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1. INTRODUCTION

CSTES program is for the stress and deformation analysis

of two dimensional elasticity problems by Finite Element Tech-
niques. This approach discretizise;_the planar continuum by
using macro—components, "Finite Elements". In the formulation
"Constant Stress Triangle™ (CST) type finitelelements are used

(Ref. 1). Program is based on E. L. Wilson's study on the finite

element analysis of planar continuum by using CSTs (Ref. 2).

CSTES program can be used for the linear elastic analysis
of:fwo dimensional continuum subjected to gravity, body, thermal,
“distributed or doncentrated forces and their combinations.
Planar problems can be treated as plane stress or plane strain

cases depending upon the input information provided by the user.
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2. ANALYTIC FORMULATION

2.1 Displacement Field
. Basic assumptions of finite element formulation requires

the definition of displacement field. 1In CST type formulation

‘displacement field is defined by
Cu(x,y) = Cl + C2x + C3y :

c

v(X,y) + C

4 X + Cpy

5

win‘x and y directions respectively. This assumption also pre-

supposes the stress and strain variation within the element:

o _ du _
& T3 - %
_ ov  _
% Ty T %
_ ou . oV _
ny =3y T T C3 + Cg

Thus the strains are constant throughout the element. Conse-

quently the stresses within an element are also constant.

Furthermore, the assumed displacement field results in
the contihuity between the elements after the deformation; that is
initially straight lines remain straight in their displéced po-

sition.

TETTE

L L MR s N s
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[

Stepwise change of stresses and strains in the continuum
from element to element imposes a restriction for the types of
problems tﬁat can.be analyzed with given method. Utilization of
CST approach for problems with high stress or strain gradients

. !
yields poor results. This is in part due to the approximation in

; I
the use of stepwise functions, discrete representation, for non-

linear curves, stress gradients. 'Applicétion of CST type for-
mulation, such as CSTES, to high stress gradient problems should
not be used if accurate assessment of stress and deformation

variations are required.

2.2 Basic Formulation

tLinkége between the finite elements is made at the
vertices of the triangles'which are tﬁe nodal points. If the
reactions develoPed.between the elements are shown by F, with
components in x -and y directions, and the corresponding nodal
point displacements are shown by § with similar components, then

the following canonical equilibrium equation can be written:
E =K

Here K is the global stiffness matrix of the problem

under sfudy.
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2.3 Pﬁndémental Matrices
| In CST formulation there are th£e¢ fundamental matrices.
| .(l) B, relatés elemental strains to nodal point
! displacements |
.(2) D, relates elemental strésses to elemental

strainé, known as the Elasticity Matrix

- (3) 5?, relates nodal point reactions to nodal point
displacements, known as the Element Stiffness

Matrix

Derivation of these fundamental matrices can be found in
many sources (Ref. 1 and 3). However, for user's convenience, the

general form of these matrices are listed.

(1) B:
: £ =Bs"
1 [y ]
€ bl 0 bj 0 bk 0 us
€ = L 0 c 0 c 0 c v
1% 2A i 3 k i
ny [cl bl cj bj ck bk_ uJ
V.
J
RN u
. k
v
| k)
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where

bl = yJ - Yy C; T X - xJ

bj = Y - Y5 cJ = XX

by & y; -y G T X5 T Xy
2A = e, b. - c. b

(2) Elasticity Matrix D:

o =DE
[ 1 o ][
Ox v €x
_ E
- 1 0 €
Oy l—v2 v oL y
7 10 0 1-v ]y
| XY ! R e

This relation holds for the plane stress formulation of isotropic
materials.

(3) Element Stiffness'Matrix,‘Ee:

K = [ osraxey - Fppcs
D S
[ e] e e e [ e
Fil ki Riy o kak] [P
e e e e e
S| = - kS 55
-3 —Jji —33J —jk J
e .e e e e
B G By Bad (e
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e : .
where krs are 2 x 2 submatrices

Because of their simplicity the B and D matrices are directly

generated in the computer program while the element stiffness

e e e

k Kk o)
XXT'S Xy rs XS

e e e
kyxrs kyyrs 6ys

- matrix §e is calculated numerically.

2.4 Global Stiffness Matrix

of the following form.

One of the major problems in a Finite Element program-.

is the assemblage of the global stiffness matrix K of the struc-

ture.

har)

_‘Ers are 2 x 2

summation:

submatrices which can be obtained by the following
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m

e
ko= 1. ok
—rs e=l -—rs .

n = total number of nodal points

m = total number of elements

Obvibuély Ers is only then different from zero, if r :rs
or r and s are adjacent nodal points. The restriction of the CSTESW
progrém that a nodal point may not have more than 8 adjacent nodal>
points thus is equivalent to the statement that every row of the
global stiffness matrix does not have more than 8 non-zero off-

diagonal terms.

The following arrays are used for the assemblage and

storage of the K matrix:

NST (350,9) “Bookkeeping” matrix, containing Col. 1:
- the nodal point number

Col. 2-9: The number of adjacent nodal points

FXX (350,10) arrays containing the elements of the (2 x 2)

FXY (350,10) k submatrices
"FYX (350,10) . Col. 1: Elements of the main diagonal sub-

matrices k
—rr

FYY (350,10) Col.. 2-9: Elements of the non-zero off-

diagonal submatrices Ers
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Column 10 contains the elements of the inverted main diagonal
submatrices (f,.. = nodal point flexibility matrix) which are

required for the iteration procedure.

