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(ABSTRACT) 

In this thesis, a computer program for graphically displaying finite element beam stresses is dis

cussed. Beam elements are represented as thick lines with colored stress contours along the length. 

Stress gradients through the beam thickness are not displayed. Many program options are available 

to aid in creating a clear view of stress distributions in complex models. The front, right, top, and 

isometric views are preprogrammed views, or a rotated view of the model can be specified. Also, 

specific portions of the model can be magnified. A region may be defined for showing cut sections 

of the model. Contour options are available to help enhance stress representation. Node locations 

may be marked, and beam line widths modified. Finally t any view that has been developed can 

be saved in a fde to be redisplayed at a later time. The program also has the capability of displaying 

resultant beam forces and moments. 

Beam stress displays for two train car models are used to demonstrate the usefulness of the program. 

as both a presentation and modeling diagnostic tool. Stress gradients and high-stress regions are 

easily seen. With these displays some model discrepancies were uncovered and some highly stressed 

locations were observed that had not been discovered in the prior research. 



Acknowledgements 

I would like to thank the members of my committee for their help and input during my research. 

In particular, Dr. Charles Knight for being my advisor and providing guidance throughout the 

project. I would also like to thank my wife, Susan, for her support and understanding. 

Acknowledgements iii 



Table of Contents 

CHAPTER 1 - INTRODUCTION ......••.......•••..•.•.••.•.•..•....•...•• 1 

CHAPTER 2- BEAM THEORY AND ELEMENT FORMULATION ••••.•.•...•..•. 5 

BEAM DISPLACEMENTS ................................................ 6 

BEAM ELEMENT FORMULATION ....................................... 11 

COMMENTS ON THE ASSUMPTIONS AND ON THREE DIMENSIONAL CASES .. 16 

CHAPTER 3 - INTRODUCTION TO BEASm .••••.••••••••.••..••.•......•. 17 

CHAPTER 4 - BEASID PROGRAM DISCRIPTION ••.•...•....•.•...•.....••. 21 

MAIN ............................................................... 21 

SORTING STRESSES .................................................. 24 

DRAWING THE FRONT, RIGHT, TOP, & ISOMETRIC VIEWS ................ 28 

ROTATING THE MODEL ............................................... 29 

DRAWING THE MODEL ............................................... 29 

CONTOUR OPTIONS .................................................. 31 

VOLUMETRIC SLICING ................................................ 32 

Table of Contents iv 



DISPLAY OF FORCES AND MOMENTS ................................... 33 

SAVING AND RESTORING PICTURE FILES ............................... 35 

CHAPTER 5 - EXAMPLE APPLICA nONS .•....••..•...••..•.....•••....•.. 37 

GONDOLA CAR ...................................................... 38 

COAL AND CAR WEIGHT LOADING ................................... 38 

BUFF AND WEIGHT LOADING ....................................... 42 

GONDOLA CONCLUSIONS ........................................... 52 

HOPPER CAR ........................................................ 53 

COAL AND CAR WEIGHT LOADING ................................... 53 

BUFF AND WEIGHT LOADING ....................................... 58 

SIDE BEARING AND WEIGHT LOADING ............................... 58 

HOPPER CAR CONCLUSIONS ......................................... 63 

CHAPTER 6 - CONCLUSIONS AND RECOMMENDA nONS •.•....•..........• 67 

CHAPTER 7 - REFERENCES .•.......•........•.....•...•••..•••...•.•..• 69 

Vita ......................... ., ............. .,......................... 71 

Table or Contents v 



List of Illustrations 

Figure 1. GENERALLY LOADED BEAM ................................... 8 

Figure 2. 

Figure 3. 

Figure 4. 

Figure 5. 

Figure 6. 

Figure 7. 

Figure 8. 

Figure 9. 

Figure 10. 

Figure 11. 

Figure 12. 

Figure 13. 

Figure 14. 

Figure 15. 

Figure 16. 

FLOW CHART OF MAIN ...................................... 22 

MENU SCREEN ............................................. 25 

STRESS SORTING ROUTINE FLOW CHART ..................... 27 

DRAWING THE MODEL ...................................... 30 

DETERMINING CONTOUR LOCATIONS RELATIVE TO SLICING 
PLANES .................................................... 34 

GONDOLA CAR WITH BUFF LOADING ......................... 39 

COMBINED STRESS - COAL AND CAR WEIGHT LOADING ......... 40 

COMBINED STRESS - COAL AND CAR WEIGHT LOADING (1/4 MODEL) 41 

WEIGHT LOADING (SIDESTAKES & END BRACES - RECOVERY PT 3) 43 

WEIGHT LOADING (TOP CHORDS - RECOVERY PT 3) ............ 44 

WEIGHT LOADING (CENTERS ILL & DRAFTSILL - RECOVERY PT 1) 45 

WEIGHT LOADING (CENTERSILL & DRAFTSILL - RECOVERY PT 3) 46 

COMBINED STRESS - COAL AND CAR WEIGHT PLUS BUFF LOAD . 47 

WEIGHT PLUS BUFF LOAD (CENTERSILL & DRAFTSILL - RECOVERY 
PT 3) ...................................................... 48 

WEIGHT PLUS BUFF LOAD (SIDE STAKES & END BRACES - RECOV-
ERY PT 3) .................................................. 49 

Figure 17. WEIGHT PLUS BUFF LOAD (TOP CHORD - RECOVERY PT 1) ...... 50 

Figure 18. WEIGHT PLUS BUFF LOAD (SIDESILL - RECOVERY PT 1) ......... 51 

Figure 19. HOPPER CAR BUFF LOADING ................................ 54 

List of Illustrations vi 



Figure 20. HOPPER CAR SIDE BEARING LOADING ........................ 55 

Figure 21. HOPPER CAR WEIGHT LOAD (RECOVERY PT. 1) ................. 56 

Figure 22. HOPPER CAR WEIGHT LOAD - 1/4 MODEL (RECOVERY PT 1) ...... 57 

Figure 23. HOPPER CAR BUFF AND WEIGHT LOAD (RECOVERY PT. 3) ...... 59 

Figure 24. HOPPER CAR WEIGHT & BUFF LOAD - MIN. DISPLAYED STRESS 
CHANGED ................................................. 60 

Figure 25. HOPPER CAR BUFF AND WEIGHT LOAD (CENTERSILL - RECOVERY 
PT 3) ...................................................... 61 

Figure 26. HOPPER CAR BUFF AND WEIGHT LOAD (SIDESILLS - RECOVERY PT 
1) ......................................................... 62 

Figure 27. HOPPER CAR SIDE BEARING AND WEIGHT LOAD (RECOVERY PT 4) 64 

Figure 28. SIDE BEARING AND WEIGHT LOAD - DISPLAY STRESSES MODIFIED 65 

Figure 29. HOPPER CAR SIDE BEARING AND WEIGHT LOAD - REPORTED ELE-
MENTS .................................................... 66 

List of Illustrations vii 



CHAPTER 1 - INTRODUCTION 

It is generally a tedious task to find areas of high stress for finite element models with complex beam 

geometry. Finite element analysis programs provide no satisfactory way of graphically displaying 

beam stresses. One popular method of reporting beam results is to present them in lists. These lists 

must be searched to fmd highly stressed elements. The model then has to be examined to find the 

element locations. It is impossible to completely visualize stress distributions in large models with 

this process. Results can also be easily overlooked. Modeling errors or high stresses are thus not 

identified. 

