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ABSTRACT 

The mission has been undertaken under the project 
"The Establishment of a Computer Aided Design and 
Computer Aided Manufacturing Centre", 
DP/SRL/86/014. 

The immediate objective of the mission was to 
assist the University of Moratuwa, Department 
of Mechanical Engineering in the development 
of training capabilities in the field nf 
Math.311latical Modelling and Design Analysis. 

The mission Lasted one month, from 29th 
August to 28th September 1989. 
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' 
FINDINGS AND RECOMMENDATIONS 

A. findings 

1. After discussions with the staff members of the 
Department of Mechanical Engineering, and the 
industrial engineers from both public and private 
sectors, involved in the design, production and 
maintenance of various types of machninery and 
equipment it is evident that exists real demand 
for design analyses in several essential fields. 

· Some of the fields that were identified are: 

Agricultural machinery and equipment, 
Machinery for plantation industry, 
Equipment for food and beverages industry, 
Equipment for electricity distribution, 
Equipment for water supply and drainage, 
Moulds for plastic industry, 
Moulds for rubber industry, 

All sectors where spare parts 
are manufactured (transport 
services, paper industry, oil industry etc). 

2. Based ~n recent discussions and meetings the 
following institutions are eager to use 
facilities and services that would be provided 
by the CAD/CAM Centre as well as to develop 
their own resources. 

Brown and Co. Ltd., 
Central Engineering Consultancy Bureau, 
Ceylon Government Railway, 
Ceylon Institute of Scientific and 
Industrial Research, 
Ceylon Petroleum Corporation, 
Ceylon State Hardware Corporation, 
Ceylon Steel Corporation, 
Colombo Coaumercial Co. Ltd., 
Colombo Dockyard Ltd., 
Engineering consultants Ltd., 
Hemas Marketing Ltd., 
Jinasena and Co. Ltd., 
National Engineering Research and Development Centre, 
Samuel and Sons Ltd., 
Sri Lanka Central Transport Board, 
Sri Lanka Ports Authority, 
Sri Lanka Tyre Corporation, 
St. Anthony's Industries, 
State Engineering Corporation of Sri Lanka, 
Walker Sons and Co. Ltd. 



3. During the lectures and trainings the attendents (both 
from the University and Industry) show that their 
mathematical background is on a high level. Most of them 
are currently using one or more big~ level languages 
such as Fortran, Basic, Pascal or C and are also 
applying some software packages. 
Therefore, they wouldD't have dificr 1.~ies in using 
application software for mathematical modelling and 
design analysis. 

4. A number of books on mathematical modelling and design 
analysis is currently availble at the library. However, 
more books, recently published are needed and Fhould 
be provided as soon possible (see Annex 1 point A). 

5. Unfortunately, there is a serious lack of periodi·::als on 
mathematical modelling and design analysis. Some essential 
title~ should be subscribed as soon as possible (see 
Annex 1 point B) • 

6. For the last few months a let of new computer equipment 
has been installed at the Computer Centre of the 
University. Some of it like 32 bit minicomputer 
micro VAX3600 and workstation VAX 2000 could be 
used by CAD/CAM Centre. 

7. Despite these deliveries, there is a serious lack of 
tool - software as well as application softyare. 
This can be a serious obstacle in full utilisation 
of existing computer hardware capabilities. 

B. Recommendations. 

1. It is advisable to utilize new hardware and software 
capabilities existing at the University Computer Centre 
through establishing a link to CAD/CAM Centre. Po= this 
purpose it is necessary to purchase some additional 
equipment (see Annex 2). 

2. During this year it is necessary to enhance current hardware 
capabilities of the CAD/CAM Centre by purchasing new models 
of micro computers of the IBM-PC line and plotter. 
(see Annex 3). 

3. It is necessary to purchase as soon as possible the 
application software for mathematical modelling and 
design an~lysis. (see Annex l). 

4. Some industry problems concerning design anaylsis (of tools, 
dies, moulds, etc.) should be selecte~ for solving in the 
assistance of the Design Analysis Ex~rt, who according 
to the programme should arrive in January 1990. 
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I. OBJECTIVE OF THE ACTVITIES AND DUTIES. 

A. Objective 

The objective to the mission was to assist the University 
of Moratuwa, Department of Mechanical En9ineering in the 
development of training capabilities in Computer Aided 
Design (Mathematical Modelling and Design Analysis). 

B. Duties 

1.To provide lectures on computer assisted 
mathematical modelling methods and train 
local staff in app~ication of mathematical 
modelling to design analysis. 

2.To elaborate a proper training programme for local 
staff and prepare, in ccopera~ion with the 
counterpart, a detailed training programme for 
fellowship holders. 

3.To assist in elaboration of training methodologies, 
syllabi and lecture notes for courses for students 
and industrial engineers~ 

4.To prepare a report, setting out t.he findings and 
recommendations for follow,-up actions which should 
be taken. 

II. DESCRIPTION OF ACTIVITIES 

A. Lectures 

The author hds delivered a course with exercises on 
mathematical modelliing and its a~pli~ations to design 
analysis. The topics covered in the lectures a=e given 
!n Annex 4. 
The lecture~ were attended by about twenty mechanical 
and electronic engineers recruiting from both 
University and Industry. 

