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ABSTRACT 

FINITE ELEMENT PROGRAM UTILIZING 

FRONTAL TECHNIQUE 

AMIR SALEKPOUR 

MASTER OF SCIENCE 

YOUNGSTOWN STATE UNIVERSITY 

The objective in this thesis was to investigate 

a relatively new technique for handling Finite Element 

Calculations known as the FRONTAL TECHNIQUE. This method 

was proposed by Bruce M. Irons in about 1970, but has 

not as yet attained any prominence in existing well known 

software computer programs utilizing the Finite Element 

Method. 

Study of the method herein includes the preparation 

of a computer program which may be used to solve plane 

stress or plane strain problems and problems involving 

the bending of plates. The program is tested by comparing 

the results obtained for three elasticity problems with 

the corresponding solution found in the literature. The 

problems studied include a thick walled cylinder pressure 

vessel subjected to internal pressure, a simply supported 

plate subjected to lateral loading, and a long bar having 

a symmetrical temperature distribution about its axes. 



Also included are a comparison of results on the 

thick-walled pressure vessel and a simply supported plate 

problem with results obtained using the SAPIV program 

which is on file at Youngstown State University Computer 

Center. 

In general, very good results were obtained for 

all three problems when compared to theoretical solutions. 

From this limited investigation there is evidence that 

the FRONTAL TECHNIQUE leads to shorter computer time and 

perhaps greater accuracy for the same mesh size. 
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INTRODUCTION 

The purpose of this thesis is to introduce a finite 

element program that utilizes the Frontal Technique and 

compare its efficiency with other existing finite element 

programs. Chapter I describes the concept of the finite 

element method and the procedures by which one can approach 

a problem. Cha.pter I1 discusses element formulation for 

the plane stress or plane strain situations used in the 

finite element program. Appendix A provides instructions 

for the use of the computer program in Appendix B. Chapter 

I11 discusses different methods of equation solution and 

their efficiency in handling finite element programs. 

Chapter IV describes the computer procedures for the finite 

element program given in appendix B. In Chapter V several 

examples are given in order to prepare input data and 

also familiarize the user with the input data coding given 

in Appendix A. Chapter VI discusses the accuracy and 

efficiency of the results for the sample problems given 

in Chapter V. Conclusions for the given examples are 

given in Chapter VII. 



CHAPTER I 

CONCEPT OF FINITE ELEMENT METHOD 

The Finite Element Method is a numerical technique 

for obtaining solutions for a variety of problems. The 

basic concept of the Method, when applied to problems, 

is that the structure can be divided into small elements 

(finite elements) which are connected by a number of nodal 

points (see Figure 1.1). The displacements of these nodal 

points are the unknowns of the problem. Each element 

is defined by a set of functions that discribe its 

deformation in terms of the nodal displacements. This 

displacement function states the strains within an element 

and therefore the stresses can be defined throughout the 

element. 

One of the greatest advantages of the Finite Element 

Method is the ability to automate the equation formulation 

process and to solve problems with irregular and complex 

structures. 



Nodal point/ 

Figure 1.1 A typical Finite Element mesh 
for the beam problem 

Another andvantage of the Finite Element Method 

is the flexibility with which one can formulate the 

properties of individual elements. There are four 

appr0aches.l Only the first two will be explained in 

detail in this thesis. 

1. Direct approach 

2. Minimization of Total Potential Energy Approach 

3. Weighted Residuals Approach 

4. Energy Balance Approach. 

1. DIRECT APPROACH 

An easy method to understand the relationships 

between the finite element analysis and the real structure 

problem is the Direct Approach Formulation. This method 

uses the combination of three sets of elasticity equations, 

namely, equations of equilibrium, strain-displacement, 

and the constitutive relationships. 

l~enneth L. Huebner, The Finite Element Method for 
Enqineers, (New York: Wiley, 1975), pp. 3-15. 



The direct approach method of stiffness formulation 

is presented as follows: 

A. An element shown in Figure 1.2 is considered 

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

displacement relationship can be approximated as 

i=l 

where {u) is the displacement at any point within the 

element; ui, vi, are the nodal displacements; and [N] 

are prescribed functions of position called shape functions. 

Figure 1.2 A typical two-dimensional rectangular 
element 

B. The strains { E )  are defined in terms of 

displacements by the strain-displacement relationships, 

which for two dimensional plane stress and for plane strain 

are : 

Substituting for I:] yields 



where [B] is called the strain matrix. 

C. The constitutive law is introduced to relate 

stresses to the displacements. 

The relation between stresses and strains, assuming 

initial strain to be zero, is of the form 

where D is the elasticity matrix. The equations that 

relate stresses to strains are as follows: 

These relations can be written in matrix form as 

which can be solved for {a), by inverting [HI. 



where 

D. Equivalent nodal forces: The main concern 

in finding the element 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 element. 

Since the equations of (0) are in terms of displacements, 

it is possible to relate the nodal forces {F) to the 

displacements. This will result in element stiffness 

equations. 

1.a. EXAMPLE OF DIRECT APPROACH FORMULATION 

Consider an axial member shown in Figure 1.3. 

Figure 1.3 Axial member 

a. Since there are two nodal displacements 1 ,  the choice is to use a linear polynomial in the 

x-direction to describe the displacement functions? Thus : 

Richard H. Gallagher, Finite Element Analysis ~ufida- 
mentals (Englewood Cliffs, New Jersy: Prentice-Hall, 19751, 
pp. 108-113. 



Boundary conditions state that at x=O; U=Ui and 

at x=L; U=Uj; 

Combine these two to obtain: 

In terms of bl, b2 

Substituting this relationship into equation 1.1, 

where (1-(x/L)) = N1, and (x/L) = N2 are called the shape 

functions that represent the displacement field. 

b. This step is the application of strain- 

displacement equations. Strain in x direction is found 

by differentiating EQ VIIa with respect to x. 



c. Introducing the stress-strain relationship 

d. The final step is to transform the stresses 

into joint forces, which is done by multiplying stresses 

by the element cross-sectional area A. For this example 

Substituting 1I.c. into 1.d results in 

Therefore: 

and 

(Element Stiffness 
Equation) 

(Hooke's Law) 

2). Minimization of Total Potential Energy 

Approach. 



The principle of total potential energy ) is 

given as the difference between the internal or strain 

energy U and the external energy W due to the applied 

loads. 
- 

IT = U - W  

Strain energy density for a differential element is given 

Substituting 1.17 into 1.16 yields 

= {&lT [El { d ~ )  - 
Integrating dUO from 0 to the final state 

and, the total strain energy U is given by 

U - = "r 6odv I 

Vol 

fi = $ J { E } ~ [ ~ ]  {El dv 
Vol 

The total external energy W is given by 



where : 

{u) = Displacement at any point 

{fbl = Body forces 

{fs) = Applied surface forces 

{P} = Applied nodal forces 

Therefore: 

In the finite element method, displacements {u) 

can be described in terms of the nodal displacements {dl 

and shape functions. 

{u) = [Nl {dl 

The strain E within the element can be expressed in 

terms of nodal displacement as 

{E) = [B] {dl . 

Now, total potential energy II can be expressed in terms 

of shape functions and nodal displacements 

Minimizing total potential energy with respect to nodal 

displacements results in equilibruim equations. Thus: 



- L - J[sITIEI [B] {d) dV - [ N I ~ I ~ ~ I ~ V  
d {dl v S v 

[~l{d) = If) (Equilibruim EQ) 

[K] = S [ B I ~ [ E I [ B I ~ V  (Stiffness Matrix) 
v 

{f) = S [~]~{fb}dv+ [ N I ~ { £ S I ~ S  + {P) 
v S S 

(Equivalent Nodal Forces) 

Consider the example of an axial member that was 

discussed in the previous section. It was found that 

the shape function for the member is 

and the displacement at any point is of the form 

and strain E = c X  is the derivative of U(x) with respect to 

for which the general symbolism is 



The total potential energy n ,  assuming constant 

[El and A, can be written as 

Minimizing TI with respect to U results in 

where 

[K] = EA J~ [BlT[B]dx 
0 

Substituting for [B] 

This result is identical to that obtained by the Direct 

Approach. 



CHAPTER I1 

ELEMENT FORMULATION FOR 

PLANE STRESS OR PLANE STRAIN 

Element formulation is done by considering a two- 

dimensional parabolic isoparametric element shown in Figure 

x = Gaussian 
Sampling 
Points 

Figure 11.1 Two-dimensional parabolic isoparame- 
tric element 

The transformation of element co-ordinates 5 ,  Q 

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

use of shape functions [N]. 

or, in matrix form 



The shape functions for this element are given 

as follows: 3 

For the corner nodes (1, 3, 5, 7) 

Ni = %(l+<<i) (l+rlrli) (SSi+rlrli-l) , 

where 

ti = + 1 and rli = + 1 - 

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

The displacement field for plane stress or plane 

strain are U( 5, rl) and V( 5, Q), which can be expressed 

in matrix form as 

where Ui amd Vi are the nodal displacements at node i. 

The next step is to find strain { E ) ,  where 

[ B ]  is the strain matrix and can be evaluated 

by the following procedures. 

3 ~ .  C. ~ienkiewicz, The Finite Element Method (London: 
McGraw-Hill, 1977), pp. 155-157. 



Using the chain rule and considering only U we obtain 

In matrix form 

where [J] is called Jacobian of Transformation. The 

derivative of U with respect to global co-ordinates x 

and y is performed by inverting [J]. 

This procedure is the same for nodal displacement-V. 



Therefore, 

The strain-displacement relationships are 

and we know that 

or, in the matrix form 



Substituting this expression in E E )  results in 

[B] = [ ~ I L ~ I - '  [Y] 

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

can be found. 

Area of an element dx dy can be determined by 

the expression v 

dx dy = det[j]d5 dn . 
Substituting this in [K] results in . 

A numerical integration is adopted to evaluate 

these stiffness integrals. Using the Gauss quadrature 

formula which states that [K] matrix can be solved by 

where 

Wit Wj = weight function 



~ 1 ,  V2 = order of integration 

xi, xj = sampling points 

The last step is to find stresses. From the strain- 

displacement relationship 

The stress at any point within the element may be written 

as 

{ o }  = [D] {E) 

{ a }  = [D][B]{u) . 



CHAPTER I11 

COMPARISON OF FRONTAL SOLUTION TECHNIQUE 

WITH THE BANDED SOLUTION TECHNIQUE 

The method that is adopted in equation solution 

is a direct factor causing the efficiency of a Finite 

Element program. Two methods will be described in this 

section, which are as follows: 

1II.a). BANDED SOLUTION TECHNIQUE 

A matrix is banded if all the nonzero coefficients 

are located about the diagonal and the zero coefficients 

are outside, above and below. 

The number of nonzero coefficients in stiffness 

matrix [K] is independent of how nodes are numbered. But 

changing the node number changes their arrangement. Figure 

111.1 shows a banded matrix with semi-band width M. 

The size of M depends very much on the node numbering, 

therefore, node numbering is very important in banded 

solutions. The semi-band width Mcan be obtained as follows: 

M = (D+l)x[number of degrees of freedom] , 

where 

D = Maximum difference between any two node numbers 

in any element. 



Figure 111.1 Banded Stiffness Matrix 

It is very important to minimize M by choosing 

the right node numbering. However, in problems where 

elements have midside nodes or large three-dimensional 

problems, band width minimization is very difficult. 

Therefore, analysts use other methods, like the FRONTAL 

TECHNIQUE. The FRONTAL TECHNIQUE will be discussed in 

detail in the next section. 

To understand the concept of band solution an 

example will be considered which has one degree of freedom 

per node.4 

40. C. Zienkiewicz, The Finite Element Method (London: 
McGraw-Hill, 1977), pp. 178-204. 



Figure 

BAND \ M=3 

1.2 A Typical Finite Element Structure 



Figure 111.2 shows a finite element structure 

that consists of three triangular elements. Assuming 

that element properties are in global co-ordinates we 

can substitute each stiffness component [Kij] in its 

position. This is done separately for each element. The 

final step is to assemble all the equations. Assembly 

can be accomplished by adding all the terms in corresponding 

spaces of the global matrix. 

For this example the band width M = [(5-3)+1]x1 = 3. 

Consider now the node numbering illustrated on Figure 

111.3. In this case the M = [(5-2)+1]x1 = 4 and this 

increases the storage requirement. 

Figure 111.3 A Typical Finite Element Structure 

1II.b). FRONTAL SOLUTION TECHNIQUE 

The Frontal solution technique has been developed 

for the solution of finite element equations and is based 

on the Gaussian reduction process. The main feature of 

the frontal solution is to assemble the equations and 

eliminate them at the same time. Once the coefficients 



of an element are introduced and assembled the corresponding 

nodes can be eliminated. This elimination will leave 

gaps for new nodes as the front moves to the next element. 

Thus, when the [KII for element I of Figure III.4.a is 

added to the structural stiffness matrix, variables 1, 

2, 3, 8 and 11 are eliminated immediately, leaving zero 

rows and columns. Now [KIII for element I1 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 number of active variables in the front is 15. 

NOW, the front moves to element 111 and variables 4 through 

7, 9, 10, 12 and 13 are eliminated leaving zero rows and 

columns for the new variables 22, 23, 25, 26, and 30 through 

33. The front moves to element IV and variables 18, 19, 

20, 23, 26, 33, 32, and 31 are eliminated leaving zero 

rows and columns for the new variables 21, 24, and 2-7 

through 29. After assembly of element IV the front consists 

of 12 variables. 

Figure III.4.b shows the graphical representation 

of Frontal Techniques applied to the finite element assembly 

of Figure III.4.a. Figure III.4.b shows that when element 

I11 is assembled the new coefficients in the front are 

21, 22, 24, 25 and 27 through 30. The variables that 

comprise 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. 



NODE 
NUMBER 

Figure 'III.4.a Finite element assembly 

Figure III.4.b Graphical representation of Frontal - 

treatment 



Some other significant features of the Frontal 

Technique are explained as follows: 

1). The nodes may be numbered at random, but 

the efficiency of the solution depends on the element 

numbering and is very crucial. In general, the objective 

in numbering elements for a Frontal solution is to keep 

a common boundary between elements numbered in sequential 

order. This is opposite to the requirement for a banded 

solution. 

Consider a ring structure shown in Figure 111.5. 

The banded solution technique requires an artificial order 

of node numbers to obtain a small bandwidth, but the order 

of elements for the Frontal solution is critical. 

5 

Banded Technique 

15 

Frontal Technique 

Figure 111.5 Numbering of nodes and element 
for ring structure 



2). Consider a structure shown in Figure III.6.a. 

If the mesh is too coarse is some region, simply change 

the mesh with adding an element. This has little effect 

on the Frontal Technique Figure (III.6.b), but a banded 

solution may demand extensive re-numbering to prevent 

a large bandwidth (Figure III.~.c).~ 

1 2 4 8 12 

Figure 111.6 

Mesh refinement with 
band and Frontal Technique 7 

C 

5~ruce M. Irons, "A Frontal Solution Program for 
Finite Element and "Anal~sis," International Journal for 
Numerical Methods in Engineering (Vol. 2, 1970), pp. 5-12. 



For a better understanding of the FRONTAL Technique, 

a numerical example is considered here. Figure 111.7 

shows a structure broken into 3 elements. Assuming one 

degree of freedom for node, the stiffness and loading 

for each element are: 

2 

I I 

\ '  I I I 3 

5 Front 

1 

Figure 111.7 Finite element assembly for Frontal application 

First consider the a-ssembly of element I with 

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



The front moves to element I1 and CIJg can be eliminated 

from the other two equations, therefore 

-N3 + 2W5 + wq = 4 
(EQ. 111.1. Eliminated 

Equation ) 

The second step is assembly of element 11. The 

new variable for element I1 is W2 which takes the second 

position of stiffness matrix. 



The stiffness matrix for element I1 can be written as 

and the equation for the variable Wq would be 

(EQ. 111.2) 

The elimination process yields 



The front continues to move to element I11 as 

shown. The new variable in element I11 is W1 which will 

take the third position of stiffness matrix. 

Finally, all the equations are fully summed and 

the next task is to eliminate W1 and W2. 

W3 + W2 + 3W1 = 4 (EQ. 111.3) 

The elimination of W1 yields: 

The elimination of W2 yields: 

and 

(EQ. 111.4) 



30 

(EQ. 111.5) 

From the last equation W3 and by back substitution the 

remaining variables can be obtained. 



CHAPTER IV 

COMPUTER PROCEDURES FOR FINITE ELEMENT PROGRAM 

The computer program that is given in Appendix B 

can be utilized to solve linear two-dimensional plane 

stress or plane strain problems and plate bending problems. 

The general form of program organization is shown in Figure 

IV.1.6 In order to execute the program, the following 

coding must be used: 

FIg5)dDISKgInputfiName 

LOAD MAIN 

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 messages will 

be printed and the program will stop running. 

The second step in finite element programming 

is the solution and output to perform the actual analysis. 

The accuracy of results and execution time are 

main concerns in finite element programming. A large 

60ktay Ural, Finite Element Method (New York: Intext 
Press, 1973). 



FRONT I 

. 

Figure IV.1 Program Organization 

INPUT 



percentage of the execution time goes into the solution 

of the stiffness equations, and adopting a method to solve 

the stiffness equations is a very important factor to 

reduce the execution time. 

The program shown in Appendix B uses the Frontal 

Technique to minimize the core storage requirements. The 

efficiency of the Frontal Technique will compare with 

the other methods (such as band techniques) throughout 

the examples 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 perform the solutions, STIF, MOD, SFR2, JACOB2, 

BMAT, DBE, LOAD, FRONT, and STRE. A brief description 

of each subrountine is presented, as follows: 

Subroutine STIFPS, STIFPB. 

This subroutine calculates the stiffness matrix 

and stress matrix. Suffixes PS and PB denote plane stress 

or plain strain and plate bending. 

Subroutine MODPS, MODPB. 

This subroutine calculates the elasticity matrix 

[Dl for plane stress or plain strain and plate bending. 

Subroutine SFR2 

This subroutine calculates the shape functions 

[N] and their derivatives. 

Subroutine JACOB2 

This subroutine calculates the co-ordinates of 

sampling points, determinant of JACABIAN MATRIX and its 

inverse, and Cartisian shape function derivatives. 



Subroutine BMATPS, BMATPB 

This subroutine calculates the strain matrix [B]. 

Subroutine DBE. 

This subroutine will multiply matrix [D] by [B]. 

Subroutine LOADPS, LOADPB, 

This subroutine will read the distributed, gravity, 

and thermal loadings into the program and reduce them to 

equivalent nodal forces. 

Subroutine FRONT. 

This subroutine is very important in finite element 

programming. This subroutine will assemble the element 

stiffness equations and solve for the unknown displacements 

as well as reactions and output of the results. 

Subroutine STREPS, STREPB. 

This subroutine calculates the stress resultants 

and principal stresses at the sampling points and will 

output the results. 



CHAPTER V 

SAMPLE PROBLEMS WITH INPUT AND OUTPUT 

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

to Internal Pressure. 

The thick-walled pressure vessel shown in Figure 

V.l is subjected to an internal pressure of 30,000 psi. 

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

and 0.3, respectively. I 
1 

Figure V.1 Thick-walled cylindrical pressure vessel 
subjected to internal pressure 



This problem is treated as a plane strain problem 

and because of symmetry one quadrant ( % )  of cross-section 

will be considered. 

The accuracy of the solutions using the finite 

element program given in Appendix B will be compared with 

the exact solutions (see section VI). 

The finite element mapping for this problem is 

given in Figure V.2. The problem is divided into nine 

elements and 4 0  nodes. Nodes one through seven are fixed 

from moving in the y-direction while nodes 3 4  through 

4 0  are fixed in the x-direction. 

~ i ~ u r e  V-2 Mesh generation for pressure vessel 



Once numbering of nodes and elements are 

established, data can be input to the program according 

to the coding described in Appendix A.1. The output 

produced by the program is shown on the following pages. 



PROBLEM NO. I a+**  THIC CVLI ER T T a *  r~ 

NPOIN a 4 0  NELEM = 9  NVFIX = 14 NCASE - 1 NTYPE =' 2 NNOClE = 8 NDOFN = .? 

NHATS a I N P R W  1 5 NOAUS = 3  NDlt lE 2  NSTRE = 3 NEVAB - 16 

ELEMENT 
I 
:2 
3  
4  
5 
6  
7  
8 
9 

PRWERTV 
I 
1 .  
I 
1 
1 
1 
1 
1 
I 

NODE NUMBERS 
1 2 3  
3  4 5  
5 6 7  
12 13 14 
14 IS 16 
16 17 18 
23 24 23 
25 26 27 
27 28 29 



RESTRAINED NODES 
NODE C.ODE FIXED VALUES 

2 
1 01 0.0 0.0 
2 01 0.0 0.0 
:3 01 0.0 0.0 
4 01 0.0 0.0 
5 01 0.0 0.0 
6 01 0.0 0.0 
'7 (11 0.0 0.0 
34 10 0.0 0.0 
35 10 0.0 0.0 
36 10 0.0 0.0 
:37 10 0.0 0.0 
3& 10 0.0 0.0 
3 9  10 0.0 0.0 
40 10 0.0 0.0 

MATERICIL PROPERTIES 
NUMBER . PRCSERT IES 

1 0.300000E+OJ 0.300000E+00 O.IOOOOOE+OI 0.0 

AX FRONTWIDTH ENCOUNTERED = 24 

* * * a  PRES RE L DIN0 a*  
0 0 1 0  

LIST OF LOADED EWES AND APPLIED LOADS, 
1 12 8 1 

30000.000 3CbOOO. 000 30000.000 0.0 0.0 
4 23 I9  12 

30000.000 30000.000 30000.000 0.0 0.0 
7 34 30 23 

30000. 000 3~10~0. om 300~b0.000 0.0 0.0 

LOAD CASE I 



TOTAL NODAL FORCES FOR €Act1 ELEMENT 
I 0.1070E+05 0.3990E+02 0.0 

0.0 0.0 0.0 
2 0.0 0.0 0.0 

0.0 0.0 0.0 
3 0.0 0,o 0.0 

0.0 0.0 0.0 
4 6.9240E+O4 O.SIOOE+O4 0.0 

0.0 0.0 0.0 
5 0.0 0.0 0.0 

0.6 0.0 0.0 
6 0.0 0.0 0.0 

0.0 0.0 0.0 
' 7  0.532OE+04 0.9300€+04 0.0 

6.0 0.0 0.0 
8 0.6 0.0 0 ~ 0  

0.0 0.0 0.0 
9 0.0 0.0 0.0 

0.0 0.0 0.0 
0.6 0.0 
0. 0 
0.0 
0.0 

DISPLACEMENTS 

NODE X-DISP. Y-DISP. 
0.0 

1 0.760839E-02 0.0 
2 0.693338E-02 0.0 
3 O.641384E-02 0.0 
4 0.600389E-02 0.0 
5 0.549132E-02 0.0 
6 0.515524E-02 0.0 
7 0.483296E-02 0.0 
8 0.733451E-02 0.193549E-02 
9 0.616682E-02 0.162Y36E-02 
10 0.544082E-02 0.143231E-02 
1 1 0.463644E-02 0.129754E-02 
12 0.65521 6E-02 0.375425E-02 
13 0. 595490E-02 0.341 680E-02 
14 0.549527E-02 0.315399E-02 
15 0.513071E-02 0.2Y439lE-02 
16 0.483882E-02 0.277665E-02 
17 0.442293E-02 0.257653E-02 
18 0.392193E-02 0.262533E-02 
19 0.533022E-02 0.532923E-02 
20 (3.447286E-02 0.44721 4E-02 
2 1 0.394 15 1 E-02 0.394095E-02 

I 22 0.:339038E-02 0.33902LE-02 

23 0.37548 1E-02 0.655077E-02 
24 0.341719E-02 0.595357E-02 
25 0.315428E-02 0.549402E-02 
26 0. 294412E-C12 0.51 2952E-02 



REACT IONS 

NODE X-FORCE , Y-FORCE 
1 0.0 -0.798552€+04 
2 0.0 -0.272535€+05 
3 0.0 -0.114931E+05 
4 0.0 -0.202741€+05 
S 0.0 -0.155592E+05 
6 0.0 -0.296 108E+05 
7 0.0 -0.78057YE+04 

34 -0.798646E+04 0.0 
35 -0.272569E+05 0.0 
36 -0.1 14940E+05 0.0 
37 -0.20274YE+05 0.0 
38 -0.155593E+OS 0.0 
39 -0.ZY6077E+05 0.0 

, 40 -0.'780455E+04 0.0 

STRESSES 

0.P. X-COORD. Y-COORD. K-STRESS Y-STRESS XY-STRESS I-STRESS MAX P. S. I i lN P. S. 

