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0 1: 000 —Main Window of the Program

If you want to use this program displayed in English, please follow the steps below.
1. Read an installation section afl;
2. Execute this prograntCbean. exe’;

3. Click | E| on the right of the message window indicated by the mouse pointer in the figure

above; and
4. End the program by clickinigx | at the top right.

After these steps, you may use this program displayed in English.
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---DATA FILE---

CMTBEAM . DAT

YERTFY
{ Hit any kew
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Continuous Beam

Fig. 11: Main Windows

8 Installation

Unpack the downloaded archive file and put all the files includ@ig:am. exe’ in a directory
(folder). Since this program does NOT touch any settings of the registry, you just remove all the
files and the directory where you expand the archive in order to uninstall this program.

After executing Cbeam. exe’ in that directory, if a main window like in FiLl appears, you can
use this program as it stands. If some error messages complaining lack of run time libraries appear,
expand enclosed fil&/B32-d11.1zh’ and put all its contents in the directory whekbeam. exe’
exists. Then you can run this program without any error.

This program will operate on Windows 95, 98, ME, 2000 and XP. However, on Windows 2000
and XP, changing language may fail. In such a case, please edit directlyGbéten’. ini’ as will
be explained in SEE2

9 Main window and two kinds of small windows

In the main window as is in Fi§l, a small window at the top is gSetup Window to give

boundary and loading conditions. Three small windows below show results of the problem you

specify in the[Setup Windov} . These are displacement, shear and moment diagrams from the
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top respectively. We call these three Windc{\E/GEsuIts Windov}/ . If you want to erase a current
setting and to start setup procedure from the beginning, right-click a on the left of
the| Setup Windoy .

10 Setup of a problem to be solved

10.1 Geometrical boundary conditions—support conditions

A blue line in the[Setup Windov? represents a continuous beam. Thirty-three cyan circles on it

are the nodes of this FEM model. Namely a continuous beam is going to be modeled by 32 finite
elements in this program.

When youLeft Click along this blue line, a small window as is in Eg@.will appear. And the
node just left of your mouse pointer is expressed by a red circle. You can specify the geometrical
boundary condition at this node. Except two end nodes, you can specify a displacement-fixed,
a rotation-fixed or a spring-supported condition at any nodes. At the ends, a fixed condition can
also be given. At the spring-supported node, you must specify its linear spring cokstarat
non-dimensional value %3 whereEl is the basic bending rigidity andis an element length.

After clicking a button of specifications, you cIi to give the condition to the node. In the

[Setup Windovs} as shown in FIfZ, A indicates a simple support; two vertical bars represents a

non-rotational support; and one vertical bar at the ends is a fixed end. One vertical bar beneath a
node indicates the spring-support. Also you can insert hinges in the span. If you want to insert
only a hinge without support, first hit tH&ese} button. Then check the last item in this small
window and clic button. A hinge cannot be inserted at the non-rotational support and at the
node where a concentrated moment force is applied.

The node where you want to specify BC’s can be chosen by scroll button which is located near
the mouse pointer in Fifgd or by entering number in the input window just to the left of the scroll
button. The left-most node is here named as the 1st node. Such chosen node is expressed by a red
circle along the blue line. You can change the condition of a node as many times as you like. If
you click button, then the specified node becomes free of support. You can continue these
settings until you close this small window by clickipg]. The main window cannot be accessed

while such a small window is open.
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Fig. 13: Set of bending rigidity
Fig. 12: Specification of geometrical BC
10.2 Specification of bending rigidity

In any elements, arbitrary values of rigidiBi can be given. Since this program solves a non-

dimensional sftness equation, the input value is a ratio to the basic bending rigidityE&ay

Right Click along the blue line in th{aSetup Windov} opens a small window as is shown in

FiglI3 Then the node near the mouse pointer is expressed by a red circle, and a node between that
node and the right end is indicated by a blue circle. You can specify the bending rigidity between
these red and blue circles. You can change two nodes by the scroll button or direct input of the
node number.

Once you choose the span of the same bending rigidity, give a positive real number in the input
window of the rigidity ratio. After that, typin key sets that ratio. In an example shown in
Fig[l3 the ratio is given by ‘3. You can continue any settings until you close this small window.
Magnitudes of these ratios are approximately shown by the width of a green band (indicated by a
mouse pointer in Fifl3) below the blue line in thSetup Windoy .

10.3 Force boundary conditions—Iloading conditions

10.3.1 Specification of concentrated loads

Left Click slightly above the blue line in tt{é;etup Windov} will show a small window as is

shown in FigI4. Within this small window you may give concentrated loads. Fist choose the node

where such loads are given, and input the values of the shearSandor the bending moment

15
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Fig. 14: Concentrated loads Fig. 15: Distributed loads

M. The shear force is positive to the downward direction, while the bending moment is positive to
the anti-clockwise direction. Both of them must be specified by non-dimensional quantities such as
ISE_:_j and'\E"—It which are non-dimensionalized by the element lerigéind the basic bending rigidity
Elp. The element length is a distance of the adjoining nodes and is one thirty-second of the total
length of the blue line in thgSetup Window .