The following institutions were represented: 
Department of Mechanical Engineering, 
Department of Electrical Engineering, 
Department of Computer Science & Engineering, 
Department of Ch~mical Engineering, 
Open University of Sri Lanka, 
Ceylon Steel Corporation, 
Hetvy Fab r.td., 
Nixdorf Computers. 
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The participants who have direct acces to microcomputer 
in the work place or privately can uae the course 
material to solve problems that they may come across 
in their day-to-day activities. 

To ensure more successful results the Department of 
Mechanical Engineering has already made arrangements 
to make available a printed set of lecture notes for 
the attendants who wish to have them. 

B. Training 

To get practise in the topics that were of immediate 
interest in the lectures the participants were engaged 
in slaving their own problems, during the afternoon 
sessions. 
To this effect they used software delivered by the 
author. 

The software consists of two parts : 

1.Numerical Methods package developed by Professor 
A. Constantinides from the State University of 
New Jersey, USA. The programs written in 
BASIC language are interactive and user-friendly 
(self explained). The list of programs is given in 
Annex S. 

2.Finite Element pr~ramme FIRFEP (First Finite 
Element Program) developed by the author. This 
is a simple educational proqram written in FORTRAN 
language which can be utilized for solving plane 
stress problems using linear triangular element. 
The listing of the program with instructions on 
how to use it and test example are given in Annex 6. 

Above mentioned software can be used in future for 
demonstration and education, as well as for solving 
some engineering problems. 

c. Programmes 

The author, assisted by the staff of the Department 
of Mechanical Enginerinq, University of Moratuwa, 
has elaborated syllabi and extensive lecture notes 
for courses on Mathematical Modelling. 
The lecture notes will be published by CAD/CAM 
Centre as educational aids for students and field 
engineers. 
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D. Workshop 

A workshop on Mathematical Modelli.ng in Design 
Analysis was prepared for industry engineers and 
invited participants (see A.~nex 7). Unfortunately, 
due to unf orseera circumstances the 
workshop had to be postponed. 
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ANNEX 2 

SPECIFICATION OF EQUIPMENT NEEDED FOR LINKING UNIVERSITY 
COMPUTER CENTRE AND CAD/CAM CENTRE. 
(EXTENSION OF EXISTING DEC-ETHERNET NETWORK) 

1. STANDARD ETHERNET CABLE BNE 2 

2. DANSCEIVER- H 4005 (3 UNITS) 

3,. LOCAL REPEATER- DEREP-AE ( 1 UNIT) 

4. COMl'UNICATION SERVER- DELNI-AE (1 UNIT) 

S. TMNSCEIVER CABLE BNE 3H 

6. ETHERNET CONTROLLER FOR PC XT/AT- DEPCA-AA 
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SPECIFICATION OF EQUIPMENT FOR CAD/CAM CENTRE (1989) 

A. HARDWARE 

1 • Ml'.CROCOMPU'l'ER ( 2 UNI'l'S) 

TYPE: 
RAM: 
BARDDISK: 
MA'l'B COPROCESSOR: 

PC-386 
MIN 2 MB 
MIN 40 MB 

(THESE CAN BE PURCAHSED LOCALLY PROM IBM OR NIXDORF) 

2 ~ PLOTTER A 1 

MODEL HP 7580 B FROM HEWLETT PACKARD 
OR GRAPB'l'EC MP 9101-01 FROM GRAPHTEC 

B. SOFTWARE 

1. DRAFTING SYSTEM 

ANNEX 3 

AOTOCAD VERSION 10.0 (THERE ARE '\NY DEALERS ALL OVER THE 
WORLD) 

2. SCIENTIFIC SUBROUTINE LIBRARY 

ADVANCED MATH. APPLICATIONS PACK - MATHCAD 
DEALER: MATHSOFT, INC., ONE KENDALL 5, CAMBRIDGE, 

MA 02139, USA. 

3. FINITE ELEMENT SYSTEM WITH PRE AND POST PROCESSORS 

1. SAP 86 - LEVEL 1 (EDUCATIONAL) 
2. SAP 86 - LEVEL 4 (PRO 386-2) 
3. MTAB*PRE- PREPROCESSOR 
4. MTAB*POST-POSTPROCESSOR 

DEALER: 
STRUCTURAL ANALYSYIS INC., 
1701 DIRECTORS BLVD., 
SUITE 360, AUSTIN, TEXAS 78744, USA. 
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CAD/CAM PROJECT 

WORK SCHEDULE FOR MATHEMATICAL MODELLING EXPERT 

SEPTEMBER 1989 

Friday 

Saturday 
Sunday 

Monday 

Tuesday 
Wednesday 
Thursday 
Friday 

Saturday 
Sunday 

Monday 
Tuesday 
Wednesday 
Thursday 
Friday 

Saturday 
Sunday 

Monday 
Tuesday 
Wednesday 
Thursday 
Friday 

Saturday 
Sunday 
Monday 

01 st 

02 nd 
03 rd 

04 th 

05 th 
06 th 
07 th 
08 th 

09 th 
10 th 

11 th 
12 th 
13 th 
14 th 
15 th 

16 th 
17 r.h 

18 th 
19 th 
20 th 
21 st 
22 nd 

23 rd 
24 th 
25 th 

Horning Afternoon 

9.00 AH - 12.00 noon 1.30 pm - 3.30 pm 

Discussion with UNDP/UNIDO officials, preparation of 
the lecture progra11111e 

WEEKEND 
Preparation of lecture notes 

Arrival at 
Discussion 
Lecture 1 
Lecture 2 
Lecture 3 
Lecture 4 

the department 
with the University staff members 

Discussion/Consultation 
Discussion/Consultation 
Discussion/Consultation 
Discussion/Consultation 

