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In this paper a genera! melbodology for CompUla-Aided LeamiDg (CAL) in sauctural mccbanics is
presented. An application of this methodology for the linear analysis of contiuuous beams wiIh mattix
methods is pn:senlCd Mon:over. ocbcr applications to the das1ic analysis of plaue frames aDdcontinuous
sttuelW'eS using triangular finite ekmcnu (in cIc'vdopmentaage) are pmrcnted. Thex applicalioDswere
developed for the mM PC. XT. AT. PSIl aad compaIibles.

En esre articulo se plantea una metodologia general para la Enst:ianza Asistida per Ordcnador (EAO) en
Mecinica Estruetural. Se ~senta una ap1icaci6a de esu metDdologia a! An4lisis Elastico de VlPS
Continuas per Metodos Malriciales. AdemAs, se preseDWI ocras aplicacioncs a! ADilisis Elislico de
P6rticos Pianos Y EsIruc:turas Conrfnuas utilizando Elemealos Finitm TriancuiaJes (Eo etapa de
desarrollo). Estas aplicaciones se estlin desamJl1Andopara ordmadncr:s mM PC. XT. AT, PS/2 Y
compatibles.

The overall objcaive of this wort: lies ill the dcvclopmeDt oi an integral methodology fer Computer-
Aided Leamillg (CAL) ill topics telated to sttudUI'aI analysis. This metbodology should be useful botb
for students of eJlIincering rchools as wdl as for the ~niq of IIdmiciaDs of alIDpIIlics iInolvcd in
this aieL Firstly. the educarional programs will coofront basic problems like the linear analysis oi
continuous beams, trusses and frames. Fonowillg Ibis, men: compla problems like !he dyuamic analysis
of frames and the linear aDdIIOIl-li_ aDalysisoi coeriIMIOIJSSII'UdIIIa umc the finite c1emems method
are solw:d.

ID the deve10pmcnl of these JlIOIOIIISfor CAL, the use of the ffiM PC. XT. AT family oi micr0-
computers and camplIlibles bas beea adopIec1.1lIis decisicm was raIteIIOIl lbe pounds lhal _ oi the
equipment in use al instilutions oi middk and higllcr cducalioa an: ClllIDputersof Ihts DRd. MorawCl'. the
practical use of these kind of propams n:quires low coa CllIIIplIIeI'Sill order to penDillbe _ 01 diem for
courses with a large quoca 01 SlUdc:aU. Alllbese facts are e'VCII_ relevant in educ:atiooal iasti'wions ot
developiDg coumric:s fclr which Ihe U'lIiniIlgJlIOIRIDSck1doped wiDbe panicuWiy useful



The methodology that is proposed fOl"CAL of SlnJCtUn! mechanics problems integrates in a coordinated
manner three essential areas of educatioo ill the scic:ntific/technical subjects. These areas are: THEORY,
EXAMPLES and EXERCISES, and each is outlined below.

The TItEORY area provides basic infannaliOll about the structural analysis method dw is 10 be taIlght.
The student mouJd be able to access this inform:uiOll whenever bcIshe requiIes.

In the area of EXAMPLES. the computer c:onstnIC1S the complete and detailed solutio! of some
suuctur.l1 analysis cxamples. These eumplcs should range from the: most basic to !he ~ complex.
During !he devclopment of !he cumples, !he program must emphasize any important aspectS of the:
solution process and give a suitable interpretatioo of the n:sults.

In !he area of EXERCISES, the student (possibly with the help of the: computer) ancmpu the: panial or
total solution of some applied exercises in the fJeld of muctural analysis.

CAL PROGRAM 'BEAMS' FOR mE MATRIX
ANAL YSlS OF CO~"INUOUS BEAMS.

The inlCgralCd methodology outlined abovc has been applied ia a pilot stage to the simple problem of
matrix analysis of continuous beams. The resulting program, 'SEAMS', is described below.