Prior research projects developed models of train cars with complex beam element configurations 

(Schmidt and Knight, 1987; lara-Almonte and Knight, 1984). Schmidt and Knight (1987) devel

oped a model of a proposed aluminum and steel gondola train car. Loading conditions were de

veloped based on testing requirements for new designs. A model for the current design of a hopper 

train car was developed by lara-Almonte and Knight (1984). The model was developed to identify 

possible areas to improve the design. Reports for these projects presented pages of beam stress 

tables and expressed the need for a better method of examining beam stresses. 

SDRe CAEDSTM (Structural Dynamics Research Corp., 1988) visually presents beam results with 

graphs. The elements presented in this manner are not in the model configuration but lie along 
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one of the axes on the graph. ANSYSTM (DeSalvo and Swanson,1985), NASTRANTM (Marco, 

1985; MacNeal-Schwendler Corp., 1985) and Applicon (Schulumberger Systems, 1986) do not have 

methods for displaying beam element stresses. 

A means of graphically displaying beam stresses would greatly aid in presentation of finite element 

results and in identification of model inconsistencies and high stress regions. The purpose of this 

research was to develop a satisfactory way of doing this. Stress distributions are commonly re

presented by contour lines or color fills in other elements. The approach taken is to display beams 

as thick lines with color filled contours generated from one end of the beam to the other. 

A program which only displays beam contours in one model orientation would not be useful. 

Many parts of the model could not be seen. Therefore, program options are needed to display the 

model from many views. 

The coordinates at the beam ends must be translated into the screen coordinate system. These 

coordinates then need to be saved so that the model can be displayed. However, the beams in the 

fmite element model can be specified in any order. If they were to be drawn in the order of spec

ification, it would not be possible to determine the front beams from those in back. Therefore, the 

beams must be sorted so that the proper representation is given. 

The colors of each contour have to be set separately. Each contour must, therefore, be drawn in

dividually. The starting and ending locations of the each contour must be fOWld to do this. To 

determine these locations, each beam has to be checked to fmd which contours exist in them. 

Beams can then be sectioned to find the contour locations. 

Many problems are encoWltered when viewing a model. Views need to be magnified for more de

tail, beams may appear in front of the desired viewing region, or the stress ranges for the contours 

may not be satisfactory. Options are needed to alleviate these and other problems that may occur. 
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One means of clarifying a view is to change contours to enhance the display. The best way to do 

this is to have several methods which can be combined for even greater flexibility. In particular, 

methods are needed to show more refmement in the stress distribution, eliminate the display of 

stresses that are not being examined, and change stress levels of the contours. 

A method is also needed to exclude portions of the model from being displayed, thus allowing 

hidden regions to be examined. A volume is specified to do this. The volume defmes the region 

of the model be drawn. Each contour then is checked to determine its location with respect to this 

volume. Only the portions of the contours inside the region are displayed. 

The elemental forces can sometimes help in understanding how stresses are developed. Therefore, 

display of beam forces and moments is included. The display of forces use the same routines as the 

stress display to minimize program size. Therefore, stress values are replaced with force (or mo .. 

ment) values. 

Finally, once a view has been created, the steps to develop that view should not need to be repeated 

in order redisplay it. This is done by creating a file that contains the information necessary to re

produce the view. 

The computer program that resulted from this research is very useful. High-stress areas and stress 

distributions are easily seen. Modeling discrepencies are also easily found. The program is a great 

improvement over the presentation of stresses in lists. 

This thesis will first contain background on beam theory and element formulation. Finite element 

results will be shown to be exact for properly modeled beams. Linear variation of stress between 

nodes will also be demonstrated. A short introduction to the computer program, BEASTD (BEAm 

STress Display), and its available options will then be given. Next, more detail on some of the 

program algorithms will be presented. Examples will be given illustrating the usefulness of the 

program. The examples are finite element models of the gondola and hopper railroad cars. Dif-
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ferent load cases for each car will be examined. Finally, conclusions will be given about 

BEASTD. The conclusions will include suggested modifications to the program. 
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CHAPTER 2 - BEAM THEORY AND 

ELEMENT FORMULATION 

An understanding of stress computation is required to satisfactorily display beam stresses. Stresses 

are derived from strains which are in tum a result of displacements. If the displacements are known, 

the stresses can be computed. Finite element analysis is a displacement based approach. Element 

interpolation functions are used to defme an assumed displacement field. Displacements are cal

cu1ated based on this assumed behavior. Strains and stresses are then calculated from the dis

placements. 

Chapter 2 will frrst present beam behavior based on Castigliano's theorem. Standard beam element 

formu1ation Will then be covered including distribution of forces to nodes. Displacement results 

will be compared to those ofCastigliano's theorem to demonstrate the validity of the assumed beam 

behavior. Finally, finite element stress calculations will be reviewed to determine the stress variation 

between nodes. When this stress distribution is known, a way of graphically displaying stresses can 

be developed. 
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The presentation of this chapter is developed for a two-dimensional, four-degree-of-freedom beam 

(Y translation and Z rotation at each end). The results can easily be extended to three dimensions. 

This will be discussed at the end of the chapter. 

BEAM DISPLACEMENTS 

Castigliano's theorem will be used to determine the theoretical displacements of beams. 

Castigliano's theorem has two advantages over ,eetorial methods, which are based on vector 

quantities such as forces. First, extraneous detail, such as geometric manipulation of deflection 

components, is avoided. Second, the method is not complicated by static indeterminacies (Cook 

and Young, 1985). 

This section will concentrate on developing deflection equations of the two-dimensional case. 