WEEKEND 
Preparation of course syllabi and lecture notes for 
students and Industrial Engineers 

Lecture 5 
Lecture 6 
Lecture 7 
Lecture 8 
Lecture 9 

WEEKEND 

Training 
Training 
Training 
Training 
Training 

Preparation of training programme for local staff, 
Industrial Engineers and Fellowship Holders 

Lecture 10 Discussion/Consultation 
Preparation for the workshop 
Workshop for Industrialists, Day 1 
Workshop for Industrialists, Day 2 
Lecture 11 Discussion/Consultation 

WEEKEND 
Preparation of report to UNDP 
Finalisation of report to UNDP and Departure 
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PROGRAMME OF LECTURES ON MATHEMATICAL MODELLING 

LECTURER: PROFESSOR. M. BOSSAK (UNIDO EXPERT) 

VENUE SEMINAR ROOK, DEPARTMENT OF MECHANICAL ENGINEERING 

LECTURE NO. Topics 

1. The role of Mathematical Modelling in the modern 
Computer Aiaed Design. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Phases in Mathematical Modelling. Approximation 
methods. Weighted residuals method. Variational 
formulations. 

Finite Element Method (FEM). The idea of the method 
Definition of a finite element-shapes, nodes, nodal 
values, approximation functions. Examples of different 
finite elements. 

Coordinate systems - global, local boundary, material. 
Transformations of values from one to another coordinate 
system. 

Linear static analysis. Relations between known and 
unknown nodal values for the element (stiffness matrix). 
Relation (in global coordinates) between known and 
unknown nodal values for the whole system cf elements 
(global stiffness matrix). 

Boundary conditions. System of equations and its 
properties. Solution of the system of equations. 
Calculation of other desired values. Principle of 
virtual work. General formula for matri~es describing 
element properties. 

Linear dynamic analysis. Frames of reference. Loads, 
mass forc~s, elastic forces, damping forces. Equation 
of motion. 

Eigen~~lue problems. Initial value problems - direct 
integration - mode superposition method. Finite element 
systems. Pre and postprocessors. 

Basic information on nonlinear analysis. Classification 
of nonlinear problems. Equation ot equilibrium. Solution 
of nonlinear equations. 

Basic information on Boundary Element Method (BEH). 

Basic information on Bond Graph Method (BGH). 
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ANNEX 5 

LIST OF PROGRAMS IN NUMERICAL METHODS 
SOFTWARE PACKAGE 

1. Atrl'OEXEC.BAT 

2. MENU.BAS 

3. ROOT.BAS 

4. POLY.BAS 

S. GRAEFFE.BAS 

6. NEWTON.BAS 

7. GAUSS.BAS 

8. JORDAN.BAS 

9. SEIDEL.BAS 

LOADS THE BASICA INTERPRETER 
AND RUNS THE PROGRAM MENU.BAS 

DISPLAY THE DIRECTORY OF 
AVAILABLE PROGRAMS AND GIVES 
INSTRUCTIONS ON BOW 'l'O LOAD 
AND RON THESE PROGRAMS. 

SOLUTION OF NONLINEAR FUNCT
IONS USING LINEAR INTERPOLA
TION OR NEWTONS-RAPBSON 
METHODS. 

NEWTON-RAPRSON WITH SYNTHETIC 
DIVISION-APPLIED 'l'O nth -
DEGREE POLYNOMIALS. 

GRAEFFE'S ROOT-SQUARING 
METHOD FOR REAL AND COMPLEX 
ROOTS OF POLYNOMIALS. 

NEWTON'S METHOD FOR REAL AND 
COMPLEX ROOTS OF POLYNOMIALS 
AND TRANSFER FUNCTIONS. 

GAUSS ELIMINATION METHOD FOR 
SIMULTANEOUS LINEAR ALGEBRAIC 
EQUATIONS. 

GAUSS-JORDAN REDUCTION METHOD 
FOR SIMULTANEOUS LINEAR 
ALGEBRAIC EQUATIONS AND 
MATRIX INVERSION. 

GAUSS- SEIDEL SUBSTITUTION 
METHOD FOR DIAGONAL SYSTEMS 
OF LINEAR ALGEBRAIC 
EQUATIONS. 



10. EIGEN.BAS 

11. QR.BAS 

12. INTEGR.BAS 

13. ODE.BAS 

14. BOUNDARY.BAS 

15. ELLIPTIC.BAS 

16. PARABOL.BAS 

16 
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CALCULATIONS OF EIGEN VALUES 
AND EIGEN VECTORS USING THE 
PADDEEV-LEVERRIER/NEW'l'ON
RAPBSON/ GAUSS METHODS. 

CALCULATION OF EIGEN VALUES 
ARD EIGEN VEC'roRS USING 
ELEMENTARY SIMILARITY TRANS
FORMATIONS TO CONVERT THE 
MATRIX TO B&SSENBERG FORM, 
AND THE QR ALGORITHM WITH 
PLANE ROTATIONS. 