ELEMENT  ens^ 
I 4.1048 
2 3.9728 
3 3.6779 
4 4.4912 
5 4.3465 
6 4.0242. 
7 4.8776 

$ 8  4.7202 
9 4.9704 



ELEMENT NO, 3 
1 6.2132 0.3566-0.70210€+04 0.26471E+O5-0.16624€+04 0.5835<1€+04 0.26.353E+05-0.7 1033€+04 
2 6.0127 1.5613-0.36404€+04 0.25541€+05-6.6985SE+04 0.65703€+04 0.27127€+05-0.52264€+04 
3 3.5670 2.7339 0.32t50E:E+<b3 0.2 1 C~8t.E+05-0.12265E+OS 0.64222E+04 0. 26799E+O5-055316E+04 
4 6.986.3 0.3631-0.368076+04 Ct. 24729E+05-0.11132E+O4 0.6494 1E+214 0. 24772E+0S10. 31  252E+64 
5 6.7610 1.6865-0.19922€+04 0.21220€+05-0.63258E+04 0.576H2€+04 0.22832€+05-0.36042€+04 
6 6.2537 3.0801 0.15250E+04 0.1691:3€+05-0.10238E+05 0.5531SE+O4 0.22026€+05-0.35879€+04 
7 7.7594 0.4 153 0.709076+03 0.227 16€+~1!5-0.10537~?04 0.70276E+C14 0.22767€+05 0.65873E+03 
8 7.50913 1.9617-0.19975€+03 0.18247E+OJ-0.56509E+04 0.54143E+04 0.19841E+OS-O.l7932E+04 

6.9524 3.6926 0.25734€+04 0.149t.2E+0!3-0,65193E+04 0.52625E+04 0. I 9:302E+OS-O.l7607E+04 

ELEMENT NO.= 4 
1 3.431 4 2.2655-0.436836+04 0.25 1 70E+05-0.34678EiOS 0.62405E+04 0.46093E+OS-0. 27291E+05 
2 2.9077 2.9077 0.10688E+09 0.10690E+O5-0.37627E+<b5 0.64 134€+04 0.48316E+O5-0.26938E+OS 
3 2.2655 3.4314 0.25164E+O5-0.43C.87E+04-0.~34675E+09 0.62385€+04 0.48085E+05-0.27291E+05 
4 3.7546 2.4788-0.30634€+04 0.2I66YE+O5-0.29239E+OS 0.56237€+04 6.4 1 147E+OS-0.22401E+05 
5 :3.lEll5 3. 1815 0.94648E+04 0.94670E+Cl4-0.31769E+0S 0. St79SE+04 0.4 1235E+05-0.22303€+05 
6 2.4788 3.7546 0.21003E+05-0.30620E+04-CI. 29238E+05 0.56224€+04 0.4 1 142E+O5-0.22401€+05 
7 4.0777 2.6922-0.15314€+03 0.20524E+05-0.24499E+OJ 0.61094€+04 0.36774€+05-0.16410€+05 
t3 3.4553 3.4593 O.l0107E+05 O.IOllOE+05-0.26658E+OS 0.60650E+04 0.36766E+O5-0.16S49E+05 
y 2 . 6y2.3  A 4.0777 0.20319E+OY-0. IS519E+03-OO24499E+05 0.61092€+04 0.3677:3E+05-0.16409E+05 

ELEHENT NO, 5 
1 4.2658 2.8163 0.4793t.E+03 0.19447E+05-0.22469€+05 0.59778€+04 0.34351E+05-0.1442SE+05 
2 3.6147 3.6147 0.10177E+05 0.10lel~+05-0.24335E+05 0.61074€+04 0.34514E+05;0.14156E+05 
:3 2.8163 4.2658 O.l5442E+OS 0.46325E+03-0.22470E+OS 0.59776E+04 i:,. 34350€+05-0.14425€+05 
4 4.5889 3.0297 0.12361€+04 0.17824E+05-0.19550E+05 0\57181€+04 0.30767€+05-0.11706E+05 
5 3.8885 3.8885 0.96516€+04 0.96544€+04-0.21204E+OS O.S7918E+O4 0.30857€+05-0.11551€+05 
L 3.0297 4.5889 0.17P21E+05 0.12387€+04-0.13551E+OS 0.57176E+04 @.30766€+0S-0.11707€+05 
7 4.9121 3.2430 0.246?3E+04 0.17078E+OS-0.16926E+05 O.S9244E+04 0.28270E+OS-0.85216E+04 
8 4.1623 4. I 6 2 3  0.99153€+04 0.991 72E+04-0.1838?E+05 0.59498E+U4 0.28305€+05-0.84725€+04 
9 3.2430 4.9121 0.1707tE+05 0.26716E+04-0.16928E+05 O.J9243E+04 0.28270€+05-0.85227E+04 

ELEMENT NO.= 6 
1 5.1780 3.3793 0.227526+04 0. 16546E+OS-O.l5179E+05 O.S6463E+04 0.26183E+O5-<,.73617€+04 
2 4.3515 4.3515 0.63405E+(:,4 0.63429€+04-0.17761€+05 0.38050€+04 0.24102E+65-0.11419E+05 
3 3.3733 5.1780 0.16542E+05 0.227495+04-~.lSl8lE,+OS 0.56452E+04 0.26182€+09-0.736S1E+O4 
4 5.791:17 3. R061 0.5@953€+04 0.1522(i~+05-0.12122E+OS 0. &3346E+04 0.23546€+05-0.243@5€+04 
5 4.8245 4.8245 0.95548E+04 0.95562€+04-0.12809€+05 0.57333€+04 0.22364€+05-0.32530€+04 
6 3.8061 5.7907 0.15219E+05 0.58Pb5E+04-0.12124E+OJ 0.63347€+04 0.23547E+05-0.24312€+04 
7 6.4.371 4.4992 0.64865€+04 0.1413&E+Orj-O.Y439lE+04 U.t186eE+04 0.20496E+05 0.12475E+03 
8 5.4473 5.4475 0.99299E+04 0.93308€+04-0.94016€+04 0.59582E+04 0.19332E+05 0.52871€+03 
9 4.49'32 6.4371 0.14 137E+05 0. 6488t.Ei04-0. Y4398E+04 0.61875€+04 0.20498E+OS 0.12762E+03 



ELEMENT NO,- 7 
1 1.0390 3.6779 0.32736E+05-0.12201E+05-0.30210E+05 0.616t.4E+O4 Cl.47533E+05-0.27378E+OS 
2 I.Cl642 3.9720 0.42323E+05-0.22153E+0S-O.I6819E+OS 0.60509E+O4 0.47414E+05-0.27244€+05 
:3 0.2462 4.1048 0.46628E+05-0.26978E+05-0.45823E+04 0.58948E+04 0.46912E+05-0.272&3E+OS 
4 2.01 22  4.0242 0.20317E+05-0.945YCE+C~4-0.2557lEtOS 0.56573E+O4 O.41219E+05-0.2236lE+05 
5 1.164% 4.3465 0.34366E+05-0.16O44E+05-0.'15975E+05 0.54967€+04 0.40710E+O5-0.22388E+OS 
6 0.2694 4.4912 0.40143E+05-0.21937E+C15-0.39303E+O4 0.54559E+O4 0.4039lE+05-0.22204E+OS 
7 2.1854 4.3704 0.26058E+05-0.54437E+C~4-0.21454E+OS 0'.61044E+04 0.369236+05-0.16300E+05 
3 1.2448 4.7202 0.32762E+O5-0.12799E+05-Cb.13473€+05 0.59887E+O4 0.3t.440E+05-0.1 t405E+05 
9 0 .2921  4.8776 0.3t.O4PE+05-0.158P3E+05-<l.33(309Et04 O66O453E+l4 0.36269E+05-0.16118E+05 

ELEHENT NO, 
1 2.7339 
2 1.561.3 
3 0.3366 
4 3.0801 
5 1.6865 
6 0.3691 
7 3.6.926 
8 1.9617 
9 0.4153 



V.B). SIMPLY SUPPORTED SQUARE PLATE 

Consider a square plate shown in Figure V.3. The 

plate is simply supported around the edges with the modulus 

k of elasticity and Poisson's ratio of 10920 - and 0.3, 
in2 

respectively. The plate is subjected to a uniformly 

distributed loading of 1 unit and has a thickness of 0.1". 

The plate is divided into four symmetrical sections; 

for finite element mapping only one quadrant is considered 

(see Figure V.4 ) .  The accuracy of the Finite Element 

Method solution will be compared with the theoretical 

solution (see section VI). 



Figure V.4 Mesh generation for simply supported plate 

The boundary condition requires that nodes 1 through 

5 are restrained from moving in the z-direction, but have 

rotation about the x-axis. Nodes 1, 6, 9, 14, and 17 

are restrained from moving in z-direction, but may have 

rotation about the y-axis. For nodes 17 through 21 the 

rotation Ox is restrained while nodes 5, 8, 13, 16, and 

21 are restrained in rotation about y-axis By. 

The instructions for preparing the input data-, 

for this problem are given in Appendix A.2. 



TOTAL NO. CF PROBLEH 1 

PROBLEH NO. I M U U S  PLY PPOR D YL krrr 

NPOIN a 21 NELEM = 4 NVFIX = 16 NCASE - 1 NNON = 8 NDOFN = 3 NTYPE = O 

NHATS = 1 NPROP - 4 NOAUS = 2 NUIHE - 2 NSTRE 5 NEVAB 24 

ELEHENT PRWERTY NODE NUnBERS 
1 I 1 2 3 7 1 1 1 0 9 6  
2 I ,3 4 5 8 13 12 11 7 
3 I 9 10 11 15 19 16 17 I 4  
4 1 11 12 1 3 ' 1 6  21 20 19 15 . 

NODAL 
NODE 

1 
2 
3 
4 
5 
b 
7 
8 
9 

10 
I I 
I 2  
13 
14 
IS 
16 
17 
18 
19 
20 
2 1 

POINT COORDINATES 
X Y 

0.0 0.0 
Cl. 250 0.0 
0.500 0.0 
0.750 0.0 
1.000 0.0 
0.0 0.250 
0.300 0.250 
1.000 0.250 
0.0 0.500 
0.250 0.50Cb 
0.500 0.500 
0.750 0. 500 
1.000 0.500 
0.0 0.750 
0.500 0.750 
1.000 0.750 
0.0 1.000 
0.250 1 . 00Cl 
0.900 I. 000 
0. 750 1.000 
1.0150 1.000 

RESTRAINED NODES 
NODE COLE FIXED VALUES 

1 111 0.0 0.0 
,2  110 0.0 0.0 
3 110 0.0 0.0 

$ 4  110 0.0 0.0 
9 110 0.0 0.0 



MATERIAL PROPERTIES . 
NUMBER s PRWERT IES 

1 0. IO920OE+OS 0.30000cY+00 0. IOOOOOE+00 0.1000QOEt01 

AX FRONTUIDTH ENCOCWTERED - 30 

UNI RHLY ISTR UTED OAD 
0 

TOTAL NODAL FORCES FOR EACH ELEMENT 
I -0.2083E-01 0.0 0.0 

0.0 0.8333E-01 0.0 
0.0 0.0 -0.2003E-01 

2 -0.2003E-01 0.0 0.0 
0.0 0.8333E-01 0.0 
0.0 0.0 -0.2003E-01 

3 -0.2083E-01 0.0 0.0 
0.0 0.8333E-01 0.0 
0.0 0.0 -0.2083E-01 

4 -0.2003E-01 0.0 0.0 
0.0 0.0333E-01 0.0 
0.0 0.0 -0.2003E-01 

NODE 
1 
2 
3 
4 
S 
6 
7 
0 
9 

t 10 
I I 

' 12 
13 

DISP. 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.192101E-01 
0.263735E-01 
0.0 
0.192103E-01 
0.345671E-01 
0.444002E-01 
0.476145E-01 

XZ-ROT. 
0.0 
0.0 
0.0 
0.0 
0.0 
0.434907E-01 
0.270236E-01 
0.0 
0.70444256-01 
0.70:3562E-01 
0.503236E-01 
0.260920E-01 
0.0 

YZ-ROT. 
0.0 
0.434907E-01 
0.704444E-01 
0.100604E+OO 
0.107817E+00 
0.0 
0.70356tE-01 
0. Yt-695t.E-01 
0.0 
0.27024JE-01 
CI. 503Z&tE -0 I 
O.tSOl22E-01 
0. t97700E-01 

LOAD CASE a 1 



REACT IONS 

NODE FORCE X Z -MOMENT Y Z - M E N 1  
1 0.155821E-01 -0.951028E-02 -0.95101t.E-02 
2 -0.160217E+OO -0.395993E-01 0.0 
3 -0.426499E-01 -0.132917E-01 0.0 
4 -0.2595766+00 -0.125450E-01 0.0 
5 -0.373335E-01' -0.315692E-02 0.0 
4 -0.160232E+OO 0.0 -0.39t048E-Ul a 

8 0.0 -0.2660i7E-01 0.0 
9 -0.4262SOE-01 0.0 -0.132953E-0 1 

13 0.0 -1.242275E-01 0. Q 
' 14 -0.259594E+00 0.0 -0.125502E-0 1 . 

16  0.0 -0.591322E-01 0.0 
17 -0.373372E-01 0.0 -0.3 15808E.-02 
l e  0.0 0.0 -O.Z~~O!?~E-I~I 
19  0.0 0.0 -0. 242339~-1)1 
20 0.0 0.0 -0.591 422E--01 
2 1  0.0 -0.162477E-01 -0.16245SE-01 

STRESSES 

0. P. X-COORD. Y-COORD. X-WWNT Y-E1OMENI XY-tlOHENT XZ-6. FORCE Y Z - S.  FORC:E 

ELEHENT NO.= 1 
1 0.1057 0.1057 O.lO458E-01 0.1065f3E-01-0.11978E+00 0.9699OE-~:lI 0.97037E-01 
2 0.1057 0.3943 0.30701E-01 0.27279E-01-0.94212E-01 0.41021E+00 Ct.197'35€+00 
3 0.3343 0.1057 0.272806-01 0.30700E-01-0. Y4212E-01 0.19784Et00 15.4lOl4E+00 
4 0.3943 0.3943 0.88727E-01 0.88722E-01-0.7464SE-01 O.I9529E*00 V. 19?;2'iE+t)0 

ELEMENT NO.= 2 
I C1.6057 0.1037 0.34170E-01 0.4139BE-O1-0.63023E-01-0.Y159PE-@~~l ( ~ . s c I ~ I ~ ~ + o o  
2 0.6057 0.3943 0.10760E+00 0.1174 1E+00-0.4980bE-01 0.18062E611~5 0.29490E+CbO 
3 0.8943 0.1057 0.37720E-01 0.47724E-01-0.1754BE-01 0.1138ClEt~~~:l ib.577.7lEt1JO 
4 0.0943 0.3943 0. I 195ZE+OO 0.13tS9E+1:bO-O. 14133E-01-0.32233E-~'~l 61.33065E*00 

ELEHENT NO.= 3 
1 0.1057 0.60570.41401E-01 0.34176E-01-0.63030E-01 0 . 5 0 6 0 7 E t U ~ ~ - ~ ~ . 9 1 4 ~ ~ 9 E - 0 1  
2 0.1057 0.8943 0.47734E-01 0.37734E-01-0.17549E-01 0.57774E+OCl 0.11 387€:+0(b 

t 3 0.3843 0.6057 0.1 174ZE+00 0.10760€+90- I:'.q4981 3E-01 0.27503E t0lb tl.l:ilU8'17E+00 
4 0.3943 0.8943 0.13461E+00 0.11954E+0C'-tl. 14134E-01 0.331 14E bu~.l- 0.3222'3E-01 

ELEMENT NO.- 4 
1 0.6057 0.6057 0.14371E+OO 0.14371E+~)0-0.34739E-O1 0.16179Et w5 C~.lC-2t)JE.tOO 
2 0.6057 0.0943 0.16739E+00 0. IS582E+00-~b.$SL)Y6E-02 0.2081 6C i~.l('l il. i /i:c:17E-C11 
3 0.8943 0.6057 0.15979E+OO 0.16737E+00-0.?500lE-q2 0.7718LE- (11 0.2084 lE+Ot> 
4 0.8943 0.0943 0.18800E+00 0.18U02E100-0.29699E-02 0.447PlE-411 l:l.4494PE--1>1 



V.C) BAR SUBJECTED TO TEMPERATURE DISTRIBUTION. 

Consider a free bar shown in Figure V.5 subjected 

to a temperature in such a way that TI = 1000"~ and T2 = 

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

TI - (TI - ~~)((2y)/d)~. 

Figure V.5 Free Bar 

The temperature distribution is a function of 

y only, therefore, for the finite element mapping a portion 

of bar will be considered. This is shown in Figure V.6. 



Figure V.6 Mesh generation for long bar 
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This problem is considered as a plane stress 

situation with thiclcness of one unit and the instruction 

for preparation of input data is given in Appendix A.1. 

The accuracy of the results obtained by the finite element 

analysis will be compared with the theoretical (see section 

VI ) . The output for this problem is shown on the following 
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PROBLEM NO* 1 

i 

FREE AR U *  ER 1 PRAT E 

W O l N  = 37 MLEH = 8 N V F I X -  I NCASE = I NTYPEi  I WOE = e NDOFN 2 

NMATS = I NPROP - 5 NoMIS = 3 NDIt lE = 2 N S T n E E  3 NEVAB = 14 

N@DAL 
NODE 

1 
2 
3 
4 
5. 
C 
7 
e 
9 
10 
I I 
I2 
13 
14 
15 
16 
17 
re 
19 
20 
2 1 
22 

' 23 
2 4 
25 
26 
27 

PRWERTY 
I 
I 
I 
1 
I 
1 
1 
1 

NODE NUnBERS 
1 2 3  
3 4 5' 
9 10 1 1  
I t  12 13 
17 10 19 
I9 20 21 
25 26 27 
27 20 29 

POINT COORDINATES 
X Y 

0.0 0.0 
1.2w 0.0 
2.500 0.0 
3.730 0.0 
5.000 0.0 
0.0 0.125 
2.590 0.125 
5.000 0.125 
0.0 0.250 
1.250 0.250 
2.500 0.250 
3.750 0.230 
5.090 0.250 
0.0 0.375 
2.500 0.375 
5.090 0.375 
0.0 0.500 
1.250 0.300 
2.500 0.500 
3.750 0. SO0 
5.000 0. so0 
0.0 0.625 
2.500 0.625 
3. 000 0.625 
0.0 0.750 
1.250 0.750 
2.500 0.750 



TOTAL NODAL FmCES FOR EACH ELErEtIT 
I -0.3051E+O4 -0.1904E+05 0.7324E-03 -0.1697E+06 0.3051E+04 -0.1904€+05 0.1696E+O5 -0.4464EtOS 

0.5203€+04 0.6440€+05 0'76(13E-02 0.1607E+06 -0.5203EtO4 0.6440€+05 -0.1696€+05 -0.4464E+d5 
2 -0.305IE+O4 -0.1984E+OS -0.3174E-02 -0.1607E+06 0.30SlE+O4 -O.I904E+OS O.I696E+O5 -0.4464€+05 

0.5283€+04 0.6440€+05 0.3906E-02 0.1606E+06 -0.52036+04 0.6448E+OS -0.1696E+OS -0.4464E+O5 
3 -0.5263€+04 -0.49SOE+05 0.1221E-02 -0.2282 +06 0.5203€+04 -0.4960€+05 0.2292€+05 -0.1488€+05 

O.6027€+04 0.644aE+OS O. 1 l l 2E -01  0.22012+06 -0. t027E+O4 0.6440E+OJ -0.2292E+OS -0.140'aE+05 
4 -0.5283E+04 -0.4960E+05 0.5127E-02 -0.2202E+06 0.S203Et04 -0.4960E+05 0.2292€+05 -0.1488€+05 

0.6027€+04 0.6440E+05 0 . 0  0.2202€+06 -0.6027E+O4 0.6440E+OS -O.2292E+OS -0.1408E+05 
.i .> -0.6027€+04 -0.6440EtOS 0.6592E-02 -0.2202€+06 0.6027€+04 -0.6440E+OS 0.2292E+OS 0.14086+65 

0.5203€+04 0.4960€+05 0.3906E-02 0.2282€+06 -0.3283€+04 0.4960€+05 -0.2292€+05 0.1408E+05 
.-. -6.6027E+04 -0.6448€+05 0.2606E-02 -0.2202E+06 0.6027€+04 -0.6440E+OS 0.2292€+05 0.148dE+05 

0.5263E+O4 0.4960E+OS 0.1172E-01 0.2202€+06 -0.5203E+O4 0.4960E+O5 -0.2292€+05 0.1489E*O5 
7 -0.5283€+04 -0.64406+05 0.4199E-01 -0.1687Et06 0.5203€+04 -O.C448E+05 0.1696€+05 0.4464E+05 

0.3051€+04 0.1984E+OS -0.7013E-02 0.1607E+06 -0.305IE+04 O.I904E+O5 -0.1696E+OS 0.4464Et05 
8 -0.5203€+04 -O.t44BE*OS 0.3764E-01 -0.1687€+06 0.5203€+04 -0.6440€+05 0.1696E+05 0.4464E+03 

0.31351Et04 0.1904€+05 -0.7013E-02 .0.1607€+06 -0.3051€+04 0.1904EtOS -0.1696€+05 0.4464E+OY 

NODE X-DISP. Y-DISP. 
0.0 

1 -0.203421E+OI -0.452557€+00 
2 -0.10412OE+01 -0.421693E+OO 
3 0.433043E-02 -0.426014E+OO 
4 0.104990€+01 -0.399025E+00 



REACT I ONS 

NODE X-F ORCE Y -FORCE 
1 9  -0.266699€+01 - 0 . 1 0 6 6 ~ 1 ~ + 0 1  

STRESSES 

0.P. X-COORD. Y-COORD. X-STRESS Y-STRESS XV-STRESS 2-STRESS' )(AX P.S. t l l N  P.S. ANGI. E 

ELEMENT NO.- 
1 0 .2010  
2 0 . 2 8 1 0  
3 0 . 2 0 1 0  
4 1.2m0 
5 1 .2500  
6 1 .2500  
7 2 .2102  
0 2 .2102  
9 2 .2102  



.. -. 
ELEMENT NO#- 

1 0.2018 
2 0.2810 
3 0.2818 
4 1.2500 

' . 5  1.2500 
6 1.2500 
7 2.2102 
0 2.2182 
Y 2.2182 

ELEMENT NO.- 
1 2.7017 
2 2.7810 
3 2.7017 
4 3.7500 

5 3 . 7 5 0 0 ,  
6 3.7500 
7 4.7182 
0 4.7102 . 
9 4.7182 

ELEHENT NO.- 
1 0.2810 
2 0.281B 
3 0.2810 
4 1.2500 
5 1.2500 
t. 1.2500 
7 2.2102 
0 2.2102 
9 2.2102 

ELEWNT NO. = 
1 2.7817 
2 2.7810 
3 2.7817 
4 3.7500 

' 5 3.7500 
6 3.7500 
7 4.7102 
0 4.7182 
9 4.7102 



ELEMENT 1*3. 
1 2.7017 
2 2.7818 
3 2.7317 
4 3.7'40 
5 3.7500 
6 3.7500 
7 4.7102 
8 4.7102 
9 4.71B2 



CHAPTER VI 

ACCURACY AND EFFICIENCY OF THE RESULTS 

V1.a). Accuracy of the results 

In this chapter the accuracy of the results found 

by Finite Element Analysis is compared with the theoretical 

solution. 

