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Abstract 

A user controlled interactive computer graphics postprocessor for two-dimensional 

static and dynamic finite element analysis has been developed. This post processor 

is a menu driven interactive program. This post processor supports more than 50 

graphics devices. This program can manipulate the original finite element mesh 

data, displacement, stress, strain and up to four any any other values such as 

temperature. The user can choose any one of the following methods to display the 

values: Deformed mesh, Vector flow, Color Contours or Curved Contours. 

With this postprocessor, an improved contouring algorithm has been devel­

oped specially for finite element method. This algorithm uses the same isoparamet­

ric element representation as used in the analysis stage. That means the contour 

curves axe accurate assuming that the nodal values axe accurate and the real values 

inside the element can be interpolated by the element shape functions. So, this 

algorithm provides a continuity as the same order as that if the shape functions 

used for the finite element. 



10 

Chapter 1 

Introduction 

1.1 General 

As the size, complexity and sophistication of the problems being tackled by finite 

element methods [1] increases, the task of data preparation and interpretation of 

results becomes extremely difficult. The most common solution to this problem 

is to take the advantage of the power of modern interactive computer graphics 

technology. The modern interactive computer graphics software technology and 

reduced graphics hardware cost have changed even the whole procedure of finite 

element analysis from "computer analysis" to "computer-aided analysis". This 

change has led to the development of suitable pre- and postprocessors which save a 

great amount of time and effort in data preparation and result presentation. Thus 

development and use of pre- and postprocessors has become a very important 

part for a modern finite element analysis. Both preprocessor and postprocessor 

sometimes are called "auxiliary finite element programs". These auxiliary finite 

element programs dramatically improve the quality and efficiency of the human-

computer communication. 

Preprocessor performs such tasks as geometry definition, geometry dis­

cretization (mesh generation), model display and verification, model editing, node 

and element numbering as well as load and boundary condition definition. 

Postprocessor is concerned with interpretation and presentation of the result 

which usually is a list of nodal values of the unknowns, functions or derivatives of 

the unknowns. With the modern computer graphics techniques, the vast amount 
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of numerical data can be reduced to a compact and easily understood form, "A 

picture is worth a thousand words." Indeed, good graphics may reveal much to 

the analyst that would not otherwise be obvious. The main objective of this study 

has been to develop a postprocessor for static and dynamic finite element analysis 

with IBM Personal Computer. 

1.2 Auxiliary Finite Element Programs 

1.2.1 Pre-processing 

The idealization of a given structure is the first step in the finite element analysis 

process. The actual structure is replaced by a collection of finite elements, and 

thus is replaced by an idealized or computational model. Following the conceptual 

idealization of the structure, the necessary input data (e.g., coordinates, geometric 

data, loading) must be prepared. The preparation of the input data for a complex 

structure can be a time-consuming operation and will most likely contain errors. 

The error diagnostic system of a modern finite element program will auto­

matically detect most of the data input errors before extensive computations are 

carried out. However, some typical user errors (e.g., wrong nodal point coordinates, 

wrong element connections, overlapping elements) would be difficult to detect in 

this manner. In these cases a graphical representation of the structure is invaluable. 

This is typically what a preprocessor does. 

1.2.2 Post-processing 

The increase of the size and sophistication of the problems solved by using the finite 

element method in the past years has made the representation and interpretation 

very difficult. A postprocessor can help the analyst to get the most from the huge 

amount of numbers generated from finite element analysis program. 

A postprocessor usually perform the following tasks: 

1. displays and plots results (displacements, stresses, strains, etc.) in 

various forms of presentation, 
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2. generates and displays contour lines, 

3. computes and displays principal stresses, 

4. displays the deformed shape of the structure, 

5. prepares plots suitable for inclusion in reports summarizing the anal­

ysis, 

6. extracts maximum displacement and stress value, and 

7. selects data for display. 

1.2.3 Contouring 

Contouring of stresses and displacements is a useful and popular postprocessing 

operation. Just like a contour map is very useful to know the height of any point 

in an area, a contour stress picture can tell the approximate stress value at any 

point over the analyzed structure. It is very convenient to find the maximum 

stress or deformations over the structure with a contour picture of the stress or 

deformation values. 

Especially when the contour values are flexible, it is very useful for the user 

to determine whether the stress or deformation has exceeded the limit and, if so, 

in which part of the structure it has occurred. This feature is very important in 

CAD (Computer-Aided Design). 

1.3 Literature Review 

Literature on the pre- and postprocessing for finite element analysis is wide. It is 

only intended to mention some of it. Reference [2] gives a very good description 

on the development of pre- and postprocessing and the application of interactive 

computer graphics in finite element analysis. Reference [3] gives a basic general 

view of the contouring problem. Reference [4] gives an algorithm by dividing the 

whole geometry region into triangles. Then interpret each triangle with the corner 

values by using a bi-quintic polynomial. 
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Many researchers have contributed toward the contouring problem in fi­

nite element analysis field. Meek and Beer performed contouring on the element 

isoparametric surface [5] . Akin and Gray developed this concept and gave some 

numerical examples [6]. Their method takes the derivative of the contour curve as 

the direction of each tracing step. It could mislead the contour curve, when the 

change of the derivative or the tracing step is too big (see Figure 1.1). They im­

proved this algorithm by adding a correction term [7]. But it is still an approximate 

method. 

