Computational Plasticity Spring, 2023

Chapter 2: A shallow truss element
with Fortran computer program
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Ch. 2 2.3 A FLOWCHART AND COMPUTER PROGRAM FOR
AN INCREMENTAL (EULER) SOLUTION

« Incremental (Euler) solution is implemented by a load-level factor A .

[Fig 1.1(b) Simple problem with
one degree of freedom.
Bar with spring]
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Initial configuration

50000000 . 2500. 0.

1=1.0,2.0,3.0,---12.0

, Write mode on
1

[input file of Fig 1.1(b)]

Call INPUT obtain the geometry, preperties, fixed loading, g, the boundary
conditions counter, IBC and spring stiffness parameters

qe — ﬂ’qef

/ Read in A4 and the number of increments, NlNC/

p=0N=NgA=0

Begin loop through the increments, INC = LNINC

Ag=Alg
Call ELEMENT which gives K, = n(N,z,EA,lp) for the truss el.
Call ELSTRUC which puts the el. stiff. matrix into the struct.
stifi. matrix and modifies for earthed (and other) linear springs

Call BCON which applies the boundary conditions.
Call CROUT which computes ¥, = LDLT.
Call SOLVCR which computes Ap =K, 'Aq
using the previously computed LDLT factors

p=p+Api=21+A1
Call FORCE which computes N = fn.(EA,l,z,p)

STOP

[Fig. 2.3 Flowchart for an incremental solution
(program NONLTA)]




Ch. 2 2.3 A FLOWCHART AND COMPUTER PROGRAM FOR
AN INCREMENTAL (EULER) SOLUTION

® 2.3.1 Program NONLTA

PROGRAM NONLTA

ISTON QFI(5),Z(2),QINC(5),PT(5),AKTE(4,4),FI(5),D(5),
AK14S(4),AKTS(25),X(2),POISS,E,ARA,AL,ANIT,AK15,
AN, ALN, ARN
IBC(5),ID14S(4),IRE,IWR,I,NV,NDSP,ITYEL,N

IRE = 5
IWR = 6
OPEN(UNIT=5, FILE=' ')
OPEN(UNIT=6, FILE=' ')




Ch. 2 2.3 A FLOWCHART AND COMPUTER PROGRAM FOR
AN INCREMENTAL (EULER) SOLUTION

® 2.3.1 Program NONLTA

CALL INPUT(E,ARA,AL,QFI,X,Z,ANIT,IBC,IRE,IWR,AK14S,ID14S,NDSP,
1 NV,AK15,
POISS,ITYEL)

ALN = AL
ARN = ARA

READ(IRE,*) FACI,NINC,IWRIT
WRITE(IWR,1000) FACI,NINC,IWRIT
FORMAT(/,1X, ' INCREMENTAL LOAD FACTOR =',G13.5,/,1X,
'NO. OF INC. (NINC)=',G13.5,/,1X,
'WRITE CONTROL (IWRIT)',G13.5,/,3X
'@=LIMITED ; 1=FULL',/)

AN = ANIT

FACT = 0.D@

DO 5 I=1,NV
PT(I) = ©.D0

CONTINUE

DO 100 INC=1,NINC
FACT = FACT + FACI
WRITE(IWR,1001) INC,FACT
FORMAT(/,1X, "INC = ',G13.5, 'LD.FACTOR = ',G13.5,/)
DO 10 I=1,NV
QINC(I) = FACI*QFI(I)
CONTINUE




Ch. 2 2.3 A FLOWCHART AND COMPUTER PROGRAM FOR
AN INCREMENTAL (EULER) SOLUTION

® 2.3.1 Program NONLTA

CALL ELEMENT(FI,AKTE,AN,X,Z,PT,E,ARA,AL,IWRIT,IWR,2,
ITYEL,ALN,ARN)

CALL ELSTRUC(AKTE,AKTS,NV,AK15,ID14S,AK14S,NDSP,FI,PT,
2, IWRIT, IWR)

CALL BCON(AKTS,IBC,N,QINC,IWRIT,IWR)
CALL CROUT(AKTS,D,NV,IWRIT,IWR)

CALL SOLVCR(AKTS,D,QINC,NV,IWRIT,IWR)
DO 20 I=1,NV

PT(I) = PT(I) + QINC(I)
CONTINUE

WRITE (6,1002) (PT(I), I=1,NV)
1002 FORMAT(/,1X, 'TOTAL DISPS. ARE',1X,5G13.5,/)

CALL FORCE(AN,ANIT,E,ARA,AL,X,Z,PT,IWRIT,IWR,
1 ITYEL,ARN,ALN,POISS)

100 CONTINUE

STOP 'NONLTA' 5




Basics of numerical methods

Iterative method for solving linear systems

Unlike direct method such as Gauss elimination, a solution is
assumed in the iterative method and it is iteratively updated until
the convergence is achieved.