Background on Castigliano's theorem as a energy-based method will first be covered which will lead 

to a strain energy equation. This strain energy equation will then be used to develop deflection 

equations for two cases, those of applied moments and applied forces at the beam ends. Superpo

sition will be used to find a fmal equation for the case of a combination of these two loadings. 

Castigliano's Theorem is based on the fact that, when a structure is in equilibrium, the potential 

energy is at a minimum. The potential energy for a structure is the strain energy in the structure 

minus the work done on it by forces and moments acting through displacements (Cook and Young, 

1985); 
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where, 

n b 

P.E. = U - L(PJ(Dj) - L(MJ(Si) 
i==1 i==1 

P .E.= Potential Energy 

U = Strain Energy 

Pi = Applied Forces 

Di = Linear displacements 

Mi = Applied Moments 

Si = Angular displacements 

n = Number of forces 

b = Number of moments 

(2.1) 

Strain energy is the energy stored when a structure is elastically deformed. The genera110ading of 

a beam cross section is shown in fig. 1. The strain energy for this loading is given by Cook and 

Young (1985) as; 

(2.2) 
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G = CENTROID 
S = SHEAR CENTER 
N = NORMAL FORCE 
T = TORSION 
V = SHEAR FORCES 
M = MOMENTS 

Figure I. GENERALLY LOADED BEAM 
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where, Mz= Moment about the Z axis 

My= Moment about the Y axis 

E = Modulus of Elasticity 

Iz = Area Moment of Inertia about the Z axis 

Iy = Area l\.1oment of Inertia about the Y axis 

ky = Shape Factor for Shear in Y direction 

kz = Shape Factor for Shear in Z direction 

y y = Shear Force in Y direction 

y z = Shear Force in Z direction 

G = Shear Modulus 

A = Cross Sectional Area 

J = Torsional Moment of Inertia 

T = Torque 

N = Axial Force 

L = Beam Length 

For the two~dimensional, four-degree-of-freedom case; Z shear, axial force, torque, and Y moment 

do not exist. The strain energy, U, is then given as; 

rL[ Ml k y2 ] 
U= J

o 
2E:' + 2~l dx (2.3) 

As stated, for equilibrium to exist, the potential energy of a structure must be minimum. This oc-

curs when the flIst derivative of the potential energy with respect to each load is zero. By taking 

the partial derivative of eq. 2.1 with respect to each load, a set of equations of the form; 
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au -=D· aPi 1 

au 
--=~). 
aMi 1 

(2.4) 

is developed. The number of equations is equal to the number of forces and moments acting on 

the structure. 

From eqs. 2.3 and 2.4, the deflection due to a constant moment ME are; 

(2.5) 

These are the deflections of one end of a beam with respect to the other. Similarly, the deflection 

due to a shear force, Vy , is the deflection produced by the shear-induced linearly varying generated 

moment plus that due to direct shear; 

(2.6) 

A combined loading case can be obtained by using the principle of superposition and adding the 

two cases together. In using the principle of superposition the assumption is being made that 

stresses due to individual loads do not interact. This yields the following displacement equations 

for a combined moment and shear loading; 
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(2.7) 

These results will be compared to similar results from finite element formulation. If the finite ele-

ment results are the same as these, the assumed displacement behavior is reasonable. 

BEAM ELEMENT FORMULA TION 

This section will first present the formulation of elemental stiffness matrices, which are based on 

assumed displacement behavior. Deflection solutions from the beam stiffness matrix will then be 

compared to those of the previous section to demonstrate the validity of the assumed displacement 

behavior. The calculation of equivalent nodal loads for nonnodal loading will be presented next. 

The finite element method of determining stresses and strains will finally be covered, which will 

show stress variation along beams. 

In the following discussion, two key assumptions have been made. First, nonlinearities, such as 

plastic deformations and large deflections, are assumed not to exist. This assumption is valid for 

the vast majority of cases. The other assumption is that there are no initial strains or stresses. 

Finite element programs find deflections by solving the system of equationSi 

[K]{D} = {R} (2.8) 
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where, 

K= Structure Stiffness Matrix 

D= Generalized Displacements 

R= Generalized Nodal Forces 

The structural stiffness matrix is constructed from the individual element stiffness matrices. The 

stiffness matrix for a beam element (including shear effects) is given by Cook (1981) as; 

12 6L -12 6L 

6L 4L2+ 12g -6L 2L2- 12g 
[k] = (2.9) 

-12 -6L 12 -6L 

6L 2L 2_ 12g -6L 4L2+ 12g 

where, 

kyEI 
(2.9a) g=--

AG 

The development of the element stiffness matrix starts with the assumption of element interpolation 

functions. Hermitian interpolation functions are developed so that the values for displacements and 

slopes at the end points of the beam are correct. Narayanaswami and Adelman (1974) give these 

interpolation functions as; 
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(L2 + 6g)x 
N2 =----

L2 +12g 

(2L 2 + 6g)x2 
X3 

----+-~-
L{L2 + 12g) L2 +12g 

L{L2 + 12g) 
(2.10) 

These are put into a 1 by 4 matrix, [N], which is called the shape function matrix. A shape func

tion, N, , defmes the displacements within an element when the ith degree of freedom is unity and 

all others are zero (Cook, 1981). The above shape functions include shear deformation effects. 

The element stiffness matrix is formed through the following operation (Cook, 1981); 

where, 

[k] = Iv [B]T E [B] dV 

[k] = Stiffness Matrix 

[B]= Strain-Displacement Matrix 

E = Modulus of Elasticity 

V = Volume of Element 

(2.11) 

[B] will be used later to find strains from nodal displacements. To calculate [B], the second de

rivative of the shape matrix is taken ( Cook, 1981 ). 

d2 
[B]=-[N] 

dx2 
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The stiffness matrix of eq. 2.9 results from using eqs. 2.10, 2.11, and 2.12. 

To demonstrate that the shape functions are reasonable, displacement results of the finite element 

method will be compared to those from Castigliano's Theorem. To fmd the same result, the de

flection of one end with respect to the other, both degrees of freedom at the first node are set to 

zero. The resulting matrix equation is; 

EI 
L3 + 12Lg 

where, 

12 6L -12 6L 

6L 4L2+ 12g -6L 2L2-12g 

-12 -6L 12 -6L 

6L 2L2- 12g -6L 4L2+ 12g 

y = Y Translation of second node 

e = Angular translation of second node 

V R = Reaction Shear Force 

MR= Reaction Moment 

V y = Applied Shear Force 

Mz = Applied Moment 

0 VR 

0 MR 
= (2.13) 

Y Vy 

E> Mz 

The frrst two columns of [K] can then be eliminated because they are multiplied by zero. Since 

the displacements are being computed, only two equations with two unknowns are needed. The 

bottom two rows equate the displacements with the known applied forces. The bottom two rows 

can be solved,for the displacements, therefore, the top two rows can also be eliminated. The re

sulting matrix equation can then be multiplied on both sides by the inverse of [K] to solve for 

{D}. The final equations are; 

(2.14) 
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which corresponds exactly with equation 2.7. For beams with nodal loading only, the solution 

given by fmite element analysis is theoretically exact. 