INTEGRA~LON FORMULAS: 
TRAPEZOIDAL, SIMPSO"f'S 1/3 ARD 
SIMPSON'J 3/8 RULES. 

FOURTH ORDER RUNGE-KUTTA AND 
EULER PREDICTOR-CORRECTOR METHODS 
FOR INTEGRATING SIMULTANEOUS 
ORDINARY DIFFERENTIAL EQUATIONS. 

BOUNDARY VALUE PROBLEMS: THE NEWTON 
METHOD. 

ELLIPTIC PARTIAL DIFFERENTIAL 
EQUATIONS. 

PARABOLIC PARTIAL DIFFERENTIAL 
EQUATIONS. 
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PROGRAM FIRFEP (FIRst Finite Element Program) 

ANNEX 6 

FITFEP is staple (educational) finite element program for solving plane stress 

problems. It uses three nodes triangular element (linear displaceaents, constant 

stresses). 

OUTPUT 

FILE 

. 

STRUCTURE OF THE PROGRAM. 

RF.ADS NAMES OF DlPUT AND OUTPUT FILES 

AND OPENS THESE FILES 

READS CONTROL AND MATERIAL DATA 

Rf.ADS COORDINATE VALUES 

CALCULATES ELASTICITY MATRIX 

COMPUTES ELEMENT STIFFNESS MATR!CES 

SUBROUTINE TRIAST 

t 
• 

COMPUTES SYSTEM STIFFNESS MATRIX 

SUBROUTINE EQUAGEN 

1 ~ 

SOLVES SYSTEM OF EQUATIONS 

(COMPUTES DISPLACEMENTS) 
~ 

SUBROUTINE EOASOL 

i' 
,,, COMPUTES STRESSES 

SUBROUTINE STRESS 

t 
.- COMPUTES RF.ACTIONS 

' SUBROUTINE RF.AC 

FOR F.ACH ELEMENT 

FOR F.ACH ELEMENT 
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TME FOIJ..OWING DATA ARE REQUIRED: 

1. CONTROL AND MATERIAL DA"IA 

ONE CARD FORKAT(6I5 1 El0.2,2F5.2) 

NEN,NDF,NON,NOE,NBC,NLN,E,PR.,TH 

NEN - NUMBER OF E:.EMENT NODES • 3 

NDF - NUMBER OF DEGREES OF FR.EEDOK AT FACH NODE • 2 

HON - TOTAL NUMBER. OF HODES 

NOE - TOTAL NUMBER OF ELEMENTS 

NBC - TOTAL HUMBER OF NODES WITH BO~Y CONDITIONS 

NLN - TOTAL HUMBER OF LOADED NODES 

E - YOUNG'S !«>DULUS 

PR - POISSON'S RATIO 

TH - ELEMENT THICICNESS 

2. NODAL COORDINATES 

NON CARDS FORKAT(15 1 2Gl0.2) 

(N(I) 1 (CORD(I,J) 1 J•l,2),I•l 1 NON) 

N(I) - NODE NUMBER 

CORD(I,J) - X1 Y NODE COORDINATES 

3. LOADS 

NLN CARDS FORMAT(I5,2Gl0.2} 

(NF(l} 1 (RHS(l,J},J•l,2),I•l,NLN) 

NF(I) - NODE NUMBER WHERE LOAD IS ACTING 

RHS(I.J} - X,Y COMPONENTS OF THE LOAD 

4. TOPOLOGY 

NOE CARDS FORMAT(315) 

I,J,K 

I,J,K - ELF.MENT NODE NUMBERS 

REMARK: ORDER OF 'nlE NUMBERS MUST BE ADEQUATE TO THE SYSTEM 

OF COORDINATES 

x 



5. TOPOLOGY 

NBC CARDS FORMAT(3I5) 

NN,NX,N"i 
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NN - HUMBER OF 1'HE NODE WITII BOUNDARY CONDITIONS 

NX - X- DIRECTION (OsJo·REE, l•FIXm) 

NY - Y- DIRECTION (O•FREE, l=FIXm) 



0 
. c) 

•.· ~ 
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TEST EXAMPLE 

r- --

._ ____ _ 
J.- iO.O ..-1 o,. = loo.o 

E • 2.0tf'-10
6
, ""• O. 3 

o. = 300.Qil-ia.utt~.o -= goo.o * E" = ~Y :: '300.o = 4 '5*.iiOlt 
y -i0.0W4.0 J ~ 20it~ I 

Ay ~ fy * L : ~.Stt .Ao4* ..(~.O = -1..S -tt A0~'3 
-s -4 

AX ; E,t* I,,,= 4.S*AO * .fO.O ~ 4.S* AO 

FINITE ELEMENT MODEL 

BOUNDARY CONDITIONS: 

NODE 1,U~•O, v,•O 
NODE 2, Va•O 

ASOO.O 4-

4 



1. 

2. 

J. 

4. 

5. 
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DATA FOR TEST 

NAMES OF INPUT AND OUTPUT FILES 

INPUT FILE - FIRE!. DAT 

OUTPUT FILE - FIREl.RES 

CONTROL AND MATERIAL l>ATA 

3,2,4,2,2,2,2.0E6,0.3,1.0 

NODAL COORDINATES 

1, o. ,o. 
2, 10 •• o. 
J, 0.,10. 

