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1. Introduction*

This paper is denoted to analysing the dynamic response of a
simply supported viscoelastic Timoshenko beam on viscoelastic foundation sub-
jected to a given (compressive) axial force under given initial conditions and
specified time-dependent boundary conditions. The reaction of the foundation
both in horizontal and vertical direction is taken care of by adopting a gene-
ralized Winklerian model for the foundation. The viscoelasticity of the beam
and foundation is represeuted by a standard linear solid type model so as to
encompass a wide variety of soil conditions encountered in practice. The free,
steady state and forced vibrations of the system are studied for three cases
of practical importance, namely, steady-state frequency response, free vibra-
tions under velocity impact and forced vibrations of the beam under the ac-
tion of a moving force. Laplace and Finite Fourier transform are used in solv-
ing the problem. The present paper generalizes the earlier studies by No-
wacki [5] on vibrations of Euler beam on Winklerian foundation, Leissa,
Hwee [4] on the effect of viscous damping on the response of a Timoshenko
beam, Veletsos [8] on the response of bridges (idealised as a discrete sys-
tem) subjected to a moving load, Djodjo [2] on vibrations of elastic Timo-
shenko beam on elastic foundation subjected to axial force and Pan [6] on
the vibrations of simply supported viscoelastic Timoshenko beams.

2. The mathematical model

The viscoelasticity of the beam is represented by a standard li-
near solid in which the material constants E and G (which are functions of
time-derivative operator ;= 0/0f) are given by Nowacki [5]:

(1) E= E(0)) = Ey(1+£,0)/(14150y),

* Partial derivatives with respect to time are denoted by 0,. Partial derivatives with re-
spect to x are denoted by w . or d,w SSEB stands for a simply supported Euler — Bernoulli

beam subjected to a uniform y distributed load. ’ <’ denotes the replacement symbol. A &
before a symbol denotes the virtual displacement operator.

']
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@ G =G0 = Gy(1+2,0)/(1+1,0y),

in which £, and G, are elastic constants and #, and ¢, are relaxation and re-
tardation time constants of the material of the beam and #, is given by

3) ty=2(14-»)t;/3+ (1 —2v)ty/3,
with » denoting the Poisson’s ration which is assumed to be constant. If the
material of the beam is almost incompressible, then vo L 5o that ty=—t; and

the elastic and shear moduli operators £ and G given above almost coincide.
The kinetic energy 7" and strain energy U for the Timoshenko beam are then
given by

L

(4) T=+- [ (eAw?+ oly?)dx,
0
L
) U= [ [ER?,+ GAw—v)lds,
0
in which

L —length of the beam;

¢ — mass density of the material of the beam;

I —area moment of inertia of the cross-section of the beam about neu-

tral axis;

A -- area of cross-section of the beam;

w —total deflection of the beam;

w —slope due to bending alone of the beam.

The beam is subjected to lateral loading ¢(x, ¢) on the top surface, com-
pressive axial force S and shearing force Q* and bending moments M* on the
edge faces (Fig. 1). The work done by these external forces is

(6) W, = f (qw+ 5 Se?, Jdx+[wQ—[wMY,

in which the term with S denotes the work done by the compressive axial
force S acting on the beam and is obtained by linearisation and assuming that
the beam is freely supported.

Besides the above forces, the beam is subjected to horizontal and vertic-
al reaction loadings F, and F, (Fig. 1) on the bottom surface due to the

Fig. 1. Conventions of external loading acting
on the beam
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wiscoelastic foundation. Following the Winkler’s hypothesis, it will be assumed
that these reactions are proportional to local displacements and act in a di-
rection opposite to them, so that

