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ABSTRACT
FI Nl TE ELEMENT PROGRAM UTI LI ZI NG
FRONTAL TECHNI QUE
AM R SALEKPOUR
MASTER OF SCI ENCE
YOUNGSTOWN STATE UNI VERSI TY

The objective in this thesis was to investigate
a relatively new technique for handling Finite El enent
Cal cul ati ons known as the FRONTAL TECHN QUE. Thi s met hod
was proposed by Bruce M Ilrons in about 1970, but has
not as yet attained any promnence in existing well known
software computer prograns utilizing the Finite El enent
Met hod.

Study of the nmethod herein includes the preparation
of a conputer program which nmay be used to solve plane
stress or plane strain problens and problens involving
the bending of plates. The programis tested by conparing
the results obtained for three elasticity problens wth
the corresponding solution found in the literature. The
probl enms studied include a thick walled cylinder pressure
vessel subjected to internal pressure, a sinply supported
plate subjected to lateral |oading, and a |ong bar having

a synmetrical tenperature distribution about its axes.



Also included are a conparison of results on the
thick-walled pressure vessel and a sinply supported plate
problem with results obtained using the SAPIV program
which is on file at Youngstown State University Conputer
Center.

In general, very good results were obtained for
all three problens when conpared to theoretical solutions.
From this limted investigation there is evidence that
the FRONTAL TECHNI QUE |leads to shorter computer tine and

per haps greater accuracy for the same nmesh size.
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I NTRODUCTI ON

The purpose of this thesis is to introduce a finite
el ement program that wutilizes the Frontal Technique and
conpare its efficiency with other existing finite elenent
pr ogr ans. Chapter | describes the concept of the finite
el enent nethod and the procedures by which one can approach
a problem Chapter II discusses element fornulation for
the plane stress or plane strain situations used in the
finite elenent program  Appendix A provides instructions
for the use of the conputer programin Appendix B Chapter
IIT discusses different nmethods of equation solution and
their efficiency in handling finite elenent prograns.
Chapter |V describes the conputer procedures for the finite
el enment program given in appendix B I n Chapter V several
exanples are given in order to prepare input data and
also famliarize the user with the input data coding given
in Appendix A Chapter VI discusses the accuracy and
efficiency of the results for the sanple problens given
in Chapter V. Conclusions for the given exanples are

given in Chapter VI.



CHAPTER |

CONCEPT OF FI NI TE ELEMENT METHCD

The Finite Elenent Method is a nunerical technique
for obtaining solutions for a variety of problens. The
basic concept of the Method, when applied to problens,
is that the structure can be divided into small elenents
(finite elements) which are connected by a number of nodal
points (see Figure1.l). The displacenents of these nodal
points are the unknowns of the problem Each el enent
is defined by a set of functions that discribe its
deformation in ternms of the nodal displacenents. Thi s
di spl acenent function states the strains within an el ement
and therefore the stresses can be defined throughout the
el ement .

One of the greatest advantages of the Finite El enent
Method is the ability to automate the equation fornulation
process and to solve problens with irregular and conpl ex

structures.
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Figure L1 A typical Finite El enent nesh
for the beam probl em
Anot her andvantage of the Finite El enment Method
Is the flexibility with which one can fornulate the
properties of I ndi vi dual el enent s. There are four
approaches.l Only the first two will be explained in

detail in this thesis.

1. Direct approach

2. Pot ent i al
3. Weighted Residual s Approach
4

Ener gy Bal ance Approach.

M nim zation of Total Ener gy Approach

1 D RECT APPROACH

An easy nethod to wunderstand the relationships
between the finite el enent analysis and the real structure
problem is the Direct Approach Formul ation. This net hod

uses the conbination of three sets of elasticity equations,

nanely, equations of equilibrium strain-displacenent,

and the constitutive relationships.

lgRenneth L. Huebner, The Finite El enent Method for
Engi neers, (New York: wiley, 1975), pp. 3-15




The direct approach nethod of stiffness formulation

is presented as foll ows:

A An elenent shown in Figure 1.2 is considered

with two degrees of freedom per node. For node i the

di spl acenent rel ati onshi p can be approxi mated as

{‘ ui
(x,vy) n | Vj:
{U} =§3(§,§)} = i?; [Ni]{d} TR FHRNS Rl

where {U} is the displacenment at any point wthin the

el ement; wuj;, v;, are the nodal displacenents;

and [N]
are prescribed functions of position called shape functi ons.

L i Ui

Figure 1.2 A typical two-dinensiona

rect angul ar
el enent

BB The strains {¢} are defined in
di spl acenents by the

terns of

strai n-displacenment rel ationships,

whi ch for two di nensional plane stress and for plane strain

ar e:
du 9
e x X 0 X 0
! _ oV — 0 d 8]
{e} = &Y B - v
X
Yo XY du AV 3 5 v
Y 93X Jy 3x

U
Substituting for {V} yi el ds



n [ Ny
fey= S| o O {ai}
i=if o MNi
0y
oNj 9Ny
| dy X
or
n
{e} = 2 [B]; 1di}
i=1

where [B is called the strain matri x.

C The constitutive law is introduced to relate
stresses to the displacenents.
The relation between stresses and strains, assum ng

initial strainto be zero, is of the form

where D is the elasticity matrix. The equations that

relate stresses to strains are as foll ows:

1 -V
€ = = v 0
X E OX = y
€y = -vox+1l oy
E E

ny = [2(1+V)/E]Txy

These relations can be witten in matri x form as

1 v 0 - T 0X
€ x FE E
= -» 1 0 o
ey E E Y
2(1+v)
Yxy |0 0 B B Xy ,
or
{e} = [H] {0} ’

whi ch can be solved for {c} by inverting [H].



{o} = (] " t{e} ,
wher e 1 v 0
1 E v 1 0
[D] = [H] -1 - \)2 1-v
0 0
2
D. Equi val ent nodal forces: The main concern

in finding the elenment stiffness matrix is to find a set
of nodal forces which are statically equivalent to the
constant stress field acting at the edges of the elenent.
Since the equations of {c} are in terns of displacenents,
it is possible to relate the nodal forces {r}to the
di spl acenents. This wll result in element stiffness

equat i ons.

l.a. EXAMPLE OF DI RECT APPROACH FORMULATI ON

Consi der an axi al nenber shown in Figure 1.3

U(x) Fjl Uj
» s > ° :‘

1 L a2

Figure 13 Axi al nenber

a. Since there are two nodal displacenents

Ui’
U5 !
x-direction to describe the displacenent functions? Thus:

U(x) = b+ byX ={ 1 ﬁ}{ﬁ%} : 1.1

2 Richard H Gal | agher, Finite Elenent Anal ysis Funda-
nental s (Engl ewood Ciffs, New Jersy: Prentice-Hall, 1975),
pp. 108-113.

the choice is to use a linear polynomal in the




Boundary conditions state that at x

il
o
~

U=U; and

at x=L; U=Uj;

bo ’ I.2

U(L)

It
c
[}
|
——
==
=
| U |
’w\,
v o
N+
o
-
w

Conbi ne these two to obtain:

B llel]

Interns of by, by

by { -1 Juy] _1f L 0} )04
Ibz} = tel {Uj} L[—l 1] {Uj} . I.5

Substituting this relationshipinto equation 1.1,

1 0 Ui \
, Ui
(1-(1/L)x) (1/L)x) Uy , 1.7

Ui Ui
U(x) = [N} Nyl .= [N]{; ,} ' I.
X 1 2 {Uj Uj

where (1-(x/L)) = Nj, and (x/L) = Np are called the shape

or

U(x)

[oe]

functions that represent the displacenent field.
b. This step is the application of strain-
di spl acenent equati ons. Strain in x direction is found

by differentiating EQ VIIa with respect to Xx.



du(x) .
fX T odx S {;% %I {Ul} I.9
Uj *

C. Introducing the stress-strain relationship

{0} [E] {e} I.10

E -1 L Ui
L T U3 . I.11

d. The final stepis to transformthe stresses

{0}

into joint forces, which is done by nultiplying stresses

by the el ement cross-sectional area A For this exanple

Fl -1 .
= A ox I.12
Fal - 1

Substituting II.c. into I.d results in

-~ 8

or
F1 AE |1 -1] (Ui
= I U I.14
Fop -1 1 J
Ther ef or e:
k] =28 |1 -1
T L |-1 1 (El ement Stiffness
Equat i on)
and
F = [K] {4} . (Hooke's Law)
2). M nimzation of Tot al Pot ent i al Ener gy

Appr oach.



The principle of total potential energy (l) is
given as the difference between the internal or strain
energy U and the external energy W due to the applied
| oads.

n=uUu- w I.15

Strain energy density for a differential elenment is given
by
auo

T
{o} {d¢}’ I.16
where

{o} [E] {e} . I.17

Substituting 1.17 into 1.16 yields

ano [[E] {e} 1T {de}

= {e}f [E] ({de}

Integrating duo fromo to the final state

_ €
0, fo {eY'[E] {ae}

(=
il

L{c}T[E] (e} ,

and, the total strain energy Uis given by

U - ,[ Uodv |

Vol

or r
U=1% J {e}Tgy {e} av I.18
The total external energy Wis given by

T T T
W = f{Ub} {fb} av + f{US} {£s} as - {a} " {p},
v S I1.19



wher e:
{u}

{£b}

Di spl acenent at any poi nt

Body forces
{fs} = Applied surface forces
{p} = Applied nodal forces

Ther ef or e:

n=% f{e}T[E]{E}dV —f{ub} {fb}dv - ’
v

X7
v

l{us}T{fs} as - {a)y {pr . I.20

In the finite elenent nethod, displacenents {u}
can be described in terns of the nodal displacenments {d}l
and shape functi ons.

{u} = [INn] {a}

The strain {e} within the element can be expressed in
ternms of nodal displacenent as

{e} = 1[B] {al} .

Now, total potential energy I can be expressed in terns

of shape functions and nodal displacenents
I=1 f{d}T (81T [El[B]{d}av - f{a}T [(n17 {£b Yav
v v

- f{d}T[Ns]T{fs}ds - @y
S

Mnimzing total potential energy with respect to nodal

di spl acenents results in equilibruimequations. Thus:



dn T _ T
T - .[[B] [E][B] {d) av ﬂN] {fb}dv

- f[mT{fs} s - Y =0
S

or Jr T . .
[B] [E][B]{a} av = JIN]™ {fblav + JIN]" {fslds
v v S
+ {P}
[K]{a} = {f} (Equilibruim EQ)
[K] = f[B]T[E][B]dV (Stiffness Matrix)
v
[ :
{£} = JINI" {fb}av + lm] {fs}ds + (P}
Y
(Equi val ent Nodal Forces)
Consi der the exanple of an axial nmenber that was
di scussed in the previous section. It was found that

t he shape function for the menber is

X X
[N] = [N; N2] = { T :}

and the displacenent at any point is of the form
U(x) = [N]{U}

and strain e = ey is the derivative of U(x) with respect to

_du_ ) 1 104Uy
€x ~ dx L L U. 14
]

for which the general synbolismis

X.

{e} = [B] {U} ,



where
o _ )1 1
[B] - [Bl le - { L L}

The total potential energy I, assum ng constant

[E] and A, can be written as

L

- %{U}TJL [(817[Blax1{v} - {u}T ff [n]Tax
0

0

Mnimzing T with respect to U results in

all = ¢ = EAfh (B1T[Blax{u}- 'ff [N]Tax ,
d {u} 0 0

wher e

[K]

1
EAf [B]T[B]dx
0

EAf {Bz} [B; B2

0
1 Bi B1B>
= EA 2| dx
o |B2B1 B2

Substituting for [B]

[K] = EA 0
1 1
[ hef B
I
k=2

This result is identical to that obtained by the Direct

Appr oach.
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CHAPTER II
ELEMENT FORMULATION FOR

PLANE STRESS OR PLANE STRAIN

El ement fornulation is done by considering a two-
di mensi onal parabolic isoparanetric element shown in Figure

II.1.

X = Gaussi an

Sanmpl i ng
Points

X

Figure II.1  Two-dinensional parabolic isoparane-
tric el ement

The transformation of element co-ordinates §, n

to 0 the global Cartesian co-ordinates is done by the

use of shape functions [N].

Ni(§&, NXi

<
i
-[\/Joo

i=1

8

Y = jg Ni(g n) Yi P
i=1
form

or, in matrix

HE



The shape functions for this elenent are given

as foIIows:3

For the corner nodes (1, 3, 5, 7)
N; = %(l+gg;) (1+nni) (EEj+nni-1)

wher e

g, =tland ni = +1

For the md-side nodes (2, 4, 6, 8)

E. =0, Nji

5 L(1-€2) (1+nn;)

n.
1

L(1+EE5) (1-n2) .

0, Nj

The displacenment field for plane stress or plane

strain are U(g, n) and V(g n), which can be expressed

in matrix form as

ucg, n

8 Ui
V(E, V) ;gl * ’

where U; and v; are the nodal displacenents at node 1i.

The next step is to find strain {<}, where

€ x
U.
{€}= ey = [B] {l}
Vi
Y Xy
[B] is the strain matrix and can be eval uated

by the foll owi ng procedures.

30. C zienkiewicz, The Finite El enent Met hod (London:
MG aw Hi ||, 1977), pp. 155-157.
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oON;
9 x 0
[B] =
=1 0 ON§
oy
oN; oN;
oy oxX

- du , 3 Ju 9
Ur &= 55 5t T Ty E
U,n = 22 o ax + EE [ gx
X on Ay an
In matri x form
— -
39X % U,x
u, & E E '
u, n| 3% ay vry '
an on
L -

1]
o
‘C‘.C!.
X

where [J] is <called Jacobian of Transformtion. The
derivative of U wth respect to global co-ordinates X

and y is performed by inverting [J].

u,Xx _ -1 u, £
{P,Y} = ] {;,n}

This procedure is the same for nodal displacement-V.



Ther ef or e,

U,x

U -
Y _ (7] 1

V,Xx

V,y

The strain-displacenment relationships are

exX
YXY
or
U,x
{e} = ol
V,x
V,y
and we know t hat
P f& INi
u i,
2= = U
3E < st
U ONi

or, in the matrix form

[ al

[51°
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Vi
U, n Usp
= [v] v3

v, §
v, n Ug
Vg

Substituting this expressionin {z} results in
(8] = [all317% (v]

By knowing [B], the elenent stiffness matrix [K]

can be found.

(K]

S [(8]T(DI(Blav
7

i (8]1T{D](B]tdxdy

Area of an elenent dx dy can be determned by

t he expression '
dx dy = det[jld€ dn
Substituting this in [K] results in
(K] = i (817(D1(8]t det(ild dn .
A nunerical integration is adopted to evaluate

these stiffness integrals. Using the Gauss quadrature

formula which states that [X] matrix can be sol ved by

L[t 2 1
f(x,y)dxdy = o, Y WiWwjf(xi,x3j) ,
-1 j=1 i=1

wher e

Wi, w3 = weight function



ny, N2 order of integration

Xi, xj sanpling points

The last step is to find stresses. Fromthe strain-

di spl acenent rel ationship

{e} = [B] {u}

The stress at any point within the element my be witten

as

{o} [D] {e}

{o} [D][B]{U}



18

CHAPTER III
COVPARI SON OF FRONTAL SOLUTI ON TECHNI QUE
W TH THE BANDED SOLUTI ON TECHNI QUE

The method that is adopted in equation solution
is a direct factor causing the efficiency of a Finite
El ement program Two nethods will be described in this

section, which are as foll ows:

III.a). BANDED SCLUTI ON TECHNI QUE

A matrix is banded if all the nonzero coefficients
are |located about the diagonal and the zero coefficients
are outside, above and bel ow

The nunber of nonzero coefficients in stiffness
matrix [K] is independent of how nodes are nunbered. But
changi ng the node nunber changes their arrangenent. Figure
ITI.1 shows a banded matrix wth sem-band width M
The size of M depends very nmuch on the node nunbering
therefore, node nunbering is very inportant in banded
solutions. The sem -band wi dth Mcan be obtained as foll ows:

M = (D+1)x[number of degrees of freedon ,
wher e

D = Maxi num di fference between any two node nunbers

in any el ement.
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<M ->‘

J(—‘Z—’-
O

O

o

Figure 11I.1 Banded Stiffness Matrix

It is very inportant to mnimze M by choosing
the right node nunbering. However, in problens where
el ements have midside nodes or large three-dinensional
problens, band wdth mnimzation is very difficult.
Therefore, analysts use other mnmethods, like the FRONTAL
TECHNI QUE. The FRONTAL TECHNIQUE will be discussed in
detail in the next section.

To wunderstand the concept of band solution an
example will be considered which has one degree of freedom

per node.4

409, C Zienkiewi cz, The Finite El enent Method (London:
MGawH Il, 1977), pp. 178-204.
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2 4
[2]
[1] [3]
1 3 5
3 4
X
X X X
X + X | x + X x | x g
X X X X X
X X X
X
+ A +
X X
xv X
X
X
X
X
X
X
M=3
Figure II1l2 A Typical Finite Elenment Structure



Figure 111.2 shows a finite elenent structure
that consists of three triangular elenents. Assum ng
that elenent properties are in global co-ordinates we
can substitute each stiffness component [Kj4] in its
position. This is done separately for each elenent. The
final step is to assenble all the equations. Assenbl y
can be acconplished by adding all the terns in correspondi ng
spaces of the global matrix.

For this exanmple the band width M= [(5-3)+1]x1 = 3.
Consider now the node nunbering illustrated on Figure
111. 3. In this case the M= [(5-2)+1]x1 =4 and this

i ncreases the storage requirenent.

[2]

[11] [31]

Figure 1I1I.3 A Typical Finite Element Structure

ITI.b). FRONTAL SOLUTI ON TECHNI QUE

The Frontal solution technique has been devel oped
for the solution of finite elenment equations and is based
on the Gaussian reduction process. The main feature of
the frontal solution is to assenble the equations and

elimnate them at the sane tine. Once the coefficients



of an el enment are introduced and assenbl ed the correspondi ng
nodes can be elimnated. This elimnation wll |eave
gaps for new nodes as the front noves to the next elenent.
Thus, when the [K]y for elenent | of Figure Ill.4.a is
added to the structural stiffness matrix, variables 1,
2, 3, 8 and 11 are elimnated imediately, |eaving zero
rows and columms. Now [K]yy for elenment II is introduced
into the structural stiffness matrix; nodes 5, 6, 7, 10,
13, and 18 through 20 are added to the stiffness matrix.
The total nunber of active variables in the front is 15.
Now, the front noves to el enent III and vari ables 4 through
7, 9, 10, 12 and 13 are elimnated |eaving zero rows and
columms for the new variables 22, 23, 25, 26, and 30 t hrough
33. The front noves to element IV and variables 18, 19,
20, 23, 26, 33, 32, and 31 are elimnated |eaving zero
rows and colums for the new variables 21, 24, and 27
t hrough 29. After assenbly of elenent IV the front consists
of 12 vari abl es.

Figure 111.4.b shows the graphical representation
of Frontal Techniques applied to the finite el enent assenbly
of Figure Ill.4. a Figure IIl.4.b shows that when el enent
IIT is assenbled the new coefficients in the front are
21, 22, 24, 25 and 27 through 30. The vari abl es that
conmprise the stiffness matrix [K] are 14 through 20,
21, 22, 24, 25, and 27 through 30, therefore, the size
of the matrix [K] is 15 x 15 while the banded solution

has a band width of [(30-14)+1] = 17.
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24 $25 126
[1vl [111]
21 122 23
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11 12 413
8 (1] ¢ 9 [1I] e10
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Figure III.4.a Finite elenent assenbly

[ -+ 30
A 29
NODE 5a
NUMBER 27
:2,-6 - 25
24
& , 22
' g
s e ¢ 17
15
* 414
+ 12
e 9
- 4
I ITI ITI Vv

Figure 1III.4.b G aphical representation of Frontal
t r eat ment
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Some other significant features of the Fronta
Techni que are expl ai ned as fol | ows:

1). The nodes may be nunbered at random but
the efficiency of the solution depends on the elenent
nunbering and is very crucial. In general, the objective
in nunbering elenments for a Frontal solution is to keep
a common boundary between elenments nunbered in sequentia
or der. This 1is opposite to the requirenment for a banded
sol uti on.

Consider a ring structure shown in Figure 111.5.
The banded sol ution technique requires an artificial order
of node nunbers to obtain a snall bandw dth, but the order

of elenents for the Frontal solutionis critical

15

Banded Techni que Frontal Techni que

Figure III.5 Nunbering of nodes and el enent
for ring structure



2). Consider a structure shown in Figure 111.6.a
If the mesh is too coarse is sone region, sinply change
the mesh with adding an el enent. This has little effect
on the Frontal Technique Figure (III.6.b), but a banded
solution may demand extensive re-nunbering to prevent

a large bandwi dth (Figure III.6.c).>

1 2 L3 -7 9 11

10

v )

a
1 2 4 7 9 11
3
L
5 8 10
12 3
6
b
1 2 4 8 12 14
3
9
° ~ 11 13
Figure 11I1.6
Mesh refinement with 6 10
band and Frontal Techni que
C

SBruce M Irons, "A Frontal Sol ution Programfor
Finite El ement and -Analysis™ I nternational Journal for
Nunerical Methods in Engineering (vVol. 2, 1970), pp. 5-12.




For a better understandi ng of the FRONTAL Techni que,
a nunerical exanple is considered here. Figure III.7
shows a structure broken into 3 elements. Assum ng one
degree of freedom for node, the stiffness and | oading

for each el enent are:

1 -1 1] Wy 4
|1 1 3] Wi 4
2
q
I
13 5  Front
111 I
L1
1 N
4
2
I
111 I
1 5

Figure 111.7 Finite el ement assenbly for Frontal application

First consider the assembly of elenent | wth

node nunbers (3, 5, 4). The stiffness matrix would be



The front nmoves to element II and Wg can be elimnated

fromthe other two equations, therefore

-W3 t 2w + Wy, = 4 o
(EQ  111.1. El i m nated
Equati on)
i 1 0 3 ] V3 6
2 2
0 0 0 0 = 0
3 0 2 Wy 2
2 2

The second step is assenbly of element II. The
new variable for element II is Wy which takes the second

position of stiffness matrix.



111\\\\ I
1 N s

The stiffness matrix for element II can be written as

— ——

3 -1 3 W3 10
2 2
-1 2 1 Wy = 4
£l 1 11 Wy 6
2 2
L —

and the equation for the variable Wg would be

20y + Wy + Sy = 6 (EQ TIII.2)

The elim nation process yields

" 4 16 07| (¢ W3 80
11 1 11
-6 20 ¢ W2 = -32
11 11 11
0 0 0 0 0

’ IT II

I I 111 I




The front continues to nove to element III as
shown. The new variable in elenment III is W; which wll

take the third position of stiffness nmatrix.