4,10.,iO. 

LOADS 

3,0.,1500. 

4,0.,1500. 

TOPOLOGY 

1,2,4 

1,4,3 

BOUNDARY CONDITIONS 

1,1,l 

2,0,1 

RESULTS OF CALCULATIONS WILL BE WRITIEN IN OUTPUT FILE FIRTEl.RES 
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c 
c first finite ele~~~t prog~a~ 
c 
c nen numbe~ cf element nodes 
c r.df number c.-f degree::. of freedom at the node 
c noe total numher of elements 
c non total number of nodes 
c nbc number of nodes with t•oundary ccndi tio!"":s 
c nln number of loaded element~ 

c E Yourig • s modulus 
c pr Poisson·::. ratio 
c th element thit:kness 
c cord- nodal coordinates 
c 
c 
c 

·-

c 
c 

e!~sticity matrix 

!KP~ICIT P.EAL!3 \A-H,0-7) 
COMMON NEN, NDF, NOE,~ !GN, NBC, TH 
COMMOM/CORD1 CORD(6B~2} 

CDMMm.UD/ D(3~3) 
cm·tMQN/LDAD/NU·i,NF ( 1 !'.:<) ,t;:HS{ 1~·,2) 
COMMGN/NGELi NOEL 
DIMENSION N\6?.} 
CHARACTEF:t3C NAME 
CHARASTERt80 MA:Zi;U~. 

A6-6 

c reading names c<i inpLit and o:...:tpLit file;::, and opening this fi1e::: 

c 

c 
c 
c 
c 

!>JR I TE ( 0, 1 ) 
1 FORMAT(/' inpLtt file name 

P.EAD{0,2) NAME 
2 FORMAT(A30) 

. \ ) . , 

OPEN{UNIT=~·,F!LE=NAME,STATUS= 'OLD. ,MODE=' READ' } 
1.>;R I TE ( 0, ::n 

3 FOf:rNAT(/' c;-,1..itp ... <t file- name : '\) 
READ(0,2} NAME 
OPEtHUNIT=b,FILE=Ni'."~ME,STATUS=' NEW ,MG~E=. !,.JR!TE') 

c: openirsig temporal'"·/" file!:. 
c 
c 
c 
c 

c 
c 
c 

OPEN(UNIT=l ,FORM=' LlNFOP.MATTED' ,STATUS=' SCRATCH'} 
OPEN(UNIT=2,FGP.M='UNFCJRMATTED',STATUS=='SCF:ATCH') 
CPEN ( UNIT=3, FOP.M= 'UNFORMA:TED' , SH=:TUS=' SCP.ATCH' ) 

c problem's name 
c 

c 

RE(.:.D ( :, , .1 ~~) W1Zt;J;."-s 
WRITE(6,1~1)NAZWA 

c cor.t.rt:il .""lr.d matt::riill dc.t.:1 
c 

P.EMJ ( ~·, .1. ~z) MEN, NDF, NON, NOE, NE<c:;, t·JLN, E, F'R, TH 



c 

c 
c 
c 

c 

c 

c 

r-
1...· 

c 

c 

23 
WP. I TE { 6, 10:~ ) NEN, NDF , NON , NOE , NBC , NLN, E , PR , TH 

Rc~D ( 5, 10!:·} ( N ( ! ) , i CORD ( I , J ) , J=l, 2) , !=1, NON) 
WRITE\6,104} . 
\.JRITE\6, Hl6) \N( I), (COF:D( I ,J) ,J=.1 ,2 i, !=!,NON) 

load:. 

REAn ( =', 105) {NF (I } , { RHS { I , J ) , ~1=1 , 2 ) , ! = 1 , NLN} 
WR!TE{6,107) 
WR!TE(6, 10-S} {NF{!),! RHS( ! ,J) ,J=1,2), I=.1 ,NLN/ 

elasticity matrix calculation 

GASH=E / ( 1 • -PIUPH 
0{3,3.)=0.5tGASHt 1.-PP.) 
D(1~1)=GASH 

r~<2,2~<=r~l.t,1) 

no '7 }=-PP.JGASH 
D{2,:1?=i}i1~2) 

ti { 3 ' ~ ,:- =~~ • 
[; l 1 '3 ~~ ~0. 
r,~ ·;:-, 3 ~:==0. 
[;. { 3 :" ·? -~. =e . 

REtz1 T !'·!D 1 
.:;;E~! I !i.!D 2 

DO 10 I=.1,MOE 
~JUEL:.-=! 