In the assemblage prdcedure the prdper storage location
in the ™Mbookkeeping" matrix for every nodal point of every element
is determined by means of indirect addressing. Subsequently the

elements of the element stiffness matrix are added to the global

stiffness matrix.

It should be noted that an over-relaxation approach
tfor solving the system of simultaneous eduations) is used in
this program. The storage of the rather large global stiffness
matrix can therefore be done in a very efficient way and problems
concerning the "band width" of this matrix will not come into

the picture.

2.5 Solution.Procedure

| Solution of the canonical,equilibriun'eqnation system
can be solved by using Gaués—Seidel type iterative procedure.
Equilibrium equations can be repritten for the ease of this
iterative approach:

_ n-1 o
(3 +1) _ -1 ' (3 +1)
5y = ko [F - X K.83) "

| ()
-2 —}Sni _éi J

i=n+1
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Superééript -j denotes the iteration counter. Since

‘the stiffness matrix K is positive definite, the iterative approach

will always converge. By introducing the over-relaxation factor -

B, the expression can be modified,

: , n-1
LG+ _ ((3) -1 (7 + 1)
an B énj * _B Knn [En - 2:: éiJ 4

i=

—~ni =i

oS 5<.a'>]

i=n

Iteration can be terminated
(1) If specified maximum number of iterations are
reached, or
(2) if the iteration scheme converges witﬁin Speb—

ified tolerance limit.

Convergence of the problem is checked by summing the absolute
values of unbalanced forces at each iteration cycle and com-
paring the sumsAwith the sum froh the first cycle. The formula
used for each cycle is;

N

) e | (3)
¢ T z;; Ifxi Aol + ',fyi A 6yi

Expressions in absolute value operators corresponds to

the unbalanced forces in X and y directions due to the displacement
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increments A éxi and A 6yi' Here superscript - (j) is the

iteration counter, (N) number of nodal points and subscript -

(1) denotes the nodal points.

2.6 'thension of CSTES

i

The CSTES program is flexible enough to be modified for
different applications, such as non-linear materials. Possible
non-standard methodologies are listed in References 3, 4, and 5.

i
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3. PROGRAM DESCRIPTION

3.1 Msjor Program Blocks
' To provide a better understanding of the program and
also to explain the functions of program blocks for future mod-

ifications, if required, the breakdown of the program is in-

-cluded.
. Card ' Function
9-15 ' ~ dimension statements

18 . : ovef—relaxation factor (DATA

statemenf)

23 - input of control variables
24-31 ' ' print-out of control variables
32-33 | | , input of element data
34-35 input of nodal point data
36-38 prinf¥out.of elément data
39-41 print-out of nodal point data
42-48 . | initializing arrays for global

stiffness and "bookkeeping"matrix
53-133 - Do-loop (stiffness matrix)
54756 ' A indirect addressing
57-62 ‘ | generatiné elements of B-matrix
63-65 ; ' calculating triangle area
66-68,75 | ' calculating common factors

69-74 ' modification of nodal point loads
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Card Function

76-81 initializing B, D and k® matrices
85-90 ‘genefating B-matrix
91-93 generating E;matrix

~-94-109 calculating element stiffness

‘matrix (matrix multiplication)
113-132 assembliﬁg elemen% stiffness matrix
in global stiffness matrix
137—142 calculating total number of adjacent

nodal points for every point

143-149 ' calculating nodal point flexibility
| matrix |
156-174 . Do—loob (boundary conditions)
157 ' input of boundary conditions data
158 - | ~ print-out of boundary conditions data,
159-173 . modification of nodal point flexibility
- 175-177 : © initializing iteration counters |
181-198 ‘ iteration procedure
199-205 checking iteration counters
210 h - print—oﬁt of unbalanced force
211-212 ; : print—out of nodal point displacements
' 214—246 E Do-loop (element stresses)
215-217 : " indirect addressing |
2187223 : | regenerating elements,of_g—matrix‘
224—233 o 'calculatiﬁg element stresses
234-244 o calculating principal stresses and

direction
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:Card' Function
'245' ' - print-out of element strésses,
: 251-293 | Do-loop (nodal point stresses)
' 252-253 A initializing vafiables
i .
% ~254-277 averaging procedure
: 255-265 determining the element numbers

adjacent to every nodal poiht

266-276 . calculating weighting coefficients
278-280 ‘ calculating nodal point stresses
281-291 | calculating principal strésses

and direction

: 292 print-out nodal point stresses
294—295 | lcheéking iteration counters
296-298 ' | .error messages

- 302-332 ‘ , “ output Format stateménfs
333—336 - input Format statements

3.2 Input Information

For each problem the folldwing data deck must be generated.

. A. Control Card (614, 6X, E10.3)

Cols.‘i"' . Input

14 ' Totél number of elements
5-8 A Total number of nodal points
9-12 | : ' Total number of restrained

boundary points
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" Cols.

13-16

17-20

21-24.

31-40

-14
Input

Cycle interval for the print of the

force unbalance

.Cycle interval for the print of the

displacements and stresses

Maximum number of cycles

Convergence limit for unbalanced

forces

Element Data - 1 Card per element (3I4, 8X, 5F10.0)

Cols.

