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A program for PC-AT computers has been designed for computer-aided learning of beam plane
bending and for evaluation of quadratic moments of cross-sections. The progam is based on the
method of initial parameters and on the formulae derived and discussed in detail previously. The
description of the tasks to be solved, the input file preparation and evaluation of results are
facilitated by computer graphical tools.

INTRODUCTION

THE PROBLEM of plane beam bending is a
fundamental part of the mechanics of solids. The
task involves the statics of solid bodies/static
equations of balance, the method of a supposed
section, the law of superposition of effects, the
influence of the cross-section upon the mechanical
state of the beam/quadratic moments of cross-
sections, combined loading of beams, the hypo-
theses of the strength, deformation, of the beam,
etc.

In teaching, analytical methods are generally
used to solve these problems since these are
essential if the students are to understand the
problems fully. Because of time constraints, how-
ever, it is often impossible to solve more
complicated problems such as complicated load-
ing, static indeterminacy and beam deflection. To a
certain degree, this hinders a straightforward
demonstration of the topic and, consequently, a
better insight into the problem.

Utilizing our experience in teaching, we have
decided to develop a program for the PC-AT based
on one analytical method to solve the problem of
plane bending of one-field beams comprehen-
sively. Computer graphics offer the user an inter-
esting and efficient ‘technical game’ in which the
studied topic is better elucidated and, therefore,
fully understood.

* Accepted 15 April 1993.
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PROGRAM DESCRIPTION

The program BEAM is intended for computer-
aided learning of plane beam bending and for
evaluation of quadratic moments of the cross-sec-
tions. The execution part of the program is written
in FORTRAN, the graphical part in C. The pro-
gram can be implemented on PC-AT computers (at
least 286 with/without a coprocessor) with a
colour card (at least VGA). The program takes at
most 300 K of memory. In the interactive mode,
the program can be operated either from the key-
board or by a mouse.

Allowable parameters of the solved problem
Boundary conditions of the beam. The two ends

of a one-field beam can be mounted by combining
arbitrarily the following bounds:

fixed or sliding joint;

e free end;

e rigidly fixed end;

vertically sliding constraint;

flexible joint (with a given spring constant).

The beam mounting can be either statically
determinate or indeterminate.

Beam loading. In the plane of deflection the
beam can be loaded by a single load or by a
combination of the following types of load:

e vertical concentrated force;
e concentrated moment;
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® vertical uniform distributed load;
e vertical triangular distributed load.

The sign of load can be either positive or
negative. The number of individual types of loads is
limited, for practical reasons, to 10 (which gives a
total of 40 different loads).

Cross-section and mechanical properties of the
beam. The beam is supposed to have a constant
cross-section along its length. Its characteristics
(such as cross-sectional area, quadratic moment of
the cross-section, reduced cross-section, cross-
sectional modules in bending) can be entered
individually, or the subroutine PROFILE can be
utilized, which calculates the characteristics of the
13 most commonly used beam profiles. A detailed
description of the subroutine will be given below.

The type of material is specified by entering its
modulus of elasticity in tension (compression).

Input and output data

The input file of the beam can be created
manually (by filling in the tables and windows),
graphically (by utilizing the facilities of computer
graphics) or by combining these two methods. The
file must specify the beam dimensions and material,
as well as the load and boundary conditions.

The program calculates and displays in a
graphical form:

® the solved beam configuration;

¢ the curves of bending moments and transverse
forces;

e the deflection line and the angle of beam rota-
tion;

e normal stress resulting from bending moments,
and transverse stress resulting from transverse
forces;

® reduced stress, as calculated according to the
fifth hypothesis of strength.

Evaluation of quadratic moments of cross-sections

From the basic dimensions of the cross-section
that are entered (13 common shapes of cross-
sections are available), the subroutine PROFILE
calculates the characteristics of the selected profile.
This part of the program contains basic relations
and formulae for evaluating:

® the cross-section area;

® the coordinates of the centroid;

® quadratic moments of cross-sections with
respect to axes passing through the centroid,
with respect to arbitrary axes, or, finally, with
respect to arbitrarily rotated axes;

e the main and central quadratic moments of
Cross-sections;

® the radius of inertia.

The calculated results are displayed both graph-
ically and in a table. The axis rotation is controlled
by cursor arrows.