—r

15 27 3 W3 124
11 11 11
-27 A2 W2 = 76
11 11 11
1 1 3 W1 4

Finally, all the equations are fully sumed and
the next task is to elimnate w; and Wws.
WB + wy + 3w =4 (EQ 111. 3)

The elimnation of Wy yields:

T34 92 o] W3 328
33 33 33
~92 115 Wy p= ( 184
33 3 33
0 0 0 0 0
| —
The elimnation of wy yields:
-92 115 . _ 64
3503 + W = 33 (EQ III.4)
and
p—r— - "
-39.6 0 0 W3 475.2
0 0 0 0 = 0
L_ 0 0 0 0 0
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~39.6W3 = 475.2 (EQ TIII.5)

From the last equation W3 and by back substitution the

remai ni ng vari abl es can be obtai ned.

W3 = -12
Wy = -8
w; = 8
Wy = 8
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CHAPTER | V
COVPUTER PROCEDURES FOR FI NI TE ELEMENT PROGRAM

The conmputer program that is given in Appendix B
can be wutilized to solve linear two-dinensional plane
stress or plane strain problens and pl ate bendi ng probl ens.
The general form of program organization is shown in Figure
Iv.1.6 In order to execute the program the follow ng
codi ng nmust be used:

FIBSPDISKPInputpPName

LOAD MAI N

START

The first step to solve a problem is to input
the information required by the program This information
has to be in specified formats which is presented in detafl
in Appendix A The given input data are automatically
checked by the subrountines, Check 1, ECHO and Check
2. If any errors are detected, a set of nessages wll
be printed and the programw || stop running.

The second step in finite elenent progranm ng
is the solution and output to performthe actual analysis.

The accuracy of results and execution tine are

main concerns in finite elenment progranm ng. A large

6oktay Ual, Finite El enent Method (New York: Intext
Press, 1973).
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< CHECK 1 :
<—{ NODE X ¥ )

Loop Over Total Number of Problems

G ‘ ECHO
INPUT < [ GAUSSQ ) == r“——‘-’/

CHECK 2

|

A~ PS
< MOD o
_— J < SFR2 '

STIF PS

P8
, . 4 JACOB2 = g

Y.\

PS
]
| < BMAT
;]
@ < >
g < DBE
T
i} . -
3 LOAD §S DA P
] B << ~
—t
—
<
1)
0]
>
&
Q
g FRONT
Q
—
!
PS
L] sme o

Figure Iv.1 Program Organi zation



percentage of the execution tinme goes into the solution
of the stiffness equations, and adopting a nethod to solve
the stiffness equations is a very inportant factor to
reduce the execution tine

The program shown in Appendix B uses the Frontal
Technique to mnimze the core storage requirenments. The
efficiency of the Frontal Technique wll conpare wth
the other nmethods (such as band techniques) throughout
t he exanples that are presented in the latter sections.

Once the data are read into the program the
solution to the problem begins. There are nine subroutines
that will performthe solutions, STIF, MOD, SFR2, JACOB2,
BMAT, DBE, LOAD, FRONT, and STRE. A brief description
of each subrountine is presented, as foll ows:

Subr outi ne STIFPS, STIFPB

This subroutine calculates the stiffness matrix
and stress matrix. Suffixes PS and PB denote plane stress
or plain strain and pl ate bendi ng.

Subr out i ne MODPS, MIDPB

This subroutine calculates the elasticity matrix
[D] for plane stress or plain strain and pl ate bendi ng.

Subr out i ne SFR2

This subroutine calculates the shape functions
[N] and their derivatives.

Subr out i ne JACOB2

This subroutine calculates the co-ordinates of
sanpling points, determ nant of JACABIAN MATRI X and its

i nverse, and Carti sian shape function derivatives.



Subr outi ne BMATPS, BMATPB

Thi s subroutine calculates the strain matrix [B.

Subr outi ne DBE

This subroutinew Il multiply matrix {D] by [B].

Subr outi ne LOADPS, LOADPB.

This subroutine will read the distributed, gravity,
and thermal loadings into the program and reduce them to
equi val ent nodal forces.

Subr out i ne FRONT.

This subroutine is very inportant in finite el enent
pr ogr amm ng. This subroutine wll assenble the elenent
stiffness equations and sol ve for the unknown displ acenments
as well as reactions and out put of the results.

Subr outi ne STREPS, STREPB.

This subroutine calculates the stress resultants
and principal stresses at the sanpling points and wll

out put the results.
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CHAPTER V
SAMPLE PROBLEMS W TH | NPUT AND OUTPUT

V.A). Thick-Walled Cylindrical Pressure Vessel Subject
to Internal Pressure.

The thick-walled pressure vessel shown in Figure
V.I is subjected to an internal pressure of 30,000 psi.

The nodul us of elasticity and Poisson's ratio are 30, 000 ksi

and 0.3, respectively. l

I

| |
|
> {
i

Figure v.1 Thi ck-wal | ed cylindrical pressure vesse
subjected to internal pressure
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This problemis treated as a plane strain problem
and because of symmetry one quadrant (%) of cross-section
wi || be considered.

The accuracy of the solutions using the finite
el ement program given in Appendix B will be conpared wth
t he exact solutions (see section VvI).

The finite elenent mapping for this problem is
given in Figure V.2 The problem is divided into nine
el ements and 40 nodes. Nodes one through seven are fixed
from noving in the y-direction while nodes 34 through

40 are fixed in the x-direction.

F B B = 3 %
} 2 3 4 § G 7

Figure V.2 Mesh generation for pressure vesse
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Once numberi ng of nodes and el ement s are
established, data can be input to the program according
to the coding described in Appendix A.1l. The out put

produced by the programis shown on the follow ng pages.



TOTAL WO,

OF PROBLEM =,

NODE NUMBERS

PROBLEM NO.
NPOIN = 40 NELEM = 9
NHATS = | NPROP = 5
ELEﬂfNT FROPERTY
1
2 1 3
3 | 5
4 1 12
S 1 14
6 1 16
7 1 23
8 1 25
9 | 27

NODAL POINT COORDINATES

NODE

CONDPUADWN-

24

X
4. 000
4.500
5.000
3.500
&6.000)
7.000
3.000
3.664
4.82%
5.795
7.727
3. 464
3.697
4,330
4.743
3.196
6.062
6.928
2.828
3.9533
4.242
S5.457
2.000
2.250
2.500
2.750

2
4
6
13
15
17
24
26
28

“aan

NVFIX

NGAUS

3
5
7
14
16
18
25
27
29

THIC CvLI
= 14

= 3

9 14
10 16
11 18
20 25~
24 27
22 29
31 3
32 38
33 40

ERT T un»
NCASE = 1
NDINME = 2
13 12 ;]
15 14 9
17 16 10
24 23 1v
26 23 20
268 27 21
35 34 30
37 36 an
39 38 32

NTYPE =

NSTRE =

2

3

NNODE =

NEVAD =

8

16

NDOFN

8¢



“ coe eI s b0

208 3. 500 &.062
29 4. 500 6.928
30 1.033 3.864
3t 1.294 4.029
32 1.9333 5.793
33 2.070 7.727
34 0.0 4.000
35 0.0 4.500
36 0.0 35.000
37 0.0 3.500
38 0.0 6.000
39 0.0 7.000
40 0.0 8.000

RESTRAINED NODES

NODE CODE FIXED VALUES
2
t 01 0.0 0.0
2 01 00 0.0
3 o1 0.0 0.0
4 o1 0.0 0.0
S o1 0.0 0.0
6 0ot 00 0.0
7 o1 00 0.0
34 10 0.0 0.0
39 10 0.0 0.0
36 10 00 0.0
37 10 0.0 0.0
38 10 00 0.0
39 10 0.0 0.0
40 10 0.0 0.0

MATERIAL PROPERTES
NUMBER. PROPERTIES

1 0.300000E+03 0.300000E+00 O0.100000E+01

AX FRONTWDTH BENCOUNTERED = 24

s PRES FRE L DING a»
(0] (0] 1 (0]

NO. OF LOADED EDGES=, 3

LIST O LOADED EDGES AND APPLIED LOADS,
1 12 8 1

30000.000 300a0.000 30000.000 0.0 0.0
4 23 19 12

30000.000 30000.000 30000.000 0.0 0.0
7 34 30 23

30000.000 30000.000 30000.000 0.0 0.0

0.0

0.0

0.0

0.0

LOAD CASE =

(78]
[¥e)
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o U N w

TOTAL NODAL FORCES KR EACH ELEMENT

0.1070E+03 0.3996E402 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.9300E+04 0.53Z0E+04 0.4000E+05 0.1072E105
0.0 0.0 00 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.9240E+04 0.3400E+04 00 0.0 0.0 0.0 0.0 0.0 ‘
0.0 0.0 0.0 0.0 0.S5400E+04 O.9240E+04 0.2920E+05 O.2926E+0%5
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 9.0 0.0 0.0

00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
©.5320E404 0.9300E+08 00 0.0 0.0 a.0 0.0 0.0

0.0 0.0 0.0 0,0 0.3998E+02 O.1070E+05 O.1072E+03 O.4000E +05
0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 ©0.0 0.0 %o

) 0.0 0.0 0.0 . 0.0 0.0 0.0 .0

g% 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0
0. 0
0.0
0.0

D SPLACEMENTS

NIE ) SID RS Y-DISP.
00

0. 760839E-02
0.673332E-02
0.441384E-02
0. 40083%E-02
0.549132E-02
0.3515524E-02
0. 43327LE~-02 .
0.733451E-02 0, 193549E-02
0.416682ZE-02 0. 162YI6E-02
0.544082E~02 0.143231E-02
0.463644E~02 0, 129754E~02
0. 65521 ¢E-02 0.37542SE~02
Q.595490E~-02 0. 341 &30E-02
0. 547527E-02 0.315399E-02
0.513071E~-02 0.294391E-02
0.43838BZE-02 0.277¢&5E~02
0.442293E~02 0.257453E~02
0.392193E-02 0.262533E-02
0.533022E-02 0.532923E-02
20 0.447286€E-02 0.44721 4E-02

22 0.3W3E02 0:3380%E-03

23 0.375481E-02 0,655077e-02
24 0.341719E-02 0.595357E-02
<5 0.315428E-02 0.549402E-02
26 0.2944128-02 0.51 2952E-02

00 00pPO
ocO0On O0O0Qo

BB RRRREBeovwourwn

0%



o.pP.

0.277673E-02
0.25764¢6E-02
0.262498E-02

0.483763E-02
0.442195E-02
0.392130E-02

0.193572E-02 0,733306E~02
31 0.162948BE-02 0.614535E-02
32 0.143232E-02 0.543939E-02
33 0.129729E-02 0.463S16E-02
34 0.0 0.74604692E-02
33 0.0 0.6931846E-02
3 0.0 0.641230E-02
37 0.0 0.4600733E~-02
33 0.0 0.5689746E-02
39 0.0 0.515374E-02
40 0.9 0.483150E-02
REACTIONS
NODE XFORCE , Y+ORCE
1 0.0 -0.798552E+04
2 0.0 -0, 272535E+05
3 00 ~0.114931E+05
4 00 =0.202741E+05
3 0.0 =0. 15559ZE+0S
4 0.0 -0.296 108E+03
7 0.0 —0.78057%E+04
34 -0.798644E+04 0.0
35 —0.272S47E+05 0.0
36 -0.1 14940E+05 0.0
37 -0.20274%E+05 0.0
38 -0.155593E+05 0.0
39 -0.296077E+05 0.0
. 40 -~0,780483E+04 0.0
STRESSES
X-COORD. Y-COQORD. X~-STRESS
ELEMENT NO.= [}
i 4.1048 0.2462-0.26981E+03
2 3.9728 1.0442-0.22151E+03
3 3.6779 1.8390-0.12201E+03
4 4.4912 0.2694-0.21958E+05
3 4. 3465 1.1645-0.18043E+03
6 4.0242. 2.0122-0.94L01E+04
7 4.8776 0,.2926-0.15899E+03
8 4.7202 1.24640-0.12799E+05
9 4.9704 2.1654-0.54451E+04

V-STRESS XY-STRESS

0.46634E+035-0.45841E+04
0.42331E+05-0. 16821E+03
0.32761E+05-0.30212E+03
0.40148E+05-0.39314E+04
0.36372E+05-0. 15974E+05
0.28320E+05-0.23372E+03
0. 36053E+05~-0. 33395E+04
0.32766E405-0. 13473E+05
0.260L0E+05-0, 21 ASSE+05

I-STRESS

0.58961E+04
0. 460540E+04
0.61482€404
0,.54548E+04
0.3498CE104
0.356579E+04
0.8604L1E+04
0.59902E+04
0. 61845E104

MAX P.S. HIN F.S.

0. 44691 7E403-0. 27265E+403
0.47423E+035-0.27243E+03
0.47937E+05-0.27378E+03
0. 40396E+05-0.22204E+05
0.4071LE+05-0.22387E+05
0. 41222E405-0.223463E+03
0.346273E405-0. 161 19E+0S
0. 36452E+03-0. 1 6484E+0D
O, LI Z4E403-0. 1 6309E+0T

ANGLE

3.54%6
15.4373
246.6734

3.6077
15,2107
24.7734

3.7171
15.2997
26.8948

v
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ELEMENT NO,=
5.1026
4.9379
4.5717
S.4871
5.3120
4.7133
3.87357
5. 63461
5.2c4646

ELEMENT NOQ, =
6.2132
6.0127
S.5670
6.98¢43
&.7610
6.2577
7.7594

7.5093
6.9524

ELEMENT NO,=
3.431 4
2.9077
2.2655
3.7546
3.1615
2.4768
4.0777
3.4553
2 692%

ELEHENT NO,=
4. 2458
3.6147
2.8163
4.5889
3.8885
3.02%7
4.9121
4.1423
3.2430

ELEMENT NO, =
5.1780
4.3515
3.3733
5.7907
4.8245
3.8061
&.4371
5.4473
4.4972

2
0.3061-0.13720E+05
1.3232-0. 10993E+03
2.4862-0.449335E+404
0.3293-0. 10343E+05
1.4235-0,.8L864E4+04
2.4595-0.30423E+04
Q. 3525-0.74690E+04
1.5238-0, S8367E+04
2.6327-0.10067E+04

3
0.3566-0.70210E+04
1.5613-0.36404E+04
2.7339 0.32008E+03
0.3671-0.30807E+04
1.6365-0.19922E+04
3.0801 O.135250E+04
0.4 153 9. 70907E+03
1.9617-0.19975E+03
3.6926 0.25774E+04

4
2.2653-0.43483E404
2.9077 .0.10&88E403

0.33770E+05-0.31823E+04
0.20A70E+03-0, 1 2432E4+03
0.24333E+05-0. 1 9748E+05
0.30300E+035-0,28779E+04
0.27532E+405-0. 10892E+05
0.22094E+03-0.17207E+03
0.27728E+05-0, 26284E+04
(. 2Z5447E4+03-0,95140E+04
0. 2077CE+03-0. 14914E+03

0.26471E4+05~0, 16624E404
0.25541E+05-0, 69855E+04
0.2 108LE+05~0, 1 2285E+05
(1. 28728E+05-0. 11132E+04
0.21220E+05-0, 632568E+04
0.16913E+05-0. 10238E+05
0.227 146E+05-0, 10537E+04
0. 16Z47E+03-0. S6509E+04
0. 1494 2E+05-0.85193E+04

0.25 1 70E+09—-O, 34678E+03
0. 104690E+05-0,374627E+05

3.4314 0.25164E+053-0.43487E404-0.344735E+4+03

2.4788-0.30634E+404
3 168135 0.94448E+04

3.7546 0.21303E+03~

2.6922-0.15714E+03

3.4593 0.10107E+03
4.0777

5
2.8163
3.6147
4.2658
3.0297
3.8885
4.5889
3.2430
4. 1623
4.9121

0.4793¢LE+0I
0.10177€E+03
0. 19442E+05
0. 42361E+04
0.94514E+04
0.17821E+05
0.26499E+04
0.99153E+04
0.1707LE+05

6
3.3793
4.3515
5.1780
3. 8061
4.8245
5.7907
4.4992
5.4475
6.4371

0.2275Z2E+04
0.463405E+04
0.16542E+03
0.36933E+04
0.95548E+04
0. 13219E+05
0. 648465E+04
0.99299E+04
0.14 137E+05

0. 21809E+05-0, 29239E+03
O, P4670E+04-0, 31 769E+0T
0.30620E+04~0.29238E+03
0.20524E+05-0.24499E+05
0.10110E+03-0.264658E+03

0. 2051 9E+035-0. 1851 9E+03-0.24499E+05

0. 19447E4+05-0. 2244 9E+05
0.10181E+05-0, 24335E+05
0.4E325E+03-0. 22470E+403
0.17824E+03-0. 1 9SS0E+03
0.94544E+04-0, 21 204E+05
0. 12387E+404-0, 19S51E+03
0.17078E+03-0. 16926E+09
0.991 72E+04-0Q. 18389E+0S
Q. 26716E404-0, 16928E+05

0. 146544E+03-0. 15179E+405
0. 463427E404-0, 17761E405
0.22747E+04-0.13181E+03
0.1522GE+05-0. 12122E+05
0.99562E+04-0, 12809E+05
0.5894SE+04-0. 12124E+03
Q. 14136E405~0, 94321E404
0.92306E+04-0,.94016E+04
0. L483¢LE104-0, 94398E+04

0. £4£0150E+04
0.59032E+04
Q.57474E404
0.58372E+04
0.56327E+04
0.57134E404
0.461314E4104
0.58331E+04
Q.59375E+04

0. S83S0E+04
0.45703E+04
0.64222E+04
0.6494 1E+04
0.374632E+04
0.35315E+04
0.70274E+04
0.54143E+04
0.3524625E+04

0.462405E+04
0.64 134E+04
0. 62385E+04
0.546237E+04
0.54795E+04
0.56224E+04
0.41094E+04

0.460650E+04
0.61092E+404

0.39776E+04
0.41074E+09
0.59776E+04
O\ 57181E+04
0.57918E+04
0.571768E+04
0.39244E+04
0.594968E+04
0.57243E+04

0. S564463E4+04
0. 38050E+04
0.54452E+04
0.433446E404
0.57333E+04
0.463347E+04
0.618466E404
0.59582E+04
0.61875E104

O, A37B2E+05-0, 13932E+0S
0, 34098E4+05~0. 14420E40%5
0, 34410E+05-0, 14AS18E+05
0, 30500E+05~0. 1 1043E+0S
0, 30555E+05-0. 11 710E+0S
0, 30333E+05-0, 11 787E+0S
0,221 22E4+05~0. 76630E+04
0, 26130E+05-0, 85200E+04
0. 28370E+05~-0.85784E+04

0. 2¢553E+05~-0. 71033E+04
0.27127E+03~-0.522464E+04
0.26789E+03-0.953814E+04
0. 24772E+05-0.31252E+04
0.22832E+05~-0.346042E+04
0.22026E+035-0.35879E+4+04
Q. 22767E4+03 0, 65873E+03
0. 19341E+05-0. 1 7932E+04
0. 19302E+03-0. 17607E4+04

0. 48093E+03-0,27291E+05
0.48316E+03-0.26938E+03
0.48085E+05-0.27291E+05
6.4 t147E+035-0.22401E+03
0.4 §1235E+03-0.22303E+05
0.4 $1142E+05-0,.22401E+03
0.36774E+05-0. 16410E+05

0.34764LE+05-0. 16F49E+05
0, 386773E+05-0. 16409E+405

0, 34351E+03-0. 14425E+05
0.34514E+05-0. 14156E+09
0. 343T0E+05-0. 1 4425E+05
0.30747E+03-0. 11704E+05
0.30857E+03-0. 11551E+05
0.307464E+4035-0.11707E+05
0.28270E+403-0,.85216E+04
0. 28305E+03-0.684725E+04
0.28270E+03-0.85227E+04

0.26183E+03-0.73417E+04
0.24102E+03-0, 11419E+05
0. 26182E+03-0, 734631E+04
0. 23546E+05-0. 24303E+04
0, 223464E405-0. 32530E+(4
0.23547E+03-0. 24312E+04
0. 204F86E+0D 0. 12675E+03
0. 17332E+405 0,.852871E+03
0, 20498E+05 0, 12762E+03

R P
19,4140
26 91 3

3.9820
15.5124
26.9247

4.2213
15,6365
26,9142

2.8344
12.7914
24.8990

2. 2887
14.29¢44
26.9373

2.73%0
15.7470
26,9762

33. 4654
44,9795
~33. 4647
&3.4792
44.9990
~33.48179
33.5571
44,502
~33.541G

33.5%5¢e1
44,9972
~-33.5432
33.30%573
44,9931
~33.95100
33.4723
44,9997
-33.4751

32,4112
44. v780
~32.4154
34.4814
44.998%5
-34.4247
33.9707
44,9984
-33.9732

v



NONOCC DWN- O WNOONWN -

DO N U WN -

ELEMENT NO,=
1.83%0
1.0L42
0.2462
2.0122
1.14645
0.2694
2.1854
1.2643
0.292¢

ELEMENT NO,=
2.2062
1.3232
0. 3061
2.459S5
1.4233
0.3273
2.6327
1.5228
0, 3525

ELEHENT NG, =
2.7339
1.5613
0.3544
3.0801
1.6845
0.3691
3.4926
1.9617
0.4153

7
3.6779
3.9720
4.1048
4.0242
4.3465
4.4912
4.3704
4.7202
4.8776

8
4.5719
4.9379
5.10286
4.9163
39.3120
3. 4891
3. 2646
S.4861

'5.8757

b4
5.3670
6.0127
6.2132
6.2397
b.7610
6.98463
4. 9524
7.5093
7.7594

0.32756E+05-0. 12201E+05-0.30210E+03
0.42323E+03-0.22153E+03~-0. 13819E+03
0.4662BE+05-0.2677BE+(03-0.45823E+04
0.28317E+405-0, 94590E+04-0, 25371E+03
0.34364E+05-0. 16044E+05-0.'15975E+03
0.40143E+05-0. 21957E+405-0.39303E+04
0.26058E+05-0.54437E+04-0.214354E+03
0.32762E+05-0. 12799E+05-0. 1 3473E+05
0.34049E+05-0. 1 5873E+05-0. Z3089E+04

0, 24383E+05-0.44929E+04-0, 1 9740E+05
0. 3066 6E+05-0.10794E+05-0, 12432E+03
0.33767E+05-0. 13719E+03-0.318168E+04
0.22092E+405-0,30485E+04-0,17207E+03
0.27529E+403-0.8L872E+04-0, 10892E+03
0.30298E+405-0. 1084 1E+05-0, 26778E+04
0.20798E+05-0. 10079E+04-0., 1 4915E+05
0. 2544 4E+05-0,56571E+04-0. Y51 43E+04
0.27927€+05-0. 7T465LE+04-0,.26287E+04

0.21084E+05 0.3190ZE+03-0. 12284LE+03
0.25541E+03-0.34401E404-0, 69854E+04
0.26471E+03-0.70194E+04-0. 1£427E+04
0. 1691SE+0T 0. 15246E+04-0.10239E+403
0.21221E+03-0. 19922E+04-0.4632464E+04
0.24730E+4035-0.30793E+04-0.11137€E+04
0. 14965E+03 0.25601E+04-0. 865204E+404
0. 18250E+05-0. 19987E+03-0.56319E+04
0.22721E405 0.71022E+03-0.10545E+04

0. 6144L4E+01
0.4603509E+04
0.38948E+04
0.56573E+04
0.54947E+04
0.345359E404
0.61844E+04
0,.59887E+04
0.604533E+04

0.594671E+04
0.39017E+04
0.60142E+09
0.57132E+04
0.36352¢E+404
0.508373E404
0.39349E+04
0.50826E+04
0.461323E+04

0.464218E+04
0.65702E404
0.58355E+04
0.55316E+04
0.574684E404
0.44933€E+04
0.852434E+04
0.34130E+04
0.70293E+04

0. 47¥33E+05-0, 27378E+03
0.47414E+05-0.27244E+03
0. 4¢4912E+405-0.27243E+0%
0.41219E+05-0,.22341E+05
0.40710E+035-0. 22388E+03
0. A0391E+05-0.22204E+03
U, 34923E+05-0. 16308E+03
0. 346448E+03-0. 1L485E+03
0.36269E+035-0.16118E+05

0.34409E+05-0. 14518E+03
4, 33054E+405-0. 14422E+05
0.33979E+05-0. 1373LE+0S
0, 30832E+03-0. 1 1 786E+05
0, 30552E+05-0. 11710E+03
0.30499E+405-0. 11041E403
0. 28370E+05-0,.85800E+04
0,.28129€+05-0.85205E+04
0,28121E+403-0.74797E+04

0.26789E+403~-0, 33830E+04
0.27127E+05-0.52262E+04
0, 26553E405-0. 7101 7E+04
0.22028E+05-0.35889E+04
0.22833E+403-0.34044E+04
0.24775E+05-0.31239E+04
0. 19305E+03-0. 17607E+04
0. 19844E+4035-0. 17934E+04
0.22771E+05 0.45982E+03

—-26.47
-15.1371
-3.5497
~26.7741
-15.2111
=-3.6070
-26.68577
~-15.30095
-3.7149

-26.914¢
-15.4151
-3.€6164
~26.9.04
-13.513%0
~-3.98:2
-26.7144
—~15.63%4
-4.,2222

-24.89972
-12,7921
-2.63%%
~26.93274
-14.29%¢8
~-2.287%06
-26.9944
-15.7475
—-2.736¢

KS
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V.B). SIMLY SUPPORTED SQUARE PLATE
Consi der a square plate shown in Figure v.3. The

plate is sinply supported around the edges with the nodul us
k

in2
respectively. The plate is subjected to a wuniformy

of elasticity and Poisson's ratio of 10920

and 0.3,

distributed |oading of 1 unit and has a thickness of 0.1".