1-4
5-8-
9-12
21-30
31-40

41-50

51-60

61-70

Nodal Point Data - 1

Input

Nodal point number-i

Nodal point number-j

Nodal point number-k

Modulus of elasticity

Density of element

Poisson's ratio

Coefficient of thermal ekpansion

Temperature change within the element

Cols.

1-10
11-20

21-30

Card ber nodal point (6F10.0)
Input |

X - Ordinate

Y - Ordinate

X - Load
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Cols;'

31-40
41-50

51-60

Note:

-15

Input
Y - Load _

X - Displacement (¥)

Y - Displacement (¥)

(*) On free nodal points these are initial guesses,
on réstrained nodal points these are specified

displacements.

D. Boundary Point Data - 1 Card per restrained boundafy )

Cols.

1-4

11-25

_Note:

- point (I4, 3X, I}, 2X, F15.0)

“Input

Numbér of restrained Eoundary points
0 if nodal point is fixed in bofh
s directions
1 if nodal point is fixed in x -
direction
2 if nodal point is free to move
aloﬁg a line of SloPe S

Slope S (type 2 boundary point only)

Cards of type B and C have to be placed in their
natural sequence. To avoid errors the element or
nodal point number should be punched in columns

71-80
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3.3 Output Information

The following information is printed by the program.

r o .. A.

C.

Input Data

Control variables
Element data
Nodal point data

Boundary point data

Force unbalance

(cycle interval INUNB)

Displacements and Stresses

(cycle interval INSTR)

l.

2.

Cycle number, force unbalance

-Nodal point displacements

Element stresses

(element numbers, dx’ o, T 1)

g? Txy? Oy5 05 direction of o

Nodal point stresses

(nodal point numbers, dx, o ., T

direction
Yy Xy

2 Ol, 02)

of ol)

© 3.4 Limitations and Assumptions

The listed assumptions and remarké should always be

considered in the preparation of input and in the interpretation

of output.
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1. Limitations.

'(a) Maximum number of elehents: 600
-(b) Maximum number of nodal points: 350

‘ (c¢) Maximum number of nodal points adjacent to a

! _ certéin point: 8 | |

(d) Elements and nodal points have to be numbéred in
the natural sequence (Data cards have to be placed

in -the same order).
i

2. Assumptions

' (a) Over-relaxation factor: 1.84

(b) Body forces: gravity is assumed to act in the

negative direction of Y .

3. Remarks
(a) Initial guesses for displacements
For boundary. condition type 2 (nbdal point is
forced to move along a line of slope S):
Initial guesses of displacements perpendicular
“to the prescribed slope will be treated as im-
posed displacemenfs.
(b) Nodal.point stresses
The nodal point stresseé are calculated as weighted
average of stresses in all elements adjacent to a
particular nodal point. The method USedAfor tﬁis
‘average procedure is described in Ref. 1. For nodal

pdints at the interface of different typés of materials
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';(C)

|

(D)

(e)

~-18

the nodal poinf stresses loose their meaning, since
. the computations are based on stress rather than
| strain'vaiUes.
Direction of principal stresées
The calculated value is the ahgle between the positive
x - axis and the:direction of the maximum positive (or

minimum negative) principal stress. In case that both

values (ox - cy) and TXy.are very small, thls angle

becomes meaningless.

Required field length

CM - 100 OOO8

. By using CM - 140 0008 the program can handle up to 560

nodal points and 1120 elements.

Plane strain problems
With the following modified values for E, v, and a plane
strain problems can be transformed into plane stress

problems:

E* = E (l - V)Q = 1

(l - 2\)) ] (l —_\)*2)
A Ny
a* = (1 + va
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3.5 Nomenclature

-19

Nomenclature should be referred to in program modifications:

A.

Arrays Related to Elements

NPI (600)

NPJ (600)
NPK (600)
E (600)

DE (600)

.P (600)

AL (600)

-

DT (600)

XY (600)

Nodal point numbers i, j, k

(1st level indirect addressing)

modulus of elasticity

(a) Adensity

(b) common factof

Poisson's ratio

(a) coefficient of thermal expansion
(b) element stress in x direction
(a) vtemperature chaﬁge

(b) element stress in y direction

Element shear stress

Arrays Related to Nodal Points

XORD (350)

YORD (350)

XLORD (350)

YLOBD (350)
DX (350)
DY (350)

FXX (350,10)

CFXY (350,10)

X - coordinate

Y - coordinate

Nodal point load.in x direction

Nodal point load in y direction

Nodal point displacement in x direction
Nodai poinf displacemeﬁt in y direcfion
Elements of global stiffness matrix
Col. 1: elementé of main diégonal

submatrices
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FYX (350,10) Col. 2-9: elements of off-diagonal

submatrices
FYy (350,10) Col. 10:° elements of nodal point

! A ) ~ flexibility matrices
iNST (350,9) . _ "Bodkkéeping"-matrix-
| P Col. 1: (a) number of nodal.points
(b) total number of adjacent
nodal points

; o Col. 2-9: numbers of adjacent nodal

points
. C. . Other Arrays
B (6,6) B - matrix
D (6,6) D —'matrix
~S (6,6) Ee - matrix
.LM-(3) - Scratch vector (2nd level indirect
| addressing)
D. Variables
REL . Over-relaxation factor
. NELEM . Total number of elements
~ NNOPO _ . motal number of nodal poinfs
NREPO . ' Tétal number of restrained boundary
poinfé .
INUNB | ' ” Cycle interval for the brint—out of

unbalanced force
INSTR . Cycle interval for the print-out of

- displacements and stresses
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MAXC?