Gauss-Seidel Method

« The Gauss-Seidel method is the most commonly used iterative method for

solving linear algebraic equations [A[{x}={b}.

« The method solves each equation in a system for a particular variable, and
then uses that value in later equations to solve later variables. For a 3x3
system with nonzero elements along the diagonal, for example, the jth

iteration values are found from the j-1t iteration using:

b b —a.x T —a.x

| X, = X =
(1101 + 1209 + a13x3 = by a, a,

. J _ Jj-1
oy =% = D

2
a,, a,,

ap1T1 + ATy + asry =by o . _ b—ayx —ayx; ¥/ =
2

(311 + (3002 + dzzlg = h;j _ .
J J

_ by —ayx, — ay,x, j_ by —ay x| —as,x;

Xy = Xy =
as; as;

If {x}) and {x}-1 are equal, the equations become self-consistent and
{x} is the solution set,



Jacobi Iteration

The Jacobi iteration is similar to the Gauss-Seidel method, except the |-

1t information is used to update all variables in the jt iteration:

a) Gauss-Seidel

b) Jacobi
Jj-1 Jj-1
y/ = bl =ax; a;; X3
J =
a,
j-1 j-1
¥/ = b, — a,x; )3 X3
/=
a,,
-l il
ol = by —ay,x; a3, X,
=
sy

First iteration

x; = (by —apx, — a13x3)/a11
| Y

X, = (by — ayxy — a23x3)/a22
|

X3 = (b3 — a3 x; — a32x2)/a33

(X (b — apx; — 013)(3)/“11

X = (by — ayx) — az3x3)/azz

X3 )= (b3 — azyx; — a32x2)/a33

; k
* Second iteration V

xp = (by = apX, = azxs)/ay
1

Xy = (by — ayx; — a23x3)/a22
|

Xy = (by — ayx; — a32x2)/a33
(a)
Gauss-Seidel

27 =
r N\
X, = (by —apx, — a13x3)/a]l
Xy = (by — ayx) — a23x3)/a22

X3 = (by — a3 x; — azx,)/as,
(b)
Jacobi



Convergence

» The convergence of an iterative method can be calculated by determining
the relative percent change of each element in {x}. For example, for the it"

element in the ji" iteration,

g . =——"—x100%

a,

« The method is ended when all elements have converged to a set tolerance.



Iter.

1

U1 WIN

Ex)

3r; — 0.1zy — 0,203 = 7.85
0.1z + Txo — 0323 = —19.3
0.327 — 0229 + 10253 = T1.4

—

i) Gauss-Seidel (start with x, = x5 = 0)

w w W iNN

X1

.61667
.99056
.00003
.00000
.00000

X2
-2.79452
-2.49962
-2.49999
-2.50000
-2.50000

||) Jacobi (X1 =X2=X3=O)

Iter.

1

UvT A WIN

X1
2.61667
3.00076
3.00081
3.00002
3.00000

X2
-2.75714
-2.48852
-2.49974
-2.50000
-2.50000

NN N NN

X3 x1 err(%)

.00561 -Infinity
.00029 -14.28878
.00000 -0.31684
.00000 0.00105
.00000 0.00001

7.85 4 0.125 4+ 0.225

e 3

- —19.3 — 0.1xy + 0.3x3
Ty = =

o 71.4 — 0.32, + 0.229
€Ly =

10

X, err(%) x3 err(%)
Infinity -Infinity
10.55275 0.07592
-0.01453 0.00416
-0.00048 -0.00001

0.00000 0.00000

X3 X1 err(%) X, err(%) X3 err(%)

7.14000 -Infinity
7.00636 -14.67880
7.00021 -0.00148
6.99998 0.02612
7.00000 0.00079