If loads occur between the nodes of a beam element, they are separated into equivalent loads at the 

nodes. This is done by use of the same interpolation functions. Let {p} be a nonnodal concen

trated force, {q} be a distributed force, {m} be a nonnodal moment, and {F} be a body force. If 

there are n forces and b moments, the resulting equivalent nodal loads, {r}, are calculated by (Cook, 

1981); 

n b 

{r} = L[N][{Ph + L[N'][{mh + I [N]T{q}dS + I [N]T{F}dV (2.15) 

i:::O i=O S V 

where, 
[N] = Shape Function Matrix 

[N'J= First derivative of Shape Function Matrix 

dS = Differential surface area 

dV = Differential volume 

After the above operation is used, there are no longer any intennediate loads. All these loads now 

have equivalent loads at the nodes. The solution for elements on which this is done is not exact. 

Strains and stresses are calculated from the deflection solution. It is again assumed that stresses 

from-different loadings do not interact. If there were interactions, nonlinearities would exist. For 

beam problems, strains are expressed as an array of curvatures. These curvatures are found by 

multiplying the strain-displacement fIUltrix by the computed nodal displacements. 

{IC} = [B]{D} (2.16) 

True strain is equal to these curvatures multiplied by the distance from the centroidal axis of the 

element. Stresses are then found by multipling the actual strain by the modulus of elasticity. 
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Since the nodal displacements and modulus of elasticity are constants within an element, the 

stresses and strains vary according to [B]. The [B] matrix is the second derivative with respect to 

x of the shape matrix. The interpolation functions of the shape matrix are given in equation 2.10. 

These interpolation functions are third order with respect to x. The second derivatives are therefore 

linear. Since there are also no intermediate loads, the stresses will vary linearly between nodes. 

COMMENTS ON THE ASSUMPTIONS AND ON 

THREE DIMENSIONAL CASES 

Two key assumptions were made in formulating the beam elements. One assumption was that 

initial stresses and strains do not exist. From superposition, as long as these stresses and strains 

are linear or constant along the beam the fmal stress variation is linear. The other assumption was 

that nonlinearities do not exist. If one does exist, the stress variation depends on the nonlinearity. 

For instance, stresses change linearly along a beam with large displacements, however, the variation 

is not linear when stresses interact. If a nonlinearity exists in the model that will cause the distrib

ution of stress' along the beam to be nonlinear, BEASTD should not be used. 

The same assumptions can be made for the general three-dimensional case. The element stiffness 

matrix is 12 x 12, six degrees of freedom exist at each node. Equivalent noda110ads are still found 

for intermediate loads and the [B] matrix still varies linearly. Therefore, stress distributions are still 

linear between nodes and a graphical representation can be based on this variation. 
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CHAPTER 3 - INTRODUCTION TO BEASTD 

A beam stress display program, BEASTD, was written to graphically present stresses. llis pro

gram is a postprocessor only, a reliable fmite element modeler is required to find solutions. Cur

rently, Applicon system software (Schlumberger Systems, 1986) is the only finite element package 

supported by the program. 

Beam elements are typically displayed as lines. With BEASTD, beam stresses are represented with 

contours (or color bars) on lines. A contour bar is a colored area which corresponds to a certain 

range of stresses. A legend with all contours and the corresponding stress levels is displayed with 

the model. Color changes on a thin line would not be clear. Therefore, the line width (thickness) 

was increased to improve the visibility. 

Resultant internal beam forces and moments can be displayed in the same manner as stresses. All 

the display options are available for both stresses and forces. 

This chapter will briefly introduce the options available in BEASID. Information on sorting 

stresses will be presented first. Next, options that deal with the model orientation will be covered. 

Means of clarifying these views will then be given. This is followed by a description of changes that 

can be made to the stress contours. The ability to save any view will be discussed last. Chapter 4 
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will detail the algorithms for some of these options. More on BEASID, including the FORTRAN 

listing, can be found in the User's Guide by Sparrer and Knight (1988). 

In fmite element models, elements have material and physical property sets associated with their 

definitions. Moments of inertia, cross-sectional area, and shear area ratios are examples of physical 

properties. These properties are grouped together in a set to define all the physical attributes of a 

beam. A number is given to each of these physical property sets. This number is the physical 

property number. In complex beam models, several different physical property sets may exist. 

Elements are typically grouped by these property sets. BEASTD can display elements from up to 

40 of these sets. The physical property numbers of the elements to be displayed are entered by the 

user. 

Any stress that the finite element solver calculates can be displayed. The highest values of the stress 

being displayed can also be sorted by BEASTD and put into a fue. Only those stresses from ele

ments with the entered property numbers are sorted. Included in the file are the element numbers, 

node numbers, and stresses. These are sorted by stress in descending order I starting with the largest. 

The stresses are sorted by absolute value so that large compressive (negative) stresses will appear 

in the list. The fue is saved and can be examined at any time. It is useful when a list of the largest 

stresses and their element and node locations is needed. This sorted list option is not available 

when displaying forces or moments. 

The front, right, top and isometric views of the model are preprogramed. Any of these views can 

be displayed with a single command. Any view can also be rotated about axes defined relative to 

the screen. The initial view will be scaled such that the entire model is displayed. There are two 

options that will change the display scale. A specific section may be zoomed into or the magni

fication can be changed with the view screen center remaining the same. These options allow the 

user to view any portion of the model at any size. 
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Several aids are displayed with the model. Whenever a view is drawn, the legend with stress con

tours is included. The current date and time as well as the moder s coordinate axes are also dis

played. Finally, a title can be written to the screen at any time. This title need not include the type 

of stress being displayed, this information is given with the legend. 

Even with the ability to display the model in any orientation and at any scale, some areas may still 

be hard to see. This is why a volumetric slicing option was included. Volumetric slicing is the 

process of creating cutting planes to derme a volume. Only the portions of the model inside the 

volume will be displayed. This is helpful in creating views that would normally be blocked by other 

parts of the model. 

Two additional options were included to help clarify the distributions. Beam lines could overlap 

or be too small to see stress variations. The frrst option allows the line widths to be modified to 

avoid these situations. It is also helpful knowing where the beam ends are located. Nodes are lo

cated at the ends of beams, so, a node marking option was included. With these two options, stress 

variations can be easier to understand. 