21:·:LL 7R ! AST 
10 CJiHINUE 

F-:E.~J J. t·![t 1 
P.E ~; I t·lD 2 

!::ALL EDf:sGEN 

c solving system of equatior-~!: 

c 
CALL EOASOL 

c 
c comp~; tin.,. stresses 
c 

r.: 
,., 
·--

\.>JR I TE ( 6, 109) 
DO 2~ ~:=t ~NOE 

CALL STRESS 
.2QI CONT!NUE 

c: compu'.: i.ng rei01c t.iorH=. 
c 

C?':LL REAC 
c 
c 

AG-7 



24 100 FORMAT{A80) 
101 FORMAT( 1H1/ / /~.x, · firfep problem : · ,A80) 
102 FORMAT(6IS,E10.2,2F5.2) 
103 FORt'lAT(l I/ 1'5>:, ·control data · // 

f. 20X,'number of element nodes =',I3i 
t. 20X,'number of degrees of freednm at the node =',I3/ 
1 20X , · number of node!:- = · , I 3/ 
2 20Y., 'number of elements =·, !3/ 

AG-8 

3 20x,·number of nodes with boundary conditions =·,131 
4 20X,'number of loaded nodes =',13/// 

c 

c 
c 
c 
c 

5 lSX,'material data '// 
b 2l:n:, 'Young'· s modulus =· ,E10.3/ 
7 20X, 'Foissc•n r.:-.tio =· ,F6.3/ 
8 20X, 'element thicime!:.s · =· ,F6.3} 

104 FORMAT ( / / / 1 ~.x, ·coordinates of nodes·/ l 
1 15)'., 'node ..,. - direction y - direc:tic•n' /} 

105 FDRMAT{!5,2G10.2} 
106 FORf'lAT{17X,I2,6X,F10.4,6X,F10.4} 
107 FORN:=:;T { / // 15X,. lc•ad!:.' / l 

1 !~·>:"node ): - dirt"::"ticn y - direction'/} 
108 FORMAT{/l/15X,'topology '//l!:<X,'element node''s number"/) 
109 FDRMAT{///15Y.,'stres5es'// 

1 BH ELEMENT,2X,'sigma ~·,6X,'sigma y',6X,'sigma xy·,sx, 
2 

CLOSE ( U~·l ! T=-1 } 
CLDSE(UNIT=2} 
CLOSE{UN!T=3) 
CLOSE (UNIT=~·} 
STOP ---- o;~ 

END 

SUBROUTINE TR!AST 

'si~ma max',4X,'sigma min',4X,'angle'/) 

c 
c 
c 
c 
c generates stiffness matri~ 1or tri~ngl~ element 
c 

c 

!NPL!C!T F:EAL:t:B {A-H,o-:n 
COMMON NEN , NDF , NOE , NON , NBC , T!-: 
COMMON/CORD/ CC!RD(60,2) 
COMMON/D/ 0(3,3} 
COMMON/NOEL/ NOEL 
DIMENSION ELST(b,6} ,LDES(6) ,BETA(3} ,GAMA(3} ,B(3,6) ,DL(3~3) ,Df 

c: topology 
c 

P.EAD: ~., 110) I , J , I< 
WRITE(6,111) NOEL,I,J,K 

c 
c calc:1.~l?.tion of betc. and g.:1tr1r:1 coefficients 
c 

8ETA(1)=CDRD(J,2)-CORD(K,2) 
GAMA(1)=CORD(K,1J-CORD(J~1) 
BETA(2)=CORD(K,2)-CORD(!,2) 
GAMA(2)=CORD(!,1)-CORD(K,1) 
BETA(3);CORD(I,2)-CORD(J,2) 
GAMi:'" ( 3 } =CORD ( J , 1 ) ··COP.D ( J , 1 ) 
~REA=~.5tDABS(GAMA(3)tBETA(2)-GAMA(2)lBETA(3)) 

c 
c genri'r·e:tic:sn c.-f t.he 5.train-displ ac:emer1t mat.ri ;,: fi 
c 



c 

DO 10~ L=l,3 
M=2t:L-! 
N=M-+-1 
B(l !M)=BETA(L} 
BO ,tH=~. 
B\2,M)=Z. 
B\2,N)=GAMA(L) 
B{3,H)=GAMA{L} 
B{3,N)=BETA{L} 

100 CONTINUE 

25 

c: generation of the matri>: DL 
c 

c 

WS=0. 2~.tTH/AP.EA 
DO 200 L=l,3 
DO 200 M=l,3 
DL(L,M}=WStD{L,M) 

200 CONTINUE 

c: generation of the matri): product DtB 

c 

DD 300 L=l,3 
DO ::.>00 M=!,c 
DB(L,M}=0. 
DD 300 N=l,3 
CR(L,M}=DB(L~M)+DLtL,N)tB'.Ns~) 

300 CGNTINUE 

c generation of the sti -finE-ss mat::-i;: !<=ETtDB 
c 

,.. 
11... 

c 

DO 400 L=l,6 
DC 400 r1=1,-~ 
!.'.;LST(L,t1)=0. 
DO 40~ N=l.,3 
ELST{L,M}=ELST(L,M}+I<(N,L}f.DB(N,M) 

412<~ CONTINUE 

LDES( 1 )=2tI-1 
LDE:S(2)=2~:I 

LDES( 3.}=2:lJ-1 
LDES\4}=2a:J 
!...DES( ~·)=2U:--1 
l.DES { 6.} =2f.!< 

c: ;,;!'"iting to tl"1e storage 
c 

c 

c 
c 
c 
c 
c 

c 
c 
c 
r: 
c 
c 

WRITE(1)(LDES{I),1=1,6),((ELST(I,J},J=1,6/,I=1,6) 
WRITE(~} (LDES(I),!=1,6},{(09(!,J),J=l,6),I=1,3) 

110 FDRMAT{3I~·} 
111 FORMAT(18Y.,I2,5X,3I3) 

~ETURN 

END 

c ger.eratE·s ttie- 5::~ste-m o1 E-qu-t1or1s. 