N

z

S.S 2" S.S

b 4

S.S X

Figure V.3 Simply supported square plate

The plate is divided into four symretrical sections;
for finite elenent mapping only one quadrant is considered
(see Figure V.4 ). The accuracy of the Finite Elenent
Method solution will be conpared with the theoretical

solution (see section VI).
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Figure v.4 Mesh generation for sinply supported pl ate

The boundary condition requires that nodes 1 through
5 are restrained from noving in the z-direction, but have
rotation about the x-axis. Nodes 1, 6, 9, 14, and 17
are restrained from noving in z-direction, but nay have
rotati on about the y-axis. For nodes 17 through 21 the
rotation 6x is restrained while nodes 5, 8, 13, 16, and
21 are restrained in rotation about y-axis 9y,

The instructions for preparing the input data,

for this problemare given in Appendix A2



TOTAL NO. F PROBLEH =» 1

PROBLEH NO 1 #uuS PLY FPOR D FILL Ewus
NPOIN = 21 NELEM = 4 NVFIX = 16 NCASE = 1 NTYPE = o NNON = 8 NDOFN =
NHATS = 1 NPROP = 4 NGAUS = 2 NDIME = 2 NSTRE = 5 NEVAD = 24
ELEMENT  PROFERTY NODE NUMBERS

1 ] i1 2 3 7 1 1 1 0 9 =6

2 ] 3 4 5 8 13 12 11 7

3 1 9 10 11 15 19 168 17 14

4 1 11 12 13 16 21 20 19 15

NCODAL POINT GCOORDINATES

NCE X Y

1 0.0 0.0

2 0.250 0.0

3 0.500 0.0

4 0.750 0.0

5 1.000 0.0

b 0.0 0.250

7 0.300 0.250

8 1.000 0.250

9 0.0 0.500
10 0.250 0.500
| 0.500 0.500
12 0.750 0. 500
13 1.000 0.500
14 0.0 0.750
135 0.5060 0.750
16 1.000 0.750
17 0.0 1.000
18 0.250 1. 000
19 0. 300 1.000
20 0.750 1.000
21 1.000 1.000

9Y



6 Ul vV (VAU (ONU
8 010 0.0 0.0 0.0

9 101 0.0 0.0 0.0
13 010 0.0 0.0 0.0
14 101 0.0 0.0 0.0
16 010 0.0 0.0 0.0
17 101 0.0 0.0 0.0
18 @01 0.0 0.0 0.0
19 001 0.0 0.0 0.0
20 001 0.0 0.0 0.0
21 01t 0.0 0.0 0.0

MATERIAL PROPERTIES
NUVBER PROFERTIES
1 0.109200E+03 0.300000E+00 O.10Q000E+00 0. 100000E+01

AX FRONTUIDTH ENCOUNTERED = 30

Ly

UNF RMLY ISTR UTED OAD LOAD CASE = 1
0
TOTAL NODAL FORCES FOR EACH ELEMENT
1 -0.2083E-01 0.0 0.0 0.83336-01 0.0 0.0 -0.2083E-01 0.0
0.0 0.8333E-01 0.0 0.0 -0.2083E-01 0.0 0.0 0.8333E~01
0.0 0.0 ~0.2083E-01 0.0 0.0 0.83%3E-0% 0.0 0.0
2 -0.2083E~-0t 0.0 0.0 0.68333E-01 0.0 0.0 -0.2063E-01 0.0
0.0 0.8333E-01 0.0 0.0 ~0.2083E-01 0.0 ¢ 000 0.8333E-01
0.0 0.0 -0.2083E-01 0.0 0.0 0.8333E-01 0.0 0.0
3 -0.2083E-01 0.0 0.0 0.68333E-01 0.0 0.0 -0.2083E-08 0.0
0.0 0.68333E-01 0.0 0.0 ~0.2083E-01 0.0 0.0 0.8333E-01
0.0 0.0 -0.2083E-0f 0.0 0.0 0.8333e-01 0.0 0.0
4 -0.2083E-01 0.0 0.0 0.8333e-01 0.0 ’ 0.0 -0.2083E-01 0.0
0.0 0.8333e-01 0.0 0.0 -0.2083E-01 0.0 . 0.0 0.8333E-01
0.0 0.0 -0.2083E-01 ' 0.0 0.0 0.6333E-0) 0.0 0.0
DISPLACEMENTS
NODE DISP. XZROT. YZ-ROT.
1 0.0 0.0 0.0
2 0.0 0.0 0.434907E-01
3 00 0.0 0.784444E-01
4 0.0 0.0 0. 100684E+00
3 00 0.0 0.107617E+00
& 00 0.434907E-01 0.0
7 0.192101E-01 0.2782346E-01 0.70356LE-01
8 0.263735e-01 0.0 0.74L695¢E-0O
9 0.0 0.78444TE~-01 0.0
+ 10 0.192103E-01 O.7033462E-01 0.27824SE-01 '

11 0.345671E-01
12 0.444402E-01
13 0.4746145E-01

0.3503236E-01
0.2460920GE-01
0.0

0.903246¢LE-01
0.630122E-01
0. &927700E-01



G,P.

14 uv.L

15 0.4446126-01
16 0.613140E-01
17 0.9

18 0.263745E-01
19 0.476161E-08
20 0.613147E-01
21  0.457597e-01

REACTIONS

NODE FORCE
0. 135821E-01
~0.1408217E+00
—0.426499E-01
=0.239376E+00

-0.373335E-01"

1
2
3
4
5
4 -0.148232E+00
8 0.0
9 -0,4246250E-01
13 0.0
V14 -0.259394E+00
16 0.0
17 -0.373372E-01
18 0.0
19 0.0
20 0.0
21 0.0

STRESSES

. JuusYULE YL
0.6501146E-01
0.0 )
0.107821E+00
0.9468974E--01
0.697602E-01
0.3644674E-01
0.9

XZ-MOMENT
~0.951028E-02
-0.395993E-01
~0.132917€-01
-0. 125450E-01
-0.315692E~02
0.0
-0.266027E-01
0.0
~0.242275E-01
0.0
-0.591322E-01
0.0

0.0

0.0

0.0
~0.162477€-01

X-COORD. \ &

ELEHENT NO=

A WNR

0. 1057
0.1057
0.3943
0.3943

ELEMENT NO.=

1
2
3
4

0. 6057
0.6057
0.8943
0.0943

ELEHENT NO.=

A WNER

0.1057
0.1057
0.3943
0.3943

ELEMENT NO.=

IV SR

Q. 46057
0.6057
0.8943
0.8943

COORD. X-MOMENT

1

o,
0.2609864E-01
0, 364722E--01
0.0
0.0
0.0
0.0
0,0

YZI-MOMENT
-0.95101t.E-02
0.0
0.0

-(. 394040E~- U1
0.0

~-0. 1329%3E- 11
0.0

-0. 129502014
0.0

-0.3 15808E-02
-0.2480723E-01
-0. 242337E-01
—0.591422E-01
~-0. 146245501

Y-MOMENY XV-MOMENT

XZ-S.FORCE YZ-S.FORCE

0.1057 ©0.10698E-01 0.104638E-01-0.11976E+00 0. 946990E-11 O, 97037E-01}
0.3943 0.30701E-01 0.27279E-01-0.94212E-01 0.41021E+00 0, 1977SE+00
0.1057 0.27280E-01 0.30700E-01-0.94212E-01 0.19784E+00 O.41014E+00
0.3943 0.88727E-01 0.88722E-(01-0,7444%E-01 0, 19329E4+00 0, 1952SE+00

2

0.1037 ©0.34178E-01 0.4139€6E~-01-0,43023E-03-0.91599E-01 O, SO0L1LE+00
0.3943 0.10760E+00 0.1174 1E+00~0.49804E-01 0.18062E+00 (. 29450E+00

0.1057 0.37728E-01 0.47724E-01-0.17548E-01

Q. LIBEOEAO0 0. 57774E+00

0.3943 O. I1952E+00 O, 134S2E4+00-0. 14133E-01-0.32232E-01 0, 330GSEH00

3

0.4057 0.41401E-01 0.34176E-01-0.63030E-01
0.8943 0.47734E-01 0.37734E-01-0.17549E-01
0.6057 0.1 1742E+00 O, 10740E+D0-11.'4981 3E-01
0.8943 Q. 13861E+00 0. 311954E+00-0. 14134E-01

4
0.6037 0.14371E+00
0.0943 0.16739E+00
0.6057 0. 19979E+00

0.14371E+00~0.3473YE-01
0. 1G932E+00-1 9EBGSE-02
0. 16737E+00~0. 95881E-02
0.0943 0. 18B0O0E+00 0. 18B02E+00-0, 294699E-02

0. S0607E+00-0, 91 4L9E-O1
0.87774E+00 0.11 387E+400
0.29503E +00 0. 1B308YE+00
0.33114E400- O, 22227E-01

0. 161 7VE1 0 O, 1L ZOSE+QO
0. ZOBLSE+00 O, 7 720TE-O1
0.7718LE-01 O, 20841E+00
Q.44721E-08 0, 44943E 01

3P



V.C) BAR SUBJECTED TO TEMPERATURE DI STRI BUTI ON.
Consider a free bar shown in Figure V.5 subjected
to a tenperature in such a way that T; = 1000°F and Ty =

500°F. The tenperature distribution for the bar is t(y) =

T1 - (T] - To)((2y)/d)2.

N
|
|
l

Figure v.5 Free Bar

The tenperature distribution is a function of
y only, therefore, for the finite el ement mapping a portion

of bar will be considered. This is shown in Figure V.6.
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Figure V.6 Mesh generation for |ong bar

This problem is considered as a plane stress
situation with thickness of one unit and the instruction
for preparation of input data is given in Appendix A.l.
The accuracy of the results obtained by the finite el ement
analysis will be conmpared with the theoretical (see section
VI ). The output for this problemis shown on the follow ng

pages.



1OVAL NO, OF PROBLEM =,
PROBLEM NO. 1
NPOIN = 37 NELEM = 8
NMATS = | NPROP = 9§
ELEMENT PRWERTY
1 | 1
2 | 3
3 | 9
4 ] [t
5 [ 17
IS 1 19
7 1 25
8 1 27
NODAL POINT COORDINATES
NODE X Y
'} 0.0 0.0
2 1.2%0 00
3 2. 500 0.0
4 3.730 0.0
5. 5. 000 0.0
& 0.0 0.125
7 2.590 0.123
e 5. 000 0.125
9 0.0 0. 250
10 1250 0. 250
I 2.500 0. 250
12 3. 750 0.230
13 5.090 0. 250
14 0.0 0.373
1s 2.500 0.375
16 $.000 0.375
17 0.0 0. 500
18 1. 250 0.300
19 2.500 0.500
20 3. 750 Q soo
21 5. 000 0. 500
22 00 0.625
* 23 2. 500 0. 625
24 5. 000 0.625
25 0.0 0. 750
26 1. 250 0.750
27 2.500 0. 750

NODE NUMBERS

2

4
10
12
18
20
26
20

NVF X

NGAUS

3

5

11
13
19
21
27
29

FREE AR U ER T PRAT E

it
13
19
21~

29
35
37

NCASE =
NDIME =
10 ]
12 11
18 17
20 49
26 23
28 27
34 33
3 35

]
2

14
15
22
23
30
3

NIYPE =

NSTRE =

|
3

NNODE =

NEVAB =

e

16

n



¥
P

prg 3
27

Z9
a0
31
32
33
34
3%
T
37

373.000
$735.000
€§73.000
875. 000
375.000
718.730
718.750
716,730
S0, 000
S00.000
500,000
300.000
300,000

TOTAL NODAL FORCES FOR EACH ELEMENT

-0.3031E+04
0.3283E+04
-0.3031E+04
0.5283E+04
~0. S5263E+04
0.4027E+04
-0.32683E+04
0.6027E+04
-0.4027E+04
0.5283E+404
-0, 6027E+04
0.35263E+04
~0.8283E+04
Q,.3031E+04
-0.5203E+04
0.3031E104

DISFLACEMENTS

~0.1984E+03
0.64%406E+03
~0. 1984E+03
0.4448E+03
-0.49L0E+035
0.46348E+03
-0.4940E+403
0. 4440E+05
-0.46448E+405
0.4940E+03
~0.6448E+03
0.4940E+03
~0.4446E+03
0.1984E+03
—0.4446E403
0. 1984E+03

0.7324€E-03
0.7813E-02
-0.3174E-02
0.3904E-02

0.1221E-02
0.1172E-01
0.5127e-02
0.0

0.6592E-02
0.3906E-02
0.2L86E-02
0. 110726-08
0.4199E-01
-0.7813E-02
0.3764E-01
~0.7813E-02

NODE

CURNUD WN -

- .-

-
N -

13
14
15
16
17

X-DISP.
0.0
~0.203421E+01
-0.104120E+01
0.43y043E-02
0.1049296E+01
0.204296E+01
-0.205487E+01
0.329371E-02
0.206340E+01
~0.20843SE+01
-0.103987E+01
0.2194625E-02
0.104429E+01
0.208899E+01
-0.210559E+01
0.109844E-02
0.210786E+01
—0.211998E+01)

Y-DISP.

~-0.4352537E+00
-0.421693E+00
-0.4246014E+400
-0.399825E+00
~0.408934E+00
~-0.380808E+00
-0.33669S5E+00
—-0.3371646E+00
-0.279492E+00
—0.234712E+00
-0.256725E+00
-0.232845E+00
-0.235873E+00
-0. 153387E+00
~0. 1334689E+00
~0.411772E+00
-0.2172)¢E-O}

-0.16B7E+06
0.18687E+04
-0.1687E+06
0.140LE+06
~0.2282E+06
0.2282E+06
-0.2202E+06
0.2282E+06
-0.2282E+06
0.2202E+04
~0.22082E+06
0.2282E+06
-0.1687E+06
0. 1687E+06
-0. 16876406
0. 1687E+06

0.3051E+04
~-0.35203E+04
0.3031E+04
-0.5283E+04
0.35283E+04
-0.4027E+04
0.3283E+04
-0.6027E+04
0.4027E+04
-0.3203E+04
0.4027E+04
-0.9283E+04
0.5283E+04
~0.3031E+04
0.5283E+04
-0.3051E+04

=0. 1984E+03
0.46448E+03
-0.1904E+03
0.4448E+03
~0.4960E+03
0.4448E+03
—0.4940E+05
0.6448E+03
-0.46448E+03
0.49460E+03
—0.6448E+03
0.49460E+03
-0.£4448E+03
0. 1984E+03
—0.46448E+03
0. 1984E+03

0. 14694E+03
-0, 1694E403
0. 14694E+03
-0. 1696E+03
0.2292E+05
-0.2292E+03
0.2292E+03
-0.2292E+403
0.2292E+03
-0.2292E+03
0.2292E+035
-0.2292E+03
0. 1696E+03
—0. 1696E+03
0.14698E+03
=0.14694E+03

—0.44L4E40S
—0.4444E+05
—0.4464E+05
-0.44464E+05
-0.14688E+0S
-0. 1483E+05
—0.1488E+05
-0. 1488E+0S
0. 1488E+0S
0. 1480E+0S
0. 1488E+03
0. 14639E+0S
0.4464E+05
0.4464E1+05
0.4444E+03
0.44464E+03

[4]
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0. 103999E+01

Ve

0.109703E-01

21 0.212009E+01 0.2186867E-01
22 -0.210773E+01 O.111944E+00
23 -0.108973E~02 O0.133494E+00
24 0.210S469E+01 0, 135552E+00
25 -0,208887E+01 0,234033E+00
26 -0.104422E+01 0.232924E+00
27 -0.218045E-02 0.2546734E+00
28 O0.103992E+01 0.254784E+00
29 0.208454E+01 0.2794S5E+00
30 —0.206335E+01 0.337371E+00
38 -0.3272968E-02 0.354707E+00
32 0.20349SE+01 0.380949E +00
33 -0.204285E+01 0.409123E+00
34 -0.104969E+01 O0.399907E+00
35 -0.436714E-02 0.426029E+00
35 0.104123E¢01 O0.421782E+00
37 0.203426E+01 O0.45271BE+00
REACTIONS
NODE X~-FORCE Y-FQRCE
19 —0.264699E+01 —0.106641E+01
STRESSES
G,P. X-COORD. Y~-COORD. X-STRESS Y-STRESS XV-STRESS 2-STRESS' MAX P.S. HIN P.S. ANGLE
ELEMENT NO.= [
1 0.2010 0.0282 0.23873E+03 0. 16721E+04-0.29376E+04 0.0 0.24235E+03 0. 12900E+04  -7.4112
2 0.2818 0.1250 0.87211E+04-0.687450E+03-0.41021E+04 0.0 0.102346E+03-0.23891E+404  -20. 1A%3
3 0.2010 0.2218-0.94187E+03 0. 19763E104-0.32360E+04 0.0 0.39720E+04-0.49376E+04 37,2424
4 1.2500 0.02682 0.24420E+05 0.58404E+03 O.12002E+04 0.0 0.26475E+03 0.526842E+03 2.6542
5 1.2500 0.1250 0.98975E+04-0.21135:+04 0.57332E+03 0.0 0.99250E+04-0. 21 410E+04 2.71
6 1.2500 0.2218-0.11354E+04 0,3837SE+03-0.39619E402 0.0 0.568467E403-0. 1 1 364E404 1.3246
7 2.2102 0.0202 0.29630E+05 O.17091E+04 0.24204E+03 0.0 0.294632E+03 O.17070E+04 V.4587
o] 2.2102 0.1250 0.11738E+05-0.11394E+04 0, 15609E+03 0.0 0.11740E+05-0.11414E+04 0.7:u35
9 2.2102 0.2218-0.6645LE+03 0. 14094E+04 0.03011E+402 0.0 0.14129E+04-0.446794E+03  -2.3102
ELEMENT NO.= 2
1 2.7817 0.0282 0.29431E403 0.17091E+04-0.243946E+403 0.0 0.29633E+05 O.17089E404  -0.50GA
2 2.7818 0.1250 0.11739E+05-0.11391E+04-0. 158682E+03 0.0 O.11741E+03-0.11410E+08  ~0.7044
3 2.7617 0.2218-0.66212E+03 0.14106E+04-0.63103E4+02 0.0 0. 14137E+04-0. 64547E+03 2 004
4 3.7500 0.02682 0.26420E+05 0.58462E+03-0. 11993E+04 0.0 0.26474E+405 0.35290SE+03  --2.¢(5%
3 3.7500 0.1250 0.90993E+04-0.21134E4+04~0.57315E+03 0.0 0.9925B8E+04-0.21408E+04  -2.73%1
'S 3.7500 0.2218-0.11339E+04 0.508362E+03 0.39314E+02 0.0 0.58652E+03-0. 11346E+04 -1, 37|
7 4.7182 0.0282 0.23073E+05 0.14716E+04 0.29374E+04 0.0 0.24255E4+03 0. 12097E+404 7.4114
e 4.7182 0.1230 0.87209E+04-0.87575E+03 0.41026E+04 0.0 0.10236E+05-0.23906E+04  20.7e¢5
9 4.7182 0.2218-0.94131E+03 0.19742E+04 0.525746E+04 0.0 0.59724E+04-0. A9394E+04 -37.2513

