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ABSTRACT

COUPLING OF THE FINITE ELEMENT
AND BOUNDARY ELEMENT METHODS
FOR THE SOLUTION OF PLANE
PROBLEMS OF
LINEAR ELASTICITY

By

Jose Jaime Garcia A.

A hybrid finite element-boundary element formulation for the
solution of elastostatics plane problems is presented. Only isotropic
materials are considered. A finite element program, FEM, which uses
triangular and quadrilateral isoparametric elements, is initially
"developed. Next, a direct boundary element program, BEM, is created
using a piecewise straight boundary discretization. Constant tractions
and linear displacements are assumed on each boundary element. This
model allows traction discontinuities at the nodes and is compatible with
the elements used in FEM. Finally, a mixed formulation is obtained in
the program FEMBOU, which uses standard finite elements and multi-node
elements or "superelements'", whose svmmetric stiffness matrices, created
using the boundary integral equations, are incorporated into a standard
finite element program, similar to FEM., Results of the three programs

are compared for two examples.
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CHAPTER 1

INTRODUCTION

The classical mixed boundary value problem of linear elastostatics,
shown in Figure I.1l, consists of an elastic body, R, loaded by specified

tractions, t on part Bt of the boundary and specified displacements,

i’
u;» on the remainder of the boundary Bu. Body forces aré neglected here.
The displacement and stress fields everywhere 1im R, subject to the
boundary conditions, are sought. Exact solutions have been obtained for
many problems in which simple geometry is involved, such as rectangular,
circular, -elliptical ©bodies with particular boundary conditions.
Nevertheless, it is quite difficult to obtain the exact solution for a
problem in which either the body shape is more complicated or the load is
more general. Under these circumstances, numerical techniques have been
developed to approximate the solution of any general elastostatics
problem. The most notable of these procedures are the Finite Element
Method and the Boundary Element Method, which have become practical only
after the development of the high-speed digital computer.

The Finite Elemeﬁt Method [1,2,3],* first used for solving
structural problems in the 1960's, has become a powerful engineering tool
which can be applied to a wide range of problems such as fluid flow,
electromagnetic fields, etc. The method consists of dividing the
continuum into a set of imaginary discrete elements or "finite elements",

which are defined to interact with the neighboring elements only at

1
* Brackets refer to references listed in BIBLIOGRAPHY



Figure I.1.

Mixed boundary value problem
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specified points on their boundaries, called '"nodes". Governing field
equations are approximated within the elements by prescribed
interpolating functions or "shape functions". Initial engineering
intuition was that such a model should produce results similar to those
of the real problem, a fact which has since been amply proven by
mathematicians,

In the case of a three dimensional problem, it is necessary to
handle a large amount of data for specification of elemental and nodal
information of the discretized model. This is a major drawback of the
method, especially when a large number of small elements 1is required to
accurately predict high stress gradients.

The Boundary Element Method [4,5], introduced for elasticity
problems in the late 1960's and developed through the 1970's, solves
.governing integral equations by dividing the boundary of the body into a
set of small segments or "boundary elements", on which certain properties
(tractions, displacements, etc) are approximated by interpolating func-
tions or "shape functions". In the case of the "direct" method for
elastostatics, Somigliana's integral equation 1is discretized. At least
one exact singular solution must be known in order to implement the
approximate equations. The dimensional discretization is one order less
than that for the Finite Element Method, this being an important advantage
in particular when solving three dimensional problems. Moreover, field
equations are satisfied exactly within the body, allowing accurate
calculation of field properties, even 1f there are high gradients involv-
ed. Furthermore, the Boundary Element Method can be implemented to
handle problems over infinite or semi-infinite domains.

Due to the fact that boundary data is discretized, problems arise

for the method when solving cases in which the ratio of boundary area to



domain volume becomes large, i.e. when most of the domain lies in the
proximity of the boundary.

In the hope that the difficulties of the two methods can be avoided,
a mixed Finite Element - Boundary Element formulation has often been
suggested and actually implemented using various approaches,
(3,4,6,7,8,9,10].

In this dissertation, programs based on the Finite Element and
Boundary Element methods are implemented, with the goal of using them to
produce a third "combined" formulation, which is subsequently presented.
Additionally, results of the three programs are compared for some example
problems.

The Finite Element Program, FEM, described in CHAPTER II, follows
standard procedures for saving the global stiffness matrix, solving the
equations, etc., as recommended by various Finite Element authors,
f1,2,3,10]. Numerical integration is used to create elemental stiffness
matrices. The extension to the three dimensional problem can be easily
accomplished.

The Boundary Element program, BEM, described in CHAPTER III, 1is
based on the direct approach. The boundary discretization consists of
straight segments in which displacements vary linearly and tractions are
constant. This model allows traction discontinuities and 1is compatible
with the finite elements used in FEM.

The hybrid program, FEMBOU, described in CHAPTER IV, consists of the
program, FEM, plus a subroutine, BOUN, which creates the stiffness matrix
of a "superelement", in which the boundary integral ecuations are valid.

In the final chapter of the work, results of the three programs are

presented and compared with regard to accuracy and computational speed.
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Some conclusions can be drawn from these results but no definitive
statement can be made as to which 1s the "best" method. This work is
just a beginning toward the goal of implementation of the methods to the

general three dimensional anisotropic case.



CHAPTER II

FINITE ELEMENT MODELLING

II.1 DESCRIPTION OF THE FINITE ELEMENT METHOD

The displacement approach, or direct formulation, of the Finite
Element Method, consists of dividing the body into imaginary '"finite
elements" as shown for a plane problem in Figure II.1. Each element is
connected to neighboring elements at specified points called nodes.

The components u u, of the displacement at a point within an

1’

element e is given approximately by

iy (1) . (1)
u, (x)= ¢ N, (x)u » Us(xX)= 5 N,(x)u (II.1)
1 i 1 2 ~ 1 2
i=1 i=]
where ul(i), uz(i) are the components of the displacement of node 1,

Ni(x) is a specified function corresponding to that node, or. "shape
function" of the node i, and n is the number of element nodes. There are
as many shape functions as nodes in the element. These shape functions
must satisfy certain requirements, 1i.e., they are equal to 1 at the
corresponding node and are equal to 0 at all other nodes of the element.

Also, they must be able to reproduce exactly a state of constant stress

r2].



Figure II.l1. Domain discretization for
Finite Element Analysis
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If the nodal displacements are known, the stress and strain can be

calculated in the element. For a plane problem, the components of strain

are
Y N E 1 ¢ (DY
en) [ /3% PN, /3%, 0 ......3N [ax, O o
u2(1)
{e}=)ey | =|3u,/0x, 4 0 ON,/3%y.0....0 ON_/3x, .
< \ 1o
o (W
1(n)
2€ du,/9x.+%u,./9x ON,/9x, ON,/dx.....9N_/dx, ON_/dx u
N N i A Kt VI B T TS U R IS TR
or
{e} =[B, B B_1{u} (¢ (I1.2)
1 Zocoon u .
where
BNi/axl 0
[Bi] =/ 0 BNi/sz
BNi/sz BNi/Bxk
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and { u #e) is the vector of nodal coordinates of the element.
With the elastic constants of the material, Young's Modulus E and

Poisson's Ratio v, the components of stress are

q°111 | 1 v O /;11 7
{o}= Jogy |= E v 1 0 L= DI{c}=(D! (8] {u}(®)
Jo2 | — <e22
012 0 0 (1-u) |2¢
12
L y, L 2 L J (11.3)
in the case of plane stress.
If the potential energy of the element,
1@ ues 10T ieav-ry 9Ty,
or
1@ agu} O ;o 181701 181av(w) -7y (9T 10y (@ (II1.4)
is minimized, a relationship between the nodal forces {F}(e) and the

}(e)

nodal displacements {u is obtained. This relatiomship is

k1@ ®ogpy (@)
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](e)

where the matrix [K is the stiffness matrix of the element e,i.e.

(x) (&= 4y 81 (D] [B]av (11.5)

The global stiffness matrix which relates the global displacement
vector {u} to the global force vector {F}, is also obtained by minimizing
the total potential energy of the body. The final system of equations can

be written as,

[K]{u}={F} (II1.6)

vhere {u} is a vector containing all nodal displacements, {F} is a vector
containing externally applied nodal forces, and [K] is symmetric and
banded. The entriés of [K] are composed of contributions of the
elemental stiffness matrices. The final system of equations can be
solved for the unknown displacements, and subsequently the state of
stress and strain can be calculated at all points of the body using eqgs.

(I1.3) and (II.2), respectively.

The general algorithm of a finite element program is as follows:
- Read the data of the discretized model.
- Form the global stiffness matrix from the contribufions of
all elemental stiffness matrices.
- Modify the system of equations for specified displacements.
- Calculate displacements and stresses at prescribed points

in the body.



11

\

II.2 ISOPARAMETRIC QUADRILATERAL ELEMENTS

In the case of an isoparametric element, the relation between the

local and the global coordinate system is given by,

n n
(1) (1)
xl-iilNi(g ,n)xl > xzsi)ilNi(E ,n_)xz (II.?)

where Ni(E » n) 1s the shape function of node i. In the case of a

four-node quadrilateral, these can be represented by the equation,

Ni(E.n)=%(1+E€i)(l+nni) (11.8)

where i andni are the local coordinates of node i, as shown in Figure
I1.2. For example, the local coordinates of node 2 are gz-l and no= -1

so that

Nz(i,n)=k(l+€)(1-d)

Values of the displacements in the element are related to those at
the nodes by the same shape functions (thus the description

"isoparametric") so that

n n
u, o= ZlNi(S,n)ul(i) , u, (0= 2 Ni(S.ﬂ)uz(i) (11.9)
ig i=1

where n is the number of nodes in the element.
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X,
. XA X
¢
4(x,
4¢4,1) A1, 1)
2(X%x%)
3
XX
X
-1, 4) 201,-1) '

Figure II.2.

Local and global coordinates for
a four-node isoparametric element



13
Since the shape functions are in terms of the local coordinates
(& n, a transformation is necessary to calculate the derivatives of the

shape functions with respect to the global coordinates 3 and Xys

; B oy D T e eve D] fy soz)
ani/BxD iil(aNi/as)xl iil(ONi/ag)xz BNI/BE
3 - R
n n
(1) - o (1)
3N, /ax L (3N, /3n)x L (3N, /3n)x 5N, /3N
\ 1 % P! 1 o1 1 2 | )
N, /3¢
-y 1 (11.10)
aNi/Qn

where [J] is the Jacobian matrix.

As 1s explained by Gupta in [1l1], the most efficient way to
calculate the stiffness of the element is to evaluate first the (2x2)

submatrix,

fv (ENi/axl)(aN

. /axl)dv f‘,e(aNj /9xl)(8Ni/3x2)dv

3

fve(aNi/axl)(aNj/axz)dv fVe(SNj/sz)(aNi/axz)dv
Wil wl2
= (1II.11)
w21 W22

and then to rearrange it into another 2x2 submatrix
W11+W22(1-y)/2 uW12+W21(1-v) /2

E/(1-0?) ' (1I.12)

VW21+W12(1-v)/2 W224W11(1-v)/2
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located in the positions (2i-1, 2j-1), (2i-1, 2j), (2i, 2j-1), (21,23j) of
(K] (e) .

All of the integrals are evaluated using numerical integration and

Gauss points.
ITI.3 PLANE STRESS FINITE ELEMENT PROGRAM

FEM 1is a finite element program that can be used to solve
elastostatics problems in two dimensions. Three-node triangular and
four-node quadrilateral elements may be used in the program. A flow
chart of FEM is shown in Fig. II.3.

Subroutine RED1 reads and prints the data related to material
properties, geometry and boundary conditions. Subroutine PROFIL
determines the dimensions and the addresses for the vectors in which
portions of the global stiffness matrix are to be saved. PFORM creates
the entries of the stiffness matrix by calling ELEMENT, which calculates
elemental stiffness matrices, and ADDSTIF, which adds these elemental
matrices into the global one. Subroutine SHAPE, called by ELEMENT,
calculates the global derivatives of the shape functions at the points of
integration, and PGAUSS computes the Gauss weights and points for the
numerical integration. One, four, or nine Gauss points may be used to
perform the numerical integration. The global stiffness matrix formed is
then factored into lower and upper triangular matrices by the first part
of the subroutine SOLVE(l). Several load cases can be solved for the
same geometry within the loop from I=1 to NLO(number of load cases).
MODIFY reads and prints non-zero specified displacements. SOLVE(2)
solves the equations for the values of nodal displacements by back and

forward substitution using the triangular matrices already calculated in
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CALL RED1

CALL PROFIL

CALL PGAUSS

)

CALL .ELEMENT

CALL PFORM

1

-

CALL SHAPE

|

CALL SOLVE(1l)

CALL ADDSTIF

DO I = 1,NLO

CALL MODIFY

CALL SOLVE(2)

CALL STRESS

i
——GONT INUE)

[}
G

Fiqure II.3.

Flowchart of Procgram FEM
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SOLVE(l) and the load vector created in MODIFY. With the values of nodal
displacements known, stresses and reactions are calculated and printed by
STRESS. In the following sections detailed explanations of the

subroutines are presented.

II.3.1 SUBROUTINE REDIl

This subroutine reads and prints the input data. A 1list of the
order and format in which the variables and arrays must be submitted to
the program follows:

TITLE - The title of the problem. This must be written on one
line in columns 1 through 80.
NMAT - The number of materials of which the body is composed.

Enter in free format.

NEL - The number of elements used. Enter in free format.

NNO - The total number of nodes in the model. Enter in free
format.

NDOF - The number of degrees of freedom of the problem. This

parameter is equal to 2 for plane problems. Enter in free
format.

NLO - The number of load cases to be solved for the same geometry.
Enter in free format.

E(I),PR(I)- Material properties (E 1s Young's Modulus and PR is
Poisson's Ratio). Enter for I=1, NMAT, one set of
properties per line. Enter E(I) in cclumns ! through 20
in E format, and PR(I) in columns 21 through 40 in F

format.
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MP(I), NEN(I), (NN(I,J), J=1, NEN(I)) - Element properties.
MP(I) is the material identification of the element (MP =
1,2,..., or NMAT), NEN(I) is the number of nodes of the
element, and (NN(I,J),J=1,NEN(I)) are the number of the
nodes which form the element (listed counter-clockwise).
Enter for I=], NEL, one set of element properties per
line. These properties are read in free format.

X(1,1), NTBC(I,1), X (I,2), NTBC(I,2) - Node properties.

X(I,1) is the coordinate x, of node I, NTBC(I,l1) is the

1
type of boundary condition in the X direction at node I,

X(1,2) is the coordinate x., of node I, and NTBC(I,2) is

2
the type of boundary condition in the X, direction at node
I. Enter for I=]1,NNO, one set of node properties per
line. Enter X(I,1) in columns 1 through 15 in F format,
NTBC (I,1) in columns 16 through 20 in I format, X(I,2) in
columns 21 through 35 in F format and NTBC(I,2) in columns
36 to 40 in I format.

The boundary condition code for NTBC(I,K) is as follows,
NTBC(I,K)= -1 if specified zero displacement at node I in
direction K.

NTBC(I,K)=0 if specified force at node I in direction K.
NTBC(I,K)=1 if specified non-zero displacement at- node I
in direction K.

The default value for NTBC(I,K) is O.

Subroutine RED1 also prints the input data after it is read.
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I1.3.2 SUBROUTINE PROFIL

The global system of equations for a Finite Element program, givenby

eq. (II.6), can be rearranged as

-+NEQ NKD
NEQ K], (K], | {ulg {F}g
e - (11.13)
| [®ly, [K],, {u}, (P}

where {u}ns is a vector of unknown displacements, {u}s is a vector of
specified displacements (zero and non-zero), {F}s is a vector of known
external forces, {F} ns is a vector of unknown external forces or
reactions, NEQ is the number of equations to be solved and NKD is the
number of specified displacements. The number of equationsis calculated

as

NEQ = (No. of nodes)x(No. of degrees of freedom)- NKD
and the equations to be solved can be written as
= - ! = *
[1(]11{11}ns {F}s [K]lztu}s {F}S. (II.14)
If the specified displacements are all zero, {F}s* = {F}s and it is not

necessary to save [K]12' It {is noted that the submatrix [K]11 is

symmetric and banded.
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The objective of the subroutine PROFIL is to calculate the dimensions
of two vectors, A(J) and B(J), in which parts of [K]11 and [K]12
respectively are to be saved by columns, and to set two arrays, JDIAG(I)
and IDIAG(I), that serve to identify positions of the elements of [K]11
and [K]12 in the vectors A(J) and B(J). Space is reserved in A(J) for
all column entries in [K]11 from the first non-zero entry to the diagonal.
With this organization, considered by Taylor in [3], less space 1is
required for saving the matrix. On the other hand, some additional time

must be spent in order to set the arrays JDIAG(I) and IDIAG(I).

IT1.3.2.1 FIRST PART OF PROFIL

For each specified force condition, NTBC(I,K)=0, an equation is
counted and the number of that equation is assigned to NTBC(I,K). For
each specified non-zero displacement, NTBC(I,K)=1, the specified non-zero
displacement is counted and the negative of that number is assigned to
NTBC(I,K). For each specified zero displacement, NTBC(I,K)=-1, NTBC(I,K)
is set equal to zero. For the problem of Figure 1I.4, the values of NTBC(I,K)
before and after PROFIL are shown in Table I1II.1. In this example there

are 2 specified non-zero displacements and 3 specified zero displacements.

I1.3.2.2 SECOND PART OF PROFIL

For the same example of Figure II.4, the form of the complete
stiffness matrix is shown in Figure II.5(a), where the positions above
the upper profile line are zero. The form of the submatrix [K]11 is
shown in Figure II.5(b) and the positions marked as x are the ones to be

saved in A(J) as is shown in the same figure.
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F
Specitied nonzero displacement |-—— 1
1
./ o
(2)
4

3: —4
- (3)

Figure II.4. Example for PROFIL .
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Table II.1 Array NTBC(I,K) before and after PROFIL

Node No. Degree of NTBC(I,K) NTBC(I,K)
1 Freedom, K Before PROFIL After PROFIL
1 0 1
1
2 -1 0
1 0 2
2
2 0 3
1 0 4
3
2 1 -1
1 1 -2
4
2 0 5
1 -1 0
5
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ntsca, ) —= (1) (0) (2) (3) (4) 1) (-2) (5) (0) (0)

NODE NUMBER

NODE NUMBER —e 3 4 5
DIRECTION —o 1 2 1 2 1 2 1 2 1 2 DIRECTION l
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Figure I11.5.

(b)

NTBC(1,X)

()
(0)
(2)
(3)
(4)
1)
«2)
(5)
(0)
(0)

Matrices (K], [K]ll and arrays A(J) and

JDIAG(J) for the example of figure 1I.4
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The array JDIAG(I) relates the entries of A(J) to those of [Klll.
There are as many components in JDIAG(I) as there are equations. Each
entry JDIAG(I) indicates the location in A(J) of the diagonal element of
column I,

The number of non-zero positions in a column I of [K]11 is equal to
the maximum difference between the equation number I and the equation
numbers corresponding to the degrees of freedom of the nodes adjacent to
I, plus 1, i.e. the number of elements in column 4 of [K]11 is equal to
max {14=31 , 14=21}+ 1=2+1=3,

The algorithm to set the array JDIAG(I) is as follows.

- Do a loop on the elements.

- Do a loop on the nodes of the element. )

- Do a loop on the degrees of freedom.

- Find the maximum difference between the equation I of that degree

of freedom and the equation numbers of the other degrees of
freedom of the same element. Assign that value to JDIAG(I).

- When the same equation number 1s found in another element, assign
to JDIAG(I) the maximum value between the current maximum
difference and the value already saved in JDIAG(I).

- After finishing these loops, the entry JDIAG(I) is equal to the
height of column I minus 1.

- To obtain the final JDIAG(I) array, another loop is made to add
the heights of all the columns.

In the array B(J) are saved the columns of [K] corresponding to the
Specified non-zero displacements. For the example of Figure II.4, these
are marked as asterisks in Figure II.5. The number of entries in each
column 44 equal to the difference between the highest and the lowest
€quation npuymber of the degrees of freedom with entries in that column,

Plus 1, i1.e. the number of entries in column No. 6 is (5-2)+1=4. There
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are two entries in IDIAG(I) for each specified non-zero displacement I.
The first, IDIAG(2I-1), indicates the equation number that corresponds to
the first element of column I, and the second indicates the position in
the array B(J) of the last element of column I. In Figure II.6, are
shown the arrays B(J) and IDIAG(I) for the example of Figure II.4.
The algorithm to calculate IDIAG(I) is as follows.
- Do a loop on the elements.
- Do a loop on the nodes of the element.
- Do a loop on the degrees of freedom.
- For each negative NTBC(I,K), find the highest and the lowest
values of the equation numbers of the other positive NTBC(I,J)
corresponding to the other degrees of freedom of the same

element. Save these values in IDIAG(2I-1) and IDIAG(2I).

- Add the heights of the columns to obtain the final array.

I1.3.3 SUBROUTINE PFORM

This subroutine fills the arrays A(J) and B(J) in which the
submatrices [K]11 and [K]12 are saved.

The flow chart for PFORM is shown in Figure II.7. In the first
part, PFORM calculates the entries of the matrix [D], which relates
Stress to strain. These entries are saved in the arravs E(I), PR(I) and
G(I).

The second part of PFORM consists of a loop on the elements. For
each element I, the material properties are localized in D(1l), D(2),
D(3), the coordinates of the nodes in XE(I,L) and the boundarv condition
tYPes at the nodes in NBC (I,L). Also the local stiffness matrix S(I,L)
is infiefalized. With the arrays D(I) and XE(I,L), the stiffness of

the ©€lement is calculated by the subroutine ELEMENT, With the arrays
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B

1 Ko

2| Kay IDIAG
3| K 2
4| Ky, 4
5| Ky 1
6| Ky 9
7| Kaey

8 | K.y

9| Ksea)

Figure I1.6. Arrays B(J) and IDIAG(J) for
example of Figure I1I.4
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<:>START ;:)
Loop on Materials ;>——————
I = 1,NMAT

ECI)

1]
m

PR(I)

"
m

n
m

G(I)

Loop on elements j>_____7
N = 1,NEL

Localize: D(L),
XE(I,L),
NBC(I,L).

Initialize: S(I,L)

Calculate S(I,L).
CALL ELEMENT

Add S(I,L) to A or
B.
CALL ADDSTIF

(comre )-
CONTINUEAJ/

=

Figure II.7. Flowchart of PFORM
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NBC(I,L), JDIAG(I), IDIAG(I), the entries of the local stiffness matrix

are located in A(J) or B(J) by the subroutine ADDSTIF.

IT1.3.3.1 SUBROUTINE ELEMENT

This subroutine calculates the stiffness matrix of three-node
triangular and four-node quadrilateral elements by numerical integration.

The flow chart of ELEMENT is shown in Figure II.S8.

In the first part, ELEMENT calculates the entries W11, W12, W21, W22

of eq. (II.1l1). Each of these entries is approximately equal to

t,uz--,-Ve(:mj 13x,) (aNi/axz)dv.[" I (aNj /3x)) (aNi/sz)detIJ! dgdn
N2 " .
- kil wkkdetlJl (BNj/Bxl)(aNi/sz) (g0 (11.15)

vhere N is the number of points of integration in each direction, wkk are
the Gauss weights and Ek, n, are the local coordinates of the Gauss
points. The subroutine PGAUSS calculates wkk’ Ek’ Mo depending on the
value of N. The subroutine SHAPE calculates the derivatives of the shape
func tions at the points of integration. The summation from 1 to N° is
Performed in ELEMENT.

In the second part of ELEMENT, the entries W11, W12, W21, W22 are
rearranged and multiplied by the material constants to obtain the
components of eq. (II.12).

Subroutine SHAPE returns the values of the global derivatives
3N1/3x1, z)Ni/ax2 in the array SHP(I,K), where I indicates the shape func-
tion number and K the derivative,i.e., K-1->3Ni/3xl, K=2->3Ni/3x2, K-3-’Ni.
The Sequence of operations in SHAPE is essentially that of equaticn
(IT.10)., First the local derivatives are formed, then the Jacobian

natrfs [J] and its inverse [J]-1 are calculated,' ard finally the

-1
multiplication of [J] = by local derivatives is performed. When it is
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Calculate Gauss points and
weights.

CALL PGAUSS

Loop on pointsof Integration \\
L =1,LL? //

Calculate 3N, /3x, , N, /23X,

at each point of integration
CALL SHAPE

Form Wll, W12, W21, W22

CONTINUE

J

Rearrange and multiply
by material constants

RETURN

Figure II.8. Flowchart of ELEMENT
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required to find the stiffness matrix of a triangular element, the shape
functions N3 and Nd are added, and the same procedure is followed in all

other steps.

I1.3.3.2 SUBROUTINE ADDSTIF

This subroutine stores the values of elemental stiffness matrices in
either A(J) or B(J), depending on the boundary condition NBC(I,K) at each
degree of freedom.

The algorithm for ADDSTIF is,

- Do a loop on the nodes of the element, I=1, NEN(N).

- Do a loop on the degrees of freedom, K=1, NDOF.

- For each degree of freedom:

a) If NBC(I,K) is zero, continue to the other degrees of
freedom.

b) If NBC(I,K) is negative, store the column(NDOF*(2*I-1)+K)
of S(L,M) is B(J), except for the entries with an NBC(L,M)
value also negative or zero.

¢) If NBC(I,K) is positive, store the first part of the
column in A(J), except for those entries with an NBC(L,M)
value negative or zero. Only the first part of the column
(up to the diagonal term) is stored since the matrix is
symmetric,

The way each entry of [K] is located in A(I) is illustrated in
Figure II.9. For a given address (M,J) in [K], the number (JDIAG(J)-J)
is calculated. This number gives the positions in A(I) in which the
first entry of the column would be located if it were different from

Zero. The proper position is obtained by adding the row number M.
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/
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JDIAG (V)
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Locaticn of elements of [K] in A(I)
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The location procedure in B(I) is illustrated in Figure II.10. For
each NBC(L,N) negative, the position of the first element of the column J
is located in B(I), this position being given by the number
IDIAG(2*(J-1)+1). Next, a number of positions equal to the difference
between the equat}on number M, and the equation number corresponding to
the first non-zero element in the column IDIAG(2*J-1) must be added to

set the correct location for the entry.

I1.3.4 SUBROUTINE SOLVE

This subroutine uses a variation of the Gauss elimination method
called Crout algorithm. This algorithm is thoroughly discussed by R.L.
Taylor in [3]. In this section, the important facts of the method and
the subroutine are summarized.

The first part of SOLVE, which works when the logical arguments AFAC
and BACK are true and false respectively, factors the stiffness matrix

[K]11 stored in A(I) into the form

41 0.......0 Upy UpgeeseetUy
121 1.....'.0 0 u22.0...uzn
(K], = |- : = [LI[U]
. 10 .
1nl 1“2.....1 LO 0 unﬂ

The procedure which calculates the entries of [L] and [U] consists
of performing the matrix multiplication and equating the respective

terms. Following this procedure, it is found that
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J IDIAG(2(=1))+1

IDIAG(2J-1)

M-IDIAG(2J-1)

1

OO

ANNARRN

Figure II1.10. Location of elements of [K]12 in B(I)
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ulngkln

1nlgknllull

1-1
-z limumj’ i#l

=k
Y1774 el

i-1
k, .- 1, u_ .
ij =1 im mj

lij= qu (i#j,j#l)

1

/ , 1f [K]11 is symmetric.

13- %31/%3

In the subroutine, the sequence in which the entries are calculated
and saved is shown in the example of Figure II.1ll.
It can be shown that both [L] and [U] have the same profile as

[K]ll' If k., =0, u

In =0; 1if k, =0, u

In 2n ™" 121%n

if ki =0, u, =0 since all the elements u of the same column, above u
n in mn

=0 also; and, in general,
in
are 0.