The algorithm developed in this research divides the element into small grids 

in the isoparametric space. It uses derivative only to help determine which grid 

line the contour curve will reach in current step, then calculates the exact contour 

location on that grid line. Finally, the contour curve is connected between these 

two grid lines by linear interpretation. In this way, the contour curve is accurate 

on grid lines (see Figure 1.1). 

1.4 Objective of the Research 

The objective of this research is to develop an interactive postprocessor for two-

dimensional static and dynamic finite element analysis. The postprocessor should 

have the following capabilities: 

1. processing both static and dynamic output data, 

2. being independent from any particular finite element program, 

3. displaying the deformed shape of the structure, 

4. displaying any vectorial value in vector flow form 

5. displaying stresses and strains, 

6. calculating and displaying principal stresses, 

7. calculating and displaying stress contours, and i 

8. plotting the drawings on color printer. 
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Figure 1.1: Schematics of algorithm for contouring 
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Chapter 2 

Postprocessor 

2.1 General 

In order to be independent of particular finite element program, this postprocessor 

reads a neutral data file which can be either prepared by a finite element program 

or an interface program between the finite element program and this Postprocessor. 

The format of this data file is specified in Appendix A. 

In order to obtain most machine independence , a GKS (Graphics Kernel 

System) standard graphics library [8] has been adopted to do the low-level graphics 

routines, such as draw a line, fill a predefined polygon with a color and write a given 

text string. A CGI (Computer Graphics Interface) device driver library [9] is also 

adopted to support more graphic devices. 

2.2 Capability 

This is an interactive general purpose postprocessor for two-dimensional static 

and dynamic finite element analysis. The user has full control of the program by 

pointing the on-screen menu with a mouse. 

The user can select any time step for dynamic problems or any load step 

for nonlinear problems. The program can draw the deformed mesh or vector flow 

for any vectorial value like displacement. The program can give two different 

kinds of contour representation of any scalar quantity such as principal stress and 

displacement in one direction. The color contour representation is designed for 
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color screen, color printer and color plotter. The curve contour representation is 

the ordinary contouring and is designed for single color screen, printer and plotter. 

2.3 Program Structure 

Because it is an interactive program, its structure is different from an ordinary 

analysis program. 

The main program involves a big loop. It always checks if the user has 

issued any command by pressing the left button on the mouse. If the left button 

of the mouse has been pressed and released again, the program will check if the 

mouse is located on a menu item. If so, the program then calls the corresponding 

function (subroutine in FORTRAN), this program is written in C, to perform the 

requested task, otherwise it returns to the big loop. If the called function has its 

own menu page, it will replace the higher level menu page with its own, and do 

the same thing as in the main program until the called function has no more menu 

pages. 

The relationship between the finite element program and this postprocessor 

is shown in Figure 2.1. To be able to work with any finite element program, this 

postprocessor reads the data from a neutral data file which can be prepared either 

by a subroutine within finite element program or a separate interface program for 

that particular finite element program. The detailed format of the data file can be 

found in Appendix A. 

Figure 2.2 is a brief visual table of contents (VTOC) of the program. Fol­

lowing is a brief description of each function (subroutine). 

DYFEP2D stands for DYnamic Finite Element Postprocessor in 2-

Dimension. This is the main program. 

input reads the input file and creates all necessary arrays according to the 

size of the given problem. 

gettitle reads in the TITLE line in the input data file. 



17 

•utput 

File 

Neutral  Interface 

Finite Element 
Analysis Program 

Postprocessor 

Figure 2.1: Finite element prograjn and postprocessor 
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getgeneral reads in the general control data such as the total number of 

nodes and the total number of elements. 

getelement reads in the element information. 

getdefinition reads in the element definition which defines how many 

nodes for each element type used. 

getconnection reads in the element connectivity information for each el­

ement. 

getnode read in the coordinates for each node.. 

gettime reads in the time value and the unknown values at that time point 

for each time step. 

getdisplace reads in the displacement for all nodes at a certain time point. 

getstress reads in the stress values for all nodes at a certain time point. 

getstrain reads in the strain values for all nodes at a certain time point. 

getothers reads in values other than displacement, stress or strain, such 

as temperature for all nodes at a certain time point. 

setup_menu lets the user select which value to be displayed and how to 

be displayed by picking up a menu item on the screen. 

set_origin lets the user setup how to display the original finite element 

model such as whether the node number or the element number should 

be displayed. 

set-object lets the user select which unknown value (displacement, stress, 

strain etc.) to be displayed and which mode (deformed mesh, vector 

form, contour etc.) to be used to display the value. 

