past in con-
nection with software development was the emergence of the "procedure-
oriented programming language". This cen be congidered as the first and
nost significanf forward step in software development whereby the diffi-
culty concerning the man-machine communication has been overcome for the
first tine. Programming in the machine code hes been thenceforth replaced
by plain English, Scientists end engineers have been relieved from the
hard work of coding, and could devote themselves more fully to creative

work. FORTRAN is one of the best lmown languages in this class.

To mateh the increasing speed and versatility of the newly developed
equipment, the second level of the programming systen, called the "problen=-
oriented languege", was subsequently developed. The ALGOL {(stevens 1965)
is o language which significantly exemplifies this class. Problem-oriented
language has been used extensively in programming special problems where
the use of ordinary FORTRAN would be less convenient, although not impos-

sible.

The writer feels that the advent of the problem-oriented programming
system was not just an ordinary incident in the normel sense of the com-
puter software term; it was in fact an evolution im the area of man~conm-

puter relationship. Its existence hes fostered advancement in the struc-
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‘tnra1 ﬁn§inaéring field tremendously. For this reason a fuller account

of this development will be given in Section IV (iii).

It has kappened in wany advanced countries, particularly the UudSeiiny
- that maky sipilar progfamnes have been Beveloﬁed by séveral organizations
at appreoxinately the same period. Since a considerable anount of expen—
diture and effort was needed in developing a serviceaple progranme, & new
idea to save prograoning isolationism was therefore conceived recently at
M.JI.T., and & systen called ICES (integrated civil engineering system)
was evaqtually get up there. The projeet hes been sponsored jointly by
M@IQTw; I5M, and & few U.S. governméntal agencies. Another sinilar pro=-
ject which exenplifies this class well, called PLIN (problen language
snalyser) {Tung and Carsen 1968), is being developed by IBM. Perhaps it

is legitimate to nane this stege of development the third level,

Unfortunately, our chance of uesing these systens is very din, at
least for the tinme being, for théy can only he inplenented on & machine
which costs sbout $125,000 a year to rent. Obviously, this class of

pachines belong to the third generation.

Tung and Carsen (1968} have proposed a new approach to avoid the
andue overlapping of expenditure due to programning isoclationisn. They
have saggested a sort of cooperative systeu to pool all branches of
engineering soitware together. They called this systen the "universal
programe®, This is by far the largest undertaking that has ever been

attenmpted in this direction.

We will now turn our attention to our gspecific topic, the develop=-

nent of man-nachine relationship in the area of structural engineering.

, Rapidly increesing availability, both in nuuber and choice, of high
speed digital conputérs in recent years has given 2a great inmpetus to
nodern nethods of nunerical analysis in which the computer plays an
inportaht role, and left behind the conventional approaches in which only
pencil, paper, and glide rule were normally employed. Structural engi-

peering has not been left out of this innovation.

What we gein froum switching to the computerized technigue of analysis
is threefold:

- firstly, the nachine relieves the analyst of the drudgery of tedious
conpatations so that he can devote himself to more creative and fruitful
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works

- secondly, the size and complexity of the problen is nc longer a

formidable obstacle for engineers;

- thirdly, time and expenditure are saved without sacrificing the

accuracy of the result.

The most efficient means of employing a high speed digital conputer
in doing nuwmerical computation is by giving it instructions containing
recurring caleculatione, by which the machine has tc obey the instructions
in a certain pattern of multiple loops. This procedure coincides with
the way in which the operation of natrix equations normally takes place
on the computer. Normally, subroutine instructions for matrix computa-
tions cen be written down by a competent programmer for a digital con=-
puter; however, some machine accept what is known in the United Kingdon
as the matrix interpretative scheme, such as the BEMAT end SEIMA {Argyris
and Patton 1967) for instance, This type cof matrix code enables the
engineer to programme all matrix operations by using only sinple instruc-
tions; thus the programmer's work load is appreciably reduced, for each
natrix notation can be treated in the programme as an operand, a mere

single algebraic entity.