First, consider the example of the thick-walled 

cylindrical pressure vessel subjected to internal pressure. 

The theoretical values for radial displacements 

Ur, radial stress rr, and circumferential stress 0 9 0  

are given as (See Figure VI. 1 ) : I 

Figure (V1.a) Cross-sectional area for thick-walled 
pressure vessel 

'Frank A. Dl Isa, Mechanics of Metals (Reading, 
blassachusetts: Academic Press, 1977), pp. 109-111. 



where : 
Po = External pressure 

Pi = Internal pressure 

arb = Inner and outer radius 

r = Radius at any point 

v = Poisson's ratio 

For the problem given in section (V.a), Po=O, 

Pi=30,000psi, a=4", b=8", V=0.3, and G= = 11538.46ksi. 2(l+v) 

Substituting these values into Ur results in 

Radial stress 

Substituting Po, Pi, a, and b results in 

64 arr = - 10,OOO(T - 1) 
r 

The circumfrential stress oee  is found to be 

After substitution it will reduce to 

64 + 1) oeo = l0,OOO (7 

Table V1.a shows the results of radial displacement 

Ur, obtained by Finite Element Analysis and Theory of 

Elasticity. 



Table V1.a Comparison of radial displacement Ur for the 
case of pressure vessel subjected to i.nternal 
pressure 

r 

4" 

5" 

6" 

8" 

Table V1.b shows the radial and hoop stresses 

obtained by Finite Element Analysis and Theory of 

Elasticity. 

Ave . 
Z Error 

0.6 

0.58 

0.47 

1.57 

Ur x 103 

e = o O  

7.6079 

6.4131 

5.6904 

4.8320 

Table V1.b Comparison of radial and circumferential stress 
for the case of pressure vessel subjected to 
interal pressure 

Next, consider the simply supported plate subjected 

r, 'in 

4.1048" 

5.1026 

6.2132 
? 

17.7594 

to a uniformly distributed loading of 1 lb/in2. 

e=30° 

7.5521 

6.3364 

5.5792 

4.7199 

The theoritical values of maximum displacement 

arr FE 

psi 
-26981.0 

-13720.0 

-7021.0 

-709.0 

and maximum moment are given as follows. 

e = 60° 

7.5530 

6.3375 

5.5802 

4.7206 

? 

uee FE 
psi 

46634 

33770 

26471 

e =  90" 

7.6093 

6.4147 

5.6921 

4.8337 

Theory 
o f  

E l a s t i c i t y  

7.627" 

6.413" 

5.662 

4.853 

a00 
% 

Error 
2.81 

2.34 

0.40 

urr, 

psi 
-27983.6 

-14580.8 

-5578.6 

9.18 22716 1 -629.7 

age 
Theory 
psi 

47983.6 

34550.8 

26578.6 

urr 
% 

Error 
3.58 

5.89 

6.3 

20629.7 11.28 



where 

q = lateral loading 

a = side length 

D = 
~t~ 

12 (1-"2) = Flexural Rigidity 

Substituting these values into W ~ X  results in 

k in Mxx = Myy ='-  .1916- in 

Table V1.c shows the results that are obtained 

by Finite Element Analysis and by the Theory of Elasticity. 

Table V1.c Comparison of maximum deflection and moment 
for the case of simply supported plate bending 

WlmX t in 

kin 
Mxx = Myyr in 

I 

FINITE 
ELEM. ANALYSIS 

0.06575 

0.1880 

THEORY OF 
ELASTICITY 

0.06496 

0.1916 

% ERROR 

1.20 

1.87 



Finally, consider a free bar subjected to a 

temperature as shown in Fig. V.5. An approximate solution 

could be obtained for this problem by assuming that 

temperature depends on the y direction only. Therefore 

the stress ax and deflections Ur and V can be written 

as 8 

1 ox = 4aE(T1 - T2)(:12 -j-(T1 - T2)aE 

where 

a = Thermal expansion coefficient 

E = Modulus of Elasticity 

T2, T 1  = Temperatures at the outside and center 

line of the bar, respectively. 

d = width of the bar. 

The numerical values are given in section V.C. 

Therefore, after substitution, the equations reduce to 

Tables VI.d.1 and V1.d .2, are presented to compare the 

values of ox, Ur, and V obtained by Finite Element Analysis 

with the Theory of Elasticity. 

8 ~ .  P. Boresi and P. 0 .  Lynn, Elasticity in ~n~inee-r- 
ing Mechanics (Englewood Cliffs, New Jersey: Prentice-Hall, 
19741, pp. 400-402. 



Table V1.d -1 

Table V1.d -2 
Comparison of deflections and stress for the case 
of long bar subjected to temperature 

Theory 

x .  PSI 

-16666.6 

-13541.6 

11458.3 

33333.34 

I 

F- E 

x ,  PSI 

-16755 

-14086 

11738 

29630 

V1.b) Efficiency of the results 

% Error 

0.52 

3.86 

2.38 

11.1 

k 

Co-ordinates f o r  
Analytical Equation 

v 

% Error 

0.0 

2,9 

2.4 

2.2 

In this section, the efficiency of the results 

Co-ordinates f o r  
F-E Analysis 

X 

0.0 

0.0 

0.0 

0.0 

using the Frontal Solution Technique in Finite Element 

X 

2.5 

2.5 

2.5 

2.5 

Y 

0.0 

0.125 

0.375 

0.5 

1 

Theory of 
E l a s t i c i t y  

programming will be discussed. This is done by comparing 

Y 

2.5 

0.625 

1.875 

1.0 

U,  i n  

0.0 

0.0 

0.0 

0.0 

Fin i t e  Eelement Analysis 

the results obtained by the program given in Appendix 

Co-ordinates 
f o r  Analytical 
Equations 

X Y 

0.0 0.0 

0.0 0.125 

0.0 0.375 

0.0 0.5 

V, i n  

0.0 

0.12955 

0.3480 

0.4166 

U, i n  

0.0 

0.001098 

0.00329 

0.00439 

B with the SAPIV. SAPIV is a Finite Element Program which 

V ,  i n  

0.0 

-0.13348 

-0.35669 

-0.42601 

Co-ordinates 
f o r  

F-E Analysis 

X 

2.5 

2.5 

2.5 

2.5 

Y I 

2.5 

0.625 

0.875 

1.0 



uses the banded solution technique to perform the assembly 

and solution of the overall stiffness matrix. 

Table V1.e shows the execution time for the case 

of the thick-walled cylinderical pressure vessel. This 

example is performed earlier in section V.a by using 9 

parabolic isoparametric elements (See Figure V.2), while 

24 quadrilateral elements are used in SAPIV in order to 

get an exact result. 

EXECUTION % ERROR 

TIm, SEC U 

24 ELEMENT 
SAPIV 

1.91 

9 ELEMENT 1.31 
FRONTAL TECHNIQUE 

Table V1.e Efficiency of results for the case 
of pressure vessel 

Table V1.f shows the execution time for the case 

of the simply supported plate. The results of this example 

are given in section V.b. 



EXECUTION % ERROR 
TIME, SEC w ~ ~ x  

4-ELEMENT 1.10 
BAND TECHNIQUE, SAPIV 

8 -ELEMENT 
BANDED TECHNIQUE, SAPIV 1.15 

-- - 

16-ELEMENT 
BANDED TECHNIQUE, SAPIV 2.47 

4 -ELEMENT 
FRONTAL TECHNIQUE 0.86 

Table V1.F. Efficiency of results for the 
case of plate bending 



CHAPTER VII 

CONCLUSION 

The Finite Element analysis is a tool to solve 

engineering problems. Appendix B contains a Finite Element 

Program that is capable of solving two dimensional plane 

stress or plane strain and plate bending problems. There 

are several Finite Element programs written to solve 

engineering problems, but the economical limitations by 

computer costs restrict the use of such programs. As 

a result, analysts are developing new equations solution 

techniques such as the Frontal Technique to reduce the 

costs of running Finite Element programs. 

Several examples performed in sections V and VI 

compare the accuracy as well as the efficiency of the 

Frontal Techniques in Finite Element Programming. 

The first example is the thick-walled cylindrical 

pressure vessel subjected to internal pressure. Table 

(V1.a) shows the results of radial displacement Ur for 

different angles and radii. The results are then compared 

with analytical values found by the Theory of Elasticity. 

The percentage error is less than 2.0%. Table V1.b shows 

the results of radial and hoop stress for different radii 

and it is in good agreement with the theory. 

Since the integration of the stiffness matrix 

is done numerically, the stresses are computed at the 



sampling points (See Figure 1I.a). For this example the 

integration is performed using the 3-point rule, thus, 

there are nine sampling points for an element, as is shown 

in the computer output. 

The second example is the Simply Supported Plate. 

Table (V1.c) shows the results of maximum deflection and 

moment, compared with the analytical values. The percentage 

error is less than 2%, which is in good agreement with 

the approximated solution. Table V1.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 temperature distribution. Table VI.d.l shows the results 

of stresses. The percentage error is increasing as y 

increases from the center of the bar. This error could 

be improved by increasing the mesh size in the region 

remote to the center of the bar. 

Table VI.d.2 shows the results of deflections 

and the percentage error is less than 3.5. 



APPENDIX A 

PREPARATION OF INPUT 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 

plate bending problems. The order of data preparation 

for each case is listed below. 

A.l). Plane Stress or Strain Program 

I). Problem Card - One Card 

Columns Variable Entry 

1-5 NPROB Total number of problems to 
be solved in one run. 

11). Title Card 

1-72 --- Title of the problem 

111). Control Card - One Card 

NPOIN 
NELEM 
NVFIX 

NCASE 

TYPE 

NNODE 

NDOFN 

NMATS 

NPROP 

NGAUS 

NDIME 
NSTRE 

Total number nodal points. 
Total number of elements 
Total number of restrained 
boundary points, where one or 
more degrees of freedom are 
restrained. 
Total number of load cases to 
be analysed. 
Problem type parameter: 

1 - plane stress 
2 - plane strain 

Number of nodes per element 
( = 8 )  
Number of degrees of freedom 
per node=2 
Total number of different 
materials. 
Number of independent properties 
per material = 5 
Order of integration formula 
for numerical integration 
Number of Co-ordinate dimensions= 2. . 
Number of independent stress 
components = 3 



Columns Variable Entry 

IV) . ELEMENT CARD. One card for each element 
counter-clockwise sequence. For example, consider the 
element shown in Figure 11.1. The node numbering is (1, 
2, 3, 4, 5, 6, 7 ,  8 ) -  

NUMEL 
MATNO(NUMEL) 
LNODS(NUMEL,~) 
LNODS(NUMEL,2) 

11 

Element number 
Material property number 
1st Nodal connection number 
2nd Nodal connection number 

I1 

II 

I I  

8th Nodal connection number 

V). NODE CARD. One card for each nodal point. 
This data card contains a list of nodal co-ordinates. The 
co-ordinates of highest node should be inputed. 

1-5 IPOIN Nodal point number 
6-15 COORD(IPOIN,l) x-Co-ordinate of node 
16-25 COORD(IPOIN,2) y-Co-ordinate of node. 

VI) . RESTRAINED NODE CARD. One card for each 
restrained node should be considered. 1 designates nodal 
displacement restrained and 0 designated no displacement 
restrainment. 

2-5 NOFIX Restrained node number 
9 IRPREl Restraint on x-displacement 

EQ. 0; Free 
GT.l; Fixed. 

10 IFPRE2 Restraint on y-displacement 

EQ. 0; Free 
GT.l; Fixed 

11-20 PRESCl The prescribed value of 
x-displacement 

21-30 PRESC2 The prescribed value of 
y-displacement 

VII ) . MATERIAL CARDS. One card for each different 
material. 

1-5 NUMAT Material Identification Number 
6-15 PROPS(NUMAT,l) Elastic nodulus, E. 
16-25 PROPS(NUMAT,2) Poisson's ratio, v 
26-35 PROS(NUMAT,3) Material thickness, t 
36-45 PROS(NUMAT,4) Mass Density, P 
46-55 PROS(NUMAT,5) Coefficient of thermal expansion _ 



Columns Variable Entry 

VIII). 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 loading is 
listed below. 

VII1.a). TITLE CARD. One card. 

1-72 TITLE of the loading 

VII1.b). CONTROL CARD. One card. 

IRLOD Applied point loading 

IGRAV 

IEDGE 

ITEMP 

0 No point loading 
1 Point loading aplied. 
GRAVITY Loading 

0 No gravity loading 
1 Gravity loading is considered 

Distributed loading 

0 No distributed loading 
1 Distributed loading is 
considered 

Thermal loading 

0 No thermal loading 
1 Thermal loading is considered 

V1II.c). APPLIED LOADING. One card for each 
nodal loading. 

1-5 LODPT NODE NUMBER 
6-15 POINT ( 1 ) Loading in x-direction 
16-25 POINT(2) Loading in y-direction 

VII1.d). GRAVITY LOADING. One Card. 

1-10 THETA Angle of gravity axes from the 
positive y axes. 

11-20 GRAVY GRAVITY Constant 

VII1.e). DISTRIBUTED LOADING. This data card 
is arranged in three different classifications. 

a). Control Card 

1-5 NEDGE Number of edge to which loading 
is applied. 



Columns Variable Entry 

b). Element Face Topology Card 

1-5 NEASS The element number to which 
the loading is associated. 

6-10 NOPRS ( 1 ) List of nodal points in the 
11-15 NOPRS ( 2 1 counter-clockwise order that 
16-20 NOPRS ( 3 ) forms the element face on which 

the loading acts. 

c). Distribution Load Card 

PRESS(1,l) Normal component of distributed 
load at node NOPRS(1). 

PRESS(2,l) Normal component of distributed 
load at node NOPRS(2) 

PRESS(3,l) Normal component of distributed 
load at node NOPRS(3) 

PRESS(1,2) Tangential component at node 
NOPRS ( 1 ) 

PRESS(2,2) Tangential component at node 
NOPRS ( 2 ) 

PRESS(3,2) Tangential component at node 
NOPRS ( 3 ) 

IX). THERMAL LOADING. 

1-5 NODPT Node number 
6-15 TEMPE Temperature at a node. 

A.2). The Plate Bending Program. This sectio-n 
prepares the input data for the case of Plate Bending. 

I). PROBLEM CARD. One card. 

Total number of problems to 
be solved in one run. 

11). TITLE CARD. One card. 

1-72 Title of the program. 

111). CONTROL CARD. One Card. 

1-5 NPOIN 
6-10 NELEM 
11-15 NVFIX 
16-20 NCASE 
21-25 NTYPE 
16-30 NNODE 
31-35 NODFN 

Total number of nodal points. 
Total number of elements 
Total number of restrained points 
Total number of load cases. 
BLANK 
Number of nodes per element = 8 
Number of degrees of freedom 
per node = 3 



Columns Variable Entry 

37-40 NMATS 

41-45 NPROP 

46-50 NGAUS 

51-55 NDIME 

56-60 NSTRE 

Total number of different 
materials 
Number of independent properties 
per material = 4 
Order of numerical integration 
for this case is = 2 
Number of Co-ordinate dimensions 
= 2 
Number of stress components = 5 

IV). ELEMENT CARDS. One card for each element. 

The node number for each element must be in 
counter-clockwise order. 

1-5 NUMEL Element number 
6-10 NATNO(NUMEL1 Material property number 
11-15 LNODS(NUMEL,~) 1st Nodal connection number 
16-20 LNODS(NUMEL,2) 2nd Nodal connection number 

11 I1  I1  

11 II II 

46-50 LNODS(NUMEL,8) 8th Nodal connection number 

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

1-5 IPOIN Nodal point number 
6-15 COORD(IPOIN,l) X-Co-ordinate of node 
16-25 COORD(IPOIN,2) Y-Co-ordinate of node 

VI) . RESTRAINED NODE CARDS. One card for each 
restrained node. 

2-5 NOFIX Restrained node number 
8 IFPREl Condition of restraint on nodal 

displacement, w 

EQ;O Free 
GT;1 Fixed 

Condition of restraint on nodal 
rotation, x 

EQ.0; Free 
GT.l; Fixed 

Condition of restraint on nodal 
rotation, y 

EQ.0; Free 
GT.l; Fixed 



Columns Variable Entry 

11-20 PRESC 1 The prescribed nodal displacement, 
W 

21-30 PRESC2 The prescribed nodal displacement, 
Ox 

31-40 PRESC3 The prescribed nodal displacement, 
8~ 

VII ) . MATERIAL CARDS. One card for each different 
material. 

1-5 NUMAT Material identification number 
6-15 PROPS(NUMAT,l) Elastic nodulus, E. 
16-25 PROS(NUMAT,2) Poisson's Ratio, v 
26-35 PROS(NUMAT,3) Material thickness, t 
36-45 PROS(NUMAT,4) Intensity of uniformly distributed 

loads. 

VIII). TITLE OF LOAD CARD. One card. 

1-72 Title of load case. 

IX). LOAD CONTROL CARD. One card. 

1-5 IPLOD Applied point load. 

EQ.0; Free 
GT.l; Applied nodal load to 
be input. 

X). APLLIED LOAD CARDS. One card for each loaded 
nodal point. The last card must be for the highest node 
number. 

1-5 LODPT Node number 
6-15 POINT ( 1 ) Load component in Z direction 
16-25 POINT ( 2 ) Nodal couple in XZ plane 
26-35 POINT ( 3 ) Nodal couple in YZ plane. 



APPENDIX B 

FINITE ELEMENT PROGRAM 



B . 1  Plate Bending Program 

- 
1, PROI~RAH BOE I ( I NPiJT, 13UTPLIT TAPES= I NPIJT , TAPE6=OI,ITPI,IT, TAPE 1 , - 
1, *TAPE2 7 TAPE2 1 TAPE3 7 TAPE4 ) 

DIMENSION T I T L E (  12) 
COMMON/CilNTRO/NPO I N, NELEM7 NNiItIE N D  IME, 

*NSTRE NTYPE , NGAUS 7 NPkIIIP NHAT3 7 NVF I X 7 

*NEVAB, I CASE, NCASE I TEMP, I PRI~B, NPRI:IB 
COMMON/LGDATA/COlJRD (YO, 2) 7 PRQPr3 ( 10, 4 )  7 

*PRESC ( 40 1 3 1 ASD I S ( 2 4 0  ) 7 ELIIIAD ( 25 7 24 
*NOF I X I  40 I FPRE ( 4 0  7 :3 ) I LNJIICI!5 ( 25 9 :3 ) 
*MATNO(25) 

CUNMON /WORE/ELCOD ( 2 , 8 ) SHAPE ( :3 1 9 

* D E R I V ( ~ ~ ~ ) , D M A T X ( S , ~ ) I C A R T ~ ( ~ ~ : ~ )  , 
sDBMAT(5124) ,BMATX(.5,24) v!SMATX(5,24,4) 
*P08GP(2),WEIGP(2)7I3PI:I,7D(2,4),NERl3R(24) 
READ ( 9,900 ) NPROB 

900 FORMAT ( I S  ) 
WRITE ( h, 905 ) NPHOB 

905 FORMAT ( 1 HOv 5 X ,  23HTOTAL NO, OF PROBLEM = , I5 ) 
Dl3 20 I PROE= 1 NPR1:lB 
REWIND 1 
REWIND 2 
REWIND 3 
REWIND 4 
READ(S9 910 )  T I T L E  

Y 10 FORMAT ( 12A4)  
WRITE(4,Y lS)  IPROEvTITLE 

915 FORMAT(/////7hX,12HPRl38LEM NO, 713,10X,12A4) 
T 

1,. 
1z399 CALL !Z;I,IBRI]IJTIN THAT HEAD mlJ!sT OF THE DGTc', 
-. 
1,. 

-. CALL INPIJT 
1 4  

C*** CREAT ELEM SST IFNESS 
T 

1, 

CALL STIFPE 
DO 10 I CASE= 1 , NCASE 

C 
C**** CUMPUT LOAD, 
C - 
1, 

-. CALL LOADPB 
1,. 

12999 SOLVE THE RESULT I NG El;! 
-. 
I-. 

CALL FRONT 
-. 
1, 

C999 !::l:lMF'I-lTE !:;TRES:S IN. ALL ELEMENTS. 



. .. -. ' . I- 
CALL STREPB 

10 CONTINUE 
20 CONT I NUE 

:3 T 111 F' 
END 

SllEtROlJT I NE I NPlJT -. 
I-. 

C*** READ THE F I R S T  DATA CARD, AND ECHIII I T  IMMEDIATELY 
C 

I:L~MMI:IN/I:ONTR~:I/NPI,~ I N  NELEM, NNODE NLlOFN 9 ND I ME 7 

*NSTRE I NTYPE NGAUS 7 NPHI~P NMATS , NVF I X , NEVAB 7 

* I CASE, NI-7A:3E7 I TEMP, I PHOB I NPROB 
COMMON/LGDATA/OOl:lRD ( :3(:1,2 ) , PRl:lP!5 ( 1 (:),4 ) , 

* P H E S C ( ~ ~ Y ~ )  p A S D I S ( 2 4 0 )  E L I I I A C C ( ~ ~ T ' Z ~ )  , 
s N I I F I X ( 4 0 )  1 IFPRE(4(:),:3) , L N I I I D ! ~ ( ~ ~ , ; ~ )  
*MATN0(25> 

I~I~MMI:IN/ wlliRK/EL~:l:lD ( 2 ,  $3 ) , SHAPE ( :3: ) , 
*[ lEHIV(2,8) ,DMATX(5?5)  1~I:fiRTC~(2,:3) , [ 1 E h d T ( ! 3 ~ 2 4 )  
*?EMATX(5,24)  ,SMATX(5,24,4) ,P1:1'5;13Pi2), 
*WEIGP(2),GPCOD(2,4),NERI3R(24) 

READ(57900)  NPOIN,NELENvNVFIX~N~ZA:3E,NTYPEp 
*NNODE I NDOFN 9 NMATS 9 NPRUP t NCiAIJS N S T R E  

900 FORMAT ( 12 I5 
NEV~B=NDOFN*NNODE 
WRITE ( 6 -  905 NPO I N 3 NELEM NVF I X NCASE NTYPE, NNODE NKIOFN 9 NMATS, 

*NPROP NOAUS ND I ME 7 NSTRE 9 NEVAB 
905 FOFi'MAT(//SH NFOIN = I  I4,4X7:3H NELEW = r  14, 

9 4X,:3H NVFIX I, 14,-1.~~:::$4 NI::A::;E =-  1 4 - 4 x ,  
* :3H NTYPE =, 1474x9 :::ti NNCIDE = T  1474x7 
* :3H NCIOFN =, I 4 / /  :3H NMGTS =, 1 4 ? 4 X 1  
9 :3H NF'ROP =, I4 ,4X,  :3H NGGU:3 = T  I4 ,4X,  
* :3H NDIVE t 7 1 4 7 4 X 7 8 H  NSTRE =, I4,4X, 
* :3H NEVAB 14) 

CALL CHECK1 
C 
C*** READ THE ELEMENT ClllNNECTIClN, AND THE PROPERTY NO. - 
1, 
1: 

WRITE ( 4 ,  910) 
9 1 0  FORMAT ( / /SH ELEMENT, 3 X  , 8HFROPERTY r i X  12HNCIDE NUMBERS 

DO 10 I ELEM=l? NELEM 
READ i 5 ,  9(:1(:) ) Nl-IMEL , MA T N I ~  i Nl-IMEL ) , i LNODS i NLirlEL , I NODE ) , I NODE= 1 I 

*NfuODE j 

WHITE 1 /In , 913 ) NUMEL, MATNO ( NUMEL j ( LN6D!3 ( bII.?NEL , I NODE I IbIUDE=l, 
*NNODE > 



P .d 
I:*** ZEF[I:I ALL NlIlDE 1I:l:lQ 
5 1,. - 1,. 