zoom lets the user the zoom in or out to see any part of the structure in 

detail. 



change-class lets the user change the contour value(s). 

draw draws the picture on the screen, printer or plotter. 

draw_origin draws the original structure such as the original finite ele­

ment mesh, node numbers and element numbers. 

draw_mesh draws the draws the finite element mesh which can be either 

an original mesh or a deformed mesh. 

draw.node_numb draws the node numbers on the original mesh. 

draw-elemt-numb draws the element numbers at the center of each ele­

ment on the original mesh. 

draw_object draws the known value. 

draw.vect draws the unknown value in vector flow form. 

draw_cont draws the unknown value in contour form. 

plot redirects the drawing to a printer or a plotter. 

shutdown deactivates all the devices used by the GKS and exits the pro­

gram. 
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Figure 2.2: VTOC of the program 
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Chapter 3 

Color Contouring 

3.1 General 

The result from a finite element analysis usually is a list of nodal values of the 

unknowns and functions or derivatives of the unknowns. Lists of output data are 

difficult to appraise quickly, therefore suitable visual interpretations and represen­

tations of the numerical data are in demand. 

For vectorial values such as displacements, a deformed mesh or vector flow 

is appropriate. But for the values like temperature, stress or even the displacement 

in certain direction, a colored contour is more suitable to represent these values. 

Contouring was originally developed to draw the geographical maps which 

are the special case of a function of two variables. Data for contour maps may be 

specified in a variety of forms, depending on its source. The following terms are 

used to describe these forms [3] (see figure 3.1). 

A Regular Grid is one where the grid points axe equally spaced in both x 

and y with the spacing in x and y directions. When data is said to be specified 

on a regular grid, it is implied that a value is given for every point of the grid. 

An Irregular Grid is one where the grid points are not equally spaced in x and y 

directions. Again, for data specified on such a grid, it is implied that a value is 

given for every point of the grid. If the data is not specified in one of these two 

forms then it is said to be Scattered. 

The form of the data will determine the contouring algorithm used. Data 

on a regular grid is the easiest case for contouring. Alternatively, the scattered 
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Figure 3.1: Forms of data 
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data is the difficult ones. The resulting data from finite element analysis is usually 

the scattered data. There axe several different methods to handle the scattered 

data. The algorithm that will be described here utilizes the same shape functions 

involved in the finite element representation. 

In this algorithm, the whole region is divided into small elements, the same 

elements used in finite element analysis. Each element is mapped into an isopara­

metric surface by the same element shape functions used in the analysis stage and 

is divided into a grid. In this program, the grid is 10 X 10. This number will only 

affect the fineness of the contour curve. The larger this number is, the smoother 

the contour curve will be. Although the original node grid (the mesh) can be so 

called Scattered, the grid on the isoparametric space will be a Regular Grid. 

3.2 Contouring Using Isoparametric Element Rep­
resentation 

Assume the contour values are given in an increasing order, the smallest one equals 

to the smallest value in the region and the largest one equals to the largest value 

in the region. The program itself guarantees this requirement. 

For each element, find the largest and smallest nodal value and then compare 

to the given contour values to find which contour values will cross this element. 

The procedure always starts from the node which has the smallest value for each 

element and takes three steps to draw each contour value crossing the element: 

Locating the start point, Tracing the Contour Curve Across the Element, Closing 

the Contour Zone for Color Contouring. After all the contour curves are done, 

Closing the rest of the area as the higher contour zone. 

This algorithm works for both triangular and quadrilateral elements. It also 

works for higher order elements. For simplicity, a four node element is assumed in 

the following illustration (see Figure 3.2). 
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3.2.1 Locating the Start Point 

For a given element and a given contour value U0 which crosses this element. This 

procedure checks all edges of this element to find the intersection of the contour 

curve of value U0. If the intersection is found, this is the point to trace from. 

Denote this point as P\. 

Following is the derivation of the formula to obtain the intersection of a 

contour curve of value Uq and a grid line of £ = £0 or tj = t]Q for a four node 

element: 

We have the following element interpolation expression in the isoparametric 

surface [1]: 

where [/(£, 77) is the approximation to the unknown function U ( £ , r j ) ,  £ and 77 are 

the local coordinates and [JV] and {Uc} denote the shape functions and nodal values 

respectively. For a four node element, the shape functions are: 

(3.1) 

=  j ( i  - { ) ( i  - 1 )  

JV3<{.'») = j(i+ 0(i + i) 

= j(i -0(i +1) 

For U = UQ, the equation for contour curve is: 

W«,-?)K^} = Po (3.2) 

For fixed £ = £0: 

( 1  -  - F  U 4 )  +  ( 1  +  ( 0 ) ( U 2  +  U 3 )  -  4 U 0  

' (1 - (0)(U, - t/4) + (1 + - U3) 
(3.3) 

For fixed 77 = rj0: 

, _ (1 ~ ^7o)(^i + U 2 )  + (1 + V q ) { U A  + U 3 )  ~  4?70 

4  ~ (1 -  770XI/1 -  U2) + (1 + V O)(U4  -  U3)  
(3.4) 
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If the resulting f or TJ is in the range [—1,1], we say this is an intersection 

on this grid line. 