€S



ELEMENT NO,= 3

<O~NOWBDWNE

0.2816 0.2782-0.50862E+04 0,32543E+04-0.42143E+04 0.0 0.30129E+04-0. 48446E+04 22.45073
0.2810 0.37350-0. 1104BE+03 0.71444E+03-0.3046359E+04 0.0 0. 144463E404-0.11816E+03 537490
0.2318 0.4710-0. 1 18468BE+05 0.34642E+04-0.19105E+04 0.0 0.37184E+04-0.12102E+03 6.9882
1.2500 0.2782-0.47224E+04-0.78762E+03-0. 43390E+03 0.0 —0.75311E+03-0.4873469E+04 4.3483
1.2500 0.3750-0. 13640E+03-0,34379¢E+04 0.32850E+403 0.9 -~0.34290E+04~0. 136350E+05 -1.3427
1.2500 0.4718-0, 13375E+03-0,.78487E+03 0.11171E+04 0.0 —0.70183E+03-0. 134460E+03 ~-4.3536
2.2162 0.2782-0,62339E4+04 0.22535E+04-0. 1368946E+03 0.0 0.22565E4+04-0.62369E4+04 1.0724
2.2182 0.37350-0.14084E+03-0.51244E+03 0.25847E+03 0.0 -0.50731E+403-0. 14091E+03 -1.0914
2.2182 0.4718-0.16755E+05 0.20248E+04 0.48261E403 0.0 0.20914E+04-0.14780E+03 ~-2.07€7
ELEMENT NO, = 4
1 2.7017 0.2782-0.62309E+04 0.22541E+04 0. 138679E+03 0.0 0.22570E+04-0. 62338E+04 -1.05&3
2 2.7818 0.3750-0.14081E+03-0.31130E+03-0.23979E+403 0.0 ~0.50453E+403-0. 14084E+03 1.09¢44
3 2.7017 0.4710-0.18730E+035 0,20284E+04-0.460264E403 0.0 0.20532E+04-0. 16775E+05 2.0792
4 3.7500 0.2762-0.467201E+04-0.78750E+03 0.45497E+03 0.0 -0.75261E+03-0. 67347E+04 —-4.3600
S 3.7500 ©  0.3750-0, 13434E+03-0.34397E+04-0.32832E+03 0.0 ~0.34291E+04-0. 13447E+03 1.8423
& 3.7500 0.4718-0.135371E+05-0.768712E+03-0.111680E+04 0.0 —0.70192E+03--0. 154354E+03 4.3583
7 4.7182 0.2782-0.50844E+04 0,.32527E+04 0.42131E+04 0.0 0.350124E+04-0.68442E+04 -22.465E¢
8 4.7102 . 0.3750-0.11066E+03 O.71431E+03 0.30443E+04 0.0 0. 14446E+04-0. 1 1817E+05 -13.7497
9 4.7182 0.4716-0.110464E4+03 0.34812E+04 O.19110E+04 0.0 0.37134E+04-0.12100E+05 -&.9P22
ELEMENT NO,= S
1 0.29186 0.35282-0.110469E+03 O,34639E+04 O, 19085E+04 0.0 0.37174E+04-0.12102E+03 -6.9809
2 0.2818 0.6250-0. 11069E+0T 0.717462E+03 0.30641E+04 0.0 0. 144664E+04-0.11818E403 -13.7360
3 0.2818 0.7216-0.50840E+04 0.32561E+04 0,.42137E+04 0.0 O0.50139E+04-0.46044TE+04  -22.444%
4 1.2500 0.5282-0, 15375E+03-0.78731E+03-0.11183E+04 0.0 . —0.70208E+03-0. 13450E+03 4.3524
5 1.2500 0.46250-0, 13641E4035-0.34401E+04-0,.32923E+03 0.0 —0.3429SC104-0. 13631E+05 1.844¢€:
& 1.2500 0.7216-0.47243E+04-0.76819E+03 0.435335E+03 0.0 —0.75374E4+03-0.467587E+04 ~4.3422
7 2.2102 0.5282-0.16735E+03 0.20280E+04-0,68384E+03 0.0 0.20329E+04-0. 16780E+03 2.0803
;] 2.2102 0.46230-0.14004E+03-0.351037E+03-0.23946E+03 0.0 ~0.50542E+03-0. 14091E+03 1.0745
9 2.2102 0.7218-0.62351E+04 0.22561E+04 0.136829E+03 0.0 0.22590E+04-0.42380E+04 -1.0676
ELEMENT NO. = é
1 2.7817 0.3282-0.167350E+05 0.20297€E+04 0.48494E+03 0.0 0.203546E+04-0. 16773E+05 -2.08540
2 2.7810 0.46250-0. 14001E+4035-0.50900E+03 0.26153E+03 0.0 ~0.50394E+403-0. 14084E+03 -1.103&
3 2.7817 0.7218-0. 62300E404 O.22573E+04-0. 15501E¢03 0.0 0. 22601E404-0.82326E+04 1.0440
4 3.7500 0.5202-0,.15371E+05-0.787735E+03 0.11191E+04 0.0 ~0.70237E+03-0. 1 5434E+03 il PREl-Yald
5 3.7500 0.6230-0. 13634E+05-0.34403E+04 0.32925E+03 0.0 ~0.34297E+04~0. 134446E+403 -1.8477
6 3.7800 0.7216-0.67194E+04-0.76819E+03-0.45421E+03 0.0 -0.73361E+03-0.47340E+04 4,353
7 4.7102 0.5202-0. 118465E+03 0. 34014E+04-0. 1V097E+04 0.0 0.374134E+404-0.12099E+03 &.9877
<] 4.7182 0.6250-0. 11063E+05 0.71337€403-0.304630E+04 0.0 0. 14431E+04-0.11915E+05 13,7485
9 4.7102 0.7218-0.50821E+04 0,32547€+04-0.42139E+04 0.0 0.5013LE+04-0.468409E+04 22,6554
ELEMENT NO,= 7
1 0.2610 0.7782-0.94400E+03 0.19745E+04 0.32355E+04 0.0 0.59700E+04-0.49383E+04 -37.23%5?
2 0.28180 0.8730 0.87185E+04-0.87354E+03 0.41014E+04 0.0 0.10233E+05-0.23982E+04 20, 2bKR6
3 0.2818 0.9718 0.23870E+05 0.146732E+404 0.29384E104 0.0 0.24252€405 0.12909E+04 7.4147
L] 1.2500 0.7782-0.11374E+04 0.58481E+03 0.390462E+02 0.0 0.58770E+03-0.11363E+04 -1.2972
S5 1.2500 0.87350 0.98942E+04-0.21133E+04-0.57557E+03 0.0 0. 9923 TE+04-0.2140BE+04 ~2.7361
6 1.2300 0.9718 0.26415E+03 0.58362E+03-0. 12004E+04 0.0 0.24L471E+03 0.5279LE+03 —2.4654»
7 2.2182 0.7782-0,66682E4+03 0. 14111E+04-0.85071E+02 0.0 0.14146E+04-0.467010E+03 2.3407
L] 2.2162 0.8750 0.11734E+03-0. 11363E+04-0.15901E+03 0.0 0.11736E+035-0.11403E+04 0. 7674
9 2.2182 0.9718 0.29625E+103 0.17089E¢04-0,.243324E+03 0.0 0.294627E+05 0.17048E+04 ~0.4999

1A%



OO NOUADWN =

ELEMENT N, = 8

4.7102 0.8750 0.87243E+04-0.67425E+03-0.41021E+04
4.7162 0.9718 0.23877E+03 O0.16731E+04-0.29371E+04 _

0.10239E+05-0,2300SE+04 —20.2647
0. 24239E+05 0.12912E+04 ~7.4092

2.7017 0.7782-0.66130E+03 O0.14121E+04 0.84873E+02 0.0 Q. 14156E4+04-0.64497E403 ~2.3399
2.7818 0.8750 0.11740E+03~-0.11371E+404 0.]13968BE+03 0.0 O.131742E+405-0. 11391E+04 0.7104
2.7317 0.9718 0.29631E+0T7 0.17102E+04 0,.24488E+03 0.0 0.29633E+03 0.170680E+04 0.502%
3.7500 0.77682-0. 1 1325E+04 0.564612E+03-0,.38710E+02 0.0 0.38700E+03-0. § 1 334E+04 1.2596
3.7500 0.8750 O0.98999E+04-0.21137E+04 0.37356E+03 0.0 O0.99274E+404-0.21412E+04 2.7367
3.7500 0.9718 0.26422E+05 0.58354E+03 0.12000E+04 0.0 0.246477E+403 0.952795E+03 2.46533
4.7102 0.7782-0.93937E+03 0.19751E+04-0.32370E+04 0.0 0.59734E+04-0.49347E+04 37.2957

0.0

0.0

Gs



CHAPTER VI
ACCURACY AND EFFI Cl ENCY OF THE RESULTS

VI.a). Accuracy of the results

In this chapter the accuracy of the results found
by Finite Element Analysis is conpared with the theoreti cal
sol uti on.

First, consider the exanmple of the thick-walled
cylindrical pressure vessel subjected to internal pressure.

The theoretical values for radial displacenents
U, radial stress rr, and circunferential stress o¢66

are given as (See Figure Vi.1):/

Figure (vi.a) Cross-sectional area for thick-walled
pressure vessel

"Frank A D'l sa, Mechanics of Metals (Reading,
Massachusetts: Academi c Press, 1977), pp. 109-111.
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i a2- p2
o _% , Pia b<Po (1-2 )

r b2 - a2

_r a2b2(p0-Pi)
2G a2 - p2

Ur =

wher e:

-
(o]
Il

External pressure

Y]
I

I nternal pressure

= I nner and outer radius

¥
o
I

Radi us at any poi nt

_,
Il

Poi sson's ratio

<
Il

For the problem given in section (v.a), Po=0,

__E
2(1+v)

Substituting these values into Ur results in

Pi=30,000psi, a=4", b=8", v=0.3, and G= = 11538.46ksi.

Ur = 0.43335 r 6% 4 g.4 .
r2

Radi al stress

orr = =-Pi__ = _ Po

Substituting Po, Pi, a, and b results in

arr = - 10,000(§% - 1)
r
The circunfrential stress 066 is found to be

b 2 a 2
066 = Pi —bz— - Pg T
&)+ 1 - @)

After substitutionit will reduce to

566 = 10,000 (J%§ + 1)
r

Table vI.a shows the results of radial displacenent
U, obtained by Finite E ement Analysis and Theory of

El asticity.
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ur X 103
Theory Ave.
-~ O o o of % Error

r €=0 8 =30 €=60 §=90° Elasticity
4" 7.6079 7.5521 7. 5530 7. 6093 7.627" 0.6
5" 6.4131 6. 3364 6. 3375 6. 4147 6. 413" 0. 58
6" 5. 6904 5. 5792 5. 5802 5. 6921 5. 662 0. 47
8" 4. 8320 4.7199 4. 7206 4.8337 4. 853 1.57

Tabl e vI.a Conparison of radial displacenment ur for the
case of pressure vessel subjected to internal
pressure

Table vI.b shows the radial and hoop stresses

obtained by Finite Henment Analysis and Theory of

E asticity.

. urr, co6 orr g886

r, in grr FE coe FE Theory Theory " "
psi psi psi psi Error |Error

4.1048" -26981.0 [46634 [-2/983.6 4/983. 6 3.58 [2.81
5.1026 -13720.0 |33770 | 14580.8 34550. 8 5.89 (2.34
6.2132 -7021.0 (26471 -6578.6 26578. 6 6.3 0. 40
17. 7594 -709.0 |22716 -629. 7 20629. 7 11.28 |[9.18

Table vI.b Conparison of radial and circunferential stress
for the case of pressure vessel subjected to
i nteral pressure

Next, consider the sinply supported plate subjected
to a uniformy distributed | oading of 1 1b/in?.
The theoritical values of maxi mum displacenent

and maxi mum nonent are given as foll ows.
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4
Wyax = 0.004063%_ ,
wher e
g = lateral | oading
a = side length
D — Et>
12(1-v2) = Flexural Rigidity
(10920) (2.1)3
D = . = 1.0 k.in

12(1-.32)

Substituting these values into Wypax results in

Wyax = - 0.06496 in
Mxx = Myy = 0.0479ga?
or
Mkx = My = - .1916L—(~|.—%g

Table vVvI.c shows the results that are obtained

by Finite E enment Analysis and by the Theory of E asticity.

FINI TE THEORY CF
ELEM. ANALYSI S ELASTIATY $ ERRCR
Wyax s in 0. 06575 0. 06496 1.20
IMXX = Myyr “Tn 0. 1880 0. 1916 1.87
Table vI.c Conparison of nmaxi num defl ecti on and nonent

for the case of sinply supported plate bending




Finally, consider a free bar subjected to a
tenperature as shown in Fig. V.5 An approxi mat e sol ution
could be obtained for this problem by assumng that
tenperature depends on the y direction only. Therefore
the stress gx and deflections W and V can be witten

as 8

2 1
OX = 4aE(Ty - T2)(£)“ - 3(T] - T2)aE

Ur = [-3(Ty - Tp) +aTplx

<
}

= —%%“Tl - T2)(§;-)(l+\»+a[% (T1-T2)+79 1y
wher e
a = Thermal expansi on coefficient
E = Modulus of Hasticity
To, T; = Tenperatures at the outside and center

line of the bar, respectively.

d =width of the bar.

The nunerical values are given in section V.c.

Therefore, after substitution, the equations reduce to

2
ox = 200,0000%) - 16666.67
Ur = (0.8334)x

3
vV = —86667CX2) + (1.05)y

d

Tables vi.d.1 and Vvi.d.2, are presented to conpare the
val ues of ox, U, and V obtained by Finite El enment Analysis

with the Theory of El asticity.

8a. p. Boresi and P. 0. Lynn, Elasticity in Engineer-
i ng Mechani cs (Engl ewood diffs, New Jersey: Prentice-Hall,
1974), pp. 400-402.




Co-ordinates for Co-ordinates for
Analytical Equation FE Analysis FE Theory
X X Y x, PS| x. PSI % Error
0.0 0.0 2.5 2.5 - 16755 - 16666. 6 0.52
0.0 0. 125 2.5 0. 625 - 14086 -13541. 6 3. 86
0.0 0. 375 2.5 1. 875 11738 11458. 3 2.38
0.0 0.5 2.5 1.0 29630 33333. 34 11.1
Table vI.d.1
Co-ordinates | Co-ordinates
for Analytical for Finite Eelement Analysis Theory of v
Equations F-E Analysis Elasticity
X Y X Y U, in v, in U in| Vv, in % Error
0.0 0.0 25 2.5 0.0 0.0 0.0 (0.0 0.0
0.0 0.125| 2.5 |0.625 [0.001098 |-0.13348 (0.0 |0.12955 (2,9
0.0 0.375| 25 |0.875 [0.00329 -0.35669 |0.0 |0.3480 |2.4
0.0 0.5 25 |10 0. 00439 -0.42601 |0.0 |[0.4166 [2.2
Table vI.d.2
Conpari son of deflections and stress for the case
of long bar subjected to tenperature
VIi.b) Efficiency of the results
In this section, the efficiency of the results
using the Frontal Solution Technique in Finite El enment

programm ng w | |

t he
B with

results

This is done by conparing

Appendi x
Program whi ch

be di scussed.

obtained by the program given in

t he SAPI V. SAPIV is a Finite El enent
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uses the banded solution technique to perform the assenbly
and solution of the overall stiffness matrix.

Table vIi.e shows the execution tinme for the case
of the thick-walled cylinderical pressure vessel. Thi s
exanple is perforned earlier in section V.a by using 9
parabolic isoparanetric elenments (See Figure v.2), while
24 quadrilateral elements are used in SAPIV in order to

get an exact result.

EXECUTI ON % ERROR
TIME, SEC U
24 ELEMENT
N 1.91 0.87
9 ELEMENT 1.31 0.25

FRONTAL TECHNI QUE

Table vi.e Efficiency of results for the case
of pressure vessel

Table vI.f shows the execution tine for the case
of the sinply supported plate. The results of this exanple

are given in section V.b.



63

EXECUTI ON 2 ERROR
TIME, SEC WMaX
4- ELEMENT 110 19 17
BAND TECHNI QUE, SAPIV
8- ELENMENT
BANDED TECHNI QUE, SAPIV 1.15 9.51
16- ELEMENT
BANDED TECHNI QUE, SAPI V 2.47 3.07
4- ELEVENT 0.86 L 20

FRONTAL TECHNI QUE

Table vi.f Efficiency of results for the
case of plate bending



CHAPTER VI |
CONCLUSI ON

The Finite Elenment analysis is a tool to solve
engi neering problens. Appendix B contains a Finite El ement
Program that is capable of solving two dinensional plane
stress or plane strain and plate bending problens. There
are several Finite El enment prograns witten to solve
engi neering problenms, but the economcal I|imtations by
conputer costs restrict the wuse of such prograns. As
a result, analysts are devel oping new equations solution
techni ques such as the Frontal Technique to reduce the
costs of running Finite El enent prograns.

Several exanples performed in sections V and Vi
conpare the accuracy as well as the efficiency of the
Frontal Techniques in Finite El enent Programm ng.

The first exanple is the thick-walled cylindrica
pressure vessel subjected to internal pressure. Tabl e
(Vi.a) shows the results of radial displacement W for
different angles and radii. The results are then conpared
with analytical values found by the Theory of El asticity.
The percentage error is less than 220% Table VI.b  shows
the results of radial and hoop stress for different radi
and it is in good agreenent with the theory.

Since the integration of the stiffness matrix

is done nunerically, the stresses are conputed at the
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sampling points (See Figure II.a). For this exanple the
integration is performed using the 3-point rule, thus,
there are nine sanpling points for an elenment, as i s shown
i n the conputer output.

The second exanple is the Sinply Supported Plate.
Table (vI.c) shows the results of nmaxinum deflection and
nonent, conpared with the anal ytical values. The percentage
error is less than 2% which is in good agreenent wth
the approximated solution. Tabl e VI.f shows the
efficiency of the FRONTAL technique in which the execution
time is 0.86 seconds while using SAPIV is 2.47 seconds.

The third example is the Free Bar subjected to
a tenperature distribution. Table M.d.l| shows the results
of stresses. The percentage error is increasing as Yy
increases from the center of the bar. This error could
be inproved by increasing the nesh size in the region
renote to the center of the bar.

Table M.d. 2 shows the results of deflections

and the percentage error is | ess than 3.5.



APPENDI X A
PREPARATI ON OF | NPUT DATA

This section describes the preparation of input
data for a given problem As stated earlier this program
is capable of solving plane stress or plane strain and
pl ate bendi ng problens. The order of data preparation
for each case is |isted bel ow

Al). Plane Stress or Strain Program

). Problem Card - One Card

Col ums Vari abl e Entry

1-5 NPROB Tot al nunber of problenms to
be sol ved in one run.

1I1). Title Card
1-72 —_— Title of the problem

III). Control Card - One Card

1-5 NPO N Tot al nunber nodal points.
6-10 NELEM Tot al nunber of el enents
11-15 NVFI X Tot al nunber of restrai ned

boundary points, where one or
nore degrees of freedom are

restrai ned.

16-20 NCASE Total nunber of load cases to
be anal ysed.

21-25 TYPE Probl em t ype paraneter

1 - plane stress
2 - plane strain

26-30 NNODE Nunber  of nodes per el enent
(=8)

31-35 NDOFN Nunber of degrees of freedom
per node=2

36-40 NVATS Tot al nunber of di fferent
materi al s.

41-45 NPROP Nunber of independent properties
per material =5

46-50 NGAUS Order of integration formula
for nunmerical integration

51-55 NDI VE Nunber of Co-ordinate di mensions=2 .

56-60 NSTRE Nunber of independent stress

conponents = 3



Col ums Vari abl e Entry

1v). ELEMENT CARD. One card for each elenent
count er - cl ockwi se sequence. For exanple, consider the
el ement shown in Figure 11.1. The node nunbering is (1,
2, 3, 4, 5, 6, 7, 8).

1-5 NUMEL Elenent nunber

6-10 MATNO (NUMEL) Materi al property nunber
11-15 LNODS (NUMEL, 1) 1st Nodal connection nunber
16-20 LNODS (NUMEL, 2) 2nd Nodal connecti on nunber
46-50 LNODS (NUMEL, 8) 8t h Nodal connecti on nunber

v). NODE CARD. One card for each nodal point.
This data card contains a list of nodal co-ordinates. The
co-ordi nates of highest node should be i nputed.

1-5 | PO N Nodal poi nt nunber
6- 15 COORD (IPOIN,1) x- Co- ordi nate of node
16- 25 COORD (IPOIN,2) y- Co- ordi nat e of node.

Vi). RESTRAI NED NOCDE CARD. One card for each
restrai ned node should be considered. 1 designates noda
di spl acenent restrained and 0 designated no displ acenent
restrai nment.

2-5 NOFIX Rest rai ned node nunber
9 IRPREL Restraint on x-displ acenent
EQ 0; Free
GI.l; Fixed.
10 IFPRE2 Restraint on y-displ acenent
EQ 0; Free
Gl.l; Fixed
11-20 PRESCL The prescribed val ue of
x-di spl acenent
21- 30 PRESC?2 The prescri bed val ue of

y-di spl acenent

Vil)y. MATER AL CARDS. One card for each different
mat eri al .

1-5 NUMAT Material ldentification Nunmber
6- 15 PROPS (NUMAT, 1) El asti c nodul us, E

16- 25 PROPS (NUMAT, 2) Poi sson's ratio, Vv

26- 35 PROS (NUMAT, 3) Mat eri al thickness, t

36- 45 PROS (NUMAT, 4) Mass Density, P

46- 55 PROS (NUMAT, 5) Coefficient of thermal expansion .



Col umtms Vari abl e Entry

Viil). LOAD CARD. This data card contains four
(4) different kinds of loading, for the plane stress or
plain strain case. The input data for each | oading I's
i sted bel ow.

VIiIr.a). TITLE CARD. One card.
1-72 TI TLE of the | oading
VIITI.b). CONTROL CARD. (One card.

1-5 | RLCD Appl i ed point | oadi ng
0 No poi nt | oadi ng
1 Point |oading aplied.
6-10 | GRAV GRAVI TY Loadi ng
0 No gravity | oadi ng
1 QGavity loading is considered

11-15 | EDGE Di stributed | oadi ng
0 No di stri buted | oadi ng
1 Di stri buted | oadi ng IS
consi der ed

16-20 | TEMP Ther mal | oadi ng

0 No thermal | oading
1 Thermal |oading is considered

VIII.c). APPLI ED LQAD NG One card for each
nodal | oadi ng.

1-5 LCDPT NCDE NUMBER
6- 15 PO NT(1) Loadi ng in x-direction
16-25  POINT(2) Loading in y-direction

VIII.d). GRAVITY LQADING One Card.

1-10 THETA Angle of gravity axes from the
positive y axes.
11- 20 GRAVY GRAVI TY Const ant

VIII.e). D STRIBUTED LQADI NG This data card
is arranged in three different classifications.

a). Control Card

1-5 NEDGE Nunmber of edge to which | oading
is applied.



Col ums Vari abl e Entry

b). El enent Face Topol ogy Card

1-5 NEASS The el enent nunber to which
t he | oadi ng i s associ at ed.

6- 10 NOPRS(1) Li st of nodal points in the

11-15 NOPRS(2) count er - cl ockwi se order that

16- 20 NOPRS(3) formse the elenment face on which

t he | oadi ng acts.

c). Distribution Load Card

1-10 PRESS(1,1) Nor mal conponent of distributed
| oad at node NOPRS(1).