ZJI:~ 3:) IPIIIIN=I ,NPOIN 
DO 20 I D I ME= 1 NU I ME 

20 COORD( I P O I N 7  IDIME)=r:). (:I 
5 

1, 

C*+* READ :SI~ME NClDAL CIIIIIIRD 
-. I-. 

1: 

WRITE(&, $20) 
Y2(:) FCIRMAT ( / /25H NODAL PI2 I NT COORD I NATE:S ) 

WRITE(47925)  . . . &  

925 FORMAT(hH NODE,7X,lHX,'?X71HY) 
3(:) HEAD(S,$3(3) I P O I N 7  (COI:IRD(IP~~IN~ I D I M E ) ,  IOIME=l,NLlIME) 

330 FORMAT ( IS ,  5F 1(:). S ) 
I F (  IPI:IIN.NE.NPOIN) 1313 T l i  :30 

-. 
1,. 

I:**+ I NTERPClLATE I:IIII:IRD lIlF M I JJ-::; I CIE PIl:lKrE!~ 
-. 
?, 
C 

IF(NDIME.El2. 1) 01-7 TO 4 0  
CALL NODEXY 

4 0  CONT I NU€ 
D13 5(j I P O I N = l ,  NPOIN 

50 WRITE(b7'33S) IPOINI (1:00RDi I P O I N 7  I D I M E )  ID IME=t ,  NDIME!- 
'X3.5 FORMAT( 1 x 1  IFjr:3F1(1.3) -. 

1,. 

C*** READ THE F I X  VCILl,lE:3, 
-. I-. 

WHITE ( h ,  940 ) 
94:) FORMAT ( / / 1 7H RESTRA I NED NODES 1 

WRITE(67949)  
5445 FISRHAT ( 5 H  NODE, 1 X 4Hl:lSDE, 6X', 12HF I XED {JALUES ) 

IF(NODFN.NE.2) GO TO 70 
WR I TE ( 4 7 '398 ) NOOFN 

99.3 FORMAT ( 1 (3X I S  
DO 40 IVFIX=17NVFIX 
READ(S7'350) -NOFIX( IVFIX), ( I F P R E (  I V F I X ,  IDITIFN), IDOFN=~,NDI:IFN)~ 

* ( PRESC ( I VF I X I DOFN I DIJFN 1 , N F N  ) 

44:) WRITE(6195C)) N O F I X ( I V F I X ) ,  (IFPRE(IVFIXIIDOFN),IDOFN=~,NDOFN>~ 
* i PRESC ( I VF I X , I DOFN 1 , I EIIIIFN= 1 , NII IF N ) 

85(5 FI:IRMAT( l X 7  I4.:3X,211,ZF1(:).4) 
rI;r:r TI:I 3(:) 

7( j  WH I TE 1 6, %sf: j NDlIIFN 
:3:::::3 FI:IHMAT( lt:)X, I 5  j 

I 
-- 



DO :3(:) I V F I X = l , N V F I X  
READ(5,'755) NOFIX(  I V F I X )  , ( I F P R E i  I V F I X ,  IEIIIIFN) IDOFN=17NCIIJFN)7 

* ( PRESC ( I VF I X 7  I DOFN 1 , I CIIIIFN= 1 NC lFN 
:3(j WRITE(6,955)  NOFIX(IVFIX)7(IFPRE(IVFIX,IDOFN~,IDOFN=1,ND~~F~j, 

* i PRESC ( I VF I X , I DOFN ) I CIIIIFN= 1 , NClllFN ) 
QEC ... -1-1 F O R M A T i l X 7 1 4 7 2 X r : I - ; I 1 ~ 3 F l O . 4 )  

9Q I~I:INTINI-IE 
-. 
1, 

I:**(.#. READ THE AVALAELE SELECTION lIlF ELEMENT F'ROPERTY 
-. 
1,. 

C 
WHITE ( b 7 Sk8O ) 

BCO FORMAT ( / /21H MATERIAL PROPERT I ES 
WHITE(k*,S65) 

Y 65 FORMAT ( 8H  NUMBER 9 7 X 1 1 OHPROPERT I ES ) 
Dl11 1 (I(:) 1 MATS= 1 , NM&T!S 
READ ( 5,Y3(3 ) NIJMAT , ( PRl3PS ( NUMAT, I PRISP ) , I PROP= 1 , NPROP 

1 (I(:, WRITE ( 6 970 1 NIJMAT, ( PROP!3 ( NI-MAT, I PROP ) , I PROP= 1 , NPROP ) 
'37(:) FOKMAT( lX , I 5 ,7X t5E14 .4 )  

C: 
I:*** !SET UP 134iJ:s:S ION INTEGRAT 1 I:IN I:ON!ST:,; 
C 
T 

1, 

CALL GAlJ!sSQ 
CALL CHECK2 
RETURN 
END 1 

SlJBH1:llJTI NE NOEIEXY 
C:I:IMMI:IN~I::ONTRI:I/NPO IN, NELEM 7 P.INODE 7 NEIOFN 7 NU I ME 7 

*NSTPE , NTYF'E, NGAI-I!I; 7 NPROF', NMATS? NVF I .I( 7 NE'JAP 7 

3 I CASE, NCA!:;E, I TEMF' , I F'HOB, NF'R13B 
I:~:IMMI:IN/LI~DATA/II:IIIOR~I ( :XI, 2 ) , F'RIIIPS ( 1(:), 4 ) F'RE!SC i 4(:), :3 ) , 

*A:sDI!3.(24(:)) ,ELOAD(25,24)  ,N I I IF IX (~~ : ) )  v IFPRE(4[:),:3) , 

-. 
1, 

C*** L013P OVER EACH ELEMENT 
C 

DO 30 I ELEM= 1, NELEM 
-. 
I-. 

I:*** LOOP OVER EACH ELEMENT EDGE -. I-. 
-. I-. 

DI:I 3:) I NODE= 1 NNODE, 2 
C: 
I:*+** 1:l:lMPUT THE NODE NUMBER 
-. 
L 



NODST=LNODS ( I ELEM, I NODE ) 
1 GASH= 1 NIIIDE+~ 
I F  ( I OASH. GT. NNODE I iliC?rSH= 1 - 

L 
C*** II:OMPLIT THE NODE NI-IMFEK 
-. 
C. 

Nl:lDFN=LNl:lDS ( I ELEM, I 1I;A::;H 
MIDFT= INODE+l -. 

1, 

CW* COMPUT INTEMED I ATE' NODE 
-. 
1, 

NC~UMD=LNOOS ( I ELEM 7 M I DPT 
TOTAL=AES ( COORD ( NODMD, 1 +APS ( COORD ( NCIOMD, 2 ) 

-. 
1, 
c*** -. I-. 

I F  ( TOTAL. GT. (3. (3 ) GO TO 20 
K:OUNT= 1 

1 ) ~I:r:ll:lRD ( NI~DMD , Et3IJNT ) = ( C1:lI:IRD ( NlIID!sT, KlIII-INT ) +COl:lRD ( NODFN, K:IIIIJNT ) ) /a. (1) 
F:I-~UNT=KI:IUNT+ 1 
IF(k:lIllJNT.El2.2) GI3 TO 1 0  

20 I:I~NT I NILE 
30 CONTINUE 

RETURN 
END 

!~UBRl:lI-lTINE lI;AlJS!3l> 
COMMI:IN~C:I~NTRIII/ NPI:I I N  NELEM r NNOtlE, NBOFN 7 ND I ME, 

*N:I;TRE, NTYPE , NGAI-IS, NF'kl_!i=' NMATS , NVF I X , NEVW 
* I CASE , NCA!i:E, I TEMP I FROB , NFRIIIB 

I:I:IMMI:IN/LGD~TA/CI~ICIRD (:31:), 2 )  , PROF'!:; ( I(:), 4 )  , PRESC ( 4(:i1. :3 j , 
*A:i;D 1 !s ( 24(:) ) , ELIZIAD ( 25 2 4  ) NOF I X ( 4(:) ) I FPRE ( 40 3 3 ) 
?+LN!:lJJ:S ( 25, :3 ) , MANTI:! i 25 ) 

CI:IMM!:IN/WI~RE/ELCI-~D ( 2, :3 ) , :SHAPE ( :3 1 , DER I V ( 2, :3 ) , 
UDWATX(5,S) ,CARTD(2,:3) ,KIEMFIT(5,24) ,BMATX(5v24)  7 

*!SMFITX(5,24,4) vPOSGP(2) tWE113P(2) , G P I Z Q D ( ~ I ~ )  7NEROR(24) 
IF(NOAUS. GT. 2) 00 TO 10 
PtISGP ( 1 ) =-(I. 577350269 1 :3'362&, 
WEIQP( 1 )=I.(:) 
131-1 TO '20 
P ~ ~ S I ~ P  ( 1 ) =-(I. 77459&.66924 14:33 
P0!313P ( 2 ) =O. 0 
WE 1 ( 1 ) =(I). 555555595.f;35556 
WE Il3P ( 1 j =(:I. 8:3:3:3;3:3::;:3:3::'!::3(1::3:8'3 - 



- 212 KGAI,I:~=NGAIJS/ 2 
DO 3(:) I l:A!3H= 1 , P;:l3AUS 
JGA:3H=NGAI-I!s+ 1 - I GASH 
Pt3!313F' ( Jl3ASH ) =-PI]!313P ( 1 GR:,;H) 
WE 1 GP ( ,-IC;A:sH ) =WE I GP ( I GA:Z;H ) 

:z(:) IZONT 1 NUE 
RETI-IRbJ 
END 

- - 
SCIBROUTINE S T I F P E  -. 

1, 

lz999 CALClJLATE!3 ELEM !ST I FNE!3!3 MATR 1 X - 
1, . 
1, 

D I M E N S I O N  E S T I F ( 2 4 9 2 4 )  
COMMON/12ONTRO/NPO I N 9 NELEM NNOLIE, NDOFN ND I ME NSTRE, NTYPE , t..::;Al_iS, 

*NPkU? , I':?IPTS, N V F  I X , NEVAE, I CASE, NiZASE, I TEMP, I PROD , NPRIIIB 
I~OMMON/LI~DATA/CI~ORD ( ;:<I, 2 ) , PRI~P!S ( 1 (:I, 4 ) ? 

+PRE!SC ( 4(:), 3 )  , ASDI!s ( 2 4 0 )  , ELI:IAD I = ? ,  : L 4  ) 1. 

sNOF I X ( 4:) ) , I FPRE ( 4(:),3 ) , LN1:lDS ( 25, :3 ) , 
+rlATNl:l( 29 ) 

C O ~ ~ l O N  /WORK/ELClJD ( 2, :3 :SHAPE i :3 ) , 
* D E R I V ( ~ , ~ ) T D M A T X ( ~ , Z )  ?IZARTD('I!,:3), 
*DBMAT(5 ,24 )  , E M A T X ( 5 , 2 4 )  , :3MATXC5-24,4)  7 

*POSGP(Z) 9 W E I G P ( 2 )  , I ~ P I ~ ~ , ~ D ( ~ , J ~ , N E R I ~ R ( ~ ~ )  . 
I-. 9 

I:*** LOOP EACH 51-EM . 
1, 

DO 70 I E L E M = l  7 NELEM 
LPROP=MATNO(IELEM) 

! -. 

C++*s* 1:ALCI-IL THE CO1:lRD OF THE NCIDGL ~I:II~.JT 
1: 

DO 1 0  I NODE= 1 , NNODE 
LNODE=LNODS ( I ELEM I I NODE 
DO 10 I D I M E = l r N D I E Z  
ELCOD ( I D  I ME : INODE 1 =I333RLI ( LNIIIDE , I DIME ) 

1 0  CI,7NTINLIE -. 
1, 

f **+ I N I T I A L I Z  S T I N E S S  MATRIX  
,-L 

1 .  

DO 20 I EVaE=l, NEVAB 
DI:~ 20 JEVAB= t , NEVkB 
EST I F i I EI.?f:B , .,iE'JAB ) =!:I. !:I 

:is [;:I.INT I Nl-IE 
-. 
C. 

- I::*++** IZAL!ZI-IL MATR 1 :I: 
.. 



I, 

CALL ' 100PB ( LPROP 
#tliA!{;P=O 

1:. 

I:*** ENTER LOCsP FOR NCIHER I CAL I N T I  GRAT I IIIN 
1: 

Dl3 90 I1,7Al-l!S-l NGAUS 
EX I!~P=PO!SI~P t I l3AUS ) 
DQ st:) .-IC;AUS= 1 , NGAl-l!3 
ETA!~P=PI:I!~I~F ( .JGG:-::3 j 

K:GA:SP=KGA!SP+ 1 
C 
C*** EVALUATE SHAPE FN 
.-. 
I-. 
-. 1,. 

CALL SFR2 ( EX I SP 7 ETASP ) 
CALL JUJ,7082 ( IELEN 7 DSJACE 7 KGASP ) 
trAREA=D.,IACE*WE 1 1 3  ( 1 GAlJ:S ) *WE 1 GF' ' .J!3AU!:; ) 

-. 
I-. 

I:*** EVALIJATE THE B Uki;: rib:{ :(MATRIX 
C 

CALL HMSTFD - 
C A L L  DBE 

9-. I-. 

C**** CALCUL THE STIFFNESS 
C ? 

DO 30 IEVABz I  7 NEVAB 
DO 30 JEVABz IEVAB 7 NEVGB 
Dl3 313 I!3THE=l, N!sTRE 
ESTIF i IEVAB, JEVAB!=E:?;TIF( 1:EVAEv *-IEL'PB) +B:(GTX t I:STRE, IE'JGB! *CIBMHT 

( I ! s T K E ,  9J.5L,J4B ) 9DAREA 
:::(I) II:l]NTINI-iE 

. -. 
C. 
I::*+* STI:IHE I:I:IMPI~NENT O F  DB MATRIX 
-. 
14 

DO 40 I STRE- 1 7 NSTHE 
DO 40 IEVAB=l*  NEVAB 
SHATX ( ISTRE, IEVAB, EOASP =CIBMAT i ISTRE, IEVMAB ) 

40 CONT I NLIE 
50 CONT I NLIE 

T 

14 

12**9 CI]N!~TRI-ICT THE LIJWER TR I ANGEL -. 
1, 

Dl3 60 I EVAB= 1, NEVFSB 
Dl3 .-IEV4B=1, NEVAP 
E:::T IF ( JElvjAB, I EVHB ) =E:3T 1 F ( 1 ELJAB, .-IELJ~B 1 

&,(:) C:UNTINI-IE - 



--. 
1, 

I::**** STORE THE !ST IFFNE!S:S NATk I X 
-. 
1,. 

WRITE( 1 j ES'TIF 
WHITE i :f: ) :?MhTX , I~PI,:IIIJJ 

7C! CONT I NUE 
RETURN 
END 

SUBROI-IT1 NE MODPE ( LPROP 
C 
C*** CALC1-ILATES MATR I X R I Ili I O I T I ES FClR PLATE BEND I NO' -. 
1, -. 
1, 

COMMI:IN/CI:INTRI:I/NPI:I I N, NELEM, NNIIIDE , NIII:IFN, Nt l  I ME, 
*NSTRE , NTYPE , NOAI,I!5 7 NPRIlIP 7 NMATS 7 NVF I X 
aNEVAI3 , IC:A:2E7 FICASE, I TEMP, I F'RIIlB I\lPROB 

~ ~ l ~ l ~ ~ l ' ~ I N / L l ~ ~ ~ ~ T ~ / ~ ~ : l ~ l l ~ l ~ ~  (:$:(I), 2 )  , F'RUp!3 ( 1i'. 4 i , 
*PRESiz ( 4(:), 3 ) , ASD 1:s ( 24(:) ) , ELlllALl i 25, 2 4  i , 
*NOFIX ( 4 0 )  v IFPRE(40,:3) 7 LNI3D!3;(2S, 8 )  3 

*MATNQ(25) 
COMMON /WORK/ELCOD ( 2, :3 ) 1 SHAPE (:3 ) 9 

*DERI 'J(2,8)  ,DMATX(S,S) ,II:ARTI:I(2,:3), 
*DBMfiT(S,24)7~~~?~(5,24) ,:5MATX(5,2474) 
*POSGP(2) ,WEIGP(2) 7~3P!:OD(2,4) ,NERIIIR('~~) 
.Dill I(] 1 !STRE= 1 , N!STRE 
lj~j 11:) J!:;TRE=l, N!STRE 
L:M&TX i I STRE , .,I::; TRE ) =i:) . (1) 

I(:! l:l:lNTINI-IE 
YI:II,~NI'I;=PRI:~P!~ ( LPRlZIP, 1 ) 
PI~I 1 S:s=PRl:lP!S ( LPRlllP , 2 ) 
T H I  CK=PRQP!S ( LPROP, ::: ) 

DMATX ( 1, 1 ) =YOUNG*TH I I3K*THI CK 
u /  ( 1 2. 09 ( 1 c:,-pl:l I SS*Pl] 1 :3:5 ) ) 

DMATX ( 1 2 )=POISS*DMATX ( 1 1 
DMATX(2 ,2 )=DMATX( l? l )  
DMATX(2,1)=DMATX(1,2) 
DwATX(3,3)=( 1.(]-POI!SS)*DWATX( 1, 1 ) / 2 . ( : )  

. DMATX ( 4 ,4 )  =YOUNI~*THII:K/ ( 2 . 4 9  ( 1.O+POIS:S) ) 

DMfiTX(S,S)=DMATX(4,4) 
RETLIRN 
ENJl - 



. ,  
SI-IBRlXITINE SFR2 ( 3, T ) 

1: 

C*** CALI-IULATE !S'HAPE Fl,INC:T I ON 
-. 
I-. -. C. 

COMMON/C:QN"~HO/I\~PIII I N, NELEM , NNODE, NDOFN, PlD IME, 
*N:i;THE 7 NTYPE ? NCiAuS, NPROF' , NMATS;, NVF I X 7 

*NEVAE, I CASE NCASE, I TEMP IPHOB 7 NPROB 
Cl:lMMON/LGDATA/COOHD ( :3(1, 2 ) , PFctlPf3 ( I(], 4 ) 

*PRE!SC ( 4 0  3 ) , R!SD I !z ( 24c:) ) , ELIIIAI:I ( 2 5 , 2 4  ) , 
*NI:IF I X i SO ) I FPRE ( 40,  :3 ) , LNIIIDS ( 45, :I: ) , 
+MATNU(29) 

C1:IMMiIN /WORE/ELCOD ( 2 ,  :3 ) , SHAPE ( :3 ) , 
*DERIV(2 ,8 )  ,DMATX(S,5) ? I I :ARTO(~I :~ )  71:IBMAT(5724), 
*bHATX(5 ,24) , :5MATX(5 ,2414)  7 

ibPl:l!:;GP ( 2 ) , WE I GP ( 2 ) , 13p1:1,7D ( 2, 4 ) , NERIIIH ( 24 ) 
,-..-,-,-. -, .. -.>ib2. (:I .- & 

T2=T*2. (1) 
,= -. -.' .,,!:,- .> 0:s  
TT=T*T 
:ST=S*T 
:s!5T=!3*:3*T 
!STT=S+T+T 
ST2=S*Tu2. (:I 

-. . L 

SHAPE ( 1 ) = ( -1.O+ST+!~!3+TT-SST-STT ) 14 .  (5 
SHAPE ( 2 ) = ( 1 . (]-T-S!s+S!sT ) 12. (1) 
!i;HAPE4 :3 ) = ( -1 (:)-ST+!s:S+TT-S!i;T+!i;TT ) /4. (1) 
!SHAPE ( 4 j = ( 1 . (:)+!i;-TT-!sTT ) / 2  (1) 
!;HAPE ( 5 ) = i - 1 . r:)+ST+!3:3+TT+W:';T+!:;T+ j / 4. 
!:;Hhpt ( k, ) = ( 1 (I)+ r-:;;::;-::;:5 r ) ,/ 2 .  (1) 
!SHAPE ( 7 ) = ( -1. . 0-!i;T+:$;:2+TT+!i;:sT-!sTT ) / 4. 
!SHAPE ( :3 ) = ( 1 . (:)-!3-TT+!sTT ) /2. (1) 

-. 
1,. 

I:*** SHGPE FUNCTION DERIVCITIVES 



- D E H I V ( 2 , 2 ) = ( - 1 .  (j+!s:s)/2.0 
DER I V ( 2, :z ) = ( -:s+T2-S:S+!sT2 ) / 4. (1) 
D E R I V ( 2 , 4 ) = - T - S T  
DER I v ( 2,5 ) = ( S + T ~ + S S + ! ~ T ~  ) i 4 .  (1 
[ l E R I V ( 2 , & ) = (  1.0-S:Z;) /2.0 
UER I V ( 2, 7 ) = ( -!s+T2+!:;!3;-!3T2 ) / 4. (1) 
D E R I V  ( 2 ,  :3) =-T+!sT 
RETURN 
END 

Sl-IBRIIIIJTI N E  JACI3B2 ( I ELEM D.JAC:E, KGA:I;P ) 
I:: 

C*** OALCI-ILATE Cl2l:lHD OF OAU:3:3 AND THE .JACl:lBIAN MATRIX  AN11 IT!:; DEREM 
T 

1, 

C 
DIMEN:SIIIIN X.,lArI:M(2,2), X J@CI  (2, 2 )  
COMMI:IN/I::I:INTRO/NPI:~ I N  , NELEM 7 NNCIDE 7 NKllIIFN NU I ME 

*NS'TF:E FITYPE , FIOAIJS , NPROP P.JMATS , NVF I X 7 ' 

*NELJAE( 7 I IZG!SE NCfi!3E , I 'TEMP 9 I PHOB NPHIltF 
CIIlMMt''IN/LGDAT A/ClItl]RD ( :3(:), 2)  , PRl:tP!s ( I(:), 4 ) , 

*PRESC ( 4(:17 3 , A S D I  S ( 240 1 , E L I ~ A D  ( 25-24 ) ? 

* N i i F I X ( 4 0 ) ,  IFPRE(40 , :3 )  ,LNIIJD!3(25?:3) ? 