3.2.2 Tracing the Contour Curve Across the Element 

This is the major part of the algorithm (see Figure 1.1). From Equation 3.3, 

the derivative of the contour curve at the current point (£, rj) can be derived as 

following: 

l -(Ui + V,)  + (Ui + %•)] -  [-( f i  -  K0 + (V,  -  V3H1 , ,  „  
'  d( ( i_{)( jr1-K,)  +  ( i+{)(D-2-D'a)  w '  '  

where £ and 77 are the local coordinates of the current point. This 7/ determines 

the direction of current contour tracing. On the target grid line, determine the 

intersection point by using Equation 3.4 or 3.3 depending on whether the target 

grid line is a horizontal line or a vertical line. Take this point as start point 

and repeat the tracing procedure until the element edge is reached. Denote this 

intersection point as P2. 

3.2.3 Closing the Contour Zone for Color Contouring 

For a single color contouring, the closing procedure is simple. One only needs to 

connect all the points recorded from P] to P2 by straight lines. 

For a color contouring, one needs to paint the whole contour zone between 

contour curve UQ and the one below this value and/or the element edge(s) by the 

desired color. 

Repeat the Locating,  Tracing and Closing procedure as many times as the 

number of contour curves crossing this element. 

3.2.4 Closing rest of the area as the higher Contour Zone 

Finally, one needs to paint the rest of the area which is surrounded by the last 

contour curve and the rest part of the element edge with the color for the higher 

contour zone. 
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Chapter 4 

Application to Practical Problems 

4.1 General 

This Chapter is intended to provide verifications and applications of the foregoing 

postprocessor and the improved contouring algorithm to practiced problems. 

An existing masonry dam in India [10,11] subject to various loadings is 

analyzed. The finite element analysis program used to solve this structure problem 

is DYSTIN [12,13]. 

Figure 4.1 shows the cross-section of the dam. The foundation level is at 

30.5m and the crest level is at 68.59m. The maximum water level is at 65.9m. 

The drainage gallery, 2.5m x 3.3m, is provided just below the rock level, as shown 

in the figure. In view of the heavy seepage, the upstream face of the dam above 

the minimum water level (51.82m) has been provided with a two-layered gunite 

reinforced with wire grid. The thickness of each layer is 30 — 35mm with a height 

of about 16.77m. 

The behavior of the foundation material (Basalt), masonry, gunite and silt 

has been assumed to be linear elastic with the material properties as follows [10,11]: 

1. Foundation: 

Young's modulus 

Poisson's ratio 

Unit weight 

E 

v 

7 

= 2.1 x 10 skg/cm2  

= 0.2 

= 0.002256kg/cm3  
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2. Dam: 

Young's modulus 

Poisson's ratio 

Unit weight 

E = 2.1 x i t fkg/cm2  

v = 0.2 

7 = O.OO2256Jfc0/cm3 

3. Membrane: 

Young's modulus 

Poisson's ratio 

Unit weight 

E — 2.5 x 10skg/cm2  

v = 0.15 

7 = 0.002256fc<7/cm3 

Figure 4.2 and figure 4.3 are the finite element mesh and the enlarged mesh 

of the dam. 

Two static loading cases have been analyzed. First one involves self weight, while 

the second one involves the self weight plus the water pressure load. 

Figure 4.4 shows the deformed shape of the dam under its self weight, figure 

4.5 shows displacement vectors and figure 4.6 and figure 4.7 are the pictures of the 

major and minor principal stress contours. 

Figure 4.8 shows the deformed shape of the dam under the self weight and 

water pressure load, figure 4.9 shows displacement vectors and figure 4.10 and 

figure 4.11 are the picture of the major and minor principal stress contours. 

With the visual representation of the result, it is very easy to compare the 

above two loading cases. 

For the self weight load case, the dam deforms toward the upstream because 

of the nonsymmetric nature of the section. On the other hand, for the self weight 

plus water pressure load case, the dam deforms toward the downstream. For both 

4.2 Static Cases 
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Figure 4.1: Cross-section of Barvi Dam 



Figure 4.2: Finite element mesh for Baxvi dam 
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Figure 4.3: Enlarged finite element mesh for Barvi dam 
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Figure 4.5: Vector flow of deformation under self weight load 



Figure 4.6: Major principal stress under self weight load 
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Figure 4. 7: Minor principal stress under self weight load 
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Figure 4.8: Deformed shape under self weight plus water pressure load 
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Figure 4.9: Vector flow of deformation under self weight plus water pressure 
load 
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Figure 4.11: Minor principal stress under self weight plus wat 
load 
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of the cases, the vertical displacements are in the downward direction due to the 

gravity force. 