11-20 PRESS(2,1) Normal conponent of distributed
| oad at node NOPRS(2)

21-30 PRESS(3,1) Nor mal conponent of distributed
| oad at node NOPRS(3)

31-40 PRESS(1,2) Tangent i al component at node
NOPRS(1)

41-50 PRESS(2,2) Tangent i al component at node
NOPRS( 2 )

51-60 PRESS(3,2) Tangent i al component at node
NOPRS(3)

IX). THERMAL LQADI NG

1-5 NCDPT Node nunber
6- 15 TEMPE Tenperature at a node.
A2). The Plate Bending Program  This section

prepares the input data for the case of Pl ate Bending.
). PROBLEM CARD. One card

1-5 Tot al nunber  of problens to
be solved in one run

II1). TITLE CARD. One card.
1-72 Title of the program
III). CONTROL CARD. One Card.

1-5 NPO N Total nunber of nodal points.

6- 10 NELEM Total nunber of el enents

11-15 NVFI X Total nunber of restrained points
16- 20 NCASE Total nunber of |oad cases.

21-25 NTYPE BLANK

16- 30 NNODE Nunber of nodes per elenent = 8
31-35 NCDFN Nunber of degrees of freedom

per node = 3



Col umtms Vari abl e Entry

37-40 NVATS Tot al nunber of di fferent
material s

41- 45 NPRCP Nunmber of independent properties
per material = 4

46- 50 NGAUS O der of nunerical integration
for this caseis = 2

51-55 NDI ME Nunmber of Co-ordinate dinensions
=2

56- 60 NSTRE Nunber of stress conponents = 5

V). ELEMENT CARDS. One card for each el enent.

The npde nunber for each elenent must be in
count er - cl ockwi se order.

1-5 NUVEL El enent nunber

6- 10 NATNO (NUMEL) Mat eri al property nunber
11- 15 LNODS (NUMEL, 1) 1st Nodal connecti on nunber
16- 20 LNODS (NUMEL, 2) 2nd Nodal connecti on nunber
46- 50 LNODS (NUMEL, 8) 8t h Nodal connecti on nunber

V). NODAL CO CRDI NATE CARDS. One card for each
node. The co-ordinates of the highest node nmust be inputed.

1-5 | PO N Nodal poi nt nunber
6- 15 COORD (IPOIN, 1) X- Co- ordi nat e of node
16- 25 COORD (IPOIN, 2) Y- Co- ordi nat e of node

VI). RESTRAI NED NODE CARDS. One card for each
restrai ned node.

2-5 NOFIX Rest rai ned node nunber
8 IFPRE1 O_ondi tion of restraint on nodal
di spl acenent, w
EQ;0 Free
GT;1 Fixed
IFPRE?2 Condition of restraint on nodal

rotation, X

EQ.0; Free
Gr.|; Fi xed

10 IFPRE3 Condition of restraint on nodal
rotation, vy

EQ.0; Free
Gl.l; Fixed



Columns Vari abl e Entry

11- 20 PRESC 1 The prescri bed nodal displ acenent,
W

21- 30 PRESC2 The prescribed nodal displ acenent,
ox

31-40 PRESC3 The prescribed nodal displ acenent,
0y.

VI1). MATERIAL CARDS. One card for each different

mat eri al .

1-5 NUMAT Material identification nunber

6- 15 PROPS (NUMAT, 1) El asti c nodul us, E

16- 25 PROS (NUMAT, 2) Poi sson's Ratio, Vv

26- 35 PROS (NUMAT, 3) Mat eri al thickness, t

36- 45 PROS (NUMAT, 4) Intensity of uniformy distributed
| oads.

VIII). TITLE OF LOAD CARD. One card.

1-72

1%).
1-5

nodal poiﬁt.
nunber .

1-5
6- 15
16- 25
26- 35

Title of | oad case.

LOAD CONTROL CARD. One card.

| PLCD Appl i ed poi nt | oad.
EQ.0; Free
Grl. |; Applied nodal load to
be i nput.

APLLIED LOAD CARDS. One card for each |oaded
The last card nust be for the highest node

LCDPT Node nunber

PO NT(1) Load conponent in Z direction
PO NT(2) Nodal couple in XZ pl ane

PO NT(3) Nodal couple in YZ plane.



APPENDI X B

FI NIl TE ELEMENT PROGRAM



B.1 Plate Bending Program

c PROGRAM BOKE (EINPUT, DUTPUT, TAFES=INPLUT , TAFEA=0LITFUT, TAFEL,
2 *TAPEZ. TAPE2, TAPE3. TAPE4)
DIMENSION TITLE(12)
COMMON/ZCONTRO/NPOIN, NELEM, NNODE , NOOFN, NDIME,
#NSTRE,NTYPE, NGALS , NPROF, NMATS  NVFI X,
#NEVAER, ICASE, NCASE, 1TEMP, 1PRIIEB, NFROE
COMMON/LGDATA/COORD (20, 2) . PROPS(10,4),
#PRESC(40,3),ASDIS(240)  ELOAD(25,24)4
#NOFIX(40), IFPRE(40,:3),LNOD3(25,2),
*#MATNO(25)
COMMON /WORK/ELCOD(2,8),SHAPE(:2),
#DERIV(Z2,2),,DMATX(S5,3).CARTD(Z,2),
#DEMAT (5,24), BEMATX (35, 24), 5MATX (5,24, 4) ,
#POSGP(2),WEIGP(2), 5PCODR(2,4) , NERDR(Z24)
READ(S,700Q) NFRDOB
P00 FORMAT(I S)
WRITE(4,705) NPROE
205 FORMAT(1MHG, SX, 22HTOTAL N, OF PROBLEM =,15)
OO 20 IPROB=1, NPRUOB
REWIND 1
REWIND 2
REWIND 3
REWIND 4
READ(S,210) TITLE
210 FORMAT(12A4&)
WRITE(6,915) IPROB,TITLE
915 FORMATI(///// 66X, 12HPROBLEM NO, I3, 10X, 12A46)

-
C

Cexs CALL SUBROUTIN THAT REAL MOST OF THE DATA
o

CALL INPUT
[
Lk CREAT ELEM SSTIFNESS
c

CALL STIFPE
DO 10 ECASE=1,NCASE

-
Id

Casesee COMPUT LOAD,
C
e

CALL LDADPE
L

e SOLVE THE RESULTENG El
|"-

CALL FRONT
'_.

Cwsex COMPUTE STRESS IN. ALL ELEMENTS.
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ZALL STREPB
10 CONTINUE
20 CONTENUE
STOR
END

SUBROUTEINE ENPUT

C### READ THE FIRST DATA CARL, AND ECHD IT IMMEDIATELY
l-"

COMMON/CIONTRIOD/NFPO N, NELEM, NNSDE , NDUGFN, NDIME »
#NSTRE . NTYPE, NGALIS, NPROP, NMATS,NVFI X, NEVAR,
#1CASE, NZASE, ITEMP, IFROE, NPROER

CIOMMION/LGDATA/COORD (20, 2) , PROPES(10,4) ,
#PRESC(40,3),A3DI3(240),ELDAD(ZS, 24),
#NOFIX(40), IFFRE(40,32) , LNODS(25,2) ,
#MATNDH(ZS)

COMMON/WORE /ELCODCZ, 2) , SHAPE (2,
#DERIV(Z,2).DMATX (S, 3), CARTD(Z, =) , DBMAT (S5, 24)
#, BMATX (S, 24), 3MATX(S5,24,4) , POSGP (L) »
#WEIGP(2),GPZIOD(2,4),NERDIR(Z24)

READ (S, ¥00) NPIOIIN, NELEM, NVFIX,NCZASE,NTYPE,
#NNODE > NDOFN, NMATS., NPROP, NGAUS,N S T R E

200 FORMAT(1215) .

NEVABR=NDOFN#NNODE

WRITE(4+905) NFJIN,NELEM> NVFEX>»NCASE:NTYPE, NNOLDE» NOUIIFN, NMATS,
#NPRIOF, NGALES, NOIME ; NSTRE . NEVAB

YOS FORMAT(//353H NPOIN =,14,4X,2H NELEW =.14,
4X,2H NVFIX =,14,4%, E:H NZAZE =.14.4X%.
ZH NTYPE =,14,4X,:2H NNODE =.14,4X,
2H NOOFM =, 14// 2H NMATS =,14,4X%,
SH NFROP =,I4,4X,2H NGALZ =,14,4X,
2H NDIME =,14,4X,2H NSTRE =,14,4X,
ZH NEVAB =
CALL CHECK1

Ok K K %

l-s

C### READ THE ELEMENT CIONNECTION. AND THE PROPERTY NO.
C
(e

WRITE (&5 #10)
10 FORMAT(//3H ELEMENT, 3 X, 2HFRIOPERTY» 4X> 12HNODE NUMBERS)
DO 10 NELEM=1,NELEM
READIS5, #00) NUMEL , MA TNIZ(NIIMEL ) , (LNOLHS (NUMEL , | NODE) , | NODE=1.,
*NNDDE )
10 WHITE(4,#15) NUMEL>MATNI(NUMEL) » (LNODE (NUMEL , |NODE) » INODE=1,
*NNIDE )
915 FORMAT(1X, IS, I7,4&X, 21

o

. )
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I
C##% ZERD ALL NODE Cond

'-.

-
o

o 20 IPOIN=1,NPOIN
oDy 20 1DEIME=1, NDEIME
20 COORDCIPOIN, IDIME)=0.0

-
o

C##3# READ ZOME NODAL COORD
o

C
WRITE(4,220)
220 FORMAT(//725H NODAL PIZEINT COCRDINATES)
WRITE (4,225 s
925 FORMAT(AH NOIDE,7X, 1HX:9X, 1HY)
30 READ(S,®30) IPJIN, (COORDCIPDIN, IDIME), IDIME=1,NDIME)
P30 FORMAT(IS,SF10.3)
IF(IPOINJNE.NPOINY 30 T2 30
L.
Cw### INTERFOLATE COORD OF MID-3IDE MODES
L

[
IF(NDIME.EZ.1) GO T 40
CALL NOIDEXY
40 CONTINUE
D} SO IPOIN=1,MNPOIN
50 WRITE(4,%35) IPOIN, (COORDCIFOIN, IDIME), ILDIME=1,NDIME)
P33 FORMAT(1X,IS,3F10.2)

L
C#x# READ THE F | X VALUES,
i
WHITE (4, '?40)
240 FORMAT(//17H RESTRAINED NODES})
WRITE(4&.245)
4% FORMAT(SH NODE, 1X,4HCODE, &X. 1ZHFIXED VALUES)
IF(NODFN.NE.2) GO T 70
WRITE(4,%%%) NDOCFN
99?2 FORMAT(1QX,1S)
D0 40 IVFIX=1,NVFIX
READ(S,290) NOFIX(IVFIX), (IFPRECIVFIX, IDOFN) , IDOFN=1, NOOFN) ,
#*# (PRESC(EIVFRX, IDUFN) » IDOFN=1,NDOFN)
O WRITE(4,2750) NOFIX(IVFIX), (IFPRE(IVFIX, IDDFN), IDOFN=1,NDJFN)
# (PREZC(IVEEX, IDIOFN) , BIDIDFN=1 , NDLIFN)
250 FORMAT(1X,14,2X,211,2F10.4)
S0 T w0
70 WRITE (&332 NOOFN
23 FORMAT (10X, IS)

==t

[y
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oD 20 IVFIX=1,NMVFIX
REAQAD(S, #55) NOFIX(IVFIX), (IFFRE(IVFIX, IDIDJFN), IDOFN=1, NDOFN) ,
#(PRESC(IVFIX, IDOFN) , ILOFN=1, NLIJFN)
20 WRITE(A,235) MOFIX(IVFIX), (IFFRECIVFIX, IDLOFNG ., IDOFM=1,NDOOFN? ,
#iPRESC (IVFI X, IDOFN) , IDIDFN=1 , NOUWJIFN)
oo FORMAT(1X,I4,2X,3I1,3F10,.4)

Y0 CONTINLUE

[
C##4# READ THE AVALAELE SELECTION 2F ELEMENT FROFPERTY
'_.

iz

WHITE (A, 2£0)
2460 FORMAT(//21H MATERIAL PRIOFERTIES)
WRITE (4, 965)
965 FORMAT¢3H NUMBER, 7X, 1OHPRIOPERTIES)
DO 100 IMATS=1,NMATS
READ (5, #30) NUMAT, (PROPS(NUMAT, IFROP) , IFRIP=1, NFROF)
100 WRITE(6,%70) NUMAT, (PROPS(NUMAT, IPROP) , | FROP=1, NPROFP)
@70 FORMAT(1X,IS,7X,SE14,4)
[
Ceex SET P GAUSSION INTEGRATION CIONSTS
C
Iz

CALL GALEZR

CALL CHECK2

RETURN

END '

SUBROUTINE NILDEXY
COMMON/CONTRO/MPO N, NELEM> NNODE , NODFN, NDEIME »
#NZTRE, NTYFE, NGALS, NFPROIF, NMATZ: NVFI| X. NEVAE,
3ICASE, NCASE. I TEMP | IRROE, NFRIOE

COMMON/LGDATA/COORD (20, 2) , FROPS (10, 4) * FREZL (40, 32),
#ASDIS(240) ,ELDAD(2S, 24) , NOFIX(40), IFFRE(40,3)

#LNODS (25,3) , MANTO(2S) ) - =
EDHMDN/NURK/ELDDD(Z,B)vSHAPE(B),DERIV(E,E),?MATX(J,J),
*CARTD(E,S),DBMAT(5,24)aBMATX(5,24),SMATX(5,24,4)7
#POSGP(2), WEIGP(2), 3PCOD(Z, 4) » NEROR(24)

-
I-‘

C# LDODP OVER EACH ELEMENT
c

D 20 IELEM=1,NELEM
C

Casse LOOP OVER EACH ELEMENT EDGE

N
oD 20 INODE=1.NNIJIDE, 2

Cexd ZOMPUT THE NODE NUMBER
I--
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NODST=LNOD=( | ELEM, INODE)

IGASH=INODE+2Z

IFCIGASH. GT. NMODE) 153ASH=1
[
% COMPIUT THE NODE NUUMBER
i

NODFN=_NODS (RELEM, IGASH)

_ MIDPT=INODE+1
E*** COMPIUT EINTEMED IATE' NODE
- NODMD=LNOD:S ( EELEM. MIDPT)
TOTAL=AERS (COORD (NODMD, 1) ) +ARS (COORDCNODMD, 2) )
E***
=

IF(TOTAL. GT. ©.9) GO TO 20
KOUNT=1
10 COORD (NODMD, KOUNT ) = (CO0ORDONCDET , EOUNT ) +CO0ORDOCNDIDEN, KOLINT ) ) /2.0
FOUNT=EQUNT +1
IF(KDUNT.ER.2)Y G0 TO 10
Z0 CONTIENUE
30 CONTINUE
RETURN
END

SUBROUTINE GALSENR
COMMON/CONTRO/NFD NS NELEM, NNCDE , NDIDFN- NDIME S
#NSTRE,NTYPE, NGALLS, NFRIZF, NMATS, NVFI X, NEVAR,
+MCASE, NCASE, ITEMP, | FROEB, NFROJE
COMMON/LGDATA/COORD(Z0, 2) , PROFZ (10, 4) ,FPRESC{(4G, 3,
*ASUIS(24O),ELDAD(EE*24),NDF|X(4O)1IFPRE(40,3)v
#LNOLES (29, 2) , MANTO(ZS)
COMMON/WORK /ELCODO(Z,2) , sHAPE () ,DERIV(Z,3),
#DMATX(S,5),, CARTD(Z2,3),DBMAT (5, 24) . BMATX (5, 24) ,
#SMATX (S, 24, 4) ,POSGP(2) . WEIGP(2),GPC0D(2,4),NERIR(Z24)
IF(NGAUS,.GT. 2) 530 TO 10

POSGP(1)==0. 377330261 394624

WEIGP(1)=1.0

GO T 20

10 POSGP (1)==0.7745%,L472241423

POEGRP(2)=0.0

WEIGF (1) =0, 55555

WEIGF (1 J=0, szsse
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20 KGALS=NGALS/Z
Do 0 IGASH=1, KGAUS
JSASH=NGALIS+ 1~ IGASH
FOSGR (HSASH) ==-PIOSGR (TGASH)
WEIGP (JGASH) =WE I 5P ( THASH)

S0 CONT INUE

RETLIRNM

END

SUBROUTINE STIFFE

[
Cese CALCULATES ELEM STIFNESS MATRIX
-
i

DIMENSION ESTIF(Z24.,24)

COMMON/CONTRO/NPOIN . NELEM, NNODE , NCHOFN, NDEME , NSTRE , NTYPE, HZaLIES,
#NPROP, NMATS,NVF| X, NEVAR, | CASE, NZASE, ITEMP, IPROE, NPROR

COMMON/LGDATA/COORDOCZD, 2) ,PROPS(10,4),
#PRESC(40,2) ,ASDIS(Z240) ,ELITJADCZT . 24,
#NOFEX(40), IFPRE (40, 3) , LNODES (25,3,
MATNID(ZD)

COMMON /JWORK/ELCOD(Z,2) , SHAPETS) ,
#DERIV(2,3),DMATX(S, )Y »CARTD(2,2),
#*OBMAT(5,24),BMATX(5,24),35MATX{Z.24,4),
#POSGP(2)WEIGP(2),5PCDD(2,4), NEROR(24)

[ ¥
IZ### LOOP EACH Zi.EM
z

DO 70 IELEM=1,NELEM
LFROP=MATNO(IELEM)

T CALCUL THE CooRD OF THE NODAL POINT

[

oD 13 ENODE=1,NNODE
LNODE=LNOD:S ( IELEM, INODE)
DO 10 IDIME=1,NDIMZ
ELCODC DIMI . TNODE) =COORDILNODE, IDIME)
10 CONTINUE
L

Ux#% INITIALIZ STINEZS MATRIX

oo 20 1EVAE=1,NEVAB

oD 20 JEVAE=1,NEVAE

ESTIF(IEVAR, JEVAR)=O, 0
20 UINT INUE

T CALCIIL MATRIX
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CALL PR (LFROP)
KGASP=0

C###  ENTER LOGP FOR NUMERECAL INTIGRATION

D0 S0 IGALS=1, NGALS
EXIZP=FPOSGP ( 15ALS)
DO S0 JGALS=1, NGALS
ETASP=POSGF (GA1E)
KGASP=KE3ASP+]

C#%2 EVALUATE SHAPE FN
[
I
CALL SFRZ(EXNI=ZP,ETASP)
CALL JACDBZ(IELEN, DJACR: KIGASF)
DAREA=0.JACE#WE ISP ( IGAILS) #*WE I GF < f5ALS)
N
Ceex EVALIJATE THE B ANI T MATRIX
'

CALL BMATFR -
CALL DBE

i

C#s###¢ CALCUL THE STIFFNESS
[ [}
DO 0 IEVAB=1,NEVAB
DO 30 .JEVAB=IEVAB-.NEVAB
o 20 ISTRE=1,NITRE
EZTIF(IEVAR,.[EVAB=EZTIF(IEVAE, JEVAR) +BMATX ( [STRE, LEVAER ) *0OBMAT
#* {(ISTRE, JEVAR)#*DAREA
S0 CINTIMUE

Ca#sw STORE CIOMPONENT OF DB MATRIX

[
D3 40 ESTRE=1,NSTHE
DD 40 IEVAE=1,NEVAB
SMATX ( ISTRE, IEVAE, KGASP) =0BMATI [STRE, IEVAE)
40 CONTINLE
S0 CONTINLE
>
Cwses CONSTRUCT THE LOWER TRIANGEL
[y

Dl 60 IEVAER=1,NEVAR

oo A0 JEVABR=1, NEVABR

ESTIF{JEVAER, IEVAE)=ESTIF (IEVAE, JEVAER)
A0 DIONTINUE
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C
I
'.-

STORE THE =STIFFNESS MATRIX

WRITE(1) ESTIF
WHITE{(Z) SMATX, GPCOD

70 CIONT I NUE

-
i

C##s CALCULATES MATREX RIGIDI TIES FOR PLATE BENDENGS

ld‘

2

10

RETURN
END

SUBROLITINE MODOPEB(LPROF)

COMMION/CONTRO/NPOEIN, NELEM, NNODE | NDIDFN, NDEME,
#NSTRE, NTYPE, NiZALES ; NFRIOP - NMATS, NVFEX»
#NEVAR, [CASE, MCASE, ITEMP, IFROE, NFRIJR

COMMON/LGDATA/COORD(S0. 2) , FROFS (10, 40,
#PRESIC(40,3) ,ASDIS(240) ,ELORDNZS, 24,
#NOFIX(40), IFPRE(40,32), LNDDS(25,3)»
#MATNO(2S)

COMMON /WORK/ELCIOD(2,3), SHAPE(2)
#[ERIV(Z,32),DMATX(S,35), CARTD(2,3),
*DBMAT(5,24),BMAfX(S,24),SMATX(S,24»4),
#POSGR (2), WEIGP(2),3PCND(2,4) , NEROR (24)
D 10 ISTRE=1,N3TRE

i 10 JETRE=1,NSTRE

CMATX(ISTRE, JSTRE)=0. 0

CONT INGE

YIOLING=FRIOPS (LPROF, 1)

POIlSs=FROFS (LPROP, 2)

THICK=PROPS (LFROP,3)

DMATX (1, 1)=YOLUNG*THICK#THICK*THICK
#/(12.0%(1, Q=PUISS#POI3S3))

DMATX (1, 2)=POI33*DMATX (1, 1)

DMATX(2,2)=0MATX(1,1)

DMATX (2, 1)=OMATX(1,2)

OMATX (2, 3)=(1.0=-PRIS3)#DMATX(1,1)/2.0
.DMATX (4, 4)=YQLING#THICK/(2,4#(1,0+PDI33))

DMATX(S,S)=0OMATX(4,4)

RETLIRN

END

80



e e Xw]

g
.33 3¢
-

T
e
O

81

SUBROUTINE SFR2(S,T)

e CALCULATE SHAPE FUNCTION

COMMON/CONTRO/NFOEIN, NELEM, NNODE, NOIDIFN, NOIME,
#NSTRE»NTYPE » NGALIE , NPRIOF , NMATZ, NVFEX»

#NEVAE, ICASE; NCASE, 1ITEMP, IFROE, NFRIJE
COMMON/LGDATA/COORD (130, 2) ,PROPS(10,4) ,

#PRESC(40,3) ,ASDIS(240) ,ELOADCZS, 24,

#NOFEIXT40) . IFFPRE (40, =), LNCOOS (45, 2y,

#MATND(23)

COMMON /WORK/ELCODD(2,3) ,SHAPE(R),
#DERIV(Z,2),DMATX (S, S5) ., CARTD(Z,3), IBMAT (S, 24),
#BMATX (S, 24),SMATX(3,24,4),