Since [K]11 is stored in A(I) by columns, addresses must be found
using the array JDIAG(I). Also, since only the profile part of [K]11 is
saved, some attention must be paid to the performance of the operations,

i.e. the summation

I 1, u
=1 im mj

is on the elements of column i and j so that, to do this operation, it is
necessary to know which is the shortest column. This is done with the

function MINO, which finds the minor value between two integers.
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A summary of the algorithm for the first part of SOLVE i1s as
follows,

- Do a loop on the columns.

- If the height of the column equals 1, continue with other
columns.

- If the height of the column equals 2, calculate the diagonal
element.

- If the height i1s greater than two, calculate

i-1

uyymkgyT L llimumj

from J=2 through the diagonal.

- On the diagonal, calculate

j-1
/uii ’ 21, u

1117y ®337%457 L inns

A flow chart of this algorithm is shown in Fig. II.12.

The second part of SOLVE, which works when the arguments AFAC and
BACK are false and true respectively, performs two operations. It solves
the systems [L]{y}={F}* and [U] {x}={y} by forward and backsubstitution
respectively. In these systems, {F} * is the force vector formed in
MODIFY, f{x} 1is the vector of unknown displacements, and {v} is an

intermediate vector.
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( START >
!

Loop on
equations
J = 1,NEQ true
.
Calculate JH, Loop on
height of elements
column of cclumn
1
i1
Uii =k5i - 15.. u
mi)
Compute
diagonal
term
{
lii =Uy; /Uii
i-1
Uji '_'kii -m, im Uni

—GONTINUE >__

‘ BACK
true
i1
false yi =F;'-zli- y"b
m:)

< RETURN

Figure II.12. Flowchart for first part of SOLVE




37

For a 3x3 matrix the first operation is as follows,

- - * *
N N -
1 0 0 fyl (?1 | ¥, F1
1 1 0 F* F. -1
21 <Y20X%2 > You¥2 Tia1%1
1 1 1 P r.5-a1 1
"1 32 U3 U3 ) y37Fy = (13171 1357,)-
In general
. 1-1
yi Fi -1 " m
m=1

The elements of {y} are saved in the same vector {F} .

For the same 3x3 matrix, the back substitution is

Y11 Y12 Y3l (*1] (M1 X3%Y4/uq4
0 oY) uys|< *2 X Y2 ¢ x)=(y,mu,y5%4) /Uy,
0 0 u3a] (X3 U3 =@y =uoxotuy %)) fuy g
In general
1+1
y,- L& u, x
m=NEQ 17 D 141
X,= =y /u L (u, /u, )x
i u i’ i1 =NEQ im" {1i""m

i1
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or
i+l

T 1 .x

/ _
m=NEQ mi’m

17 Yi'Y447

Note that the values of x, are in terms of uiivand lmi(mri), so that it

is not necessary to calculate u g for m#i. A flow chart of this

procedure is shown in Fig. II.13.
II1.3.5 SUBROUTINE MODIFY

This subroutine has two parts. The first part reads and prints
specified non-zero loads or displacements, and the second part modifies
the load vector if there are specified non-zero displacements.

In the first part the subroutine reads (in free format) the node
number, the direction and the value of each non-zero force or
displacement. The loads are stored in the first NEQ positions of F(I1),
and the displacements in the remaining NSD positions of F(I). VNo
ordering is necessary to specify this data. The subroutine stops reading

when a zero value is given for the node number.

The second part of MODIFY performs the operation’

IF} "= {F} ~[K] ,{u), (11.16)



39

Loop on
equations
I =1, NEQ

Yi =Y /u;

Loop on
equations
I = 1, NEQ

isl

X = y; ‘Zlmi Xm

™m:NEQ

( RETURN )

Figure II.13. Flowchart for second part of SOLVE
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where the dimensions of thg matrix [K]12’ stored in the array B(J), are
NEQxNSD. The algorithm to do this modification is as follows.
- Do a loop on the equations.
- Do a loop on the specified non-zero displacements.
- Locate each element in B(J), and perform the product.

The array IDIAG(I) 1s used to locate positions in B(J).
IT.3.6 SUBROUTINE STRESS

This subroutine calculates and prints the stresses in each element
and the reactions at the points of specified displacement.

The algorithm of the subroutine is as follows.

- Do a loop on the elements.

- For each element, localize D(K),XE(I,K).

- Call SHAPE to calculate the global derivatives of the shape

functions.

- Compute stresses following eq. (II.3).

In order to organize the reactions, changes are made in some
positions of the array NTBC(I,K). A negative value is assigned at those
positions where NTBC(I,K) is equal to zero (corresponding to a specified
zero displacement) starting from -NSD-1. Thus, for each negative
NTBC(I,K), a reaction is computed. This change in NTBC(I,K) is #ctually
made in PFORM, and it permits organization of the reactions in the last

part of the array F(I).
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Each reaction is obtained by calculating and adding elemental nodal
forces at each location in which NTBC(I,K) is negative. This procedure
requires knowledge of the stiffness matrices of those elements adjacent
to the reactions. These matrices can be saved in disk storage during the
execution of PFORM, or can be calculated again, as 1s done in the
program. Although this procedure requires a larger number of operationms,
considerable storage is saved in central memory since only a reduced part
of the global stiffness matrix needs to be saved. This is an important

feature when treating large problems.

I1.3.7 EXAMPLE OF INPUT DATA

For the example of Figure II.1l4, the input data is as follows,
(TITLE, 1-80)
EXAMPLE OF INPUT DATA, FEM
(NMAT,NEL ,NNO,NDOF,NLO,Free Format)
1 4 9 2 1
(E(1),PR(1),E20.12,F20.12)
2.5E00 0.25

(NMAT(I),NEN(I), (NN(I,K),K=1,NEN(I)),Free Format)

P b s et
S
Ve -
o~ w»
oW,
[« SRV, BYUS I N ]

(XE(1,1),NTBC(I,1),XE(I,2),NTBC(I,2),F15.5,15,F15.5,15)

0.0 -1 0.0 -1
0.0 -1 1.0
0.0 -1 2.0
2.0 0.0
2.0 1.0
2.0 2.0
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X,

Figure II.14.

Example problem to demonstrate input

data for FEM

|
3 (] - 1.
1 (2 ()
2 5
1 ™ 6]
¥ > ~"
2. 2.
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N —~O
[eNeNe]

(LL, Free Format)
3

(N,I,F(2*(N-1)+I, Free Format)

O Vv
Q Pt s

(R, Free Format)

0.5

(NE1,NE2, Free Format)
1 1
3 4
0 0
Note that stresses are to be calculated in elements 1,3 and 4 at
four points defined by the local coordinate R=0.5. For the element 1
those points are located in (0.5,0.25), (1.5, 0.25), (1.5, 0.75) and

(0.5, 0.75).



CHAPTER III

BOUNDARY ELEMENT MODELLING

III.1 DESCRIPTION OF THE BOUNDARY ELEMENT METHOD

For the plane boundary-value problem of 1linear elasticity
illustrated in Figure III.1, the displacement at a point x on B is
related to the displacements and tractions at all other points on B by

Somigliana's identity, i.e.

j(x,x)t:j(x)ds (I11.1)

°‘1j(")“j (x)+fB(UC)i.j(x.§)u (§)d§-fB(UR)i.

3

where the integral on the left hand side is interpreted in the Cauchy

principal-value sense. The function (UC) (x,x) 1is the displacement,

1.4

ui(x), due to a unit displacement discontinuity, C,(x), applied in the

3

infinite elastic plane and (UR), ,(x,x) is the displacement, ui(x) due to

1.3

a unit force, R,(x), applied in the infinite elastic plane.

3

The coefficients ay (x) are defined as follows for plane stress:

3

w/27€+(1+u)(Sin2(a+m)-sin2a)/8ﬂ,i=j

as3(x)= (111.2)
(1+0)(sin?(atw)-sina)/dn  ,i#]

44
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Xe(X.X;)

X,

Figure III1.1. Plane boundgary value prcblem

Figure 111.2. Angles aand wof eq. (III.2)
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where o and w are shown in Figure III.2. For a smooth boundary at x,
w=m and aij-% Gij'
At a point x in R, the displacements and stresses can be calculated

from the equations

u, (x)=/ (UR) (x,x)u, (x)ds

(x,x)t (:’c)dE-fB(UC)i_j ;

i.j 3

) oik(x)-fB(UR)ik.j(x,i)tj(;)dE-IB(cC)ik.j(x,§)uj(i)dg (111.3)

where the influence functions (gR) (x,x) and (cC)

1k. (x,x) give the

stress component Gik(x) due to a unit force, R

ik.j

(x), and a unit

]
displacement discontinuity, Cj(E), respectively, applied in the infinite

plane.

At each point x on B and in each direction, either uj(x) or tj(x) is
known. Therefore, eq. (III.1) can be used to solve for the unknown
values of uj(x) and tj(x). thus giving complete boundary information.
The displacements and stresses at any internal point can then be
determined by integration using eq. (III.3).

It can be shown that, for plane stress the influence funtions of eq.

(III.1) and (III.3) are given by

(UR)i.k-[-(3_U)51kl°g p+ (1+v)q,q, 1/(87G)
(V0),  =12(1+0) (iyay *=pa, )+ (107 0+ (340743, 1/ ()

(UE) | ,=[2(1+V) (-,q, -7 q,)+(143V)7 ,q, + (3+1)7, q,1/ (470)
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(UC)Z.Z-[2(1+U) (‘qu13*;2q23)+(1-U)I-12q2"‘(3+u)51q1 ]/(4“0)
©OR) |, | =[=2(1+v)q,>~(1-0)q, 1/ (470)
OR)}, ~[2(140)a, >~ (3+0)q, 1/ (470)
©R) 5, 1=[2(1+0)q, >~ (1+30)q,1/ (4np)
@R) ), ,=[2(1+0)ay = (1+3u)a, 1/ (mp)
OR) |, p=[2(10)q, ~(31)a; 1/ (470)
OR),, ,=[=2(1%0)a,>~(1=0)a,1/ (éno)
2 4, - 2, - 2
€0}, (=0 [(L+ba,*-8q, )7 +2q;0,(1-4a,)0,1/ (2n0 )
2 2.- 2\ = 2
©C);y. 1=C(1+) [(1-8q;"q,7)ny*2q,q,(1~4q; ")n 1/ (27p")
2 2,=- 2, = 2
(0C)y, 1=G(1+u)[(1-8q,°q, ) +2q,q,(1-4q,")n,]/(270")
(©011.27C% 5.1

(9€) 15,2709 95 4

(0C)22.2=G(1+U)[(1+4q22-8q24)52+2q1q2(1-aq22)ﬁl]/(Znoz) (111.4)

where s:=.[(xl.,‘,(l)2..,(,{2.,22)2];5
q,=(x,-%,) /0 q,=(x,~%,) /0 (111.5)

and 51,52 are the components of the normal unit vector at a point on the

boundary.
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III.2 PIECEWISE LINEAR ELEMENTS

Eq. (III.1) can be solved numerically if the boundary B 1is

approximated by N straight segments, as shown in Figure III.3.

For this model, eq. (III.1) can be written as

N
™y+ 1 /_(U0)

m=]

™ ,%)u, (R)ds

(n)
(=" u 1.3 3

*13 ]

N
= fm(UR)

m=]1

i.j(x(n),E)tJ(E)dg (I11.6)

The displacements and tractions in each segment m can be

approximated using shape functions so that

(m-1)
h|

uy Gy @D (), P, ()

(m) (I111.7)

t (:'c)atj

3

where

N1(5)=%(1-5) ’ N2(£)=%(1+€)

(m-1) (m)

§=N1(S)x +N, (9)x

ds-%(sm-sm_l)dg=%gsmdg (I1I1.8)



49

fM)
&

element N

x(n-t)

.

Figure III.3. Bcundary discretization

n
x a, b : ‘(m-l)

Figure III.4. Definition of a,, b, ;(m)
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where & 1is a local coordinate for the segment m with value -1 at node
m-1, value 0 at the center of the segment, and value 1 at node m.
Note that the order of differenciation of t_ (x) in the interval is

h)
less that that of u,(x). This model allows discontinuities of t,(x) on

3 3
the boundary and it is consistent with the Finite Element triangular
element, which has linear displacements and constant tractions on its
sides.

If eqs. (III.7) and (III.8) are substituted into eq. (III.6) the

following is obtained

N
+ T Asm[fm(UC)

m=1]

(n) (m=1)

PCOINCY j

Zaij i

(x*77,8)N, (§)dzu

i.]

N
™o, age, ®1m 1 p W),

m=1

(n) (m)

+fm(UC)i.j ’E)dEAsmtj

or

N N
(n) (n) (m.n)  (m-1) (m.n) (m) (m.n)2 (m)
2aij uj + 3 [Ai.j uj +Bi.j uj 1€1/G] ¢ Ci.j Fj

m=] mn=1

n=l,...... »N (ITI.9)

where

u (n)=u.(
]

; x(n))

(m.n)_ (M) _yx (eyaz
A =as [ (UC), L (x"77,E)N, (5)d3

i.5
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(m.n) (n) r
Bid -Asm fm(UC)i.j(x ,E)N2(>)d5
(m.n)_ (n) .
CiJ G fm(UR)i.j(x »5)dE
7 (@ (m)
pj 28t (1I1.10)
Note that the functions (UC)i 3’ (UR)i 3 are singular when the point

of coordinate x approaches the node n. This is the case when the element
m ends or begins with the node n, i.e. when m=n, m=n+l (n=m,m-1). The
resulting singular integrals for these positions must be calculated

analytically. A summary of those calculations is shown in Table III.1,

(n+l.n)

where b, is defined in Figure (III.4). Note that the terms A1 2

i
1 z(n.n)’ which contribute to the coefficient of uz(n), produce a

net result

and B

Al.2(n+l.n)_'-Bl.Z(n.n)-l(l-u)log(Asﬂ/AsﬂM)/(ZTI)

(n+1l.n) (n.n)
2.1 *Ba .

The nonsingular integrals are evaluated by numerical integration

The same applies for A

using the Gauss quadrature formula. If it is defined that

2™ oy (™ (=1

=X (n)-ﬁ (n) b,=x

(m) a(m)
i 1 1% 7%

4

- -2 -
R aiai-Zaibi,+bibi, (II1.11)
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Table III.1 Singular Integrals

n:node number

m:segment number

Condition Coefficients Value
n=m-1,m Ci.j(m.n) [(3ﬂ))(1-10g(2b))61j+(1+u)bibj/b2]/(4w) 1
(m.n) (m.n)
A =B
n=m-1,m 1.1 1.1 0 2
(m.n) (m.n)
A2 "By
(m.n) (m.n) (1-y)/(2m) 3
n=m A2 TA ’
(m.n)__ (m.n) -(1-v)/(2m) 4
n=m-1 B1.2 By
n=m—1 A (m.n)m__A (m.n) (l-u)[2+211m[log(e/Asm)]]/(4“) 5
1.2 2.1
€50
n=m B (m.n)g_B (m.n) (l-U)[-2-211m[log(€/Asm)]]/(Aﬂ) 6
1.2 2.
>0
Net
contri- A1 2(n+1.n)+Bl 2(n.n)
bution : : (1-v)log(As_/As +1)/(2“) 7
(n+l.n) (n.n) non
of 5 A2.1 +82.1

and 6
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as shown in Figure III.4, the nonsingular integrals can be calculated for

m¥n,n+1
A (m.n) =[2b, (1+y) f! (1+z) [(a,-b )3/R2]dr+2b (1+y) r' (1%¢) [(a.-b )3/R2]d
1.1 2t [ rgl(a =bg §reby UHu) [y tlrgdita,=bye 5

Bl.l(m'n) +b, (1-V) [ (1#2) [(a;-b £) /R]dE=b, (3+v) /] (1*+€) [ (a,-b,2) /R]dE]/ (47)

<
Al.z(m'n) -[2b1(1+u)£:(1:5)[(31‘b15)3/R21d5-2b2(1+u)x}(115)[<az-b25)3/R2]dg

>

(m.n)

L2 ) b (14301 (17 [ (ay-b £) /R1de b, (340) [} (17) [ (ay-

,=b,g) /R1dz ]/ (4m)

2;1(m'n -[2b1(1+°)£r(1:g)[(al'blg)3/R2]d5'2b2(1+u)i:(1;€)I(a2-b25) /Rz]dg

>

Bz.l(m-n{J -b1(3+v)£:(IIE)[(al-blg)/R]dg+b2(1+3U)L:(115)[(az_bzg)/R]dgl/(4")

(m.n)

2.2 =[-2b, (1+v) [ (115)[(al-blg)3/R2]dg-2b1(1+u)f.} (1%¢) [(a 5=byE) 3/8214c

B, , ™ ™| +b,(3+0)1) (17) [(a,=b ) /RIdz=b, (1-v) £} (176) [ (2,=b,2) /RIdg ]/ (4m)
¢y ™M =[5(3-0)1] 1og(R)ds+(1+0)s} [(a;-by2)?/R1dS ]/ (87)

¢, , ™™=, P Marr) sl [(a,-b ) (a,7by2) /R1dg] /(8T)
Cz.z(m'n)-[-%(3-0)£:log(R)d€+(1+u)[:[(az-b:i)z/R]dE]/(ST) (I11.12)
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Eq. (III.9) can be also written in matrix form as
A
[UC]{Gu}=[UR]{F} (1I1.13)

This 1is a system of equations relating nodal displacements to
resultant segment forces. In order to solve a well-posed elasticity
problem, it 1s necessary to re-pose this system of equations in terms of

nodal forces. Therefore, a transformation
{F}=I[T]{F} (III.14)

relating the vector of nodal forces {F} to the vector of segment forces

{%} » 1s introduced into the system (III.13). The simplest physical
interpretation of the transformation is to replace the segment forces by
nodal forces equal to the average of the segment forces adjacent to each

node, or

(n)_, & (n) 2 (n+1)
F1 S%[Fi +Fi ] (III.15)

The form of [['] for this transformation is

I I 0 0..0
0 I I 0..0

frl=% |0 0 I I..0 (I1I1.16)
0 0 0 I..0
T 0 0 O0..I]

where I is a 2x2 identity matrix.
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For an odd number of nodes, the inverse of [T'] is

I -I I -I...I7
I I-I TI..-I
r] ™= |- 1 1 -I...I (I11.17)
I -1 I 1I..-I

-1 I-1 1 I

and eq. (III.13) becomes
[UC]{cu}-[UR][r]'I{F}. (II1.18)

It should be noted that, for an even number of nodes, [['] has no inverse.
A small perturbation is introduced into the system of equations

(I11.18) in order to enforce the equilibrium conditions

N N N .
L Fl(i)ao L F2(1)=0 L (xl(l)Fz(i)-xz(i)Fl(i))=0
i=] i=] i=1]1
or in matrix form
[QI{F}=0 (I1I1.19)
where
1 0 1 0 I | 0
[Q]= 0 1 0 1 .... O 1
_xz(l) xl(1) _x2(2) xl(2).'.._x2(N) xl(N) )
Coupling eqs. (III.18) and(III.19):
uc wR* QM ((F} ‘
{Gu}= (I1I.20)
0 Q 0 |{{n}

where [UR*] = [UR][F]-I.
In partioned form

[UC] {Gu}=[UR*] {F}+[0]T{1}
0=[0]{F}.
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The vector {2} (3 1) contains three operators which introduce a
perturbation into the system. Note that the higher the number of nodes
in the model, the smaller the components of {1} .
After solving eq. (II1.20), stresses and displacements can be
calculated anywhere in the body using a discretized form of eq. (III.3)

which can be written as

K (w) (w)
u),* u
( ) = [UR ](Z,Zﬂ){F}-[UC ](2,21‘1){“}
u, (x
1 (s) * (s)
s . s
Uzz(x) =[UR ](3’2n){F!-[UC ](3,211){“} (1II1.21)
912(®)

where

R ™ 1 *aor @ 0171, R 1 *aur (9?1 (217

All the entries of the matrices as [UR(u)], [Uc(“)], [UR(S)],
[UC(S)] are calculated by numerical integration. Eq. (III.12) are used

(s) (S)]

to compute [UR(u)] and [UC(u)]. For the entries of [UR ] and [UC

the following equations apply

(UR(S))I’(Zn_l)-[-z(1+U)L} [(al-blg)3/R2]dg-(1-u)fL [(a;-b,£)/R]dg]/(87)

Ry | o =201 [Cay=bye ) /RD1aE= (143005, [(aymby2) /R1dg 1/ (8r)



(UR(S))
(m,‘(s))2
wr®))
(UR(S))

e (®))

(s)
e "),

wc(®))

(s)
(uc )2

(s)
(uc )2

we(®))

wec(®?)

2,

3,

3,

1,

» (Zn-l))

1,

1,

»(2n-

1,

1,
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(Zn-l).[+2(l+U)I'l‘ [ (al-blg)3/R2]d5'(1+3u)f.1‘ [(al-bli)/R]dE 1/(87)

’(zn)'[-2(1+v)fL [(82-b2§)3/R2]dg-(1-U)fL [(az'bzi)/R]dil/(S")

(2n-1)=[2(1+0)15 [(ay=b,E) >R 1dg = (3+0) /) [(a,-b,g)/R1dE]/ (8n)

(my= 1201900} [(ay=b0) /R2Jes=(300)0) [ (a)=by2) /RIdE 1/ (Br)

(Zn_3)\.c(1+u)[2b2rﬁ}[(115)/R]dg+4ﬁl(115)[<a -b;5) 2 /R21de
< —8L1(1Ig)[(a1 -bla)a/R3]d£]

~4b 111 (176) [(a;=b ) (a,=b,£) /R?] [1~4(a =b &) °/R 1d£11/(8m)

(2n- 2}"3(1““)[ -2b, S} [(13€) /R][1-8(a;~ 15)2(az‘b25)2/R2]dE

(2n) JH4Py L1FE) [(ag=b2) (a,-b b,g) /R%1[1-4 (a=b ) 2/R1dz 1/ (87)

(2n-37) “C1#0) [+2b, 11 [(17) /R [1-8(a;=b,6) * (a,ymb o) */R%1de
Ablﬂi(lza)[(al-bla)(az-bza)/Rzl[l-a(az-bzé)z/R]dal/(Sn)

(2023 =C(1+V) [=2b, [} [ (13) /R]dg +4 £1(1%e) [(ay=b,2) 2 /R e

~87) (135) [ (a,-b,2) * /] dz ]

- 2’
(2n) +4b, [ £} (1%¢)M (a;=b 2) (a,=b,5) /R ] [1=4(ay=b,) 2 /R1dz11/(87)
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3,(20-3)" ¢ )1, (2n-2) 3, (2n-1) 1, (2n)

(S)) (S))

wes)y =(UC (ue )-(UC(S)) (11I.22)

3,(2n-2) 2,(2n-3) 3,(2n 2,(2n-1)

where ai’bi and R are defined by eq. (III.11).

ITI.3 PLANE STRESS BOUNDARY ELEMENT PROGRAM

The boundary element program described in this section can solve
plane stress elastostatics problems using linear interpolation for the
displacements and constant segment tractions.

The flow chart for the program is shown in Figure (III.5). In the
first part, the data of the problem is read. Then the weights and points
for the numerical integration of the non-singular integrals are assigned
to the arra&s W(L) and R(L). Next, the augmented matrices [UR] and [UC]
are initialized. In part 4 of the program, the entries of the matrices
[UC] and [UR] are calculated. In part 5, the operation [UR] [T ]-'1 is
performed, and in part 6, the system of equations is rearranged in order
to have all the unknowns on the same side of the system of equationms.
Subroutine GAUSS solves the equations, and the unknown are printed in
part 8 of the program. Finally, stresses and displacements are

calculated for the field points.
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ITI.3.1 INPUTTING THE PROBLEM DATA.

The order and format in which the variables and arrays must be

submitted to the program are as follows:

TITLE ~The title of the problem. This must be written on one

line in columns 1 through 80.

N -The number of nodes on the boundary. Must be odd
number.

Enter in free format.

E, PR -Material properties where E is Young's modulus and PR

is Poisson's ratio. Entér in free format.

X(1), Y(I) -Coordinates of nodes I through N, entered

counter-clockwise in free format.

J, K -Nodes, J, and corresponding directions, K, at which
displacements are specified (zero and non-zero).

Enter in free format and end by inputting 0,0.

J,K,F(2*J+K-2) ~Nodes, J, and corresponding directions, K, at which
non-zero forces are specified, and specified values F,

Enter in free format and end by inputting 0,0,0..
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LL -No. of points used for numerical integration. LL maybe
3,4,5 or 6.
I,XF,YF -Coordinates of each internal point at which

displacements and stresses are to be computed. Enter
in free format, one point per line. Always begin line

with I=1. Enter I=integer other than one to stop.
ITII.3.2 CALCULATION OF COEFFICIENT MATRICES.

A more detailed flow chart for part 4 of the program is shown in
Figure III.6. The order of the loops was chosen in order to avoid
repeating operations.

For each value of J, associated with the element J, parts of the
(2x2) singular submatrices, shown in Figure III.7, are calculated.
Submatrices 1 and 3 correspond to the cases 3 and 4 respectively of Table
ITII.1 Submatrix 2 contains contributions from %y of eq. (III.2) and
from the net contributions of cases 5 and 6 of Tables III.l, i.e. case 7
of that table. Submatrices 4 and 5 correspond to case 1 of Table III.Il.

In the other 1loop, I, all of the nonsingular integrals are
calculated by numerical integration. The positions in the matrices are
11lustrated in Figure II1.8. The functions for the numerical integration

are calculated using eq. (III.12).
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Figure III.é6. Flowchart of part 4 of the program
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ITI 3.3 TRANSFORMATION OF COEFFICIENT MATRIX UR
This part of the program performs the operation
* -1
[UR] =[UR](T]

in which [[]”} s defined in eq.(III.17)
*
The most efficient way to obtain the matrix [UR] 1is not to create
[I‘]-l and postmultiply by [UR], but to modify [UR] itself.

The algorithm for this modification 1is better understood by

examining the example of a 6 x 6 matrix:

-

* * *
[UR;, 17 [UR,1" [UR,I| foR,, oR, wR |1 -1 1
wr..1Y Rt ror..)l=lUR.. UR.. UR I I -I
[URy,) 1 [URy,1 [UR,4] 21 URpy URyg -

* %* %*
[[URyy]17 [UR3,1" [URg] | |URy) URyy URyy | |- I I |,

in which the entries [UR2 ".are

4]

. [UR, 1%= [UR, ] + [UR,,] = [UR,,]
[UR,,] ==[UR,,] + [UR,,] + [UR,,]==[[UR, ] + [UR

]+ [URy)] = [URy511+2(UR, ]
=-[UR,,1"+2[UR, ]
[UR23]*=-[UR22]*+2[URZ3]
In general, it can be shown that
[UR 1 =[UR, | T+[UR, ,]=[UR, 5] +[UR,  ]=....+[UR, ] (I11.23)

and

[URkil*"[URk(i-n]**z[URki] , 1=2,...,N. (I11.24)
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The flow chart for this modification is illustrated in Figure III.9.
In the first loop, the first two columns of [UR]* are obtained using eq.
(I1I.23). In the second loop, the other entries of [UR]* are generated

using eq. (III.24).
I11.3.4 CONSOLIDATION OF RNOWN AND UNKNOWNS BOUNDARY VALUES

This part of the program consists of a reorganization of the system
of eqs. (III.20) so that all unknowns go to the left hand side and all
knowns go to the right hand side of the equations. This procedure is
illustrated with the flow chart of Figure (III.10). The array NTBC (K,I)
-which specifies the boundary condition at node K, directions I, is used
to decide when to interchange columns, i.e. if NTBC(K,I,)=0, there is a
specified force, and no interchange is necessary.

The final vector of knowns is multiplied by the matrix of
coefficients to produce the right-hand side of the final system of
equations.