Prom the stress contour pictures, the area near the drainage gallery has the 

maximum compressive stress in the first case and the value is 8.78 kg fern2. In 

the second case, the maximum compressive stress appears near the base on the 

downstream side and value is 7.08 kg/cm2. It is clear that the water pressure 

reduces the compressive stress near the drainage gallery. 

4.3 Dynamic Case 

A dynamic loading case is also analyzed for the same dam. In this case, an earth­

quake excitation adopted from EI Centro 1940 earthquake record [14] is applied on 

the bottom of the foundation. Figure 4.12 shows the acceleration of the applied 

earthquake and the displacement integrated from the acceleration data. The earth­

quake force is applied on the bottom of the foundation as horizontal displacement 

excitation. The response of the dam to such earthquake load is computed in time 

interval [0.0, 3.0] second by a time step of 0.2 second. 

Figure 4.13 to figure 4.27 are the deformation of the dam at time 0.2 to 

3.0 second with a time step of 0.2 second. Figure 4.28 shows the the history of 

deformation at point A (see figure 4.3). With the visual representation of the 

results, it is very clear how the deformation of the dam changes along with the 

foundation excitation and how the inertial affects the deformation of the dam. 

Figure 4.29 and figure 4.30 are the major and minor principal stresses of 

the dam at time 2.0 second. Figure 4.31 and figure 4.32 are the major and minor 

principal stresses of the dam at time 2.2 second. Figure 4.33 shows the the history 

of major and minor principal stresses at point B and point C (see figure 4.3). 

Figure 4.34 shows the the history of major and minor principal stresses at point 

D and point E (see figure 4.3). These figures show how does the stress change 

in the dam along with foundation excitation. Corresponding to the two peaks of 

displacement excitation, there are two peaks of tensile stress (a3) at time 2.0 and 

2.2 second, and the maximum tensile stress appears at the weakest spot of the 
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Figure 4.12: Exciting acceleration and displacement 
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Figure 4.13: Deformation at time 0.2 second 
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Figure 4.14: Deformation at time 0.4 second 
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Figure 4.15: Deformation at time 0.6 second 
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Figure 4.16: Deformation at time 0.8 second 
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Figure 4.17: Deformation at time 1.0 second 
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Figure 4.18: Deformation at time 1.2 second 
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Figure 4.19: Deformation at time 1.4 second 
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Figure 4.20: Deformation at time 1.6 second 
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Figure 4.21: Deformation at time 1.8 second 
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Figure 4.23: Deformation at time 2.2 second 
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Figure 4.24: Deformation at time 2.4 second 
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Figure 4.25: Deformation at time 2.6 second 
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Figure 4.26: Deformation at time 2.8 second 
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Figure 4.27: Defonnation at time 3.0 second 
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Figure 4.28: History of deformation at point A (see figure 4.3) 
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dam, that is the area near the drainage gallery. 



Figure 4.29: Major principal stress at t ime 2.0 second 
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Figure 4.30: Minor principal stress at time 2. 0 second 
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Figure 4.31: Major principal stress at time 2.2 second 
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Figure 4.32: Minor principal stress at time 2.2 second 
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Figure 4.33: History of principal stresses at point B and C (see figure 4.3) 
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Figure 4.34: History of principal stresses at point D and E (see figure 4.3) 
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Chapter 5 

Summary 

5.1 Summary 

A user controlled interactive computer graphics postprocessor for two-dimensional 

static and dynamic finite element analysis has been developed in this research. 

The postprocessor described here has the following features: 

• It supports more than 50 graphics devices. A detailed list of the 

device supported and the Installing procedure can be found in [8] 

and [9] 

• It is a menu driven interactive program. The user uses a mouse to 

drive the program and decides what to be displayed or plotted on the 

screen or a graphics device to obtain a hard copy. 

• The user can select any time step for a dynamic problem. 

• This program can manipulate the original finite element mesh data, 

displacement, stress, strain and up to four any any other values such 

as temperature. 

• For each output value, there are four different modes to display the 

values: 

1. Deformed mesh, 

2. Vector flow, 
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3. Color Contours (for color graphics devices), and 

4. Curved Contours (for single color devices) 

• This program can also help user to check the original structure model 

by drawing the element and node numbers. 

With this postprocessor, an improved contouring algorithm has been devel­

oped specially for finite element method. For proper use of this algorithm, the 

following remarks seem pertinent: 

• It needs the element connectivity information. So, it is not a general 

contouring program, unless the contouring region can be divided and 

the nodal values and the element connectivity information is available. 

• It uses the same isoparametric element representation as used in the 

analysis stage. That means the contour curves are accurate assum­

ing that the nodal values are accurate and the real values inside the 

element can be interpolated by the element shape functions. So, this 

algorithm provides a continuity as the same order as that if the shape 

functions used for the finite element. 

• It requires only straightforward procedures. No problem concerning 

computational stability or convergence exists. 

• It processes the data element by element. In this way, the needs for 

working memory and processing time are optimized and reduced. 