Infinity -Infinity
9.74266  1.87175
-0.45065 0.08778
-0.01057 0.00322
0.00006 -0.00026



function x = GaussSeidel (A,Db,es,maxit)
X = GaussSeidel (A,Db) :

Gauss Seidel method.
input:

o°

o°

o° o°

A = coefficient matrix
b = right hand side vector

o°

% es = (optional) stop criterion (%) (default = 0.00001)
% maxit = (optional) max iterations (default = 50) Firstl
% output: .
% X = solution vector X] (bl al2x2 al3x3)/all
if nargin<4, maxit=50; end |
if nargin<3, es=0.00001; end
[m,n] = size(A);
if m~=n, error('Matrix A must be square'); end X, ::(bz-—-aZle-— a23x3)/a22
cC = A; I
for 1 = 1:n
c(i,i) = 0;
x(1) = 0; .
end X3 = (b3 — a3 x; — asx,)/as,
x = x'; I
for 1 = 1:n
C(i,1:n) = C(i,1:n)/A(i,1); + Seconc
end xp = (by — apx, — apxy)/ay,
for i = 1:n |
d(i) = b(i)/A(i,1);
end *
iter = 0; . .
while (1) Xy = (by — ayx a23x3)/a22
xold = x; |
for i = 1:n
X (i) = d(i)-C(4i,:)*x;
it x(1) ~= 0 . . X3 = (by — azx; — azXx,)/as,
ea(i) = abs((x(i) - xold(i))/x(i)) * 100;
end (a)
end
iter = iter+1;
if max(ea)<=es | iter >= maxit,
break,
end

end



Convergence condition

The Gauss-Seidel method converge if the system is i) strictly diagonally

dominant or ii) symmetric positive-definite.

Strict diagonal dominance:

n
a..| > 2
1l
=

da..
Y

J#i -
aii|22aij
Cf. (Weak) diagonal dominance: j=1
J#i
Ex. Determine diagonal dominance:

"3 _2 1] -2 2 1] -4 2 1]
A=1|1 =3 B=|1 3 2 C=1]1 6 2
-1 2 1 -2 0 1 -2 5




Symmetric positive-definite

A symmetric real matrix M is said to be positive definite if zTMz is
positive for all nonzero real column vector z

EX. I = 1 0O ZT]Z:( 7 b) 1 O a :a2+b2
0 1 0 1 b

2 -1 0 2 -1 0 | a
M=| -1 2 -1 |ZMz=(a b ¢ )| -1 2 -1 | b |[=@+@=b+(b-c)+c
0 -1 2 0 -1 2 )| ¢

1) el

Equivalent condition for positive-definitedness is that all eigenvalues of M are positive.



Examples for Gauss-Seidel

into (300 2 1) still results in good convergence.

A[ 421 ] b{ : ] . diagonally dominant. (not symmetric) Changing b
The results are checked with A\b.

2 4 1 1
A—{ 1 6 2 J b—[ 3 } :diagonally not dominant but converges.

2 -4 1 1

A: b: .
6 1 2 3 . diverge
1 -2 5 1

2 4 1
4 3 J b‘[ 3 } Not diagonally dominant but positive-definite and
3 converges



Relaxation

« To enhance convergence, an iterative program can introduce relaxation where
the value at a particular iteration is made up of a combination of the old value

and the newly calculated value:

xinew — /fixinew n (1_ ﬁ)xlf)ld

where A is a weighting factor that is assigned a value between 0 and 2.
* 0< A <1:underrelaxation
* A =1:no relaxation

« 1< A =2: overrelaxation

Example with Jacobi method



Newton-Raphson

* Nonlinear systems may also be solved using the Newton-Raphson method

for multiple variables.

» For a two-variable system, the Taylor series approximation and resulting

Newton-Raphson equations are:

Ji(x,x,)=0
L (x,x,)=0

Suppose that at the ith step, x4 = X1, and x, = X2,i with f1,i(X1,i,X2,i) and f2,i(X1,iaX2,i)

Jdf, df,
Jilx,x,) = fl('xl,i ’x2,i)+ (x, — X1 a_xl +(x, — Xy axl
TR 21(xy;2,)
df. Jdf.
F(x,x,) = f2('x1,i’x2,z’)+ (x, — X1 3 : +(x, — Xy 3 :
t (xX1;%2;) 12 (x1;%2;)