The final system of equations is then solved by the subroutine

GAUSS, which uses the well known GAUSS elimination procedure.
III.3.5 CALCULATION OF STRESSES AND DISPLACEMENTS AT INTERNAL POINTS

In this part of the program, eq. (III.21) are evaluated. Initially
the matrices [UR(u)], [UC(u)], [UR(S)], [UC(S)], defined by eqs. (III.12)
and (III.22), are calculated by numerical integration using the Gauss
quadrature formula. These matrices are saved in the first five rows of
the arrays [UC] and [UR]. VNext [UR(U)] and [UR(S)] are modified to

produce [UR(U)]* and [UR(S)]*, resﬁectively. Finally, the matrices are
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Loop on I
I =1, N

Calculate
[UR]x
eq. (III.22)

Loop on K
K =2, N

Calculate
[UR]x*
eq. (1I11.23)

!

(CONTINUE )._—

L

Figure III1.9. Flowchart fcr the modification of [UR]
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multiplied by the vectors {F} and {u} to produce displacements and

stresses at each chosen field point.

ITI.3.6 EXAMPLE OF INPUT DATA

For the example of Figure III.1ll, the input data is as follows
(TITLE, 1-80)
EXAMPLE OF INPUT DATA - BEM
(N, Free format)
7
(E, PR, Free format)
2.5E00 .25

(X(1), Y(I), Free format)

0.0 0.0
2.0 0.0
4.0 0.0
4.0 2.0
2.0 2.0
0.0 2.0
0.0 1.0

(J,K, Free format)
1

O O N =
O = = N

(J,K,F(2*J+K-2) Free format)
3 1 1.0
4 1 1.0
0 0 0.0
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5 4
1.
A7 Ce
Be
1. Ao
] 2 3 1. X,
/s -
2 2.

Figure III.1l.

Example problem to demonstrate
input data for BEM
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(LL, Free format)
5

(I,XF,YF, Free format)

1 2.0 0.5
1 2.0 0.7
1 1.0 1.0
0 0.0 0.0

Displacements and stresses are calculated at points A,B and C of
Figure III.1l.



CHAPTER IV

COUPLING THE FINITE ELEMENT AND

BOUNDARY ELEMENT METHODS

IV.1 PROCEDURE

The procedure outlined here for combining the two methods has been
suggested by several authors, '(3,4,6,7,8,9]. The method consists of
dividing the body as shown in Figure IV.1. Elements defined by more than
four nodes, such as the shaded element, are treated as "superelements",
whose symmetric stiffness matrices are obtained by using the boundary
integral equations. These matrices are incorporated into the global
stiffness matrix for the entire body and the equations are solved as was
done in the program FEM described in CHAPTER II. The field equations are
satisfied exactly in each superelement. Compatibility with the
neighboring finite elements is guaranteed since the shape functions for
the superelement boundaries have the same form as those for the
isoparametfic quadrilateral and triangular elements. Equilibrium is
satisfied in an average sense.

The procedure used to obtain a symmetric stiffness matrix for a
superelement begins with solution of the system (III.20) for the set of
displacement vectors in which only one of the components is 1 and all
others are 0. The solution vectors can be arranged in a matrix [E] so
that

72
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X,

Figure IvV. 1. Combined discretization
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(El{u) 5=y (s®) | (Iv.1)
where {u}(se) and {F}(se) are the vectors of nodal displacements and
nodal forces, respectively, for the superelement. The same result may be
reached if the inverse of the augmented matrix [UR]* is multiplied by
[UC], but this procedure was shown to be less efficient for the problems
examined.

Note that the entry E,, should be equal to Eji’ but this condition

13
is, in general, only attained exactly as the number of nodes goeé to
infinity. However, since the boundary element model has exactly the same
interpolating functions on the elements as the finite element triangular
element, the matrix [E] of eq. (IV.1l) is exactly equal to the stiffness
matrix for that triangular element.

It is important to note that the rows and columns of [E] each sum to
zero, since equilibrium equations were enforced in the superelement.

The necessary symmetric matrix of the superelement is obtained by

minimizing the functional
1oy 1 1e} o} av-{u} 52T (o0 (1v.2)
which can be written for the discretized model as
n(se)_%{u}(se)T[E]{u} (se)_{ufse)T{F}(se) . (1V.3)
The minimization produces the system
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where

(k%) 1y m)+ 1T, (1v.5)
As the number of nodes in the superelement increases, [E] approaches [K].
IV.2 PLANE STRESS HYBRID PROGRAM
IV.2,1 GENERAL DESCRIPTION

This combined program is the same finite element program FEM
described in CHAPTER II, with the addition of the subroutine BOUN, which
creates the stiffness matrix of the superelement and calculates stresses
and displacements at the field points within the superelement.

A few variations are also introduced into the subroutines PFORM and
STRESS, allowing the program to call BOUN when required, see Figure IV.2,
The format and order for the 1input data is exactly the same as was
described in CHAPTER IV, with the addition of the coordinates of the
field points in the superelement as described in section III.3.1. An

example of the input data for a problem is given in section IV.2.4.
IV.2.2 SUBROUTINE BOUN

The flow chart for BOUN is shown in Figure IV.3. The first part of
the subroutine, which works when the argument IK is 1, calculates the
stiffness matrix of the superelement. The second part of BOUN computes
the strésses and displacements at the field points when the argument IK
is 2. Steps 1,2 and 3 of BOUN are the same as those already explained

for the program BEM in CHAPTER III.
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CALL
BOUN (....,1)
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;

NINA4

SUBROUTINE
PFORM

NIN>4

CALL
S8OUN (....,2)

L

T

CALL ELEMENT

Figure Iv.2.

SUBROUTINE
STRESS

A

NIN:

No of element nodes

Interaction between BCUN and FEMBOU
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C RETURN )

( RETURN )

Figure IV.3. Flowchart for BCUN




78

In part 4 of the subroutine, the system of equations

uc UR* QT {F}
= ] (IV. 6 )

0 Q 0 A}
(2N+3, 2N) (243} 243)

is solved for the set of unit prescribed displacements of the form

J

{u} =<

6‘ OO - Oa

.

This is the same as solving the system

UR* T
Tl (x) = (b
Q 0
for vectors {b} equal to each of the colums of[UC] . The method for
0

doing this is to perform the factorization

UR* QT
= L ,
Q 0

where [L] and [U] are lower and upper triangular matrices respectively,
and then to solve by back and forward substitution for each column of
[?é]. An additional array IPIV(I) contains row permutations if any are
rgquired. Each solution vector is saved in the same matrix [UC] so that,
when the procedure is completed, the first 2N rows of this matrix are

equal to the matrix [E] of eq. (IV.1). A more detailed explanation of

this method can be found in [12].
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IV.2.3 INPUT PROCEDURE

The input data procedure is almost the same as that for the FEM
program, although few variations are introduced as follows.

The number of points of integration is fixed 1into the program as 3
for the finite elements and 6 for the boundary elements, therefore these
numbers do not need to be given to the program.

The points in which stresses are to be calculated within the finite
elements are defined by the local coordinate R as in the FEM program.
The intervals of finite elements in which the stresses are to be
calculated are given in ascending order, ending with zeros. If no stress
calculation is required into the finite elements, two zeros mnust be
input. The field points within each superelement must be given after the
interval of elements corresponding to that particular superelement,
ending with zeros as in the BEM program. If no stress calculation is to
be made into the finite elements, the field points within superelements
must be given in order from the first to the last superelement in the
problem, each 1list ending with zeros as in the BEM program. An

aclaratory example is presented in the next section.

IV.2.4 EXAMPLE OF INPUT DATA

The input data for the problem of Figure IV.4 is as follows.
(TITLE, 1-80)
EXAMPLE OF INPUT DATA, FEMBOU
(NMAT,NEL,NNO,NDOF,NLO, Free format)

1 5 12 2 1
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Figure IV.4,.

input data feor FEMBOU

X2
A V"
1.
2 5 8 10 12
(4)
(3)
A 8
-4 7 (5)
(2) m
] 3 6 9 n X
> )
. 1 1 .
7 7./

Example problem tc demonstrate
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(E(1),PR(1),E20.12,F20.12)
2.5E00 0.25

(MP(1),NEN(I), (NN(I,J),J=1,NEN(I)), Free format)

1 4 3 6 7 4

1 5 1 3 4 5 2
1 4 4 7 8 5

1 5 6 9 10 8 7
1 4 9 11 12 10

Xe(1,1),NTBC(I,1),XE(I,2),NTBC(I,2),F15.5,15,F15.5,1I5)
-1 0.0 -1

COO0O0OO0O0O0OO0O00O0

(

0.0
0.0
1.0
1.0
1.0
2.0
2.0
2.0
3.0
3.0
4.0
4.0

NOMNONMNMFONMFH~ON

e o o
e o ® o

(N,I,F(2*(N-1)+I), Free format)

12 1 1.0
8 2 1.0
0o o0 0.0

Three different alternatives for calculation of stresses are as
follows.

(R, Free format)
0.5

(NE1, NE2, Free format)
1 4
0 0
(I, XF, YF, Free format)

O+ O =
oONOO
. L] . L)

Stresses are to be calculated into the finite elements 1 and 3, at
four points defined by the local coordinate R=0.5; and at points A and B
of superelements 2 and 4 respectively.

(R, Free format)
0.5
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(NE1l, NE2, Free format)

o
o

I, XF, YF, Free format)
0.0
1.0
0.0

Stresses are to be calculated at point B of superelement 4.

(R, Free format)
0.5

(NE1l, NE2, Free format)
(I, XF, YF, Free format)

1 2
1 0.5 1.0
0 0.0 0.0
4 5
1 2.5 1.0
0 0.0 0.0
0 0

Stresses are to be calculated into the finite elements 1 and 5, at
four points defined by the local coordinate R=0.5; and at points A and B

of superelements 2 and 5 respectively.



CHAPTER V

EXAMPLES AND DISCUSSION

V.1 EXAMPLES

In first example, the cantilever beam shown in Figure V.1 was
modelled using 13 and 19 nodes on the boundary, as illustrated in Figures
V.2 and V.3, The CPU time on a PRIME 750 minicomputer and the computed
vertical deflection of the point A are shown in Table V.l. The vertical
deflection is compared to the exact solution for the same probleh with
the true parabolic load distribution on its end, i.e. 14.8 taken from
[13]. Normal stresses, 011, on the section a-a are shown in Figure V.3
for the 19-node discretization. Note that the results of (ﬁl given by
BEM and FEMBOU are not reliable near the boundary.

In the second example, half of the plate of Figure V.5 was modelled
using 49 and 55 nodes on the boundary for the ratios R/w=0.5 and R/w=0.2
respectively, see Figures V.6, V.7, V.8, V.9, V.10 and V.11. Results for
the normal stress, 022, on section a-a are plotted in Figures V.12 and
V.13, as well as the exact solution for the problem in which the notch is
a perfect semicircle, as taken from [14,15]. Note that the ratio of
perimeter to area is 1.46 1/UL for the plate with R/w=0.5, and 0.53 1/UL

for the plate with R/w=0.2, where UL is a length unit.

83
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Table V.1. Vertical deflection of A and CPU time for cantilever

beam problem,

Model Program Deflection of A 7%difference(l4.8) CPU Time(sec)
13 BEM -13.829 6.57 2.57
FEM -13.358 9.74 3.52
FEMBOU -14,194 4.09 3.41
19 BEM -14,230 3.85 4.52
FEM -14.149 4.39 6.13

FEMBOU -14,292 3.43 5.81
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Figure Vv.5. Example No. 2
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Figure V.6. BEM model for R/W = 0.5
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Figure V.S. BEM model for R/W = C.2
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Figure Vv.10.

FEM model for R/W = 0.2
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Figure V.11. FEMBOU mocdel for R/W = 0.2
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CPU time in seconds, on a PRIME 750 minicomputer is listed in Table
V.2. The number of equations solved in each procedure and the number of

components of the coefficient matrices are in Table V.3.
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Table V.2 CPU time for problems of Figure V.5

CPU CPU CPU TOTAL

Relation R/W  Program READ FORM SOLVE, STRESS CPU
0.5 BEM 1.03 8.17 17.13 26.33

(49 nodes FEM 3.01 8.46 4.71 16.18

boundary) FEMBOU 2.60 8.25 6.00 16.85

0.2 BEM 1.27 12.19 27.55" 41.01

(55 nodes FEM 4.53 14.74 9.00 28.27

boundary) FEMBOU 3.19 17.23 8.87 29.29

*27.55-18.52(solving)+0.62 (writting)+8.41 (stresses)

Table V.3. Number of equations and components of coefficient matrices
for problems of Figure V.5.

Model Program No. of equations No. of comp. in coefficient matrices

49 nodes BEM 101 10201
FEM 225 3127
FEMBOU 197 3147

55 nodes BEM 113 12769
FEM 317 5808

FEMBOU 241 5681
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V.2 DISCUSSION OF RESULTS

Some conclusions can be drawn from the results of the two examples.

As expected, it is much easier to prepare and input the data for BEM
than for FEM. This factor can be quantified by comparing the time that
each program spends reading the data. This advantage ofl BEM will
undoubtedly be even higher when solving three dimensional problems.

The time spent calculating the coefficient matrices [UC] and [UR] by
BEM, is a little bit lower than the time spent creating the global
stiffness matrices by FEM and FEMBOU. The comparison 1is made using 6
points of integration on each boundary element and 9 points of
integration in each quadrilateral finite element. The difference is not
substantial however. On the other hand, there appears to be a
substantial difference in the time required for creation of the stiffness
matrix of the superelement when the number of nodes goes beyond a certain
value between 19 and 29. Recall that the computation of this stiffness
matrix requires a matrix inversion process, the expense of which
increases dramatically as the number of nodes increases.

For the same number of boundary nodes, fewer equations are solved in
the BEM program, but since the BEM matrix of coefficients 1is neither
symmetric nor banded, a great effort 1s necessary for solving the
equations. Conversely, the high number of equations in the FEM method
are solved quite efficiently, due to the symmetric and banded form of the
global stiffness matrix. This difference can be appreciated by looking
at Table V.3 and at Column 5 of Table V.2. On the other hand, the time

for the combined program is almost the same as for FEM.
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Due to the boundary discretization of the boundary integral
equations, field calculations are not reliable near the boundary,
particularly when non-zero tractions are applied on the boundary as is
the case in Figure V.13 near the line joining the finite elements to the
superelement. Good accuracy is expected at 1 1/2 mesh length from the
border.

In the case of relatively thin elements, such as the plate for which
R/w=0.5, the accuracy of the BEM program 1is not good compared to the
accuracy of the other two programs working with analogous modells. On
the other hand, the combined program produces the most accurate results
at interior points far enough from the borders. This is an encouraging
result in anticipation of future three dimensional programs.

In general, the FEM program proved to be the most accurate and most
efficient for the problems solved. However a considerable amount of time
was spent preparing the data for each problem. Very good results were
obtained with the FEMBOU program at a speed similar to that for FEM and
with less time spent creating the input data. Some attention must be
paid to improving the boundary element stress calculations near or at the
borders and to improving the effectiveness of some of the algorithms in
the boundary element programs, i.e. solving equations in BEM and creating
the stiffness matrix of the superelement in FEMBOU. Some suggestions are

offered below.
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V.3 RECOMMENDATIONS FOR FUTURE STUDY

The following suggestions or considerations are made regarding
future work in this area.

It appears to be possible to calculate stresses near or on the
free-traction portion of the boundary in the programs BEM nad FEMBOU,
this calculation would require exact evaluation of the singularities of
[UC(U)] of eq. (III.21), which involves a procedure similar to that for
the calculation of the singularities of [UC] as explained in Chapter III.

All the terms of [UR(S)

] of eq. (III.21) can be computed by numerical
integration. Anoter technique, such as extrapolation or a Finite-Boundary
element combination, must be devised for the stress calculation on the
loaded boundaries.

. The efficiency of the FEMBOU program can te improved a great deal in
the cases where the superelement is not completely imbedded within the
finite elements. For this case, only the 'stiffness" matrix,
corresponding to the nodes in the common finite-boundary border must be
calculated, which implies that eqs. (II1I1.20) must be solved only for the
unit displacement vectors involving the common boundary-finite nodes.

It would be wise to examine other methocds for solving the system of
equations in BEM. Should a good algorithm be found for this operation,
the general efficiency of the program will be improved a great deal,
[16].

Since the analytical calculation of singular entries is sometimes
quite complicated, it might be advisable to use rigid body motion
arguments to compute those entries, i.e. rigid body displacements in 3

or x, directions must produce a zero stress field so that all the even
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entries of the same row of [UC] must add to zero (the same applies for
the odd entries). This argument, useful here for checking intermediate
results, should be used to prepare the three dimensional program.

It 1is advisible to prepare a subroutine to generate and check
graphically the subdivisions for a given Finite Element problem. This
applies not only for the plane problem but particularly for the three
dimensional case. Many articles about this topic can be fcund in the
literature, [17,18,19]

Few changes are necessary to extend FEM to the three dimensional
case. Another part must be added to the subroutine ELEMENT for the
calculation of the stiffness matrix of the the three dimensional element.

Small changes are required in some dimensions and formats of the program.



APPENDIX

COMPUTER PROGRAM LISTS
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OOl C

(M:I(:N;l:: C’QO’Q.QQOQ.OQ PR P RRR AR PR RO NP R PR PR R R PR PR NP R R R PR AR ERTRARERRERRREAIRARRRRNR
QOO0 C

QOQO4 s PROGRAM EEM

QLOOS: C

0ON06: C THIS PROGRAM EMFLOYS THE DIRECT BOUNDARY ELEMENT METHOD

OOOO7:C (USING STRAIGHT BOUNDARY ELEMENTS CHARACTERIZED EBY LINEAR

00008:C DISFLACEMENTS AND CONSTANT TRACTIONS) TO SOLVE FLANE STRESS

00009 C FROEBLEMS OF LINEAR ELASTICITY. UNIT THICKNESS 1S ASSUMED.
o010 C

00O011:C WE DEFINE THE FOLLOWING INFUT PARAMETERES, VARIABLES

00012:C AND ARRAYS:

00013:C

00014:C TITLE = THE TITLE OF THE FROBLEM. THIS MUST BE WRITTEN
00015:C ON ONE LINE IN COLUMNS 1| THROUGH 60,

00016:C N = THE NUMEBER OF NODES ON THE EOUNDARY. MUST EBE
00017:C ODD NUMEER. ENTER IN FREE FORMAT.

0001e:C E,FFR = MATERIAL FROFERTIES (E IS YOUNG'S MODULUS

00019:C AND PR 1S FOISSON'S RATIO). ENTER IN FREE FORMAT.
00020:C

0N0213C X(I),Y(1)

000223C = COORDINATES OF NODES 1,N ENTERED COUNTER-CLOCKWISE
00023 C IN FREE FORMAT.

0002Z4:C

00025:C J,k = NODES, J, AND CORRESFONDING DIRECTIONE,k.,

00026:C AT WHICH DISFLACEMENTS ARE SFECIFIED(ZERO AND
o0027:C NON-ZERO). ENTER IN FREE FORMAT AND END BY INFPUTTING
ooo28:C o, O.

000293 C

00030:C J K F (28I +K=2) .

000O3IL:C = NODES,J, AND CORRESFONDING DIRECTIONS, K, AT WHICH
00032:C NON-ZERO FORCES ARE SFECIFIED, AND SPECIFIED VALUES
000333C F. ENTER IN FREE FORMAT AND END BY INFUTTING 0O, O, O.
0003%4:C

0003TS:C LL = NO. OF POINTS USED FOR NUMERICAL INTEGRATION.
000363C LL MAY BE I,4,S, OR 6.

00037:C

00038:C I,XF,YF

000393C = COORDINATES OF EACH INTERNAL POINT AT WHICH DIS-
000403 C PLACEMENTS AND STRESSES ARE TO BE COMFUTED.

00041:C ENTER IN FREE FORMAT, ONE POINT PEF LINE. ALWAYS
00042:C BEGIN LINE WITH I=1, ENTER I=INTEGER OTHER THAN ONE
00043:C TO STOF.

00044;:C

00045:C

QOQQE T T4 3950 9 3540 9 95 90 9 3 30 30 30 3 3 e 46 30 30 3 00 36 40 9 3 3 G A9 30 36 6 3 090 3 30 030 36 30 36 30 36 3 3 30 30 40 34 3 3 36 3 98 90 30 0 30 00 S0 30 34 & &
00047:C

00048 COMMON UR (203 ,200) NTEBC(200,2)
00049 COMMON R(6) ,W(6) ,WL1(6) ,W2(6)
00050 COMMON /CGAUSS/ UC(203,203) ,SAV (203)
000Sys DIMENSION X (100),Y(100) F(200)
00052 DIMENSION TITLE (20)

000833 C

000%4: CALL CLOCK (START)

000SS: OFEN(UNIT=8,FILE='DATA’)
00056 OFPEN(UN1T=10,FILE="RESULT ")
000573C

oo0sS8:C INPUT DATA AND FPRINT

0O05e:C

[eJlur-YR}1 READ(E,1)TITLE

LOO61s31 FORMAT (20A4)

000e2:C

COOeTs READ(B.#)N
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Guues
[STRINT-Y2¥
QOO6T7s
HuusB8:C
(oL
0OO703C
000713
000723C
00073
QOO74;
0L075: 2
0O076:C
00U77:3
000783
00079
000803
00081:4
00082:C
000833
00084: S
000853 C
000863 6
00087
00068
00089
0000
0009137
000e2:C
00093
000943 C
00095
0009618
00097sC
00098:
000993140
001002
001013:C
00102:9
001033
001043C
001053
00106310
001073
001083
00109311
00110312
00111:C
00112:C
00112:C
©00114:C
00115s
00116313
00117:C
00116:
00119
00120
001213
001223
001238
00124
0012S:
0o1zesC
001272
GO12683
Q126
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Niv=N+H

NINF I=NN~+
NINFO=NN+ 2
NINF SmNN+ Z

READ (B, %) E,FR
READ (B,%) (X(1),Y (1), ,I=1,N)

DO 2 1=1,NN
DO 2 Ke1,2
NTEC (I,+)=0

READ (B, %) J K
IF(J.EQ.C) GO TO 4
NTEC (J, k) =1

GO TO I

CONTINUE

DO S I=1,NN
F(1)=0,.0

READ (B, #) K KK KK
IF(K.EQ.0) GO 10O 7
IIm2% (ki=1) +hK
F(ll)=RR

GO TO 6

CONTINUE

READ(B,»)LL

WRITE(10,8)TITLE
FORMAT (/ ,20A4,/)

WRITE(10,40)N
FORMAT (/,%5X, ‘"NUMBER OF NODES = °,3X,IS)
WRITE(10,9)E,PR

FORMAT (/ ,5X, 'YOUNGS MODULUS = ° E12.6.//
+,5X, "POISSONS RATIO = ' ,F10.4)

WRITE(10,10)

FORMAT (// ,3X, ‘"NODE NUMBEK',6X, ‘NODAL COORDINATES AND BOUNDARY COND
+ITIONS ")

DO 11 I=1,N

WRITE(10,12)1,X(I) NTEC(I,1) ,Y(I) {NTEC(I,2)

FORMAT (/ ,3X,15,5X,3(F15.5,15))

FOINTS AND WEIGHTS FOR NUMERICAL INTEGRATION

WRITE(10,13)LL
FORMAT (//, "FPOINTS OF INTEGRATION',34,15)

CALL CLOCHK (FIN1)
IF(LL.EQ.3) THEN
F.(1)=SQORT (0. 6)
R(2)=0,0
R(Z)==R (1)
W(l)=5,/9.
wW(z)=8,/9.
W(Z)=5./9.

ELSE IF(LL.EC.4) THEN M
R(1)==0.B6113621155405
R(Z)==0,3399E104T584L%



[RIND GsIWH
0013218
[RIKD BudAl)
0013330
0Oul3a:
0017Se
00L36:C
00137
00138:
00139
001403
00141
Q0142
OU143s
00144;
00145;
001462
00147
00148:C
00149
0013503
00151
00182
001S3:
001354;
00155;
00186
001573
00188:
00159
00160:
‘00161
001623
00162:
00164
00165314
00166:C
001673C
00168:1C
001692
001703
001712
00172
00173:
00174315
001735:C
001761
00177
001783
00179
00180:16
00181:C
00182
00183Z:
00184:
0018S:
00186217
00187:C
001688:C
o0189:C
001902
00191
Ou19Zs
00L93s
00194:C
00O19%:C

R(Z)m-h(2D)

f(4)Y==-R (1)

W(1)=(Q, 3478548451 774%
W(2)=0,. 6521451546254
W{)=wWw(2)

Wd)=Ww(1)

ELSE IF(LL.EQ.S) THEN
R(1)==0,90617984593846
R(2)=2=-0,53846931010568
R(Z)=0Q, 0

R(4)==R (2J)
W(1)=0,236926B8505616
W(2)=0,47B62B67049936
W(3)=0,56688688688668
W((4)=w(2)

W(S)=W(1)

R(S)=-R (1)

ELSE IF(LL.EQ.&6) THEN
R(1)==0,93246951420315
R(2)==0,.66120938646626
K(3)=-0.23861918608219
R(4)==R(J)

R(S) ==Kk (2)

R(6)=-K (1)
W(1)=0.17132449237917
W(Z)=0,36076157304813
W(3)=O,46791393457269
W(8)=W(3)

W(3)=W(2)

W(6)=W (1)

END 1IF

DO 14 L=31,LL
Wi(L)=1.~-R(L)

W2 (L)=1,+R (L)

INITIALIZE MATRICES

DO 15 I=1,NNF3

DO 15 J=1,NNP3
UC(J,1)=0.0
IF(I.GT.NN) GO TO 1S
UR(J,1)=0.0

CONTINUE

DO 16 I=1,N
UC(2#1-1,NNF1)==1,0
UC(2#1 LNNP2)®==1.0
UR(NNF1 ,2#1-1)=1.0
UR(NNFZ,2#1 )=1.0

DO 17 1=2,N
UC(2#I-1,NNF3)=Y (1))=Y (I)
UC(Z#]  (NNF3)=X(I1)=X(1)
UR (NNFZ, 20 1=1)=Y (1) =Y (1)
UR (NNFS,Z#1 )=X(I)=X(1)

SOME CONSTANTS
FRZ=2,#FK
PRI=Z. #FR
F7==(3.-FR) /2.
FI=AC0OS(-1.)