Controlling contours can be helpful in several ways. By changing the number of contours, more 

refinement can be obtained in the stress distribution. Modifying the minimum or maximum stress 

being displayed allows areas of extremely high (or low) stress to be excluded. The contours then 

have smaller stress ranges and the remainder of the model is more refined. Finally, control of the 

contour stress levels has many advantages. Contours can be adjusted so that they represent either 

tension or compression. The highest and lowest contours can also be set at levels of interest so that 

stresses above (or below) these levels are easily seen. Because of the many advantages involved, 

options to accomplish these changes were included. With these capabilities, the stress and force 

distributions can be easily represented as desired, thus aiding in presentations. 

Once a satisfactory view is developed, it can be saved to be redisplayed at another time. When a 

view is saved, a picture fue is created with the information needed to recreate that picture. When 
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the picture is restored this HIe is read. The redisplay process is much faster than reading the finite 

element output file and performing the operations again. This option is very handy for saving im

portant views. 

With the options presented in this chapter t it is easy to create a display of stress distributions that 

is clear and understandable. The model can be drawn in any orientation and at any size. Portions 

of the model can be excluded from the display. There are also other options available that will help 

clarify the stress distributions. The capability of manipulating contours is particularly useful. 

Finally, any view can be saved to be redisplayed quicldy and easily at a later time. 
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CHAPTER 4 - BEASTD PROGRAM 

DISCRIPTION 

This chapter will describe the more significant algorithms used to produce the options of the pre

vious chapter. The user's guide by Sparrer and Knight (1988) presents additional details on the 

operation of BEASTD. The main program will first be discussed. This will be followed by dis

cussions on the more notable options. Several flow charts are included for clarity. 

MAIN 

The main program acts as a controller. It obtains initial information and calls subroutines to ac

complish the required tasks. A flow chart of the main is shown in fig. 2. The discussion in this 

section will follow this flow chart. 
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Figure 2. FLOW CHART OF MAIN 
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When execution begins, the user is asked if picture flies are being restored. A picture fue is created 

when a view has been saved. If these views are to be redisplayed, the main calls a subroutine to 

read the file and redraw the view. Otherwise, the list of physical property table numbers and stress 

type selected to make the fIfst display are entered and the required information from the finite ele

ment output file is read. 

The finite element program solves for several different stress types. Stress types include torsional, 

Y shear, Z shear, axial, and combined bending stress at specified points. Any of these can be dis

played with BEASTD. There is no X shear because the elemental X axis is defined along the beam 

(the Y and Z axes are in the cross sectional plane). Combined stress is the addition of axial and 

bending stress. Points in the element cross section (Y-Z plane) must be defined to find bending 

stress. These points are called stress recovery points. Bending and axial stresses are added to fmd 

the combined stress at these points. Common practice is to define four recovery points at the far

thest locations from the cross section's centroid. This insures that the largest stresses are computed. 

Important information is put into two arrays, termed element information arrays. One contains the 

element number, node numbers, and physical property number of each element that is to be dis

played. The other contains the node coordinates and stresses for these same elements. 

A list of up to 50 of the highest values of the selected stress component can be sorted and output 

to a flie. The number of values that are to be sorted is entered next. A zero can be be entered if 

no flie is des~d. A subroutine creates the sorted flie and finds the minimum and maximum stress. 

The minimum and maximum stresses are used to set the default contours. This subroutine will 

be discussed in more detail later . 

A subroutine is then called which opens the PLOTtO GKSTM (Tektronix, 1986; Tektronix, 1986a) 

system. PLOTIO GKS, the graphics package used, supports Tektronixs terminals. Graphics 

packages consist of subroutines which perform specified operations. These subroutines receive 

controlling information from the program using them. For instance, to draw a line, the line drawing 
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subroutine receives the starting and ending points and then draws it. The opening subroutine ac

tivates the tenninal, thus allowing graphics commands to be used. 

The most significant portion of the main program is next. At this point, a menu of commands is 

displayed. This menu is shown in fig. 3. For any choice, appropriate subroutines are called to 

accomplish the task and the menu is then redisplayed. 

When quit is entered, a subroutine closes the workstation and GKS system. If an additional stress 

component or another list of physical property numbers are to be displayed, the program returns 

to the appropriate section of the main. Otherwise, execution is tenninated. 

SORTING STRESSES 

Aside from the graphic display, it is useful to have a list of the largest stress values in descending 

numerical order. Actual values and locations of the largest stresses can be found; element and node 

numbers are supplied with the stresses in this list. With the graphical display it is not possible to 

get the precise location by way of the element and node numbers or the exact stress values, as it is 

only shown that a certain region is within a range of stresses. 

This subroutine also fmds the minimum and maximum stresses. These stresses are used to set up 

the default contours. Even if a sorted stress list is not wanted, the minimum and maximum stresses 

are still found. 
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A flow chart of the stress sorting subroutine is shown in fig. 4. The discussion of this subroutine 

will follow the flow chart. 

The sorting array is first zeroed. The element and node numbers and stress values will be placed 

in this array before being written to the file. The stress at the fltst node of the first element is then 

set as the maximum and minimum stress (SMAX and SMIN). 

If a sorted fIle is wanted, the absolute values of every stress is compared to each stress in the array. 

If the value is greater then a list value in the array, those element numbers, node numbers, and stress 

values below are moved down and the new ones inserted. 

Whether or not a sorted ftIe is wanted, the stress values at each node of the element is compared 

to SMAX and SMIN. SMAX and SMIN are found using actual, not absolute, values. If the ele .. 

ment stress is larger then SMAX or smaller then SMIN, the value is replaced. 

Every element is checked to insure that the sorted list is accurate and the maximum and minimum 

stresses have been found. Mer all the elements have been examined,and if a sorted file is wanted, 

the user is prompted for title of the list and the ftIe name for storage. 
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DRA WING THE FRONT, RIGHT, TOP, & 

ISOMETRIC VIEWS 

Four views (the front, top, right, and isometric) are preprogrammed. This was done for three rea

sons. First, most models can be completely examined with a combination of these views. Second, 

these are the common views used for engineering drawings. Third, preset views are easier and 

quicker to display than requiring the user to input rotations. 