Choose X4 i+ and Xp+1 such thatf, (X, ;,;,%; ;1) = f,(X;;41,%,,,) =0



f1,i+(x1,i+1 xu) ox,
Jaf.
»f‘2i+('x1,l'+] xlz) 5’;11
Using Cramer’s rule
dfr , 9fi
fl,i J a _f2,i 3
X, dx,

X1 — X5

- 8ﬁ,i 8f‘2,i afi,i af‘2,i

dx, dx, Jdx, Jdx

df,, . 9df;
Xy oy =Xy, — " 0%, . o
T df df, dfi df,

dx, dx, Jdx, Jdx,

cf. N-R method for single variable:  X;,; = X,

In general, for a set of n
equations with n variables,

{xi-i-l}:{xi}_‘,_]{f}

Gh ., S
0X, ox,
J=|
9/, 9f,
0x, ox,

ACH
S (%)




MATLAB Program

function [x,f,ea,iter]=newtmult (func,x0,es,maxit,varargin)
% newtmult: Newton-Raphson root zeroes nonlinear systems

$ ([x,f,ea,iter]=newtmult (func,x0,es,maxit,pl,p2,...):

% uses the Newton-Raphson method to £ind the roots of

% a system of nonlinear equations

% input:

% func = name of function that returns f and J

% x0 initial guess

% es desired percent relative error (default = 0.0001%)
% maxit = maximum allowable iterations (default = 50)
%

%

%

%

%

%

pl,p2,... = additional parameters used by function
output:

X vector of roots

i vector of functions evaluated at roots

ea = approximate percent relative error (%)

iter = number of iterations

if nargin<2,error('at least 2 input arguments required'),end
if nargin<3|isempty(es),es=0.0001;end
if nargin<4|isempty (maxit),maxit=50;end

iter = 0;
x=>.<0; EX)
while (1) - -
[J, f]=func (x,varargin{:}); function [J,f] = jf()
dx=J\f; J = [2*x(D)+x(2) x(1); 3*x(2)A2 14+6*x (1) *x(2)];

X=x-dX; f = [X(DA2+x (D) *x(2)-10;x(2)+3*x (1) *x(2)A2-57];
iter = iter + 1;
ea=100*max (abs (dx./x));
if iter>=maxit|ea<=es, break, end
end



Ch. 2 2.4 A FLOWCHART AND COMPUTER PROGRAM FOR
AN ITERATIVE SOLUTION USING THE NEWTON-RAPHSON METHOD

« This program uses an iterative solution by extending the concepts of ch 1.2.2 and 1.3 .

Load, W

_EA[Z 3,1 3j_W_N(Z+w)_W_O
2

g——3 ZW+—zZW +—Ww l :
dg )" |
ow=— ag g [eq.1.23,1.28] i
dw ;
= l

W =W +0w i k

1 Displacement, w

[Fig 1.5 The Newton-Raphson method]

« Newton-Raphson method requires convergence criteria, since practically, out-of-balance force

will never be zero. ”g” < IB”qe ...... force control
lel|< 8| - displacement control ~ ** """
Y : reaction vector S =0.001~0.01

T
« Newton-Raphson method also requires initial guess of P . ©.0 0.0 0.0 0.0 WY
9.001 1 B, write mode on

[Last part of input file for NONLTB]



Ch. 2 2.4 A FLOWCHART AND COMPUTER PROGRAM FOR
AN ITERATIVE SOLUTION USING THE NEWTON-RAPHSON METHOD

® 2.4.1 Program NONLTB

PROGRAM NONLTB

IMPLICIT DOUBLE PRECISION (A-H,0-Z)
COMMON /DAT/ X(2),Z(2),E,ARA,AL,ID14S(4),AK14S(4),NDSP,ANIT,AK15

COMMON /DAT2/ ARN,POISS,ALN,ITYEL
)IMENSION QFI(5),IBC(5),PT(5),AKTS(25),D(5),GM(5),FI(5)
ENSION REAC(5)

IRE=5
IWR=6

OPEN (UNIT=5,FILE=' ')
OPEN (UNIT=6,FILE=' ')

20



Ch. 2 2.4 A FLOWCHART AND COMPUTER PROGRAM FOR
AN ITERATIVE SOLUTION USING THE NEWTON-RAPHSON METHOD

® 2.4.1 Program NONLTB

CALL INPUT(E,ARA,AL,QFI,X,Z,ANIT,IBC,IRE,IWR,AK14S,ID14S,NDSP,
' NV,AK15
POISS,ITYEL)

