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Abstract
The paper presents an analytical method of finding functions of influence lines of
statically indeterminate beams. There are presented solutions of a fourth order equation
with a right hand side with second and third derivative of Dirac delta. There is shown
that their solution are influence lines of moments and transverse forces. Moreover,
thanks to Mathematica, analytical form of envelopes functions can be evaluated.
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1 Introduction
Influence lines play an important role in education of structural engineers [1] and
engineering practice, especially designing of bridges [4]. They are functions and called
by mathematicians Green functions or fundamental solution and have important
application in many engineering fields, see for example [3].
The aim of this paper is to show that thanks to Mathematica [7] and implemented
within it generalized functions and calculus operators it is possible to propose a new
analytical approach for evaluation of influence lines and envelopes of internal forces in
beams, especially statically indeterminate.
The generalized function Heaviside step function [2, 6] and Dirac delta [5],
implemented in Mathematica [7], are applied. Thanks to numerical experiment with
equations:
y(4) ( x)   ( x  a) ,
y( 4) ( x)   (3) ( x  a) ,
it has been found that the obtained functions looked like influence lines of simply
supported beam [1] for moments and transverse forces, respectively. It is a main
motivation for the presented analyses, since it can be a chance to find more general
analytic solution of the problem.
First the simply supported beam has been analyzed to show that the obtained
experimentally solution has a physical interpretation. Next the statically indeterminate
beams has been considered. There is shown that thanks to analytical tools of
Mathematica it is possible to find a close form of influence lines and envelopes of
internal forces. For example influence line of bending moments in clamped-clamped
beam can be evaluated with following Mathematica function:
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Graphical capabilities of Mathematica makes it possible to illustrate the problem. For
example:

Fig. 1: M g ( ) , M p  ( ) , M p  ( ) functions for clamped-clamped beam

References
[1]

KARNOVSKY, I.A., LEBED, O. Advanced Methods of Structural Analysis. New
York: Springer Verlag, 2010. ISBN 978-1-4419-1046-2. 593 p.

[2]

ETTINGER, B., SARIG, N., YOMDIN, Y. Linear versus non-linear acquisition of
step-functions. Journal of Geometric Analysis. New York: Springer, 2008, vol. 18,
issue 2, pp. 369-399 (31 p). ISSN 1050-6926.
YAKHNO, V.G., YAKHNO, T.M. Computing the fundamental solutions for
equations of electrodynamics. Applied Mathematics and Computation. London,
Elsevier, 2015, vol. 255, issue 15, pp. 189-195 (7 p). ISSN 0096-3003.
ZHAO, H.; UDDIN, N.; SHAO, X.D., ZHU, P.; TAN, C.J. Field-calibrated

[3]

[4]

[5]
[6]
[7]

influence lines for improved axle weight identification with a bridge weigh-inmotion system. Structure And Infrastructure Engineering, Abingdon, Taylor &
Francis Ltd, 2015, vol. 11, issue 6, pp. 721-743 (23 p). ISSN 1573-2479
WEISSTEIN, E.W. Delta function. From MathWorld – A Wolfram Web Resource.
http://mathworld.wolfram.com/DeltaFunction.html
WEISSTEIN, E.W. Heaviside step function. From MathWorld – A Wolfram Web
Resource. http://mathworld.wolfram.com/HeavisideStepFunction.html
WOLFRAM INC. Wolfram Mathematica. The world's definitive system for
modern technical computing. http://www.wolfram.com/