Moreover, the complexity of continuous structural systems which are
intricately built up demends the use of a computer, not only for the
gsolution of simulteneous equations, but also for the complete process of

static and dynemic enalysis as well.

Thus one may appreciate by now that, by working in ternms of matrix
algebra, the analyst is able to formulate natrix equations capable of
being programmed in a completely automatic sequence of computer operatiocns,

cormencing with the basic data and concluding with the desired results,

1I1. THE CCMPUTERIZED TECHNIQUE

It is quite natural that both the iteration and matrix methods pos-
gess their own efficiency and shortcoming. A proper choice between the
two methods depends almost entirely on the past experience of the analyst,

the type of problems, and the type and cepacity of the conputer availeble.

Although the finite difference technique is still popular amongst
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those who use small computers, its scope of practical applications is
relatively narrow due to its limited capability in coping with the com-
plexity of the present-day structures. In fact, machines with core capac—-
jties of 60 kilcobytes or more are not uncomnuon nowadays. With these ma-
chines we do not have to stick to the finite difference technique, since
their core capacities are sufficient to accormodate average problems of
today using the more sophisticated matrix methods. In the writer's
opinion, the finite 2difference technique has no possible potential to be
developed further tc the extent that its fields c¢f application can be

expanded to cover the whole range of practical problens.

(i) Structural idealization

Theoretically speeking, a continuous structural system should possess
an infinite degree of statical or kimematical indeterminacy. One way to
find an analytical solution is to devisc some means of bringing cown the
number of redundancies to something finite. The siress and strain dis-
tributions calculated on this basis are obviously appreximate; the accu-
racy of the results depends on the degree of jdealization imposed on the
structure. A good example showing how a structural system is idealized
is the stendard assignment of ideal pin-jointed property to the semi~-rigid

joints in frameworks.

When we talk in general ezbout the standard idealization of a struc-
ture we must inagine that our structure is covered with a2 suitable ficti-
tious gridwork, composed of a certain pattern of gridlines, whose inter=
sections are called nodael points. An area enclosed by gridlines is called
an element. Stresses and strains within elements and on gridlines are
agsumed to be functions of geometry. By idealizing our structure in this

. fashion, the analysis is thus possible using the finite element technique.

It is essential to note that, as fer as the numericel process is
concerned, any analysis involving iteration process yields only approxi-
mate results, whereas the matrix methods, on the cther band, render exact

sclutions.



(ii) Adventage and disedvantage

Matrix methods

Adventage:

(1)

(2)

(3)

(%)

(5)

(6)

Suitable for any type of struc-
ture, simply or complicatedly
built up., Difficulty in pro-
graruing does not aerise due to
size and complexity of the prob-

lem,

Suitable for application to both

static and dynanic problens.

Investigation concerning struc-
tural optinization is possible
since the analysis always leads
to the influence coefficient

natrices,

Structural alteration, modifica-
tion, and cut-cuts can be nade
to the problem without repeating
the calculation right from the
beginning, since only a few re-
af-

lated natrix elements are

feeted by such changes,

Prograomes and arithmetic errors
can be checked, and if an error
is found, it can be rectified at

various stages of conmputation.

Every step of the matriz feormula-
tion depicts a transparent re-
lationship between mathematical
and physical concepts of the
structural theory, therefore a
consistent programme which en-

hances systenatic computation

Iteration methods

Digadvantage:

(1)

(2)

(3)

()

(6)

Suitable for only a few types
of the not-so~complicated
structures. Difficulty in pro-
gramming may increase as the
gize and complexity cof the prob-

len increase.

Suitable for static problens

only,

It is inpossible to perforn
structural optimization without
paying undue cost for computing

time and programming expense.

Structural alteration, modifi
cation, and cut-outs cannoct he
nade to the problem without
repeating the calculation right
from the beginning and, very
often, new prograrnes are

needed.