LOOF ON COLUMNS
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Q19&:C
00197
[RIRD &4~ F
00199
QOO
QOZ012
002023
002033
0020413
00O205s
002063
002073
002083
QO209s
002103
00211
00212:
00213:C
00214:
0021Ss
00216:
002173
00218:C
00219
002201
002213
002222
00223
00224
00225:
00226
00227
00228:
00229
0023013
00231
002322
00233
00234
00235:C
002363
002373
002383
00239:C
002403
002413
002423
00243
00244:C
00245:
00246
002473
00248:
00249:C
002501
00251
002522
00253
002843 C
002S5T:
QU256
OOTE7s
0OTE8:
OC2EY: C
OOTZEO:
(KL%
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DU 19 J=1,N
JJ=2a
IF (J.EC. 1) THEN
JMi=H
JIM2=NN
ELSE
IMi=J-1
JIM2=3I-2
END IF
IF(J.EQ.N) THEN
JIP1ey
JIF1=
ELSE
JP1=J+1
JIF1=JJ+1
END IF

UC(JJ-1,JIM2)=UC (JJ=-1,JIM2)+2, ~PRZ
UC«(JJd ,JIM2-1)=UC(JJ ,JJIM2-1)-2.+PR2
UC(JJ-1,JIP1+1)=UC(JJ-1,JIP1+1)-2,.+PR2
UcC«JJ ,L,JJP1)=UC(JJ ,JJP1)+2.-PR2

XM=X (J) =X (IM1)
YM=Y (J) =Y (IJM1)
SF=SORT (XM#XM+YM#YM)
CTF=YM/SF

STF=-XM/SF .
XM=X (JFP1) =X (J)

YM=Y (JF1)-Y(J)
SS=SORT (XMa#XM+YM#®YM)
CTS=YyMm/SS

STS=-XM/SS
ARG=CTS#CTF+STS*#STF
IF(ARG.GT.1.0) THEN
OM=P %4,

ELSE

OM= (F I -ACOS (ARG) ) #4,
END IF

AA= (2. +PR2) # (STS*#CTS-STF+CTF)
BEB= (2. +PR2) # (CTS#CTS-CTF#*CTF)
CC=(2.-PR2)#LOG(SF/SS)

UC(JJ-1,JJ-1)=0M+AA
UC (JJ,Jd~1) ==BB-CC

UC (JJ=1,JJ) ==BB+CC

UC (JJ ,JJ) =OM-AA

AA=1.-L0G (SF)
BE=STF#STF
CC=-CTF#STF
DD=CTF#CTF

UR(JJ=1,JJ=-1) =AAe (3, =PR) +EE* (1. +PR)
UR(JJ ,JJ=1)=CC# (1. +FR)

UR (JJ=1,J3) =UK (JJ ,3J~-1)

UR (JJ ,JJ) =AA* (3. -PR) +DD* (1. +PR)

AA=1,-L0OG (SS)
EE=STS#STS
CC=-CTS+STS
DD=CTS«CTS

UR (JJ-1,JIF1)=Aan* (I, -PR)+Bb* (1. +FR)
UR(JJJJF1)=CCo (1,+FR)



OuZel:
(AT by P
G064 C
0wZ6Se
[«DOPA-Y-¥
vOLeT7s
00268:
002692
QQO2703
GOT71s
QU272
Q273
00274:
0027Ss
Q02763
QU773
©0278:C
00279:C
002803C
002811
00T82s
00283
00284
o0Z8S:
00zZ86:
002871
002Z88:C
00289:C
002903 C
00291:
002923
002932
00294;
00295
00296:
00297
002983
Q0299
003003
003011
003021
00303:C
003043
Q0305;:
003061
00307:C
00308:
00309
003101
o03113C
003121
00313:
00514
00315:C
003168
00217
00Z18:
00T19:C
OO3I203
QOZT21:

0OTI:

0OT25:19
07268
0LI273C
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UR(JII-1,JIF1+1)=URK (JJ,d381)
UR(GJJ yJIF1+))miane (5. =FR) ¢«LDe (1, +FR)

XM= (X (J)+X(IM1)) /2.
YM=(Y(J)+Y(IM1)) /2.
Bl=X(J)-XM

B2=Y (J)-YM
EBik=FleBl+B2#E2
FB=E2® (2, +FR2)
FPo=E1% (2. +FR2)
FlO=E2« (1. -FR)
Fli=E14 (3, +FFR)
Fi12=Ele (1.+PR3)
F13=E2% (T, +PR)
Fl14=E2a (1. +FRJ)
F1S=B1#(1.-FR)

LOOFP ON ROWS

DO 19 1I=i,N
IF(1.EQ.J.OR.1.EQ.JM1) GO TO 19
11=2%]

Al=X (I)=-XM

A2=Y (I)-YM

AA=AL AL +A2#A2
AE=2. « (A1 *E1+AZ2#B2)

LOOF ON FOINTS OF INTEGRATION

DO 16 L=1,LL
RR=QAA-AE*R (L) +BB#R (L) #R (L)
Al1B1=A1-E1#R (L)
UF3=A1B1/RR
UF6=A1B1#UF3
UF 1 =UF 6 #UF 3
A1E1=A2-B2*R (L)
UF7=A1B1+UF3
UF4=A1K1/RR
UFB=A1B1#UF4
UF2=UF 4#UFB
UFS=L0G (RR)

EE=(PB#UF 1 +PI#UF2+P10#UF3-P11#UF4) #W (L)
UC(II=1,JIM2-1)=UC(I]I~-1,JIM2-1)+WL (L)#EE
UC(I1-1,30-1)=UC(II~1,JJ-1)+W2(L)*EE

EE= (FO#UF 1-PB#UF2-P12#UF S+P 13#UF4) +W (L)
UC(II-1,JJM2)=UC(11-1,JIMD) +W1 (L) *EE
UC(II~=1,30)=UC(I1-1,33)+W2(L)+EE

EE= (PI9#UF1-FB+UFZ-F11#UFI+F14#UF4) sW (L)
UC(II,JIMI-1)=UC(I1,JIM2-1)+W]1(L)*EE
UC(I1,JJ-1)=UC(11,JJ=-1)+W2(L)*EE

EE=(-FB2UF 1 -FO#UF2+F 1 3#UF3-P15%UF4) #W (L)
UC(II,JIM2)=UC(I],JIM2)+EE#WL (L)
UC(11,JJ)=UC(11,JJ)+WZ(L)*EE

UR(II=1,J0-1)=UK(11I=-1,JJ=1)+(F7#UFS+ (1. +FR)®UF&)*W(L)/Z.0
UR(II=1,J3)=UR(II-1,JJ)+(1.+PR)®UF7®W (L) /2.
UR(11,JJ-1)=UR(11-1,J0)

UR(IT JI)=sURII(JI)+(FP7#UFS+ (1. +FPR)*UFB)#W (L) /2.0

CONT INUE

CONT INUE

CALL CLUCK (FIND)
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OOZ35:

0OTT6s
QO3Z7:
00338:
QOTIT9: 20
OO3R403
0OZ41:
00342
QUI47;
00ZT44: 21
003453 22
003463C
00347sC
00348:C
00349:
00TS0:
003St:
O0O3S2:
0033
00384
00ZS5S:
0OISe:
GO3IE7s
003S8: 23
003IS59: 24
00360:C
003b1:C
00362:C
00363
00Z64:
00265s
00366325
00367:C
003681 C
003693 C
003703
Q0371
00372:C
00373:C
00374:C
00375:
00376:
Q0377
00378
002793
003I80:
00381
00382:
0083
00384:
0038%:
0038L: 26
0OI87:
o0zBe: 27
0OT89:
OOTG0:
(IR 3
QOI9L:

O0I9T:
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MULIFY UR

DO 227 I=1,N

11=2a]

11M1=11-1

A=1.0

DO 20 L=2,N
UR(IIML1,1)=URCIIMI (1) +URCIIMYL (2% =1) %A
UR(11 y1)=UR(I1 L1)+UR(I1 (Z#b=1)+A
UR(IIML,2)=UR(IIML,2)+UR(IIML1 2%k ) *A
UR(ITI ,2)=UR(I1 (2)+URC(I]I 2% )*A
A=-A

DO 21 k=2 ,N

UR(IIML 200 =1)==UR(IIML1 4 2#b-3)42.0%UR(IIM] ,28K~-1)

UR(II (2¢k~-1)==UR(II ,2#K-3)+2.0*UR(II

2%k-1)

UR(IIM1, 24K )==UR(IIM1,2#=2)+2.0#UR(IIM1 ,2¢K )

URCITI 2%k DI==UR(I1 (2#K=-2)+2,0%UR(I1

CONTINUE
UNKNOWNS TO LEFT-HAND SIDE

DO 24 1=1,N
DO 24 K=1,2
I1m2%(1=1)+K
KK=NTEC (1 ,F)

IF (KK.EQ.0) GO TO 24
PO 2T L=1,NNF3
TEM=UR(L,11)
UR(L,1I)==UC(L,ID)
UC(L,I1)==TEM
CONTINUE

CONTINUE

MULTIPLY KNOWNS BY' MATRIX IN UR

DO 25 I=1,NNF3

SAV(1)=0.0

DO 2T L=1,NN

SAV (1) =SAV (1) +UR(I,L) #F (L)

SOLVE SYSTEM OF EQUATIONS

CALL GAUSS (NNF3, IER)
CALL CLOCK(FIN3?

2%k )

REARRANGE FORCES AND DISPLACEMENTS. OUTPUT RESULTS

DO 26 I=1,N
DO 26 K=1,2
KK=NTBC (I k)
II=2%(I=1)+k
IF (KK.EQ.1) THEN
TEM=F (I1)
F(I11)=SAV(ID)
SAV (11)=TEM
ELSE
CONTINUE
END IF
CONT INUE
WRITE(10,27)

FORMAT (// ,2X, "NODE NUMBER ' ,28X, "'DIRECTION

X' 428X, "DIRECTION Y ,/

+,/,32X, "DISFLACEMENT ' ,B8X, ‘FORCE "’ ,1SX, ‘DISFLACEMENT ' ,8X, ‘FORCE ‘)

G=E/ ((2.%(1.+FR))
DO <8 I=},N
D1S1=SAV(2#«1-1)/6
DISZ=5AV (2+1) /6



OUTY4: 06
0O2e%: 29
Cul9és
QOI97:C
00983 C
00O399:C
00400
00401839
00402:
004033 30
[elu2-Tul ¥1
00405:
004063
C0407:
04083 31
004092
004103
00411:
004121
00413:
00414;
00415:
00416
00417
004183
00419¢
004202 C
00421
Co422s
004232
00424
0042%:
00426:
00427
00428:
00429
004203
00431
0043%2;:
004323:
00434:C
00435,
004361
00437:
004381
00A439:C
00440:C
00441:C
00442,
00443;
00444,
00445;
004461
00447
00448
00449
00480
004%1 e
00452
COas 3y
0454
[SINT. 3-1-%
QOAS6s
Q0Oas7s
00458
QE6Gs

110

WhRITE (10,29)1,D1C1,F (Zal=-1, LIS, F(le])
FORMAT (/43X 185, 17XZ(ER F12.6) ,6X,2(SX,F12.&))
CALL CLOCH (F1IN4G)

CALCULATIONS FOR FlELD FOINTS.

WRITE(10,39)

FORMAT (/ ,5X, *RESULTS FORK FIELD FDINTS',//,6X, COORDINATES ',

+15X, ‘DISFLACEMENTS ' ,13X, "'STRESSES " ,//)

READ (B,%) 1A, XF,YF

IF(IA.NE. 1) GO TO 38

DO 31 1I=1,NN

DO X1 k=1,5

UC (K, 1)=0, 0

UR (k. ,1)=0,0

DO 22 J=1,N

JI=2#J

IF(J.EQ.1) THEN
JIM2=NN
JIM3I=NN-1
JMi=sN

ELSE
JIM2=JJ-2
JIM3I=JJ~-3
JMimJ-1

END 1IF

XM= (X (J)+X(IM1)) /2.
YM=(Y (J)+Y(IM1)) /2.
El=X(J)-XM
B2=Y (J) -YM
BE=Bi#E1+B2#B2
PB=B2# (2. +PR2)
FO=H1* (2. +PR2)
P1O=B2#% (1.-PR)
Pli=Bl# (3, +FR)
P12=E1#(1.+PR3)
FP13=B2# (3. +FR)
Fl14=BH2# (1. +PR3)
P1S=E1#(1,~PR)

Al=mXF-XM

AZ=YF-YM
AA=AL#AL+A24A2
Ab=2, # (Al#EB1+A2#B2)

LOOF ON POINTS OF INTEGRATION

DO 32 L=1,LL
RR=QQA-AB*R (L) +BB#*R (L) #K (L)
AlBli=Al-El1#K (L)
UF3 =A1BR1/RR

UFé =A1B1#UF3
UF1 =UF&#UF3
ALlB1=A2-B2#R (L)
UF7 =AlB1®#UF3
UF4 =AiB1/RR

UFB8 =A1B1+#UF4
UF2 sUF4+UFB

UFS =L0G (RR)

UF =UFZ«UFZ
UF10=UF4#UF 4
UF11=1,0/RR

UF 1 2=UF6#UFB*UF 11
UF13=UF6aUF 11

UF 14=UFB*UF11



0Gas0: L
DO YIS Y
QU4s2:
VO443;
004864:C
[T YRH
004866
00467
00466:C
Q0465
QO4703
00471
00872:C
00473
00474
004a75:
QO476:C
Q0477
00478
00479;
00480
004813C
00482
00483
00484
00485
op4Bs: C
004873
00488:
G048
00490
004913C
00492:C
00493
00494,
00495
00496
00497:C
004983
00499
00S00:
00501
0VS02:
008033 C
00504
003505
00506
00S07:
00508
00509:C
00510:C
00S11:
00512
Q0S13:s
00514
00515:C
Q0516332
©0517:C
00%518:C
00519:C
OOSZ0g
00521
OOSTZT:
O0OS23:
QOS24
005259
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EE= (FEBaUF 1+FSYeUF Z+F1OeUFZ~F 1 J@UF Q) »W (L)
UC(1,JIM2-1)=UC{1,JIMo=-1)+W1 (L)eEE
UC(1,JJ-1)=UC(1,dJ-1)+WZ(L)*EE

EE=(FO2UF 1 -FE#UFZ-F122UFZ+F13#UF4) # (L)
UC(1,JIM2)sUC (1,JIML) +W1 (L) »EE
UC(14JJ)=UC(1,JJ)+WZ(L)=EE

EE= (PO#UF 1 -FB#UF2-F 11 #UF3+F14«UF4)»W (L)
UC(Z,JIM2-1)=UC(2,JIM2-1) +W1 (L) »EE
UC(2,3J-1)=UC(2,JJ-1)+W2 (L) «EE

EE= (-FB®UF 1 -PY#UF2+F 1Z+UFI-F15#UF Q) «W (L)
UC(2,JIM2)=UC (2,JIM2) +EE*WL (L)
UC(2,JJ)=UC(2,JJ)+WZ (L) *EE

UR(1,JJ-1)8UR(1,JJ=1)+(F7#UFS+ (1, +PR) *UF &) *W(L) /2.0
UR(1,JJ)=UR(1,J0)+(1.+PR)#UF7eW (L) /2.0
UR(2,JJ-1)=UR(1,JJ)
UR(2,JJ)mUR(2,JJ)+ (P7#UFS+ (1, +PR) #UFB) #W (L) /2.0

EE= (2. 0+PR2) #UF1
UR(3,JJ-1)sUR(3,JJ-1)=(EE+(1.0-FR)#UFZ) #W (L)
UR(4,J3-1)=UR(4,JJ-1)+ (EE-(1.0+3.0#FPR)#UF3I) #W (L)
UR(S,JdJ )=mUR(S,JJ D+ (EE-(3.0+PK) ®UF3) «W (L)

EE=(2.04+PR2) #UF2

UR(3,JJ )=UR(3,JJ )+ (EE-(1.0+3.0#FK)«UF4)#*W (L)
UR(4,d3 )=UR(4,JJ )—(EE+(1.0-FR)#UF4)#*W(L)
UR(S,JJ=1)=UR(S5,JJ=1) +(EE~(3.0+PR) #UF4) W (L)

EE= (2. #BZ# (UF11+4, #UF 13-B. #UF 1 #UF3) -4, #E1+#UF7% (UF11-4,. #UF9) )
+#W (L)

UC(I 4 JIMI)=UC (I ,JIMT) +EE*+W1 (L)
UC(3,JdJ-1)=UC(3,JJ-1)+EE#W2(L)

EE= (4. #B2#UF7# (UF11-4.0%UF9) -2, #B1# (UF11-8.0%UF12) ) #W (L)
UC (5,JIM3) =UC(S,JIM3) +EE*WL (L)
UC(5,JJ-1)=UC(5,JJ-1)+EE#W2 (L)
UC (3,JIM2) »UC (3,JIM2) +EE#W1 (L)
UC(3,33 )=UC(3,JJ )+EE#W2(L)

EE=((UF11-8B.0#UF12) #2, #E2-UF7# (UF11-4,.0%UF10) %4, #E1) #W (L)
UC(4,JIM3)=UC (4,JIM3I) +EE+W1 (L)
UC(4,JJ-1)=UC(4,JJ-1)+EE*W2(L)
UC(S,JIM2)=UC(S5,JIM2) +EE#WL (L)
UC(S,JdJd )=UC(S,3J )+EE*WZ(L)

EE= (4. #B2#UF7# (UF11-4,. #UF10) -2, #E1% (UF11+4 . «UF14-B. «UF2#UF4))
+#l (L)

UC(4,JIM2)=UC(4,JIM2)+EE*W1 (L)

UC(4,JJd )=UC(4,JJ )<+EE*W2(L)

CONT INUE
MODIFY UR AND OUTFUT FIELD RESULTS.

A=1.0

DO 34 K=2,N

bh =2}

bhMi=FE -1

DU 33 L=1,5

UR (L1 =UR L1 +UR(LKEML) o4
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Ousl &1 3T URL 422 UR (L 2 +UF (L Ky ).l

OOS52731 34 R=-A

QuLib: LO 3L b=l N

00529 b= 2ah

QOS50 FtMi=hp =1

[ele ey ¥ DO 35 L=1,%

0053t UR (L KM )Y =s=UR (L bt =3)+2, O®UR (L M} M1)

Q0523335 UR(L KK ) m=UR(L,MF=2)+2, 00UR (L 0K )

0053412 C

00535: DIS1=0.0

00536: DIS2=0. 0

005371 SIG1=0.0

Q0S SIG2=0,.0

OUS L4} SIG3I=0. 0

0US40:C

00541 DO 36 I=3 NN

00542 DIS1=DIS1-UC(1,I)#SAV(I)+UR(1,I)=F (I)

005431 DIS2=DIS2-UC(Z,1)#SAV(I)+UR(2,I)*F (1)

00544, SIG1=SIG1-(1.0+PR)#UC(Z,1)#SAV(I)+UR (I, 1)*F (])

00545; S1G2=SIB2-(1.0+FR)#UC (4,]1)aSAV(I)+UR(4,I)»F (1)

00546: 36 SIGI=SIGI-(1.0+PR)#UC(S,1)#SAV (1) +UR(S,1)#F(I)

00547 DI1S1=DIS1/ (8.0%F])

00548:; DIS2=DIS2/ (8.0#P])

00549 SI1G1=S1G1/(8.0+FPI)

005503 SIG2=SIG2/ (B.0#F])

00551: S1G3=SIG3/ (B.0O#F1)

0OSS2 WRITE(10,37)XF,YF,DIS1,DIS2,S1G1,S1GZ,8IGT

OOuuétu7 FORMAT (7 (3X,F10.5),7)

00SS4:C

00S5S: IF(IA.ER.1) GO TO 30

005561 38 CALL CLOCK (FINS

003557 WRITE(10,#%) CPU TIME AFTER READ AND PRINT = FIN1-START
00538: WRITE(10,#) ‘CPU TIME AFTER CREATE UC AND UR =’ FIN2-STAKT
C0S59: NRITE(IO,*)‘CPU TIME AFTER SOLVING EQUATIONS = FINZ=-BTART
00560: WRITE(10,#) ‘CPU TIME AFTER WRITTING DISPLACEMENTS =° ,FIN4-START
00561 WRITE(10,%) "TOTAL CFU TIME = FINS-START
00562: CLOSE(UNIT=10)

00563 CLOSE (UN1T=8)

00564 CALL EXIT

00565: END

00566:C

QOE 67 3 505905006 30 3533035 3 33090 3 3 36 95 3090 30 36 0 3 46 363 3 36 3 3 46 36 36 30 30 36 630 36 35 6 36 36 3 30 96 36 0 36 9 38 90 98 36 30 30 36 30 36 30 3 S0 40 3 -0 40 9 8
003568:C

00569:C SUBROUTINE GAUSS

00570:C

QOST7 1 3 Cltar st 260005 038 303038 30 30 3 33 3046 35 30 3636 0 4 40 3 88 353696 30 30 98 00 36 00 9036 3 30 38 36 36 86 3636 30 36 30 36 4 36 30 35 30 96 36 36 38 36 98 38 38 46 98 3 20 96 38 S 4
00572;:C

00573 SUBROUTINE BGAUSS (N, IER)

00574:C

0057S: COMMON /CBARUSS/ A(20T,203) ,SAV(203)

00576:C

00S77: NMl=N-1

005783 NF 1=N+1

00579:C

0035803 C THE OUTER LOOF USES ELEMENTARY ROW OFERATIONS TO
00%881:C TRANSFORM A TO TRIANGULAR FORM

00582:C

00583 DO & 1=1,NM1

00SB4:C

©0OS8%: C SEAFCH FOR THE LARGEST ENTRY IN COLUMN 1, ROWS I THROUGH N.
0OSE63C IFIVOT IS THE ROW INDEX OF THE LARGEST ENTRY.
QO0E87:C

QOSEB: FIVOT=0.0

OUSBEY: DO 1 J=I1.N

QOS0: TEMF=ABS (A(J,1))

00E91: IF(FIVOT.GE.TEMF) GO TO 1



OUS9Ts
QOESTs
00S594: 1
Q0SS
0O596:
0ws97:C
LLESB:C
005993 C
006008
0060143
0060Z:
QO&603:
QL6042 2
QO605:
QOsLb:
Q6072
00608:C
00609:C
00610:C
0061133
00612
00613:
Q06143
00615
00616:
00617
QL6184
00619:S
006202 6
006213
00622:C
00623:C
00624:C
00628
006261
006273
00628:
00629:
0063037
006311
00632:8
00633
00634:
0046383 C
006363C
00637:C
00638111
0046393
006403
BOTTOM
$
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FIVO1=TEMF

IFIVOT=J

CONTINUE

IF(FIVOT.EQ.C.C) GO TO 11
IF(IFIVOT.EQ. 1> GO TO 3

INTERCHANGE ROW 1 AND ROW IPIVOT

DO 2 K=I,N
TEMF=A (I ,N)

AT k) =ACTFIVOT,K)
A(IFIVOT, k) aTEMF
CONT INUE
TEMF=SAV (1)

SAV (1) =SAV (1FIVOT)
SAV (IFIVOT) =TEMP

ZEROS ENTRIES (I+1,1)(142,1), 000 (N, 1)

IPiml+1
DO S K=IP1,N
O==A(K, 1) /A(1,1)
AK,1)=0.0

SAV (K) =0#SAV (1) +8AV (K)

DO 4 J=IP1,N

A K, J)=0#A(T ,J)+A (K, J)
CONTINUE

CONTINUE

CONTINUE

IF(A(N,N) .EQ.0.0) GO TO 11

BACKSOLVE TO GET SOLUTION TO AX=SAV

SAV (N) =SAV (N) /A (N,N)
DO 8 K=1,NM1

Q=D+A (N-K NP1=-J) #SAV (NF1-J)
CONTINUE

SAV (N-K) = (SAV (N-K) =Q) /A (N=K ,N-K)
CONTINUE

IER=}

RETURN

IN MATRIX A

ABNORMAL RETURN. THE MATRIX A MAY BE SINGULAK

IER=2
RETURN
END
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[N TT LT TTE T TR TR R Y TR R R e X R R T T R R R Y R Yy Y T )

QOOOXC
GOOO4

QOOOSC
0OLQ6:s C
QOOO73C
o008 C
QOO C
000303 C
000113 C
000122

0013 C
00014:C
0O01S5:C
00016:C
0O017:eC
00018:C
000193 C
00020:C
000213C
00022:C
00023:C
00024:C
0002S:C
00026:C
000273C
00028:C
00029:C
0O030:C
000313C
00032:C
00033 C
00034 C
0OO38:C
000363 C
00037:C
00038:C
000393 C
00040:C
000413C
00042:C
00043:C
00044, C
00045 C
00046:3C
000473C
00048:C
00049 C
QOOS0sC
00051 C
QOOS2:

000533 C
000343 C
QUNSEsC
000%6:C
O00S7:C
0O0EesC
00Ng9:C
QOO60:C
[RIAIT-S ¥ XS
el s C
[RIRTRT- S
QueLl: C

PROGRAM FEM

TH1S FROGRAM EMFLOYS THE FINITE ELEMENT METHOD (USING
THREE-NODE TRIANGULAR AND FOUR-NODE ISOFARAMETRIC
CQUADRILATERAL ELEMENTS) TO SOLVE FLANE STRESS FROBLEMS
OF LINEAR ELASTICITY. UNIT THICNESS IS ASSUMED.

WE DEFINE THE FOLLOWING INFUT PARAMETERS,VARIAELES
AND ARRAYS:

TITLE = THE TITLE OF THE PROELEM. THIS MUST BE WRITTEN

ON ONE LINE IN COLUMNS 1 THROUGH BO.

THE NUMBER OF MATERIALS OF WHICH THE BODY IS

COMFOSED. ENTER IN FREE FORMAT.

NNO = THE TOTAL NUMBER OF NODES IN THE MODEL. ENTER IN
FREE FORMAT.

NMAT

NDOF = THE NUMBER OF DEGREES OF FREEDOM OF THE PROELEM.
THIS FARAMETER IS EQUAL TO 2 FOR PLANE PROELEMS.ENTER IN
FREE FORMAT.

NEL = THE NUMBER OF ELEMENTS USED. ENTER IN FREE FORMAT.

NLO = THE NUMBER OF LOAD CASES TO EE SOLVED FOR THE SAME
BEOMETRY. ENTER IN FREE FORMAT.

E(1) ,PR(I)

= MATERIAL PROFERTIES (E IS YOUNG'S MODULUS AND PR 1§
POISSON'S RATIO). ENTER FOR I=1 ,NMAT, ONE SET OF
PROFPERTIES PER LINE. ENTER E(I) IN COLUMNS 1 TROUGH 20
IN E FORMAT AND PR(I) IN COLUMNS 21 TROUGH 40 IN F
FORMAT,

MF (1) yNEN(I), (NN(I{J),J=1,NEN(I))
= MF (1) IS THE MATERIAL IDENTIFICATION OF THE ELEMENT
(MF=1,2,...NMAT) ,NEN(1) 1S THE NUMBER OF NODES OF THE
ELEMENT, AND (NN(I,J),J=1 ,NEN(I)) ARE THE NUMEERS OF
THE NODES WHICH FORM THE ELEMENT (LISTED COUNTER-
CLOCKWISE) . THESE PROFERTIES ARE READ IN FREE FORMAT.

X(1,1) NTBC(I,1),X(I,2) ,NTBC(I,2)

= NODE FROFERTIES. X(I,1) IS THE COORDINATE X1 OF NOCE I,
NTEC(1,1) IS THE TYFE OF BOUNDARY CONGITION IN THE X1
DIRECTION AT NODE I, X(I,2) IS THE COORDINATE X2 OF
NODE 1, NTEC(I,2) IS THE TYFE OF BOUNDARY CONGITION IN
THE X2 DIRECTICN AT NODE 1. ENTER FOR I=1,NNO, ONE
SET OF NODE FROFERTIES FER LINE. ENTER X(I,1) IN CO-
LUMNS 1 THROUGH 15 IN F FORMAT, NTEC(I,1) IN COLUMNS
16 THROUGH 20 IN I FORMAT, X(I,2) IN COLUMNS 21 THROUGH
IS IN F FORMAT AND NTEC(I,2) IN COLUMNS 36 THROUGH 40
IN I FORMAT.

THE EBOUNDARY CONDITION CODE FOR NTEC(I,J) IS AS FOLLOWS
NTBC(1,J) =-1 IF SFECIFIED ZERO DISPLACEMENT AT NODE I IN
DIRECTION J.

NTBC(1,J) = O IF SPECIFIED FORCE AT NODE I IN DI-.
RECTION J.

NTEC(1,J) = 1 IF SFECIFIED NON-ZERO DISFLACEMENT AT

NODE I IN DIRECTION K.

THE DEFAULT VALUE FOR NTEC(1,J) 1S 2ERU.

LL = MUMKER OF FOINTS IN EACH DIRECTION USED FDR NUMERICAL
INTEGRATION. LL MAY BE 2 OR 3.
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Onussds C
Ooe7:C
QunsB: C
L0069 C
QO070:C
000713C
00072:C
000732 C
000743 C
00075:C
000761 C
000778 C
00N78:C
oLY79:C
0008L:C
o081 C
00082:C
ovu83:C
000843 C
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ALSO, FUR ERLH LOAWL CASE (1 THRUUGH NLO:

1,11,R =

NE1 ,NE2=

THE NODE NUMIER(DIRECTION AND VALUE OF EACH
SFECIFIED NON-ZERO FORCE OR DISFLACEMENT. ENTER IN FREE
FORMAT AND END RY INFUTTING C,0,0.0.

LOCAL COORDINATE FOR STRESS SOLUTION IN ELEMENTS TO
EE DESIGNATED BELOW. K MUST LIE BETWEEN O. AND 1. ENTER
IN FREE FORMAT.