• Two nodes in an element are not allowed to have the same coordinates 

in the proposed algorithm. In other words, a four node element can 

not present a tree node geometry region by putting two nodes on the 

same point. 

• Closed contour curves inside an high order element can also be plot­

ted, if necessary. 
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• The number of grid within an element will not affect the accuracy on 

the grid lines. 
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Appendix A 

User's Manual for DYFEP2D 

A.l Introduction 

This is a general purpose post-processor for two-dimensional static and dy 

finite element analysis. It can 

1. display the original structure mesh with option for 

a. original node numbers, and 

b. original element number; 

2. display displacement at any time step with option for 

a. original structure mesh, 

b. deformed mesh or vector form, 

c. colored contouring for x or y values, and 

d. curved contouring for x or y values; 

3. display stresses at any time step with option for 

a. original structure mesh, 

b. colored contouring for major principal stress or minor principal 

stress, and 

c. curved contouring for major principal stress or minor principal 

stress; 
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4. display strain at any time step with option for 

a. original structure mesh, 

b. colored contouring for major principal strain or minor principal 

strain, and 

c. curved contouring for major principal strain or minor principal 

strain; 

5. display up to four any other values such as temperature at any time 

step with option for 

a. original structure mesh, 

b. deformed mesh for the first two values, 

c. vector form for the first two values, 

d. colored contouring for any one of the values, and 

e. curved contouring for any one of the values; 

• 6. enlarge any user defined part of the structure for detail; and 

7. make hard copy on color or white and black printers or plotters. 

With the advantage of GKS (stands for Graphics Kernel System) standard 

graphics library, this program supports more than 50 monitors, mouses, printers 

and plotters. Figure A.l gives an overview of the program's menu structure. 

A.2 Input data file format 

This program first reads an input file which can be prepared either by a finite 

element program or by an separate interface program between the finite element 

program and this post processor. The following is the format for the input file. All 

the capitalized words are the subtitles which have to be in upper case. The words 

in the parentheses (...) are the brief explanations of the values. Do not put these 

words in the actual data file. All data in the data file is free format within each 

line. 
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Figure A.l: DYFEP2D user menu structure 
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TITLE 

title 

(problem title line) 

GENERAL 

ndimen,netype,nelemt,nnode,nconst,nload,ntime,nmode,nothers 

(number of dimensions presently is two, number of element 

types used, number of elements, number of nodes, number 

of constrains, number of load points, number of time steps, 

number of vibration modes and number of other values such 

as temperature, the maximum of this value is four) 

ELEMENT 

DEFINITION 

(repeat for all element types) 

ietype,nenode 

(element type number, number of element nodes) 

CONNECTION 

(repeat for all elements) 

ielemt, ietype, (repeat for all element nodes) ienode 

(element number, element type, element node number) 

NODE 

(repeat for all nodes) 

inode, (repeat the number of dimensions) xyz(i) 

(node number,node coordinates) 

CONSTRAIN 

(repeat for all constrains) 

inode,idof,displa 

(node number, degree of freedom, value of displacement) 

(repeat for all time steps) 

TIME 

time 

(time value) 



LOAD 

(repeat for all nodal loads) 

inode,idof,loadtype,value 

(node number, degree of freedom, nodal load type, 

load value, loadtype = 1: force load, 

loadtype = 2: displacement load) 

DISPLACE 

(repeat for all nodes) 

inode, (repeat for the number of dimension) dxyz(i) 

(node number, nodal displacements) 

STRESS 

(repeat for all nodes) 

inode,sx,sy,sz,txy, (if ndimen=3) tyz,tzx 

(node number, stresses <rx or aT in axis-symmetry case, 

(Xy or a£, stress az or ag, shear stresses Txy or ttx, 

Tyz Or TzQ) Tix or Trg) 

STRAIN 

(repeat for all nodes) 

inode,ex,ey,ez,gxy, (if ndimen=3) gyz.gzx 

(node number, strains ex or sT in axis-symmetry case, 

ey or ez, e~ or eg, shear strains 7xy or yrz, 

7y* or IzOi Izx or -yr0) 

OTHERS 

(repeat for all nodes) 

inode, (repeat for the number of nothers) value(i) 

(node number, others value) 

Following is a sample data file. 