TOLER -

BI, BJ, BK
cI, CJ, CK
AREA

" ARE

BODY, THE,FAC
NBP.

NTYPE

SLOPE

NCYCLE

IUB
IST
DDX, DDY

suM
'Bpx

EPY

GAM

X, Y, XY
XMBX, XMIN
FI

SRX, SRY, R

-21

Maximum number of cycles

- Convergence limit for unbalanced force

Elements of B - matrix

Area (signed value)

Area (absolute value)

Common factors

Number of restrained boundary points
Type of boundary condition

Slope of line along a restrained

boundary point is allowed to move

. Iteration counter

Cycle number for the print-out of

. unbalanced force

Cycle numbér' for the print-out of
displacements and stresses
Displacement (in x and y direction)
during_iteration cycie_

Unbalanced force
Element strains
Stresses

Principal stresses

Direction of maximum principal stress

_ Weighting'coefficients for nodal point

stress averaging procedure
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PROGRAM CST(INPUTTAPEL=TINPUT e QUTPUT s TAPE2=0UTPUT) CSTES 1
&*ﬁ*&%*%ﬁ%%**ﬁ*%w%**a*ﬁ***ﬁ**%******%%**%#*%%a*%*%***#**a**%*%%«ﬁ%**#%ﬁ%CSTES d
% : ' CSTES 3
¥ FINTTE ELEMENT ANALYSTS OF PLANAR CONTINUUM _ CSTES 4
% THIS 1S THE MORDIFTED VERSION OF THE PROGRAM LISTED CSTES 5
¥ TN F L WILSON S DTSSERTATION, BERKELEY=1963 CSTES 6
3 ' CSTES 7
]

9

g R g X T O R R R R g T R T g R T TR T T TE R YO S 4T

RT= YOQD(J)aYOPP(K)

NIMENSION NPT(600)sNPJ(600) sNPK(500) 9F(600) sDE(A0N) 9P (A00) CSTES
DIMENSTON AL(600) 20T (A00) s TXKY(B00) , CSTES 10
NIMENSTON XORD (350) 4 YORD (350) ¢ XLOAD (350) 3 YLOAD (350) CSTES 1)
DIMENSTON DX (350) DY (350) . _ o CSTES 12
NIMENSTON FXX(350510) oFXY(350910)sFYX(350910) sFYY(350510) CSTFS 13
DIMENSTON NST(35049) CSTES 14
NIMENSTON B(696) aD(696) 95 (636) sLM(3) _CSTES 15
Ih=1 CSTES 16
10=2 CSTES 17
) DATA REL/1e8B4/ . R . L CSTES 18
3 foa @ S g R 3 & B3 % 4 o 3 4 % oH o B 8 B 48 &% CSTFS 19
i IMPUT DATA AND LISTING . ' . . . . CSTES 20
% 3 TR R R Y NN T S RN 2 JEE - JRT RN #oon % on # % ¥ % % CSTFS 21
WRITE(I0.300) : . o CSTFS 2?2
READ(INe400) NELFEMoNNOPOGNREPO o INUNB,INSTRIMAXCY s TCLER CSTES 23
WRITE (10+4301) NELEM CSTES 24
WRITF(T05302) NNOPO CSTES 25
WRITE (T0,303) NREPO CSTES 26
WRITE (105304) INUNR CSTFS 27
WRITE (I0s305) INSTR ‘CSTFS 28
WRITE (10,306) YAXCY CSTFS 29
WRITE(I10s307) TOLER CSTES 20
WRITE (104308) REL CSTES 3]
READ (TN940]) (*pl(M)9NPJ(M)9NPK(“)9F(M)yDF(M)oP(M)gAL(M)qDT(M),M-]CSTF% 32
TREAD(IN402) (XOPD(N)9YOPD(N)vXLOAD(N)9YLOAD(N),DX(N)9QY(N)9N I,NNpq]Fg 34
10P0) CSTFS 3%
WRITE(T0+309) CSTES 236
WRITE (104310) (M,NP[(M)9hPJ(M)9NPK(V)0F(M)aDF(N)vP(H)oAL(N)sDT(M)eCSTFQ 37
IM=] g NELEM) CSTES 38
WRITE(10+311) L CSTES 39
WRITE(T09312) (NaXORNDIN) «YORD (N) s XLOAD (N) s YLOAD (N) ¢DX (N) o DY (N) ¢N=1CSTES 40
1.MNOPO) 4 "C‘SIFS 41
DO 10} Ns1eNNOPO CSTES 42
DO 100 MM=149 CSTES 43
FXXANgMM) =F XY (NoMM) =FYX (NgMM) zFYY (NyMM) =000 CSTES 44
NST (NgMM)=( - CSTFES 45
10N CONTINUE CSYFS 44
- NST(Ng1)=N . CSTFS 47
- 101 CONMTTNUE T - T TTTTTCSTES 4R
# @R R A B B4 B W % B G B R R B B % % 8B 4 % @ % % & & CSTFS 49
“ MORTFTCATTON OF NODAL POTNT LOADS AND ELEMENT DIMENSIONS CSTFS &0
# GENERATICON OF THERMIC LOADS . T CSTFS 51
3 WOETHR W OWWTH MONTF W A W W w W W w H BOW ¥ % ¥ CSTES G2
' DO 108 =] NELEM - CSTES 53
T=nPT (M) ) CSTES 54
JENPJ (M) CSTES 55
CKaNPRK (M) CSTFS &6