NOTE THART R=0. IMFLIES THAT STRESSES ARE TO BE COMFUTED
AT CENTER OF ELEMENTS ONLY WHEREAS R=1. IMPLIES THAT
STRESSES WILL BE COMFPUTED AT THE FOUR CORNERS.

INTERVALS OF ELEMENTS IN WHICH STRESSES ARE TO

BE COMFUTED IN ASCENDING ORDER. STRESSES WILL EE COMFUTED
IN ELEMENTS NE1 THROUGH NE2, NB1 THROUGH NE2,ETC. ENTEK
IN FREE FORMAT AND END BY INPUTTING 0,0.

[efalel- LR Yo X TR T T 2T R g P g

00086: C
000871
000es:
0009
0000
[elalnld W]
o000e2:C
00093
QOOP4s
0009S: C
000963
000971
00098:
00099:C
00100
0010113
00102:C
00103
00104
001035;:C
001061
001073
00108:C
001093
001101
00111
00112
00113310
00114
0011S5:C
00116
001173
00118s
00119
00120:
001213C
00122
001223
0012:43C
00IDS;
0016
Quiz7sC

COMMON MEQ,MSD

COMMON / CPROFIL/ NMAT,NEL ,NSD,NR,NNO,NDOF ,NEQ,NEN (200)
+,NN(200,4) NTEC (200,2)

COUMMON /D1AG/JDIAG (S00) , IDIAG (100)

COMMON / CRED/E(3) ,PR(3) ,G () JMF(200) ,X (200 ,2)

OFEN(UNIT=8,FILE="DATAL ")
OPEN(UNIT=10,FILE="RESULT1 ")

CALL CLOCK(START)
CALL RED1 (NLO,LL)
CALL CLOCK(FIN1)

CALL PROFIL1
CALL CLOCK(FIN2)

CALL PFORM(LL)
CALL CLOCK(FIND)

CALL SOLVE(.TRUE.,.FALSE.,0)
CALL CLOCK (FIN4)

DO 10 I=1i,NLO

CALL MODIFY(I)

CALL SOLVE (.FALSE.,.TRUE.,I)
CALL STRESS

CONTINUE

CALL CLOCK (FINS)

WRITE(10,+) ‘CPU TIME AFTER READ
WRITE(10,%) ‘CPU TIME AFTER PROFIL
WRITE(10,%) ‘CPU TIME AFTER FFORM
WRITE(10,#) ‘CPU TIME AFTER SOLVE1L
WRITE(104,+) ‘TOTAL CFU TIME

" «FIN1=-START
" «FINZ-START
* W FINZ-START
‘' «FIN4-START
* yFINS-STAKT

CLOSE (UNIT=10)
CLOSE (UN1T=8)

CALL EXIT

END

[WIRBPad RN R 2 2 2 R Y R e e T I T T,

Q0129:C
V01303 C

SUBRODUTINE RED1
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(ORI T E TR EER IR Y TR Y R Y N R I I I I IS

[CIRF Bt Y of
Q0134
0u1ZTS:C
QU1les
O0137s
00138:
0O139s
COUi40e
00141;3C
00142
0014331
00144:C
00145:
001463C
001473
0014832
00149:C
001503
00151,
0018233
00153sC
00154
0015%5: 4
0015615
00157:C
00156:
Q0159:C
001601
00161136
00162:C
00163
001647
00165:
00166:
OV167sC
001683
0016918
00170:
001713C
00172
0017319
00174:C
V0175
00176310
00177
00178:C
00379:C
001801
00181:
00182311
0018733
00184:
0018%5;:12
00186213
00187:C
OO1663
0n1B89:14
0190
00191:C
(ub L jnd
Q0193218
WO1943 16
01953 C
n01S6:

SUBKOUTINE RED) (NLD,LL)

COMMON /CFROF1IL/ NMAT (NEL (NSL,NK,NNU,NDOF (NEO ,NEN(Z00)
+ NN(200,4) NTEC (200, 0)

COMMON /D1AG/ JDIAG (SO0 , IDIAG (100)

COMMON / CRED/ E(I) ,FR(3) ,G(3) ,MF (Z00) ,X (200 ,2)
DIMENSION TITLE (20)

READ(B,1) TITLE
FORMAT (20A4)

READ (B8,#) NMAT,NEL ,NND,NDOF ,NLO

READ (8,2) (E(1) (FR(]1) ,I=1 ,NMAT)
FORMAT (E20.12,F20.12)

DO 3 I=1,NEL
READ (B, #)MP (1) (NEN(I) , (NN(I,J) ,J=1 ,NEN(I))
CONTINUE

DO 4 I=1,NNO
READ(8,%) (X (I,3) NTEC(I,J) ,J=1 ,NDOF)
FORMAT (BZ ,3(F15.5,15))

READ (8,#)LL

WRITE(10,6) TITLE
FORMAT(// ,20A4,//)

WRITE (10,7)NMAT,NEL ,NNO,NDOF

FORMAT (//,4X,'ND. OF MATERIALS',4X, 'NO. OF ELEMENTS',
+4X,'NO. OF NODES',4X, 'NO. OF DEGREES OF FREDOM',//,2(10X,I1%)
+,2(13X,1%))

WRITE(10,8)
FORMAT (//, '"MATERIAL NUMBER',4X, 'YOUGS MODULUS ,SX,
+ 'POISSON RATIO’)

WRITE(10,9) (1,E(1) ,PR(I) ,I=1,NMAT)
FORMAT(//,15,13X ,E14.7 ,F20.6)

WRITE(10,10)
FORMAT (//,3X, "ELEMENT NUMBER',4X, ‘"MATERIAL NUMEER',4X,
+ 'NUMBER OF NODES ' ,4X, ‘NODE NUMBERS ‘)

DO 13 I=1,NEL
WRITE(10,11)1,MF (1) ,NENCI), (NN(I,J) ,J=1 ,NENCI))
FORMAT (/ ,8X,15,2(15X,1%) ,7X,4(1%))

IF (NEN(I).LE.4) GO TD 13
WRITE(10,12) (NN(I,J) ,J=S ,NEN(I))
FORMAT (/ ,S7X,415)

CONT INUE

WRITE(10,18)
FORMAT (/ ,3X, ‘NODE NUMBER ' ,6X,
+'NODAL COORDINATES AND EBOUNDARY CONDITIONS ')

DU 15 I=1,NND
WRITE(10,16)1,(x(1,3) NTEC(1,J),d=1,NDOF
FORMAT (/ ,TX, 1€, 85X T (F15.5,15))

WFITE(10,17)LL
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OIS 137 FORMIST (/7 NG, OF FUINTS OF INTEGRATION IN EACH DIRECTION
0w 19Es +,15,7/)

VOIeesC

002003 RE TURN

QG204 END

QOZ0e:C

[(WIaVas ol T2 TR LT TR TR T E TR X Y R R R e X X Y T R Y R Y Y Y YT Yy Y e
002043 C

00205:C SUEBROUTINE FROFIL1

00204:C

OO 7 i R Rt P R R R P R R R R R RN R R R R PR BB R AR R R R R PR R R AR SR B ER PR RN BN RS ERRERR RO RN
on208:C

00209: SUBROUTINE PROFIL1

00210:C

00211 COMMON /CPROFIL/ NMAT ,NEL ,NSD,NR,NNO,NDOF ,NEG ,NEN (200)
00212 +,NN(200,4) NTBC (200,2

00213: COMMON /DIAG/JDIAG(500) ,IDIAG(100)
00214:C

00215:C COUNT EQUATIONS, INIT1ALIZE JDIAG, IDIAG
002163C

002173 NEQ=0

002161 NSD=0

00219: DO 1 N=1 NNO

0022013 DO 1 I=1,NDCF

002211 J=NTBC (N, 1)

00222:C

002233 IF(J.LT.0) THEN

00224: NTBC(N,1)=0

00253 C

00226 ELSE 1IF(J.EQ.0O) THEN

00227 NEQ=NEQ+1

00228: NTEC (N, I)=NEQ

00229:C .

002C0: ELSE

00231 NSD=NSD-1

0032 NTEBC (N, I)=sNSD

Q0233 ND=2+#IAES (NSD)

00234 IDIAG (ND-1)=20000

00235: IDIAG (ND) =0

002363 END 1IF

0023721 CONT INUE

00238:C

00239:C COMPUTE COLUMN LENGTHS OF STIFFNESS VECTOR
00240:C

00241 DO 10 N=1 NEL

002423 DO 9 I=1,NEN(N)

00243 I1I=NN(N,I)

00244; IF(I1.EQR.Q0) GO TOQO %

00245 DO 8 K=1 ,NDOF

00246:C

00247: FK=NTBC (11 ,K)

002481 IF(KL)2,8,5

00249:C

00250: 2 Ki'=IAES (KK)

00251 DO 4 J=]1,NEN(])

002252 JJI=NN(N,J)

00T T IF(JJ.EQ.0) GO TO 4

00254 DO T Ls=)1 /NDOF

002ES: LL=NTEBC(JJ,L)

00256 IF(LL.LE.O) GO TO 3

00257 IDIAG(2#kK~1)=MINO(IDIAG (2#Ft'=1) ,LL)
C02E8: IDIAG(Z#bh )=MAYO (IDIAG (Z*t'b ) ,LL)
0025913 CONT INUE

002603 4 CONT I nUE

00Z61s GC TO 8

o02els3C






O0ZeT: S
[RTUATCY- R
ouleS:
D264 C
CuZs7s
00268
COze9:C
002708
QQ271:
002723
002732
Q0Z74:C
00275
Q02763
00277
002782
00279
002803
0028136
Q028217
00283: 8
00284:9
00285: 10
002863C
00287:C
00288:C
002891
00290
00291
00292:
00293211
00294
002933
00296114
002973
00298:12
00299:C
0030013
003011
00302
00303
00304313
00305
00Z06:C
Q0OZ07s
00308
003093C
00310:C
00311:C
00312:
003133
00314;
00315
003161
003173
00Z18:
QOZ19:
00Z203C
OOT211s
00322s
00I23:
002243
QOT 2%
OO7268
OOTT7:

[ETRIn g S
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DO 7 J=1 ,NFIN(N)
JI=NN(N,J?
IFWI.EC.) GU TO 7

DO & Le=1,NDOF
LL=NTEC (JJ,L)

IF(LL.LT.O) THEN

LL=]AES (LL)
IDIAG(Z2#LL=-1)=MIND(IDIAG(2¢LL-1) ,Ki.)
IDIAG (2#«LL)=MAXO(IDIAG(2+LL) ,K})

ELSE IF(LL.BT.0) THEN
M=MAXO (bt ,LL)

JD1AG (M) =MAXD (IJDIAG (M) , IAES (KK =LL) )
ELSE

CONT INUE

END IF

CONT INUE

CONT INUE

CONTINUE

CONT INUE

CONT INUE

COMFUTE TOTAL LENGTH OF STIFFNESS VECTOR

NAD=}

JDIAG (1) =1

IF(NEQ.EQ.1) GO TO 12

DO 11 N=2,NEQ

JDIAG (N)=JDIAG(N)+JDIAG (N-1)+1

NAD=JDIAG (NEQ)

WRITE (10,14)NEQ,NAD

FORMAT (/ 43X, "NO. OF EQUATIONS ,15,3X, 'COMFONENTS OF STIFFNESS',
+13)

IF (NSD.EQ. O)RETURN

NED=1

NSD=1AES (NSD)

IF (NSD.EQ. 1) RETURN

DO 13 N=2,NSD

IDIAG (2#N) =IDIAG (2#N-2) +1+IDIAG (2#N) ~IDIAG (2#N-1)
NED=IDIAG (2#NSD)

RETURN
END

FUNCTIONS MIND AND MAXO

FUNCTION MINO(I,K)
IF(I1.LE.K) THEN
MINO=]

ELSE

MINO=K

END IF

RETURN

END

FUNCTION MAXO(I,K)
IF(l1.GE.k) THEN
MARYXD=1

ELSE

My 0=t

ENL IF

FETURN

END
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WIC RS20 aenraranasssapes 122 R 2 222 22 2 22 22 22 R 2 R R A RS R R R R R 2 Z R Y F R R T R e

SUBRUUTINE FFORM

QO Q IR e R et R AR R R PR R I PR AP B RPB R R IR AR BB R ER R BRI B R B SRR S RSP IS B IRRO AP ER AR RERRBO RGN

0OZ35:C
003362
003T7:C
00238
QO3IT9s
00340
003412
0034z
00343
00344:C
00345:C
003Z46:C
003473
00348: 2
00346
003T0:
0035113
00382:C
00283:C
00354:C
00388: 100
00356:
00357:
00358:
00389: 4
00360:C
00361:C
00362:C
00363
00364:C
003465:C
00366:C
00367:
00368:
003692
00370:
00371:C
00372:
003731
00374
003753
003763
00377:S
00378:
QU379 6
00380
00381
0038217
0038Z: 8
00384:C
00385 C
003861 C
003873
(et =1=T]
008919
OOTQ3C
OOT91:C
VOTT:C
QOT9%:
OOX94: C

SUEBROUTINE FFORM(LL)

COMMON /CFROFIL/ NMAT ,NEL ,NSD,NRK,NNO,NDOF ,NEG ,NEN (200)
+ NN (200,48) NTERC(200,2)

COMMON /DIAG/ JDIAG(S00) ,IDIAG(100)

COMMON /AEST/ A(7000) (B(E00) ,F (400)

COMMON /CRED/ E(3) ,FR(3) ,G(3) {MF(200) (X (200,
DIMENSION D(3),XE(4,2) ,NBC(4,2),5(8,8)

INITIALIZE A AND B

DO 2 I=1,JDIAG(NER)
A(1)=0,0

IF(NSD.EQ.0) GO TD 100
DO 3 I=1,IDIAG(2#NSD)
B(1)=0.0

CALCULATE MATERIAL PROFPERTIES

DO 4 N=1,NMAT

Wi=FR(N)

E(N)=E (N)/ (1.0-PR(N) ##2)
FPR(N) =E (N) W1
G(N)=E(N)#(1.0-W1)/2.0

LOOF ON THE ELEMENTS
DO 10 N=1,NEL
LOCALI1ZE PROPERTIES IN ARRAYS XE (I,L),NEC(I,L),D(L)

MM=MF (N)

D(1)=E(MM)
D (Z)=PK (MM)
D (3) =G (MM)

DO 8 I=1,NEN(N)
_II=NN(N,I)
IF(11.NE.O) GO TO &
DO S L=1,NDOF
XE(I,L)=0.0

NEC (I,L)=0

60 TO B

DO 7 L=1,NDOF
XE(I,L)=X(II,L)
NEC(1,L)=NTEC(II,L)
CONT INUE

CONTINUE

INITIALIZE LOCAL STIFFNESS MATRIX
DO 9 1I=1,8

DO 9 J=1,8

S(J,1)=0.0

CALCULATE STIFFNESE OF ELEMENT

CALL ELEMENT (D, XE,S,NEN (M) ,NDOF,LL)
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COZIe5:C ADD THE VALUES OF LOCAL STIFFNESS INTO GLOBAL
WOT9¢sC

00ZS7: CALL ADDETIF (S NECNEI(N) (NDLF)

OOL98 10 CONT INUE

OOZ993C

0O40GsC REARKANGE THE ARRAY NTERC FOR REACTIONS
00401:C

O0DQ/02: NR=0

00403 DO 11 I=1,NNO

0Uq04; DO 11 K=1,NDOF

0O40Ss KK=NTEC (I ,K)

0040612 1IF(KK.NE. Q) GO TO 11

004071 NR=NR+1

00408 NTEBC (I ,1) =s=NSD-NR

C040%9s 11 CONTINUE

00410:C

00411: RETURN

00412 END

«oq4131C

QOQ143CHMREERMENIE 0000030023533 03345 03 33 00 390 363 3535 36 30 3 36 34 35 3 30 36 36 46 40 30 0 36 06 36 46 36 3 3¢
00415:C

004163C SUEBROUT INE ELEMENT

00417:C

[eTs . BY-FYL T2 2T T LL LT RE L TLE LT EL L LR LT TR 2 TRy R o 22 22 T T2 TR RN AR ey
00419:C

0042012 SUEROUTINE ELEMENT (D,XES,NIN,NDOF,LL)
00421:C 0

00422: DIMENSION SG(9) WG (F) ,TG(9) (XE(4,2) ,SHF (4,3)
004233 +,5(8,8) ,D(2)

00424:C

00425:C CALCULATE POINTS AND wWEIGHTS FOR NUMERICAL INTEGRATION
00426:C )

00427 CALL PBGAUSS(LL ,5G,TG,W6)
004283 LINT=LL*LL

004292 DO 2 L=1,LINT

00430:C

0043X1:C CALCULATE SHAPE FUNCTIONS AND THEIR DERIVATIVES AT
00432sC THE POINTS OF INTEGRATION

00433:C

00434; CALL SHAPE(SG (L) ,TG(L) ,XE,SHF ,XSJ ,NDOF (NIN)
00435;:C

00436:3C CORRECT ELEMENT OF AREA

00437:C

00438: XSI=XSI#WG (L)

004393 C

00440:C CREATE PRODUCTS OF DERIVATIVES

00441:C

00442, Ji=}

00443: DO 2 J=1,NIN

00444, W11=mSHF (J,1)#XS)

00445 W12=SHPF (J,2) #XSJ

00446; Ki=J1§

00447:C

004483 DO 1 K=J,NIN

Q0449 S(J1,K1)=S(J1,K1)+W11#SHFP (K,1)

004350 S$(J1,K1+1)=S5(J1,ki1+1)+W11#EHF(K,2)
00451 S(J1+41,K1)=S(J1+1,K1)+W128SHF (K ,1)
00452 S(J1+1,K1+1)mS(J1+1 ,Ki+1)+W12#SHF (K,2)
004531 K 1=K 1 +NDOF

0045432 J1=J1+NDOF

00455 NSL=NIN#NDOF

004%6:C

004573 C REARRANGE FRODUCTS INTOD STIFFNESS MATRIX
00458:C

00459 DU 4 J=1,NSL (NLOF

OD{EODs D(r 4 =3 ,N5SLNDOF



121

LOdele Wil=5.Jd,1)

[UINT- Y94 W12=S (J h+1)

Vode e Wli=S1J+1,})

Codébas WI2=5(J+3,b+1)

LoaeS: C

[T Y X S J,k)=D(1)eW11+D(T) WD
08573 S(J,M41)=D(2)#WID+D(3) oW
GOasB: S(JI+1,F)=D(2)*WZ1+D(3) #W12
004469 S(J+1,h+1)=D(1)#W22+D(3J) a1
QUA703C

Vw4713 S(K,J)=S(J,F)

04723 S(k,J+1)=S(J+1,})

00472 S(K+1,0)=S(J,b+1)

0047434 S(h+]1,J+1)=S(J+1 ,k+1)
0047%:C

0048761 RETURN

00477 END

004781 C

QUAT7 I CHERRRBERRERBRPRRN R RRRBEREREPBEBRBRRBES DB AP RED BB RIORP RSB E R ERERRRER B RS
004803C

00481 C SUBRROUT INE SHAFE

00482:C

[ei-hiEat T2 222 T I LTI LLIT T LT T R R Ay R e Y T gy gy
004864:C

0048%: SUEROUTINE SHAPE(SS,TT, XE,SHF,XSJ,NDOF (NIN)
004863 C

00487 DIMENSION SHF (4,3) (XE(4,2) ,5(4),T(4) ,XS5(2,2)
00488: +,SX(2,2)

00489:C

00490: DATA §/-0.5,0.5,0.5,-0.5/,7/-0.5,-0.%,0.%5,0.5/
00491:C

00492:C FORM 4 NOPE QUADRILATERAL SHAFE FUNCTIONS
00493:C

00494 DO 1 I=31,4 :

00495 SHF (I ,J)= (0, 3+S(1)#SS)# (O, S+T(1)*TT)

004962 SHF (I,1)=S(I)# (0. S+T(I)&*TT)

0049721 SHP(I ,2)&aT(I)#(0.5+S(])#SS)

00498: IF(NIN.GE.4) GD TO 3

00499:C

005003 C FORM TRIANGLE SHAFE FUNCTIONS EBY ADDING THIRD AND FOURTH TOGETHER
00S01:C

005021 DO 2 I=1,3

0050332 SHF (3,1)=SHP (3,I)+SHF (4,1)

00504:C )
00S08:C CONSTRUCT JACOBIAN AND ITS INVERSE
005063 C

00507: 3 DO 4 I=1 ,NDOF

00308 DO 4 J=1,2

00509 XS(1,J)=0.0

00%510:1C

00511 DD 4 K=31 ,NIN

00512t 4 XS(I4J)=XS(I,J)+XE(K,I)#SHP (K ,J)
00513:C ’

00514 XSJ=XS(1,1)#XS(2,2)-XS(1,2)#X5(2,1)
00S1S:C

00516 SX(1,1)=X5(2,2)/XSJ

00517 SX(2,2)=XxS(1,1)/XSJ

005183 SX(1,2)==x5(1,2)/XSJ

005191 SX(2,1)==XS5(2,1)/XS8J

O0OST0:C

O02521:C FORM GLOEAL DERIVATIVES

0SS C

OUS3TT LD & 1=1,NIN

OOSTa: TFeSHF (1,1)#SX(1,1)+SHF (1 ,2) =5y (2,1)
OULIS: SHF (1,2)=SHF (],1)#8) (1,2)+SHF (] ,2)*5X(2,2)

00528635 SHF (1,1)=TF
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OOST0:C
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RETURN
END

(V=S EI T I TR IR 222 TSR TR Ry L R N T X X T T X X Y Y Y X Y ¥ X Y Y PP

00ST2:C
005 C
00S5=4:C

SUERCUTINE GAUSS

Bl aa AN T2 22T LR ST T LLIL T L L T e e R Y Y T T T

QOS363C
005372
0us38:C
00539
QOS40s
VOS41:
00542
00S543:C
00%44:C
00545:C
00546
00S547:C
00%548:C
00549:C
0085032
00551t
00552
00SSTs
00S584: 3
00OSSS:
005563 C
00OSE7:C
00sSse:C
00559: 4
00560
00S61:
00562:
00563
0056433
00E65:C
005661
005673
00%568:C

SUBROUTINE PGAUSS (L (K2 W)

DIMENSION LR(9) ,LZ (D) ,LW(S)

+ ,R(9) ,Z(9) ,W(F)

DATA LR/=1,1,1,=1,0,1,0,=1,0/,LZ/=1,=1,1,1,-1,0,1,0,0/
DATA LW/4#25,4#40,64/

GAUSS POINTS AND WEIGHTS FOR TWO DIMENSIONS
GO TO (2,4),L
2#2 INTEGRATION

G=1./SQRT (3.)
DO 3 LI=1,4
RLI) =G#LR(LI)
Z(LD) =G*LZ(LD)
W(LI)=1,
RETURN

3#3 INTEGRATION

G=SQRT (0. 6)
H=3,/81.

DO S5 LI=1,9
R(LI)=G#LR(LI)
Z(LD)=G»LZ(LD)
WLI)=H*LW(LI)

RETURN
END

[elo/ A-T ARt TR TR LT LT T ILL LT LT LT LT LT L RR AL B RN R g R Y YNy ey

00570:C
005713C
0o0S72:C

SUBROUTINE ADDSTIF

COST7IiCRARRRBRURRRERERRRREBEPRRFRRERRBRE SR RE SRR SR RRB LSRR BERBPRSRERRDERBRSE NS

00574:C
0057%:
00576:C
00577
005783
00579
005803 C
00581
usB2s
005831
00sS84:
00SES:
0O0OS86:
OOSETSC
Oo05E86:C
00Sas:C
OSSO
0OO51s

OCSSe

SUBROUTINE ADDSTIF (S,NBC,NIN,NDOF)

COMMON /AEBST/ A(7000) ,EB(S00) ,F(4CO)
COMMON /D!AG/ JIDIAG(SO0) ,IDIAG(100)
DIMENSION S(8,8) ,NEC(4,2)

JC=O

DO T J=3,NIN

DO 3 JJ=1,NDOF
JC=iC+1

k=NEC (J,JJ)
IF(k.LT.0) THEN

LOCAL STIFFNESS IN B FOR SFECIFIED NON-ZERD DISFLACEMENTS
r=TARS (V)

IF (. EC. 1) THEN
L=1



OE9 T,
GuSG 4y
Une.gt, s
O0S56:s
COE97e
00598
OOS95;
QOUeOHD
w0601
0046023
00603
00604
0ONEOSs
0060681
00607:C
00608:C
006093 C
006101
00611
006122
00613
00614
C0&615;s
00616
00&17:
00618
006192
0062032
00621
00622:3
00623:C
00624
00625
006263C
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ELSE
LeIl1AG (Ze (b =1))1
END IF
LL=IDIAC (Zeb=1)
L=L-LL
1C=0
DO 1 I=1,NIN
DO 1 11=1,NDOF
1C=1C+1
M=NEC(1,11)
IF(M.LE.O) GO TO 1
M=L+M
E(M)=B(M)+S(1C,JC)
CONT INUE

LOCAL STIFFNESS IN A FOR SFECIFIED FORCE

ELSE IF(K.BT.0) THEN
L=JDIAG (K) =K

1C=0

DO 2 I=1,NIN

DO 2 1I=1,NDOF
IC=1C+1

M=NEC (I,1])
IF(M.BT.K.OR.M.LE.G) GO TO 2
M=M+L _

A (M) =A (M) +S(IC,JC)
CONTINUE

END IF

CONTINUE

RETURN
END

[slel =y Sst 2T T T T L LT LT LT TR A Ly e e I T Iy

00628:C
00629:C
006302 C

SUBROUTINE SOLVE

(e RSPl T X TR 2 2 R e N T N R T W N TRy vy,

00632:C
006323
00634:C
00635
0063612
00637
0046382
00639:
006402
00641:C
00642:C
00643:C
0Lb44:
006451
00646:C
00647 C
00648:C
00649
006502
OOeS1s
OOES2e
Q0652
0086541
QLLES:
D066
QOES7:C
O0esB: C

SUBROUTINE SOLVE (AFAC,BACK ,LL)

LOGICAL AFAC,BACK

COMMON /AEST/ A(7000) ,C(S00),B(400)

COMMON /D1AG/ JDIAG (S00) ,IDIAG (100)

COMMON /CPROFIL/ NMAT,NEL ,NSD,NR,NNO,NDJF ,NEC,NEN (200)
+,NN(200,4) (NTEC(200,2)

DIMENSION R(2)

PUT STIFFNESS A(]) INTO TRIANGULAR FDRM

AENGY=0, O
JR=0O

LOOF ON COLUMNS

DO & J=1,NEQ
JD=JDIAG (J)

JH=JD-JR

1S=J=-JH+2
IF(JH-2)6,3,1
IF(.NOT.AFAC) GO TO S
1E=J-1

b =IR+D

LOOF ON ROWE
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[RIRT 1KY of

[RIRT Y H Lo T 1=18,1t

[RIRFIY IS ¥ } 1F=JL1IAG(L=-1)

CGObLTs 1D=JdD1AG(I)

[URTIYARF IH=MINO(ID-IR-1,I-1S+1)
(WYY X IF(IH.GT. M AG)I=AG ) =DOT (A(K=TH) A (ID=IH) , IHD)
ONeésSs 2 Fet4}

O06be: 3 IF(.NOT.AFAC) GO TO0 5
006673 IR=JR+1

0066812 IE=JD-1

00&69: h=J=-JD

00670 DU 4 1=]1F,I1E

0Oe71s ID=JDIAG (K+1])

00E72s IF(ACID) JEQC.0.COGD TO 4
006733 D=4 (12

00674: A(l)=QA(I)/ACID)

QO&7S: A(ID)=A(JID) ~-D*A(I1)