{7.8) Fo—=khy, and F, -—ko,

m which 24 denotes the thickness of the beam and —#4y and @ denote re-
spectively the horizontal and vertical components of displacement of particles
on the bottom surface of the beam. k. and k. are moduli of foundation along
horizontal and vertical directions. Such a foundation which exerts both hori-
zontal and vertical reactions is called a ’genaralized foundation’ by Kerr [3]
and a similar foundation model was assumed by Djodjo [2] recently. To
account for a wide variety of soil conditions, a standard linear solid model is
assumed for vertical component k. and a Kelvin model for the horizontal com-
ponent %, so that

(9) Eo kA0) = kao1-F£0)/(1+ £:0y),
‘_ 1 0) kx = kt(()f) = k.\',)(l "nL‘ tﬁ:()/))

where k., k. are the elastic components of the foundation modulus and
1, ts, L are time constants of the foundation material to be determined from ex-
periments. The work done by these reactive loadings F,, F. given by eq. (7)
and (8) is

L
(11) Wy=-— ;- [(k5102~{~kx/l2a/79)(‘lx.
0

The Hamilton’s principle applied to equations (4), (5), (6) and (11) leads to the
following equations of motion:

(19 [ 0/ OJ[ w }’-[:--dx.((iA_S)dx»{—kz Jv. GA J{MJ"V J
0 of ) — (Al (=0y . El0+GA-+ R H?) ) 0

The corresponding boundary conditions are

(13) P@(Q—QME=0 and [dp(M—M*)]i=0,

in which the shearing force Q and bending moment M developed in the beam
are defined by

(14, 15) Q- (GA—S)yw,—GAy, and M ——Elyp,.

3. Nondimensionalisation

Taking a Simply Supported Euler — Bernoulli Beam subjected to
a uniformly distributed load of intensity ¢, as the basic heam (denoted as
SSEB), equation (12) is nondimensionalised by introducing the notations

X« XXy te-tity we wiw, S<S5/8, G-+ UG,
(16) A E“/EO’ Ry« kilkyg, v Ve ke kalkzy q [//qm
M K M,”‘MU’ Q R Q/Qo, t] . tj/to, tz &~ l‘g/to etC.
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so that the current symbols x, 7, ... stand for nondimensional variables X/ Xq,
t/ty, . .., where x,, £, ... are given by

1
xo=L, t,=2(ALYE,])® /,
Wo=5qo%Y/(384E,]), oo/ X,
(17) So- m2E /L2, My=q,L2/8,

Qo= Gol /2.

In the above, the length coordinate is measured in terms of length of the
SSEB, time is measured in terms of fundamental time period, of oscillation of
SSEB, axial Joad is measured in terms of critical load S, of SSEB and bend-
ing moment and shearing forces are measured in terms of maximum bending
moment M, and maximum shearing force Q, developed in SSEB.

From nowonwards, the physical variables x, 7, ... will be written with
units, e. g, xcm, ¢s, ... in order to distinguish them from nondimensional va-
riables x, ¢, ...

Introducing the system parameters of axial force S, stiffness of found-
ation K., K. and size factor s defined by

§ « §/S,=axial force/critical load on SSEB,
K= kxoh'Q/Sm

(18) K= (koL /4AED",
s=11AL2,

and using equations (16) and (17), differential equation (12) becomes equation
(19) with the notation

a= GoA|Sy= Gy (n2E,S)

19) [1 o][«éé;}r[[»4@(1‘_5)0%(16/@/”2)1@, 4aGo, J[WJ:F%%Q]

0 sllw —4aG0, [—(4/2)E® +4aG+4Kky) Ly 0
The corresponding expressions for nondimensional bending moment and shear-
ing force are

(20) Q=(107%/384)[(aG— S)w »—aGy],
(21) M= —(5/48)Ey:,.

