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§=1/5 d=1/15 & =1/120
Present Present Present Kk, Kk,
work [40] [20] work [40] [20] work [40] [20]
3.0577  3.0479 3.1415 3.1322 3.1302 3.1415 3.1414 3.1414 3.1415 0
3.4072  3.3945 3.4767 3.4694 3.4667 3.4767 3.4765 3.4765 3.4767 0.5 0
3.6618  3.6580 3.7360 3.7311 3.7265 3.7360 3.7355 3.7355 3.7360 1
42359  4.2183 4.2970 4.2919 4.2880 4.2970 4.2965 4.2964 4.2970 25
3.6858  3.6705 3.7483 3.7394 3.7389 3.7483 3.7482 3.7482 3.7483 0
3.8986  3.8839 3.9608 3.9545 3.9516 3.9608 3.9606 3.9606 3.9608 0.5 102
4.0858  4.0663 4.1437 4.1398 4.1347 4.1437 4.1335 4.1435 4.1437 1
45159 44991 45824 4.5789 45734 4.5824 4.5822 4.5822 4.5824 25
7.3548  7.3408  10.0247 9.9986 9.9958 10.0247  10.0242  10.0242  10.0247 0
7.3605 7.3408 10.0365 10.0154 10.0077 10.0365 10.0362 10.0361 10.0365 0.5 10
7.3659  7.3409 10.0489 10.0286 10.0196 10.0489 10.0483 10.0481 10.0489 1
7.3748  7.3411 10.0847 10.0758 10.0551 10.0847 10.0843 10.0839  10.0847 25
7.4067 7.3508 31.6237 12.7949 12.7722 31.6237 31.6221 31.6217 31.6237 0
7.4067 7.3508 31.6238 12.7949 12.7722 31.6238 31.6226 31.6221 31.6238 0.5 106
7.4067 7.3508 31.6245 12.7951 12.7722 31.6245 31.6230 31.6224  31.6245 1
7.4071  7.3508 31.6257 12.7977 12.7722 31.6257 31.6467 31.6236 31.6257 25
Table. 1. The first non-dimensional frequency of simply supported beam on Pasternak elastic foundation.
SU el ol )t el 5 sl de Osde el 4w (Y) g
k, = 10* k, = 10? k,=0
Mode3 Mode2  Model Mode3 Mode2 Model Mode3 Mode2  Model kg )
11.0810 10.1646 9.9050 8.8881 6.1983 3.7269 8.8555 6.0959 3.1164 0 01
11.2178 10.2469 9.9272 9.1613 6.5566 41231 9.1318 6.4707 3.7148 1 '
9.8168 9.0631 7.3403 7.9170 5.8025 3.6701 7.8746 5.6859 3.0479 0 02
9.8918 9.1060 7.3408 8.2468 6.1903 4.0657 8.2121 6.0991 3.6578 1 ’
6.1461 5.1802 4.3525 5.9028 4.6945 3.3596 5.8311 4.5276 2.7379 0 05
6.1474 5.1912 4.3528 6.0882 4.9607 3.6419 6.0824 4.9211 3.3487 1 ’

Table. 2. The first three non-dimensional frequencies of simply supported beams resting on Pasternak elastic foundation.
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beam on Pasternak foundation (6 = 0.2).
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Poisson' ratio

mode )
0.5 0.4 0.3 0.2 0.1
5.672921 5.766591 5.854408 5.937775 6.059338 1
6.995206 7.103379 7.211553 7.319227 7.456745 2 0.1
9.135036 9.276299 9.417563 9.558826 9.864701 3
4.093465 4,143898 4,202737 4.253169 4.328819 1
4.970970 5.032151 5.098431 5.159612 5.251383 2 0.5
5.982306 6.037358 6.116878 6.190280 6.300384 3

Table. 3. The first three non-dimensional frequencies of simply supported beam on Pasternak elastic foundation.
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Abstract:

Beam theory is used in the analysis and design of a wide range of structures, from buildings to bridges to the load-
bearing bones of the human body. Beams resting on elastic foundation is vastly applied in many branches of
engineering problems namely geo-technics, road, railroad, marine engineering and bio-mechanics. Foundation is
often a rather complex medium, e.g. a rubberlike fuel binder, snow, or granular soil. The key issue in the analysis is
modelling the contact between the structural elements and the elastic bed. Herein, the response of the foundation at
the contact area is of interest, and not the stresses or displacements inside the foundation material. In most cases, the
contact is presented by replacing elastic foundation with simple models, usually spring elements. The most
frequently used foundation model in the analysis of beam on elastic foundation problems is the Winkler foundation
model. In the Winkler model, the elastic bed is modeled as uniformly distributed, mutually independent, and linear
elastic vertical springs, which produce distributed reactions in the direction of the deflection of the beam. However,
since the model does not take either continuity or cohesion of the bed into account, it may be considered as a rather
crude representation of the elastic foundation. In order to find a physically close and mathematically simple
foundation model, Pasternak proposed a so-called two-parameter foundation model with shear interactions. The first
foundation parameter is the same as the Winkler foundation model and the second one is the stiffness of the shearing
layer in the Pasternak foundation model. Dynamic analysis is an important part of structural investigation and the
results of free vibration analysis are useful in this context. Vibration problems of beams on elastic foundation occupy
an important place in many fields of structural and foundation engineering. With increase in thickness, the existence
of simplifying hypotheses in beam theories such as the ignorance of rotational inertial and transverse shear
deformation in classic theory, the application of determination coefficient in first-order shear theory and the
expression of one or few unknown functions based on other functions in higher-order shear theories are
accompanied by reduction in the accuracy of these theories. This represents the necessity of precise and analytical
solutions for beam problems with the least number of simplifying hypotheses and for different thicknesses.

In the present study, the analytical solution for free vibration of homogeneous prismatic simply supported beam with
rectangular solid sections and desired thickness resting on Pasternak elastic foundation is provided for completely
isotropic behaviors under two-dimensional theory of elasticity and functions of displacement potentials.
Characteristic equations of natural vibration are defined by solving partial differential equations of fourth order
through the separation of variables and the application of boundary conditions. The major characteristics of present
study include lack of limitations for thickness and its validity for beams of low, medium and large thicknesses is
quite reliable. To verify, the results of present study were compared with those of other studies. Results show that
increases in foundation parameters are associated with increases in natural frequency. The intensity is reduced
considerably by increase in the ratio of thickness to length, for the values larger than 0.2 and in the higher modes of
vibration .
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