AG-9 



c 26 

INPLICIT F:EALl8 {A-H,0-Z) 
COMMON NEN,NDF,NOE,NON,NBC,TH 
COM~Ot-l/LOAD/NLN,NF( 15) ,RHS{ 15,2} 

A6-~0 

COMMON/UR/ GRAN( 120, 120) ,GRANR( 120) ,NBAND,NSSw,NBCC( 10) 
DIMENSION LDES{b),ELST(b,6) 

c 

c 

DO 100 !=1,12G 
DO 200 J=1,12e 
3RAN( I ,J )=3. 

200 CDNTIN!JE 
SRANR(I}=0.0 

100 CONTINUE 
NSSE=NE"NlNDF 
NF.AND=0 
DC 300 NE=l,NOE 

c r~ading from the storage 
c 

c 

c 
DO 40~ !=1,NSSE 
JD=LDES ( I ) 
IF (t·it:•AND. LT. JD) t·!BAND=JD 

KD::LDES~J} 

GRAt·E {JD ,i<~D )=GRAN{ JD,l<D) +ELS-r {I ,.J} 
50G CONTINUE 
4e~ CO!·lT ! t·lUE 
3Ce cor-1T I t•lUE 

c writing to the storage 
[:· 

c 

c 

W~!TE(3) ({GP.AN(I,J},J=l,120),I=l,120) 

DO 5~,0 !=1,NLN 
J=NF(I} 
JJ=2tJ 
JJl-=,,'.'.J-1 
GRANR(JJ!)=RHS(I,1) 
G~ANP. ( .JJ )=P.HS( I, 2} 

s=,0 CONT! NUE 

C t&tl: ing into account boundary cor.:::li tions 
c 

WRITE(b,120) 
I=l 
DO 606 J=l,NBC 
P.EAD( S,121} NN,NY. ,N'l 
~lP.:TE ( 6, 122} Nt•S ,MY. ,NY 
t.fBCC( I }=2fNNf.NY.-1 
IF(NX .E0.1 }I=I+1 
NBCC (I i =2t.NNtr-I'( 
!F' {t.JY .ED.1) I=J +1 

t·JSS~!=-· ! ·- .1 
Dn 700 J::.:1,NSSll! 
V.=MBCC(J)+1-J 
F·R<.:rND::.-"!·mAND -1 
:·!f.'l::l·lD l =tJI:<AND-i·1 
DO ~me L=~'. 'NBAND 
L l :.:1. +1 
GRAN~(L)=GRANR(Ll) 

f;:1 eez M= 1 'NB AND 1 



c 

c 
c 
c 
c 
c 

,-. 
f...· 

c .-. , .. 
c 
c 

27 A6-.U SRAN{L ,M)=GF:As"'{ Ll ,M: 
sea CONTINUE 

DO 900 M=~:, NBAND 
Ml=M+l 
D;J 90t:1 N=l,NMND 
GRAN{N,M)=GRAN(N,M1) 

90~ CONTINUE 
7e~ CONTINUE 

120 FOP.~AT ( / / l, 1 SX, ·boundary ccndi tions · , l /, SX, ·node· · s number 
1 ':.: - direc'tic.-rf y - direction'/} 

121 FORMAT{3.15} 
122 FDRMAT(6X~I3,17X~l1,14Y.,I1} 

RE.TUR~./ 

END 

SUBROUTINE EGASGL 

' 

C sol ··:e:::. t.hs-~ s..,.stem o-f E·q:.;?.tior: ~!s~r,J Ga!.;'E:~, me"thod 

c 

c 

c 

IMPLICIT REAl.t8 {H-H,G-·Z ~ 
C~lMNJN/URl GRAt-1{120,120) ,SRANR{!:'~~ ,NB.N-:D,NSSW,NECC{10~ 
CDMl'iGN/ SOL'·} l r; Z SP ( ! 20) 

NBANf!1=NBAND-1 
D:J 100 I=l,NBAND! 
!!=I+1 
DD 20~ J=ll,NBAND 
WS=GRAr-!{J, ! ) /GRAN{ I,!) 
:tD 3filZ K=Il,Nf:AND 
GHAN ( .J , I< } =GRP..N ( ... l 1 K) -WS t.GRAN ( I ~ l< ) 

300 CDNTINUE 
SRANP. { J) =BRANP. { J) -\>!StGP.A~~R { ! } 

200 CONTINUE 
l0"' CONTINUE 

DO 600 JM=!,NBAt-JD 
J=NBAND+1-JM 
8ASH=GP.At·;R ( J } 
IF(J.EO.NOAND} GO TO 600 
J!=.1+1 
DO 500 l<=Jl ,NBAt.tD 
GASH=GASH-D I SP ( V.) t.GRAN ( .J , I<} 