The JlW!tT3III 'BEAMS' was developed 00 • mM PS/2 - 80. IIIIdeT the MS-DOS operating system. k is
written in the programming language 'C' and compiled using the MICROSOfT C COMPlLER vasion
4.0. This program was developed fOl"use 'Io'ithill the MICROSOFT WINDOWS environment version 2.03



CI' highel'. This enviroamear was ~ lD emuWe the c:onveaient aser-machiDc imerfaoe of tbc
APPLE MAaNTOSH COIDpUlIeI".For the devdopmeat of programs thu CUI be NO lIIIdcr WINDOws.
the libraries available ill the MICROSOFT WINDOWS SOF1W ARE DEVELOPMENT 1m' wersioo 2.0
must be used. 'BEAMS' is available ill boda an English aod. Spuish wnioL

As oudined for !be CAL melbolloq.y deIcribed ~. !be JIIOCI'lIDI 'BEAMS' coasisIs of dIree
iDdcpeAdent modules U IOJdIcr maIrz lip die ~ IeanUag procram for the -'Ysis of
ooarinuous beams by __ III&':dIod. 1'bae modules ale: 11IE01tY. ELUfPLI:S and EXERCISES..
TIle genera.I StnICbIl'C 01 die pmcs-. 'BEAMS' is sbowa ill Fic-2-
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1. Stiffness Mattix of 11& Beam E1emeIIL
2. Equivalent Fon:cs. (Uniform Load).
3. Equivalent Foror::s. (CoaccntrallCd LoId).
4. Assembly of die Beam Stiffness Mattix.
5. Assembly of Ibe Beam Loads Vectoe.
6. Solutioo of the Linear System of Equarioes
7. CalculaIion ollbe lnlmlal Forces ill die JciDas.
8. Calcularion of the Reac1ioRs ill die SlIJlPOIU.
9. Deformed Shape. Shear Forccs ud Bc:.diDc

Moment Diagrams.

This information may be accessed wbeneva- Ibe ~ ftlQUin:s it clarine the cxccucion of Illy
cxampklexercise. The de'fdopmem of the exampJcIexc:aci _y thai be cembRucd with.



The EXAMPLES module ilusttlleS !he working througb of an eumple and its laUks. and allows
changes 10 be nulde to existing examples and !he crealioo of completely new 0lIC$.

Some utilities of the program 'BEAMS' thal give the c:barac1cristicof CAL program are:

.} ~ is _library ol examples (1IeadIcr'sexamples) with beams of ditfereIIt Icvel of diffICulty.

b) In order 10 completely derme !he problem chosen by the student, it is possible 10 display only the
charac1eristics of the c.xample that the student needs and nOi all the information at the same time. For
example, it is possible to display the beam with the node and element numbering, the dimension of the
elements and the properties of the sectiori but DOl showing the applied loads.

c) The program allows modiflClllions to be made to !he original c:x.amplefor different educational
objectives..The most imponant options are:

- Add. RcmoYe and Move Joints.
- Change the SupportS.
- Add, Remove and Olange Sedions.
- Change a Section in the Beam.
- Add, Remove and Change the Joint or Element Loads..

1-7'7'~,S,~,,~,~rr~'[!~'~Il;_~~'C~K~'1~'~Tl~C'~'~'~c·~..i,,~(,~.~,~'.~'.~T~'.~'~~"~If~,~••.~n~~~ll
I O"'U ••• - • H••U (lEKMH .r•••.I

I --t CMcn - NlWS 0' llI( UU€ICI l"'~ f--

£.:. :,.,.," t
- .-

.•• 7."3. •
• N.

~~
i
t ) J 'i , J

U'U • ..-

,. Itefl. J
.;J~ . CD

I

. Step by Step.
- Interactive .
. Final.
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e) 'The results of the examples ~ displayed ia diffC2'C1llWlIyio, showing important ilaDS of each one of
them. The options fer display the !awts are:

- Joint Movements.
- Internal Fan=.
- Supports Rcaaions .
• Load + Deformed Shape.
- Load + Sbcar Forces.
- Load + Bending Moment.

+ Last Example .
• Shear Farces + BeDding Momcaa..
- Deformed Shape iD deWl.
- Shear Forces iD detail.
- Bending Moment iD dcWl.