Prograrmes and erithmetic er=—
rors cannct be checked at the
intermediate stage of computa-

tion.

Since the theoretical background
is lack of relationship betweer
phyeical and mathematical con-
cepts, it is therefore rather
difficult to set up a well-
organized apalytical course upon

which the task of progracming



can be produced.

(7) Piecenteal calculation can be

achieved by virtue of the matrix
algebra; hence a big problem can
be computed in part when a one-
tine computation is not permit-
ted due to the limitation of

compﬁting store.

Matrix methods

Pisadvantages

(1)

'(2)

Theoretical backgrounds are con-
temporary and rather conplicated,
Optimun results of the anelysis
can only be atteined through the
discreet exploitation of the the-

ory by experienced engineers.

For a particular problen, the ap-
plication of the matrix methods

in the analysis always requires a

larger core nemory than the itera-

tion metheds.

(7)

(1)

(2)

can be based; thus to produce a
perfect programme the progranner
nimself should possess a lot of”
experience, not only in the areé
of programming techniques but in
the field of numericel analysis

as well.

I+ is not possible to employ
piecemeal calculation without
unduc expenditure; this entails
s linitation thot only a limited
number of unknowns can be con-

puted on a certain conputer.

Iteration methods

Advantage;

Theoretical backgrounds have
been well known to engineers
for nany decades and are com-

paratively siomple to understand.

For & perticular problen, the
application of iterative methods
in the analysis always requires
a smaller core nemory than the

natrix rethods.

1V, THE MATRIX METHODS

(i) General description

The ability to deal with a given gstructural assembly of arbitrary ge-

ometry and complexity by applying the process of structural idealization

to subdivide it into a number of substructures of essentially simple com=



ponent elements is one of the main features of the matrix nethods. Inside,
as well as on the boundary of each component element, the stress and
strain distribution can be adequately cdefined by a simple assumed forn.
To ensure the continuity of the assembly, the static equilibrium or kine-
netic compatibility at meting boundaries between adjacent elements must
be maintained throughout the structure. One can expect, consequently,
that appreciable complexity in dealing with numerical conputations nay
arise, not only in carrying them out but also in defining then initially.
This is the stage in which the strain cnergy theoren and matrix algebra
each play a part. The matrix equations developed in the theoyy.nay .be
regarded as a series of renerkebly concise computational instructions, by
means of which the final results of the analysis can be formed directly
in terms of the basic data. These matrix equations have, moreover, the
great virtue that they can be easily interpreted by an electronic digital
computer. Thus the special programuing of the computer to cerry out the
computation for a particular problem follows directly fron the metrix

equations of the analysis.

The simplicity and generality of the matrix language also have enor-
rnous adveantages fror the analytical point of view. They enable us to
build up the general theory, follewing a simple physiczl argument fron the
fundamental icdeas, with a clarity and generality quite imposeible by any

other neans.

Furtherniore, in practicel stress analysis, it is not uncommon for the
analyst to be faced with problems concerning structural discontinuity, e.g.
a cut=out in shell structures of stressed skin aircraft. In such cases
the matrix methods are undoubtedly far superior to other methods, if the

effects of such discontinuity have to be accounted for in the analysis.

Last but not least, the application of matrices introduces an excep-
tional conciseness and trensparency of mathematics, which is quite impos-

3ible with the conventional notation,

(ii) Outline of theoretical developuent and practical applications

The trend of structural analysis started chenging from the conven=
tional longhand methods invelving onerous manual conputations towards the

nore sophisticated netrix methods since the advent of the high speed elec-
tronic digital computer towards the end of World War II, Aircraft struc-
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tures at that time had becone increasingly complicated. The emergence of
the matrix methods of analysis wes, in fact, the result of the struggle
of a number of eeronauticel engineers who, with the notion to expedite
their aircroft stressing work and yet meintain an acceptable level of
result accuracy, wished to establish & system by which 2 simplified and
systematic analysis of their increasingly complicated aircraft structures

could be achieved.

