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This paper presenrs @ MATLAE soliion for the shear force, bending moment, and deflection ax combinnoms
Sunctlons of the distance measured from the feft ond support for o simply supparted bean careving coRcentraned
ard wnifoemly disteibuged foads, The colution has been cost in suck o way that ir con easily be wmodified for the
beam fo carry any anmber af these foads. The salurion provides an caxy way of determinieg the movimam vallies
of the functions and their locations, Using rumecical values for a paricdar foading, the solution ana graphs for
the above fumctions are presesied ax obtaimed from an aciugl MATLAR sceipr, which kas been irclieded af the end
af the paper in Appendiv I The reader whe has access to MATLAB is encowraged fo we the script do verfy the
resulty presented. Alvo mechorics fecturers who are invalved in engineering undergraduate education will find tie
soripr very wsefll in vevms of desmonsirotimg the effecs of variows concentrafed and naifoem foods o simply

supparied beams,
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1 INTRODUCTION

Engineering education has metamorphosed over the
last three decades, from the slidesrule based. hand-
computed solutions 1o complex problems 10 the
current  software-based,  graphically  appealing
solutions. In this paper we present a simple software
solution to a typical undergraduate enginesring
prohlem: beam bending of a simply supported beam
subjected to a combination of concentrated and
uniformly distributed loads.

Standard solutions of the problem are well known
and can be found in almost any textbook in solid
mechanics or strength of materials [1.2]. For a beam
carrying several of these loads, the formitlation of the
total solution canm easily be done through the
principle of superposition. However, camying out the
numerical solutions for such cases manually would
be an impossible task. Also, for a general loading,
determining  the maximum values of the above-
mentioned functions and their locations on the beam
for design purposes is not an casy matter. In this
paper the authors have demonstrated that wsing
MATLAB software, the otal solution for numerical
values for any combination of the above-mentioned
loading can very casily be achieved through careful
programming. The wtility of the software-based
approach 15 demonstrated through  the anached
MATLAB script {Appendix 1), which any mechanics
lecturer or student can run and visualize the effect of
changing loading. whether its position, nature or
quantum.

2 ANALYSIS OF A SIMPLY
SUPPORTED BEAM WITH TYPICAL
LOADING

Consider a simply supported beam AB of length L
supported at A by a pinned support and at B by a

roller support as shown in Fig.l camving the
following given loads:
(13 s own self-weight. w,
(ity A uniformly disiributed applied load. w,. on
the entire length of the beam.
(iiry A point load P, at a known distance a, from
the left hand support (LHS).
(v A load P. at a known distance a. from LHS.
w1 A umformly distributed load v, on a known
length 5, starting at & known distance by from
LHE,
(vi) A couple M, applied clockwise at a known
distance ¢, from LHS.

We are interested in developing a MATLAD solution

for the above beam that will determine the following:

{17 The reactions R, and Rg at A and B
respectively.

(i1} The shear force, ((x). as & function of x
{where x 15 the distance from the LHS) and
plot the shear force diagram (SF1) along the
beam. The maximum shear force, Ob,,.. and
its location. Clockwise shear will be 1aken as
positive,

(iii)  The bending moment, M(x), 45 a function of x
and plot the bending moment diagram (BMID)
along the beam. The maximum bending
moment, M., and its location and hence the
maximum bending stress and its location
Sagging bending moment will be taken as
positive,

{iv)  The deflection function w{x) along the beam
and hence the maximum deflection, Va,,. and
its logation, Deflection 15 measured positive
downwards.

To simplify the MATLAB solution, it is best 1o
consider the above problem as five separate problems
and then use the principle of seperposition at the end
1o get the total solution. This approach will also
make the solution 1o be easily modified to take any

number of the applied loads.