ALN=AL
ARN=ARA
READ (IRE*) (PT(I),I=1,NV)
WRITE (IWR,2000) (PT(I),I=1,NV)
2000 FORMAT(/1X,'STRATING PREDICTOR DISPS ARE',/,1X,6G12.5/)
READ (IRE*) BETOK,IWRIT
2001 FORMAT(/,1X,'CONV. TOL FACTOR, BETOK= ',G12.5,/,1X,
2 'DIAGNOSTIC WRITE CONTROL(IWRIT)= ',15,/,3X,
3 '@=NO, 1=YES'/)

ITERY=1

CALL ITER(PT,AN,BETOK,QFI,IBC,IWRIT,IWR,AKTS,D,ITERTY,NV,
1 GM, FI,REAC)

WRITE (IWR,1004) (PT(I),I=1,NV)
1004 FORMAT(/,1X,'FINAL TOTAL DISPLACEMENTS ARE',/,1X,5G12.5/)
WRITE (IWR,1006) (REAC(I),I=1,NV)
1006 FORMAT(/,1X,'FINAL REACTIONS ARE',/,5G12.5/)
WRITE (IWR,1005) AN
1005 FORMAT(/,1X,'AXIAL FORCE IN BAR IS ',G12.5/)
STOP 'NONLTB'
END

21



Ch. 2 2.4 A FLOWCHART AND COMPUTER PROGRAM FOR
AN ITERATIVE SOLUTION USING THE NEWTON-RAPHSON METHOD

® 2.4.2 Flowchart and computer listing for subroutine ITER

Set max. number of iterations, NITMAX.
Begin iterative loop, ITE =1, NITMAX

Call FORCE which computes N = fn(EA,z,p).
Call ELEMENT and compute the internal force vector, g; for the truss.
If full N-R iterations, also compute K,

Cali ELSTRUC which modifies g, for the effects of the linear springs and,
if full N-R, puts the element stiffness matrix into the struct. stiff. matrix and
modifies for the effects of linear springs
compute the out-of-balance force vector, —g=g¢, —q,
and creates reaction vector, r =g,
except at earthed springs where 1= — K;;p;

llg.l — ld.cont.? Yes
Convergence check: ||gll < 8 max ———

(JIr]},0.001) — disp.cont?
No

N )
2 Full N-R?

Yes

Call BCON which applies the boundary conditions.
Call CROUT which computes K, = LDLT

Call SOLVCR which computes dp= — K 'g
using the previously computed LDLT factors

p=p+dp

22



Ch. 2 2.4 A FLOWCHART AND COMPUTER PROGRAM FOR
AN ITERATIVE SOLUTION USING THE NEWTON-RAPHSON METHOD

® 2.4.2 Flowchart and computer listing for subroutine ITER

= ITER(PT,AN,BETOK,QEX, IBC, IWRIT,IWR,AKTS,D, ITERY,NV,
GM, FI,REAC)

DOUBLE PRECISON (A-H,0-Z)

WMON /DAT/ X(2),Z(2),E,ARA,AL,ID14S(4),NDSP,ANIT,AK15
ION /DAT2/ ARN,POISS,ALN,ITYEL
N PT(NV),QEX(NV),IBC(NV),REAC(NV)
N FI(NV),GM(NV),AKTS(NV,NV),D(NV),AKTE(4,4)

SMALL=0.1D-2

NITMAX=16

IMOD=1

IF (ITERY.EQ.1) IMOD=3

23
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Ch. 2 24 A FLOWCHART AND COMPUTER PROGRAM FOR
AN ITERATIVE SOLUTION USING THE NEWTON-RAPHSON METHOD

® 2.4.2 Flowchart and computer listing for subroutine ITER

DO 100 ITE=1,NITMAX

IF (IWRIT.EQ.1) WRITE (IWR,1005) ITERY
FORMAT(/,IX, 'ITERATIVE LOOP WITH ITERY=',I5/)

CALL FORCE(AN,ANIT,E,ARA,AL,X,Z,PT,IWRIT,IWR,
ITYEL,ARN,ALN,POISS)

