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DYNAMICAL RESPONSE OF AN ORTHOTROPIC INFINITE PLATE PLAGED ON
gggggxc FOUNDATION AND a'(E%JEG"’Eﬁ T0 TIME Bﬁ’mm CONCENTRATED

Introduction 2

The analysils of & thin elastie plate supported by a flexible
elastic foundation has numerous engineoring applicationse At the present
tima, the accepted method of approximate analysis represents the
supporting material as & Winkler (1867) foundations Winkler approximated
‘the i‘oundatioﬁ by a series of clesecly packed linear springs atbached to
a rigid bagse. The springs ara assuned to act independently 30 that the
foungation emts li.ke a flu:lﬁ, the reaci:ion at any point being directly
proportlonal to the ﬂaﬁeeticn at that pnint; But in the cage of a
_coherent subgrade such a hypeathesis appmxim,tes bus eruael‘y the actual
behaviour of the subgraﬁe.

The el&sf;is me&alus and Polssonfg ratio of the foundation |
materlal are often %moam and a better approximation of the foundation
reastion exn be obtained on the assumptlion that the faunﬁation has the
properties of a smi-» mr;!.nite elastic body. Numerous mvestigamrs
such as Rerr (1964), Hermann (1967), Fletcher (3971) have attempted
. to provide a more realistic répresentaﬁion of the behaviour of the
elastic continuum in tems of the elastic constants of the foundation
materiale minveét;gamrs congldered the loading to be statice



The ebjcet of this paper is o study the ﬁmazaié réjspanse af
an orthotropic infinite rectangular plate, such as relnforged conerets,
'und‘er the action of a time-dependent concentrated foree and placed on an-
elastic foundatlon, These types of problems arg of praetieal importdnce
for the &esi@ of concrete paving slabs for roads, aimrafi: TUNWAY Sy
bed plates for machine tools, engines etc. I.ivesley (1953) has
~ discucsed the case in vhieh the loading is siatle and the foundation
reaction is direptly proportional to the loeal plate deflection in
details for both infinite and semi-infinite ~réctangu3.ér plate of
various boundary conditiong. In this paper the foundation is 'assmed
to have the properties of a semi-infinite elastic body. Winkler type
of foundation is also considered for comparisons Owing o the
camplexits.es of mathematics inm}.veﬁ, the problm has been confined
to axial symmetriaal casess The solutions are obtained by & semi— inverse
nethod with the help of Laplace and Honkel tmnafoms:

/

Analysis K A

Gonaiaer an ini'initely large orthotrople plate in a state of
axial smetry. ‘I‘he plate is placed on an elastle foundatlon a.nd
" subjected to i;he action of a dynamie surface loading. Following
Tﬁm:ah@aka and Waimwslcy- Loger (1980, P.365) the differential
| eqlxataian for equllibrium of an elememt af' the plat;e ean he written
in reemngu_}.ar w-ordinams as
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Where Dy = o 3 W ig the deflection in 2z - direetion,
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material, h = plate thickmess, g (%,¥,t) denotes the given surface

loading, b (xy¥)the reaction of the foundation and B , By , E
and G ' are elastic constants of the materiale |

For an orthotropic material such as reiaforced éonc_,rete

oy ny
and introducing x = ®3, ¥ = (-*-%:3% ¥ &8s now v\az'iablea; in ag.(l-.:!.)

one gets
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‘Putti.ng x3 = vy Cos 9, y ¥y =7y Sing, in egs(1.2) one gets for
axial symat:w A
& B>2. fh Bw _ b
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.- Multiplying both sides of eqe{1.3) by Dx ¥y Jg ( 1 ) and
integrating bDetween the limits O to o< one gets
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where W = / wry 5, ( £ Tp) dry, Jo denoting the Bessel

. (] . _ .
funetion of zero order § the term K (£ ) = -%- depends on the
P
~nature of subgrade 3 the term Q (X ) = q (ry) = j qry Jol £V, Jary
. ' (o) .

depandg on the 1n£emsity of lcading 5 and q = g (Py) F (¥)s
Eq. (laé) can be written as |
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where a2'= DEO@K(OL, b ; C= Q(Ou
L PRK () Ph
Taking the inte‘usity of loading to be periodiec - |
CF(t) = 8n W, t C e  wes (248)
The initlal conditions are o B
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One ge:ts i‘rom aq,.(l.ﬁ)v after applyinz Laplaea m'anutom motmd |
W= za_w;z - smwcj? - v»,si: a# ~7  ees (2:8)
If the load is concentrated at the or:l\.gin' |
IAUL) = mem o Gee (19)

and in the case of an isotropic semieinfinite madium 4 Ref.5, P.2807
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Ko hoing the elastic constant of the medium defined by o= % 2) N
2( = V.°,
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E, being the modulus of elasticity and U, the Poisson's ratio of the
. medium, o B ' - |
cbnsi.derins 0gE.{1+.2) and (1.10) and npplying Hankel mvoraion ‘theoren
one gots from eqe{1.8) for seml-infinite medium
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md. for Winkler type of fomdatien havlnz the maetmn K per unit AT

per. unit deflection - , :
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The distribution or pressuro P (rl,t) ab any pomt 13 read:lly obtained

from eq.(ll) '
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After mtesrat ing eqs. (11212541 12) and (1.13) numerically one gets

rmally tha i‘ollowing resulis 3
For semi-infinite medium
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and for Winkler foundation
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The distribution of prezsure is obtamed as
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For an isotropic infinite plate under the eenezantra’ced “load P at the
origin, the maximum static deflectlon is obtained :!‘tam 8qe(le14)

P 12 ( .
W = 0,214 --5‘--. esa : ene (101?)
compared to the corresponding result o‘eta:meé by Timoshenko,
{"Ret. 5, P. 280 7 Y |
W= 0,302 nlo resn | ses {(1s18)

smaﬁy state amplitudes at the origin for various values of
frequer cy ratio are caleulatod b.:i;lz for semi~-infinite medimm and Winkler
model by ogse(ls 14} and (1.18) regpectively. These resulis are presented .
in Flgs 1-3. |

From Fi'.g.i.l' it is obgerved that Winkler fcundatién ag woll &g
semi-infinite medium give practically the same dynemic resiaq_xzse uﬁdcr
ﬁae lcad point when the disturbing fx’eqliemy s higher than the ﬁ;*st;
netursl freéuesncy, When the d_ist-urbing frequency is lower than the first
neturel frequency, Winkler model gives a somewhat lower value of
emplitude compared to the semi~infinite medium.
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