'The ~ts of • Shear Foo:es + Bending Moment. • IDlI • Dcfcxmc:d Shape iD deUi1. • for a panicular
beam example. are sbowD iD Flg.5. and Fig.6. IICspectivcly.

f) 'Thc program allo •••.s the ,eneratioa of a completely _ example iD a graphical and iDteraetive ..".y.
'The use of the 'mouse' fer the scIcctioa of diffc:mu cboiccs makes for a quick and easy genenrioo
process.

'The EXERCISES module allows die szudcnt practice iD !he soIuboD of beam problems.. 'The solutica of
the exercise is carried out joindy by !be CItImf'U= aDd tbe ••••.
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a) 1be student builds up the structural solution of the beam interaetively. numbering the degrees of
freedom and piecewise assembling the element sliif"ess matrix and the element loads vector.

b) Once the ICSults of the matrix analysis an: obtaiDcd, the student <:all build up I qualitative shear forces
or bending moments diagrams by her/his self. It means that only tbc shape of the diagram is relevant and
not the ex.aet values .

• ) ''''1..'10 'J ' .•••,.CT(II:I$'Jt~ ,'tIlA",[~ ~' $"'''110''' 1;) .SUln

t P •••• L( • ~ - • "tllf.( £L(Hun$ .EArl

- IlU".c:" ~ . I"UCTI_ Huns

1."-' .-K"'le ••••••,



lJ ••••••

1_ ••••••••••••••.• • 1. -I
f-'---TS_\

!.-altt I _I
•~"------ A

- r - .-
I!J 8 ~

•.K. •• ,-.s•• '!- s.n • .:[E]E]B •••• UN' -.w •.. .a.lell .

• QIIo ~t tNt •.••••• c:
i•.• ,•••.••

c) The computer (the program) always COIIlroU the development of the exercise. It means that when the
student makes a mistake. the computer remarks i1 and..shows ~ and why if 0CCW'ed.
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CAL PROGRAM 'FRAMES' FOR THE MATRIX
ANAL YSIS OF PLANE FRAMES.

The program 'FRAMES' aims It> be used IS a comp!emmr of !be learning of die sttuaura.l analysis of
plane frames using .malrix methods. This program foUows !be same philosophy explained above for the
program 'BEAMS'. At the time of writing. this program still at the development stage.

A frame example from the lCaCher'S libnly is sbowa in Fi&-lO.
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CAL PROGRAM 'F.E.M.' FOR mE ANALYSIS
OF CONTINUOUS STRUCTURES USING

TRIANGULAR FINITE ELEMENTS.

The program 'F.EM.' aims 10 be used as a compJemenr of the leanIing of Ibe analysis of coonm-
SD'UCtUrCSusing isoparametric triangular finiIe dements (1"3). This program foI1ows the same pbilosopby
explained above far the program 'BEAMS'. Allbe time of wriling. Ibis procaIID sIiI1 at Ibe developmem
stage.
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A general methodology for CAL programs in SIJ'UCtUJ'aI Mechanics has been established. The program
'BEAMS' for the Mattix Analysis of Continuous Beams bas been de"Clopcd as an applicatioo of this
methodology. In Addition. the programs 'FRAMES" aDd 'F.E.M.' are being developed for 2D problems.
It is suggested thal the MICROSOFT WINDOWS CIWironment is IA appropriare tool for the
development of CAL programs on the mM PC. XT. AT. PS/2 and compatibles.

Foc the development of CAL programs, the use of additioftal equipment such as a 'mouse' and a colour
monitor. ere. is necessary. Tbese improve the JRSCRwion, make the use of the program more COIllllellient
and ~ the user-macbine iDtmIctivity. MOftlOW%.all of tIlese facilities are obWnabIe AI only a smaIl
overeost.

The CAL progrmu in Structural Mecbanics should be used as a CIIItlplement fIf the usual uudies and not
as an insaument 10 eliminate Ibe Icclwa'. AU the programs ~loped WIder this projca are based 00

this philosophy.
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