#FISGP(Z) , WEIGP(2),53PCRD(Z,4) ,NEROR(24)
SR=EET .0
T2=T#2.0
SE=SRs
TT=T#T
ST=35#T
SST=S#S%T
STT=S#T»T
ST2=S#T#2.0

SHAPE FUNCTOIN |

SHAPE(i)—(- cOFST+ES+TT-S3T-STT) /4.0
SHAPE(Z2)=(1:0=-T=-S5+33T) /2.0
SHAFEL ) =(~-1. EZ+TT=22T+3TT) /4.0

SHAFPE(4 j=(1.Q+5-TT~STT) /2.0

SHAFE(S)=S( 1. O+ST+IS4+TT+HSST+2TT ) /4.0

SHARPE(L)=(1,0+T=3 ST /2.0

SHAPE(7 )=(—1.0=3T+S5+TT+S5T-3TT) /4.0

SHAPE(Z) =(1.Q0=3-TT+3TT) /2.0

THAPE FUNCTION DERIVATIVES

DERIV(1, 1)=(T+32-ST2-TT) /4.0
DERIV(1,2)==3+3T
DERIV(1,3)=(~T+S2-5T2+TT) /4.0
DERIV{(1:4)=(1.0=-TT)/Z.0
DERIV(L1,,S)=(T+SZ+3TZ+TT) /4,
DERIV(1,4&)==3-5
DERIV(L, 7)=(=T+22+3T2-TT) /4.0
HERIV(L,2)=(=1,0+TT) /2.0
DERIVIZ, 1)=S(S+T2=25=-3T2) /4.0



THERIV(Z,2)=(=1.0+35) /2.0
DERIV(Z,3)=(=5+T2-S35+5T2) /4.0
GERIV(Z, 4)==-T-5T
DERIV(Z,S)=(S+T2+335+3T2) /4.0
DERIV(Z:6)=(1,0-55)/2.0
DERIV(Z,7)=(=5+T2+35-3T2) /4. 0
DERIV(Z,3)=—-T+2T
RETURN
END

SUBROJTINE JACORZ (IELEM, DJALCE, KGASP)

C##% CALCIULATE CDORD OF 13ALSS AND THE JacneIAN MATRIX anND (T4

-
Id
-
'—’

DIMENSION XJACM(2,Z2), XJdAaoI(2,2)

ISIMMON / CONTRCO/ NPT N, NELEM, NNJDE , NDWJFN. NODEME,
#MITRE, MTYFE, NGALS, NFRIOP, MMATS, NYFIX -
#NEVAER, ICAZE, NCASE, I'TEMP, IFROR, NFRIOE

COMMON/LGOATA/CIIORD G20, 2) ,PROFPS (10, 4),
#PRESC (40, 3),ASDIS(240) ,ELTAD(25-24),
#NOFIX(40), IFFRE(40,2),LNODS (25, 2),
#MATNOQ(2S)

COMMON /WORK/ELCOD(Z,8) , SHAPE(2) ,
#DERIV(Z,2),MATX(S,S) . CARTD(2,3) ,
#DBMAT(S5,24),BMATX(S5,24),

#SMATX (ST, 24,4),PROSGP(2),WEIGP(2),
#GPCO0C2,4) ,MERIR(24)

it LSLCULATE COORD OF SAMPLIMG PIOINT

D]

L]

DO 10 IDIME=1,.NDIME
GPCDO(IDIME, KIGASP)=0,0
0D 10 ENCDE=1, NNODE
*GPCDD(IDIMEvHGASP)=GFCDD(|DIME,KGAEP)+
ELCODCI DIME, INCZDE) #SHAPE ( INQDE)
10 CONTENUE
iz
Cx#%# ZPEATE JACOB MATREX XJACM
[
DO 20 IDIME=1,NDIME
oy 20 JDIME=1,NDIME
XJACMOIDIME, JOIME)=0.0
0o 20 INCDE=1, NNODE
XJACMOI DIME, JDIME) =XJACMCIDIME, JDIME) +
# DERIV(OIDIME, INODE) #ELCODCIDIME, INDDE)
D20 CONTINUE
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D)

.

### AL DETERMINANT AND INVERSE OF JACDB MATRIX

R ] nj",‘

DJACER=XJACM (1, 1) # X JACM (2, 2) =X JACM( 1, 2) +*
y XJACMOZ, 1)
IF(DJACRBR. ST, O, Q) GO T =0
WRITE (&, 200) 1ELEM
STOP
20 XJACE (1, 1)=XJACM(2, 2) /DLIACE
XJACI (2, 2)=XJACM(. - 1) /DJACE
XJAC1(1,2)==-XJACM(1, 2) /LJALCE
XJACI (2, 1)==X.JACM(2Z, 1) /DJIACE

|-

C###% CAL CARTESIAN DERIVATIVES
o

00 40 IDIME=1,NDIME
oo 40 ENCDE=1, NNODE
CARTD(IDIME, INCGDE)=0.0
oo 40 A0 IME=1, NOEIME
CARTODCIDEIME, INQDE)Y=CARTD(IRIME, ENODE) +
a XJACICIDIME, JDIME)#DERIV(JDIME, INOLE)
40 CONTEINUE
P00 FORMAT(//,24HPROGRAM HALTED I N JACIBZ,
» /7-11X7;322H ZERO JR NEGATIVE AREA: /.
7 10X.14H ELEMENT, NUMBER - I3)
RETURN
END

SUBROUTINE BMATPRER

e CAL STRAIN MATRIX B FOR FLATE BENDING

COMMON/ZONTRO/NPOIN, NELEM, NNOLDE , NDUJFN >, NDIEME £
#NSTRE . NTYPE, NGALIS . NPRIOF - NMATS- NVFIX,
#NEVAE, ICASE, NCASE,; ITEMP, IFPROR . NPROE

COMMON/LGDATA/CO0ORD (20, 2) « PROPS (10, 4),
#PRESC (40,32), ASDIS(240),ELDAD( 25, 24) ,
#NIJFIX(40) , IFPRE(40,3), LNODS (2S5, 3) -
#FMATND(2T)

COMMON ZWORE/ELCOD(Z, 2) > SHAPE(2) »
#DERIV(Z,2) ,IMATX(S.S) . CARTD(Z, 2) ,
*#UBEBMAT (S, 24) . BMATX (S, 24), SMATX (S, 24.4),
FRIREEE () WE TR (2 380002, 45, NERDR (24)

DI 10 [STRE=1,NSTRE
10 [EvAR=1.,NEVAR
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10

20

10

EMATX (I'ZTRE, IEVAE)=0,0
CIONTINUE

JGASH=0

o 20 INODE=1, NMODE
IGASH=JGASH+1

BMATX (4, 1GASH)=CARTD (1, INCQLE)
EMATX (5, IGASH) =CARTD(Z, INCLDE)
IGAZSH=IGASH+1

AGASH=IGASH+1

BMATX (15 IGASH)==CARTD( 1, INIDLDE)
BMATX (35 | GASH) =—CARTO(Z, INODE)
BMATX (4, IGASH)==3HAFE ( INDQDE)
BMATX (2, JGASH) ==CARTD (2, INQODE)
EMATX (3,JGASH)Y==-CARTD (1, INQDE)
BMATX (5, JIGASH ) ==SHAPE ( INCLE)
CONT INUE

RETLURN

END

SUBROUTINE DEE

CAL D # B

COMMON/CONTRO/NPOIIN, NELEM, NNMODE > NDOFN, NODIME,

#NSTRE,NTYPE, NGAUS, NPROP, NMATS.NVFIX,
#NEVAB, ICASE, NCASE, ITEMP, IPRCE, NPROR |

COMMION/LGDATA/COORD (20, 2) , PROPS(10,4),
#PRESC (40, 3) ,ASDIS(240) ,ELDAD (2S5, 24),
#NLIFIX (40, IFPRE(40,3), LNOOE(25, 2),
EMATNOCZ2E)

CIOMMON /WORK. ZELCOD(Z, 2) , SHAPE (),
#DERIV(Z,2) ., OMATX (S, 3) , CARTD(Z, =),
#DEMAT (S, 24) , BMATX (S, 24), SMATX (S, 24, 4),
#PIEGF (2) , WEl GFP(2) ,GPCOD(2, 4) ,NERIR(24)

00 10 ISTRE=1,NZTRE

0o 10 1EVAB=1,NEVAB

DEMAT(ISTRE, IEVAB)=0.0

oo 10 JSTRE=1,NSTRE

DEMAT (ISTRE, IEVAB)=0BMAT( ISTRE, IEVAR) +
#OMATX( ISTRE,, JSTRE) #BMATX (JSTRE, IEVAR)

CIONTINLE

RETLIRN

END
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SUBROUTINE LCADFE

Cxx# AL 'NODAL FORCE FOR FLATE ELEM

DIMEMSION TITLE(LZ).POINT(E
COMMON/CONTRO/NFPCIN, NELEM, NNCODE , NCHIEN, NOBIME,
#NZTRE, NTYPE, NGALIS, NPRIOP, NMATZ, NVFI X,
#*NEVAHE, IIZASE, NCASE, ITEMP, IFRIB, NFROB
COMMON/LIGDATA/ SRRSO, 2) , PROPS(10,4),
#FRESC (40,2 ,ASDIS(240) ,ELOADCZS, 24) ,
#NIOFIX(40), IFFRE(40, 2), LNODS(25,2),
#MATNO(2T)

CZOMMON /WORK/ZELCOD(Z, 2) , SHAPE(2),
#OERIV(Z,2), OMATX (S, 5) , CARTO(Z,3) ,
*OEMAT(S, 24) ., BMATX (S5, 24) . SMATX(S, 24, 4) ,
#PIDSGP (2) L, WEIGP(2) , GRCOD(Z, 4) NERIR (24)
iy LO IELEM=1,NELEM

o 10 |EVABR=1,NEVAB

ELODADCTELEM, IEVAR)=0,0

10 ZUNTINLE
READ(S,%00Q) TITLE .
F00 FORMAT(12ZA6)
WRITE(4,70%) TITLE, ICASE
205 FORMAT ¢ 1HO, 12A4,3X,12H LOAD CASE =,1I3)

###% READ DATA CONTROLING LOADING

READ(S,®10) IPLOD
P10 FORMAT(IS)

WRITE (&, 715%) IFLOD
Y15 FORMAT(IS)

Cxsxs READ NODAL POINT LOADE

| F( IPLOD.ER.O) GO TJ &0
20 REALD(S,920)
#L_JDFT, (POINTC(IDOFN) » BDIDFN=1, NOIDJFN)
WRITE (4, 729)
#L20PT, (FOEINT (IDOFN) , IDDFN=1, NOCOFN)
P20 FORMAT(IS,2FL0.5)
w28 FORMAT(IS, 2F10.5)

Cdexd JEZDTIATE THE NODAL FOINT LOADE

po 20 1IELEM=1.NELEM

) 20 INCDE=1, NNODE
NLDIZA=UNODS CTELEM INOQDE)
IFCLODRT EQ.NLOZA) GO TO 40



RO IZOMT [MUE

40 DD S0 IDOFN=1, NDIOFN
NGASH=( INODE-1 ) #*NDOFN+ IDOFN
ELCOAD(BELEM, NIGASH) =FOINT (RDIIFNM)

SO CONTINUE
IF(LODPT.NE.NFOING GO TO 20

&0 CONTENUE

C#ds LIJOP OVER EACH ELEM

Do 110 BELEM=1,NELEM
LFROP=MATNO(IELEM)
LDLOD=FPROPS (LPROP, 4)
IF(UDLDD.ER.0.Q) GO TO 110

s EVALUATE CooRD POINTS

DD 70 ENODE=1, NNODRE
LNODE=LNIDSE (BELEM, INODE)
) 70 [DEIME=1,NDIME
~ ELCOUC I DEIME, INODE) =COORD (LNODE, I DIME)
7(,) CZDNT 1 NI_IE
oo =20 | EVAB=1,NEVAE
ELOAD(BIELEM, IEVAE)=0.0

20 CZONTENUE
KGASP=0
I ¥
1Z##¢ ENTER LI0DP FOR INTEGRATION
i

O 100 IEall=s=1, NiZAL:s
EXISP=FPOSGR ( IGALS)
o 100 JGALS=1, MiGALS
ETASF=FIZIGP (GALS)
EGASP=KGASP+1

Ce##4d EVALUATE THE ZHAFE FLUNCTEION

CALL SFRZ(EXISP, ETASP)
CALL JACOBZ(IELEM, LWJACE, KGASP)
DAREA=D.JACE#WE ISP ( IGALIS ) #WEIGP ( JGALIS)

s CAL LOAD AND NiDAL POINTS

Do 20 INCDE=1, NNODE
MPIZEEN= ( INODE-1 ) =NDDOFN+1

SEORD TELEM, MEYESN) =ELDAD TELEM, NFOEN) +
HEHEFE CTMODE ) #0020 DARER
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PO ZONTINUE
100 CONTINUE
110 CONTINLE
WRITE (&, ?320)
PE0 FORMAT (10, 22X,
®#34&H TOTAL NODAL FORCES FOR EACH ELEMENT)
o 120 [ELEM=1,NELEM
WRITE(A, #35) 1ELEM,
# (ELOALD(IELEM, IEVAR) , IEVAR=1,NEVAE)
120 CONTENUE
YIS FORMAT(1X,I14,5X,2E12.4/ (10X, 2EL1Z2.4)/
#(10X,2E12.4))
RETURN
END

SUBROUTINE FRONT
DEIMENSEION FEXED(160),ESUIAT (60) »VECRY (140),
#GLOAD(&0) , GETIF(1330).ESTIF(24,24),
#IFFEX(140),NACVA(A0) , LOCEL(24) ,NDEST(24)
COMMON/CONTRO/NFIIN, NELEM, NMNODE , NDUOFN, NOEIME/
#NESTRE, NTYFE » NIZALE, NFROF . NMATS, NVFIX,

#NEVAE, [CASE, NCASE, ITEMR, [FROS» NFRIOE
COMMON/LGDATA/ZCIIORE (20, 2) , PROFPS(10,4) ,
#PRESC(40,3),ASDIS(240) ,ELOAD(2S, 24),

#NOFIX (40), IFPRE(40,3) . LNODS(25,3) -
#MATNQO(2S)

COMMON /WORK/ELCID(2, 8) - SHAFE(R) ,
#DERIV(Z,3) . OMATX (S, S), CARTD(Z.2)

#DBEMAT (S, 24),BMATX (S5, 24),SMATX(S,24,4),
#PISGR(2) , WEIGP (2), GPIOD(E, 4) » NEROR (24)

NFLUNC T, )= (=) /241

MFRON=40

METIF=13320

Cxx# INTERPERT FEXETYDATA IN VECTOR FORM

NTOTV=NPOIN#NIOFN
DO 100 ITRTVY=1,NTOTV
IFFIX(ITOTV)=0
100 FIXED(ITOTV)=0.0
DO 110 IVFIX=1,NVFIX
NLIOCA=(NOFEX (EVFEIX) 1) #NDCIFN
DK 110 EDOFN=1,NDUFN
NGASH=NLOCA+IDOFN
IFFIX{NGASH)=IFPRE(IVFIX, IDIFN)
110 Fl XED(MGASH) =FPRESC(IVEIX, | DOFN)

Css CHANGE THE ZIGN

O 140 IFOIM=1,NFOINM
FLAST=0

Do 1z0 BIELEM=1,NELEM
DO 120 INDDE=1, NNODE
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IF(LNOOIE (IELEM, INCQDE) JNE. IFPOINY G0 TO 120
KLAZT=1ELEM
MLAST=INODE
120 CONTINLE
120 ZIONTINUE
IF(ELAST.NE. Q) LNODS(ELAZT, MLAST)==-IPFQIMN
140 CONTINUE

C### START BY INITIALIZING EVERYTHING THAT MATTERS TO ZERO

[

£
0o 150 ISTIF=1,MSTIF
130 GSTIF(ISTIF)I=0.0
O 140 BIFRCN=1, MFRION Coe
GLOAD(IFROND)Y =0, 0
EGLAT(IFRON) =0, O
VECRV(IFRON)=0.0
140 NACVA(IFRON) =0
N
Cxx% AND FPREFARE FOR DBISC READING
IR
{

REWIND 1
REWIND 2
REWIND 2
REWIND 4

1. Y

C#¥## ENTER MAIN ELEMENT ASZEMELY REDLWTHEION

[
NFRON=0
KELVA=O
o 220 IELEM=1,NELEM
EEVABR=D
READ(1) ESTIF
D 170 ENODE=1, NNODE
DO 170 NDOFN=1,NDIFN
NPOSE=( INODE- 1) #NDOFN+| DOFN .
LIOCNO=LNIIDS ( IELEM, INODE)
IF(LDEND.GT-O) LOZEL (NPOST)=(LOCND=1 )%
# NDOFN+IDOFN
I FCLOCNDLLT. O) LOCEL(NPOQE] 3= (LIOCND+1) %
# NDOFN-BLIFN
170 CONTINUE

Crex START BY LIOOKING FOR EXITSTING DISTIMNGTTON

i3

DI

oo 210 IEVABR=1,NEVAR
_NIENO=TARS (LOCEL (IEVAEB) )



KEXIZ=0
DO 120 IFRON=1, NFRON
IF (NREND.NE. NAZVA(CIFRON) ) G TO 120
KEVAB=KEVAE+1
EEXS=1
NDEST (KEVAB ) —FRON
120 CONTINUE
IF(KEXIS.NE.O) GO TO 210

Cx#e WE SEER FOR NEW EMPTY FLACE FOR DESTINATION VECTOR

L
-

Do 190 IFRON=1,MFRON
IF(NACVACIFRON) .NE.O) GO T 190
MACVA (BIFRON) =NEIKND
FKEVAE=KEVAE+1
NDEST ( KEVAE) —FRON
GO TO 200
170 CONTINUE
=
Czx2x THE NEW PLACE MAY DEMAND AN INZREAZE

C
200 | F(NDEST(EEVAB) .i3T.NFRON) NFRON=NDEST (KEVAE)
airo CONTINUE

C

CRex ASSEMBEL ELEM LOAD

I

DO 240 IEVYAB=1,NEVAB

IDEZT=NLEST (DEVAR)
GLOADCIDEST))=GLOARCIDEST ) +ELOADCIELEM, IEVAER)

L ASTEMBLE ELEM STIFNESS BUT NOT IN SOLLITION

IF(ICASE.GT. 1) G0 TO 230
Do 220 JEVABE=1, IEVAB
JOEST=NDEST(JEVAB) .
NGASH=NFLINC(IDEST. JOEST)
NGEISH=NFUNC ( JDEST, IDEST)
IF(JLUEST.GE. IDEST) GSTIF (NGASH)=
#* GESTIF(NGAZH) +ESTI F(IEVAB, JEVAER)
IFCUIDEST.LT.IDEST) GETIF(NGISH)=
#EETIF(NGISHY+EST | F( IEVAR, JEVAR)
FEO OCOMT IMUE
A0 DO I NLE
L4 LONTINUE
-~

_r##% RE-EXAHIN EACH ELEMENT



o 370 [EVAR=1,NEVAE
NI KNO=-LOCEL ( |EVAB)
IF(NIENO.DILE.O) G0 TO 270
'
C### FIND PSITION OF VARIABLEFOR ELIMIMATION

i

O 350 IFRON=1,NFRON
IF(NACVA(IFRON) JMNECNIEMZ) GO0 TO 250
Cixx EXTPAT THE ZO2EFF

[}

IFCICASE.GT. 1) 30 TO 2460
o 250 JFRON=1, MFRON
IFORFRONGLT. JFRION)  NLOCA=NFUNC ( BFRON, JFRION)
IFCIFRON. GE. JFRON)  NLOCA=SNFUNC (JFRON, IFRON)
ECHIAT (IFRION) =G3TEF (NLOCA)

B0 FETIF(NLICA)=0.0

20 CONTINUE

[
12 AND EXTRACZT THE RIGHT HaND SIDE
[

EQRHS=GLOAD( | FRON)
GLOADCIFRON) =0, 0

_ KELVA=KELVA+1

i

Cce#¢ WRETE E2 TO DIEZ OR TAPE
C ¥

IF(ICASE.GT.1) 2 T 270
WRITE(Z2) EGLIAT, ECRHES, IFRION, MIKND
S0 TO 220
270 WRITE(4A) EQRHS=
REASL (2 EQJAT . DUMMY , TOUMM . M DEMOD
220 CONTINUE
[
C##s DEAL WITH FIVOT
N
PIVOT=EIAT (IFRON)
EGUAT(IFRON)I=0. 0

C### EMRUJIRE WHETHER FRESENT VAR|I ABLE 1= FREE OR FPRESCREIBED
o

IF(IFFIX(NIEND) .EQ.Q) GO T3 200

[

Caax DEAL WITH PRESCRIBE DEFLACTION

[
L @0 SFROM=1 . MFROM

DG GL0ADCIFROM)Y =GLOAD (IFRIONY=F ITXED (M EMNT ) =
#+ EIAT CIFRION)

G T 240
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[

g&&& ELIMINAT A FREE VARIABLE
=

=

200 [ 230 JFRION=1, NFRON
GLOAD(JIFROM)Y =GLOAD(IFRON) —EQUAT (IFRIN) »
# ECIRHZ/FPLIVOT
i
Cex% NOW DEAL ENTH CUOEFF
I
IFCICASE,.GT. 1) 30 T 220
IF(EQUAT (IFRIN) JER.Q.Q) 150 TO 320
MLDCA=NFUMZ (O, JFRION)
DD 210 LFRION=1, . JFRON
NGASH=LFRUON+NLICA
210 GETIF(NGASH)=GITIF (NGASH) -EQUAT GIFRON) *
# EQUAT(LFRON)/PIVOT
220 CIONTINLE
220 O CONTINLE
240 EMIATCIFRONY=FIVOT
[
Cx%e RECIORED THE NEW VACANT =FACZE ,AND REDUCE

iz FRONTWETH IF POSSIBLE

[

NACVA (IFRON) =0

G0 TO 240 '
=
Z### COMPLETE THE ELEMENT LOOP IN THE FORWAREL
= ELIMINATIQN
[

s RO CONTINUE
2E0 IF(NACVANFRUOMY s NE«Q) 130 70 270
MFRIIN=MFRCM-1
IF(NFRON,IGT.O) 530 TO 2460
F70 CIONTINUE
FE0O CONTINMNUE
C## ENTER BACKE SLBSTITUTION

Do 410 BIELVA=1,KELVA

C##4#¢ READ A NEW ER

hw

BACKSPACE =2

REAIICZ) EMJAT, ERRHS, IFRON, NIENMD !
BRCKIPACE 2

(FofomSE B, 1y G0 TO 3w

BacCkzFEalE 4

SREAT(4A)Y ECRHE




92

T BACKSFACE 4
S0 CUONTINLUE

&*** FREFPARE TiI BACK-=SUBSTITUTION
(N
FIVOT=ERUAT (IFRIOND
IFC(IFFIX(NIEND ,EX.1) VECRV(IFRON)=
* FIXED(NIEMD)
IFCIFFIX(NIKNDD LEQ.Q) EQUAT(IFRIN)=0D, 0
1
o#ed BACK-=-SURSTITUTION
i
D 400 JFRON=1, MFRION
_ 400 ERRHI=EQRHI=VECRY (JFRON) #EQUAT CIFRON)
(i
Z#x%x PUUT THE FINAL VALUES WHERE THEY " BELIONGG
[

IF(IFFIX(NIKND) .ER.0) VECRYV{IFRON)=
#* ERRMHZ/FIVOT
IFTIFFIXONLEMND CES. L) FIXED(MIEND) ==-ERRHS
ASUTSINTEND =YEZRY CIFRIIN)

410 CUNTINUE
WRITE(&, 700)

200 FORMAT (1HO, SX, 1 ZHDISFLACEMENTS)
IF(NOOFN.NE. 2) G0 T 430
IF(NDIME.NE. 1) 53 JO 420
WRITE (&, 205)

POS FORMAT ( 1HO, SX, 4HNODE , 4X, SHOISP. , 7X,

# SHROTATION)
G0 T 430
40 WRITE(4:,%10)
210 FURMAT (1HO, SX, 4HNODE , SX, THX-015F ., ,
# 7X, 7HY=0I@Fs)
30 T 440
430 WRITE(&,715)
915 FURMAT (1HO, SX, 4HNODE , X, SHOISFP. » 3X,
* THXZ=ROT..7 X, 7HYZ-ROT.)