4

Call FORCE which computes N = fn(EA4,1z,p).
Call ELEMENT and compute the internal force vector, g; for the truss.
If full N-R iterations, also compute K.
CALL ELEMENT(FI,AKTE,AN,X,Z,PT,E,ARA,AL,IWRIT,IWR,IMOD, Call ELSTRUC which modifies g, for the effects of the linear springs and,
ITYEL,ALN,ARN) if full N-R, puts the element stiffness mairig }mo the struct. stiff. matrix and
modifies for the effects of linear springs
compute the out alance force vector, —g=¢.— 4,
and cr ction vector, r = ¢;
except at d springs where 1; = — Kyp;

I

CALL ELSTRUC(AKTE,AKTS,NV,AK15,DI14S,AK14S,NDSP,FI,PT,
IMOD, IWRIT, IWR)

DO 10 I=1,NV

GM(I)=0.D0

REAC(I)=FI(I)

IF (IBC(I).EQ.©) THEN

GM(I)=QEX(I)-FI(I) IF (NDSP.NE.@) THEN

ENDIF DO 50 I=1,NDSP
CONTINUE REAC(ID14S(I))=-AK14S(I)*PT(ID14S(I))
FORMAT(6G13.5) CONTINUE
FORMAT (5I5) ENDIF




Ch. 2 2.4 A FLOWCHART AND COMPUTER PROGRAM FOR
AN ITERATIVE SOLUTION USING THE NEWTON-RAPHSON METHOD

® 2.4.2 Flowchart and computer listing for subroutine ITER

L4

lgll — 1d.cont.? Yes ..
éonvergence check: |igll < B max _ — - (RETURN

(lIr),0.001) — disp.cont?
MNo l

FNORM=0.D@

GNORM=0.D®

RNORM=0.D@

IDSP=0

DO 20 I=1,NV
IF (IBC(I).EQ.®) FNORM=FNORM+QEX(I)*QEX(I)
IF (IBC(I).EQ.-1) IDSP=1
RNORM=RNORM+REAC (I)*REAC(I)
GNORM=GNORM+GM (I )*GM(I)

CONTINUE

FNORM=DSQRT ( FNORM)

GNORM=DSQRT (GNORM)
RNORM=DSQRT (RNORM)
BAS=MAX(FNORM, SMALL)

IF (IDSP.EQ.1) BAS=MAX(RNORM,SMALL)
BET=GNORM/BAS
ITEM=ITE-1
WRITE (IWR,1001) ITEM,BET
FORMAT(/1X, "ITERN. NO.= ',I5,'CONV. FAC.= ',G13.5/)
IF (WRIT.E 1) WRITE (IWR,1003) (GM(I),I=1,NV)
FORM HT(/lx UT-OF-BAL. FORCE VECTOR= ',1X,4G13.5/)
IF (BET.W».BETOK) GO TO 200

25



Ch. 2 2.4 A FLOWCHART AND COMPUTER PROGRAM FOR
AN ITERATIVE SOLUTION USING THE NEWTON-RAPHSON METHOD

® 2.4.2 Flowchart and computer listing for subroutine ITER

No Full N-R?

Yes

Call BCON which applies the boundary conditions.
Call CROUT which computes K, = LDL'

i

IF (ITERTY 1) THEN
CALL BCON(AKTS,IBC,NV,GM,IWRIT,IWR)

CALL CROUT(AKTS,D,NV,IWRIT,IWR)

ENDIF

26



Ch. 2 2.4 A FLOWCHART AND COMPUTER PROGRAM FOR
AN ITERATIVE SOLUTION USING THE NEWTON-RAPHSON METHOD

® 2.4.2 Flowchart and computer listing for subroutine ITER

Call SOLVCR which computes dp= —K'g
using the previously computed LDLT factors

p=p+dp

CALL SLOVCR(AKTS,D,GM,NV,IWRIT,IWR)

DO 30 I=1,NV
IF (IBC(I).EQ.@) THEN
PT(I)=PT(I)+GM(I)
ELSE
PT(I)=QEX(I)
ENDIF
CONTINUE

IF (WRIT.EQ.1) WRITE (IWR,1004) (PT(I)=I,NV)
FORMAT(/1X, 'TOTAL DISPS ARE',1X,6G13.5/)

CONTINUE

WRITE (IWR,1002)
MAT ,"FAILED TO CONVERGENCE****'/)
‘ITER 100'

CONTINUE
RETURN

27



Thank you!

VAN, .

ey
’ -l