Two sets of coordinate systems are used by BEAsm. The first is the global coordinate system 

used in creating the model. The other is a fixed coordinate system defined relative to the screen, 

termed the screen coordinate system. The screen X axis is horizontal, Y axis is vertical, and Z axis 

is normal to the screen. The element information arrays described earlier have coordinates defmed 

in the model's coordinate system. The subroutines that draw the set views (front, right, top and 

isometric) place the geometrical and stress information into arrays used to draw the model (drawing 

arrays). The coordinates in these arrays are relative to the screen coordinate system. 

When one of these views is to be drawn, direction cosines are placed into a rotation matrix. The 

direction cosines defme the rotation of the model coordinate system with respect to the screen co

ordinate system. The nodal screen coordinates and other element information is then put into the 

drawing arrays. If a force component is being displayed, the force values are placed in the array 

at the location that stresses normally occupy. 

A subroutine is then called that will draw the model. The drawing subroutine will be discused later 

in detail. 
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ROTATING THE MODEL 

A rotation option was included so that nonstandard views could be developed. Nonstandard ori

entations can sometimes allow stress distributions to be seen more easily. 

When the model is to be rotated, the axis and amount of rotation is input. Screen coordinate axes 

are used for the rotations. New direction cosines are calculated and placed in the rotation matrix. 

New screen nodal coordinates are also calculated and put into the drawing array. Finally, the 

program calls the drawing subroutine. 

DRA WING THE MODEL 

One subroutine draws the model in any orientation. Each contour of each beam is drawn sepa

rately, with its location checked with that of any active volumetric slicing planes. Only the portions 

of contours inside these planes are drawn. If node markers are to be displayed, it is done after all 

the elements have been drawn. The flow chart for this subroutine is given in fig. 5. The discussion 

in this section will follow this flowchart. 

The elements are frrst sorted by the screen Z coordinates. The lowest Z values are placed first in 

the drawing array. Since elements are drawn in order of appearance in the array, the front elements 

are drawn over any that are behind them, thus giving a "hidden lineH representation. If an element 
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lies nonnal to the screen, it cannot be seen. Therefore, these elements are skipped and the program 

proceeds to the next element. 

As each element enters the draw queue a subroutine is called which determines the number of 

contour changes along the element as well as its starting and ending contour. Another subroutine 

is called to set the frrst contour color. Linear interpolation is used to fmd the ending point of each 

contour. A subroutine is called to determine the contour location with respect to the volumetric 

slicing planes. This subroutine will be discussed in more detail later. Only portions of beams inside 

the planes are drawn. If the element has more contours, the beginning of the next contour is set 

as the end of the contour just drawn. The subroutine returns to set the next contour color. If there 

are no more contours, the subroutine goes on to the next element. 

When all the elements have been drawn, the subroutine determines if the node locations are to be 

marked. If so, the end coordinates of each element are again check to get the nodal locations. Each 

node is checked to see if it lies outside cutting planes. The subroutine that does this has similar 

logic to the one that checks the elements. Those nodes inside and on the boundaries are marked. 

CONTOUR OPTIONS 

Several contour options are available to enhance the graphic display. These options add greater 

flexibility to the stress representation. First, the number of contours can be changed. There is a 

minimum of 5 and up to 10 contours. If more then 10 contours were used, the color difference 
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between contours would be hard to differentiate. The colors of these contours closely agree with 

those used in the SDRe CAEDS area filled contours. 

The minimum and maximum stress value to be displayed can also be changed. These values can 

not be outside the actual minimum or maximum. If this were possible, stresses could be repres

ented as being larger than truly exist. 

After the minimum and maximum stresses and/or the number of contours have been specified, the 

program can calculate the intennediate contour stress levels at equal intervals or these stress levels 

can also be input by the user. However, the lowest stress of the f1l'St contour and the highest stress 

of the last contour are always set respectively at the minimum and maximum stress levels being 

displayed. The input contours cannot be discontinuous, that is, the top stress of one contour has 

to be the bottom stress of the next. It is also not possible to input a contour's top stress less then 

its bottom stress or the minimum display stress. Similarly I it is not possible to input a contour 

stress that is larger then the maximum stress being displayed. This option is the same for force 

contours. 

VOLUMETRIC SLICING 

Often portions of a model are blocked from view by other beam elements. A means of excluding 

the blocking elements is to use the volumetric slicing option. This option allows planes to be set 

up to defme a volume. Only the portions of the model inside this volume are drawn. The planes 
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are defined normal to the global coordinate axes used in developing the model. As many as three 

sets of planes can be activated, thus defming a hexahedral volume. 

Two subroutines are used to accomplish this option. One of which sets up and activates the planes 

and the other enforces them. The frrst subroutine activates and deactivates switches for each of the 

three sets of planes. It also gets the locations of the planes from the user. These locations are in 

the model's coordinate system, if the model is rotated, the planes are too. 

The other subroutine is called during drawing. It is called each time a contour is drawn. A flow 

chart of this routine is given in fig. 6. The subroutine first checks for active cutting planes. It then 

detennines the model coordinates of each end of the contour on the beam. If the contour lies 

completely outside the volume, the subroutine sets a flag so that the drawing routine does not dis

play the contour. If the contour is completely inside the volume, the program returns to the 

drawing subroutine and the contour is drawn. If a contour lies on a bounding plane, the coordi

nates of the outside end are adjusted to lie on the plane. The program then returns to the drawing 

routine and the adjusted contour is drawn. 

DISPLA Y OF FORCES AND MOMENTS 

The resultant beam forces and moments are sometimes helpful in understanding the cause of 

stresses. Therefore, an option was included that will display a selected force (or moment). The 

values of every internal force and moment component are read into an array for all elements being 
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examined. The stress component in the drawing array is then replaced by the force component to 

be displayed. 

The sign convention used to display forces is based on the individual element coordinate system. 

The origin of this system is at the fust defmed node and the positive direction is toward the second. 

Therefore, a tensile force would be negative at the frnt node, for example. Unfortunately, the user 

then needs to know the nodal defmition of the element to detennine the true meaning of the dis

play, which is inconvenient. 

The fust time this option is chosen, the fmite element file is reopened and the resultant forces at 

each node of the elements are placed in a force array. lbis allows the consecutive display of several 

different components without rereading the rue. 

A switch is toggled infonning the appropriate subroutines to place force values into the drawing 

array. A variable is also returned which contains the information on which force is to be displayed. 

Upon returning to the main program, the front view with force contours is drawn. 