TITLE 

Test data set No.l, March 26, 1989 



GENERAL 

2 1  1 0  1 8  2 2 2 0 0  

ELEMENT 

DEFINITION 

1 4 

CONNECT ON 

1 1 4 5 2 

2 2 5 6 3 

3 4 7 8 5 

4 5 8 9 6 

5 7 10 11 8 

6 8 11 12 9 

7 10 13 14 11 

8 11 14 15 12 

9 13 16 17 14 

10 14 17 18 15 

NODE 

1 0. OOOOOOOE+OO 6 •7500000E+00 

2 0. OOOOOOOE+OO 1 .6000000E+01 

3 0. OOOOOOOE+OO 3.OOOOOOOE+Ol 

4 2. o
 
o
 
o
 
o
 
o
 
o
 
o
 

M
 

+
 
o
 

o
 

6 . 6400000E+00 

5 4. 0000000E+00 1 . 6000000E+01 

6 7. 5000000E+00 3 .OOOOOOOE+Ol 

7 4. 5000000E+00 6 . 1900000E+00 

8 8. 5000000E+00 1 .3500000E+01 

9 1. 4000000E+01 2 .1330000E+01 

10 7. o
 
o
 
o
 
o
 
o
 
o
 
o
 

M
 

+
 
o
 
o
 

5 . 2800000E+00 

11 1. 3000000E+01 1 .0000000E+01 

12 1. 9000000E+01 1 .4670000E+01 

13 1. OOOOOOOE+Ol 3 . 0900000E+00 

14 1. 7000000E+01 5 .OOOOOOOE+OO 



15 2 .4000000E+01 8 . OOOOOOOE+OO 

16 1 .1250000E+01 0 . OOOOOOOE+OO 

17 2 .OOOOOOOE+Ol 0 •OOOOOOOE+OO 

18 3 .OOOOOOOE+Ol 0 .OOOOOOOE+OO 

CONSTRAIN 

4 1 -2.4 

4 2 2.4 

TIME 

1 

LOAD 

2 11 

2 2 2 

DISPLACE 

-2.4 

2.4 

1 O.OOOOOOOE+OO -3. . 1311083E-01 

2 O.OOOOOOOE+OO -3. 7338715E-01 

3 O.OOOOOOOE+OO 0. OOOOOOOE+OO 

4 3.0080512E-02 -3. 0516218E-01 

5 1.8902582E-02 -3. 5436494E-01 

6 -4.6195839E-03 -4. 2609111E-01 

7 7.0630603E-02 -2. 7356420E-01 

8 5.0161945E-02 -2. 6777165E-01 

9 2.9592090E-02 -2. 1028831E-01 

10 1.1739963E-01 -2. 0996171E-01 

11 1.1412758E-01 -1. 3726750E-01 

12 9.1393489E-02 -6. 7717242E-02 

13 1.7326592E-01 -1. 0011756E-01 

14 2.0131237E-01 -2. 9296833E-02 

15 1.8887420E-01 7. 2708762E-03 

16 1.8925388E-01 0, OOOOOOOE+OO 

17 2.3246770E-01 0. 

o
 
o
 

+
 
w
 
o
 

o
 
o
 
o
 
o
 

o
 
o
 

18 2.2829068E-01 0. o
 
o
 
o
 

o
 
o
 
o
 
o
 

M
 

+ o
 
o
 



TIME 

2 

LOAD 

2 

2 

DISPLACE 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

TIME 

2 

LOAD 

2 

2 

DISPLACE 

1 

1 1 -2.4 

2 2 2.4 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

3.0080512E-02 

1.8902582E-02 

•4.6195839E-03 

7.0630603E-02 

5.0161945E-02 

2.9592090E-02 

1.1739963E-01 

1.1412758E-01 

9.1393489E-02 

1.7326592E-01 

2.0131237E-01 

1.8887420E-01 

1.8925388E-01 

2.3246770E-01 

2.2829068E-01 

-3.1311083E-01 

-3.7338715E-01 

O.OOOOOOOE+OO 

-3.0516218E-01 

-3.5436494E-01 

-4.2609111E-01 

-2.7356420E-01 

-2.6777165E-01 

-2.1028831E-01 

-2.0996171E-01 

-1.3726750E-01 

-6.7717242E-02 

-1.0011756E-01 

-2.9296833E-02 

7.2708762E-03 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

O.OOOOOOOE+OO 

1 1 

2 2 

O.OOOOOOOE+OO 

-2.4 

2.4 

-3.1311083E-01 
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2 0 .OOOOOOOE+OO -3.7338715E-01 

3 0 .0000000E+00 -5 . 1523701E-01 

4 3 •0080512E-02 -3 .0516218E-01 

5 1 .8902582E-02 -3 . 5436494E-01 

6 -4 .6195839E-03 -4 .2609111E-01 

7 7 .0630603E-02 -2 .7356420E-01 

8 5 .0161945E-02 -2 . 6777165E-01 

9 2 .9592090E-02 -2 . 1028831E-01 

10 1 .1739963E-01 -2 . 0996171E-01 

11 1 .1412758E-01 -1 . 3726750E-01 

12 9 .1393489E-02 -6 .7717242E-02 

13 1 .7326592E-01 -1 .0011756E-01 

14 2.0131237E-01 -2 . 9296833E-02 

15 1 .8887420E-01 7 . 2708762E-03 

16 1 .8925388E-01 0 .0000000E+00 

17 2.3246770E-01 0 .OOOOOOOE+OO 

18 2 . 2829068E-01 0 .OOOOOOOE+OO 

Figure A.2 and figure A.3 show the original finite mesh for the above sample 

data file and its deformed mesh. Figure A.4 is the curve contour of deformation in 

Y direction. 