BOTSWANA JOURNAL OF TECHNOLOGY - APRIL 2004

aq

La—:-

k= | >
by l 59
= =
Cy
T
- - a =
) >
N L
]"'Lg,. 1
We are interested in developing a MATLAB solution R, =R, =wl/2 (2}

for the above beam that will determine the following:
(v} The reactions R, and Ry at A and H
respectively,
The shear force, (Nx). as a function of x
{where x is the distance from the LH5) and
plat the shear force diagram (5FD) along the
heam. The maximum shear force, (., and
its location. Clockwise shear will be taken as
positive.
The bending moment, M{x), #5 a function of X
and plot the bending moment diagram (BMD)
along the beam. The maximum bending
moment. Moy, and 15 loecation and hence the
maximum bending stress and ns  location.
Sagging bending moment will be taken as
positive.
The deflection function v(x) along the beam
and hence the maximum deflection, v, and
its location. Deflection is measured positive
dovwnweards.

ivi}

(vl

(viil}

To simplify the MATLAE solution, it is best 1o
consider the above problem as five separate problems
and then use the principle of superposition at the end
to get the total solution. This appeoach will also
make the solution to be casily modified 10 ake any
number of the applied loads,

21 Problem 1: Self weight, w,, and Applied

Load, w,, Acting Alone.

For this loading the shear force, Quix} and the
bending moment M, (x), are respectively given by

O x)= R, —wx, (i) and

Mixi=R,x-ws 2 (i)

where w = w, +w, and R, is the reaction at A, vet
10 be determined

In this case it is clear that the reaction at A is equal o
that at B and therefore,

()

Using the well known second order differential
equation for the deflection and the double integration
method [1, 2], the deflection, vix), at any value of x
can be shown 1o be given by

f i b

L] Rx' owx .
J =—<——-—I—Ih. ”'J
W)= g S K
where K, i5 8 constant given by
K, =R, 17 6-wl' (24 )

and where E is the Young's modulus of the beam
material and 1 is the 2" moment of area of the cross-
section of the beam about the neutral axis of bending.
For standard beams the value of | is obtained directly
frem the relevant standard. For non-standard beams [
has to be computed from the geometry of the section.
For the numerical solutions in this paper the standard
beam used is [-PE-300, which 15 taken from the
CGierman Standard 1-Beam DIN1025,

2.2 Problem 2: Poiot load Py, Acting Alone
For this loading the shear force, Q:(x), and the
bending moment, Ma(x), are respectively given by

O.x)=R,,-Plx-a s (i) and
M x)=R,x-Flx—a] (i)

(5)

where R is the reaction at A, yet to be determined,
and the square brackets are the wsual Macaulay's
method brackets signifying that the term is neglected
when the value inside the bracket is negative. For the
Macaulay's method, the reader s referred 1o
Reference [1].

The reactions &t A and B are respectively given b
R-".‘ = {"l" HIJFI fL U} and (6]
Ry =a, L (i)
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and the deflection, yv.(x), by

L]
yalx)= .':EJ{_ R‘:- + ':'-[x —a,]'+ K?,.\‘} (r

where K is a constant given by

R.I° P :
ST (8)
Ky==% "ort 2

1.3 Problem 3: Point load P; Acting Alone

For this case, the shear force, (hix), and the bending
moment Ms(x) are respectively be given by

Q. x)=R,, - Plx-a.]":(i) and

(9}
M (x)= R x =P x—a.] (i)
and the reactions at A and B respectively by
R.=|L-a)B/L () and 0o

Ro=aR/L (i
The deflection, ¥i(x), is given by
}"\{r}zi[ Rax f Ej['r ai‘l.l + K.I:'."Il (11}

EI| 6 [
where K, is a constant given by
R, P 3
[ g - | (12
s aL{‘ )

Clearly any additional number of point loads on the
beam can be included in the analysis in the same
WaY,

14 Problem 4: Uniformly Distributed Load
u; Acting Alone

With reference to Fig. 1. the wniform load u, is
extended to the right hand support (RHS). To nullity
the effect of extending u, on top o the RHS, a
uniform load u, is then placed on the bottom acting
upwards starting at a distance x=b+s, from the LHS
and extending all the way to the RHS [1]. The shear
force Qyx) can be shown to be given by

O,(x)=R,, _"L[x_bl]"'
y[x— (b, +5,)]

where R,. is the reaction at A, vet to be determined,
The bending moment, Maix], 15 given by

MJx]:RMr—;;-[r—h,]?+

{13}

(14)
"?'[x—{h, +s )
and the reactions al A and B respectively by
u 2 -2 .
Ry = oo lL=b ) =(L-b =¥ [ () 5

and Ry, =uws - R,

The deflection, yu(x), is given by

R l
. {I}=L i 24 1)
B LN T L
34 X-in, +x 5
where K, is a constam given by

R

L T I il
CTL L R S e o R
3 34:.h ST /

It is also clear that any additional number of uniform
loads acting on other parts of the beam can be
included in the analysis in the same way.