Owing to the nethods! benefiecial virtue in various aspects, such as
gimplicity and clarity, combined with compactness and general applica-
bility, they have become, thencefprth, increasingly popular smong struc-
turel designers in other fields of engineering as well. At present the
nmethods are generally recognized as the most powerful tool in the numeri-

cal analysis of engineering structures.

Theoretically spenking, there are two basic principles upon which
the formulation of matrix equations are based, viz. "the principle of
virtual work or virtual displocement! and "the principle of complementery
virtual work or virtual force". The former method deals with kinemctic
formulation of the related matrix equations in terms of the unknown, ac-
tual or virtusl displacements, whilst the latter concerns static derive-
tion in terms of the unknown, cctual or virtual forces. It is teo ex-
plicit and irrelevant to the purpose of this appraiscl report to give
technical detzils of the two principles. Readers who are particularly
interested in these natters should consult Argyris (1954, 1957), Argyris
and Kelgey (1956a, 1956b, 1963), for instonce.

Much of the early work was contributed by only a few notable authors,
guch as Argyris (1954,1957), Argyris end Kelsey (1956a, 1955b), Langefors
(1951, 1952), Falkerheimer (1953), end Xron (1955). Every one of these
contributors, execept Argyris, dealt principally with either of the two
principles separately. Argyris was the first and only person amongst
those few mentioned who deeclt simultanecusly and explicitly with the two
principles in great detail, ond, moreover, it was he again who pointed out

the duality of the two prineciples,

Development of the matrix methods may be chronologically grouped into

three stages:

(1) In the primary stage; the analysis was linmited to only & few
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typea'o! aircraft substructural assembly, such es rectongular and tapered
spars, box-type wing spars with multirib, closed and open, single and
multicell tubes. Computer programming in those days was extremely diffi-
cult, for it had to be coded in the machine language (Hunt 1966). Pro-
gramne deovelopment was also costly.

(2) Towards the end of the last decade & radiecal change took place
in the trend of theoretical investigation. The finite elcment technique
had been adopted as & standard anclyticel practice, whereby all structurel
problens could be solved. This is the generasl approzch concept. This
happening coincided with the emergence of the procedure-oriented language
nentioned earlier. Thus new namés such as Ferranti's autocode were heard
in the U.K. and FORTRAN in the U.S.A. for the first tine. Library soft-
ware had not existed until around 1960 when the computerized technique

began to gain enough attention among civil engineers in the U.S.A.

The nucleus of the finite element technique is the influence coef-
ficient matrix of the structural system. This matrix could be formed by
using matrix methods. Once an influence coefficient matrix of a struc-
tural systen is formed, the relationship between forces (or generalized
forces) and displacements {or generalized displacements) could be estab-
lished, and thence the problem can be solved by resorting to either itera-

tion practice or matrix methods.

Success or failure resulting from applying the finite element tech-
nique is due mainly to the choice of structural idealized petterns on
which the whole process of snalysis i#& initially based. Congruent choices
depend solely on the insight and past experience of the analyst. Concert-
ed efforts have been expended, on both sides of the Atlantic, in studying
various shepes of elements of varying degrees of complexity. The result
of these studies is a fairly rewarding one, for we now have quite an ex-
tensive range of elegaent idealized elements, each of which has its own
sﬁecial feature, from which they can be selected to fit into our best
idealigzed pattern conforming to the external shape of our specific struc-

ture,

One of the foremost contributors of the finite element technique is
J.H. Argyris who, with his essociates in London and Stuttgart, has laid