Clicking specifies the loading condition at the node. A vertical bar above the blue line in the

[Setup Windom} indicates a concentrated shear force, while a circle is an applied moment. These

magnitudes (ratio) are approximately expressed by the length or radius of these symbols respec-

tively. While the directions of these forces are not shown in this window| Results Windovy

will show them after calculations.

10.3.2 Specification of distributed loads

Right Click slightly above the blue line in tHeSetup Window will open a small window as is

shown in Fidl3 Just like in the case where the rigidity is specified, two nodes in red and blue
appear. You can put a uniformly distributed logdetween these nodes. The load is positive in the
downward direction. After choosing nodes, you must enter its non-dimensional va%l:éaﬁd

hit . Then the magnitude and location are approximately shown by a magenta band in the
| Setup Window .
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Fig. 16: Stress distribution

11 Analysis and results

11.1 Displacement, moment and shear distribution

Double-click within one of the windows of tH&esults Window , and the results are shown in

these areas, only when a proper combination of geometrical boundary conditions are specified and
also some applied forces are given. If such conditions are not satisfied, an error message appears
in the message window at the bottom of the main window. In such a case, please re-consider the
boundary conditions.

Traditionally in the civil engineering field, the bending diagram is positive in the downward
direction. However recently at some schools this direction is reversed. This program originally set
the positive direction downward. But you can change it by clicking ejtheor -] to the left of
the moment-diagram window. This setting is saved in tie ‘file, and you can always use the
same setting until you change again.

If you want to check boundary and loading conditions without solving the equilibrium equation,

simply right-click in the window of the deflection diagram.
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11.2 Stress distribution

Click below the blue line in th({ESetup Windovﬂ! after obtaining proper results, and a small

window as in Fig.[168 will appear. In this window, stress distributions at the node indicated by

a red circle are plotted. Both the normal and shear stresses are divided by the corresponding
yield stresses. You can choose a node by the scroll button. If you double-click within the stress
distribution window, all the cross-sections at the nodes are scanned consecutively to show the stress
distribution. It can be stopped by double-clicking within that window.

As will be explained later, as calculations are carried out for steel members as an example, the
plot may not be within the range below the yield stresses; i.e. the plot may exceeds over 1. In that
case, you can broaden the range of plot by the horizontal scroll button up to 100 which may not be
meaningfull from an engineering point of view.

The cross section is assumed to be rectangular. And formulas in the structural mechanics lead to

o ML 1 64V3y

oy  Eloy/E 2 (H) ©)
r S12 V3 (64V3) [(y@ (1Y

v  El 20'Y/E( A ]{(E) _(E)} ©

whereoy is a tensile yield stressy a shearing yield stress;is the slenderness ratio with respect
to the entire beam length, B2h is the height of the cross section; anid a downward coordinate

from the neutral axis. And thus we have relations as

32L I h
A= ==, Ir=4/-=—01, 7y = 2L, (7)
r A 243 V3
Furthermore we set
1=20 ‘T—EY ~ 0.001 (8)

as a simple example.

11.3 Numerical results

Double-Click at the string ‘Dsplmnt’ opens a small window as is shown iri/Fige-analysis of
the system outputs the numerical results of deflection, shear force, bending moment and maximum

of shear and normal stresses in this window.
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Fig. 17: Displaying numerical results

12 File outputs

12.1 Four kinds of files

Afile ‘Cbeam. ini’ keeps information of the location of the main window, language setting and
sign convention of the moment diagram explained in[BEcThis file is read when this program
is executed and is revised when it is stopped. If you accidentally erase this fNetbpad or an
editor you must make a file nametb'eam. ini’ containing four lines as

500
400
1

1

in the directory whereCbeam. exe’ exists. The first two data are coordinates of the main window.

The third data represents language selection, and 0 indicates Japanese while 1 shows English.
The last data is about positive direction in the moment diagram; 1 indicates positive in downward
direction and-1 in upward direction.

Every time of analyses; i.e. at every double-click in [tResuIts Windov]/ , Six files are created

in the directory whereCbeam. exe’ exists.