~.00 COMT I t·JUE 
6.0~ DISP(J)=GASH/GRAN(J,J) 

no 700 I=1,NSS~J 
t<=~·mCC ( I ) 
DO &00 L=~~, t·!ffNm 
L.1 =t·lBAt·m+I :-L + !. 
L2=Ll··l 
DlSP€L1)=DISP(L2) 

mm CONT I MUE 
DISPO<J=0.0 
r-iBAtm=t-mAND+ 1 

700 CONTINUE 
\,SrU TE ( 6, 130) 
NSAMC>=-tolaANO 12 



c 

c 
c 
c 
c 

c 
c 
c 
c 
c 

no 9Z0 I= 1 'NBAt·m 
J=2t.I-1 
K=2tI 

28 

WR I TE ( 6, 131 } I , DI SP i J } , D ! S? ( !< ) 
900 CONTINUE 

1::-e FOP.MAT(l// ,15X, "displacment. of ncdes 
1>: - direction -.,· - direction"/) 

131 FOP.MAT{SX~I2,!4Y.,G12.5,SX,G12.5) 
RETURN 
END 

SUBROUTINE STRESS 

c calr.ula~es stresses 
c 
c 
c: 
c 

.-. ,_ 

IMPLICIT REF.LtS {A-H,0-Z) 
C'J~J'10N NEN, NDF, NG'E, NGtJ, NBC, TH 
COMMOt.UNOE:Ll NOEL 
CC-MMCN/SDLV/ DISP{ 120} 
DIMENSION fH6} ,S!G{3) ,LDES{6; ,DB{3,6i 

c reading from th~ storage 
c 

· , ;· / , 6X , · node 

READ(2) {LDES{I},I=1,6},~{DB(I,J},J=l,6),!=l,3} 

DO 100 I=l,6 

c 

l<=LDES{!} 

DO 200 1=1,3 
DD 200 J=l,6 

20:3 D!i{ I ,J }=DBO ,J} l2. lTH 
DO 300 I=l,3 
S!G( I )=0. 
[}0 300 J=l,b 

300 SIG(!)=SIG(I)+DB(!,J)tQ(J} 

c c0trsputing of main stresses 
c 

c 

C=(S!G(1}+SIG(2))/2. 
BB=(SIG(1)-SIG(2)}/2. 
A=DSG~T(&BtBB+SIG\3)tSIG!3)) 

SMAX=C+A 
SMIN=C-A 
IF(SIG(2).E0.SM.YN} GO TO 700 
Ar1G=S7. 29'579t.ATAN( SIG( 3} I (SIG( 2 i ·-SM!N}) 
GO TO 210 

700 At-JG:90. 
2J 0 CONT IM.IE 

c printing stresses 
c 

c 
"JR I TE ( b, 140) NOEL , (SIG ( I ) , I= 1 , 3) , SMf.:,Y., SMI N, ANG 

140 FOP.MAT(2Y.,I3,2Y.,5G13.~ 1 F8.3> 
RETURN 
END 

A6-A2 
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• 

• 

c 
c 
c 
c 
c 
c 

c 
c 
c 
c 

29 

SUBROUT I tE F:EAC 

c computing reactions 
c 

c 

IMPLICIT P.EAf..lS (A-H,0-Z} 
COMMON NEN,NDF,NOE,NON,NBC,TH 
COMMON/SOL\'/ D!SP(120) 
Cot"..MON/UR/ 6P.AN(120,120),GRANR(!2e},NBAND,NSSW,NBCC(!0) 

c ~eading from the storage 
c 

c 

P.EAD(3} ((GRAN(l,J},J=1,120),I=1~!20) 
NP=NDFtNON 
BO 100 I=l,120 
GRANR{!)=0. 
!:[' 100 J=l,120 

10~ GRAMFH I )=GP.ANR\ ! }+GRAN(!,.]} tD!S~(J) 
NP1=NP/2 
DQ 200 I=l,NP.i 
J=-~tI-1 

i<=2*I 
2G0 CGNT!NUE 

!!.\! = 0 

10 

20 

40 
50 

300 
b0 

t;i?.ITE { 6, 1 '!:<0) 
DO 300 I = 1~ NSSW 
II = I + IW 
L = NFCC{I I} 
1F{Ll2.EQ.L/2.} GDTO 10 
P.X = GRANP.(L) 
L1=MBCC( II+l} 
t-!?. = L! l2 
!F \~1.NE.L+1) GDTO 20 
RY= GRANP.(L1} 
l-iRITE(6,12) NP., P.>:, RY 
GOTO 40 
RY=GF.ANR(L} 
MP.=L/2 
\>!R ! TE ( 6, 1 i ) NP. , RY 
GOTO 50 
NP.=(L+1}/2 
WP.!TE(b,13) NP., RI. 
GOTO ~.0 

I6JJ= H>J+! 
IF( I+IW.EO.NSSi,J) GO TO 60 
CONTINUE 
CONTINUE 
i,1P. ! TE ( b , 14 ) 

15~ FOP.MAT(///,15Y.,'support reactions ·,11,10x,· node',l0Y., 
t. ';: - d1rectior1' ,ax, 'y - directior1' ,.!) 

11 FORMHT(10X, 13, !1X,' no support',1~X,F11.4) 
12 FOP.MAT( 10Y. , I 3 , 11 X , F 11 • 4 , H~1: , F 1 t • 4 } 
13 FORMAT(10Y., I3, llX, F11.4,10X,' no ~upport') 
14 FOP.MAT(lY.,//) 

RETl.JRM 
END 

A6-.f3 