SA VING AND RESTORING PICTURE FILES 

Once an important view has been developed, it can be saved as a picture file. The picture file 

contains all the information needed to recreate the view. All the steps in developing the view need 

not be repeated. 
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When a view is to be saved, the ftlename of the picture file is entered. The file created contains all 

information necessary for the picture to be reproduced. All the drawing array information is saved; 

including the screen coordinates, stresses, element number, node numbers, and physical property 

number of each element. The number of contours and stress levels of each contour are stored as 

well as the maximum and minimum display stress. Activation switches and plane locations for 

volumetric slicing are also stored. Minimum and maximum coordinates of the screen, which con .. 

troIs model magnification, is saved. The beam line thickness, title, rotation matrix and an on/off 

switch for the display of nodes are all saved. Finally, the date and time that the picture file was 

created is saved. All this information is needed to recreate the view exactly as shown. 

The picture ftIe can be edited to change the saved view. An example picture file is given in the user's 

guide (Sparrer and Knight, 1988). All the entries in the file are explained in that example. The user 

should be careful in editing the file, changes can be made that would misrepresent the stresses or 

forces. 

When restoring a picture, the ftIe discribed above is read. The routine that opens GKS (Tektronix, 

1986; Tektronix, 1986a) and activates the terminal is called and the model is drawn using the 

drawing subroutine. The contour legend, axes, and saved date and time are also displayed. Any 

option included in the saved view, such as a title, displayed nodes, or active volumetric slicing 

planes, will be properly represented in the restored picture. 
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CHAPTER 5 - EXAMPLE APPLICATIONS 

Two models are used to demonstrate the usefulness of BEASID. The rust model, a gondola train 

car, was developed by Schmidt and Knight (1987). The second model is of a hopper train car de

veloped by C.C. Jara-Almonte and Knight (1984) and adapted to the Applicon computer system. 

Two loading conditions will be presented for the gondola car and three for the hopper car. 

A brief explanation of the model and loading conditions will be given for each example. BEASID 

plots for each load case will be presented. The plots will be of the recovery points with the largest 

stresses. The illustrated strengths of the program will be discussed after each example. 
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GONDOLA CAR 

The gondola model is of a proposed new design for an aluminum and steel car. The first condition 

is the weight loading of the car with a full load of coal. The second condition is the weight case 

with a buff load. The buff load is a large compressive load applied to the couplers. The gondola 

car model with this loading is shown in fig. 7. The view is overhead, looking down inside the car 

with the right end nearest the viewer. The applied forces for the buff loading are F = ItOOOtOOO Ib 

and M=463,OOO in-lb at the couplers. Details of the model and loading can be found in Schmidt 

and Knight (1987). Figure 7 also labels the major groups of beam elements. 

The car end brace arrangements in fig. 7 are different on either end. The car was modeled this way 

to evaluate two different designs. The final proposal was the 5 end brace configuration. The plots 

given in this section will focus on this end. 

COAL AND CAR WEIGHT LOADING 

Figure 8 shows combined stresses in the weight loading case. All beam. elements are shown. The 

largest tensile stress is near 17.0 kpsi and maximum compressive stress is -18.7 kpsi. Since the 

loading is symmetric, a longitudinal and transverse cut through the center will improve the display. 

The transverse cut can be made despite the different end configurations. The effects of the different 

ends are only localized. Figure 9 is a one quarter model which is identical to fig. 8 with the use of 

symmetry and six contours. The view is rotated to look into the end with the final design config

uration. This figure clearly shows the maximum stresses in the centersill, draftsill, and top chord. 

Areas of increased stress are also seen in the sidestakes at the diagonal braces and at the ends. All 

stresses are well within acceptable limits. 
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Element groups can be plotted separately for improved evaluation of each group. Plots of higher 

stressed elements are shown in figs. 10 - 13. These plots show the stress distributions clearly. 

Sidestakes and end braces are shown in fig. 10. The stresses in these elements range between -10.5 

and 10.6 kpsi. Top chord stress distributions are shown in fig. 11. The maximum stresses are 10.5 

and -8.6 kpsi. Stresses of these magnitudes occur throughout the beam. The centersill and draftsills 

shown in figs. 12 and 13 are the highest stressed beams with maximum stresses of 17.0 and -18.6 

kpsi. Stresses of those magnitudes appear over much of the centersill. The largest stresses. how

ever, occur in the draftsill area. 

BUFF AND WEIGHT LOADING 

Schmidt and Knight (1987) reported the buff with weight loading as the worst case. This loading 

is also symmetric, therefore, fig. 14 shows a quarter of the model. It is clear that, under the com

bined buff and weight load, the centersill and draftsill are the main areas of concern. Compressive 

stresses reach -49.7 kpsi in the centersill/draftsill region but are much lower throughout the re

mainder of the model. 

The stress plot of the centersill and draftsill in fig. IS shows the largest stresses near the ends. The 

stress in the centersill is below the allowable but the draftsill stress is above the allowable. However, 

the draftsill is a standard design and has not historically been a cause of maintenance problems. 

Therefore, the design of the draftsill should not be altered. 

Figures 16, 17, and 18 show stress distributions in sidestakes, top chords, and sidesills. Even the 

worst stress of -13.1 kpsi for these cases is well within acceptable limits. 
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GONDOLA CONCLUSIONS 

The plots of this example demonstrate how BEAsm can be used to visualize beam stresses. Areas 

of high stress and stress distributions can be easily seen. In the prior report for this example, beam 

stress results were presented in tables, which is much harder to visualize. 
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HOPPER CAR 

The hopper car model was developed by C.C. lara-Almonte and Knight (1984) with additional 

results reported by Roach and Knight (1986). The model was originally developed with SDRC 

IDEASTM (Structural Dynamics Research Corp'J 1988) software and later adapted to the Applicon 

system. BEASTD found discrepancies between models and unreported areas of high stress. 

Three loading cases were examined for the hopper car. The first case is the loading due to a full 

load of coal. The second case, shown in fig. 19, is the buff-load case of 1,000,000 Ib compressive 

load with a 463,000 moment at the couplers. The view is from an elevated position with the left 

end nearest the viewer. The last case is the side bearing load case shown in fig. 20. The upward 

forces are 114,000 lb. The weight loading is included in both the second and third cases. Figures 

19 and 20 also label the major beam groups. 

COAL AND CAR WEIGHT LOADING 

Figure 21 shows all the beams in the hopper car. The stresses shown are not symetric, however, 

this is because the stress recovery point is on the inside for one side of the car and on the outside 

for the other. The stresses are truly symetric for all inside (or all outside) recovery points. Figure 

22 utilizes one quarter symmetry to present the information from fig. 21. This view shows highest 

stresses in the side stake s, top flange of the body bolster beam, and frame elements around the 

hopper doors. 