CntBeam.dat: Simple data (text file)
Cbeam-d. tex, Cheam-r.tex, Cheam-s. tex, Cheam-m. tex,: Picture files forATpX
Cbeam.cbm: Setting file for this particular program

These files can be used to draw figure from results, or can be input to this pratiresm.: exe’ as
a setting data. All of these files are over-written every time FEM analysis is carried out. Therefore,
if you want to use some of these files afterwards, you must move necessary filesfiterenti

directory or you must rename them properly.
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Fig. 18: Example of usage of graphics software

12.2 Usage of simple data

A data file ‘CntBeam.dat’ contains lines of numerical data of settings and results. For example,

the lines of results look like

% Results

% Elmnt Node w/L w’ SL"2/EI ML/EI
1 1 0 0 5.417556 -11.63432
1 2 24.57116 44.62769 5.417556 -6.21676
2 2 24.57116 44.62769 5.417556 -6.21676

and are simply lists of calculated results. At the beginning of this file, information about the
boundary conditions, rigidities and loading conditions is also given.

Since many drawing software can handle such afile of data separated by spaces as an input data,
this file can be used to draw, say, moment diagrams by some software. As an example, a display

by a freeware aNgraph|/is shown in Fidl8
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Fig. 19: Example of output byA[EX

12.3 Usage ofATEX

Four output files are distinguished by a letter following a hyphen as

d: Conditions and deflection

r: Bending rigidity ratio

s: Shear diagram

m: Moment diagram
and contain expressions of figures in thiscture environment of IpX. However, since some
‘\special’s of EPIC code are used, you must need two style fileep$é . sty’ and ‘eepic.sty.
The latter can be replaced by another version of the similar style fdeseépic.sty.

Afile ' Cbeam209. tex’ in the archive is an example source fileAfigX209, while ‘Cbeam-2e . tex’
is for IATEX 2¢ to typeset such diagrams. After an analysis of a certain beam, please compile one
of these files. Then the diagram figures as is shown ifflBigan be obtained.

As you may see several numerals in the right figure off8gaumerical results of some quanti-

ties are also output in thesdgX files. These lines can be found to be

% string

\CbeaM(200,1500) {{\tiny $-12.345%$}}%

in such files. If these output are not necessary, the lines starting by a conmy@iaee must be
commented out or removed. You can find a tip of handling this command in the example files
‘Cbeam209. tex’ and ‘Cbeam-2e.tex.” Or replacing\CbeaM by \path yields output of such
values. If you need a neat output, you must adjust coordinates manually one-by-one. Otherwise

such numerals sometimes lie upon lines of the diagram as is seen [l Figdjustment can
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cl.chbm
c2.chm
c3.chm
cantilever. chrn
chearn. cbm
zsupport.chm

[ cheam.man
[ distribute

T b T | =

Fig. 20: File input of basic data

be proceeded by changing numbers, for example, in the pareniti®sis1500) in the above
example. The number at the left (200) is a horizontal coordinate positive to the right direction,
while right one (1500) is a vertical one positive to the upward direction.

It should be noted that the values of loads shown in the deflection diagram are non-dimensionalized
as has been explained in $H&3 i.e. the values o%f, "E"—It and‘,‘z—le are shown. Also the part above
the line showing

% BC’s and others above this line. Deflection below this line.

includes only the settings of BC’s and beam itself, and lines below this line express deflection
curve. Therefore, if you process lines above this particular comment, you can get a figure of the

beam structure with BC's.

12.4 Input file for this program

A file with extension ¢bm,” for example Cbeam. cbm,’ can be directly input by this program as a
basic data file of boundary and loading conditions. The method will be explained [E3S8cch
a file is always output by this program after each FEM analysis.

13 Inputting data file

As has been explained in S82.4 any data files with extensiorebm' can be input to set up

boundary conditions and loading conditions without specification ir{m}wp Windov} . When
a string[Setup (indicated by a mouse pointer in E@.is double-clicked, a small window as
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is shown in the same figure is opened. Within this small window, after choosing a proper direc-
tory, double-clicking of a particular file in the right window (only files with extensiobni’ are

displayed) inputs all the necessary data of a continuous beam. The setups are then shown in the

[Setup Windov} . If the data is a proper one from a mechanical point of view, it can be analyzed

and the results will be shown in thResults Window .

14 Language, version and whoami

The very first execution of this program yields windows displayed in Japanese. If you want
to change it to use this program without any Japanese fonts, you mus@iakthe bottom of
the main window (the mouse pointer in Fid.indicates it). Then all the expressions are given in
English. This choice is saved in thix(i file, and you can always use an English version until you
change it by clickingJ].

The current version number is displayed in the message window at the bottom of the main

window when the mouse cursor is moved over the frame at the top-left corner of the main window.

If you double-click inside of the main window but outside of both Eﬁetup Windov? and

[Results Windov]/ , @ message containing my email address will appear in the message window.

When you find a bug or a request of improvement, please send an email to that address.

Photos of bridges shown in the right part of the main window are totally fourteen, and three are
randomly chosen and displayed. These photos have been taken by myself or one of my friends
(Mr. Nakazawa Masatoshi).

Continuous Beam

"‘-....____‘___._]__....--'"'_—

Click to show stress distribution after analysis. -1 -5 0 5 1
MNode: 22 :I Range: 4] | ]
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