CSTES 57




23758 =25
RJI=YORD (K) =YORD (1) CSTES SA
HK=YORN (1) =YQRN (J) CSTFS 59
CI=XORD(KY =XORD (JY CSTES 60
CU=XORD (1) =XORD (K) " CSTES 61
CK=XORN{J) =X0RD (1) CSTES €2
ARE8= (CK#RJ=CU#BK)Y /2,0 CSTES 63
IF(AREACEQ.04n) GO TO 135 CSTES 64
ARE=ARS (AREA) CSTES 65
BODY=ARE#DE (M) /3.0 ] CSTES 66
NE (M) =E(M)RAL (M)UDT (M) /(1 0=P (M)) CSTES 67
THE=ARE#DE (M) /(2o #*AREA) CSTES 68
XLOAD (1) =XLOAD (L) +THE#R] CSTES 69
XLOAD (D) =XLOAD (J) « THE®*RJ CSTES 70

~XLOAD (K) =XLOAD (K) + THE#8K CSTES 71
YLOAD(T)=YLOAD(I)+THE*CT=BODY CSTES 72

YLOAD (JY=YLOAD () +THE#C J=RODY CSTFS 73

YLOAD (K)=YLOAD (K) + THE#CK=RODY CSTES 74

FACSE () /(4o 0%ARES (1, =P (M) %P (M))) CSTFES 75

DO 102 MA=146 CSTES 76

NO 102 MB=146 CSTES 77
B(MA$MB)I=0,60 ‘CSTES 78
D(MAIMR) =040 CSTES 79
 S{MASME)=0.0 CSTFS R0

102 CONTINUE CSTES 81

s R R T VR R R R v w R W w B ¥ wow oW # % 6 Ew e W % CSTES 872
3 FORMATION OF ELEMENT STIFFNESS MATRICES CSTES .83
& $ 4 A B d S H 3 3 3 % e R W gt %o o & # %o CSTES R4
B(151)=R(342)=R1 e CSTES 85
R143)=R(3e4) =R ‘CSTES 86
R(1s5)=B(346)=RK ‘CSTES 87
R(2.2)=R(3,11=CT CSTES 88
R(P4)=R(343)=C.) CSTES 89
R(2561=R (375)=CK ‘CSTES 90
D(1s1)=D(2s2)=FAC CSTES 91

B2 TY=D (Lg 2YSFACHP MY CSTES 97
D(3¢3V=FAC*(1.0=-P(M)) /2.0 CSTES 93

DO 103 U=1+6 CSTES 94

DO 103 I=1,3 .CSTES 95
S(T+d1 =00 CSTES 96

DO 103 K=153 CSTES 97

o S(IQJ)RS(IqJ)+u(I,h)*R(K J) CSTES 94
103 COMTINUE CSTES 99
DO 104 T=1+3 CSTES100

NO 104 J=ls6 CSTESIO)
DU TYy=S(1sd) CSTES1NZ
104 CONTINUE CSTES1INR
DO 105 J=1+6 - TCSTFS104

N0 105 1=1,6 CSTES105
S(Ted) =040 CSTES106

DO 105 K=143 o CSTES107

S ST, =S TT s N +N (T KY R (K4 J) CSTES1I0R
108 COMTINUE , , . o : CSTES109
# #OA U R W AW W R & & % %W W B W w % Wy ow o # ow ok % CSTESIIO0
it FORMATION OF NCDALL POINT STIFFNESS MATRICES CSTES111

_# [ JENE P - T T T R T A R T B TR 2 N - < K+ B S i £ FEE R R -n» TR CSTFS112”
LM(1) =NPT (M) CSTES113

LM{2Y=nNPJTM)

CSTESTT4
CSTES115

LM(3) =NPK (M)
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NO 108 L=143 CSTES116
NO 108 K=1,3 CSTES11T .
LX=LM (L) CSTES118
MX=n CSTES119_
4 MX=MX +] , CSTES120
IF(MX.GF.10) GO TO 136 CSTES121

IFCINSTULX e MX)=LM(K)) 4EQL0) GO TO 107

CSTES1Z2Z

IF(MST(LXsMX) oNEL0) GO TO 106 CSTES123
NST (LX o MXT =L (k) CSTES124
LB=R%(. CSTES12R
LA=_B=) i CSTES126
KR= DK i CSTFS127
KA=KB=] CSTES12R
FXX (L X o MX) mF XX (LXoMX) +S (LAgKA) CSTFES129
FXY (LXeMX)=F XY (LX9#X) +S(LAsKR) CSTES130
FYX(LXsMX)ZFYX (X oMX) +S (ILBsKA) CSTFS13).
FYY(LXsMX)SFYY (LXgMX) +S(LBoKRB) CSTES132
CONTIMUE CSTES133.