out a comprehensive conmputerized procedure for the anelysis of highly
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redundant siructures which may occur in any brench cf engineering (Argyris
1964, 1966, 1667; Lightfoot and Sewko 1960). The Argyris systen of enal-
ysis is equally appliceble in all domains of mechanical behaviour, i.e.
alastic, inelastic and plastic, of materials meking up all possible struc-
tures. Nevertheless, it should be borne in mind that the Argyris syster,
though possessing verious merits, is basically laid out in the form of
conceptual backgrounds, its real practicel value depending entirely upon
the user's engineering intuitive ability in Inowing how to rationalize

his specific problemns. In other words, if a failure occurs using this
aystem, it is not because of the disservice of the theory but cf the user

himself for lacking the real insight to cope with his own precblens.,

(3) A manifold increcase in the number of computer users in ell
branches of engineering, coupled with an increasing availebility of the
second and third generation nachines, gave birth to the integrated pro~-
gramning systen. The importance of this pysten, to the structural engi-
neer, is that it allows hin to epecify logically the related problems in
his programmes in plain English that the conputer ocan understend. ASKA
(Argyria end Patton 1967), a systen developed by Dr. H. Kamel and his col=-
league et ISD,* is a good example of this systen.

One can view this system from enother angle as a very efficient moni=-
tor system by which a large nunmber of "job-oriented subsystens" are se-
quentially brought to their respective locations to assume tenporarily

their active commands in the computation.

Further details concerning the developnent in this category is given

in the next subsection.

(iii) The integrated programming system
In principle, the shape of the development of structural design is
now being moulded to the form of the general design of structures. In-

cluded in the concept of general design are the following factors:s
"~ structural loading
- structural geometry

= gtructural stressing

% Institut fir Statik und Dynanmik der Luft- und Raunfarhtkonstruktionen,
Technische Hochschule, Stuttgart.
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- structural optimization
- construction cost.

To incorporate the above efforts girmltancously into the design sye=-
tenm will amount to performing the complete anelysis of a problen involving
systems analysis, whiech is indeed & vast undertaking involving & great

deal of financiel and nenpower supports.

To depict clearly the extent of the development of the third level
prograrming language that has already occurred as well as its future trend,
the writer will present some original words given by notable authors in
various fields of engineering. The quotations eare extracted fron texts of
reference {Argyris and Patton 1967) which was presented at the symposiun
on the impact of digital computers on engineering, held in. 1967 at the

Royal Aeronautical Society, London.,
wppofessor J.2. Argyris and Mr. ¥.C. Pattons

1,..0ur own software developuments are primarily oriented towerds the
metrix interpretative codes needed tc inplenent our theories...Our
current project in this field is the new code, ARGMAT, language
for processing data menifolds or any conplex branched data struc-
tures that nay arise in engineering analysis...The features required
for this language are:s
(1) That it be able to haendle large supermatrices efficiently.
(2) That it hes dynamic storage allocation over 2 hierarchy of
stores.
(3) That it be easy to programme and check ount 2 new programie.
(&) That it be not only easy to write but also easy to read, 80
that an existing prograrme be intelligible and documented
by its own text.
(5) +. ARGMAT, nemely generalized ALGOL, is so generalized thet
it is trenslated to an intermediate language which is still

more general than FORTRAN,..

t...The trend in computer applications nowadeys is- towards so=-called
applications language, «..developed by Dr. H. Kamel and his Applied
Program:ing Group at the Stuttgart Institute. Such languages allow

virtual automation of produetion, planning, and analysis pfocedures,

but they still require seme hurman cffort for modelling, data prepa—
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ration, lineer idealization, co-ordinate deternination, ete. OSuch
application packages will improve in at least two major areas in
the next five to ten years. First they will have to allow cormuni-
cation with the enginecer or designer in his‘own language, the lan-
guage of graphics. Second, this very facility will require that
mnore sophisticated methods of analysis be embodied in the sub-
routines of the package itself, For exanple, a designer should

be able to have an instantaneous stress or dynamical emalysis of
ony three-dimensional object or integrated assembly of objeects he

can draw on a light pen display consocle...'
"Dr, H, Eamel (discussion):

'The heart of the integrated systenm...is a language designed to help
the engineer to describe his problem to the computer,..the first
prograrmer's manual describing our systen, ASKA, was issued by our
Institute.® Our systen also is based on dividing the complex struc-
ture into a number of substructures which we call "net"...