A.3 Starting the program and load input data 

There are two ways to start the program on IBM Personal Computer. 

1. Insert the DYFEP2D program in drive A, then type A:DYFEP2D fol­

lowed by a RETURN. 

It takes about 1 to 2 minutes for the program to initialize. After the 

initialization, a ROOT MENU will appear in the menu area on the 

right side of the screen which has the following choices; 

EXIT 
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Figure A.2: Finite element mesh for sample data file 



Figure A.3: Deformed mesh for sample data file 
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INPUT 

LAYOUT 

REDRAW 

ZOOM 

PLOT 

The first thing the user need to do is to move the mouse cross-hair 

on the INPUT, and press the left button on the mouse to load in 

the input data. The program then will ask for the file name. The 

user need to type in the input data file name with the drive and path 

name, if necessary. 

2. Insert the DYFEP2D program in drive A, then type A:DYFEP2D fol­

lowed by the input data file name and RETURN. 

In this way, the program will automatically load the given data file 

after the initialization. 

If there is no error in the data file, the program should draw the original 

structure mesh in the drawing area on the screen and the ROOT MENU will come 

up again but without the INPUT item. Now the user can pick up the LAYOUT 

item to specify which value need to be displayed and how to be displayed. 

If there should be any error in the data file, the program will quit and 

give the control back to DOS. It is recommended to read the file with the name 

ERROR.M3G for a detailed report about the error(s) in the data file. 

A.4 Selecting which value to display 

If the data file has more than one time step (for dynamic analysis), the program 

will ask the user to give the time step value of interest at each time the LAYOUT 

menu item is selected. 

Normally, the input data file contains several different values such as ORIG­

INAL DATA of the structure, DISPLACEMENT, STRESS etc. By moving the 
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mouse on LAYOUT in the ROOT MENU and pressing the left button, the user 

can select which value the user want to see. The LAYOUT menu will come out 

with the following choices: 

ORIGINAL DATA 

DISPLACEMENT 

STRESS 

STRAIN 

OTHERS 

If the input data file does not have some of the values, the corresponding 

choice will not appear. By picking up any of the available choices, the user specifies 

which value he/she wants to see. There is only one value that can be selected at a 

time except the original data. 

If the data file has more than one time step (for dynamic analysis), the 

program will ask for the time value. 

A.5 Specifying the way to display the value se­
lected 

After the user selected the value, a new menu will appear with the following choices: 

MESH 

VECTOR 

COLOR CONTOUR 

CURVE CONTOUR 

If the value chosen was ORIGINAL DATA, the user will see MESH, NODE 

NUMBER and ELEMENT NUMBER instead of the above items. By pointing any 
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one of them, the user can switch it ON or OFF. The item that is ON will appear 

as high lighted. 

If the user's choice is MESH or VECTOR, a fifth menu item, MAGNIFI­

CATION, will appear on the screen to let the user change the default magnitude 

which is set in the way such that the largest deformation or the vector length is 

5% of the largest geometric size of the structure. And the program will display the 

X and Y values of the displacement or the first two values of the OTHERS value 

in deformed mesh or vector flow form. 

If the user's choice is COLOR CONTOUR or CURVE CONTOUR, the 

program will ask for which one of the available values to be contoured. The COLOR 

CONTOUR will display the value in nine colored contour zones, while the CURVE 

CONTOUR displays the value in ten contour curves. After the contouring is done, 

there also will be ten contour values on the bottom of the menu area. By picking 

up any one of them, except the first and the last one, the user can change the 

contouring value. The user can do this as many times as the user want. The only 

restriction is to keep the values in order before the REDRAW command can be 

issued. 

After the user finishes with this menu, he/she needs to point on the EXIT 

menu item three times to go out from the value select menu, then the LAYOUT 

menu and then the ROOT MENU to get the image on the screen. 

A.6 Zooming the draft 

In the ROOT MENU, there is an item labeled ZOOM. By pointing on the ZOOM 

item, the user can enlarge any part of the structure to see the detail. There are 

four items in the ZOOM MENU: 

EXIT 

ZOOM IN 

ZOOM OUT 
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PREVIOUS 

ZOOM IN lets the user see any part of the structure specified by pointing 

the two diagonal corners of that part on the screen. 

ZOOM OUT brings back the whole structure. 

PREVIOUS gives the previous view of the structure, if there is a previous 

view defined. Otherwise, the program will act the same way as ZOOM OUT. 

After the user pick up the EXIT item in the ZOOM menu, the program will 

redraw the image. 

After finish the modification, press the left button on REDRAW, the pro­

gram will redraw the modified image. 

A. 7 Getting a hard copy 

To get a hard copy, move the mouse on the PLOT item in ROOT MENU then press 

the left button of the mouse. To get the best hard copies, use the color contour for 

color printer and plotters and use the curve contour for single color devices. 
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