440 CONT INUE
DO 4S50 IFOEIN=1,NPCIN
NGASH= I PO IN#NDOFN
NG I SH=NGASH-NOCDFN+1

450 WRITE(4&,720) IFDIN, (ASDIS(IGASH)Y, IGASH=

* MGISH, NGASH)
IO OFORMAT(I10,3E14.4)

E FORMET O LHD S 5, YHREALT TOMS)
TR inNEDIFEN.MNE-Z2Y 30 70 470
[FIMOIMENE, 1) G TO 460



WRELTE (&, 720 =
FE) FURMATCIHO, SX, dHNOOE , 4 X, SHEORCE  SX o aHMUMENT j
S0 T 420
S0 WRITE (&,.725)
g FUORMAT (1HO, 5X, 4HMODE . SX |, 7HX-FORCE,
* 7HY-FORCE)
E0E T 420
470 WRITE(6,%40)
740 FORMAT( 1HOQ, SX, 4HNDDE, 4X s SHFORIZE, &4X,
# CPHXZ-MOMENT , SX, 9HYZ~-MOMENT )
420 CTIOINTINUE
DO S10 IFPOIN=1,NFOIN
MLOCA= (TPOIN=1 ) #NDIDFN
oD 490 IDOFN=1, NDHIFN
MGLSH=NLICA+TDOFN
IFCIFFIXONGLISH)Y o GT. O 150 TO SO0
420 TINT LMUE
G TO 910
500 NGASH=NLOCA+NDOFN
NG I SH=NLUOCA+]
WRITE (&, 245) IFIZIN (FLAELCDSASH) . [GASZH=
# NGISH, NGRsH)
S10 CIONTINUE
945 FORMAT(I1G,ZEL14.4)

{' =
n

[

Casse POST FRONT SET ALL ELEM CONNECTION TO POSITIVE VALLE
Cedsd FOR LEZE IN STRESS CALCULATION
¥

0 520 BELEM=1,NELEM

O S0 [NCDE=1. NNOOE
Beoor LIS lel EM . (MUDE) STABS LMD [RDEM,, TRC0E S
R TN
ENL
sUEROUT| NE -TREFH
C#s#% ZAL STRESS RESULTANTS AT GALSS POINTS
-

DIMENSION ELDISCE, ) ,3TREE(5)

COMMON /DN TR/ NFPOEN, NELEM, NNODE , NLUDFN > ND TME,
#NZSTRE, NTYPE, NiIGALEE , NFROF, NMATS, NVFI X,
#NEVAR, ICASE, NCASE, | TEMP, | PROE, NFROER
COMMON/LGDATA/CDORDOCE0, 2) , PROPS(10.4 ),
#PRESC(40,3) ,AS0I5(240) ,ELOAD(ZS, 24),
*N““[Y(4U)-[FPFF(4U,;),LNHD-\Lq,r)v

EPIATMDCL

faig b | G TN (MIP~ AN AL

shadee j Uy UMHF“w,b‘,

wEME L } o BMAT K
FLLERGF LY WE LR 2,

:UU(~14)7Nth§h(




WM (A 200
WRITE (&2 705)

asx LOOF OVER EACH ELEM
[

o 40 IglEM=1,pNELEM

% READ STRESS MATRIX

READCZ) =SMATX, G0
WRITE(A,210) |IELEM
N

Cx## IDENTIFY THE DISP OF THE ELEM NODAL FQINT

DO 12 IMNODE=1.NMNNODE

LNCDE=LNIDS (IELEM, | NODE )

NFOEN= (LNODE=-1 ) #NDOFN

Do 10 IDOFN=1, NDOFM

NPEN=NFLIZN+ 1

ELDIS(IDOFMN, INCOE) =a2D 13 (NFIIEND
1¢ DONTINUE

EGASF=0

C### ENTER LIOOP QOVER EACH FUOINT

C
[ 20 T3AILE=1, NGALS
Qi 20 J5AlkE=1, NGALES
KGASP=KOAZP+1
oo 20 ISTRE=1,NSTRE
STRIG(ISTRE)=0.0
FIZASH=0

Caes JITRPUT THE STRESES REIULTANTS

e COMPUTE THE STRESS RESULTANTS

i

i 20 INQDE=1, NNODE

O 20 IDIFN=1, NDIOFN

KGASH=KIGASH+1

STREG(ISTRE) =STRIG([STRE) +

#EMATX ([ ZTRE, KGASH, KGASP) #ELD T IDOFN, INODE)
20 CONTIMUE

WRITE(A, 215 HGAZF.
2 OSECOne LOIMe, & NS IDIME= . NUIME -
FOSEREGO DETREY , ISTRE=1-NESTRE)
Ty QM IME
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40 TIONTINLUE

POQ FORMAT(/, 1OX  BHETRESSES, /)

5 FORMAT i 1HO® 4HIG, P., 22X, SHX=COORD, 5 22X
HEHY —CIORD, 23X, BHA-MOMENT . 4 X, SHY~MOMENT
FEX VHAY =MOMENT , 2Xs 1OHX Z~5. FORCE, 22X,
#1OHYZ—3, FORCE)

?10 FORMAT(/,SX, 1ZHELEMENT Niit.=,15)

915 FORMAT(IS,Z2F10.4,5E12.5)

RETIURN
END

SUBRCUTINE CHECE 1

### TO CRITHZIZE THE DATA AND PRINT ANY DIAGNOSTICE

v

COMMON/ZONTRO/MPO N. NELEM: NNIDE  NOOFM, NDUME
#NSTRE , NTYFE, NIGALIS , NFRIDP, NMATS s NVF| X,
#NEVAE . ICAZE, MCAZE, [ TEMP, IFROE, NFRUE

CMMON/ LGOA Ta /7 000RD G20, 2) , FRIFSO10, 45,
RERESIT (A0 ) e QEOTSCRA0) S ELNaD RS, md),

#NOF1IX(40), IFFRET40, 2) , LNODES (25, 2),
#MATNI(2S)

COMMON /WORK /ELCIO(Z, 2) , SHAFE (3},
#DERIV(Z,2),DMATX (S, q),LARTD(-,L)1
#0DBMAT (S5, 24) . BMATX (S, 24),EMATX (5,24, 4) ,
*FULuF(ﬂ),NtI“P(ﬁJ,UFEDD(&,4),NERUR(&

O 10 IERDOR=1,24

10 NEROR (IEROR) =0

Maxs TREATE THE DIGNOSTID MESSSSES

I F (NPOIM.LE.O) NEROR(1)=1

| F(NELEM#NNODE.LT.NFII N) NEROR({(2)=1
IFINVFIX LT.1.O0RNVFIX.GT.NPOINY NEROR(Z) =
IF(MCASE.LE.D) NERIR(4)=1
IF(NTYPE.LT. Q. OR.NTYFE.GT.2) NEROR(S)=1

I F(NNODE. LT. 3. ZR.NNJDE.G3T.32) NERIR(&)=1
IF(NDOFN.LT.2.0R.NODOFN.GT.2) NEROR(7) = .
| F(MMATS.LE. O.0R.NMATZ2.5T.NELEM) NERQR(Z)=1
IF(NPROFP.LT. ZJIR.NPRIOF.GT.S) NEROR(?)=1
IF(NGALS, LT. 2. 0R.NGALIS . 13T, ) NEROR(10)=1
IF(NODIME.LT.1.0R.NDIME.GT.2) NEROR(11)=1
IF(NSTRE.LT.Z2.0R.NSTRE.GT.S)Y NEROR(1Z2)=1

po#Eatws HITHER RETHRM, OF BELZE PRINMD THE R

b _;"[h—l\
o 20 IEROR=1,12



IFINERORCIERDR ) « EGL D) U T 20
ZRIGE=1

WRITE(L,200) [ERUR

puhq&u bt DIAGMIEEIS BY CHECkL.

[T IRS —:)

WL S0, 0) RETURN
EcHD ALL THE REMAINING DATA

CalLL ECHD
ENID

SRR NI NE ECMD

CimeEMSION NTID VL (20)

CUMPMUN /SN TR NEC LN NECEM, NNCDE , NDOFN . NDHEME .
#NESTRE , NTYPE, NGALS  NFRIUF, NMAT S MR L X
HFNEVAER, ICASE, MCASE, ITEMF ., [FRIZE: NFROB

LUMWHN/LHUﬁ]H lnhux-n,_;,khnrﬂ'lﬁ 47j s
: i v D BRI >S4
P B AT T N G S i

HHrL '+Ul-;ﬁw
AMETHID 250
EEMMHN /NHRF/ELCDD(Z,F),:HQPE'S
#DERIVIZ,2) . IMATX (S, 3), CTARTROZ. 2D,
*UEMAT(ly;4)1BMATX(ﬁ’;4)7:MArK(l7_ 74)1
#FPCSGP (2 s WE LGP (2], GPCOD(E, 4) ,NERDR(Z24)
WRITE (£, 700) '

SO0 FORMAT(//729H NOW FOLLOWS A LISTING OF,
#* ”qH PHQT—DIEQSTER DATA ZARLe=/)

T REA Y ONTLTL
P pwhﬂhll. j
L MITH R

i) l-'""'\(“HT( 201, ?720&
3 T 10

SUBROUTINE CHECKE

R

### TO CRITICIZE THE DATA FROM SURROIUTIN INFUT

DL

DIMENSTIN NDOFRIZCE0)

FWMHHN/EDNTHH'NFHIN MELEM, NMODE , NDOFMN. MO IME .

_FFF Ml{ht NG

RS IR

RIS MMET S NYELX

selbais

N ST it S5 .
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COMMON /WORK/ELCOD(Z, 2) . SHAFE(2) ,
#DERIV(Z,3),IMATX (S, S, CARTD(Z, 2),
*DEMAT (5. 24), BMATX (5, 24) , SMATX (S, 24, 4),
#POSGP(Z2) > WETGR(2) , GPCODCZ, 45, MEROR (24)

MFRION=Z00

S CHECK AGAIMST TWD IDENTICAL NONZERO

-
Ic‘

Do 10 BIELEM=1,NELEM
10 NOFROCIELEM)=0
03 40 IPQIN=2,MNPOIN
KFJIIN=IPOIN-1
DO 30 JPOIN=1,KPOIN
DO 20 IDIME=1,NDIME
| FCDIORDCEPOI N, IDEME) o« NE. COORDCIFDIN,
* IDOIME)) GO TO 20
20 CONTINMUE
NEROR(132)=NEROR(13)+1
O OCONTINLE
40 CUONTINMLUE
I
iz###%# CHECK THE LIST OF ELEM PRIFERTY

'.-
oD S0 BELEM=1,NELEM
SO IF(MATNOCIELEM) .LE.O.OR.MATNO(IELEM) (5T,
# NMATS) NERCOR(14)=NERIR(14)+1
2 ¥
C#ssx CHECK FOR IMPOSSIBLE NODE
o
[y 7¢ IELEM=1,NELEM
DO AQ INQDE=1, NNODE
I FCLNODS i BELEM, INUDE) ERL. ) NEROR(15)=
# NEROR(1S)+1
A0 [FLNDOOS(IELEM, INCDE) L LT. ©.0R. LNOD=¢ | ELEM,
# INQDE).GT.NPIOIIN) NEROR(1A)=NERIR(14)+1
70 CIONTINLE
N
S#x CHECK FOR ANY REFETI TION QOF A NOLDE

DO 140 EPOIN=1.NFZIN

KSTAR=0Q

DO 100 1ELEM=1,NELEM

KZERO=0

o 20 INJDE=1,NNJIDE

IF (LMo IELEM, IMTDE)Y JME, [FGINY GO TO 90
EZERO=t JERC+1

IF(RZERD.VGT.1) NEROR{17)=NEROR(171+1
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R

d

IF(RSTAR.NE.O) GO T 20
ESTAR=IELEM

Caxax CALCLL INCREASE OR DECREASE IN FROMTWIOTH
[N

NOFROCIELEM)) =NOFROCIELEM) +NDIOFN
S0 CONTINUE

c#% AND CHANGE THE SIGN OfF THE LAST NOODE

ELAZT=1ELEM
NLAZST=INILE
®O CONTINUE
1060 CONTINUE
IF(EKSTAR.ER, Q) G0 T 110
IF{(KLAST.LT. NELEM) NIFRI(KLAZT+1)=
#* MOFRIDC(CELAST+1) —-MOIFN
LMNODES (KLAS T, NLAZT ) ==IFI3IN
G0 T 140

L
Cawswd CHECK THE CORD FOR AN UNUSEDR NOJDE
2

110 WRITE(4,%700) IFDIN
200 FORMAT(/15H CHECE *WHY MIDE,I4,
# 14H NEVER APPEARS)
NEROR ( 1:3) =NERIRT 1:3) 1
SI5MA=0.0
o120 IDIME=1,NDIME
120 SIGMA=S1EMA+ARS CZOORDITIFIIN, IDIME))
ITF(SIGMALNE, 0.0) NERDR(1Z)=NERIR(L1%)+1
i
@*** CHECK THAT UNILEZED NLUMBERT 1S NOT A RESTRAINED MIDE
-

oo 120 IVFIX=1,NVFIX
120 IF(NOFIX(IVFIX).EQ.IPOIN) NERIOR(ZO)=
# NEROR(ZO)T1
140 CONTIMUE
C
Cexxs CALCIIL THE LARGEST FRONTWIDTH
o
MFRITN=O
SR EC B
o150 [ELEM=1,NELEM
MERON=MFRON+NOFRDCIELEM)
10 IFUNFRIOM,GT.EFRONY  KFRON=NEFRIN



WRITE (&, 205) KFRUN
P05 FORMAT (£/722HMAX FRONTWIDTH ENCIINTERED =, 15)
I F(RKFRONOGT.MFRION) NEROR(21)=1

|
Cassd CONTINMIE CHECKING THE DATA Fir THE FIXED VALLE
[
O 170 IVFIX=1,.NVFIX
IFINOFIXCIVFIX)LLELO.OR.MOFIXCIVFIX).
# GT.NPOIN) NEROR(ZZ)ISNERDOR(2Z) T
KIOLUINT =0
i 140 BDOFN=1, MDOFN
140 IF(IFPHECRIVFREX, IDOFN)Y . GT. Q) KOUNT=1
IF (KOUNT.ER.0) NEROIR(ZZ)=NEROR(Z)*1
KVFIX=IVFIX-1
i 170 JYFEIX=1,KVFIX
170 IF(IVFIX.NE. 1. AND.NOFIX(IVFIX) ,Ef,
# NOFEIX(IJVFEIX)) NERIOR(24)=NEROR(24)+1
KEROR=0
oo 120 IERDR=13,2
IF(NEROR( IERIR)Y ,ER,. Q) G0 T 120
KEROR=1
VWRITE(4,210) BERCR, NERCR(IERDR)
910 FORMAT (/ /20H##% DIAGNISIS BY CHECKZ,. ERRUOR,
# 13,6X,18H ASSOCIATED NLIMEER,IS)
130 CONTINUE
| F(KERLCIR.NE. Q) GaTO 200

l-‘

g*** RETURN ALL NODAL CONNECTEION NUMEERS ToO PIsEITIVE VALLE
I
L
DO 170 MELEM=1,MNELEM
oo 1w INODE=1, NNODE
190 LNODS o [ELEM, | NODE ) =—ABS (LNODeS ( (ELEM, TNOOE) )
RETURN
200 CALL ECHD
END
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B2 Plane Stress or Plane Strain Program

Subroutines | NPUT, GAUSSA, Node XY, SFR2, JACOB2,
DBE, FRONT, CHECK1l, ECHO, and CHECK2, which are wused in
plate bending program are identical to the plane stress

or plane strain program except for the common bl ocks.
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PROGRAM BOK1 ¢ INPUT, OUTPUT, TAPES=INPLT, TAFESL=0UTPUT, TAPE1L,
#TAPEZ. TAPEZ, TAPES3, TAFPE4)
DI MENSI ON TITLE(12)
COMMON/CONTRO/NPOIN, NELEM, NNODE  NDOFN, NDIME,
#NEVAB, | CASE, NCASE., | TEMP, | PROB. NPROB
COMMON/LGDATA/COORD(80,2),PROPS(10,5),
#PRESC(40,2),ASDIZ(1460).ELOAD(Z25,16) >, STRIN(Z, 225),
#NOFIX(40), IFPRE(40,2),.LNQDRS(2%,8),
#MATNO(25)
COVWMON /WORK/ELCOD(2,2),SHAPE(S),
#DERIV(2Z.8),DOMATX(3,3).CARTD(2.8),
#DBMAT (3, 146).BMATX(2,146),5MATX(3,16:7),
#POSGP(3),WEIGF(2),.GPCOD(2, %) . NEROR(24)
READ(S,900) NPROB
900 FORMAT(I3)
WRITE(4,905) NPROB
905 FORMAT(1HO,SX,23HTOTAL NG, CF PROBLEM =, 15)
DO 20 1FPROB=1, NPROB
REW ND 1
REW ND 2
REW ND 3
REW ND 4
READ(S,910) Tl TLE
210 FORMAT(12A46) .
WRITE(6,7215) IFROB.TITLE
915 FORMAT(/////+6X, 12HPROBLEM NO, .132,10X,12AR6)

c. . .
Cw## CALL SUBROUTIN THAT READ MOST OF THE DATA

(@13

C k]
c CALL | NPUT
C### CREAT ELEM SSTI FNESS
C
CALL STI FFS

DO 10 1case=1.NCASE
C
cx### COVPUT LOAD,

00

CALL LOADPS
[
c### SOLVE THE RESULTI NG EQ

C
CALL FRONT
C
C### COVPUT STRESS IN ALL ELEMENTS.
L™
CALL STREPS
10 CONTI NUE
20 CONTI NUE
STOP
—~ END
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t stifes fortran

SURFDIUTINE STIFPS
DIMENSION ESTIF(14A,14)
CIOMMON/CONTRID/NFOIN - NELEM, NNCODE | NOKDFNS NDIME
#NETRE, NTYFE, NGALIS , NPRIOF . NMATSNVFI X s NEVAER,
#ICASE,NCAZE, ITEMP, IFROE, NFRIOE
COMMON/LGDATA/COORD G20, 2) ,PROP; (10,5) ,PRESIZ(40,2),
#AS0IS(1460), ELOAD(2S, 14) » STRIN(4A, 225) . NOFIX (40) , IFFRE(40,32),
#LNCDS (25, 2) , MATNO(ZS)
COMMON/WORE /BELICOD(Z, 2) » SHAPE(2) > DERIV(Z, 2,
#[IMATX (=,3),»CARTD(Z,2)-DEBMAT (2, 14) - BMATX (32, 14)
*SMATX(E,1&*9),PDQGP(3),NEIGP(B)vGPEDD(E,?)lmERDRi24)

i

Caews LOOF OVER.EACH ELEMENT

[
o 70 DELEM=!.NELEM
LFROP=MATNO(IELEM)

| o
Cowwsxr EVALUATE THE COOR OF ELEMENT
oo

DO 10 | NDDE=1,NNODE
LNODE=LNOD=S (IELEM. INODE)
DO 10 IDIME=1,NDIME
1'0 ELCOD(EIDIME, | NODE)=COORD(LNCODE, | DIME)

C t
C#wae EVALUATE D—=——<-MATRIEX
(N

CALL MOOPS(LPROP)
THICKE=FROFS (LFPROF, 2)
i

e INITTALIZE THE sSTEFFNESS MATRI X

o
o 2¢ IEVAER=1,NEVAE
Do 20 EVAER=1,NEVAE
20 ESTIF(IEVABR» JEVAB)=0. 0
KISASP=0

2 LOOP AREA INTIGRUTION

U
00 50 [IGALIS=1, NGALS
DO SO JGEAIS=1 , NGals
EGAZF=EILAZF+1
A ERE] AR (LA
EiaESse Usibe O _LSALES)

[
e Bl e TE THE SHaRE FLONGTTON
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CALL SFRE(EXISP. ETASF)

CALL JACOEZ ( IELEM. DLJACE, KGASE)
DVOLU=DUACERWE LGP ( | GALIS | #WE [GF ( JGALS)
[F(THICK.NE. 0. 0) DVOLU=0VOL U THICK

e EVALLUATE B AND LR MATRIX

CALL EBMATF=
CALL DEE
0 %t
Casexxr EVALUATE THE ELEMENT STIFFMESSES

i
oo 20 1IEVAE=1,NEVAB
0o 20 JEVAR=I1EVAEB, NEVAR
oo 20 ISTRE=1,NSTRE i
20 ESTIF(IEVABR, JEVAE)Y=ESTIF( IEVAR, JEVAR)+
* BEMATX(ISTRE. [EVAR)#*DBMAT(ISTRE, JEVAR) =0VILU
2

IZ#%% STORE THE ELEMENT OF DB MGTRIX

3 40 [STRE=1,MITRE

DO 40 |EVAE=1,NEVAE
40 SMATX(ISTRE, IEVAB, KGASF)=0OBMATIIZTRE, IEVAB)
SO CONT] NUE

C#es CONSTRIJCT THE, LOWER TRIANGLE 0OF
Cax#s THE STIFFNEZS MATRIX

2
1 &0 IEVABR=1,NEVAE
oo &0 JeEVAE=1,NEVAE

GO S Ie JEVAR, IEVARI=ESTIF CIEVAR, SEVAH)

Ceger STORE STIFFNESS MATHIX

™
WRITE{(1) EITIF
WREITECZ) SMATX, GRCOD
70 CINTINUE
RETLIRN
END



t modps tortran

10

-

C it

20
c

SUBROLITINE MOOP= (LFROF)

COMMON/CONTRO/NPGOIN, NELEM, NNODE,» NDOFN, NDIME,
#NSTRE ,» NTYPE, NGAUS » NPROP, NMATS,» NVFIX,

#NEVAB» ICASE, NCASE, ITEMP, IPROB~,NFROB

COMMON/LGDATA/COORD(80.,2),PROPS(10,5),
*PRESC (40, 2),ASDIS(1460)yELOAD(25,16), .
#STRIN(4,223) ,NOFIX{(40), IFPRE(40,2), LNODS(25,3),
#MATNO(Z2S)

COMMON /WORK/ELCOD(2,3),SHAPE(S) ,
*DERIV(2,3),DMATX(3,3),CARTD(2,8),
#DBMAT(3,16),BMATX(3,16),SMATX(3,16,7),
*#POSGP(3) , WEIGP(3)»GPCOD(2, ?) , NERCR(24)

YOUNG=PROPS (LPROP, 1)

POISS=PROPS (LPROP, 2)

DO 10 ISTRE=1,NSTRE

DO 10 JSTRE=1,NSTRE

DHATX (| STRE, JSTRE)=0,0

CONTINUE

IF(NTYPE.NE.1) GO - TO 20

B MATRI X FOR PLAI N STRESS CASE

CONST=YOUNG/ (1. 0-POISS*POISS)
DMATX(1,1)=CONST'

DMATX (2,2)=CONST
DVATX(1,2)=CONST#POI3S

DMATX (2, 1)=CONST*POISS

DMATX (32, 3)=CONST%(1.0-POISS) /2.0
& TO 30

IF(NTYPE.NE.2) GO TO 30

C#+##% 0 MATRI X FOR PLAI N STRI AN CASE '

c

20

CONST=aYOING#*#(1.0-POISS)/((1.0+POISS)*
# (1,0-2.0%#P0ISS))

DMATX (1, 1)=CONST

DMATX(2,2)=CONST
DMATX(1,2)=CONST#P0I135S/(1.0-POISS)
DMATX (2,1 )=CONST#POISS/(1.0-POISS3)
DMATX(3,3)=CONST*(1.0-2,0#P0I1S3)/
# (2.0%#(1.0-P0OIS3))

CONTI NUE

RETURN

END
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SUBROUTINE BMATPS -
COMMON/ZONTRO/NFOIN, NELEM. NNCDE > NDUJFN> NDHIME

#NSTRE, NTYFE,, NIGARLES s NFRIOF , NMATZ, NVFIX?