*MATNU(25 )  ' 

CClMMON /WORK/ELClID ( 2, 8 ) SHAPE ( :3 ) 
* D E R I V ( ~ , ~ ) , D M A T ~ ( S , ~ ~ ) ? I ~ ~ H T D ( ~ , : ~ ) ,  , 

* D B M A T ( 5 , 2 4 )  , B M A T X ( S t 2 4 )  9 

*SMATX(3 ,24 ,4 )  ,P I : I : ~ I~P(~ ) ,  W E I G P ( 2 ) ,  
*I.GPClIl[t ( 2, 4 j , NEFISR ! 24 ) 

!I: 
l-::k+* II:ALCI-IL~, r E  II:I:II~F:;:~ 111F ::;AflpL i NG pU I NT 
C: 
C 

DO 10 I D I M E = l  N D I M E  
1I;F'CI:lD ( I D I ME, KGA!sP ) =(I). (1 
Dl3 I(:) I NODEXI  I NNODE 
GPCOD ( I D  I ME EGA:SP ) =II;FI3IIID ( I D  I M E  7 EI:iA!sP ) + 

* ELIZ12D 1 I D  I M E  , INODE *SHAPE ( INODE 
1 CONT I NlJE . 

I-. 

C**** IZFEATE JACOB MATR I X XJACM -. 
1 .  

DO 20 I D I M E = L , N D I M E  
DCl 20 JD I ME=1 7 ND I ME 
X.-IACM ( I D I M E ,  J D I M E  )=O. 13 
Ill11 20 1 NODE= 1 , NNIIIDE 
XsJACM ( I D  IME,  ,-ItIIME) =X.,!PII:M ( I D I M E ,  ~ - I ~ I I M E )  + 

* D E R I V (  I D I M E ,  INODE)*ELClJD(. - IDIME? INODEi 
. 2!:) 1:ON'r I NIJE 



- 
I,: . 
1 .  
C a 9 9  C A L  DETERMINANT AND INVERSE OF .-IAClIE MATRIX  
C: 

[I.JACB=X.-IAISM ( 1 , 1 ) ax,-IAl1:M ( 2 ?  2 -X.-1AC:M ( 1 2 ) 9 

9 X.JACM(2, 1 j 
IF(D.,IAl:e. OT. (1). (1)) 130 7111 30 
WRITE ( 6 7 '?(:)(.I ) I ELEM 
!3TOP 

:3(j X.-IAO I ( 1 ? 1 ) =XJAl:M ( 2, 2 /D.,IACE 
XJACI ( 2 7  Z)=XJACfl(  1 7  1 ) /tImJAtI:B 
X.JAC 1 ( 1 7 2 =-XSJACM ( 1 ? 2 ) /DJACE 
XJACI (2, 1 I=-XJACM(2, 1 )/0--1AI::B . 

L 
12309 C A L  C A R T B I A N  D E R I V A T I V E S  -. 
I-. 

00 40 I D I M E = ~ T N D I M E  
trO 40 I Nl'JnE= 1 NN0KlE 
CARTD ( I D I M E ,  INODE ) =(:). (1) 
DIII 4(:) #-ID I ME= 1 7 ND I ME . 

I~AFITD ( I I3 I ME, I NIIIDE ) =ll:ARTD ( I El I ME, I PJODE ) + 
a X.JACI( IDIME,JDIME)*~IERIV(.JDIME, I N O D E j  

40 I X N T  I NUE 
900 FORMAT ( / / , 24HPROORAM HALTED I N  J A I ~ O B ~  7 

9 -/ 7 1 1  X 7 22H ZERO 13R N E O A T I V E  AREA 7 / 7 

7 1 (3X 7 1 6 H  ELEMENT, NUMBER 7 13 
RETIJRN 
END 

* 
P. - 

::I.JbROUTI NE BWATPE 
c: 
I:::*** C A L  S T R A I N  MATRIX  B FCIH PLATE BEN[ I IN I~  
-. I-. 
C 

C:1iMMON/CONTROiNPUIN 7 NELEM 7 NNOOE 3 NDClFN 7 N t I  I ME 7 

*NSTRE 7 NTYPE, NGAUS 7 NPRIIIP 7 NMAT:3 7 NVF  I X , 
*NEVAB 7 I CASE 7 NCASE I I TEMP, I Pk13E 7 NPRIIIB 

C I ~ M M O N ~ L G B A T A / I ~ I ~ I I I R ~ I  ( Ex:), 2) . BROPS ( 1 ( 5 ,  4 ) 
9PRESC ( 4tI7 3) ~:31j I S ( 24:) ) E L I ~ A D  ( 25 24 ) 
* N O F I X ( 4 0 )  7 I F P R E ( 4 0 7 3 j  7LNCIUS(291:3) 7 

*MATNO c 2% ) 
I~IIIMMON /WORK/ ELCOD ( 2 ,  8 ) !SHAPE ( 8 ) 

* D E R I V ( 2 7 8 )  7DMATX(S, 5 )  ,II:ARTr:I(2,:3) 
++DSMUT!5,24!, BMfiTX ( s 7  24 j 7!3MAAiX i s7  24, L $ ) ,  
:'pl'l.;l-;p ( .'? ) , MF 1 ,'-..-, ' .: , .- _ ._ _ A - rt ( ..' , . ll;P'l~:~~l.~l 2, 4 j , N E H C I ~  ( 2 4  ) 

1(:) IS ]-RE= 1 , N!i;TRE 
DIJ I(:) IE1Ji4E=l 71\lEVAEc - 



EMATX ( I STRE 3 I EVAE ) =(I). (1) 
10 ClIlNTINI-IE 

,-IlliA!5H=() 
DIII 20 I N O O E = l  ,NNI:I[IE 
1 GA!5H=.JlIiA!z;H+ 1 
EMA'T X ( 4, I OASH ) =rI:ARTD i 1 , I NODE ) 
EMATX i 5 , I OA:3H ) =i1:ARTD i 2 ,  1 NI~ I~ IE  ) 

1 GASH= 1 G&:ZH+ 1 
.JGA:SH= 1 GASH+ 1 
BMATX ( 1 I G 4 S H  ) =-IZARTO ( 1 7 I N O ~ I E  ) 
BMATX ( 3, I GA:iiH ) =-t;bRT11 i 2, I NIII[IE ) 

BMATX i 4 7  IGASH)=-SHAPE i I N I j l j E )  
bMATX ( 2, JGASH ) =-CURTD ( 2 ,  I NODE ) 
EMATX ( 3 , JGASH =-CART11 ( 1 , I NIIICIE ) 
BMATX i 5 ,  JGASH) =-SHAPE i IN I I I~ IE)  

2(3 CONT 1 NI.JE 
HETURN 
END 

::iUBHOUT I N E  DBE 
-. 

1, 

C 9 u u u  CAL D 9 E 
IZ 

COMMON/CONTRO/NPO I N ,  NELEM, NNODE, NDI~FN, NDIME,  
uNSTRE, NTYPE, NOAI-13, NPROP NMATS, N V F  I X , 
*NEVAB 9 I CASE NCASE I TEMP 7 I PRIIiB , NPRIIIB , 

CI~MMI~N/LODATA/COORD ( :3(l ';I') , PRIIIPS ( 10 9 4 ) 7 

*PKE!SC ( 4(:), ) , A!s[i 1:s ( 24(:) ) , ELCIA[li 25, 24 ) , 
+N!.IF I x i 4t)  ; , I FPKE ( .i~c:), ::; ) , LNODS i 25, :3 ) , 
*H,q.i-rdt:I ( 25 ) 

I:I:IMMI:IN / WI:IRK:::/ ELI:I:I[I ( 2 ,  :3 1 , SHAPE ( :3 ) , 
U D E H l V ( 2 , : s )  , l j M A T X i 5 , 5 )  ,iI:ARl-E1i2,:3), 
* E I B M A ' T i S , 2 4 ) , B M A T X i 5 ~ 2 4 ) , S M A T X i 5 7 2 4 , 4 ) ,  
*Plj!:;GP ( 2)  , WE I GP ( 2 ) , 13Pl:l:iD ( 2, 4 ) , NERllR ( 24 ) 

I(:) I:STFirE= 1 , N!:;TRE 
DO 10 I EVAB-1, NEVAB 
DEMAT( IGTRE,  I E V A b  )=(I. 0 
[II~I I(:) J!sTRE= 1 , N!STRE 
DBMAT ( I S T K E  I E V A 0  ) =tiEMAT ( I S T R E  I E V A B )  + 

*DMATX ( I S T R E ,  JSTRE 1 *BMFITX (cISTRE, I E V A B )  
1 0  CONT I NUE 

RETI-IRN 
END 



SlJER117I-IT I NE LOAI3PB 
.- 
I-. 

I:*** cAL 'NODAL FOR1::E FClH PLATE ELEM 
-. 

1,. 

CI:IMMON/CI:INTRI:I/NF'I:I IN ,  NELEM, NNI:ltlE, NDlllFN, NU I ME, 
*NSTAE, NTYPE, NGAUS, NPRIIIP 7 NMATt3, NVF I X 
*NEVGE(, ICASE, NCASE , I TEMP 7 I FROB, NPROB 

II:I~MMI:IN/LGDATA/I:OURD ( :::(:I 2 ) , F'RllP!s ( 1 (:I, 4 ) , 
*PIi'E!21:: i 4(:), :I: j , u:=;cI I !I; ( 24(j ) , ELCIAD ( 25, 24 ) , 
~NI~FIX(~(:)),IFF'HE(~(:),:~),LNOD!~(~~,:~)? 
9HG7TNU ( 25 ) ' 

rZ:i:lHMI:lN /WI:IRK/ELI-IQD ( 2, :3 ) , SHAPE ( :3 ) , 
& D E R I V ( ~ , ~ )  ?DMATX(3?5 )  ,IZAHT~i('ISl?f'), 
*DHWGT(S?24) ?BMATX(5,24)  ,:::MATX(S,24,4i1 
*POSGF.' ( 2 ) , WE IIIiP ( 2) , I~PCOD ( 2 , 4  ) NERIllR ( 2 4  ) 
DO LO I ELEM- 1 , NELEM 
TrO 10 I E W E =  1 ? NEVAB 
ELOAU i I' ELEN , I EVAB =(I). (1) 

1 ( 1 i::l-lPJ-l- 1 PJIJE 
READ ( 5, '.30(1) T I T L E  . 

YOO FORMAT ( 12A6 
WRITE(6,'.?05) T ITLE,  ICASE 

905 FORMAT C 1 H0, 12A415X 3 12H LOAD CASE =, I 3  ) -. 
1, , 

C**** READ DATA CIINTROL f NO LlJfAD 1 NG 
-. L. -. I-. 

REAE l tS?? lo i  IPLcllJ 
9lr:) FORMAT( 15) 

WHl ' rE iQ, '? lS)  IF'L1:lD 
Y 1 .f; =I:IRMA'~ ( I 5 ) 

iI: 
Iz**** READ NODAL P l l INT  LUAD!3 
-. C. - 
I-. 

IF( 1PLOD.EQ. (1)) GO TO 60 
20 READ ( 5 ,- 920 ) 

*LODPT ( PO I NT ! I DOFN ? I LIIIIFN 1 7 Nl l lF 'N 
WRITE(6,?25) 

*Ll,7DPT7 ( PQ I NT ( I DOFN ) , I DOFN- 1 ? NDOFN ) 
92(:) FIIIHMAT ( 13, :3F i (1). 5 ) 
925 FIIIRMAT ( 15,:::F 1 (:I. 5 ) 

1: 

;:.:c++ &!-;:r;12::: : 4 j-E Th-16 NIII~IGL PI:! I I".IT LI:IAT!:;: 
1:: 
-. 

1, 

C: 
Dill :3(:) I ELEM= 1 7 NELEM 
rll:l :I:(:) INI:IDE=I, NNODE 
NLOlzA=LNl~l[I!~ (- I ELEM I NODE ) 

- .. - IF(LI:IDPT. El;!. NLll1l:A) 01:l TO 4:) 



- .  
:::(:I l:l:lI\lT .( NU€ 
4(:) 5(:) IDI:lFN=l , NDlIIFN 

NG&!SH= ( I NODE- 1 ) *NDIIIFN+ 1 CIIIlFN 
ELOAD i I ELEM ., Nl3A::;H =P13 I NT i I DOFbl ) 

3:) I:I:INTINI-IE 
IF(LI:ICIPT. NE. NPIItIN) 13111 TI:! 2(:1 
IZONT I NUE 

-. 
I,. 

C:0990 LI:IIIIP OVER EAIZH ELEM 
-. 
I-. 

DO 1 10 I ELEM= 1 , NELEM 
LPROP=MATNO ( I ELEM ) 
IJ[ILIIID=BRI:IP!:; ( LPRIIIP, 4 ) 
IFiUDL1,7D. €12. (1. (1) GO TO 1 I(:, 

C 
C:9099 EVALUATE C:OI:IRD Pi3 I NT!3 
1: 

00 70 I NODE= 1 , NNODE 
LNODE=LNOD:2; t I ELEM I NODE ) 
DlIl 7 0  I i r  I ME- 1 , ND I ME 
ELCOD i I O I ME, I NODE 1 =tI:00RD i LNi:lDE, I D  IME ) .-. - 

/(.I IZIIIN'TINI-IE 
00 80 I EVAB= 1 , NEVAE 
ELOAD ( I ELEM, I EVAE ) =0.t:, 

80 OUNT I NUE 
EOASP=(.S 

-. 
1 4  9 

12339 ENTER LOOP FOR INTEGRATION - 
1, 

[I111 1 a(:) 1 GAU!z;= 1 , Nl~AI-I!S 
E:< I !~F'=~I:I!~I:F' i I I:AU!~ ) 

i 1 1 J  1(:)(:) .Jl~i&iJ!s=1, NII;AI-I!~ 
E-rA::;P=P!Il:$;w (. .JfiAI,I:=_; ) 
t::.G6:3P=fi.;:I"A:sp+ 1 

C 
I::**** EVALUATE THE SHAPE FI-INCT I ON 
IZ 

C:ALL :SFR2 i EX ISP,  ETASP ) 
CALL .-IAI,~IIIEI~ ( 1 ELEM, tl.JCIl:B, Kl3ASP ) 
DAREA=D.JACE-&WEI 133 ( 1 I~AI-IS ).*WE 1 GP ( JrI;Al,lS ) 

1: 
C:90*3 CAL LIIIA~I AND NI:IDAL PO I NT!3 
-. 
1,. 

Dl11 '?(:I 1 NODE= 1 , NNlIDE 
NF'OSN= ( 1 NlIIDE- 1 ) *NDlIIFN+ 1 
EL I:!+!_I r ';:.Icy V1 p.]P!:1!3;pJ ) =ELIII&-I : I ELEM, NPIII!::RI 1 + 

:+:::;HGPE ( 1 ~.JIIIDE ) ++l.lj:lLi:lLl~DAR~fi 



- 8(:) 1:ON T I NUE 
1r>c:) 1::ONTINI-IE 
1 I(:) t~:lINTINl-lE 

WHITE ( 6, '?::(I) j 

9:1:(:) FlIlRMATi lI-I(:), 5 X ,  
*:::OH T1:lTUL I\jl:lOAL FOHl::E!:; FOR EA1:H ELEMENT) 

UlIl t 2(:) 1 ELEW3.1 7 NEI-EM 
:clHITE(&,g:,:5) lELEM, 

+iELOAu(IELEM,IEVAB),IEVAB=l,NEVAB) 
120 1:ONT I NUE 
935 FQKMAT( 1 X 7  1475X,:3E12.4/ ( 1(:)X,:3E12.4)/ 

* (  10X18E12.4)  ) 

RETURN 
EN tl 

. - .- . 

SUbHl3LlT I NE FRONT 
D I MENS I ON F I XED ( 1 6 0  7 EQUAT ( 60 ,.VEIZRV ( 1 kc(:) ) 7 

*GLOAD(b(j) ,G:3TIF( 1:3:3(>) .E !3T IF (24 ,24 ) ,  
*IFF I X ( 1 b(:) ) 9 NACVA i 6C) ) 7 L I X E L  ( 2 4  7 NCIEST ( 2 4  1 

C:OMMI:IN/CONTRI~/NP~~ I N NELEM NNliDE , NDI"1FN NU I ME 7 

*N!STRE 7 NT'/PE NI3Ai-l!s 7 NF'RIIIF'. NWUT!? , N'JF I X 7 

*NEV&B, I C A S E ,  NCA!i;E, 1 TEMP, PPKlzl& NF'RUE( 
I:I~MMI:IN/LODATA/I:I:IISHB ( :i:O, 2 ) , PROF'S ( 1 (:I, 4 ) , 

*PRESC ( 4(j, 3 ) , ASD 1 !3 ( 2 4 0  ) , ELIIIAD ( 25 2 4  ) , 
*NOFIX(40 )  1 IFPRE(4013),3) ,LN1IlD!3(25,:3) 7 

*MATNil(25 
CllIMMON /WORE/ELl:OD ( 2 ,  8 1 7 SHAPE (:3 ) 7 

*DERIV(2,:3) * D M A T X ( $ * ~ ) , ~ I A R T I : I ~ ~ . ~ )  7 

* D B M A T ( ~ , ~ ~ ) , E M A T X ( . ~ V ~ ~ ) , S M A T X ( ~ ~ ~ ~ , ~ ) ,  
* P I ~ S G P ( ~ ) ,  WEIGP(2) ,GPCOD(2,4) ,NEROR(24) 

NFC!NC: ( I , ,-I ) = ( .,l*.J-.-I ) / 2 +  1 
WFRl:tN=Q(:) 
M!:; T I F= 1 :3:3r:) 

I-: 

C*0* I NTERPERT F I X I TYDATA I N  VEOTOR FORM 
-. L 

NTOTV=NPO IN*NDOFN 
DO 100 I TOTV= 1 , NTOTV 
I F F I X  ( ITOTV)=O 

l(3'(1 F IXED(  ITOTV)=rj.O 
DO 110 I V F I X = l , N V F I X  
NLOCA= ( NClF I X ( I VF I X - 1 *NDOFN 
DO 1 10 I DOFN- 1 , NDUFN 
NGASH=NLOCA+ I DOFN 
IFFIX iNGASH)=IFPRE( I V F I X ?  ILIII1FN) 

1 113 F I XED ( NGA!3H .I =f'RESC: ( I V F  I X I DOFM 
C 
I-:+*'+ CHANIl<E T'+E !3 1 
C 

DO 1 4 0  IPOII\1=1, NF'OIN 
F:LA!3T=r:) 
120 1 :I(:) I ELEM= 1 NELEM 

13:) I NI:I[IE= 1 , Nl\iOQE 



I F ( L N O D S (  IELEM, INODE) .NE. I F ' O I N )  OCr TO 12(:) 
KLA:3T= I ELEM 
FILAST= I NODE 

13:) C13NTINI-lE 
1:30 ClIlNTINI-IE 

IF ( KLAST. NE. (1) ) LNIIIDS ( KLA:3T, NLAST j =-I F'O I P.1 
14C) CONTINUE 

C 
C*** START BY I N I T I A L I Z I N G  EVERYTHING THAT MATTERS TO ZERO 
C 
.-. 
L. 

Dl11 15(:) I !sT I F = 1  , M S T I F  
15(j l:i::TIF( I!STIF)=t:).(j 

DO 16(:) I FRQN= 1 I MFRIIIN . . . ,  

I~LIIIAD ( I FRON ) =<:I. (1) 
EQIJAT ( 1 FRIIIN ) =t:). (1) 
VEI~RV ( I FRUN 1 -0. (:I 

14(3 NACVA ( I FRON ) =I:) 

C 
I:*** ANKI F'HEPfiRE FOR DISC READING 
-. 
I-. 
-. 
I-. 

REWIND 1 
REWIND 2 
REWIND 3 
REWIND 4 

C * 
C*** ENTER MA I N  ELEMENT A!=7:=7EMBLY RE11l-ll:T I I:IN -. 
1, 

NFF:ON=(:) 
K:ELVA=(:) 
ill11 ::::3(:) I ELEM= 1 , NELEM 
KEVFB=(:) 
R E A D ( 1 )  E S T I F  
Ill11 1 70 I NODE= 1 , NNODE 
DO 170 I DOFN= 1 NDOFN 
NPOS I = ('I NODE-1 1 *NDOFN+ I DOFN - 
LOCNQ=LNODS ( I ELEM, I NODE 
I F  ( LOCNO. GT . (3 ) LOOEL ( NPOS 1 ) = ( LOCNO- 1 ) u 

* NDOFN+IDOFN . 

I F  ( LO1:NO. L T .  (1) LOI2EL ( NPOS I ) = ( Ll:Il:Nl:!+ 1 ) 9 
* NDOFN- I DOFN 

170 CONT 1 NI-IE 
C 
I::*** STCIRT BY LlIllIlk:: 1 PJG FOR EX I ST 1 NO D 1 !3T f NA r 1 IIII\I 
-. 
I_. 

0111 2 1 !:I I EvfiB= 1 , P.IEVfiB 
N KfilIl= I AE!:: f LI_III:EL ( I EVGE( ) ) - 



K:E X I !S=t:) 

013 18(1 I FRON= 1 , NFRON 
I F ( N I KNO . NE . NAC:VA ( I FRON ) 00 TO 1 :::(:) 
KEVAB=R:EVAE+l 
k::EX I S= 1 
NDEST ( KEVAB =I FRON 

1 :3(:) CONT 1 NIJE 
IF(EEXIS.NE.0)  GO TO 210 -. 

L 
CC.09 WE SEER: FlllK NEW EMPTY PLAl:E FOR J~ESTINATII:IN VECTOR 
1: 
1: 

rlci 190 1 FRON= 1 , MFRON 
IF(NACVA(IFRON).NE.O) 00 TO I?(:) 
NAI':VA ( I FRON ) =N I KNi3 
KEVAB=EEVAE+l 
NDEST ( EEVAE ) =I FRON 
I ~ O  TO 'fr(3(3 

In?(:) OONTINClE 
C 
C*** THE NEW PLACE MAY DEMAND AN INC:HEA8E 
% 

1, 

2(:)(3 I F  ( NDEST ( EEVAB > . OT. NFRON NFRON=NDEST ( KEVAE ) 
a 1 o CIIINT I NIJE - 

1, 

C*** ASSEMBEL ELEM LOqD -. 
1, 

DO 240 IEVAE=l ,  NEVAB 

IDEST=NCEST ( I EVAB ) 
I~LIIIAKI ( I JJE:3T ) =l:<Ll:lGD ( 1 LIEST 1 +ELIIIAD ( I ELEfl, I E{JGE( ) 

I-: 
c9*o A!S:i:EMBLE ELkM !ST 1 FNE!s!s PClT NOT I N  !:;I:ILIJT I ON 
1: 

il: 
IF(ICASE.GT. 1)  GO TO 230 
DO 220 JEVAB=l, I EVAB 
JDEST=NDEST ( JEVaB . 
NOA!3H=NFUNC ( 1 DE;zT, Jm ) 

NO I !SH=NFIJNC ( JDEST, 1 BEST ) 
IF(JDEST.GE.IDEST) GSTIF(NGASH)= 

* OST I F ( NOASH +EST I F  ( I EVAB, .-IE'JAE i 
IF(J!JE!ST.LT. 1DE:zT) OSTIF(NGISH)= 

*(''=' J.-~T I F  ( NO f SH ) +EST I F  ( IE'JAB 3 JEVAE ) 
. . , ..;, 
L~ !I) !zIllb( 'r I NIJE 
~ ~ ~ ~ < ~ !  i~:l~IP.l 1 ?JI-IE 
24c:) l ~ : ! : l r ~ ' i - ~ ~ l ~ l ~  

1: 

-- C*** RE-EXAHIN EACH ELEMENT 



r\l I KNO=-LSlCEL ( I EVAB 
IF(N1K:Nl:l. LE. i:)) GO TIII :::7(:1 

1: 

C*+o F I N D  P S I T I O N  lllF VAI?IABLEFl:lR ELlhIp.lA'r'I~:~p.t 
1:: 

DO 350 I FRlIlN= 1 NFRI:IN 
I F ( N 4 C V A (  I F R O N )  .NE. NIKI\II:I~ 130 TIII :35(:) 

1; C*** EXTPAT THE COEFF 
C: 

I F (  1l:C;SSE. GT. 1 ) GrIl TIII 2&(:) 
Dl11 25(:) JFRIIlN= 1 , MFRIIIN 
I F  i I FR1:lN. L T .  JFRON ) NLQCA=NFI-INC: ( I FRISN , .-IFRON ) 

I F  ( I FHON. IliE. JFRON ) NLl3C:A=NFI-INC: i .,IFRON7 I FRIIIN ) 
EQuA'T ( .-IFRON ) =O:=;T I F f NLOCA ) . 