L A A A I AR AR A R R R R EEEEENIA N
INVERSION OF NODAL POINT STIFFNESS MATRICE§9(FIEXIFILITY NATRIY) CSTFS135%

A O R E R T CSTFQ]?A

DO )10 N=14NNOROQ CSTES)137.
‘ NX=10 S . CSTES13R
109 NX=NXe] : __CSTFS139.
TF(NST(NaNX) oFRe0) GO TO 109 - _ CSTES140
NST (Nal)=NX. , CSIES14)_
110 CONTINUE ‘ . CSTES) 42
NO 111 _N=lshNNOPO o ___CSTES143
DET=FXX (Ng L) *FYY (Nol)=FXY (N9 1) #FYX(Ng1) ' CSTES1 644
FXX(Nel0)=SFYY(Ng1)/NET CSTES145_
FXY(Ngl10)==FXY(Ns1) /DET - _CSTES146
FYX(Ns10)==FYX(Mel) /DNET . CSTFS147
O FYY(NGINM) =FXX(Ns1)/DET , ‘CSTES148
111 CONTINUE CSTES149
DI "I 2 S TR - S - T PR - K <+ S < R (R " SREE SRR N I - IR - T - B Y N L T 3 4& I LINRE S BT - T 3 (‘S[Fq‘gﬂ
CMORTFICATION OF ROUNDARY POINT FLEXIBILITY MATRICES CJTFSTRJ,
ACCORDING TO THE PRESCRIBED ROUNDARY CONDITIONS S ~ CSTES15?
LA - SRR . - T VY IR - 2R K S JNRE - SN | SERY I - SN S Y ) L2 R L NS S - R K BE R - B Y (‘STFC;IH?
WRITE (104313) CSTFS1%4
WRITE (J0s314) ~ ' .__CSTES15%
DO 116 L=1sNREPO ' CSTFS1%6
READ(IN9403) NRP;NTYPC9SL0PE : ~ _CSTESIS7
WRITE (J0932%) NAP,NTYPE,SLOPE . . CSTES158
TF(NTYPE=1) 11451135112 : CSTFS1&9
112 NET=(EXX(NBP,10) ¥SLOPE = FXY(NRP910))/(FYX(NHP;lO)*SLOPE FYY(NBP9s10)CSTESLAOD
1) CSTES161
COF= ].a"DtT'“'SLOpF o ) ] CSTFS162
FXX(NBP910)=(FXX(MBP410)~DET#FYX(NBPs10))/COF . . CSTFS1A3
FXY (NP1 0) = (FXY(NBP,T0Y=DET#FYY (NBPy10)) /COF ' CSTES164
FYX (NBPo1O)=FXX (NBP,10)#SLOPE CSTES165
FYY(NRPs10)=FXY (NBPs)0)#SLOPFE ' : ‘CSTES166
G0 TO 116 L ] CSTES167
T 113 FYY(HRPY0)=FYY (NBP 10 =FYX(NRPG10)#FXY (NBP10) /FXX (NRPo10) CSTES168
G0 TO 115 : ‘ ~_CSTRS169
114 FYY(NRPYZTI0)Y=0.0 : ’ - ] T CSTES170
115 FXX(NRP910)=0.0 _ ' : _ CSTFS17)
FXY(NRP410)=0.0 , L - _ CSTFS177