Ry =

25 Problem 5: Applied couple M, Acting
Alone

For this case it is clear that the reactions are
Ryo=-M_ LD
and Ry =ML (i)
and shear force Qix) is a constant and given by
Oi(x)=R ; 114
The bending moment, Maix). can  be shown o be
given by

M_,{x}: R . x+ M",[x - }D (20

and the deflection, vax). by

1*|:~]=ér{_£f_ ‘j';—""[.'l.'—t',]'- —1'{,..1'} 21

(18]

&
where K. aconstant given by
K. =fﬁ'__”_-n{l,-‘_,:_]|‘ (22
o & 2L '

Clearly any number of couples acting elsewhere on
the beam can be included in the analysis in the same
Wy

16 Total Solution by the
Superposition

Principle  of

The required total reaction R, is given by
Ro=R, +R . +R,.,+R.+R, 23

and the required total reaction at B is given by
Ry =R, +R.+R.+R,+R, (24)

The total shear force function is given by
Olxl =Gy n)+ Db+ Qe+ O, i+ Gy (25)

The total bending moment function is given by

Wixy= A x)+ Mixhs Mxi (26)
Miey+ Mox)

And the total deflection function is given by

¥x) =y (x)+ yy(xh+ ys(x) +

Vilx)+ yslx)
The maximum values of the solution functions ip
equations (25), (26, and (27} can be determined in g

(27)
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MATLAB solution and their locations on the beam
can also be oblamed from the same solution as
explained below. The maximum bending stress, o,
15 abtaimed from

s “?‘."I“ {EE]
£
where M. is the maximum bending moment and £
is the section modulus of bending for the cross-
section of the beam. For standard beams the value of
£ is obtained directly from tables of the relevam
standard.

3 MATLAB SOLUTION

In a MATLAB solution the continuous functions for
the shear force, bending moment and deflection as
ziven in equations (23), (26}, and (27) above will he
computed at discrete points on the beam starting
from the LHS. The values computed at the discrete
points will zive the exact values of the functions at
these points. However, the smoothness of the curves
1o be plomed for these functions when they are non-
linear will clearly depend on how close the discrete
points are made to each other. It is clear that very
smooth curves for the solutions for these functions
will be obtained by discretizing the beam into a very
large nuember, n, of segments. However, if n is very
large. the number of computations to be done by the
computer on all the equations, some of them wery
complicated, for the total solution will also be very
large and the computation time can be quite long.
This should not be a problem on modem super fast
COTPULErs.

For the numerical selutions presented in this paper,
the wvalues of the abowve functicns have been
computed at a spacing of 1 mm starting from the
LHS. The wvariable % representing a v arving beam
length s created as a wvector space x(i) with n
elements. The LHS. where x=0, is represented by
the first element of the vector, i.e. x{1) and the RHS,
where x=L, by the n" elemem x{n). This means that
the length 1. has been divided into n-1 intervals, [Twe
want 1o compute the functions at a spacing of 1 mm,
wee use n= 0000 +1, where L is in metres, and for a 2
mm spacing we use n=3IL +1, and s0 on. In
MATLAB the vector x is awtomanically created and
stored i the workspace by the general linspace
command, ¥ = faspacei0. Ll and for the | mm
spacing the command x=lnspacey@ L, (L*TOM+ 1))
was used,

Programming the above solution in MATLAB is
straightforward for the reader familiar with v
However, grear care must be taken to deal with the
terms with the Macaulay's brackets. Programmes in
MATLABR are written in M-files called script files,
The script in Appendix 1 has been wriften with
sufficient comment statements (the ones starting with

the %o sign) o make it self-explanatory. The reader
not familiar with MATLAB and programming in
general 15 referred to References [3] and [4]. [noa
MATLAB solutton, the walwes of the functions
computed at the discrete poinis are stored as vectors
and MATLAB provides a max command to operate
on the vector variahle o determine its maximum
value. Once the maximum value is obtained, & simple
il loop inside a for loop can be used 1o locate its
position on the beam (See details of this in Appendix
I

Ploming  the shear force and bending moment
diagrams, and the deflection curve can easilv and
quickly be done in MATLAB.