While we are pleased with our language as a description one, I
am well aware of the amount of development that oust still take
place before & really integrated system evolves which will also
incorporate facilities at the disposal of the aerodynanicist, aero-
elastician, draughtsman and production engineer.

Our system, ASKA, is not merely a collection of subroutines; it
has an interpreter which accepts statements written in a new arti-
ficial language eesily understandable by ar engineer with a logical
nind. Structursl engineers with little knowledge of computers and
even, in an extrerme case, unfapiliar with the Displacement Methed,

have solved problems using ASKA...' ".

V. A SURVEY OF EXISTING SOFTWARE

A complete list of world'!s existing softwaere in the area of civil
engineering is published regularly in the "International Cemputer Prograns
Cuarterly”. This publication is intended to melie known to the public the
availability of programmes for all rodels of computers and to serve as &

communication between those who have prograrmes and those who need them.

# Institut f8r Statik und Dynenmik (ISP) der Luft- und Reumfahrtkonstrule-
ticnen.
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Unfortunately, the writer still has had no opportunity to see a copy of
this publication, but has alreedy pnade ¢ request to THDC for a sanple

copy acquisition,

The follewing presentation is totally based on the very limited in-
formation acquired from available technical literature found in the TNBC

library and the writer's nersonal collection.

It is rather profitless to enunmerate here the programme titles and
published information which had been come across by the writer, since our
primery interest is nerely collective in the broad aspects of software

development and engineering applications.

It has been observed in current practice that two types of software
are always mentioned; One is the sectional type, exemplified by & ultie
tude of programmes for caleulating stiffness matrices of idealized ele-
nents. To form a serviceable programme, several sectional programmes have
tc be joined together by suitable interspersed passages written by the
user himself. The second type ie the ready-made or self-contained pro-

grarme which normally requires only specific deta when being used.

In advanced countries nost organizations keep their technology and
software tc themselves, ard they never nake then available to others con-
mercially. Tc the writer's knowledge, only one software has becen pub-
lished in a technical report. Anyone who cares to use it can dec so free
of charge. This software belengs to the Building Reseerch Institute,

Aoorkee, India. (Sec Goyal and Sharna (1964%) for further cotails.)

The writer hes alreadr tried tc dig deeply into whati they are doing
in edvanced countries in the fields of computerized analysis, and could
recach as far as the published information and programe titles and no fur-
ther. This was one of several factors which slowed down the development
of the gencrel approach technique, for e lot of manpower, time, end ex-
pense had been expended in duplicating similar prograrmnes in the past.

What we need now is a joint effort to aveid such unfortunate circumstance.

VI, OUE PARTICULAR PROBLEM

Several digital computing machines now installed within various pre-

nises in Bangkok are guite suitable and alsc availsble for structural anal-
ysis use.
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The IBM 360/40 at the National Statistical Office has core storage of
64 kbytes and the 1420 at Chulelongkorn University has 20 kbytes (it prob-
ably hes been enlarged by now). The Asien Institute of Technology and the
Royel Irrigation Department each has one IBM 1130. The 1130 is 2o very
fast machine belonging to the third generation, but it has core capacity'

of only & Xkbytes.

Generally speaking, the larger the core capacity of the machine, the
better it can serve our structural analysing purpose, since our main cone-
cern is matrix operation, An ideal machine for structures use must have

core capacity of not less than 60 kbytes.

Expansion of conputer business in this country is now in progress.
Cormercial firms have beern established recently to provide ceomputer serv-
ices to the comnmerciel sector. If the great majority of local engineers
turn attention tc the idee of men-computer pertnership and start using
computers more in engineering works, better facilities will be availaﬁle

especielly for engineering uses in future.
Our objective is a twofold tesgk:

- tec expose to the locel engineer the idee of man—-computer partner-

ship;
- to establish the computer software centre.