FYX(NRP¢10)=0o0 ‘ ) ' CSTFS173
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116 CONTINUE - CSTES)74
NCYCLF =0 CSTES175
TUR=TNUNR CSTES17A
IST=INSTR o CSTES1T7 .
L) LI - B AR B BT TR I S B <R AEEE R VR I R R R BN JERE JENE - HEEE SN - BT - ST L U - SRR (AR - R SR LI <Y CSTESl?B
, % ITERATION ON NCOAL POINT DISPLACEMENTS CSTFES179
) R I I I N (O I T R T T T R T T CSTES1R0D
117 YRITE(T04326) CSTES18]
. TR SUN=0,0 CSTES182
NO 120 N=14MNOPO CSTFS183
NUM=NST(Ns 1) CSTES184
FX=XL0OAD (N) CSTES1R5
FY=YLOAD(N) CSTES186
DO 119 L=2sNuM CSTES1R7
M=NST (e L) , CSTESIaR
FXaFXmF XX (N L) #DX (M) «F XY (NgL)#DY (M) ‘CSTES1R9
L FYERY=FYX (NS UV #DX MY =FYY (N, LY ¥DY (M) CSTES190
119 CONTINUE CSTES1I9)
DOXEF XX (NS TOYV #EXFFXY (Ng 10) #FY=0X (N) CSTES162
DDY=FYX(Ns1O)RFX4FYY (Ny10) #FY=DY (N) CSTES193
AX (Y =R X (WY SRETFPHNX CSTES194
DY (M) =DY (N) +REL#DDY CSTES195
SUM SLN¢AHS(FXX(Nol)”hDX+FxY(N9])*DDY)+ABS(FYX(hol)*DnX+FYY(N9])*DCGTFQlQG
vy CSTFS197
120 COMTINUE E CSTES198
NCYCLE=NCYCLE+) CSTFES199
 JF(NCYCLE.GEL.JUB)Y 17214122 CSTFS200
121 Tus=TUR+INUNg _ CSTFS201
- TWRITE (105315) NCYCLF, Sy CSTFS207
127 IF(SUMLLECTOLER) GO TO 123 CSTFS?203
o TF (NEYCLE - GELMAXCYY G0 T4 123 CSTFS?04
, TF(MCYCLESLT.I8T) GO TO 118 , , , CSTES205
. ¢? LR A R TR R I R LR B I T I R T T R R N A I CSTE’S?(]ﬁ
% PRIMT OF DISPLOCEMENTS AND STRESSES o _ o o CSTES207
TH TETR R RN W W W R W e w W RN R W W R R w h o % & % % owow CSTESA0R
 IST=IST+INSTR CSTFS209
123 WRITE (103167 NCYCLE,SUM CSTESZ10
WRITE(I0s317) CSTFS211
WRTTE(T0,318) (NG DX (NY 4 OY (N) 3 N= 1y NNOFO) CSTES212
WRITE(I0.319) CSTFS?213 -
NO 127 M=1+NELEM CSTESZ14 -
I=nD (M) CSTES?215
TIENB I (M) CSTES216 .
K=MPK (M) CSTESZ217
RT=YORD (JY=YORT (K) CSTES?21#®
RIZYORD(K) =YORD(T) CSTFS219
HKEYORD(TY=YORT () CSTES220™
CI=¥ORD (K) =X0RD (J) CSTESR2}
CJ YORD (TY=X0RkRiy (K) CSTEESHS
CK=XORN (J)=XORN (1) CSTES223
FPX~HI%ﬁX(I)+“'*HX(J)+QV*DX(K) CSTES224
FPY=CT#DY (1) +QJRNY () +CKHDY (K) CSTFES225
GAP=CT#FOX T ¥C X ()Y CREDX (KY FRT#OV (1) FEIF0Y (JT +BKHRY (K) CSTES226
rAr—r(h)/((l 0=P (M) #P (M) ) # (CKERJ=CI#BK)) CSTESR?27
T FAC¢(FPX+PYQTWCPY¥—HE(U) CSTESR2?2R
Y FACH (EPY 4P (M)SEPX) =DE (1) CSTES220
XY= FAC #OAME (T . 0=P (MY /2.0 CSTES?30

AL (%) =X

CSTES231

é
;
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PT (M) =Y CSTES232
TXY (M) =XY - CSTES233 |
SIG=(X+Y) /2.0 CSTESZ234
RIG=X=Y' CSTES235
R= Q(\RT(RI(‘-'&R'[G/thoH\Yw\Y) 'CSTESZ236
) XMAX= qrr+R CSTES237
: XMIN=ST G~ "CSTES23R
. T=STGN(loO9XY) CSTFS239
o IF([?IGeE(acOOU) 1244125 CSTESZ240.
124 FI=T#45,0 CSTES?241
GO TO 126 CSTES?42
125 FI=2R . A4TBYNHATAN (2, 0#XY/RIG) CSTES243
 IF(RIG.LTe0e0) FI=T#G0.0+F] CSTESZ44.
126 WRITE(INs320) MeXaYoXYsXMAXoXMINGFI CSTESP45
o127 CONTINUE _ o o . A o ~ CSTES246
3 T R I IR I R R I I R A L T S S S VTS R AR SR ST CSTFS247
4 NONAL PNINT STRESSES . o . , , . ~ CSTES?48
4 T A I I I R I I I R R I I B R T I TR T R S S S S A CSTES249
WRTTE(105321) CSTES250 ¢
NO 134 N=1osNNOFO CSTESZ2HY
X=Y¥=XY=(,0 'CSTES?‘D? ‘
SRX=SRY=R=0.0 CSTFES253
DO 130 M=leNFLEM CSTES254
T=NPT (M) . CSTES2RS._
JENPJ (M) CSTES2%6
K=NPK (M) CSTES2S7..
TF(N.EG.T) GO TO 129 CSTESZ2GR
IF(NoFQo.J) GO TO_ 128 CSTES259
TF (NeNELK) GO TO 130 CSTES260
T=NPK (14) . CSTFES261
K=NPT (M) CSTES262
GO 70 129 CSTFES263
128 I=NPJ(M) CSTES264
JRANPT (M) ‘CSTESZ6S
129 AC=ABS(XORD(J)=XORD (1)) +ABRS(XORD(K)=XORD(I)) CSTES266
BC=ARS(YDORD (J)=YORD (T)) +ARS(YORN(K) =YORD (1)) CSTFS267.
AB=AC+HC CSTFES?AR
RX=AC /AR CSTES269
SRX=SRX+RX CSTES270
X=X+AL (M) ¥RX .__CSTESZ27Y .
RY=RC/AR .CSTES272
SRY=SRY+RY CSTESZ73
Y=Y+DT(H)*RY _CSTFSZ274
R=R+1 ., CSTES275
XY= XY+TXY(M) o CSTES?276
130 CONTINUE CSTES?277
T XsX/5R  CSTES278
Y=Y /SRY CSTES279
XY=XY /R ‘CSTESZRO
SIG=(X+Y)/2a0 CSTES281
RIG=X=Y CSTFES282
TR= quT(RIG*nIC/4,0+XY*XY) CSTES283
T XMAX=STG+TR CSTFSPR4
XMIN=STG=TR CSTESZ85
TSSTGN (100 XY) B CSTFS286
. IF(NRTRLFReDe0) 131132 CSTES2RT.
131 FleT#45,0 " CSTES?288