0067624 CONT INUE

0067738 IF (BACK)IEB(J)=B (J)-DOT (A(JR+1) ,B(IS-1) ,JH-1)
006782 6 JR=JD

00679 IF (.NOT.BACK) RETURN
006803C

006813C SOLVE FOR LOAD VECTOR IN E
00682:C

00683 DD 7 1=1,NED

006841 I1D=JD1AGI)

00&8S: - IF(ACID).NE.0O.0O) B(l)sE(I)/ACID)
OLeBs: 7 AENGY=RENGY+B(T)#E(]1)®A(ID)
00687 J=NEC

00688;: JD=JDIAG(J)

00689: 8 D=E (J)

006903 JmJ-1

006913 " IF(J.LE.O) GO TO 11

006923 JR=JDIAG (J)

00693 IF(JD-JR.LE.1) GO TO 10
0694, I1S=J-JD+JR+2

00695 K=JR-IS+1

00696 DO @ I=]1S,J

OLb97:9 B(l)=E(1)=-A(l1+K)«D
00698310 JD=JR

00699 GO TO 8

00700811 CONT INUE

00701 WRITE(10,12)LL

00702:12 FORMAT (// 43X, "FINAL DISFPLACEMENT FOF LOAD NOC. ',
007032 +2X,15,7/7,3X, "NODE NUMBERK',10X, ‘DISFLACEMENT Xx‘,B8X,
007041 + 'DISPLACEMENT Y°)

007053 CALL CLOCK(FINISH)

00706:C

007073C PRINT DISPLACEMENTS

00708:C

00709: DO 14 J=1,NNO

007103 DO 13 JJ=1  NDOF

007113 JR=eNTEC (3 ,JJ)

007122 IF(JR.LT.~-NSD) THEN

0N713: R(JJ)=0D,0

00714 ELSE IF(JR.GT.0) THEN
00715 R(JJ)=E(JR)

0071618 ELSE

00717 R(JJ)=F (NEQ+IAES (JF))
0O718: END IF

00719213 CONT INUE

0720214 WRITE(10,19)J,R(1) R(D)
007231218 FORMAT(/ JESX IS 12X ,F13.7,9X,F13.7)
OO722:C

CGOT270: RETURN

0ON724: END
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Q72830

CO726:C FUNCTION DOT
Qu7a73C

(1€ a4 °T] FUNCTION DOT(A,B,N)
QTG LIMENSION AN 4B (N)
OO73us DGTI=0.0

OO7318 Lo 1 l=1,N

Q07321 DOT=DOT+A (1) eB(])
OO733: RETUFRN

Q0734 END

Q0735:C

QU7 U RSP P R R R P PR R R B BRI PR AR R B R R R B ERRBRRP DR RRRRBERPRP PRI SR PRAEPPERNP AR DRSS RRRBNS
Q072730

00728:C SUBROUT INE MODIFY

00739:C

QU740 CREBPRRPRRRBRUEBRBARBPR R R PRBRECURBB P RN SRR RBRERRERRDRIERRRRRERR R BN nd®
007413C

00742 SUBROUTINE MODIFY (LL)

007433C

00744, COMMON /ABRST/ A(7000) (EB(S00) ,F (400)

00745 COMMON /D1AG/ JDIAG(S00) ,IDIAG(100)

007463 COMMON /CPROFIL/ NMAT ,NEL NSD,NK,NNO,NDOF ,NEQ,NEN (200)
00747 +,NN(200,4) (NTEC (200,2)

00748:C

00749:C READ AND FRINT NON-ZERO SFECIFIELC FORCES AND DISPLACEMENTS
007S0:C

O07S1: DO 1 K=1, (NEQ+2#NSD+NR)

00785231 F(k)=0.0

007%53: WRITE(10,2)LL

00754: 2 FORMAT (1H,// 45X, "LOAD CASE NO. ' ,2X,15,//,

00755 +5X, "NON-ZERO SPECIFIED DISFLACEMENTS OR FORCES',
Q07562 +//,5X, ‘NODE NUMBER' ,2X, ‘COORDINATE NO. ' ,SX, 'CONDITION AND VALUE ')
0075713 READ(B,#) I,1I,R

Q073588 IF(l1.EQR.0) GO TO &

0073591 IK=sNTBC(I,11)

Q0O760:C

007611 IF(IK.GT.0) THEN

007628 F(IK) =K

0076212 WRITE(10,4)1,11,R

0076434 FORMAT(// ,8X415,8X,15,10X, ‘FORCE ' (12X ,F10.8

0G76S3C

007661 ELSE IF(IK.LT.=NSD) THEN

007673 WRITE(10,#) '"ERROR NODE e T ‘911, 1S ZERO DISPLACEMENT'
007683C

00769 ELSE

00770 IKsIARS (1K)

007713 F (IK+NEQ) =R

007723 WRITE(10,%)1,11,R

00773:5 FORMAT (// ,8X,15,8X,1%5,10X, ‘DISFLACEMENT ' ,5X,F10.5)
00774: END 1IF

0077%5;:s GO TO 3

00776:C

007773C MODIFY RIGHT HAND SIDE OF EQUATION FDOR SFECIFIED NON-ZERD
o00778:C DISFLACEMENTS

00779:C

007803 6 IF (NSD.EQ. O)RETURN

007813 DO 8 I=1 ,NEO

00782 JR=0

00783 DO 7 J=1 ,NSD

00784 JJI=IDIAG (2« J-1)

007853 bt =IDIAG (Zed)

007864 JH=} ¢+ =JFK

QOT7673 Jt=3J-1

CO786: IF(Jt..G1.C) GO 7O 7

OiL7E71 IF (JELT. G AND. T.6T, (JJ+JH-2)) GO TO 7

ON790 IF (I EQC.O) THEN
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OL79): FOI)=F (1) =F (NELU+J) #E (JK+1)
LeTYe ELSE

G795 F(1)=F (1) =F (NEC+J)#E (JR+1+1-3J)
H794 ENDL 1F

0797 JFRs=t b

0179638 CONTINUE

07973C

01798 RETURN

00799 END

O8O C

QUBVLIC R KRR R FRERRRRERR AR RREEESRR AR BRI R B RRERRRRBFRREPEP R DR RER BN 0%
0uROZ2:C

008033 C SUBROUTINE STRESS

00804 C

OOBOS I CO Nt r Rt Rt RRRERRERRRERBERRERRERRRRRRRRER TR RRRE TR C TR R RS0 adt i n®
O0B8L6:C

00807 SUBROUTINE STRESS

00808: C

008092 COMMON / CPROFIL/ NMAT,NEL ,NSD,NR,NNO,NDOF ,NEQ,NEN (200)
00810: +,NN(200,4) ,NTEC (200,2)

00811 COMMON /CRED/ E(3) (PR (3) ,6(3) ,MF (200) ,X (200,2)
00812: COMMON /ZABST/ A(7000) ,B(S0GC) ,F (400)

008132 DIMENSION D(J) (,XE(4,2) ,UE(B) ,STR(3) ,SIG(X)
00R14: +,5G(4) ,TG(4) ,SHF(4,3) ,5(8,8)

0081%:C

00816:C

00817:C LOCALIZE MATERIAL PROFERTIES,NODAL COORDINATES
00818:C AND NODAL DISFLACEMENTS FOR EACH ELEMENT
00819:C

008201 Ik=Q

008211 READ (B, #) K

00822 READ(8,#)NE1 ,NET

008233 SG(1)=-K

00824: SG(2) =K

00625: SG(3) =R

00826: SG(4)=—R

00827 T6(1)=m=-K

00828: TG (2)=-R

008291 T6(3)=R

008302 TG (4) =R

00831 WRITE(10,1)

00832: 1 FORMAT (//, "ELEMENT NO. ‘' ,3X, 'COORDINATES ' ,220X, 'STRESSES ")
00833:C

008341 DO 10 I=3 NEL

00835 IF(IK.EQ.1) THEN

00836 READ(B,#)NE1 ,NE2

00837 IK=0

00838: ELSE

00839: CONT INUE

00840 END IF

008413 IF(NE2.EQ. 1) IK=}

008423 M=MF (1)

00843 D(1)=E (M)

o0B44; D(2)=FR (M)

0084%; D(I)=G (M)

00846 NIN=NEN(I)

00847:C

00848: DD 2 J=31 ,NIN

00849 JJ=NN(T,J)

00BS0: J2=2# (J-1)

00B8S1s DD 2 H=i NDOF

OC.BS2s JI=Jl+1

0O8ST: IF(JJ.EC.Q) THEN

00BSa: YE(J b )=0,0

OOESS: UVE(JD) =0, O

QUBLG: ELSE



OUGs7:
OugLEs
008s9:
CGuEsos
(CIRI=CY §1
[eIVI=7-3a8}
008s&T:
OOE64
008eSs
00OB8LE:
0OE67: 2
o0Be8: C
00ge9:C
0Os70:C
OuBR711
oeg72:
00873
0087433
00&875:
008761
00877
Q08786:
00879:
00880
00es81:
00882
O0VEBI:
0884
0088351
00eBs6:1 4
00687:3
00888:C
00889:C
008%0:C
00891
00892:
008973
00B%4:
008951
008963 C
00697:C
00898:C
008991
Q00038
0020136
00902:
00903:
00904,
00905
009061
Q0907
00908
0009
009102
0091147
00912:C
00913
00914
0091%:
00916:C
00917: 6
0ne18: 9
009169310
OOUS203C
00911 C

QI

127

XE(T,b)=x(JJ, )
FEeNTBC (I ,t)
IF G JLT.-NED) THEN
UE(JZ)=0. 0
ELSE IF (bt .GT.C) THEN
VE (JX) =F (b))
ELSE
UE (J2)=F (NEQ+1AES (kb))
END IF
END 1IF
CONTINUE

CALCULATE REACTIONS

M=0

DO 3 LL=1,B

DO 3 LLL=1,8
S(LL,LLL)=0.0

DO S J=1 ,NEN(I)
JJI=NN(1,J)

J2=2#(J=1)

DO S K=1,NDOF

J2=J2+1

Ki=NTBC (JJ ,K)

IF(LK.GT.0) GO TO S

IF (M.EQ.C)CALL ELEMENT(D,XE,S,NEN(I) ,NDOF,3)
M=1

MC=NEQ+NSD+IAES (KF)

DO 4 L=1,8

F (MC)=F (MC)+S (J2,L) #UE (L)
CONT INUE

CALCULATE STRAINS AND STRESSES

IF (NE1.EQ.0) GO TO 10
IF(I.LT.NE1.OR.I.6GT.NE2) GO TO 10
LL=a

IF (NIN.ED.3.0R.R.EQ.0.0) LL=1

DO 8 Lw=i,LL

CALCULATE SHAPE FUNCTIONS AND THEIR DERIVATIVES

CALL SHAFE(SG(L) ,TG(L) ,XE,SHF,XSJ,NDOF ,NIN)
DO 6 K=1,3 :

STR(K)=0, 0

XC=0.0

YC=0.0

DO 7 J=1,NEN(I)

J2=2#J

Ji=J2-1

XC=XC+SHP (J ,3)#XE(J,1)
YC=YC+SHF (J ,3) #XE (J,2)
STR(1)=STR(1)+SHF(J,1)#UE (J1)
STR(Z)=STR(2) +SHF (J,2) #UE (J2)
STR(S)=STR(J)+SHF (J 4 1) #UE (J2) +SHF (J,2) #UE (J 1)

SIG(1)=D(1)#STR(1)+D(2) #STR(2)
SIG(Z)=D () #STR(1)+D(1) #STR(2)
SIG(3)=D(3)2STRJI)

WRITE(10,9)1,XC,YC,S1G(1),51G(2) ,S1G(I)
FORMAT (/,15,5(4X,F12.6))
CONT INUE

OUTFUT OF FREACTIONS
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oOe2 s WRITE(10,11)

00924311 FORMAT (// 2%, "NODE NO. ' ' ,3X, ‘DIRECTION ,3x, REACTION /)
0925: DO 13 ls1 ,NND

009261 DO 12 k=1 (NLOF

Q0927 KEsNTEC (I )

O092Es IF(r) .GT.0) GO TO 312

00925 MC=NEQ+NSD+ IAES (bh)

00930 R=F (MC)

00931 WRITE(10,12) 1,k ,K

00922:12 FORMAT(TX,15,6X,15,3X,F12.6,7)
00933313 CONT INUE

00934:C

009ZTS: RETURN

0036 - END

BOTTOM

$
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OOVOLsC
CuO0l: C
COOU T I R R P R R R P R AR AR R AR B I SR AR B RSP R BRI AR AR ORI P R R RO PR R PP RN R AR IR R BN RN R IR BN
COLO4:C

0O00OS: FPROGRAM FEMBOU

OOVO6: C

000073C TH1S FROGRAM EMFLOYS A COMEINATION OF THE FINITE ELEMENT
onuaBsC AND DIRECT BOUNDARY ELEMENT METHODS FOR THE SOLUTION OF

OO0 C FLANE STRESS FRUELEMS OF LINEAR ELASTICITY. UNIT THICHNESS
QOO10sC IS ASSUMED. FINITE ELEMENTS MAY BE DEFINED BY THREE OR FOUR
Goult:C NODES AND BEM-GENERA&TED ELEMENTS MAY ERE DEFINED By ANY OLD
00012:C NUMEER OF NODES GREATER THAN FOUK.

QO013:C

000143 C WE DEFINE THE FOLLOWING INFUT FARAMETERS,VARIABLES

00015:C AND ARRAYS:

00016:C

00017:C TITLE = THE TITLE OF THE PROBLEM. THIS MUST EBE WRITTEN
00018:C ON ONE LINE IN COLUMNS 1 THROUGH B80.

000193 C NMAT = THE NUMBER OF MATERIALS DF WHICH THE EODY 1S

00020:C COMFOSED. ENTER IN FREE FORMAT.

00021:C NNO = THE TOTAL NUMBER OF NGDES IN THE MODEL. ENTER IN
00022:C FREE FORMAT.

0o023:C NDOF = THE NUMEER OF DEGREES OF FREEDOM OF THE PROELEM.
000243C THIS PARAMETER 1S EQUAL TO 2 FOR FLANE FROELEMS.ENTEFR IN
000O25: C FREE FORMAT.

000263 C NEL = THE NUMBER OF ELEMENTS USED. ENTER IN FREE FORMAT.
00027:C NLO = THE NUMBER OF LOAD CASES TO BE SOLVED FOR THE SAME
0002831 C GEOMETRY. ENTER IN FREE FORMAT.

00029:C ’

00030: C E(I) FPR(I)

00031:C = MATERIAL FROFERTIES (E IS YOUNG 'S MODULUS AND PR 1S
00032:C FOISSON'S RATIO). ENTER FOR I=1,NMAT, ONE SET OF
00033:C FROFERTIES PER LINE. ENTER E(1) IN COLUMNS 1 TROUGH 20
000343C IN E FORMAT AND PR(I) IN COLUMNS 21 TROUGH 40 IN F
0003S:C FORMAT.

00036:C

00037:C MP(I) (NENC(I), (NN(I,J),J=1,NEN(I))

00038:C = MF(I) IS THE MATERIAL IDENTIFICATION OF THE ELEMENT
00039:C (MF=1,2,...NMAT) ,NEN(I) IS THE NUMBER OF NODES OF THE
000403C ELEMENT, AND (NN(I1,J),J=1,NEN(I)) ARE THE NUMEERS OF
00041:C THE NODES WHICH FORM THE ELEMENT(LISTED COUNTER-
000423C CLOCKWISE) . THESE PROFERTIES ARE READ IN FREE FORMAT.
00043:C

00044:C X(I,1)NTBC(1,1),X(I,2) NTBC(I,2)

00045:C = NODE PROPERTIES. X(I,!) IS THE COORLDINATE X1 OF NODE I,
00046:C NTBC(I,1) IS THE TYPE OF EKOUNDARY CONDITION IN THE X1
00047:C DIRECTION AT NODE 1, X(1,2) IS THE COORDINATE X2 OF
00048:C NODE 1, NTEC(I,2) IS THE TYFE OF BOUNDARY CONDITION IN
00049:C THE X2 DIRECTION AT NODE 1. ENTER FOR I=1,NNU, ONE
000S50: C - SET OF NGDE PROPERTIES FER LINE. ENTER X(1,1) IN CO-
000S1:C LUMNS 1 THROUGH 1S IN F FORMAT, NTEC(I,1) IN COLUMNS
000523 C 16 THROUGH Z0 IN I FORMAT, X(I,2) IN COLUMNS 2231 THROUGH
000S3:C 3% IN F FORMAT AND NTBC(I1,2) IN COLUMNS 36 THROUGH 40
000S4: C IN 1 FORMAT,

000%S: C

O0OS6:C THE BOUNDARY CONDITION CLODE FOR NTEC(I,J) IS AS FOLLOWS
0O0%S7:C NTEC(1,J) =-1 IF SFECIFIED ZERO DISFLACEMENT AT NODE I 1IN
OOuEBIC CIRECTICH J.

000593 C NTRC (1,J) = O JF SFECIFIEDL FORCE AT NODE I IN DI-.
LOO&0: C RECTION J.

O0usy s C NIBC(1,0) = 1 IF SFECIFIED NON-ZERO DISFLACEMENT AT
QDL NODE 1 IN DIRECTION +..

(VRN o THE DEFAULT VALUE FOR NIEBC(1.J) 1S ZEROD.



[RIRINY-Y FY
vuueSn L
CO0&L:C
OOe7sC
OoueB:C
VOLET:C
OOO70:C
000713 C
QO072:C
00073 C
QOOL74:C
QOO7S:C
oe0?26:C
QOa77sC
CO078:C
000793 C
000BL:C
000813C
000B82:C
00083 C
00084s3C
000853 C
o0086sC
00087:C
[alnlw)=1-F7 of
00089 C
000903 C
O0091:C
00092;:C
000933 C
000943 C
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#5850, FOR EACH LOARD CASE,1 THROUGH N_U: 0

I,11,R =

NE1 NE2=

1,XF,YF

THE NODE NUMBER ,DIRECTION AND VALUE OF EACH
SFECIFIED NON-ZERO FORCE OR DISFLACEMENT. ENTER IN FREE
FORMAT AND ENL EY INFUTTING C,0,0.0.

LOCAL COORDINATE FOR STRESS SOLUTION IN FINITE ELEMENTS TO
BE DESIGNATED BELOW. R MUST LIE BETWEEN O. AND 1. ENTER
IN FREE FORMAT.

NOTE THAT R=0. IMFLIES THAT STRESSES ARE TO FE COMFUTED
AT CENTER OF ELEMENTS ONLY WHEREAS R=1. IMFLIES THAT
STRESSES WILL EE COMFUTED AT THE FOUR CORNERS.

INTERVALS OF FINITE ELEMENTS IN WHICH STRESSES ARE TO

BE COMPUTED IN ASCENDING ORDER. STRESSES WILL EBE COMFUTED
IN ELEMENTS NE1 THROUGH NEZ, NE1 THROUGH NE2,.ETC. ENTER
IN FREE FORMAT AND END BY INFPUTTING 0,0.

COORDINATES OF EACH INTERNAL POINT IN BEM-GENERATED ELEMENTS
AT WHICH DISFLACEMENTS AND STRESSES ARE TO BE COMFUTED.
ENTER IN FREE FORMAT, ONE FOINT FER LINE: ALWAYS BEGIN LINE
WITH I=1. ENTER I=INTEGER OTHER THAN ONE TO STOF.

OOODT T T 20959030003 393095 36 9039000 9364094 3 90403 36 3636 30 36 3 309 36 0 3 99 0 3 35 3 46 0 36 90 30 06 30 30 30 0 3600 4 00 38 36 36 3 930 0 30 3 30 00 2%

00096:C
00097
000983
000993
OOL100:
00101 C
01022
001023
00104:C
00108
001061
00107
00108:C
00109
001103
00111:C
00112:
001132
001143C
0011S:
00116:
OV117s
00118:C
001193
001203C
G012
001223
00173310
OuiZ48:C
00128
QUilé6s
00137
Oullcs
[RIXD Par 2

COMMON /
+,NN (100,
COMMON /
COMMON /

OPEN (UN1
OPEN (UNI

CPROFIL/ NMAT,NEL ,NSD,NR,NNO,NDOF ,NEQ,NEN(100)
J0) NTBC (200 ,2)

DIAG/JIDIAG (300) { IDIAG (100)

CRED/E(3) 4FPRU(3) 4G (3} ¢MF (100) (X (20:D,2)

T=8,FILE= DATAL ")
T=10,FILE="RESULT1 ")

CALL CLOCK(START)
CALL RED1 (NLO)
CALL CLOCK(FIN1)

CALL PROFIL1
CALL CLOCK (FINZ)

CALL FFORM
CALL CLOCK(FIN3)

CALL sOL

VE (. TRUE. , .FALSE. ,0)

CALL CLOCK. (FINA4)

DD 10 1I=

1,NLO

CALL MODIFY (1)

CALL SO0L

VE(.FALSE.,.TRUE. ,I)

CALL STRESS

CONT INUE

CALL CLOCH (FINS?

WRITE(1O,#) 'CFU TIME AFTER READ
WRITEC(1O,#) "CFL TIME AFTER PROUFIL
WRITE(10,%) 'CFU TIME AFTER FFOKM
WRITE(10,#) CFU TIME AFTEFR STWVE (1)

“VFINI-START
CWFINI-STAFT
WFINT-START
" FINA-START



131

[O2K3 W WARITE (10,e) "TOUTAL CFU TIME = JFINL-ETRR]
G131 C

[o2M] e CLOSE (Uil T=10)

00133 CLOSE (UNIT=R)

00174: ChaLL EXI1T

[S1XD Ia-H End

001326:C

00127 I P R AR S R AR R R R RO R PR P B R R P RRBR BB AR RRRRERCR SR PRR PSP PR ERRERR RPN RRS S
©0138:C

00139:C SUEROUT INE RED1

001403C

OUI14 1 R R PSR R R R PR B R RRRRFERRRRRRERREP R R BB R RIS R R R RS FRRETRRERAERRERRRRF LRSS
001423C

00143 SUEROUTINE RED1 (NLO)

003144:C

oV14S: COMMON /CFROFIL/ NMAT ,NEL NSD,NR,NNO,NDCF ,NEQ,NEN(100)
00146: +,NN(100,30) [NTBC (200,2)

00147 COMMON /DI1AG/ JDIAG(300) ,IDIAG(100)

00148: COMMON 7/ CRED/ E(3) (PRI(3) (G(3) MF(100) ,X (200,2)
00149 DIMENSION TITLE(20)

001503C

0C151: READ(B8,1) TITLE

0015231 FORMAT (20A/4)

001S3:C

00154 READ(8,+) NMAT,NEL ,NNO,NDOF ,NLO

001535:C

[RIeD -7-%1 READ (8,27 (E(1) ,PR(]) ,I=1 ,NMAT)

00157:2 FORMAT (E20.12,F20.12)

00188:C

00159 DO I I=1,NEL

001601 READ(B,#)MF (1) (NEN(I),(NN(I1,J),J=1,NEN(I))
00161:3 CONTINUE

00162:C

00163 DO 4 1I=1,NND

0016434 READ(B,5) (X(1,J) NTEC(1,J) ,J=1 ,NDOF)
0016515 FORMAT (BZ ,3(F15.5,1I5))

001663C

00167:C FRINT DATA

00168:C

00169 WRITE(10,6) TITLE

0017036 FORMAT (/7 4,20A4,//)

00171:C

001723 WRITE(10,8)

00173:8 FORMAT (//, "MATERIAL NUMBER’ ,4X, ' YOUGS MODULUS ,%X,
00174; + 'POISSON RATIO’)

001738 WRITE(10,9) (I,E(1) PR(]1),I=1 ,NMAT)

00176319 FORMAT (// ,15,13X,E14.7 ,F20.6)

00177:C

00178 WRITE(10,10)

001793110 FORMAT (/7 (3X, "TELEMENT NUMBER  ,4X, ‘MATERIAL NUMBER ,4X,
001807 + 'NUMEER OF NODES' ,4X, ‘NODE NUMBERS ')
o0vi1e1:C

00182 DO 13 I=1,NEL

001832 IF(NEN(I).EQ.3) THEN

00184 WRITE(1O,13) I ,MF (1) NENCI) (NN(I [ J),J=1,3)
Q0185: ELSE

00186 WRITE(10,1 1) T MF (1) {NEN(I), (NN(1,J),J=1,4)
00187311 FORMAT (/,4X,15,2(18X,I%) ,7X,4(1S))

001682 END 1IF

00189: IF (NEN(I).LE.4) GO TO 13

001903 WRITE (10,12) (NN(],J),J=5,NEN(I))

ON1S1:212 FORMAT (/ ,56X,41%)

00192313 COIT INUE

19

00194 WRITE(10,14)

NO1%%: 14 FORMAT (73X . ‘NODE NUMEER ' ,6X,
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VIGes + NODRL COORDINATES AND EBOUNDAEY CONDITIONS )
0197y DO 1S I=1,NNO

OU19e: 1Y WRITE (10,16) T, (X(1,0) NTEC(],J),J=1,NDOF?
Qul99s 16 FORMAT (/7 43X, IS,52,3(F15,.5,1%))

OO0 C

OO201 RE TURMN

OO0l END

0L203:C

OO I N PR e e R R r R R P R R R R R R R R N R RO R R R O P R O R RO R N E R RN B RN R PO OB R R Rt RO R RN R RERP RN s
OO205:C

CO206:C SUERROUTINE FROFIL1

QOZ07sC

OO0 Ca e e s e R A R R R R R R AR R RN R R AR PR R AR R B R R R AR FRA R AP SR RORR ISR I B AR BB R DI ERERRSRRRS
00209:C

002101 SUEROUTINE FROFIL1

00211:C

002123 COMMON /CFROFIL/ NMAT ,NEL ,NED,NK,NNO,NDOF ,NEQ,NEN (100)
002132 +,NN(100,30) ,NTEC (200,2)

00143 COMMON /DIAG/JDIAG (T00) , IDIAG (100)
00215:C

002163C COUNT EQUATIONS, INITIALIZE JDIAG, IDIAG
00217:C

002183 NEQ=0

002193 NSD=0

002201 DO 1 N=1,NNO

002211 DO 1 I=1,NDOF

00222: J=NTEC (N, 1)

002273C

00Z24: IF(J.LT.0) THEN

00225: NTEC (N, 1) =0

00226:C

002272 ELSE IF (J.ER.0) THEN

002281 NEQ=NEQ+1

00229: NTEC (N, 1) =NEQ

00230:C

002311 ELSE

002321 NSD=NSD-1

002333 NTEC (N, 1) =NSD

002341 ND=2#IAES (NSD)

0023%; IDIAG (ND-1) =20000

002361 IDIAG (ND) =0

002371 END IF

0023811 CONTINUE

00239:C

00240:C COMFUTE COLUMN LENGTHS OF STIFFNESS VECTOR
00241:C

002421 DO 10 N=1,NEL

00243; DO 9 I=1,NEN(N)

00244: II1=NN(N,I)

00245 IF(II.EQ.0) GO TQ 9

002461 DO B K=1,NDOF

00247:C

002461 KE=NTEC (11,K)

00249; IF(KK)Z,8,5

00250t C

0028112 Kb =TAES (KK)

002523 DO 4 J=1,NEN(I)

00253, JI=NN(N,J)

002541 IF (JJ.EC.C) GO TO 4

0025S: DU I L=1,NDOF

0UIS6: LL=NTEC (JJ,L)

00LE71 IF (LL.LE.C) GO TO 3

00288 IDIAG(2«bk-1)=MINO(IDIAG (2#rk~-1) ,LL)
OODEGs IDIAG (Zeht ) =MaxD (1DIAG (Zob k)LL)
OQOZ&0 3 CONT INUE

viséiza CONT INUE
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Vel G TU B

owlslsC

[210)47 7. § 3 LO 7 J=1 ,NENGYD

TRAT L Ji=NN(N,J)

Coleét IF (UJ.EC.C) GO TO 7

QUZIET:

00OCZeB: DO o L=1 ,NDOF

0OZ69s LL=NTEC (JJ,L)