METHOD OF SOLUTION

The algorithm utilizes the Euler-Bernoulli equa-
tion of beam deflection (see Fig. 1):
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Fig. 1. Plane beam deflection.

d4v d3v

EI dx q EI a5 T

) (1)

d?v dv

El o =—M El j =¢

where:

E = modulus of elasticity in tension (compres-
sion), I = quadratic moment of the cross-section,
v = v(x) describes the deflection line, T'= T{x) is
the transversal force, M = M(x) is the bending
moment and ¢ = ¢(x)is the angle of beam rotation.

By solving equations (1) we obtain:

Beam deflection:

x2 x?
°o2g1 ~ Togerth
Angle of beam rotation:

V(x)=Vvy+dox— M

X x?
¢(x)-¢O+M0 E +TO 2EI +F¢

Bending moment:
Mx)y=M,+ Tx+ F,
Transverse force:
I(x)=T1,+F;

The load functions F,, Fy, Fy, and F; depend on
the way in which the beam 1s loaded. The functions
Vo, $0, T, (initical values of deflection, angle of
rotation, bending moment and transverse force)
depend on the method of beam bounding. For
typical files of beam bounding they can be found in
1]

[ ]The mentioned formulae are utilized in the
executing part of BEAM.

PROGRAM OPERATION AND EXAMPLE

The program is easy to use, which satisfies the
requirement that educational software tools should
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be interactive. It is possible to solve a new task at
any time or to solve a previous task with new beam
parameters. Wrong input data can be immediately
corrected interactively. A hardcopy of the screen
can be printed at any time. The user must have a
basic knowledge of MS-DOS and of the theory of
plane beam bending. The program is provided with
an instruction manual |2], where the program
operation is described in detail.

Example 1

The curves of bending moments M(x) and
transverse forces T(x) are to be found in a beam
loaded and mounted as illustrated in Fig. 2. The
beam deflection and rotation are also desired.
According to the value of the reduced stress,
evaluate the loading capacity of the beam if the
allowable stress is o, = 200 N/mm?. Further, the
following  values are given: F=1000N,
g=1000N/m, L=1m, E=210000N/mm>
The beam has a circular cross-section with dia-
meter d = 38 mm.

For the sake of brevity we give only the final
windows of the program where the forces, deflec-
tions and stresses in the beam are displayed graphi-
cally and in a table (the values change with cursor

F

Fig. 2. Example 1.
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movement). The beam itself is displayed in colours
which change with reduced stress (see Figs 3 and
4). It is evident from the results presented that the
beam is over-designed.

Example 2

Evaluate the characteristics of the cross-section
with respect to axes passing through the centroid,
with respect to parallelly shifted axes, and with
respect to a rotated axes for a circular cross-section
with diameter d = 38 mm. Figure 5 presents the
final window of the program with the desired
quantities.

Example 3
Figures 6 and 7 present the final windows of the
program for the additional tasks.

PROGRAM UTILIZATION IN EDUCATION

The programs BEAM and PROFILE are suit-
able for learning the plane deflection of beams, for
evaluation of quadratic cross-section characteris-
tics, as well as for solving many practical problems.
The programs can be utilized in giving and evaluat-
ing students’ homeworks and tests, and/or for
elaborating specified projects containing both clas-
sical and computer solutions of the task. Graphical
presentation of data and results makes the problem
easy to understand, and tasks that would be too dif-
ficult, laborious and time-consuming for a classical
approach can be solved.

Practical training with the programs BEAM and
PROFILE can be organized in the following way:

1. The teacher defines and solves, with the stu-
dents, a selected problem classically (e.g. by
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using the method of a supposed section and by
an approximate differential equation for the
beam deflection line).

2. For the same task the input file is created and

the beam bending is solved by BEAM.

3. The results of both approaches should be

compared and the efficiency and importance of
both methods should be discussed (the classical
solution is essential for understanding the
physical background of the solution properly).
4. After changing the input parameters a set of
tasks can be solved and the influence of individ-

1P [mné] 102354

E

Output data to rotated axe:

8
A T e

ual parameters on the results can be observed.
The program PROFILE can be used to
compute the quadratic moments of the selected
beam cross-section.

5. Students can then work on their own designs.

Naturally, the scope of these programs depends
on the user’s creativity and on applications for
which they are used.

BEAM is available on request from the first
author.
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