3.1 Several Applications of the MATLAB
Seript

The MATLAB script in Appendix | can be used 1o
study the solutions for the following types of loading
on a simply suppored beam withowt having to alter
the programme as presented:

s LUniform load over the entire length. In the
data input part at the beginning of the
programime, seL Pl=P2=ul=Mal =0.0.
Compare the output from the programme [or
hmax and vmax. which occur at mid-span, to
the wvalues obtained by the well-known

formulae
M =wl’ /8 and
Vo = 3wl (384

& (e point lead anywhere on a light beam: Set
ul=P2=wa=wi=Mal=0. A good example 1o
demonstrate the effect a point load has on the
SFD and BMD ar its location.

s  Two point loads anywhere on a light beam:
Set ul=wa=ws=Mal=00. Again a good
example to demonstrate the effect of  point
loads on the SFD and BMD.

& (e applied couple anywhere on a light
beam: Set  wl=Pl=PI=wa=ws=00. Good
example to demonstrate that the applied
moment has no effect on the SFD at its point
of application.

®  Uniform load and one point load, P, a
midspan:; Set P1=P2=PF2, al=L/2 and a2=L-
al, wl=Mal=0.0. Compare the outpus for
Mmax and ymax, which occur at mid-span, to

the values ohtained from
M, =wil®/8+PL/4& and

v, =5wl'/384+ PL' 48

iz MATLAB Results

The script in Appendix | was run with the following
data for the beam 1| PE 300 from the German



16 BOTSWANA JOURNAL OF TECHNOLOGY - APRIL 2004

Standard 1-beam DIN-1025 of length L=4 m: its own

self weight, w,=|0kMN/m, F,=100k™ at a,=10m,
=50k at a,=2.0m. w=15kN/m for 5=1.0m

starting at by=20m, and M, =50kNm at ¢,=3.0m.

The SFD¥ is shown in Figd from which the siep
effect of the point loads on the diagram at their
paints of application is clearly seen. QOmax has been
computed as egual to 11583kN at x=0.0 and as
expected it is equal to the reaction at A The BMD iz
shown in Fig.3 from which the step effect of the
gpplied moment on the diagram at its point of
application is clearly seen. Mmax has been computed
gz equal 112.03kNm at a distance x~E520mm. The
maximum bending stress has been computed as equal
1o 201.13MPa, The deflection curve is shown in
Fig.4. The maximum deflection ymax has been
computed as equal 9.47 mm at a distance =177
mm.
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Fig. 2: SFD: Qmax=HK =115 83kN at LHS
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Fig.3: BMD: Mmax = 112.03kN.m at x = 1520 mm
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Fig.4: Deflection Curve: vmax=%47mm a1
x=1779mm

The values of the functions at any point can now be
read off from the above graphs. However if the exact
values are required they can be obuained directly
from the stored vectors representing the functions. 1f
for example. the exact deflection at a point E a
distance x=2440mm from the LHS is required then a
statement  vE=v(2441)* 1000 would have to be
included in the seript before running it. For the data
used abowve the result for yix} at £ has been obtained
as vE=8.06mm.

4 CONCLUDING REMARKS

This paper has presented a software-based solution of
to a simple undergraduate design and  analysis
problem. in the form of @ MATLAB script that can
be wsed to analvee and solve a beam-bending
problem subjected o different loading conditions,
The atached MATLAB script  enhances  the
educarional benefits o students by giving them a tool
1o play with as they visualize the effects of changing
loading conditions on bending maments, reactions,
shear force, bending stress and deflection. as well as
their locations.

The solution of this typical mechanics problem
showcases the meneral importance of the work
reported in this paper: the use of interactive, editable
software solutions o engineering problems. These
should increasingly be explored to give students a
more meaningful exploration-driven education,
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