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Abstract

Modern methods for solving problems of structural analysis uses matrix representation of various
structural and dimensional properties of structural members. Currently adopted algorithms for solving
these matrix is purely based on modern methods and few on classical methods. Proposed concept holds
methods to use purely classical methods for new type of matrix representation of data in highly efficient
and compressed form. Using classical equations like Macaulay’s equation and methods of numerical
mathematics, the whole information of a structural members needs to be stored in very low offset input
values and saving the data base to evaluate future required values using interpolation. Proposed method
uses the classical methods to compress the standard equations derived from Macaulay’s Double
Differential equation and represent it in compressed matrix form. Future software can be developed using
these algorithms and input matrix for fast and efficient calculations.
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1. Introduction

Neutral Axis

w- Load per unit run
y- deflection

x- Beam Section

L-Lenghth Beam Under Load
d- depth

EI- Fluxure Rigidity

O- Slope

The structural behavior of a member like beam simply supported at ends under self weight can
be easily described by representing deflections and slope at each and every point throughout its
span. Modern methods present to solve this problem includes Flexibility method and Rigidity
method. The flexibility and rigidity matrix formation is a input method working on simple
matrix algorithms with matrix addition and multiplication operations. These modern methods
do not directly solve double differential equation or any integration operation. These matrix
operation are limited in solving only deflections and slopes directly. Calculation of moments is
done by usual classical methods like slope deflection method. There is a need to simplify these
simple structural member analysis data using classical methods. Taking a case study of a beam
under self weight and analyzing the data from it to create algorithms for modified method with
data compression.
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2. Case Study- Beam under Self Weight

AQ.0) Tem x LoB

e

¥

M w-Load per unit run
y- deflection

x- Beam Section
EI- Fluxure Rigidity
O- Slope

2
H (_iL =M ;(By Macaulay's Analysis)

dx3

A simply supported beam can be analyzed using Macaulay’s
Double differential equation. Moment at section x from A is
directly dependent on the UDL or the self weight if the beam.
_ Wx?
M 2

3. Solution to Above Condition

Substituting the value of moment into Macaulay’s Equation
and integrating w.r.t ‘X’ we get equation representing relations
between deflection ‘y” and slope at each point on beam.

dy Wx3
—=_¥i 4 C
EIdx 6 1

The above equation is a single order differential equation
representing slopes for all points of a simply supported beam.
End conditions for solving the unknown constant are y=0 at
x=0 & x=L.

Further integrating the above differential equation w.r.t. x, we
get the relation representing the deflection at every x distance
from point A.

4
Ely=- YX '+ Cx + Gy

Putting end conditions and solving we get;

3
-3

C2=0

3.1 Slope

dy_ wxd, wr

dx  6EI 24EI

3.2 Deflection

_wxt wik
24 24K

It can be generalized as for UDL;

4

¥ = Ax7+ Apx +A3

4. Matrix Hypothesis

Generalizing the deflection equation and taking only constants
into consideration, the deflection equation can be said to be
purely dependent on constants Al, A2 & A3. Where these
constants depends upon the end conditions and the beam. Let
hypothesis a matrix containing these constants as its elements.
For a beam it can be represented as;

4.1 Deflection Matrix

Y] = [Al Ay Ag ]
3x1

This 3*1 matrix holds all the information regarding the beam
under bending. It can be used as an input for calculation of
deflection at each and every point of the beam along its span.
Proper algorithms can be formulized to interpolate the
bending equation.

4.2 Slope Matrix
Using similar hypothesis Slope matrix can be generated as
follows;

191= [ b1 52 ]2x1

This two matrix are the compressed form of the slope and
deflection of the beam under load. The slope matrix is a
function of deflection matrix. Only one input matrix i.e. the
deflection is enough to generate the deflection and slope
information of the case study object i.e. beam under gravity.

4.3 Slope Matrix Interpolation

v1'x[4 1 0]=re]

Above algorithm shows the relationship between the
deflection matrix and the slope matrix. With one input
deflection matrix the slope matrix can be generated using
above algorithm. Comparing the constants of the matrix of
slope and deflection we get following relations and
correlations;

Aq= 24F31
WI:
A2= 341
A3=0 3
_ WL
P17 4= g
_wi?
24F1

All the constant A1, A2, A3, B1 & B2 purely dependent upon
the beam properties. Once deflection matrix formed, all the
beam properties can be traced back to original values. The
deflection matrix thus holds all the information needed to
regenerate the analytical information of the beam under
bending.

5. Regeneration Algorithm

5.1 Slope Equation

Using only the deflection matrix for all interpolations, the
following sets of algorithms are derived for regeneration of
solutions of Macaulay’s double differential equation.
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[B1=[Y][4x 1 0]

4x’
~lag Az Aslf 2

=[4xAy Ay 0]

dy 3
g

5.2 Deflection Equation

The key variables constants are the integrated elements of the
deflection matrix. An algorithm can be derived to extrapolate
back the deflection equation i.e. the solution of the
Macaulay’s Double Differential Equation. The deflection
matrix came out to be the compressed form of information
that holds all the sufficient inputs for a software running on
mentioned algorithms to regenerate the beam under bending.

[Yly=YIIx' x 11°
X-‘l

[V1)=1A{ Ay Agl| x
1

[Y,=TA1x" Apx Aj]

3
y= 2 Y;

i=0

4

6. Acknowledgment

We wish to thank our mentors and college for supporting us in
completing our work on Matrix Representation and Data
Compression for Structural Members under load. We also
wish to thank our parents for providing us with assets that
helped us completing research regarding this concept.

7. References

1. W. H. Macaulay, "A note on the deflection of beams",
Messenger of Mathematics, 48 (1919), 129.

2. J. T. Wiesenberger, ‘Integration of discontinuous
expressions arising in beam theory’, AIAA Journal, 2(1)
(1964), 106-108.

3. W. H. Wittrick, ‘A generalization of Macaulay’s method
with applications in structural mechanics’, AIAA Journal,
3(2) (1965), 326-330.

4. A. Yavari, S. Sarkani and J. N. Reddy, ‘on no uniform
Euler-Bernoulli and Timoshenko beams with jump
discontinuities: application of distribution theory’,
International Journal of Solids and Structures, 38(46-7)
(2001), 8389-8406.

~ 206"~

A. Yavari, S. Sarkani and J. N. Reddy, ‘Generalised
solutions of beams with jump discontinuities on elastic
foundations’, Archive of Applied Mechanics, 71(9)
(2001), 625-639.

Stephen, N. G., (2002), "Macaulay's method for a
Timoshenko beam", Int. J. Mech. Engg. Education, 35(4),
pp. 286-292.

The sign on the left hand side of the equation depends on
the convention that is used. For the rest of this article we
will assume that the sign convention is such that a
positive sign is appropriate.