0f the two tasks, the former ia far nore difficult than the latter.
While the latter concerns ourselves only and is supported by our own
organizetion, the former needs a full response from the construction secec-
tor as wcll as the educator who is responsible for planning the engineer-

ing educational systen of the country.

Success of our effort will depend on twoc basic factors: environnent
and good planning. Discussion conecerning these two matters will follow

immediately.

(i) Environment

Thailand is a developing nation. A developing nation requires three
najor resources: naterial, manpower, and finance. Our n2in concern here
is nanpower. Ve all are well aware of our shortage of tecknical people,

particularly engineers. This shortage can, of course, hanper the progress
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of our development tremendously.

Establishing a conputer software centre is one of the many ways to
compensate for the acute shortage of local engineers working in the field
of engineering construction. ‘The major function of the centre will be to
foster the use of the computer as a normal tcol in structural design work,
field work, and construetion managenment by developing general-purpose
softwares and making them available to all whe want to use then and, on
the other hand, to aét as the co-ordinating body between different parties

concerncd who want to share the same area of technclogical interest.

We have lcarned fronm the past that the U.S.A., for instence, had
wested a vast anount of resources by having failed to set up in time sonme
sort of co-ordinating body to centralize the effort in the development of
their conputer software into one composite organization, We have also
learned froem them that they had realized just recently their great loss;
otherwise they would not be too enthusiastic now about laying out big pro-
jects focussing on the area of integrated prograrming systems. NASA is.
now busy organizing the effort to lay cut a standard code for the analysis
of erbitrary structures. Cur nation is a poor onme. We therefore could
not afford to waste our rescurces in the same nanner as the U.S.A. has
done in the past. For this reason, we rmst establish a computer software
centre to funeticn as the centre of research work in this field of tech-

nology.

(ii) Projeect planning

The writer has been convinced by previocus study of softwere develop-
ment in advanced countries that, if we want to develop a project along the
lines of an integrated prograrming systen, we nust make it a permanent
one; otherwise we would not gain anything at all. India, our neighbouring
country, has been successful in establishing a permanent computer scftwore
centre, of the kind we are proposing, many years ago at the Central Build-
ing Research Institute, Roorke. According to an annual report of the In-
stitute, tﬁey have quite a few programmes now and are doing well in serving
their local requirements. One factor that'has furthered their progress
has been that they have had quite a few top-grade research workeuvs partici-
pating in the project. .@O nention just one, Professor G.S. Ramaswany, the

present Deputy Director of CBRI, is an excellent scientist with foresight
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who is leading the group.

Our future success in carrying cut our task will depend conpletely on
the response of professional people working in two separate fields: the
structural engineer,and the educator who has direct responsibility for
planning the future system of our engineering education. Our services
rendered to the former group nay last indefinitely if we receive enthu-

- gimstic response from the group.

Enginecering students in advanced countries nowadays are taught to get
used to the digital conmputer as nuch as they can, even at the undergrad-
nate level, Being faniliar with the computer, those students react nat-
urally towards the machine as their clese colleague. After graduation
those who go to industry, whether working in teams or individually, find
that the machine remains their indispenscble tool which they must resort

to whenever they face nuuerical probleris.

The writer feels that if we want to injecet the same discipline inte

our engineering students, the educator must initiate the move.

At M,I.T. the subject of structural mechanics is being taught to
engineering students at undergraduate level in two parts. To teach intu-
ition, theoretical backgrounds are duly emphasized in the first acadenic
phase. Teaching in the second acedemic phase concerns nainly practical
applications, in which matrix methods of gstructural analysis with numeri-
cal application on computers are duly iﬁjected. In the writer's opinion,
this computer-based method of training is ideal. It should be adopted in

Thailend as soon as possible.