#MEVAER, IZASE, MCAZE, ITEMF, [PROR, NPRUOR
COMMON/LGDATA/DDORO(S0, 2) , PROFPS (10, 5)

S TRFRESC(40,2),ASDIS (140), ELOAD(2S, 14) ,

#ITRIN(A, 225) > NOFIX(30), IFPRE(40,3), LNOOS (25,2,
#MATNID(ZS)

COMMON /WORK /ELCOD(E, S) , SHAFE (2) ,
#OERIVIZ.2) . IMATX (3, 2> CARTD(Z, 3 ,
#OBMAT (3, 14),BMATX (3, 14),SMATX (3, 14,9},
#POSGP(32) , WETGP(2) , GPZOD (2, %) , NEROR (24)

NGASH=0

iy 10 | NODE=1, NNCODE

MGASH=NGASH+1

NGAZH=MGASH+1

EMATX ( 1, MGAZH) =CARTD(1, | NODE)

BMATX (1, NGASH)=0,0

BMATX (2, MGASH)=(0. 0

EMATX(Z, NGASH)=CARTD(Z, INDDE)

BMATX (2, NGWSH) =CARTD (2, INQDE)

BMATX (2, NGASH)=CARTD( 1, INDDE)

CONTINUE

RETLRN

END



SUBROUTI NE LOADFPS

DI MENSI ON TITLE(12),POINT(2),FRES3(2,2),PGASH(Z), .

#DGASH(2) , TEMPE(30) , STRAN(3) , 3TRES(3) s NOPRS(3)
COMMON/CONTRO/NPIIN, NELEM, NNGDE , NDOFN» NDIME,
#NZTRE, NTYPE, NGAUS . NPROP, NMATS, NVFI X,

#NEVAE. | CASE. NCASE. | TEMP, IPROB, NFRUE
COMMON/LGDATA/COORD(80, 2) ,PROPS(10,5),
*FPRESC(40,2),ASDIS(140),ELDAD(2S,16),
#STRIN(4,22%5),NOFIX(40), IFPRE(40,2), LNODS(25,3),
#*MATNI(25)

COVMON /WiRK/ELCOD(2,3) ,SHAPE(3),
#DERIV(Z,2),OMATX(3,3),CARTD(Z2,3),

#DBMAT (3, 16),BMATX(3,16),3MATX(2,146,9),
#POSGP (2) . WEIGP(3),GPCOD(2, ?) , NEROR(24)

. 10
200
905

c
Citie

-

910

383838

OaO0

20
915

-
’d

IZ%t%

DO 10 IELEM=1,NELEM

DO 10 1EVAB=1,NEVAB

ELOAD(IELEM, IEVAB)=0.0

READ(S5,900) Tl TLE

FORMAT(12A6)

WRITE(5,905) TITLE, | CASE
FORMAT (1HO, 12A6, 35X, 12H LOAD CA3ZE =,1I3)

READ DATA LOADI NG

READ(S,910) IPLOD, IGRAV, IEDGE, | TEMP
WRITE(&,910) IPLOD, IGRAV, IELGE, ITEMP
FORMAT(413)

READ nopaL PoIT LOADS

IF¢IPLOD.EQ ©0) GO TO s00

READ(S,?135) LODPT, (POINT(IDOFN), IDOFN=1, NOVJFN)
WRITE(A,215) LODPT, (POINT(IDOFM) » IDIDFN=1, NDOFN)
FORMAT(IS,2F10.32)

AZ30CIAT THE NODAL PO NT LOADS W TH AN ELEMENT

DO 30 IELEM=1,NELEM

DO 30 1noRE=1, NNODE
NLOCA=LNCDS(IELEM, | NODE)
IF(LODPT.EQ.NLOCA) GO TO 40
CONTI| NUE

DI 50 IDOFN=1, NDOFN

NGASH=( INODE-1) #NDOFN+| DOFN
E_0AD | ELEM, NiGASH) =R NT /| DOFND)
|F¢LoprFT,LT. NFalny GO TO 20
CONTIMZE

IF(IGRAV.ER.G) Z0 TO 609
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- -..rru
C##x+ GRAVITY LOADI NG SECTI ON

Cws## READ GRAVI TY ANGLE AND GRAVI TATI ONAL CONSTANT

!-'
READ(S,920) THETA.GRAVY
920 FORMAT(2F10.23) -
WRITE(4,925) THETA,GRAVY
925 FORMAT(1HO,14H GRAVITY ANGLE =,F10.3,-19H GRAVI TY CONSTANT =,
#F10. 3)
THETA=THETA/S7.295779514
C
C#*###+ LOOP OVER EACH ELEM
c
DO 20 IELEM=1,NELEH
C
Cxxwsetx* SET UP PRELI M NARY CONST
C
LPRIP=MATNG (| ELEM)
THICK=PROPS (LPROP,3)
DENSE=PROPS(LFROF,4)
IF(DENSE:EQ.0.0)> GO TO 90
GXCOM=DENSE*GRAVY#SIN(THETA)
GYCOM=—DENSE#GRAVY*CDS (THETA)
c
Cawue#+ COVPUTE COORD OF THE ELEM NODAL PO NT
o [}
DO 60 INODE=1,NNODE
LNODE=LMNODS ( IELEM, INCDE)
o GO IDIME=1,NDIME
40 ELICOD(IDIME, INODE ) =COORD(LNDDE, IDIME)
(e
Cxs####+ ENTER LOOPS For AREA NUMERI CAL INTESRATI ON
z
oo 80 | GAUS=1, NGAUS
00 80 JGAUS=1,NGALS
EXISP=FOSGP ( IGAUS)
ETASP=POSGP ( JGAUS)
("
C###%+ COVPUTE SHAPE FUNCTI ON AT SAMPLI NG PO NT AND ELeEm VOLUME
C
CALL SFRZ(EXISP,ETASP)
KGASF=1
FALL JACOB2(| ELEM, OJACR, KGASP)
L U=0JACE*WE| GP (| GAUS) #WE| GP (IGALS)
(F{THICK.NE. @.3) DVOLU=DVOLU*THICK

L™
SEswxd CALCULATE LOADS AND ASSICIATE WITH ELEM NODAL FOINT

'ad
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DO 70 | NODE- 1,NNODE
NGASH= ¢ INODE-1) #*NDOFN+1
MGASH=( INDDE-1) #NDOFN+2
ELOAD( IELEM, NGASH) =ELDOAD (| ELEM, NGASH) +3XCOM#SHAFE ( INDDE ) #DVOLU
70*ELOAD(IELEM,MGASH)=ELDAD(|ELEM,MGASH)+GYCUN*SHAPE(INDUE)*
pvoLLul
80 CONTI NUE
20 CONT| NUE
600 CONTI NUE
IF(IED3E.ER.0O) GO TO 700
C
C##s#+#%x DI STRI BUTED LOAD EDGE
C
READ(5,930) NEDGE
#30 FORMAT(I S)
WRITE(6,935) NEDGE
935 FORMAT(1HO0,SX,21HNO, OF LOADED EDGES=,IS)
WRITE(4:940)
940 FORMAT(1H0O,SX, 3:3HLIST OF LOADED EDGES AND APPLI ED LOADS)

NODEG=3

C

Cx###x#+ LOOP OVER EACH ELEMENT

C

2

C####+ READ DATA LOCATING THE LOADED EDGE AND APPLI ED LOAD
=D

DO 160 IEDGE=1, NEDGE

READ(S-. #435) NEASS, (NOFRZ(IODEG), IODEG=1, NQDES)
245 FORMAT141S)
WRITE (5,7S0) NEASS, (NOFR3 (| QDEG) ., | ODEG=1, NODEG)
950 FORMAT (| 10,5%X,31I5)
READ(S.9535) ((PRESZ(IQDEG, IDOFN), INDDEG=1,NQDES) »
# | DOFN=1,NDOFN)
WRITE(A,¥S5) ((PRESS(IQDEG, IDOFN), IODEG=1,NJDEG),
1D0FN=1, NDOFN)
9355 FORMAT(&F10.3)
ETAsP=-10
C
Cx+s##+# CALCULATE coorRD OF THE NODES OF THE ELEH EDGE
[
DO 100 IDDEG=1,NODEG
LNJDE=NOPRS (| IDEG)
Do 100 IDIME=1.NDIME
oG CLIODCIDIME, [QDEG) =COORD(LNODE, IDIME)
o
Caeer EMTER L00OF FOR NUMERI CAL | NTI GRAT 1N
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DO 150 | 3AUS=1,NGAUS
EX| sP=rPSGP (| GAUS)

C#e+x# EVALUATE SHAPE FUNCTI ON AT THE SAMPLI NG POl NT

c
Cie#as
=

110

C

Caags

'—’

120
130

140

130
100
700

17 %53

et 2 2. 23

.

CALL SFR2(EXISFP,ETASP)
CALCULATE COVPONENTS OF THE EQUI VALENT NCDAL LOADS

DO 110 IDOFN=1, NDCFN
FSASH (| DOFN)=0. 0
DISASH ( IDOFN) =0. 0
DO 110 | opEG=1, NODEG

WPGASH(IDOFN)—PbAcH(IDOFN)+PRESS(IDDEGaIDUFN)*°HAPE(IDDEH
DGASH (| DOFN) =DGASH (| DOFN) +ELCOD( IDOFN, | CDES) ) #DERIV (1, IODEG)

DVOLU=WEIGP(IGAUS)
PXCOM=DGASH (1) #PGASH(2) -DGASH (2) #PGASH( 1)
PYCOM=DGASH (1) #P53ASH (1) +DGASH (2) #PGASH(2)

AzzocIATE THE EQUVALENT NODAL EDGE LOAD WTH AN ELEM

DO 120 INODE=1,NNGODE
NLOCA=L_NODS (NEASS, INODE)
IF(NLOCA.EQ.NCPR3(1)) GO TO 130
CONTI NUE

JNODE= INODE+NnDEG~

KOUNT=0

DO 140 KNODE=INGODE, JNODE
KOUNT=KOLINT+1

MGASH= (KMODE—-1 ) #NDOFN+1

MGAZTH= (KNODE~1 ) *NDOFN+2

| F(KNOGE. GT. NNIDE ) NGASH=1

| FCkNnoDpE. GI. NNODE) MizASH=2
ELDAD (NEASS, NGASH) =ELUAD (NEASS, NGASH) +

# SHAPE (KOUNT ) #PXCOM#*DVOLU

ELOAD (NEASS, MGASH) =ELCAD ( NEASS, MGASH) +

* SHAPE (KOQUNT ) #PYCOM#*DVOLU

CONTI NUE

CONTI NUE

CONTI NUE

| F( ITEMP.ER.0) GO TO 300

DI MENSI ON ELCODD(¢3,3)
THERMAL LOAD SECTI ON

INITIALIZE AND INPUT NODAL TEMFERATLFRE
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(]

DO 170 IFOIN=1,NPOIN
170 TEMPE(IPOIN)=0.0
VRl TE( 4, 7£0)
%460 FORMAT (1HO, 5X, 2Z9HPRESCRIBED NCDAL TEMPERATURES)
180 READ(S,945) NODPT. TEMPE(NODFT)
WRITE(4,%65) NODPT, TEMPE(NODPT)
P65 FORMAT(IS,F10.3) )
IF(NODPT.LT.NPOIN)GO TO 130
MDIME=NDIME+1
KGAST=0

##x#% LOOP OVER EACH ELEM

W RY)

(@]

DO 280 IELEM=1,NELEM
LPROP=MATNCO(IELEM)

DO 200 INODE=1. NNODE
LNODE=ULNODS ( IELEM, INODE)

#x##% | DENTI FY THE CoorD AND TEMP COF EACH ELEM

o

Ny

o

D3 190 IDIME=1, NDI MVE
190 ELCOD(IDIME. INODE)=COORD(LNODE, IDIME)
200 ELZODD(MDIME., INODE)=TEMPE(LNODE)

####x SET UP MATERIAL PROPERTIES -

OO0

CALL MODPS(LPROP)
YOUNG=PROPS (LPROP, 1)
POISs=PROPS (LFROP,2)
- THI CK=PROPS(LFROP, 3)
ALPHA=PROPS (LPROP, 3)

O
Ceesw# LOOP FOR AREA NUVERI CAL | NTI GRATI ON
C

DO 270 IGAUS=1,N5AUS

oo 270 JGAUs=1, NGAJJS

KGAST=KGAST+1

EXISP=POSGP ( IGAUS)

ETASP=POSGP (J3GALIS)
c
Caexx EVALUATE SHAPE FUNCTI ON AND TEMP AT THE SAMPLI NG PO NT
c

CALL =FRZ(EXI=P.ETASP)

ESCop=1

CALL JACOBI (| ELEM, DJACE, KGASE)

THERM=(Q., 3

G 210 INDDE=1, NMODE
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210 THERM=THERM+ELCODD(MDIME, | NODE) #SHAPE (| NODE)
DVOLU=DJACB#WE IGP ( IGAUS ) #WE IGP ( JZAUS)
| F(THI Ck.NE. 0. ©) DVILU=DVOLU=TH| Ci
C
Caesset EVALUATE THE | NI TI AL THERVAL STRAI N
C
E I GEN=THERM*ALPHA
IF(NTYPE.ER.2) GQ TO 220
STRAN(1)=-EIGEN
STRAN(Z)=-EIGEN
STRAN(3)=0.0
GO TO 230
220 STRAN(1)==(1.0+P0IS3)#EIGEN
STRAN(Z)=—(1.0+POIS3) *EIGEN
STRAN(3)=0.0
C
Cxaue% AND THE CORRESPOUNDI NG | NI TI AL STRESS
C
230 pg 250 13TRE=1,NSTRE
STRE3(ISTRE)=0.0
DG 240 JSTRE=1,NSTRE
240 STRES(ISTRE)=3TRES(ISTRE)+OMATX(ISTRE, JSTRE)#*STRAN(JSTRE)
250 3TRIN(ISTRE,KGAST)=STRES(ISTRE)
IF(NTYPE.EQ.2) STRIN(4,KGAST)=-YDUNG#*EIGEN
IF(NTYPE.EQR.1) STRIN(4,KGAST)=0.0
C .
Cw=#x#% EVALUATE THE EQUIVALENT NODAL FORCES
>
DO 260 INCDE=1,NNGCDE
NGASH= (| NOCDE- 1)#NDOFN+1
MZASH=( INUDE-1) #NDOFN+2
ELOAD( IELEM, NGASH) =ELOAD( IELEM, NGASH)
# —(CPRTD¢1,| NODE) #2TRES (1) +CARTD(2, INCDE) #3TREZ (:3) ) #DViOLU
240 ELOAD(| ELEM.MGASH)=ELOAD(| ELEM, MGASH)
-(CARTD (1, INODE)#STRES(2)+CARTD (2, INODE) #STRES(2) ) #DVOLU
270 CONTI NUE
230 COMT| NUE
800 COMT| NUE
WRITE(4,970)
770 FORMAT(1HO,S5X,36H TOTAL NODAL FORCES FOR EACH ELEMENT)
Do 270 IELEM=1,NELEM
290 WRITE(%,?75) IELEM, (ELOAD(IELEM, IEVAB), IEVAB=1,NEVAB)
O75 FORMAT(1X-14,SX,SE12.4/(10X,2E12.4))
RETURN
F NIt
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SUBROUTINE STREPS

DIMENSION STRSP(2),ELDIS(Z2,2),3TRIG(4)

COMMON/ CIONTRIO/NFOEN » NELEM, NNODE , NODOFNs NDIME,
#NSTRE, NTYPE, NGALS , NPROF, NMATZ> NVFE X,
#NEVAB, ICASE, NCAZE | ITEMP, IPROEB, NFROB
COMMON/LGDATA/ZCOORD(20, 2) » PROPE(10,3),
#PRESC(40,2),A3DIS(140),ELOAD(ZS, 146), STRINC4, 227),
#NOFIX(40), IFPRE(40,2),LNODS(25,3),

#MATNO (2T)

COMMON /WORK/ELZOD(2,2) » SHAPE (),
*DERIV(2,3),DMATX(3,3),CARTD(2,2),

#DBMAT (3, 14), BMATX (32, 14),EMATX(Z,14,7),
#PN2SGP (2) , WEIGP (:3), GPCOD(2, ¥) , NERDR(24)
NSTR1=NSTRE+1

WRITE (&,900)

WRITE (4, 905)

205 FORMAT (1HOD, 4HG,P.»2X, SHX-CO0ORD. , 2X, SHY-CO0ORD. , 32X, 3HX-STRESS,

# 4%, 2HY-STRESS, 3X, PHXY-3TRESS, 32X, SHZ-STRESS, 4 X,

# SHMAX P.3.,:4X,3HMIN P.35.,4X, SHANGLE)

KIZAST=0
C
Cx##%#% LOOP FOR EACH ELEM
C

DO 60 IELEM=1,NELEM
LPROP=MATNIO(IELEM)
PQISS=PROPS(LPROP,2)

-
ld

C#seax® READ THE STRESS MATRIX, SAMPLING POINT CRORD FOR ELEM

2
READN(3) SMATX, GPZOD
WRITE(4,%710) |IELEM

C

C#wwxe |DENTIFY THE DIZPLACEMENT OF THE ELEM NQODE
-
DO 10 ENQDE=1,NNODE
LNODE=_NQDS(IELEM, INCODE)
NPUZESN=(LNCODE-1) #NODFN
DO 10 NDOFN=1, NDIOFN
NPOQISN=NPOSN+1
ELDIS(IDOFN, INQDE)=ASDIS(NPOSN)
10 CONTINUE
KGAZSP=Q
o
Ca##awdr ENTER LCOUFP FIOR EACH SAMPLING FOINT
[P
OO SO IGAUSS1, NGALS
D SO Gailds=1, Niaallks
EGAST=RGE2T+1
MEADF =GRS+
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N

C##sx COMPUTE THE CARTESBAN STRESS CIOMPUONMENT
1IN
0D 20 ISTRE=1,NSTRE
STREG(ISTRE)=0.0
KGASH=0
DO 20 INODE=1, NNCODE
00 20 IDGFN=1,NDWIFN
KGASH=KGASH+1
STRSG(ISTRE)=STRSG(ISTRE)+SMATX(ISTRE,
# KGASH. KGASF)+eELDNS (I DIDFN, INODE)
20 CONTINUE
l:: b R
C#wed COMPUTE QUIT OF PLANE NORMAL STRESS COMPONENT

2
IF(NTYPE.EQ.2) STR3IG(4)=PII33# (STRSG(1)+STRSG(2]]
IF(NTYPE.ER.1) STRSG(4)=0.0

Uy
C#exxes#t FOR THERMAL LOADING ADD AM | NI THAL
_Ji:——::jTHERMAL STREZZES

¥
IFC(ITEMP. E&.0O) 53 TO 40
DO 30 ISTR1=1,NSTR1 .
STREG(ISTR1)=STRS5(ISTR1)+STRIN(ISTR1, KGAZT)

30 CONTINLE

o '
L#####+¢ COMPUTE THE PRINCIPAL STRESSES
c

A0 XGASH=(STRSG (1) +5 TR-h(;))*U.J
XGIEH=(STRIG(1) =STRIG(2) ) 20,
XGESH=STR=GE(3)
XGOoH=SGRT ( XI3 T SH* XG I SH+XGESH# XGESH)
STREP (1) =XGASH+XGEH
BTREP(2)=XGASH=-XG03H
IF(XhI H.ER.Q.0) XGISH=0.1E-20
STREP(3)=ATAN(XGESH/XGISH) #22, 4473229757

C##%% QOJTPUT THE STRESS
C
WRITE(A,715) KGASF, (GPCOD(IDIME, KGASP)

#IDIME=1,.MDIME), (3TRSG(ISTR1), ISTR1=1,NSTR1),
#(ZTREP(ISTRE) , ISTRE=1, NSTRE)
7“ CONT INLIE
O TONTIMUE
) FURMAT (e 10X, BHETRESSES, /)
FGRM%T(/,‘H,L_HELUMENT NG,=,IE.
FusmaT: IS, 2510, 0t #EL12.5, F10.4)
FETIRM
ENLI

H“
'’

e

)

b
o

i
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