.:, b. ,~( )  c - 13:2T 1 F ( NLlItIZA ) =t:) . (1 
26(:) CIIlNT 1 NUE 

,-. 
I-. 
[.:+it* AN[I EXTRAI=T THE RI l I iHT HANEI :-:I t!E 
i': 

El,7RHS=GLl~lAD ( I FRON 
OLOAD ( I FRON 1 =O.  0 
KELVA=KELVA+l  -. 

I-. 

c*** WRITE EQ TI:[ OIEC OR TAPE -. 
1, * 

I F (  ICA!3E. GT. 1 ) 1311 Tl3 270 
W R I T E ( 2 )  E121,14T,EQRHS7 IFRON, P.lIk::Ni:l 
GO TO 24: (:I 

27i:> 1JR I TE < 4 ) EQRH!S 
( 2 ! EQUR1-. ~rUMM'y' , I r;~-lMm, r.1 [ p'.P.!r.:l 

..:,a=, 
; ,,, (1) lI:l:l N T I /Y 1-1 E 

1: 

C++++++ DEAL WITH PIVl I IT 
-. 
I-. 

P I VOT=EQUAT ( I FRCIN ) 
EIS!I-IAT ( I FRON ) =(:I. (1) 

1: 

C*** EPlQCl I RE WHETHER PRESENT VAR I ABLE I !5 FREE OR PRESC:R I BED -. 
1, 

I F (  IFFIX ( N I K N O ) .  €1:~. (1)) TO :z(:)(:) 
C 
C*+w QEAL W I TH PRE!:;l::H I BE DEFLAOT I I:IN 
i:; 

L.:~:I :~3i-) .,!rROr.l= 1 . p..;l=P:rr.l 
? I>LlIl&D ( .,IFHOP] 1 =13LIiI&il (' JFFil:lN ! -F [ XE'! ( I.:: PJIII ? <. 

+ EIJI.JGT ( .-lFRl:lN ) 

01:I 1-1-1 34(:) 



C: 
lI:Z<?<Z< EL I M I NAT A FREE V A R I A B L E  
-. 
1 4  
C 

:::(:)(:I Dl11 :I:::: (1) .-IF Rr:lN= 1 , N F  RON 
GLI:IA[I ( .-lFP131\1 ) =c:<LOc\D ( JFRON ) -EQl-IGT ( o-IFR~:~N * 
9 EQHH!s/PJ,VIIIT 

C 
I:*** NIIIW DEAL E I T H  COEFF 
C 

I F (  IlI:A!i;E. I ~ T .  1 ) 0111 TI11 :::=(:I 

IF(EQlJAT(.JFfi ! I iN). EIJ. (:I. (1)) 130 Till 33(:) 
NLUCA=NFUNC ( (1, JFRON ) 
DO :> 1 (2 LFRIIIN= 1 , .-IFRUN 
NOfiSH=LFRON+NLl:lCA 

3 1 )  l3!2T I F  ( NGA!SH ) =I:!~T 1 F ( NOASH j -ElJIJc\ T ( ,-IFRlIlN ) 9 

* EQUAT ( LFRON / P I V O T  
:32(:) iZONT 1 NI-IE 
:3:3(:) Cl:lNTlNI-lE 
:::4Q EtJt-lAT ( 1 I=R!ItN 1 = P I  VIIIT 

I-: 

C:93* RE1,70fiEu THE NEW VACANT :i:F'ACE ,UNU REDUCE 
.. 

1, FRONTW I TH I F  P O S S I B L E  
C 

NACVA ( I FRON =(:I 
133 TI3 :2&.(:) 9 

C 
C*** COMPLETE THE ELEMENT LOOP I N  THE FI:IRWAREII 
-. 
I-. E L I M I N A T I Q N  
1: 

- 3.5<;) C:I:IN]-INIJE 
:z:/:s<i! 1 F fil&l<:%'@ ( Np- Hli11\J .l . NE . ij 1 l2lli 'rIJ :::::?(I) 

NFRON=t'lFRIIlN- 1 
IF(NFRI1lN. l2T. (1)) 12lIl '1-111 :3k8(:) 

:37(:) C1,7NT INI-lE . 
:3:3(:) OONT 1 NUE 

C9?-+* ENTER B&C:K !i:I-IBST 1 TUT 1 IIiN 
C 

DO 4 10 I ELVU= 1 7 KELVA 
ll: 

C*** READ A NEW E B  
1: 

BAC#SPACE 2 
HEA]:I 'l;' ) El;!IJPtT, EQRH!?, I FRlllN, N 1 KNlll 1 

E!&i;:~,:p&C:E 2 
[ F (  iL:&.::<. W!. 1 .I 13j:i 'ri2 :i:'<>i..i 

B ,Q 1: I.::, :!; p Q, I 1: E 4 
. - kEC;D i 4 1) F_ILRH~; - 



- 
B&lIKSPAtI:E 4 

:::9r:1 ClilNTINI-IE 
- 
1,: 
I:*++ PREPARE TCr BGC:t::.-!sl-!E:3T I TIJT 1 lIIP.1 
C 

P 1 ljUi-=El-:!Ua-r i I FRIIIN ) 

I F ( I F F I X ( N I ~ : ~ N I ~ I ) . E I ~ ! . ~ )  VEI-:HViIFHl:lN)= 
* FIXED(N1KNU) 

I F I  IFFIX (NIKNO).  EQ.(:)) EQI-IAT( IFRCIN)=0. (1) 
I: 

I::+*+ BUI:K:-!:;UB!:;T I TUT I I:IN 
1,: 

IIU 4t:)c:) ,,IFRI~lN= 1 , MFRIJN 
4 : :  EQE'H!+El;!RHZ;-VEC:RV ( .JFRl:lN ) 9ElIUAT ( .-IFRI:IN ) 

-. I-. 
I:*** F'll'T THE F I NhL VALUES WHERE THEY ' BELONO 
C 

I F (  IFF IX (N1KNO)  .€la.(:)) VElfRVi IFRON)= 
9 EQF:H!2/'F'I VUT 

i F ! 1 FF I X ( N i K:NlJ ) . Eli!. 1 ) F I XEU ( l':I I k:.NCI ) =-EQRH!i; 
A:-:u I -= ( N .i t:::NlJ ) ='.JEII:Rt/ I ) 

410 CI-II\ITINlJE 
WRITE(&, Y(Il0) 

'?(:I(:, FIIIRMAT ( 1 H(], 5 X  , 1 :::Ha I SF'LAl:EMENT:s ) 
1 F ( NDOFN. NE. 2 ) GO TI2 4 3 0  
IF(NDIME.NE. 1 )  Oii TO 43:) 
WRITE (6, 905)  

9(:)5 FORMAT ( lH( j7 5 X  t 4HNUDEr b*X 5HD I:3P. 7 7X , 
9 :3HROTAT I ON 

1'313 TO 44~:) 
4:fj WRITEi&,,'411)) 
! FilRNG 7- 1 1 Hi:),  5 X  , LCHPJI,ILIE, 5X , ~ H X - ~ I  1 :f;p. , 

* 7 ~ ,  7 ~ y - ~ 1 . = p  .-. . i 
I2lIl T 111 4 4 0  

4:3(:) WRITE ( Co t  915) 
915 FORMAT( lH(:)t5Xt4HMOISE~6Xt5HDI:3P. ,:3X, 

9 7HXZ-RClT. r 7 X  t 7HYZ-K'lST. 
44(:) l:l~lNTINlJE 

Dl11 45(:) I F'O I N= 1 ? NPO I N 
NGU!SH= 1 PI11 1 N~NDI~IFN 
NG 1 !sH=NGASH-NDl1tFNi- 1 

4 5 0  bJKITE(&7'320)  IP!:IIN, (ASDI!S(IGA:sH), I-= 
9 NO ISH I Ni3A:SH ) 

'?.z(:) FI:IRMA-~( I1:.),:::E14.C0) 
L.JP 'I"E ( [-, * "23 ) 

,.j. 1, .-. .. ....- I t'i-iF:r!& : 1 j-fi-i :?; X , '5JEpEfic:'i 1 111bJ:i; j 

1 1- i, pjEi!:!Fp~ p.jE . 2 ? 12lil -1"I:l 4'7(:) 
I t i  i NCI 1 Mk . PIE. I! I:;!-I -1-C! u&.c.) 



wh': I t ( il., ' - I>: ( - )  1 -... 

i Fi:IRM& I'( lH(:), 3 X  , +HNl:lLl~, 6 X ,  ~HF~IHI::E, :::X &HMI_'IMEpJ'r j 
- - 
GI-I '1-0 4:jo 

4k.(.) WFiI-rE_(,5., 3135) 
,a:':z .. -..-I -- Fi'RMAT ( lH(:) , 9 X  , 4HNi3DE7 9 X  ?HX-Fl~lF:I '~ :?X , 

* 7HY-FlIlRC:E ) 
ijlIl 4:3[:) 

47C) WRITE ( 6 , '?''I(:) 1 
3 4 0  FORMAT ( 1H(:), 5 X 7  4HNOtIE, b X  SHFOKCE, 6 X  7 

* 4HXZ-MOMENT7 5 X 7  'PHYZ-MIIIMENT) 
4:3(:) CONT I N I X  

tlli 51(:) IP i ' I IN= l ,  NPIIIIN 
NLOC:A= ( I I N- 1 ) '+NDl:lFN 
[Ill 49(:) 1 TIOFN= 1 , NLIISFN 
I\~llil,lSii=NLiJll:U+ I DI:IFN 
I F <  I F F 1  .X (NC;t,l:~;H) . 13T. (1) j f2iIt 5(:)(1) 

4'-?(:) CIIlNTI;NUE 
1213 Ti1 5 l ( j  

5[:)(:) NGA:~H=NLI:ICA+N[II:IFN 
NI? I SH=r\lLt-Il::&+ I. 
1.J&11E(&,945) fp1-1 - [N ( F " ,  L , < ~ L I ! I I I ; ( ~ : ~ H ) , : ~ G ~ ; ~ : ~ ; H =  "... 

++ Nl3 1 !3H, NGA:sH > 
51(:) I:I:INTINI~E 
945 FOHMAT(11Ci73E14.4) 

-. 
14 

Ca** PlrJST FKlIlNT !SET ALL ELEM I:IIINNECT 1 IIIN 'Ti2 PIIS I T 1 VE VALI-IE 

DO 520 I ELEM=l NELEM 
ElIIl 52r':) Ir,il:;ilE=l P\INl~IiJE 

=, . .- ! -~~I : !~~I :~(  LkI-Erl. [?JI-ILIE)=~G&!$;~, l-~.jl.!l~;::;C Lki-EW? ~ F l l I i l ~ ~ K i  ! 

&k ~ - I - I ~ F J  

ENLI 
- . . . - . . - . .- . - . - . . . 

:SI-I~~PI:II-~T I NE STREPB 
C : + + 0 0  II:AL ::;TPE!S::: HE!SULTANT:Z: &'T GAI-I!3:3 FIZI I NT!:; 
I-: 

DIMEN!~II:IN ELDI:s (:z, 8 j , !~TR!:;I~ ( 5 )  
I::ISMMI:IN/I::ON rRI:I./ NFO I N, NELEM, NNODE, NDOFN, ND I ME, 

*NSTRE, NTYPE 7 NGAUS 1 NPRCIP 9 NMc?lTS 3 NVF I X , 
*NEVAB? ICASE NCASE 3 I TEMP 9 I PHf2B 7 i\1FSRIIIB 

CI :~MMI~IN/ 'L I :~~ATA~I~ :~~I~ IR~ ( :st:), 2 ) , F'RI:IP!~ ( I(:), 4 j , 
~PRESI: ( 40 ,3  ) , &SD 1:s r 24U ) , ELI:I&LI t 25,24 ) , 
++NIIIF [ X ( 4(:) ) . [FPPE ( 4(5, :3 ) , LNQDS ( 25, :3 ) 
+?rrUT NI~I ( 25 :I 

!-.!.:i-lr?~-,n! - - ;.I.,JI-:IF+:: ;~I-I-:I-I~)(,Z.:": i $:k/:,g t :z: . 
:$ ,+I;.* i i.-I i ;.: . :-; > - !'!p!b& r .:< ( :-; , 7; 'j , 1 -:&$; '1. j:i < .<? , ;!; > ? 

*!,'Gp-.\ .' LL ! r . I '. . -;, C .ZL$) , ,5p?sr-;< ,I?,> z+,j !=;yG'f;<, c.5. -*. 4 j 



I.+: [ rE i: h7 Y(.)() j 
.[ ' i E  i 5, ',?(:15 } 

c: 
I:'*"+$ LiJlIlp I,!VES E/;C:H ELEfl 
1: 

Dl:! Ji-1 I tLEM= 1 , r\lELEj+l 
-. I-. 
C:*'+* READ !3TRE:3!3 M/1TR I >: 
-. 
I-. 

READ ( :I-: ) !Z;MfiTX , GPIZ1IID 
WRITE i6? '310 )  IELEM 

-. I-. 
I::*** IDENTIFY THE D ISP OF THE ELEM NOOAL Pl11 I N T  
1:: 

DO lfl  II\IODE=l,NNODE 
LNODE=iNI:ID!J' i I ELEM, I NIIlDE ) 
NPlII!SN= ( LNODE- 1 ) *NDlIlFN 
DO 1 (:I I DOFN- 1 ? NDOFN 
NPI:I!::N=NFI:I!::N+ 1 
ELD :I: !:; i I nlllFN, 1 IIICIDE ) =A:?~I I :3 ( NF'O!SN ) 

I(:.? :-'!JNTINIJE 
K:OA:~P=(:I 

-. 
I-. 

I:+** ENTER L06P IIIVER EAII:H PIIIINT 
1: 

DIII- :2(:) I Gfil-l!s= 1 ? Nl2/1U!S 
BI:I :30 ,-Il2AlJ!~= 1 , NI2AIJ!S 
-.. Jfi!SP=KGA!SP+ 1 P- I-. 
DO 3:) 1 !STRE= 1 , NSTFE 
'172!31I; ._. . ( 1 !STF:E ) =(:). i] 
g:13&:3H=(:) 

C. 

i-:*:++ l::I:lMF'I,I'~E THE !3TRE:3:3 RE!:;ULT$,pJ1"S 
5: 
-. I-. 

DO 3:) INl]DE= 1 , NNODE 
Dill 3:) I JJI:IFN= 1 , NDlIIFN 
EI~A!SH=KI~A!~;H+ 1 
!5TR!313 ( I!STRE ) =!?TRSG ( I!S'TRE ) + 

*SMfiTX ( ISTRE, K:I:;A!~-I, KG14:Z;P ) *ELD I S  ( I LII:IFN I I NIIIDE ) 
3:) l;rlNT 1 NI-IE 

-. I-. 
I::+*'+ I~II-ITPI-IT THE !Z;TRE!Z:S RE!SIJLTANT!:; 
-. 1,. 

l+lgIrEr(.I'?15, KGP!?P. 
:: i :.;+I: !:I~:I f. !:I 1 ~ 1 ~  , ;::.~:;s,:;:p :) I 1 E I ~ ~ I E = ~  ?.~;LI 1 1 y g  ! 

< ,;: i 5 :j: 1.15 < I: !:; 5; ) , 1 ::; -1-5 = 1 . b,i ::; '.r F: :) 

. -, . 

.:,:j Cll!r.l [ P.1Ui-I 



4(j I::I<lNT I NIjE 
'?(j(:! FQRMfiT i / , 1 (:IS( . :3H!5TRE!S:sE::;, / ) 
5 FORMAT i 1 H(:) . 4~11;; P. , 2X , :~HX-II:IIII:IHD. , 2 X  . ' 

?~~HY-II:~IO~';:D. . : I X  , :~HX-MI::I~~ENT. 4X , :::H.f-fi!:~MEp.J'i, 
->:::i. 9H;('f-MC!MENT, 2.X 1OH.XZ-S. FlSFi'r::E, ZX, 
1 :)HY Z-:3. FIIIRC:E ) 

9 10 FORMAT ( / , 5 X  I 12HELEMENT NO. =, 1.5 i 
915 Fl:lKMAT( 15, 2F10. 4 ,5E12 .5 )  

RETl-1 RN 
END 

St-lbRl:rl-IT I NE 1::HECK: 1 
-. 
1,. 

,. ' . &  I::*++ TO C:R I T I I:: 1 ZE THE DATA AND F'R I NT ANY LI I AGNIII!~T 11::::; 
1:: 

COMMON/CONTRO/l\lPO I N  7 NELEM 7 NNODE NBOFN7 biD I ME 
*NSTRE NTYPE? NlliAIJS? NPROP NMATS 7 PJVF I X 
oNEVf&E(. I CA:?E, NII:A:~E, .[ TEMP, I F'RlIlB, NF'RIIlB 

~::I:!MMI':IN/LGD~~ r&,/ I:~_I~:IHD i *(:I, :2 ) , F'F:I::I~!:;: 1(:1, 4 j , 
.?-peE!i:l:: I a $ ( ' ) .  1:: j . &:+:<I I:::; ( .:?4(:)) . ELlll&[l ( ~ E I ?  j 

-%i\llIlF 1 X r 4:) ) , 1 FPF:E i 4i3, 2: ) , LNI'JD::; ( 25 ,  ::: ) , 
*MUTNO(25) 

l:r3MMON / WORK iELl:ISD ( 2 , ::: ) , !SHUPE i :3 ) , 
* D E R I V ( 2 , : 3 )  ?DMATX(5 ,5 )  ? I Z A R T I I ( ~ ? : ~ )  ? 

*DbMAT!Z, 2 4 )  7 BMUTX ( 5 ,  24) t SMATX ( 3 ? ' 2 4 v  4 )  7 

oF'IJ!~I;;F' ( 2  ) , WE I ( 2 j , rI;pi':l:lD ( 2, 4 ) , NERQH i 2 4  :, 
DO 1(3 I ERl:lR= 1 , 24' 

10 NEROR ( I ERlIlR =(:I 

1:: 
!-:q.+-+ I;:F:EA-~E 1 'He  Ll 1 I~;NIII!~T I C: MEai;:=;g,~<E:i; 
1:: 

IF (NPOIF.I.LE. (1)) NERIJRi 1 ) = 1  
I F  ( NELEM+NNODE. L T  . NPtl I N  ) NEROR i 2 ) = 1 
IF!NVFIX.LT.~.I:~R.NVFIX.GT.NPOIN) NEROR(:::)=l 
IF(Nl:ASE.LE.!:)) NEROR(4)=1  
I F ( N T Y F E .  L T .  (:).OR.NTYPE. GT. 2 )  NERClRi5)=1 
I F  ( NNODE. LT.  3. OR. NNODE. I ~ T .  ::: ) NEROR ( 6 ) = 1 
IF(NDOFN.LT.~.I~IR.NDOFN.I~T.:~) NERClRi7)=1 . 

I F  ( NMUTS . LE. (5 .  OR. NMATS. l3T. NELEM ) NERQR ( :3 ) = 1 
IF(NPROP. L T .  3.OR. NPROP. 13T. 5 )  NERl:lR(B)=l 
IF(FJI~AIJ!~.  LT.'~~.I:IR. NGAU!S. I I ~ T . : ~ )  NERI:IF:( 1(:))=1 
1 F t N D I M E . L i .  1.13R.NDIME.OT. 2 )  NEROR( 11 !=1 
I F ( N ! ~ T R E . L T . ~ . I ~ I R . N ! ~ T F \ I E . I ~ T . ~ !  N E S I ~ I H ~ ~ ~ ! = ~  

I : 
, :..;,:.:<;:- z--T .-HE?. $E'. , ,. . . .- . . J. . i-; c!j:::~..:. !:IF kL5j;E p+j,t..!~' :sE &*:>:-!~!:; 

I _' 

1::: S: [I F: = 
:(:I IERI:IR=~, 1 2  



- -. 
i?ipJEKlIlF:i, ~ ~ ~ l . ~ l t i ' >  . E!::!. iii) (:;I-: 1 ::I ,<;f:) 

.. ,--ql-,+- 
6.. B-, . - ,  ..- 1 
W~~T~i : : :e , l~ ( : ) t :~ !  ~EF:!:IF: 

,-;, .., { -, k- +-, ,,a ..,- . ,; i . - -  - , . . !. : 15s $.+>: E!Ip,i:p.Jl:!!<;[!": gy I:I+EI:!.::.~ 
:-> LG&l.l,+ I::*., 

* . - a  .. - . , -, ., 
. :.. . .  : ::!_!?.I 1 :, " . / ! - I t  .:_ . 

J F ' : t : : . ~ ~ f : l ~ ,  ... . =I-:!. t:)} 2ETI-I/?p.J 
1:: 

I::-%.%+ 1OTHERb.J 1 SE EI:HI_I (ALL THE FIEMCS I N I NG :ClPTA 
/-' .-. 

C A L L  ECHI_I 
E p.1 D 

!s 1-1 @ R 111 1-1 1- L pj El_: h I:I 
c~iy&p.!::;Il:lpJ N !  1 [L (:=:(I)) 
I_:Lrilml~lN/Cl~rN T'ROi NP!I r P.1 NELEM, NNirLlE I NDIiIFN, I\iEf i Irk r 

+N:?TRL;, Nr YpE rdG&l-l:3. NPK!-IF', P.iPlGT:3, N'/F 1 X 
*hjE!/AB, I I:&:~E, NCA:?E, I "TEMP ! IpRI::B r\lf;'G:I:lB 
(1: !;I !q E ~ I ~ J  /' L 115 EI &i '1'. & ,; 1;: 1-1 i l  ( :=: t'') , .> j , IiI y:=; ( 1 ('1 , 4 j ? 

:*g@k:z;!-: ! -:.<-::? . . 8  1 , &::.~:i:=; :. -4:) : Ej-!il&t;l ( :Lei, .La 1 . 
+rL[l-Ie 1 :< C $i-> i . 1 ::izS$E < t&f - ) .  :2 i . ~ ~ ~ l . ~ l ! ~ I ! ~ :  (25, :j: i 
sMi;'l-r;frj : 25 

t;rIiMMOpJ /WI:IR~:::/ELI~I:ID ( 2 ,  ::: j , ::;hciF'E ! :3 ) 
+ D E R I V ( 2 , 8 j 7 D M f i T X ( 5 , 5 )  7~ I :ARTDi2- :3 !  , 
+DEMAT(S,24),EMATX(5,21),$;MA'T'Xi5,24,4?r 
+~I:I:=;IS;P ( 2 ) . I& i 12p ( '2: j , G~I:I:I[I ( 2 ,  4 ! , NEHlIlR i 24 j 

WE I - r ~  ( k,. B(.)(:) f 9 

9(:!i:) Fl:lfMATi ii25t-I N I I I ~  F1:lLLl:lWS 4 LI:STINlI; 43F7 
a$ 25H F'I:IST-EII:~&:~:TE~~ ~ I A T A  l::&$i":j/ ) 

: ( 1  FE$L:(5, -?oE; 1 pJ' i l - r l -  
z.:i ,.:; . - ' , . I .  -4cyg.r ;i;c:)M 1 j 

L ~ I - :  i"k. (. s.:, , *-> l ( - j :  P.! I.1.i I-- 
*.:::\) ~ ! ~ ~ i ~ ~ ~ ( , ~ [ : > ~ < .  :?()&: j 

I~I:I Ti11 1 i:) 
END - 

. .. . 