Dissenination of technical papers and organizing seninars will also
help to foster traditional development along the line of conputerization.

The ides of doing these is included in our master plan.
Cur nmaster plan incorporates two major projects:
- the pilct project, and
- the main project.

The pilot project will be meinly the developuent of at least two con-
puter prograimies laid out to test the public response and reactions to-

wards our idea.
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Tentatively, we plen to produce two or three ready-made programnes
which are cormonly used among structural engineers. The first six months
of our pilot project will be spent in developing two self-contained pro-
grarmes, bne of which will be for the analysis of typical rigid and seni-
rigid jointed nultistoreyed frames where their members cross each other
at right angles; the second prograrme will be for the same sort of frane-
works but the members of which cross each other at arbitrary angles. If
time permits, a2 more advanced progrémme nay be investigated taking into

account the effect of sheer-wall and flcor astiffness,

It is expected that these programmes may recei&e further developnent
during the second six-nionth period of our proposed two~year pilot project.
They should be developed in such a way that a systemetic procedure for
structural optimizétion investigations will be naturally incorporated in

the previcus progranmes.

Having progressed that far in the first twelve-month period, we will
continue thenceforth to investipate decper into the possibility of devel-
oping detail design systems tc be incorporated in the previous programmes.
Thus the effort in this phase will be to produce automated design of con=-
stituent nenbers of the structural problens subjected to axial as well as
flexural loads, detail design of footing, foundation, etc. It is antici=-

pated that this phase will lest about six nonths,

The final phase of our two-year pilot project will be spent in ob=-
serving and evaluating the public response to our effort. Mathematical
statistics and operational research may be enployed in eveluating the

result as well as in laying out the nain project.

The above plan is based on the capability of one resecarch worker
alone doing the whole work on the half-time basis., If ¢ staff is formed

in future, then the plan has to he revised acecordingly.

" Plenning for the mein projeet could not be revealed now for lack of
supporting information, and we have to wait until the pilot projeet is
nearly finished., Fowever, a tentative outline of the policy can be laid

out as follows:

(1) Investigetion will be oriented along the concept of integrated

prograrming systen,
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(2) Systen analysis will be used wherever possible.

(3) The Matrix Displacement Method will be used mainly in this pro-
jecto

(&) Structural optimization will comply with the methed of struee-
tural synthesis.

It is expected that in developing our progrermes the IBY 360/40 at
HEO will be used until the computer unit is established within our own
organization as planned. Previous contact revealed that the utilizetion
will be free of charge provided that our authority sends a formal request

to NSO prior to the cormencing of utilization.

(iii) Technclogical cooperation

It is inportant that, if ocur purpose is a complete success, we then
have to meintain some sort of contact with the cther similar organizations
in order to share their advanced technological knowledge. Oinee ocur task
in thie undertaking is a unique one in the country, it is therefore ob-
viously impossible for us to cobtain any technological cooperation (other
than computer technology) from inside the country. This circunstance
leaves us nc other choice than to seek it from abroad. But the writer
would like to make it clear that what we need in this context is not for-
eign eid in the nornal sense that a developing country needs from a nore
advanced one. Our expected cooperation ranges from the low level of ac-
quigition and rutual exchange of technicel data, information, etc.
through the medium level of technological consultetion and exchanging
views on each cther's progress as well as comparing the result of works
to the top level of possible participation in joint discussions, seminars,

synposia, and conferences on releted subjects,

At least the first two levels of contact must be maintained all the
tice between our group and the other friendly organizations concerned

abroad in order to avoid isolationisn,

Incidentally, there are at the moment at least two groups of research
workers, led by Professor J.%. Argyris, working separately in London and
Stuttgart, with whon formal contact can be nade irmmediately after this
projeet has been approved by the Board. These two groups are highly spe-

cialized in the matrix displacement nmethod in particular., Previous per-
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sonal contacts revealed that they were extrenely fraternal and ccoperative,
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