Roach and Knight (1986) did not report the stresses on the body bolster flange or door framing 

elements. These stresses are higher then 20 kpsi and lower then -20 kpsi. It is easily seen that the 
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Figure 21. HOPPER CAR WEIGHT LOAD (RECOVERY PT. I) 
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Figure 22. HOPPER CAR WEIGHT LOAD - 1/4 MODEL (RECOVERY PT 1) 
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highest compressive stress in the sidestakes occurs at the inside diagonal brace junction. The 

highest stresses also show up in some sidestakes and the sidesill near the hopper doors. 

BUFF AND WEIGHT LOADING 

A quarter model of the buff and weight load case is shown in fig. 23. With this figure, a discrepancy 

was found between the original SDRC model and the adapted Applicon model. The stress of -52.8 

kpsi at the marked location was -27.3 kpsi in the original model. All other stresses are of the same 

order of magnitude as the original model. This discrepancy had been overlooked prior to these 

graphic displays. Figure 24 shows the same view but with the minimum displayed stress changed 

to that of the next lowest stress for that recovery point. The area of model disagreement is shown 

in black. Large stresses are again found in the door framing elements. These stresses were con

ftmled by examining the result ft.Ies of the oringinal model but had not been previously reported 

by Roach and Knight( 1986). 

Neglecting the model differences, fig. 24 demonstrates that the main areas of concern are the 

centersill and sidesills. The largest centersill stresses occur near where the floor and centersill meet. 

Figure 25 shows these stresses to be as low as -41.2 kpsi. The sidesill elements shown in fig. 26 

have stresses as low as -38.0 kpsi. The largest stresses occur near the junctions of the floor and 

sidesills. 

SIDE BEARING AND WEIGHT LOADING 

This case is the most severe of the three load cases. Roach and Knight (1986) reported the largest 

stresses as .. 53 kpsi and 43 kpsi which only reflects the sidestake, sidesill, end chord, top chord, and 

centersill elements. The loading is antisymmetric, therefore, half-model plots are required to ade-
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Figure 23. HOPPER CAR BUFF AND WEIGHT LOAD (RECOVERY PT. 3) 
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Figure 24. HOPPER CAR WEIGHT & BUFF LOAD - MIN. DISPLAYED STRESS CHANGED 
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Figure 25. HOPPER CAR BUFF AND WEIGHT LOAD (CENTERSILL - RECOVERY PT 3) 
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quately represent stress distributions. Figure 27 shows stresses as large as 82.7 kpsi and ·81.8 kpsi. 

These stresses do not occur in the above element groupSt as shown in fig. 28. The minimum and 

maximum displayed stress has been changed to -54 kpsi and 44 kpsi respectively. The elements in 

black are those that lie outside this range. All the black elements are door frame or comer elements 

and were not among those reported in the reference. These high stresses were confmned by ex

amining the original model's results file. 

The elements reported by Roach and Knight (1986) are shown in fig. 29. The stresses of this figure 

correspond well with those reported. The largest stresses of these elements are in the side stakes 

at the inside diagonal brace connections. 

HOPPER CAR CONCLUSIONS 

The hopper car example demonstrates clearly the advantage of a graphics presentation. Model 

discrepancies and overlooked high-stress areas were discovered. These high stresses were over

looked because of the difficulty in scanning lists of data and because they were not included in the 

primary groups of structural members for the car design. It is important to identify such areas, 

which is done at a glance with BEASTD. 
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Figure 27. HOPPER CAR SIDE BEARING AND WEIGHT LOAD (RECOVERY PT 4) 
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Figure 28. SIDE BEARING AND WEIGHT LOAD - DISPLAY STRESSES MODIFIED 
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Figure 29. HOPPER CAR SIDE BEARING AND WEIGHT LOAD - REPORTED ELEMENTS 
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CHAPTER 6 - CONCLUSIONS AND 

RECOMMENDATIONS 

A computer program that will graphically display beam finite element analysis results was devel

oped. Tbis program is a great improvement over list scanning for complex models. The two ex-' 

amples presented in Chapter 5 demonstrate the value of the program. BEASTD can be used as 

both a presentation and a modeling diagnostic tool. Results can be presented without including 

long lists of stresses. High stress areas and modeling discrepancies can also easily be seen. There

fore, time can be saved from having to search through columns of stresses. 

Further improvements can be made to the program. Perhaps the most pronounced problem is in 

displaying forces and moments. This is a difficult task and is not done satisfactorily. The beam 

nodal defInition must he known in order to understand the display. For this reason, current dis

plays are misleading and difficult to understand. To adequately display these forces, the program 

should detennine orientations and treat the forces accordingly. 

A method of displaying the applied extemalloads would also be valuable. However, since only 

beam elements are drawn (and not necessarily all beams), this is not practical. Loads could be 

applied to the elements that are not displayed. These loads would appear to be in "mid-airH when 

CHAPTER 6 - CONCLUSIONS AND RECOMMENDATIONS 67 



displayed and thus be confusing. Therefore, it is not suggested that an option be included to display 

these forces. 

An option to easily display every beam in the model is also needed. Presently, every beam physical 

property set number must be entered to do this. Each stress recovery point must currently be dis

played in order to detennine the largest stress. The program should be modified to fmd the recovery 

point with the largest stress. Before a new stress component can be displayed, the terminal is de

activated and GKS is closed so that graphics commands can not be used. The option to display 

another stress component could be incorporated into the main menu. 

In many places, an unexpected input (such as number data when character data is expected) will 

cause the program to tenninate. There are two means of preventing this from occuring. The first 

method is to accept everything as character data and check it hexidecimally to insure that it is a 

proper response. The data then has to be converted to the proper format. The second method is 

to use the error trapping available in the GKS software. This would require several call statements 

to GKS subroutines. Either method requires several lines of code to accomplish. This error traping 

should be included in the program to make it more fool proof. 

Computers from two different companies are used in the Mechanical Engineering Department at 

Virginia Tech. These computers are from IBM and Digital VAX. BEAsm is available on the 

IBM computer (VM3) but the Applicon solution flIes are created on a VAX computer. A fmal 

recommendation is to transfer the program from the IBM to the VAX environment. Currently this 

is no~ possible because the graphics package used, PLOTIO GKSTM (Tektronix, 1986), is unavail .. 

able on VPI's Mechanical Enginering VAX computers. Transfer of ft.les between VAX and IBM 

is difficult. Solution flIes must be copied from the Applicon system VAX computer to the Me

chanical Engineering department's main VAX. The flIes then must be sent to VM3. The files then 

have to be modified back to the original conflgurations. No important data is lost and the mod .. 

ifications are not difficult. However, this would be unnecessary if the transfer did not take place. 
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