:=;JJBRl]I.J'T 1 NE CHEC:KZ 
1: 

I::*** TO lzf? I T I C I  ZE THE [IAT/i FHI:IM ::;I-IPROI-I1- I p.j I plP!-iT 
-. I-. 
-. 
I-. 

DIIYEN:?Ii:lN NDFRI:I( hi:)) 
COW~~ON/CI~NTR~:I /NF'lIl I N . P.iELEM, NFIIIIDE , NDI:IFI\I, ND f ME. 

*P?:i;TFE. N'fifPE. NGAI-!S, &[PFI-IP r ~ ~ f l p ' ~ ' : ~ .  ~ J V F  1 x , 
A . ,., : *s .  -,-..: .:.:e . ., ~; - ' g ' - ; k  - pJ..:>;.::ci., ykz!i-- i" ' . '  r+;; 1 9  719*.:--4L* 

, .. .. - . , - - 7 . - :  ,"] ..' !':, :.. ' ._ i_l I . , - .  ,,.-.-, ! +.  ! - ;  ,;!;;l-4!-l . -  i :::: _ . I  ;... . . ... :c.L , : .. # L . . :  ; . .- 1 . 
.: !- l-.b :: ' < A:.! ,. , .; , ;*:=:L,: : ~2 ,' . .t ,. . . - .  . a - .  . . . A - ; .L.. -.... :I ! ? ?-!-l:i;;Ll ( : ' "  - -1 ? i.: 4 : - 
.:- I.., -. . . -!IL 1. :: <. Ai.i \ , lt+sk < .::) !-5.~~,!!I+az: ~ 2 , .  ;::, . 
.:- p, 1 ' !..!! :;; ; . 't '. 

L.-. ! 



1:9**9 CHECK AGAINST TWO IDENT II-IAL N1:lNZERl:l - 
1, 

DO 10 I ELEM= 1 NELEM 
I(:) NDFRO ( I ELEM ) =(I) 

DO 4 0  IPOIN=2,  NPOIN 
EPO IN= I PO I N- 1 
Dl:! :::[:I ,-IPI:I I N= 1 , KPI:I 1 N 
DO 20 I D I M E = l ? N D I M E  
I F  ( COORD ( I PO I N  ? I D I ME ) . NE. 1:136Rtl ( 8-IP~:~ I N 
9 I D  I ME ) ) GO TO 30 

2(:) C1:1NTIlrll,lE 
NEROR ( 13 ) =NEROR ( 13 + 1 

:I:(:) I~IINTINI-IE 
4(:) I:IIINTINI,IE 

-. 
1, 

I:*** CHECK THE L I S T  OF ELEM PRClPERTY -. 
1, 

DCI 3 3  I ELEM=17 NELEM 
50 IF(MATNO(IELEM).LE.O.OR.MATNO(IELEM).GT. 

* NMATS NEROR ( 14 ) =NEROR ( 1 4  + 1 - 
1, ? 

C*** IIHECK FOR 1 MP!]!S!s 1 BLE NIIlDE 
-. 
L 

Cllll 7(:) I ELEM= 1 NELEM 
Dlzl INI:I[IE=~, p4pJl:lDE 
I F  ( LNilDS i I ELEM I I NUDE ) . EQ. ii) NEF:lIlR i 15 ) = 

* NERORi 15)+1 
k I F  ( LNlIlDS ( I ELEM ? I NClDE . LT.  (11. OR. LNODS ( I ELEM 

* INODE).GT.NPOIN) NEHOR( l4 )=NEROR( l . i~ )+ l  
7(:) CllINT I NI-IE 

-. 
I-. 

I:*** CHECK FClR ANY REPET I T  ION OF A NODE 
-. 
I-. 

DO 14(:) I PO IN= 1 7 NPO I N  
E!STAR=(:) 
DO 100 I ELEM=1 NELEM 
KZERO=(:) 
Dl11 '?(:I 1 Nl:l[IE= 1 , ~JPJI~IDE 
IF(LFJIlID!i;( IELEM, IE.II~I!~IE! .PIE. IF l l i lN !  fit11 Trll IFJ:,!:) 
KZERiJ=k:.LESCi+l 
IF(~:::LERI:I. tjT. 1 ) NEF:IIIF:( 17)=NEHi'IH( 17!+1 

.-. 



L. 
I)%*** 

1: . 
IF(K!i :TAR. NE, (:)) TI11 :3(:) 
K::;TAR= I ELEM 

I .( - 
C***a i::ALC:I-IL 1NCREA:i;E OH DE1::REA:SE I N  FH1:lNTWILl-fH 
1: 

NDFRU ( I ELEM ) =NDFRO ( I ELEM 1 +NEIIIIFN 
Sr j  CIIINTINIJE 

C: 
I::+** AN11 IZHANGE THE !3ION IIIF THE LAST NlIlDE 
-. 1,. 

KLAST=IELEM 
NLA!:;T= 1 NIIIDE 

*?(:I I:I:IN'TINUE 
1 [:)(j 1:IiNT I NUE 

IF(K!STAR. EQ. (:I) 01:l TI:I 1 I(:) 
I F  i #LAST. L T .  NELEM ) NDFRO ( KLAST+ 1 ) = 

* NUFRO ( KL$t:3T+ 1 ) -PIJJOFN 
LNUD:~ i #L.AS r , NL;?::;-I' ) =- I pci I i-4 
13111 TI:I 1 4(:) 

C 
I:***++ CHECK THE C:I:II:IRD FOR AN I-INUSED NODE - 
-. 
1 4  

11(3 W R I T E ( 4 , 9 0 0 )  IF 'O IN 
'?(I(:, FORMAT ( / 1 SH I:HECK *WHY N13DE7 14, 

9 14H NEVER APPEARS) 
NEROR i 18 ) =NERl:lR i 1 ::: ) + 1 
!? IGMA-tj . (1) 
.Sr12 13: )  I I:I I ME= 1 , N u  I ME 

12:'0 !s I GMA=!i: I i''NG+&H!3 ( II:0l:IF;I[l i I PI] I N ,  I D I ME ) 
1;Fi!3'113MA. NE. 0 .  (:I? NERl:lK( 19?=NEF:l:lRi 1 ? ) + 1  

i: 

i::+?-w 1:HEl::R: THAT t-INUSETI NUMBERT P:3 NIIIT A RE2;TFi'AINED NUDE 
-. I-. 
C 

00 130 I V F I X = l  N V F I X  
13(:) I F ( N O F I X ( I V F I X ) . E Q .  I P O I N )  NEROR(2(:))= 

NERIIIR i 3 1  ) + 1 
1 4 0  CONTIbII-I€ 

1: 

I:9**jt CQLCI-IL THE LARC;E!:;T FRIIINTW I DTH 
1: 

NFRI .IN=(:, 
L! +-*l~lr.l=(.> 
Dr3 11-5(:) I ELEM= : , NELEM 
I~JFS'I~IN=P~FRI::IP.I+P~IS~FF:I~I t I ELEM i . 

t3(:! IF(I\lFRl3r4. S;T.#FF:!IIN) KFF\'6N=r\IFRIJP..l 



WRITE(C8,9(:)5) KFRI:II\I 
9(:)5 FCIRMAT ( / /2:3HMAX FRClNTW I DTH ENlZfil-INTEREII =, 13 ) 

I F  ( KFRON. OT . MFRON ) NEHOH i 2 1 ) = 1 - 
c: 
I::**++ CONTINI.JE CHEfI:K:ING THE DATA FUR THE F .[ XED VGLI-IE 
C: 

DU 170 I V F I X = l T N V F I X  
I F ( N O F 1 X i  I V F I X )  .LE.(:).I~R.I\~IIIFIX~ I V F I X ) .  

U GT. NPU 1 N ) NERIIIH ( 22 ) =NERIIlR ( 22 ) + 1 
K~Ill-lNT=cj 
DO 1 6(:) I DOFN= 1 3 NDOFN 

I&(:) I F  ( I FPHE ( I VF I X , I DUFN ) . OT. (:I ) KOI-INT= 1 
I F  ( EOUNT. EQ. (1) ) NERIIH ( 23 ) =NERI~IR ( 23 ) + 1 
E V F I X = I V F I X - 1  
00 1 70 IJVF I X =  1 , KVF I X 

170 .IF( 1V.FIX.NE. ~ . A N K I . N O F I X ~  IVFI~(') .El,:!. 
9 NOF I X ( J V F  I X ) ) NEROR ( 2 4  ) =NERllR i 2 4  + 1 

KERl:lR=(:) 
1:G:fj IERI:IR=~:~, 2 4  

I F  (NERORt IER13R) .El;!. (1)) 130 TI:I 1:3t:) 
#EROR= 1 
WR I TE ( 48 3 S 1 0 ) I ERlI'IR, NEROR i I EROR ) 

9 1 r j  FORMAT ( //:::OH*** D I AGNII3 1:s BY l:HEl:K2, ERRI:IH, 
* I 3  v 6 X  1 1 8 H  ASSOCIATED NUMBER IS ) 

180 CI3NT I NIJE 
I F  ( KEROR . NE . 0 ) 13$1 TO 200 -. 

1, 

C*** RETURN A L L  NODAL CONNECT I ON NUMEERf TO PIIIS I T I VE -. 
I-. -. 
C. 

DO 1 3(:) I ELEM= 1 P,IELEM 
nl:l 1 ~ c . j  I NODE- 1 , NNIIIDE - 

190 LNI1ID:S ( I ELEi l ,  I NODE ) =I AH::; ( LNIIITr:j i I ELEM, 1 NISCIE ) ) 

RETIJRN 
2(1)(1) CALL ECHIII 

END 



B.2 Plane Stress or Plane Strain Program 

Subroutines INPUT, GAUSSA, Node XY, SFR2, JACOB2, 

DBE, FRONT, CHECX1, ECHO, and CHECK2, which are used in 

plate bending program are identical to the plane stress 

or plane strain program except for the common blocks. 



C PROGRAM BOKl(INPUT,OUTPUT~TAPE5=INPLITvTAPE&=OUTPUT,TAPE1, 
C * T A P E ~ , T A P E ~ v T A P E ~ , T A P E ~ )  

DIMENSION TITLE(12) 
COMHON/CONTRO/NPOIN~NELEM,NNODE~NDOFN~NDIME~ 

uNSTRE , NTYPE I NGAUS, NPROP v NMATS, NVF I X 9 

*NEVAE v I CASE, NCASE, I TEMP, I PRO%, NPROB 
COMMON/LGDATA/COORD(80,2)vPROPS(lOvS)v 

* P R E S C ( ~ ~ I ~ ) , A S D I S ( ~ G ~ ) ~ E L O A D ( ~ ~ ~ ~ & ) ~ S T R I N ( ~ ~ ~ ~ ~ ) ~  
*NOFIX(40),IFPRE(40,2),LNODS(2578), 
*MATNO(25) 
COMMON /WORK/ELCOD(2,8)vSHAPE(8), 
*DERIV(2,B)vDMATX(3,3),CARTD(2v8)v 
*DBMAT(3r 141, EMATX(3,16) ,SMATX(3, 1&'19), 
*POSGP(~),WEIGP(~),GPCOD(~~~)INEROR(~~) 
READ(5.900) NPROB 

900 FORMAT(I5) 
WRITE(4,905) NPROB 

905 FQRMAT(lHO,SX,23HTOTAL NO, OF PROBLEM =,I51 
DO 20 IPROB=1, NPROB 
REWIND 1 
REWIND 2 
REWIND 3 
REWIND 4 
READ(Sv910) TITLE 

910 FORMAT(12A6) . 
WRITE(&,915) IPROBvTITLE 

915 FORMAT(/////~~XI~~HPROBLEM NO, rI3,10X,l2A6) 
--C-. ., - - - -- 
c*** CALL SUBROUTIN THAT READ MOST OF THE DATA 
C t 

CALL INPUT 
C 
C*** GREAT ELEM SSTIFNESS 
C 

CALL STIFFS 
DO 10 ICASEsl NCASE 

C 
C**** COMPUT LOAD7 
C 
C 

CALL LOADPS 
c 
C*** SOLVE THE RESULTING EQ 
C 

CALL FRONT 
C 
C*** COMPUT STRESS IN ALL ELEMENTS. - 
1, 

CALL STREPS 
10 CONTINUE 
20 CONTINUE 

STOP 
- END 



!~I-IPRl:lUT I N E  S T  IFF 'S  
D I M E N 8 I O N  E S T I F i  l k r ,  16) 
COMMONil:ONTRO/N?O I N 7 NELEM? NNOEIE , NEIOFN 7 ND I ME, 

*NSTRE 9 NTYPE, NGUUS 7 NPRIIIP 7 NMATf3 NVF I X 7 NEVUB 7 

9 1 CASE 1 NCASE 1 I TEMP , I F'ROBt NF'ROB 
ISI:IMMON/LGDCITA/CI:II:IRD ( Brj ,  2) , PROP::; ( I(:), 5 j , PRESI: ( 4(:), 2 ) , 

*A$;DI!s( 16(:)) yELCIATI(257 16) , S T R I N ( 4 7 2 2 5 )  , N O F I X ( 4 ( j )  7 IFF'RE(4(:),2) 
*LNI:ID!:; ( 25,:3 ) , MFITNCI ( 25 ) 

I;IIIMMI:IN/WI~~RK/ELI~~D ( 2 ,  :3 ) !SHAPE ( 3 ) UER I V ( 2 ,  :3 i , 
*DMATX ( 3 7  3 CARTD ( 2 ,  :3) 7 CIHMAT (3, 14,) 7 BMU-TX (13, lkg ) 7 

*!SMATX ( 3, 145 $ ) , P1:lSGF' ( 3 ) , WE I GP ( ) I ~ P C I ~ I U  ( 2 ,  '.? ) ~,,~ERI1lR i 24 ) 
-. 
I-. 

I:?+*** LClClP OVER . EACH ELEMENT 
c: 

00 70 I ELEM-? 7 NELEM 
LPRl:lP=MATNO ( I ELEM j 

C: C 
C 6993* E'v'ALI-IATE THE C:I~lOF: !:IF ELEMENT 
1;. c 

DO 10 I NODE- 1 NNODE 
LNODE=LNODS ( IELEM INODE 
DO 1 0  I D I M E = l , N D I M E  

1'0 ELCOD t I U I ME, I NODE ) =CO0RD ( LNUDE , I D  I ME ) 
C . 

9 . . 
C**** E'JULI-IATE 0----MATR I X 
-. 

1, 

CALL MODPS ( LPRlIlP 
T H  I ~::l::=PFi'l:lP!:: ( LPRIIIP, ::: ) 

1: 

I:a-xa+ I N  I 'i : A L  I ZE THE :ST I FFNE!:iS MATE I X 
C: 

Dl1 2C I EVAE= 1 7 NEVCSB 
DO 20 ,-'EVAB=1 7 NEVAE 

20 EST I F  ( I EOAb J E V A B  ) =(I). O 
KOA5P-t:) 

1: 

C*os LOOP AREA I N T I G R U T I O N  
O 

DO 5c:) I GAU!Z= 1 , NGGI,l:3 
D l j  st:, .Jrl;UUS= 1 , NGAI-I!:: 
~::.I~Qs~=}::.II.~~:I:;~+ 1 
= '$ 1 .- -. . -,-':J!i,I:jp ( J. I~AJ-:!~ ) 
Es.r A,...$- ... . " - -p'!-l!sljy ( .-13HU!3 ) < - 

1-1: 
- -+.g-g.+ kt,:.-l ! l .% ' f ' + l  -f'&ik" .. . .. 2 r.. ... r :=;/-jLiPg Fl-! p<lI: 3- 'J: lll?d 
I '  



-- . . - -. 

!:ALL SFH2 ( Ei: 1 :SF', ET&!SP ) 
[ :ALL ,-IAI::~B~ i 1 ELEM, [IJACB, KG&!SF' ) 
DVOLU=DtlAC:B*WE I I ~ P  ( I GAI-I!:; j *WE 1 GF' f .,lGAU!:; ) 

IF: ( TH  I Ck:. NE. (:I. (j ) Ll~/OLU=DVlIlLIJ+TH 11::b:: 
c: 
11:9*+* EVALI-IGTE B AN11 D*E MATRIX  
c: 

C A L L  BMATPS 
C A L L  DEE 

I: I:****++ 

C9**9** EVALUATE THE ELEMENT STIFFNE!:;SE:3: 
C 

D B  30 I E V A B = l  , NEVAB 
DO :XI .JEVGB= I EOAE , N E V N  
Lit11 :::(I> 1 !STRE= 1 , N!STRE - 

30 E S T  I F  ( I EVAB, J E V A E  ) =EST I F  i I EVAB, q-IEtJfiE ) + 
%. BMFITX ( I S T H E ?  I E V A B )  *9BMAT( I S T R E ?  .JEVAB j *DVOLI-1 

1:: 

I:*** ::;TORE THE ELEMENT 13F DE MGTRIX 
1: 

IJIJ 4(:) I:3TRE= 1 , N:STRE 
DO 44:) I EWE= I', NEVFIB 

40 :SMATX ( ISTRE,  IEVAB,  KGA:::P =DBMAT i I S T R E ,  I E V A B  ) 
.5(3 CONT I NLlE -. 

I-. 

I::+** IZON!:;TRI,ICT THE, LSIWER TRIANGLE IIIF 
I:**** THE S T  I FFNE!3:3 MATR I X 
i: 

[II~I &(:) I E V A B = 1  ,NEVAR 
ir1:c a(:) , JEVHB= 1 , I\IEVGE~ 

;-I ;< 1- 1 F' i #-..- , J E : ~ ~ B ,  I E V G , ~  I =E:;:T I F  1 kc.!eg, ,-!cv,q&, 
1:: 

1''::-%*36 ST;:IHE ST 1 FFNE:_'::S M,q 1-E: I X 
C 

b J R I T E ( 1 )  E f T I F  
IJR I T E  ( ::: ) :SM4TX, GPI:ISD 

70 CONT 'I NUE 
HETI-IRN 
END 



COMMON/CONTRO/NPOIN,NELEMvNNODEsNDOFN,NDIMEs 
*NSTRETNTYPE~NGCWS~NPROP~NMATSTNVFIX, 
+NEVABv ICASEvNCASEv ITEMPv IPROBtNPROB 
COHMON/LGDATA/COORD(80v2~sPROPS~lOv5)v 
*PRESC(40v2)~ASDIS(l6O)v~ELOAD(25v16)~ . 

*STRIN(4,225) vNOFIX(40)v IFPRE(4072) v LNI3DS(25,3) v 
UMATNO(25) 
COMMON /WORK/ELCOD(2,8),SHAPE(S), 
*DERIV(2,8)rDHATX(3,3)vCARTD(2s3)s 
*DBMAT(3r I&) vBMATX(3916),SMATX(3, 16,9), 
*POSGP(3)rWEIGP(3)vGPCOD(2s9)vNEROR(24) 
YOUNG=PROPS(LPROP,l~ 
POISS=?ROPS(LPROPvZ) 
DO 10 ISTRE=l*NSTRE 
DO 10 JSTREllVNSTRE 
DHATX ( I STRE s JSTRE 1 13.0 

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

1, 

C w *  P MATRIX FOR PLAIN STRES3 CASE 
C 

CONST=YOUNG/(l.O-POISS*POISS) 
DMATX(I.~)=CONST' 
DMATX(2v2)=CONST 
DMATX ( 1 9 2 =CONST*PO ISS  
DMATX(2sl)=CONST*POISS 
DMATX(3v3)=CONST*(l.O-POISS)/2.0 
GO TO 30 

20 IF(NTYPE.NE.2) GO TO 30 
C 
C***ww ZI MATRIX FOR PLAIN STRIAN CASE / 

c 
CONST=YOIJNG* ( 1. 0-POISS ( ( 1. o+eo ISS + 

+ ~ 1 . 0 - 2 . 0 * ~ 0 1 ~ ~ ~ ~  
DMATX(l,l)=#NST 
DHATX(2,2)=CONST 
DMATX(1~2)~CONST*fOISS/(l.O-POISS) 
DMATX(2s1)~NST*POISS/(l.O-POISS) 
DMATX(3~3)~CONST*(1.0-2.0*POISS)/ 

+ (2 .0* (  1.0-POISS) 
3:) CONT I NlJE 

REl'URN 
ErJD 



SlJBHOlJT I NE BMATPS - - 
C~:IMMI:IN/CI:INTRI:I/NPI:I I N ,  NELEM, NNIIIIIE~ NDlIlFN, NLl 1 flE 7 

++N!STRE, NT'fF'E, NGGl,I!S NPROP 7 NMAT!3 7 NVF 1 X 
*NEVAB, 1 I':A!SE, N1:A:SE I TEMP 7 I PRlllB , NF'HlliB 

I:~IMMI:IN/L~~DAT&/I:~:I~R[I (:3(:), 2)  , PROPS ( I(:), 5 )  , - - - . - - *PRE!~C ( 4i:), 2 ) , A!3D I!? ( f &,(:I ) , ELI~IAD ( 25, 1 k, ) , 
*STR lN(4 ,225 )  ,Nl:lFIX(4(j), IFFRE(4(:),:3) ,LNl:l[IS(25,:3), 
~MATNI~ I  ( 25 ) 

COMMON /WilHK/ELCl:lD ( 2, :3 ) , !SHAPE ( :3 ) , 
++DEHIV(2.8) ,DMATX(:3,:3) ,I~AF:TII(~,:::), 
*DEMAT(3, 1 6 )  3 bMATX(:3? I & )  ,:3MATX(:3, l h , ' ? )  7 

9POSl3P ( 3 ) , WE 1 IIiP ( f: ) 7 GPIzOD ( 2,B ) , NERI:IF( ( 24 ) 
pJl2fi:3H=i:) 
00 10 I NIXIE= 1 , NNODE 
NGA:sH=NGASH+ 1 
NGASH=MGASH+l 
EMATX ( 1 7 MOASH ) =CART11 ( 1 , I NIIIDE 
i3MATX ( 1 7 NIIiASH ) =O. (1) 
BMATX ( 2, MlI;A!3H ) =(:). (:I 

SNATX (2, NGA!:;H) =CARTE1 ( 2 ,  INI:I[IE } 

8M4TX (3 ,  NGWSH =OARTD (2, INOIIE) 
BMATK(Z,NGASH)=CARTD( 1, INI3DE) 

10 1:ONTINUE 
RETIJRN 
END 

9 



SUEROUT I NE LOADPS 
DIMENSION TITLE(l2),POINT(2),PRESS(3,2),Pt3ASH(2), - 

*DOASH ( 2 7 TEMPE (:3(3 3 STRAN ( 3 , STHES ( :3 ) 7 NOPRS ( 3 ) 
COMMON/CONTRO/NPO INT NELEM- NNIIIIIE, N O  3 ND IME, 

uNSTRE, NTYPE , NGAUS, NPktI!P, NMAT:=J, NVF I X , 
*NEVkB 7 I CASE7 NCASE 7 ITEMP 7 IPROB, NPROb 
CliMMON/LGDATA/CUORD ( 80, 2 1 , PROPS ( lo7 5 1 , 

*PRESC(~O,~)YASDIS(~~O),ELI~AD(~S~ 14)~ 
*STRIN(4,225),NOFIX(40), IFPRE(4072),LNODS(25,3), 
urIATNl3 ( 25 
COMMON /WORK!ELCOD ( 2 B , SHAPE ( S 1 , 
*DERIV(2,8) ,DMATX(3,3) ,CARTD(2,:3) 7 

*DBMAT(3,16),BMATX(3v16),SMATX(3,1679), 
aPOSGP(3) ,WEIFP(3) ,GPl:OD(2.9) ,NEROR(24) 
DO 10 IELEMx1 , NELEM 
DO 10 IEVAB-1, NEVAB 

. 1 0  ELOAD( IELEM, IEVAB)=0.0 
READ(5v900) TITLE 

900 FORMAT(lZA6) 
WRITE(h,905) TITLE, ICASE 

905 FORHAT(lH0, 12A673X, 12H LOAD CASE =, 13) 
C 
C+** READ DATA LOADING 
* 
1, 

READ(SI 910) IPLOD* IGRAV, IEDGE, ITEMP ' 

WRITE(6.910) IPLOQ,IGRAV,IEUGE,ITEMP 
910 FORMAT(415) 

C 
Co*** READ NODhL POIT LOADS 
C 

IF ( IPLOD. EQ. (1 GO TO 500 
20 READ(5,'?15) LODPT,(POINT(IISOFN),IDOFN=l,ND6FN) 

WHITE(6.915) LODPT,(F'I~IINT(IDIIIFN),IDI~FN=~.,NDI~IFN) 
915 FORMAT( I5,2F10.3) - 

I.. 