U703 C

002711 IF(LL.LT.O) THEN

002728 LL=IAEBS (LL)

GO273e IDIAG(Z2«LL-1)=MIND(IDIAG(2eLL-1) ,Kk)
00743 IDIAG(2#LL)=MAXO(IDIAG (2#LL) ,KFK)
0027%:C

00276 ELSE IF(LL.GT.0) THEN

02773 M=MAXO0 (Kh ,LL)

00278 JCIAG (M) =MAXO(JDIAG (M) , IABS (KK-LL))
00279 ELSE

002802 CONTINUE

0081 END 1IF

00262: 6 CONTINUE

o0283:7 CONTINUE

00284:8 CONT INUE

0028539 CONTINUE

002B86: 10 CONTINUE

00287:C

o02e8: C COMFUTE TOTAL LENGTH OF STIFFNESS VECTOR
00289:C

002901 NeaD=1

002911 JDIAG (1) =}

00292 IF(NEQ.ER.1) GO TO 12

00293: DO 11 N=2 /NEG

002943 11 JDIAG(N)=®JDIAG(N)+IDIAG(N-1)+1
00295: NAD=JDIAG (NEQ)

00Z9b6: WRITE(10,14) NEQ,JDIAG(NEQ)

00297: 14 FORMAT(/, 'NO. OF EQURTIONS',1%5,3X, 'COMPONENTS OF STIFFNESS ',
00296: +15)

00299:12 IF (NSD.EQ.0)RETURN
00300 C
003013 NeD=1
00T02: NSD=]ARS (NSD)
003033 IF(NSD.EQ.1) RETURN
00304; DO 13 N=2,NSD
00305313 IDIAG (2#N)=IDIAG (2#N=-2) +1+IDIAG (2#N)~IDIAG (2#N-1)
003063 NED=IDIAG (2#NSD)
00307:C
003083 RETURN
00309 END
003103C
00311:C FUNCTIONS MINGC AND MAXO
00312:C
00313 FUNCTION MINO(I,N)
00314 IF(I.LE.}) THEN
00Z15: MINO=]
003163 ELSE
00Z17s MIND=}
003188 END 1IF
003192 FETURN
003202 END
00323sC
OO2Z2: FUNCTION MAXO (I ,b)
OOT2%: IF(1.GE.}) THEN
(e X MAAO=1

ELSE

Mad D=}

OOTT7: enp IF
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(ST < RE TURN
QI END

I R P R R e R R R R R RN R R R S R R R P N R AR P R R B RN R R RN R AR R R R R R R R PR BB R RO RRDANERONERIRRNES

002330 SUKROUT INE FFORM

00Z324:C

[ At T2 T TR T TR T L Y L Ry R I I I N I I T I TS YYS
00336:C

00TI7: SUEBROUTINE FPFOKM
COMMON /CFROFIL/ NMAT,NEL ,NSD,NR,NNO,NDOF (NEC ,NEN (100
003402 4+ NR(100,30) NTHC(20:3,2)
00341 COMMOIN /DIAG/ JDIAG(30Q) ,IDIAG (100)
00242 COMMON /AEST/ A(7000) (B (SO0 (F (S00)
003432 COMMON /CRED/ E(3) ,FPR(3),6(3) ,MF (100) ,X(200,2)
0OZ44: COMMON /CBOUN/ SE(33464)
00345: DIMENSION D(3),XE (58) ,NEC(%8) ,5(8,8)
00346:C
003473 LL=3
©0348: WRITE(10,1)LL
0034931 FORMAT (//,'NO. OF POINTS OF INTEGRATION ON EACH DIRECTION',
003501 +15,77)
003S1:C
00352:C INITIALIZE A AND E
QO383:C
0035413 DO 2 I=1,JDIAG(NEQ)
00355: 2 ACI)=O, O °
003563 IF (NSD.EQ.0) GO TO 4
003573 DO 3 I=1,IDIAG(2#NSD)
0035813 B(I1)=0.0
00359:C
003603C CALCULATE MATERIAL PROFERTIES
00361:C
‘00362314 DO S N=1,NMAT
00363: Wi=PK (N)
0064 E(N)=E(N)/ (1.0-PR(N)##2)
O03&S: PR (N) =E (N) #W1
C0366: S G(N)=E(N)#(1.0-W1)/2.0
002873C
00368:C LOOF ON THE ELEMENTS
00369:C
00370: OPEN(UN1T=9,FILE="'LOCAL ‘)
00Z713C
003723 DO 10 N=i ,NEL
003733C

00374;:C LOCALIZE PROPERTIES IN LOCAL ARRAYS XE (1) ,NBC{(I1),D(L)
00Z75:C

00Z76s MM=MP (N)

003773 D(1)=E(MM)

0037812 D (2)=PR (MM)

00279 D(3) =G (MM)

00280:C

003813 DD 8 I=1 /,NEN(N)
00382 II=sNN(N,I)

003833 IF(II.NE.O) 60 TO &
002784: NEC(1)=0

onzeS: NBC (1+NEN(N) ) =0
00OZBa: XE(])=0.0

OOTR7: XE(I+NEN(N)) =0, 0
00OTe8: GO TO 8

0CIBe1 b XE(I)=X(I1,1)

OuIQ0: XE(I+NEN(N) ) =X (1]1,2)
O0TS1 NEC (1)=NTEC (11,1)
OIS NEC (I+NEN(N) ) =aNTEC (11,2

00T 8 CONTINUE
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0O0354:C

[ AXY INITIALIZE LOCKL ETIFFNEES MATRIR
00396 C

QOTS7s IF (NEN(N) ,LE.4) THEN

OOZ9858 DO @ I=1,6

0299 DO 9 b=1,8

QO/O0M Q@ S(k,,1)=0,0

00401sC

004023C CALCULATE STIFFNESS OF FINITE ELEMENTS
0040Z3C

00404 CALL ELEMENT(D,XE,S,NEN(N) ,NDOF ,LL)
QO40%: CALL ADDSTIF (S,NBC,NEN(N) ,NDOF,8)
004062 C

OVa0O 7 ELSE

00408:; NN1=2#NEN(N)

0040%9¢ NN12=NN1#NN1

00410:C

00411:C CALCULATE STIFFNESS OF SUPER-ELEMENTS
00412:C

00413 CALL BOUN(NEN(N) \NN1,D,XE,SB,B,F,1)
00414; CALL ADDSTIF (SBE,NEC,NEN(N) ,NDOF ,NN1)
00415 WRITE(9,#) (SB(1),I=1 NN12)

00416 END IF

00417310 CONTINUE

00418:C

00419:C

00420t C . REARRANGE THE ARKAY NTEC FOR REACTIONS
00421:C

00422 NR=0

00423 DO 11 I=1,NNO

00424 DO 11 K=1 ,NDOF

0042S5: Kr=NTBC (1,K)

004262 IF (Kk.NE.O) GO TO 11

Q0427 NR=NR+1

00428: NTBC (1 ,K) ==NSD-NR

00429311 CONT INUE

004303C

00431 RETURN

00432y END

00433:C

[l Rz ¥¥L 222 22 2 2 22 T T R P P ey
00435:C

00436:C SUBROUTINE ELEMENT

00437:C

[oleT: {-FYud 2 2 2 8 2 E  E Y R R e o A N N R P N T S gy
00439:C

004403 SUBROUTINE ELEMENT(D,XE,S,NIN,NDOF,LL)

00441:C

00442: DIMENSION SG(9) WG (?) ,TG (%) { XE(NIN,2) ,SHF (4,3)
00443, +,5(8,8) ,D(3)

00444:C

0044%5:C CALCULATE POINTS AND WEIGTHS FOR NUMERICAL INTEGRATION
004846:C .

00447 CALL PBAUSS(LL,S5G,TG,WG)

00448; LINT=LLeLL

00449 DO 2 L=1,LINT

00450: C .

00451:C CALCULATE SHAFE FUNCTIONS AND THEIR DERIVATIVES AT
00452:C THE FOINTS OF INTEGRATION

0045%sC

00454 CALL SHAFE(SG (L) ,TG(L) 4 XE ,SHF {XS5J {NDOF {NI1N)
00455 C

0456 C CORFECT ELEMENT OF AREA

004571 C

0045y xSJI=XSIeWG (L)

00459 C



136

(SR T & CHERTE FRULUCT OF DERIVATIVES AND STIFFNESS

volde L

OLaels Ji=]

[RIRT Y1ans ] DU 2 J=1,NIN

C04e64: W11=SHF (J,1) X8

QO365: WI1D=SHF (J,2) xS

[STNT: Y-¥-¥1 F1=J1

0044673C

OL4L66: DO 1 k=J,NIN

Q04469 S(J1,K1)=mS(J1,F1)+WLILaSHFP (K, 1)
00a70: S(J1,F1+41)=S(J),MN1+1)+W1L1RSHF (K, D
008718 S(J1+1,KF1)=S(J1+1,K1)+WI2#SHF (1,1
00472 S(I1+1 0 1+3)=5(J1+1,K1+1)+WI128SHFP (},2)
0037331 b 1=k 1+NCOF

0047432 J1=01+NCOF

Q4875 NSL=NIN#NDCF

004763 C

00A4773C REARRANGE FRODUCTS INTO STIFFNESS MATRIX
004783 C

Q0479 DO 4 J=1  NSL ,NDOF

004801 DO 4 k=J,NSL ,NDOF

004813 Wi1=S(J,k)

00482 W12=S(J ,K+1)

004aB3s W21=S (J+1,Kk)

00484, 22=S (J+1 ,K+1)

0048s:C

00486 S(J,K)=D(1)#W11+D(3)#W22

Q0487 S(J,K+1)=D(2)#W12+D(2) #W21

00488 S(I+1,k)=L(Z)#WZ1+D(3) #W12

004899 S(J+1,K+1)=D(1)#W22+D(J) #W11
004903 C

00491 S(K,J)=E(J,K)

004921 S(K,J+1)mS(J+1,K)

00493: S(K+1,J)=S(J,K+1)

004943 4 S(K+1,J+1)=S(J+1,kK+1)

0049%:C

00496 RETURN

00497 END

00498:C

OQ4 I CHARPAAABBAARRBEBBRBERRBREBESBREBRRRBRRRRBE R R R SRR EERRRBRBRBEBRCRRERBS S8
005003 C

00501:C SUEBROUTINE SHAPE

00502:C

(elalTenS¥nl 22T L L LT 222 22T IILIR LT T TR TL LT T L ey Y Iy Yy o™
005S04:C

00%50S: SUBRDUTINE SHAPE (SS,TT,XE,SHF,XSJ,NDOF ,NIN)
003063 C

008073 DIMENSION SHF (4,3) ,XE(NIN,2) ,S(4),T(4) ,XE(2,2
005081 +.8SX(2,2)

00509 DATA §/-0.5,0.5,0.%5,-0.%5/,7/-0.%5,-0.5,0.%,0.5/
00510:C

00S11:C FORM 4 NODE QUADRILATERAL SHAFE FUNCTIONS
00512:C

00%13s DO 1 I=1,4

005143 SHP (1 ,3)= (0, 5+S(I)#SS)® (0. S+T(I)#TT)

00515:‘ SHF (1,1)=S(I)# (0. S+T(1)aTT)

0051631 SHP (1 ,2)=T(1)# (0,5+S(])#83)

005173 IF(NIN.GE.4) GO TO 3

00S18:C

005193 C FORM TRIANGLE EY ADDING THIRD AND FOURTH TOGETHEK

0OS20:C

Ouo e Lo 2 1=1,3

Qo222 SHF (2 ,1)=SHF (Z,1)+SHF (4,1)
(R ) &

OotzasC CONSTRUCT JACOEIAN AND ITS INVERSE

O0ETLsC
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COSTN R DO 4 I=1,NDUF

CUSC7e Lo 4 J3=1,2

oS es XE(l )0, 0

00L29:C

0O0S 0 DO 4 k=3 /NIN

0OS31: 4 XS(I,J)=XS(],J)+XE(} ,1)#SHF (}.,J)
005Z2:C

OLLTIZe XSI=XS(1,1)#XS(2,2)=-XS(1,2)eX5(2,1)
00524:C

00535 SX(1,1)=XxS(2,2)/XS)

005268 SX(2,2)=XS5(1,1)/XS5J

OO%5TTs SX(1,2)==x511,2)/X8J

OOESE: SX(Z,1)==XS(2,1) /X8

00593 C

O0O540:C FORM GLOEAL DERIVATIVES

onsS41:C

00VS42: DO & l=31,NIN

00%43; TP=SHF (I ,1)#SX(1,1)+SHF (],2)#5X(2,1)
00S44; SHF (1 ,2)=SHF (1,1)#8X(1,2)+SHF(1,2)#S5Xx(2,2)
o0S45:S SHF (] ,1)=TF

00546:C

00S%47;s RETURN

00S48: END

00%49:C

QOSSO CRR N BN PR RERBERRRERBRSRRR SRR RRRRRSBBEBRERBR RS RRBSERRRRRRTRERRBENRE RN R SRS
00s851:C

005%z:C SUBROUTINE FGAUSS

00%553:C

QOSSR CRN AR R R B RRRBRRERRRERDRBBRFRRGERSRRERRRRRERRRREERRERERNGRESR BB RERRBREEDSS
00TS5S5:C

005561 SUBROUTINE PGAUSS(L,R,Z,W)
0NsSS7:C

005%8: . DIMENSION LR(9) ,LZ(9) ,LW(D)
00559 +,R(9),Z2(9) ,W(?)

00560 DATA LR/=1,4141,-1,041,04-1,0/,LZ/-1,-1,1,1,-1,0,1,0,0/
00561 DATA LW/4%25,44#40 ,64/
00562:C

00563:C J#3 INTEGRATION

00S64:C

005652 G=SQRT (0. 6)

0VS 66 H=1.,/81.

005671 DO S LI=},9

00568: R(LI)=G#LR(L])

005691 ZLI)mGHLZ(L])

00570 S WLI)=HaLW(LI)

005713C

QOS72s RETURN

00573s END

00%74:C

[eloly4-FYot T X T TR LT LT L T T L L T T T g Y T T T T T Y LYY Y Ty wwrpirawges
VOS763C

00577:C SUBROUTINE ADDPSTIF

oos78:C .

OUS7 9 I C R R R R RN R R P R RRR B RRRRRRRRRBRRER G R B SERRR PR BB R R RS AR RAES SRR SRR ERRRR GNP RE RSB S
0OS80:C

OLSE1s SUBROUTINE ADDSTIF (S,NEC,NIN,NDOF ,NN1)
00582:C

00S83s - COMMON /ABST/ A(7000) (B(S00) (F (S00)
00S84; COMMON /DIAG/ JDIAG(300) ,IDIAG (1C0)
0058S: DIMENSION S (N1 (NN1) NBC(NIN,2)
00%86:C

OOSET7: C=0

00580 DO 2 J=1,NIN

OOSES s L2 3 JJd=1,NLGF

OOSG0: JC=JC+1

[T K b=NEC(J L JJ)



QoL ls
GeL52sC
et as
oSG C
QOSG6:
QOES7:
00556
00599
OQ600s
006018
00602
00603
00604
00&0Ss
006063
006073
00608:
Q009
006103
00611
0061231
00&6133C
00614:C
00615:C
O00b16:
Q0617
006182
Q0619
00620
006211
006223
00623
00624;
0062%:
006268 2
00627
0062823
00629:C
006203
00671
00632:C
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IF . LT.O) THEN
LOCLAL STIFFNESS IN F FOR SFECIFIED NOW-ZERD DISFLACEMENTS

b=1AES (b))
IF(L.EU. 1) THEN
L=1

ELSE
L=IDIAG (D% (K=1))+1
END 1IF
LL=IDIAG(Z#b—1)
L=l -LL

IC=0

DO 1 I=1,NIN

DO 1 II=1,NDOF
IC=]1C+1
M=NEC(I1,11)
IF(M.LE.O) GO TO 1
M= +M
B(M)=B(M)+S(IC,JC)
CONTINUE

LOCAL STIFFNESS IN A FOR SFECIFIED FORCE

ELSE IF(K.GT.0) THEN
L=JDIAG (K) =k

1C=0

DO 2 I=1,NIN

DO 2 Il=1,NDOF

IC=IC+1

M=NEC (I, 11)

IF (M.GT.K.OR.M.LE.CG) GO TO 2
MM+l

A (M) =A (M) +§ (IC,JC)

CONT INUE

END IF

CONTINUE

RETURN
END

OOEIIICHARRB AR AR B ERRERRRSRRERRRERP BB ERRRRBBSEEBERRRBRRREIRERBERFRER RS RERS ST

00634:C
00635:C
00636 C

SUBROUTINE SOLVE

QUL 7 CHERB AR RN BRERR BB BB R BRRPRERERRRRERRSERRERERRREERFERSERRRRRRERREERRER SO

00638682 C
00639
00640:3C
00641
00642
0056473:
00644:
00645,
00646
00647sC
oeag:C
0:0649:C
QUES0:
00651
LS C
ONEST:
0ueS43C
QeSS
GUeSes
(AN ALY

SUBROUTINE SOLVE (AFAC,BACK ,LL)

LOGICAL AFAC,BACK

COMMON /ABST/ A(7000) ,C(S00) ,B(S00)

COMMON /DIAG/ JDIAG(ICO) 4 IDIAB (100)

COMMON /CPROFIL/ NMAT,NEL (NSD,NRK,NNO,NDOF ,NEQ,NEN(100)
+ NN (100,30) {NTBC(200,2)

DIMENSION R(2)

FUT STIFFNESS A IN TRIANGULAK FORM

AENGY=0. O
JF=Q

LOOF ON COLULMNS
LU &6 J=31 NED

J0=JCIAG(J)
JIH=JD=JF



139

LOLEY: 19=J-JH+2

Qe S 1IF(JH=-2)6,3,1

[XIREY RS | IF(.NOT.RFAC) GU TO &
OUGéle 1E=J-1

[RVECY IS ] b=JRel

COebZsC

COeed:C LOOF ON ROWS

O06eS:C

[RINT-Y-Y-¥1 DO 2 I=1S,]E

[EINT-T-pi | IR=JD1AG(1-1)

CLbbE: ID=JDIAG(])

(=YL X IH=MINO(ID-IR-1,1-15+1)
QU703 IF(IH.GT.0)A(KI=A (1) =DOT (A (K=IH) (A(ID=IH) ,IH)
0067112 K=t +1

00e72:3 IF(.NDT.AFAC) GO TO &
006732 IR=JR+1

00674 1E=JD-1

006752 K=J-JD

00676 DO 4 I=IKR,IE

Q0&77: ID=JDIAG (K+1)

006786 IF(A(ID).ER.0.0)GO TO 4
006791 D=A(I1)

0046803 A =A(I)/ACID)

00481 A(ID)=A(ID)=-D*A(])
0068234 CONT INUE

00683: S IF(BACK)B(J)=E(J)-DOT(A(JR+1) (B (IS-1) ,JH-1)
0LéB4: 6 JR=JD

0068S: IF (.NOT.BACK) RETURN
00se86:C

00687:C SOLVE FOR LGCAD VECTOR IN B
00688:C

0046893 DD 7 I=1,NEC

006901 ID=JDIAG(1)

006911 IF(AR(ID).NE.0.0) B(1)=E(1)/A(ID)
00692:7 AENGY=AENGY+EB(1)#B(I)®#A(ID)
Q0&93s J=NEQ

00694 JD=JDIAG (J)

00&ERTB D=E(J)

00696: J=J-1

006971 IF(J.LE.O0) GO TO 11
00698: JR=JDIAG (J)

006993 IF(JD-JR.LE.1) GO TO 10
007002 I1S=J=-JD+JR+2

00701 K=JR-IS5+1

00702 DO 9 I=1S,J

00703:9 B(I)=E(]1)-A(I+K)&D

00704: 10 JD=JR

00705 GO 7O 8

00706211 CONTINUE

0070713 WRITE(10,12)LL

00708:12 FORMAT (//,3X, "FINAL DISFLACEMENT FOR LOAD NO. °,
00709 +2X,1%5,/7,3X, "NODE NUMEER ' ,10X, "DISFLACEMENT X' ,8X,
0C710: + ‘DISFLACEMENT Y ')

00711 CALL CLOCH (FINISH)
007123C

O0713:C FRINT DISFLACEMENTS
00714:C

00715 DO 15 J=1,NNO

00716: DO 13 JJ=1,NDOF

00717 JR=NTEC (J ,JJ)

O0716: IF(IR.LT.-NSD) THEN
00715 F(JJi=0.0

00T 20 LSE IF(JR.GT.0O) THENR

. ‘1e R1JJ) =K (JR)

ELSE
R(JJ) =B (NEC+]1ARS (JF) )
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V724 END IF

OO729:12 CONT e

OO7268 1% WLTTE (10, 16X ,RO1) (F(DD)
w727t 16 FURMAT (/7 48X (19,120 F12.7,5% ,F12.7)
On722e:C

QOT29: FETURN

QO730s END

007Z1:C

OO732:C FUNCTION DOT

007333 C

007348 FUNCTION DOT (A,E,N!
0O0N73S: DIMENSION A(N) ,E(N)
007362 DOT=0.0

Q0737 0O 1 I=1,N

00738: 1 DOT=DOT+A (1) #E (1)
00739: RETURN

007408 END

007413C

CO7Q2ICHERERRERRBERRERBRCRRPRR SR ERRRP R BB SR PR RERRRBESER RSP R R F R RERRR S S BN RIS
00743:C

007443C SUBROUTINE MODIFY

00745:C

[oTe 2 TX¥Yed T 2 2 X T A R Ay I I I T I T I I Iy I T Y
00747:C

007483 SUEROUTINE MODIFY (LL)

00749:C

007350: COMMON /AEST/ A(7000) JB(S00) ,F(IS00)

00731 COMMON /DIAG/ JDIAG(Z0O) ,IDIAG(100)

007352: COMMON /CPROFIL/ NMAT,NEL,NSD,NK,NNO,NDOF ,NEQ.NEN(100)
0V0753: +,NN(100,30) NTBC(200,2)

00754:C

007355:C READ AND FRINT NON-ZERO SPECIFIED FORCES AND DISFLACEMENTS
00756:C .

00757 DO 1 k=1, (NEQ+2#NSD+NFR)

00758131 F(K)=0,0

00759 WRITE(10,2)LL

0076032 FORMAT (1H,//,5X, ‘LOAD CASE NO. ' ,2X,15,//,

0076113 +5x, "NON-ZERO SFECIFIED DISFLACEMENTS OR FORCES’,
007621 +//,35X, "NODE NUMBER' ,2X, 'COORDINATE NO. ' ,SXx, 'CONDITION AND VALUE ‘)
0076333 READ(B,#) I,I1I1,R

00764, IF(I.EQ.0) GO TO 6

00765 IKaNTBC(1,11)

007663C

007671 IF(IK.BT.0) THEN

007681 F (1K) =R

007691 WRITE(10,4)1,11,K

Q077014 FORMAT(//,8X,15,8X,15,10X, '‘FORCE*,12X,F10.5%5)
00771:C

00772 ELSE JF(IK.LT.-NSD) THEN

007733 WRITE(10,#) "ERROR NODE Tl ‘yIly° 1S ZERO DISPLACEMENT"®
00774:C

0077%: ELSE

007762 Ih=1AES (IF)

OO777s F (1K+NEQ) =R

007783 WRITE(10,5)1,11,R

0077918 FORMAT (//,8X,1S,6X,15,10X, 'DISFLACEMENT ' ,SX,F10.5)
007801 END 1IF

00781 GO TD 3

00762:C

00783:C MODIFY RIGHT HAND SIDE OF ECUATION 1F SFECIFIED NON-ZERD
007843 C DISFLACEMENTS

o00785:C

0078636 IF(NED.EC.OYRETURN

OL787s DO 6 I=3 ,NEC

nn788: JR=0

789 DO 7 J=1.NSD



QTG (g
OO7491:
Co762:
Q792
OO7G4;
QuU77%e
0 7%
Q0797
00798
OC0799:
G800
[ADUI=TN0 ¥ I
[SIRY=1)eF ¥ -]
GOB0O3IeC
00804y
Q0BOS:s
008063C
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JI=IDIAG(Zed- 1)

PEEIDIAG (20

JH=I } =JR

Jr =3J-1

IF (JK.GT.0) GO TU ?
IF(Ih..LT,O0.AND. 1.GT. (JJ+JH-1)) GO TO 7
IF (JE.EQC.Q0) THEN

F(l)=F (I)=F (NEC+J) #B(JK+1)

ELSE

F(I)=F (1)=-F(NEQ+J)#B(JR+1+1-3J)
END IF

JR=}.K

CONTINUE

RETURN
END

O0BU7 i CH N B R R R R PR BRI RR BB BB BRRBRBB BB BB EDERE PR R PR SRR EFRERPERERRBEEBRRD SRR ERERO BN

o0808: C
ovBYY:C
008103C

SUBROUTINE STRESS

OOB1 1 :CH R R AP R R RN AR RAERRRERERRERRBERR SRR B P ARG R RS R AR R PRI ERBBERERRBERRREDERERE S NN

00812:C
00813:
o0B14:C
00B15:
[¢]al=5 ¥"¥3
00817:
00818:
00B819:
00820:
008211
00822:C
00823:C
00824:C
00825:C
00826:C
0082711
00828:C
00829
00830:C
008211
00872
00833
008343
00835:
008363
008372
00838:
00839
00B40:
00B841:C
00842:
oUB43:C
00644,
00845
0NBAasLs
Q08471
00848
00849
00BSOs
[ali<bad ¥
OuEBS2:C
[Tt |
0B84

OOBES:

SUBROUTINE STRESS

COMMON / CPROFIL/ NMAT,NEL ,NSD,NR,NNO,NDOF ,NEQ,NEN (1C0)
+ NN(100,30) JNTEC (200,2)

COMMON /CRED/ E(3) ,PR(3),E(3) ,MF(100) ,X (200,2)

COMMON /ABST/ A(7000) ,E(S00) ,F (S00)

COMMON /CBOUN/ SE(3364)

DIMENSION D(3) ,XE(S8) ,UE (58) ,FE (58) ,STR(3) .SIG(Z)
+,5G(4) ,TG(4) ,SHF (4,3) ,5(8,8)

LOCALIZE MATERIAL PROFERTIES,NODAL COORDINATES
AND NODAL DISPLACEMENTS FGCR EACH ELEMENT

FORMAT (/7 , "ELEMENT NO. * ,3X, ‘COORDINATES ‘' ,20X, ‘STRESSES ")
REWIND (?)