GO TO 133

CSTES?R9
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132 FI=28.647890%ATAN(2,0%XY/RIG) CSTFS290
TF(RIGe«L.Tofa0) FIxzT#a0N.04F] CSTESZ291 -

133 WRITE (T09322) NgXygYsXY o XMAX9XMINGF] CSTESZ292
134 CONTINUE ' CSTES?93
IF(QUMQLPoTOItP) GO 70 500 CSTESZ294
 IF(NCYCLFoLToMAXCY) 1174500 CSTES295

135 WRITE(T0,323) M CSTES294 -
GO TO 500 CSTES?297

136 WRITE(109324) LX _ T R _ ~ CSTES298
4 T Sk b i e B 3 St B e B g b od 4 3 33 Ry 3 ¥ % % .8 CSTES299
i "FORMAT STATEMENTS , , A o o ~ CSTES300
& LRI R NN AT L R A R R R RS IR R BT AN T N NIRRT CSTFS?Ol
300 FORMAT (THL s/ /% INPUT DATA%¥,//7/) _ CSTES302
301 FORMAT (% NUMBER COF ELEMENTS =#5154/) CSTES303
302 FORMAT (3¢ NUMBER OF NODAL. POINTS =#g9]S59/) CSTES304
303 FORMAT (% NUMRER OF BOUNDARY POINTS =#9159/) CSTES305
304 FORMAT (# CYCLE PRINT INTERVAL =#e]54/) CSTES306
305 FORMAT (% OUTPUT INTERVAL OF RESULTS =¥9159/) CSTFES3n7
306 FORMAT (# CYCLE LIMIT =%3159/) CSTES308
307 FORMAT (# TOLERANCE LIMIT =%y E13,34/) CSTES309
308 FORMAT (% OVERRELAXATION FACTOR =#9F13639/) CSTES3T0
309 FORMAT(////9% FLEMENTSt yaXet#T#eTX ot J# s 7Xa #K# 96X o ¥E=NONULUS* ¢ SX s #NDENCSTESR)]

1STTY#,SXa#POTSSON# 98X s #ALPHAR g AKX, #OFELTA TH#5//)
310 FORMAT(1X94(T496X)9E110302F12:40F10aBF1263)

CSTFS312
CSTES3L3.

3117 FORMAT(////9% POINT#,8X, %X~ OPD%910X9¥Y =“ORD* 99X s # X~ OAN# 90X s #Y=LOADCSTFS314

1#9 10X X=DISP# 11X #Y=DISP#¢//) CSTES3G
312 FORMAT (T491X94F15.542F17,.8) CSTES316
313 FORMAT(IH1e//e% ROUNDARY CONDITIONS#,//) - CSTFS317
314 FORMAT (# POINT#,5Xs#TYPE# 96X g #SLOPE®//) CSTF931R
315 FORMAT(3X91547XeF1568) _.CSTFS319
ITh FORMAT (LIRS /7/75% CYCLE T#21695%s#FORCE UNBALANCE (#+3XsE16e89//7) CGTFS??O.
317 FORMAT(////+% POINT# 40X #X=DISPLACENMENT# 46X 9#tY=DISPLACEMENT %,/ /) CSTES32]
INA FORMAT(I49 1TX0E14e Ts6XeE14u () CSTFS322
319 FORMAT(/// o BXa#ELEMENT# QX g X STRESS#¢12Xs#Y= %TRES¢*9]1X9*XY STRESCSTES3Z23 .

TS TOX s HMAX =S TRESSH g GX T #M IN=STRESSH 6 X3 #DTRECTION% ¢ 77) CSTES324
320 FORMAT(11293F20c¢435Xe3F15.2) CQTFQB?rv

32 FORMAT (777 BX % POTNT #egXy ¥ X=STRESSH 12X #Y= %TRESéﬁillxgﬁxY STRFSCSTF%B
19“~]0Xy*NAX STHESS# 45X ¢ #MIN=STRESS#, ﬁXa*DIRECTIOM*ol/) CQTFQsPI
377 FORMAT (Y129 3F 204 abKe3F1502) CSTES3oR
323 FORMAT (1H1,10X,#ZERD AREA ELEMENT NUMBER $#,15) CSTES32%
TT374 FORMAT(IHT, 10X, %F0ORE THAN 8 NODAL POINTS ADJACENT TO POINT .w,tq, CSTES3IIN
32¢ FORMAT (1499X9114F13a5) - CSTFS331 .
324 TFORMAT (THL /754 Xy WCYCLE¥ s6Xs ¥FORCE UNBA L NCE%5 /) CSTES33Z
400 FORMAT (6T4 96X gF1043) CSTFS3I33
401 FORMAT (314498Xe8F100) CSTFS334
402 FOR“AT(EFlﬂaﬂ) CSTES33%
4073 FOPMAT(I493A9T194X9F1% ny CSTES336
500 CALL EXIT CSTES327
END

CSTES3RB
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