C+*** ASSOCIAT THE NODAL POINT LOADS WITH AN ELEMENT 
c 

DO 30 IELEM=l,NELEM 
DO 30 INODE=1, NNODE 
NLOCA=LNCIDS ( IELEM , I NODE 
IF(LODPT.EQ.NLOCA) GO TO 40 

3:) CONT I NClE 
40 Dli 50 IDOFN= 1, NDOFN 

NGRSH= ( INODE- 1 ) uNDlIlFN+ I I:ICIFN 
5i:) ELO4D ( I ELEM, I\Jrl;ASH =Pl3 I NT ! I DOFN ) 

IF ( LODP"T. LT. NPO I rJ S GO TO 3:) 
Ji:iO C'UN 'f FjliE 

IF( 11:ikAV. EQ. ( : i )  IZCI TO 60!:) 



- T- 
C*** GRAVITY LOADING SECTION . 
1 4  

C**** READ GRAVITY ANGLE AND GRAVITATIONAL CONSTANT . 
1, 

READ ( 5.920 THETA 7 GRAVY 
920 FORMAT(2F10.3) - 

WRITE(6,925) THETATGRAVY 
925 FORMAT(IHOT~~H GRAVITY ANGLE =TF10.3~13H GRAVITY CONSTANT =, 

+F 10.3) 
THETA=THETA/57.29577?514 

C 
C*u*u LOOP OVER EACH ELEM 
C 

DO '30 IELEI"W1, NELEH 
C 
C*****+W SET UP PRELIMINARY CONST 
C 

LPROP-MkTNO ( I ELEM 
THICK=PROPS ( LPROP ,3 
DENSE=PRQPS ( LPROP, 4 1 
IF(DENSE;EQ.O.O> GO TO 90 
GXCUM=DENSEuGRAVY*SIN(THETA) 

- GYCOM=-DENSE*GRAVY*COS(THETA) 
14 

C:**U** COMPUTE COORO OF THE ELEM NODAL POINT 
C t 

DO 60 INODE=l,NNODE 
LNODE=LNODS(IELEM, INODE) 
00 GO IDIME=l, NDIME 

- 60 ELCOD( IDIME? INODE)-COCIRD(LNOI:IE? IDIME) 
I-. 

C****** ENTER LOOPS FOR AREA NUMERICAL INTESRAT I ON 
-C L 

00 80 I GAUSS 1 r NGAUS 
00 80 JGAUSzl, NGAUS 
EXISP=POSGP(IGAUS) 

- ETASP=POSGP(JGAUS) 
1 4  

C***** COMPUTE SHAPE FUNCTION AT SAMPLING POINT AND ELEM VOLUME 
I= 

CALL SFR2(EXISPvETASP) 
KGASP= 1 
Ci4L.L JACOB2 ! I ELEh D-JACE v KGASP 1 
D\.'t:iLU=U.-lkCEi*WE I CiP ( I GAUS *WE I GP ( ,-IGAIJS ) 
i T I TH 11: i<. NE. (:). 3 ) DVOLl-I=DVl:lLl-l#.TH I a:. 

C 
.I:**+** CALCIJLATE LI:IALI!:, ANc A!3!3111: I ATE LJ i TH ELEM NODAL INT 
I-. 



- 
1, 

DO 70 I NODE-1 ? NNODE 
NGhSH=(INUDE-l)*NDOFN+l 
MGASH=(INODE-l)*NDOFN+Z 
ELOAD ( IELEMv NGASH 1 =ELIIIAD ( I ELEM? NI3hSH +GXCOM*SHAP€ ( INI3DE 1 *DVCILIJ 

70 €LOAD ( IELEMI MGASH )=ELI3AD ( IELEM 3 MI3AZ4-i) +GYCOM*!3HAP€ INOtlE 1 * 
* DVOLU 

80 CONTINUE 
90 CONT I NLlE 

600 CONTINUE 
IF(1EDGE.EQ.O) GO TO 700 

C 
C+**** DISTRIBUTED LOAD EDGE 
C 

READ ( 5 , 930 NEDGE 
930 FORMAT ( IS 

WRITE(4v935) NEDGE 
935 FORMAT( 1H01 SX 21HNOv OF LOADED EDGES=, IS) 

WRITE(&- 940 )  
940 FORMAT ( 1H0 5 X  38HLIST OF LOADED EDGES AND APPLIED LOADS ) 

NOfiEG=3 
C 
C****** LOOP OVER EACH ELEMENT 
C 

- DO 160 IEDGE=l r NEDGE 
14 

C+**** READ DATA LOCAT~NG THE LOADED EDGE* AND APPLIED LOAD 
I2D 

READ(5-845) NEASSv(NOPRS(IODEG),IODEG=l?NODEG) 
945 FORMAT ! 4 IS 1 

UR IT€ ( /5,950 t4EAE.S I ( NOPRS ( I ODEG ) ? I I3DEII.= 1 NI3DEG 
950 FORM6T( I tO,SX73IS) 

READ(5-955) ((PRESS(IODEGvIDOFN),IODEG=l?N0DE13)? 
* I DOFN= 1 7 NDOFN 
WRITE(B?$55) ((PRESS(IODEGIIDOFN)~IODEG=~,N~~DEG)~ 

* iDOFN=l?NDOFN) 
955 FORMAT(4F10.3) 

ETASF=- 1.0 
C 
C****** CALCULATE COORD OF THE NODES OF THE ELEH EDGE 
C 

00 100 IODEG= 1 , NODEG 
LNUDE=NOPRS ( I OOEG ) 
Dcr 1qo IUIME=I ?NDIME 

t !I LI: 05 ( 1 I ME. I I:tEIEC; ) =tl.OORD ( LNl3DE ? ID 1 ME ) 
I:' 

::*++3 I-INTEA LLC'OP FOR NUMERICAL INTIGRAT I:IIN 
I-. 



. .% 

DO 150 I GAUS= 1 * NGAUS 

- - EX I SP=POSGP ( I GAUS 
I., 

C***** EVALUATE SHAPE FUNCTION AT THE SAMPLING POINT 
-. 
I-. 

CALL SFRZ(EX1SPsETASP) 
C 
C**** CALCULATE COMPONENTS OF THE EQUIVALENT NODAL LOADS 
-. 
1 4  

DO 1 10 IDOFN-1 7 NDOFN 
PGASH ( IDOFN 1 =O. (1 
DGASH(IDOFN)=O.O 
DO 1 10 I ODEG- 1 s NODEG 
PGASH ( IDOFN ).=F'GASH ( I DOFN 1 +PRESS ( I ODEG, IUi3FN +.SHAPE ( I ODE13 ) , 

1 iO DGASH ( IDOFN 1 =DGASH ( IDOFN ) +ELCOD ( IDOFI\i= I ODES; ) +DEF:ItJ ( 1, IODEG 
DVCtLU=WEIGP(IOAUS) 
PXCOM=DGASH(l)*PGASH(2)-DGASH(2)*PGASH(l) 
PYCOM=DGASH(~)*PGASH(~)+DGASH(~~*PI~ASH(~) 

C 
C+*** ~!:SI:ICIATE THE EQUVALENT NODAL EDGE LOAD WITH AN ELEM 
I: 

DO 120 INODE=l7NNODE 
NLOCA=LNODS(NEASSt INODE) 
IF(NLOCA.EQ.NOPRS'(1)) GO TO 130 

120 CONTINUE 
130 JNODE=INODE+NODEG- 1 

KOIJNT=O ? 

DO 140 KNODE=INODEIJNODE 
KOUNT=KOUNT+ 1 
NGASH=(ENODE-l)*NDOFN+l 
HGASH- ( KNODE- 1 ) *NDOFN+2 
IF ! KNOEE. GT . NNODE 1 NGASH= 1 
IF (KNODE. GT. NNODE MOASH=2 
ELOAD(NEASS,NGASH)=ELCiAD(NEASS,NGAZ;H)+ 
9 SHAPE ( KOUNT *PXCOM*DVOLU 

140 ELOAD ( NEASS 9 MGASH 1 =€LOAD ( NEASS 9 MGASH 1 + 
* SHAPE(KOUNT)~YCOH*I3VOLCI 

150 CONTINUE 
100 CONTINUE 
700 CONTINUE . - 

IF( 1TEHP.EQ.O) GO TO 300 
DIMENSION ELCODD(3.8) 

C 
I:**++* THERflAL LOAD SECTION 
-. 
I... 
-. 
1, 

C***+ IN1 T I A i I  ZE AND INPIJT NODAL TEPIF'EFATI-:RE 
1'. 



.. . -.z - 
14 

DO 170 IF'OIN=l?NPOIN 
170 TEMPE( IPOIN)=O. O 

WRITE ( 6 9  9&*0 
9h0 FORMAT(lHO?SX?29HPRESCRIBED NODAL TEMPERATURES) 
180 READ ( 57 945 1 NODPT, TEMPE ( NODPT 1 

WRITE(hv965) NODPT?TEMPE(NODPT) 
369 FORMAT(I5?F10.3) 

IF(NODPT.LT.NPOIN)GO'TO 180 
MDIME=NDIME+l 
KGAST-(2 

-4 

1, 

0***** LOOP OVER EACH ELEM 
C 

00 280 IELEM=l,NELEM ' * .  

LPROP=MATNO(IELEM) 
DO 200 INODE= 1 NNODE 

- LNODE=LNODS(IELEM?INODE) 
C. 
I:***** IDENTIFY THE COORD AND TEMP OF EACH ELEM 
-. 
1 4  

00 190 IDIME=l? NDIME 
190 ELCOD(IDIME~INODE)=COORD~LNODE~IDIME) 
200 ELCODD(MDIMEI INODE)=TEMPE(LNODE) 

C '  
C3**** SET 1JP t%TERIA& PROPERTIES ' - 
1 4  

CALL MODPS(LPR0P) 
YOUNG=PROPS ( LPROP 9 1 
PO I SSzPROPS ( LFROP 7 2 

- TH I CK=PROPS ( LPROP 3 
&L-PHA=PROPS ! LPROP, S 1 

C 
C***** LOOP FOR AREA NUMERICAL INTIGRATION 
C 

DO 270 IGMS=l,NG4US 
DO 270 JGAUSs 1% NGAJJS 
KGAST=KGAST+l 
EXISP=POSGP(IGAUS) 
ETASP*OSGP ( J13AUS 

C 
C***** EVALUATE SHAPE FUNCTION AND TEMP AT THE SAMPLING POINT 
C 

CALL 5 F R 2  ( EX ISPI ETASP 1 
1: iI; C !::p = 1 
!::ALL .Jii1:.1:!82 i I ELEM, D.-lAC:B, I(:l:;ASP ) 
THERM-i). (1 
C:IJ 2 I(:> I NI:IDE= 1 NI\lODE 



2 10 THERM=THERM+ELCODD ( MDL ME, I NODE 1 *SHAPE ( I NODE 1 
DVOLU=DJACB*MEIGP(IGAUS)*WEII~P(CII~AUS) 
IF ( TH I CE. NE . 0 . 0 DVOLU=DVr3LU*TH I Cb:: 

C 
C3**9* EVALUATE THE INITIAL THERMAL STRAIN 
-, 
1, 

EIGEN=THERM*ALPHA 
IF(NTYPE.EQ.2) GQ TO 220 
STRAN(l)=-EIGEN 
STRAN(Z)=-EIGEN 
STRAN ( :3 =XI. 0 
GO TO 230 

220 STRAN(l)=-(l.O+POISSI*EIGEN 
STRAN(2)=-(l.O+POISS)*EIGEN 
STRAN(3)=O.O -. 

1, 

C+**** AND THE CORRESPOUNDING INITIAL STRESS 
C 

230 DC 250 ISnE=l NSTRE 
STRES(ISTRE)=O,O 
DO 240 JSTRE-1, NSTRE 

240 STRES(ISTRE)=STRES(ISTRE1+trNATX(ISTRE~JSTRE)*STRAN~JSTRE) 
250 STRIN(ISTREvKG&ST)=STRESISTR€) 

IF(NTYPE.Ef2.2) STRIN(4,KGAST)--YOUNG*EIGEN 
IF(NTYPE.EQ.1) STRIN(4,KGAST)xO.O 

C . 
CH+*** EVALUATE THE I~~UIVALENT NODAL FORCES - 
1, 

DO 260 INODE=l, NNODE 
NGASH= ( I NODE- 1 *NDOFN+1 
MGASH=(INUDE-i)*NDOFN+2 
ELOkD(IELEM?NGASH)=ELCIAD( IELEHTNGASH) 

* -! CPRTD ( 1, I NODE) *STRES ( 1 1 +CARTI? ( 2 INCIDE 1 *STRE:3 ( 13 1 ) *QVClLU 
240 €LOAD ( I ELEM 7 MGASH =€LOAD I ELEH 9 r'fr3CSSH 1 

* -(CARTD(~~INO~E)*STRE:~(~)+CARTD(~,INODE)*STRES(~))*DV~L~-~ 
270 CONTINUE .-, .-, LOO COPIT I NU€ 
800 COEIT I NU€ 

WRITE(4,970) 
770 FORMAT(IHUISXI~~H TOTAL NODAL FORCES FOR EACH ELEMENT) 

D3 290 IELEN= 1 3 NELEN 
290 URITE(Sv975) IELEM?(ELOAD(IELEMIIEVAE)IIEVAB~~~NEVAB) 
975 FORMAT(lXvI4~=X~8E12.4/(10Xv8€12.4)) 

RETURN 
FFiTl 



SLIEROIJT I N E  STREPS 
D I M E N S I O N  S T R S P ( 3 )  , E L D I S ( 2 , : 3 )  ,!3TR!3IIi(4) 
COMMON/CONTRO/NF13 I N NELEM, NNOtlE, NdtIlFN ND I ME , 

*NSTRE 7 NTYPE NGAIJS, NPRIItP 9 NMATS t NVF I X 
*NEVAB I I CASE NCASE , I TEMP , I PRI3E 7 NPRI3b 

COMMI~N/LGDATA/CI:IIJRD ( : 3 ( : ) 7  2 ) PRIIIP!3 ( 1 (l) t 5 ) 7 

u P R E ! ~ C ( ~ ~ ) , ~ )  ,fiSDI!S( 160) ,ELI:IAD(25, 14) , S T R I N ( 4 , 2 2 5 ) . ,  
* N O F I X ( 4 0 )  I F P R E ( 4 0 - 2 )  ,LNODS(25, :3)  7 

* H A T N 0 ( 2 5 )  
COMMI:IN /WBRK/ELCOD ( 2 1 8 )  SHAPE ( :3 1 

* D E R I V ( 2 , 8 )  9 DMATX(3,:3) ~ I : A R - T D ( ~ , : ~ ) ,  
UDEMAT(3, 16 ) ,EMATX( :3 ,16 )  vSMATX(3,  l b , ' ? ) ,  
+PI3SGP(3)  , W E I G P ( 3 )  ,GPI2OD(299)  v N E R O R ( 2 4 )  

N!zTR 1 =N:STRE+ f . 
W R I T E ( 6 , 9 0 0 )  
W R I T E ( 6 , 9 0 5 )  

905 FORMAT( l H O t  4HG. P. 7 2 X ,  SHX-COIIRD. 2 X  SHY-CI30RD. 3 X  7 SHX-STRESS, 
* 4X, :3HY-STRE!S:3, :3X, 'aHXY-!STRE!s:s :3X :3HZ-STRE!3!2 , 4 X  7 

U SHMAX P.S. ,4X,:3HMIN P.S. ,GX,JHANOLE) 
)r; 12 A:3T =(:I 

12 
C***** LOOP FOR E A l M  ELEM - 
1, 

DO 60 I E L E M P L ~ N E L E M  
LP!?OP=HATNO ( I E L E M  ) 

- POISS=PROPS(LPROP72)  
1, 

12***** READ THE STRESS MATRIX,  SAMPLING P O I N T  COl:tRD FOR ELEM 
13 

REAfl(  3 ) SMATX ,I~PI:OD 
W R I T E ( 4 , ? 1 0 )  I E L E M  . 

1 4  

C:***** I D E N T I F Y  THE DI!=?PLACEMENT OF THE ELEM Nt3DE 
-. 
1, 

DO 10 I NODE= 1 NNODE 
LNODE=LNODS(IELEM, INODE)  
NPOSN= ( LNODE- 1 W013FN 
DO 10 I DOFN- 1, NDOFN 
NPOSN=NPOSN+l - 
E L D I S  ( IDOFN7 INODE =ASD 1:s ( NFOSN 

10 CflNT I NlJE 
KGA!Sp=c:) 

1: 

C9***0 ENTER LGUP FC!R EACH ! ~A~PL IN I :+  PIIIINT 
I:: 

[ll'l g(:) 1 13All:3= 1 , Nl:&l-l1:; 
GO 9i:) ,:1r3~s!-1:3=1 , ~ l j ~ 1 - 1  

KGA:ST=~::I:;+!ST+ 1 
;.:-j,q:::,="=p..:lr;k:i'r=' 4- 1 



. . 
. . -. - .  . - . . . - . - . - - . - -. 

I-. 

C**** i:OMPIJTE THE CARTE!S I AN !3TRE!S!S 1:OMPONENT 
C 

Dl2 3 3  1 !STRE= 1 , NSTRE 
!jTR!2G ( 1 !STRE ) =(I). (1) 
KI~A!~H=~:) 
DO 20 INODE=L NNODE 
00 20 IDOFN=17 NDOFN 
KGA!SH=KGA:SH+ 1 
!STRSG ( I STRE ) =!:;TR!SG ( 1 STRE ) +!3MATX ( 1 !STRE , 

* KGASH KGASF' ) *EL0  I !S ( I DUFN , I NODE ) 
3 3  CONTINUE 

c -  
C**** CijMPI-ITE 13l-lT IIIF 'PLANE NlJHMfiL !3TRES:3 I~IIIMPIIINENT 
-. 
14 

I F  ( NTYPE. €12.2 ) !STRSG ( 4 ) =Pl j  I:S!3* i !sTR!sG ( 1 ) +!STH!SG ( 2 j j 
IF(NTYPE.EQ. 1) !3TRSG(4)=O.O -. 

I-. 

I:****** FOR THERMAL LOAD I NO ADD AP.1 I N  I T  I A L  
I'-:------ - 

-. - THERMAL STRE!s!z;ES -- - - _ ______-___- 7 
I F  ( I TEMP. EQ . 0 ) 1313 TO 40 
DO 30 ISTR1=17NSTRl  . 

STRSG(ISTRl)=STR~SG(ISTR1)+STRIN(I~STkl~KGA:3T) 
30 CGNT I NIJE 

C * 
C***** COMPUTE THE P R I N C I P A L  STRESSES . 
14 

.4(:) XGA!SH= ( !3TR!s13 ( 1 ) +!STR!SG ( 2 ) ) * c j .  3 
X I ~ I : ~ H = ( ! ~ T R ! S I ~ (  1 ) -!sTR!SG(2) ) ++(). 5 
xC;ESH=!J'Tfi:::G ( 3 ) 
XGO:SH=!i;QF('T ( XI3 I!z;H* XG I!~H+XI~ESH*XI;E!:;H ) 

:STRSP ( 1 ) =XGA!i;H+XGO!ZH 
!STRSP ( 2 ) =XGfi:SH-XGO:3H 
IF(XGI!i;H.EQ.(j.(3) XI~I:SH=(:); 1E-2(:) 
!STRSP ( 3 ) =ATAN ( XGESH/ Xi3 1 SH ) *2:3.447:3:3*:17!57 

1: 

C**** OIJTPUT THE STRESS 
C 

W H 1 T E 1 6 ~ 9 1 5 )  EOASP, (OPC1,7D(IDIMEIKGASP), 
* ID IME= l ,NDIME)  * (STRSl3( I ! S T R l )  t 1!3TR1=1 ~ b j ! % T R l )  , 
* ( !STR!i;P ( 1 !STRE ) , 1 !STRE= 1 , N!?TRE ) 

5111 I:O~~TINI-IE 
r_-.r:i lI:Or.1T i' ~ i i - i ~  

. ;...-!!-) ., .. ( ,' . 1 i . j *  , :i;H!Z;.rF!f=S::;E:S, ,; ) 
.:, .. , :- ..) F lIiS!l.rS r i / , , ?2#EI_EmENT PJI:. =, f 9 ' 

t--!-lpilwTI 141, -51(.). it, &.E!:. 5, Fi(:). 4 )  
F: 5 -7 1-I.& pJ 

-... - ENI:I 



BIBLIOGRAPHY 

Boresi, A. P. and P. 0. Lynn. Elasticity in Engineering 
Mechanics. Englewood Cliffs, New Jersey: 
Prentice-Hall, 1974. 

D'Isa, Frank A. Mechanics of Metals. Reading, Massachusetts: 
~cademic~ress, 1977. 

Gallagher, Richard H. Finite Element Analysis Fundaementals. 
Englewood Cliffs, New Jersy: Prentice-Hall, 1975. 

Huebner, Kenneth L. The Finite Element Method for Engineers, 
New York: Wiley, 1975. 

Irons, Bruce M. "A Frontal Solution Program for Finite 
Element and Analysis," International Journal 
for Numerical Methods in ~ngineering. Vol. 2, 1970, 
pp. 2-12. 

Ural, Oktay. Finite Element Method. New York: Intext 
Press, 1973. 

Zienkiewicz, 0. C. The Finite Element Method. London: 
McGraw-Hill, 1977. 



REFERENCES 

Bathe, Klaue-Jurgen. Numerical Methods in Finite Element 
Analysis. Englewood Cliffs, New Jersey: 
Prentice-Hall, 1974. 

Hinton, E., and D. R. J. Owen. Finite Element Programming. 
Reading, Massachusetts: Academic Press, 1977. 


	finite_element_program_utilizing_frontal_technique232
	finite_element_program_utilizing_frontal_technique233