READ(B,#)R
READ(B,#)NE1 ,NEZ
SG(1)==R

SG (2) =R

S6 (3) =k

SG(4)=—FK

TG (1)=-FK

TG (2) =~k

T6(3) =R

TG (4) =R

DO 12 I=3, NEL

NN12=NENC(I)#NEN(1)#4
IF(NEN(I).GT.4)READ (9, %) (SE(K) ,k=1 ,NN12)
IF(IK.EQ. 1) THEN

READ(B,#)NE1 ,NE2

1r=0

ELSE

CONT INUE

EnD IF

IF (NEZ.EC. 1) It =1
M=Mr o1
1= (M)
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(AR 15301
QUESE:
0OBsS: C
[SINI=TANE
[<DREZT-) B
008622
COB&3E
00864
0086S:C
008661
00867
008683
00869
00870:
00OEs71:
00872
Q0B73:
008743
00873:
0087632
00877:C
oos78sC
00879:C
00880
00881 :
oGuBB2:
00883: 3
00884:C
0088%5:
008861
o0887:
00888
00889:
0089012
008911
008923
00893:
008%94:
00895
008961t
00897: 4
00898:C
00899
0089001
00901: 5
009023
009033 6
009043 C
00905:C
00906: C
009073
00908:
00909:C
00910:C
00911:C
00912:
00917
00914
Q09157
009162 C
09173 C
00918:C
CO916sC
COST0:
[RIPLS B ]
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D) eFR (M)
L(Z)=G (M)
NIN=NEN(])

DO 2 J=1,NIN
JJI=NH(T )
JZ=2#(J-1)
XE(J)=X(JJ,1)

XE (J*NIN) =X (JJ ,2)

DO 2 K=1,NDOF
J2=J2+1
Kh=NTBC (JJ k)
IF (K1 LT.~NSD) THEN
UE (J2)=0,0
ELSE IF (kK.GT.0) THEN
UE (J2) =F (kK)
ELSE
UE (J2) =F (NEQ+IABS (KK) )
END IF
CONT INUE

CALCULATE REACTIONS

M=0

DO I J=1,8
DC 3 k=1,B
S(h,J)=0.0

DO 6 J=1,NEN(I)
JJ=NN(1,J)

J2=2# (J-1)

DO & k=1 ,NDOF

J2=J2+1

KE=NTBRC(JJ K)

IF(KK.BT.0) 60 TD &
IF(M.ERQ.O.AND.NIN.EQ. 4)CALL ELEMENT(D,XE,S5,NEN(1) ,NDDF,2)
M=1

MC=NEQ+NSD+1ABS (KK)
IF(NIN.EQ.4) THEN

DO 4 L=1,8

F (MC) =F (MC) +S(J2,L)#UE (L)

ELSE

DO S L=1,2#NIN

F (MC)=F (MC) +SB (2#NIN® (L-1)+J2) #UE (L)
END IF

CONTINUE

CALCULATE STRAINS AND STRESSES

IF(NIN.GT.4) THEN
II=2#NIN

CALCULATE FE(1), THE VECTOR OF NODAL FORCES IN THE S. ELEMENTE

DD 7 L=1,11

FE(L)=0.0

DO 7 k=1,11
FE(L)=FE(L)+SB(II*(Kk-1)+L)®*UE(K)

EOUNCG, .. ,2) CALCULATES BTRESSES AND DISFLACEMENTS IN
THE S. ELEMENTS

CALL EOUMN(NIN,I1,D,XE,SE,UE.FE,Z.
IF(I.NE.NEL) WRITE(10,1)



0o C
[RTWL
(ALY H
OO%2S:
Q0% ¢
QOR27:
00928
00929
00902 C
009Z1:C
00932:C
0O93s
0I934
009358
09363
o097
QO3B
00939
009403
00941
00942;
00943
00944;
00945: 9
00946:C
00947
00948:
009493
009503 C
0051210
00952311
[elel 4]
009%4: 12
00955;
009%56:C
00957:C
009%8:C
009593
0096V: 13
00961
009623
C0963:
009643
009652
0029661
00967
009661 14
00969: 15
00970:C
009711
00972:
00973:C
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ELSE

IF(NCL.EC.0 GO TO 12
IF(I.LT.NE1.0f. I.GT.NE2) CU TO 12
IF(I.EC.IIWRITE(10,1)

LL=4

IF(NIN.EQC.Z.0R.R.EQ.0.0) LL=}

DO 10 L=3,LL

CALCULATE SHAFE FUNCTIONS AND THEIR DERIVATIVES

CALL SHAFE (SG(L) ,TG(L) ,XE,SHF ,XSJ ,NDOF {NIN)
DO 8 k=1,3

STR(F) =0, ©

XC=0,C

YC=0. 0

DO 9 J=1,NEN(I)

J2=2#J

Ji=J2~1

XC=XC+SHP (J,3) #XE (J)
YC=YC+SHP (J,3) #XE (J+NIN)
STR(1)=STR (1) +5HF (J, 1) #UE (J1)

STR (2) =STR (2) +SHF (J ,2) #UE (J2)
STR(I)=STR(3) +SHF (J, 1) #UE (JZ) +SHF (J ,2) #UE (J1)

SIG(1)=D(1)#STR(1)+D(2)#STR(Z)
SIG(D)=D(2)#STR(1)+D (1) #STR (D)
SIG(3)=D(3)#STR(3J)

WRITE(10,11)1,XC,YC,SI6(1),81G(2) ,S156(3)
FORMAT(/,15,5(2X,F12.6))
END IF
CONT INUE
CLOSE (UNIT=9)

OUTFUT OF REACTIONS

WRITE(10,13)
FORMAT (/7 ,2X, 'NODE NO. ‘' ,3X, ‘DIRECTION’ ,3X, ‘REACTION",/)
DO 15 I=1,NNO

DO 15 K=1,NDOF

KE=NTBC (I ,K)

IF(KK.GT.0) GO TOD 15
MC=NEQ+NSD+IAES (KK)

R=F (MC)

WRITE(10,14)I,K,R

FORMAT (3X,15,6X,15,3X,F12.6,/)
CONTINUE

RETURN
END

QU748 i CH OB RRR R B R AR B ERRRBRR R R B RRBREBERBE R RRBOR SR G R B RRP RN SRR B R BB RGP RERRUS SR BO RS

0097S:C
00976:C
009773C

SUEROUTINE BOUN(N(NN,D,XE,UC,SAV,F,IE)

[sIaLMA-TE T XXX R T LT TY XYL LY TY Y YT IPTLY FH PRI RN R TR PP E PN PGP PPppurggugrarpeggey

00979 C
OV9BO:
009813 C
[IREA =34
[RIRE =]
Oo5ea:
[RIRL 4 =15
GnFBL:
OOSE7:

SUBRQUTINE BOUN(N,NN,D,XE,UC,SAV,F,IK)

DIMENSION UR(61,61)

DIMENSION R(&) W (&) W1 (&) W2 (&)
DIMCNSION UC (NI, Nt

CIMENSION XE(N,2)
4, IFIVI61) ,D(D)

+.XF (1) (YF (1) .54V (58) F (58)
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(NS 1T +,0(el)

VOSLrs C

OOSCg Fh=1,0=0,0eD(Z) /DY)
[CIRL A3 E=D{1)®(1,0-FReFFK)
Ul Fl=ACUS(-1.Wv)

[ATRT e FR2=2, #F R

00994 FRZ=Z.*FR

009G F7e- (3. -FR) /2.
0996 NHNF' 3 =NN+1

0O997s NNF2=NN+2

ouves8: NNF Z=NN+Z

QU C

010003C FOINTS AND WEIGHTS FOR NUMERICAL INTEGRATION
010013C

01002 LL=6

01003 WRITE(10,1)LL

010043 1 FORMAT (//, "FOINTS OF INTEGRATION IN SUFERELEMENT ,3X,IS)
01005:C

010063 R(1)==0,932469514203195

01007 R(2)=-0,66120938646626

01008: R(3)=-0.2366191860831%

01009 K(4)==-R(3)

01010s R(S)=m=R(2)

01011 R(&6)==R (1)

010123 W(1)=0,171324492X7917

010133 W(2) =0, 36076157304813

01014: W(Z)=0,4867913937457269

0101S5: W4 =W (D)

010161 WS =W ()

01017 W(6)=W(1)

010181 DO 2 L=1,LL

01019: Wi L)=g§,-R(L)

0102032 W2 (L)=31,+R (L)

010213 IF(IB.EQ.2) GO TO 38

01022:C

01023:C INITIALIZE MATKICES

01024:C

01028: DO 3 I=1,NNF3

010263 DO 3 J=1 ,NNF3Z

031027 UK(J,1)=0.0

010283 IF(I.GT.NN.OR.J.GT.NN) GO TO 3
01029 UC(J,1)=GC,0

0103033 CONTINUE

010311C

010323 DO 4 I=1,N

01033 UR(2#1-1 ,NNF1)=1,0

01034, UR (2«1 (NNF2)=1,0

01028: UR(NNF1 ,2#[-1)=1,.0

0103624 UR (NNF2,2#] )=i,0Q

010373C

01038: DO S I=2,N

01079 UR(2#1-1,NNF3)=XE (1 ,2)=XE(],2)
010402 UR(2#] (NNF3)sXE(l,1)=-XE(1,1)
01041 UR(NNF3,2#]1-1)=XE(1,2)-XE(I,2)
01042: 5 UR(NNFZ,2#]1 )=XE(1,1)=-XE(1,1)
01043:C

01044;:C

01045:C LOOF ON COLUMNS

01046:C

C1047;: DO 7 J=1 /N

0104g: JJI=2«J

010453 IF(J.ED.1) THEN

010508 JIMI=N

01081 JIMI=NN

Q1057 ELSC

01057 Jriig=J-1
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[T JIMe=gJ-2

Gronts END IF

OUIO8ag IF(J.EQC.N) THEN

01057 Jby=1

01058; JJIF 1=y

010593 ELSE

010603 JFlwJ+1

010613 JIF1=J0+1

010622 END IF

C1063:C

01064: UC(J3J-1,JIM2)=UC (JJ-1,JIM2)+2. -FR2
01065s UC(JJ ,JIM2-1)=UC(JJ ,ITM2-1)-2,+PR2
010668 UC (JJ=1,JIF141)=UC(JJ=1,JIF1+1)-2, +FR2
010678 UC(JJ  LJJIF1)=UC(IJ LJJF1)+2.-PR2Z
01068:C

C1069: XM=XE (J, 1 -XE (IM1,1)

010703 YM=XE (J,2)-XE (IJM1,2)

010712 SF=SORT (XM#XM+YM&YM)

010722 CTF=YM/SF

01073: STF=a-XM/SF

01074; XM=XE(JP1,1)-XE(J,1)

01075: YM=XE (JF1,2)=XE (J,2)

010762 SSxSORT (XM#XM+YM#YM)

010772 CTS=YM/SS

01078: STS=-XM/SS

01079: ARG=CTS#CTF+STS#STF

010803 IF(ARG.GT.1.0) THEN

010812 OM=F1%4,

010823 ELSE

010832 OM= (P1-ACOS (ARG) ) #4.

01084: END 1F

0108%5:C

0108613 AA= (2, +FPR2)* (STS#CTS-STF#CTF)
010873 BB= (2, +FR2) # (CTS*CTS-CTF#CTF)
010882 CC=(2.-PRZ)#L0OG (SF/SS) |

01089:C

010903 UC (JJ-1,33-1)=0M+AA

010913 Uc (JJ,JJ-1)=-BR-CC

010922 UC (JJ-1,J0)=-pE+CC

01093: UC (JJ,JJ) =0M-AA

01094:C

01095 AA=1, -L0G (SF)

010963 BR=sSTF#STF

010972 CC=-CTF#STF

01098: DD=CTF#CTF

01099:C

011003 UR (JJ=1,3J-1)=RA% (3. -PR) +BE#* (1, +FR)
011012 UR(JJ,JJ-1)=CCa(1.+PK)

011023 UR(JJ-1,J0)=UR (JJ,JJ-1)

011032 UR(JJ,JJ) =AA* (3. -FPR)+DD# (1.+PR)
01104:C

01105; AA=1.~-LOG(SS)

011062 PE=STS+STS

013107¢ " CC=-CTS#STS

01108 DD=CTS+CTS

01109:C

011102 UR(JJI=1,JIF1)=AA* (3. -FK) +BE# (1. +FR)
011113 UR(JJ,JIP1)=CC#»(1.+FR)

01112: UR(JJI=-1,JIF1+1)=UR(JJ,JIF1)

01113 UR(JJ,JJIF1+1)=AA% (3, -PK) +DD* (1. +FR)
©1114:C

01115: XM= (XE (J,1)4XE(IM1,1)) /2.

Gl1116: YME(XE(J,Z)+2E(IM1, D)) /2.0

01117¢ E1=XE(J,1)-XM

013118: E2=XE (J,2)-YM

01119 BE=blabtl +boekl



011202
Glilys
©y120e
C1123:
C11Z4:
1125
011261
011273
01128:C
01129:C
01130:C
01171
01132:
01132732
031134:;
01135
011368
01137
01138:C
01139:C
01140:C
01141
01142
01143
01144;
011453
01146:
©1147;
01148
01149;
01150:
01151
01132
01152:C
01154:
0115%:
011563
01157:C
01188:
01159
01160:
01161:C
01162
01163:
01164
01165:C
01166
0116712
011682
01169:C
01170:
01171
01172
01173
0117406
01178:7
01176:C
01177:C
01178:C
01179
01180
011¥1s
O11E2:
el
0116842
01185;
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FEzBLe (L. +Fi)
Fo=hie (Lo4bbl
FluspRle (1.-FR)
Fll=R1»(Z.+FR)
F12=E1® (1. +FR)
F13=Ea (3. +FF
Fl14=ERZe (1, +FF2)
Fi1S=k1a (1, -FK)

LOOF ON ROws

DO 7 I=3 N
IF(1.EQ.J.OF.1.EC.JIM1) GO TO 7
1I=2w]

Al=XE(I,1)=XM

A2=XE(1,2)-YM

AAmAL #*A1+A2#A2
AB=2, # (A1 #E1+A2+B2)

LOOF ON FPOINTS OF INTEGRATION

DO 6 L=1,LL
RR=QAA-AR*R (L) +BE*R (L) #R (L)
AlBi=A1-Bl1#R (L)
UF3=A1B1/RR
UF6=A1B1#UF3
UF1=UF6#UF3
A1B1=A2-B2#RK (L)
UF7=A1B1#UF3
UF4=A1 K1 /RKR
UFB=A1B1#UF4
UF2=UFA4#UFB
UF5=L006 (KR)

EE= (PB#UF 1 +FO#UF24F10#UFI~-P11%UF 4 ) #W (L)
UC(II-1,JIM2-1)=UC(I]1-1,JIM2-1)+Wl (L) *EE
UC(II-1,J0-1)=UC(11-1,30-1)+W2(L)+EE

EE= (PO®UF 1 -PB*UF2-P 1 2#UF3+FP13#UF4) %W (L)
UC(II-1,JIMD)=UC(II-1,JIM2)+W1 (L)*EE
UC(I1I-1,30)=UC(I1-1,JJ)+W2(L)+*EE

EE= (P9#UF 1 ~PB#UF2-F1 1 #UF3+F14#UF4) #W (L)
UC(II,JIM2-1)=sUC(II,JIM2-1)+W1(L)*EE
UC(II,JJ-1)=UC(I1,J0J0-1)+W2(L)*EE

EE= (=PB*UF 1-PI#UF2+P13#UF3-P15+UF4) #W (L)
UC(II,JIM2)=UC(II,JIM2)+EE*W1 (L)
UC(11,JJ)=UC(II,JJ)+W2Z(L)*EE

UR(II=1,3J=-1)aUR(II=1,30-1)+(F7#UFS+ (1, +PR)*UF&) #W (L) /2.0
UR(II=1,J0)=UR(II=1,JI)+(1,+PR)#UF7*W(L)/2.C
UR(IT,JJ=1)=UR(II=-1,JJ)
UR(II,JI)=UR(I1,JJ)+(F7%UFS+(1,.+PR)#UFB) #W (L) /2.0

CONT INUE

CONTINUE

MODIFY UR

DO 10 I=1,N
11=2%1
lImMi=11-1
A=1.0

DO B8 F=2 N
[ & e 1
bEMI=rE-)
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0ll16e: LR(TIML L 1) @UR(IIMI 1) 2URTTITIMI (M) o0

01187 (VNS W3)=URCT] J1)HURCTT WML el

011€63: U CTIML () =UR (I IMY () +URCIIML Gt Y&

011873 LRIl ya)=mURI(]] o) *UR (11 WK ¥ )

¢Cl1168 € AE=-f

01191 DU 9 b=I N

01167 [ g 1

01193;: URC(IIME b =1)m=UR(IIML KK=Z)+2.0#UR(IIM] ¥}k ~1)
01194: URCI1 L KK=1)®=UR(IT KE=-3)+2.0%UR(II ,Fk-1)
¢1195: UR(IIML KN I)es=UR(IIM1 hH=2)+2, O%UR(IIM] K} )
0119639 UR(II KK )=-UR(11 KE=2)+2, 0%UR(IT Wb )
01197:10 CONTINUE

01198:C

01199:C THE OUTER LOOF USES ELEMENTARY ROW OFERATIONS TO TRANSFORM
CG1200:C UR TO TRIANGULAR FORM.

01201:C

01202 DO 16 1I=1,NNF2

01203:C

01204:C SEARCH FOR LARGEST ENTRY IN COLUMN I, ROWS 1 THROUGH NNF3.
0120%5:C IFIV(I) IS THE ROW INDEX OF THE LARGEST ENTRY.
01206:C

012073 FIVOT=0.0

012083 DO 11 J=I,NNPJ

01209 TEMF=ABS (UR(J, 1))

012102 IF(PIVOT.GE.TEMF) GO TO 11

OC1211: FIVGT=TEMF

01212 IPIV(I)=] .
01213211 CONTINUE

01214; IF(FIVOT.EQ.0.0) WRITE(10,#)° ERROR ‘,1,J
01215: IF(IPIV(I).EQ.I) GO TO 13

01216:C

01217:C INTERCHANGE ROW 1 AND ROW IFIV(I).

01218:1C

01219: DO 12 k=] ,NNP3

01220: TEMF=aUR (T ,K)

01221 UFR (I k) =UR(IPIV(I) K)

01222: URC(IPIV(I) K)=TEMF

01223212 CONT INUE

01224:C

01225:C ZERO ENTRIES (I+1,1),(I+2,1) 400004 (NNF3,1) IN MATRIX UR
01226:C

012273113 IF1=l+l

01228: DO 15 K=IP1 ,NNP3

01229: UR (K, 1) ==UR(K,I)/UR(I,I)

012303 Q=UR (K, 1)

01231 DO 14 JU=]1P1 ,NNP3I

01232: UR(K,J)=UR(K,J)+UR(],J)«0

01233114 CONT INUE

01234315 CONT INUE

01233116 CONTINUE

01236 IF (UR (NNF3 ,NNF3).EQ.0.0) WRITE(10,%) - ERROR NO. 2°
01237:C

©1238:C MODIFY COLUMNS OF UC . BACKSOLVE.

01239:C

01240: DO 21 K=1 NN
01241:C

C1242: DO 40 I=) NN
01243140 E(I)=UC(I,N)
01244 E(NNF1)=0,0
0124S: BE(NNFZ) =0, 0
O1Z46: BHI(NWFI) =0, 0
01247:C

() P} - CC 18 I=1,NN&D
01249: IF(IPIV(]).EC. 1) GO TO 17
C1Z90: TEM=B(IFiIV(1))

71251 BOIFIV(I) )=E(])



148

012522 E(1)=TEM

01253:17 DO 18 L=1+1,NNFZ
01254:18 BEWL)=R(L)+EH (1) #UR(L,I)
01285:C

012562 E (NNF3) =B (NNF3) /UR (NNF3 , NNF X)
01237: DO 20 I=1,NNF2

01258: Q=0.0

01259 DO 19 L=1,I

012603 Q=0+UR (NNF3-1 ,NNFP3-L+1) #B (NNP3-L+1)
01261119 CONTINUE

012621 E(NNF3-T1)= (B (NNF3-1)-Q) /UR(NNF3~I ,NNFP3-1)
01263220 CONTINUE

01264:C .

012633 DO 41 I=1,NN

01266141 UC(I,K)=B(I)

01267:21 CONTINUE

01268:C

0126%:C SYMMETRY IN UC

012703C

01271 . DO 22 Is=i,NN

01272 DO 22 K=]I,NN

012732 UC(I K)=D(3)#(UC(I.K)+UC(K.I1))/2.
01274:22 UC(K,I)=UC(I,K) -

012752 IF(IE.EQ.1) RETURN

01276:C

01277:C CALCULATIONS FOR FIELD POINTS
01278:C

01279238 WRITE(10,39)
01280:39 FORMAT (/ ,5X, ‘RESULTS FOR FIELD POINTS',//,6X, COORDINATES’,

01281: +15X, ‘DISPLACEMENTS ' , 13X, *STRESSES* ,//)
01282:30 READ (B,#) IA,XF (1) ,YF (1)
01283: IF(IA.NE. 1) RETURN
01284; DO 31 I=1,NN

0128%: DO 31 K=1,S

01286: UC(K,1)=0.0

01287:31 UR(K,1)=0.0

01288: DO 32 J=1,N

01289: JI=2#

01290: IF (J.ED.1) THEN

012913 JIM2=NN

01292; JIMI=NN-1

01293: JIM1=N

01294; ELSE

01295: JIM2=JJ-2

012961 JIM3I=JJ-3

01297: JMi=J~1

01298: END IF

01299:C

01300: XM= (XE(J,1)+XE(IM1,1))/2.0
013011 YM= (XE (J,2) +XE (JM1,2)) /2.0
01302: B1=XE(J,1)-XM

013031 E2=XE (J,2)-YM

01304; EBB=B1#B1+E2#E2

0130S: FE=E2% (2. +FR2)

013063 PO=B1# (2. +PR2)

01307: F10=E2# (1, -FR)

013081 P11=B1# (3. +PR)

013093 F12=B1#(1.+PR3)

013102 P13=E2% (3. +PR)

01311: P14=B2# (1. +PR3)

01312s P1S=B1#(1.~FR)

01Z131C

01314: Al=XF (1)-XM

0131%: AZ=YF (1) -YM

01316: AA=A1#A1+AZSA2

01317 AE=2 ., # (A1*EB1+A2*ED)
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vl131B:C

01219:C LOOF ON POINTS OF INTEGRATION

Q1320:C

01321: DO 32 L=1,LL

01322: RR=AA-AB*K (L) +BBaR (L) *R (L)

01323 AlEl=A1-Bl1#R (L)

01324 UF3 =AiB1/RR

01325: UFé =AlEBI#UF3

013261 UF1 =UF&6#UF3

01327 Al1B1=A2-E2#R (L)

013283 UF7 =A1B1#UF3

01329 UF4 =A1E1/RR

01330¢ UFB =AaiBl*UF4

012313 UF2 =UF4+UFB

01332s UFS =L0G (RR)

01333: UF9=UFS+UF3

01334, UF 1O=UF 4% UF 4

01335: UF11=3,0/RR

01336 UF 1 2sUF 6#UFB#UF 11

01337: UF 13=UF 6#UF 11

013382 UF14=UF8#UF 11

01339:C

01340: EE= (PB#UF 1 +P9#UF2+P10#UF3-F114#UF4) #W (L)

01341: UC(1,JI0M2-1)=UC(1,JIM2-1)+W1 (L) #EE

01342 UC(1,JJ-1)=UC(1,JJ-1)+W2(L)*EE

01343:C

01344, EE= (FI#UF 1 -FB#UF2~-P12#UFI+F13%UF4) #W (L)

01345: UC(1,JIM2)=UC(1,JIM2) +W1 (L) +EE

0134463 UC(1,JJ)=UC(1,JJ)+W2(L)*EE

01347:C

013483 EE= (F9#UF 1 -PB#UF2-P11#UF3+P14%UF4) #W (L)

01349 UC(2,JIM2-1)=UC (2,JIM2~-1) +W1 (L) #EE

01350: UC(2,JJ-1)=UC(2,JJ-1)+W2 (L) »EE

01351:C

01352: EE= (-PB#UF 1-PO#UF2+P13%UF3-P15#UF4) #W (L)
01353: UC(2,JIM2)=UC(2,JIM2) +EE*W1 (L)

01354: UC(2,JJ)=UC(2,JJ)+W2 (L) *EE

01355:C

013562 UR(1,JJ-1)=UR(1,JJ=-1)+(F7#UFS+ (1.+PR)*UF&)#W(L)/Z.0
013571 UR(1,JJ)=UR(1,JJ)+(1.+PR)#UF7#W(L) /2.0

012581 UR(2,JJ-1)=UR(1,JJ)

013593 UR(2,JJ)=UR(2,JJ3)+(P7#UFS+ (1.+PR) #UFB) #W (L) /2.
01360:C

013611 EE= (2. 0+FR2) #UF 1

013621 UR(3,JJ-1)=UR(3,JJ=1)=(EE+(1.0~PR)#UF3) #W (L)
013631 UR(4,JI-1)=UR(4,JJ-1)+(EE~(1.0+3.0#PR) #UF3) #W (L)
013641 UR(S5,JJ )=UR(S5,JJ )+ (EE-(3.0+PR)*UF3)#W(L)
0136S:C

013661 EE= (2, 0+PR2) #UF2

013671 UR(3,JJ )®UR(I,JJ I+ (EE-(1.0+3.0#PR)#UF4)*W (L)
013683 UR(4,JJ )=UR(4,JJ) )=(EE+(1.0-PR)#UF4)%W(L)
013692 UR(S,JJ-1)=UR(5,JJ~1) + (EE- (3. 0+FR) #UF3) #W (L)
01370:C -

01371:C

01372 EE=(2. #E2# (UF11+4,.#UF 13-8. #UF1#UF3)-4. #H1%UF7% (UF11-4.#UF9))
013733 +#W (L)

01374: UC (3, JIMI)=UC (I ,JIM3I)+EE*W1 (L)

01375 UC(3,JJ-1)=UC(I,JJ-1)+EE*W2(L)

01376:C

01377: EE= (4, #BR2#UF7# (UF11-4,0#UF9) =2, #E1# (UF11-8.0%UF12))#W (L)
012786 UC(S,JIM3)=sUC(T,JIM3) +EE*WL (L)

01779: UC(S,JJ-1)=UC(S,JJ~1)+EE*W2 (L)

013803 UC(Z,JIM2) =UC (3T ,JIM2) +EE*W1 (L)

013B1: UC (3,33 Y=UC(Z,JJ DI+EE*WZ (L)

01382:C )

01383: EE=((UF11-B.O#UF 1) #2 #B2-UF7# (UF11-4,.0%UF10) %4, #B1) #W (L)
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01384: UC (4 ,JIMZ) =UC (4,JIMT) +EE»UI1 (L)
013658 UC(4,JJ-1)=UC(4,J3-1)+EE*WZ (L)
013862 UC(S,JIM2) =UC (S5,JIM2) +EE=W] (L)
013873 UC(S5,JJ )=UC(5,JJ )+EE#W2<(L)
01368:C

01389:C

01390z EE= (4, #BZ#UF7# (UF11-4. #UF10) -2, %E1# (UF11+4, #UF14-8. *UF2#UF4) )
013911 +#W (L)

013923 UC (4,JIM2)=UC (4 ,JIM2) +EE*W1 (L)
01393: UC(4,JJ )=UC(4,JJ )+EE+W2(L)
01394:C

01395132 CONTINUE

01396:C .

013%397:C MODIFY UR

01398:C

01399 A=1.0

014003 DO 34 K=2,N

01401 Kk=2#K

01402: KKM1=KK-1

01403 DO 33 L=i1,5

014042 UR(L,1)SUR(L,1)+UR(L ,KKM1)+A

01405133 UR(L 4 2)=UR(L 42) +UR(L KK )#A
01406:34 A=-A

01407; DO 35 K=2,N

01408: KK=2#K

01409 KKM1=KK-1

01410: DO 35 L=1,5

01411: UR (L ,KKM1) m=UR (L ,KK=3) +2. O#UR (L {KKM1)
01412135 UR(L,KK )e=UR(L,KKk=2)+2,0#UR(L KK )

01413:C

014143 DIS1=0.0

01415: D1S2=0.0

014161 S1G1=0.0

01417: SIG2=0.0

01416: S1G3=0.0

01419:C

01420: DO 36 I=1,NN

01421 DIS1=DIS1-UC(1,1)#5AV (1) +UR(1,1)#F (I)

01422; DIS2=DIS2-UC(2,1) #SAV (1) +UR(2,1) #F (1)

01423: SIG1=SIG1-(1.0+PR) #UC(3,1) #SAV (1) +UR (T, 1) #F (1)
014243 S162=S1G2-(1.0+PR)#UC (4,1)#SAV (1) +UR(4,1) #F (1)
01425136 SIG3=SIG3-(1.0+PR)#UC(S, 1) #SAV (1) +UR(S, 1) #F (1)
014262 DIS1=DIS1/(B.0+PI)

01427: DIS2=DIS2/ (8.0%F1)

01426 S161=51G1/ (8.0#FI)

01429; S1G2=S1G2/ (8.0#P1)

014303 S1G3=SIG3/ (8.0#P1)

01431: WRITE(10,37)XF (1) ,YF(1) ,DIS1,DIS2,5161,5162,5163
01432137 FORMAT (7 (3X ,F10.5) ,/)

01433:C

01434: IF(IA.EQ.1) GO TO 30

0143%: RETURN

014361 END

01437:C

EOTTOM
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