4. Solution of Fourier and Laplace transforms

Multiplying both sides of first and second equations in (19) by
sin nxx and cos nnx respectively and integrating between limits of x=(0,1)
leads to the following Fourier transform of equation (19):

" [1 o][-&;n [4(a(}—3)(nn)2—}—(IGKﬁ/n?)kz —4aGnn J[w}
(22) 05| va +r —4aGnn  (4/72)E .(nx)2+ 4aG4-4K, ke | wn
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T [iﬁi‘ ; ;42_ In } . { — 4aG—S)(nn) OH(cos nn . wi—w) ]’
0 4aG  —(48X4/572) L (cos na . M —Ms)

where w,, g, and y,, n=1, 2,... denote the sine transforms of w and ¢, and
cosine transform of v respectively, and are defined by

1

(23) w,(t) = f w(x, £V sin nax  dx,
0
1
(24) q.(t)= { g(x, t) sin nax dx,
0
1
(25) Pa(t) = [ y(x, £) cos nnx  dx

0

and w,, M;, w;, M;, which may be functions of time, denote respectively the
prescribed nondimensional displacements and bending moments at the faces
x=0 and x=1 of the beam. Substituting the nondimensional material cons-
tants from equations (1), (2), (9), (10) and (16) into equation (22) and simpli-
fying, they can be written in the matrix form as

(26) Ax, =],

where A is a (2X2) characteristic matrix and x,={w,, y,}’ is a (2X1) co-
lumn vector of response and f-={f,, fo}7 is a (2X1) column vector of excitat-
ion. The elements a,,, @, ... [fs are given by

ayy = dX(1+-t,d)(1 + t5dy) + Hnm) a1 +todr) — S(1 4 £1dy))
(1 +15d)+ (16K a2)(1 +1,d)(1 + £,dy),
@y - 4ana(1-+1od)(1 -+ t:dy),
Ay, — —4ana(l +tyd,)(1 +t,d,),
Qo= SdX(1 + t,d)(1 +t3d,)+ 4(nm)*(1 -+ £,d,)(1 + body) /7
+4a(1 + body)(1 -+ t3dy) + 4K (1 + £1d0)(1 4 23d)(1 + 2edy),
f1=:(384 4/57%)(1 +£,dy)(1 + t5d0)gn— 4nala(1+Lyds)
—S(1+2,dy)] . (1 +tgds) . (cos nn . w|—wy),
fo= 4a(1-+1:8)(1 + tyd))(cos nm . w] —wy)— (48 X 4/57)
(1 + tydp)(1 -+ tads)(cos na . Mi—Mp).
Applying the Laplace transform defined by

oo
-~

(28) %o = | xt) exp (—ph)at,

4]
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where p is the Laplace transform parameter, to equation (26) and (27) yields
the following transformed equation:

(29)

A Xy =f 1 B x,(0) - C x,0) -- D x,(0) - E x,(0),

where A, B, C, D, E are (2X2) matrices with the elements which are polyno-
N

mials in p in the formZéU,k:p"“’, and are given by

(30)
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k=1
ag=a—.>.,
ty=aty— Sty,
an, = 4(nn)2a, -+ 16K%/7?,
a1 2= 4(nm)Xagts -+ te) -+ (16K /n2)(t, +1,),
ana= 1+ 4(nmPote-+ (16K )t L,
Qya=t,+1,,
ans=tts,
o= — dana—dana(ty--ts) p—danntyts p*,
?im = —d4ann—4ann(ty-ty) p—4anatytyp?,
an1=4n*+a+Ky),
A= 4|12ty +- L)+ alty+ ts) + Kty -+ by + 1)),
Qg3 = NPt ty+atoly -+ Kttt Latg+ Lot )],
A29.4=S(t,+ bs) + 4K ot Lot
Aog5=- Sty lg,
511 =a +rd11,sp—}—'du,4p‘~’—+-a“,5 P,
bio=ay2+ dm,a D
byy =z 2 +ansp,
Bon= A2+ o3 P+ Qoo P2+ Az 5 P,
€11 = 11,3 +A1na P+ a1 P
Cro=Q123
Co1 =21 3,
Cop =g 3 Qo4 P+ Q225 P2,
dyy=ais+anap,
d12=am =0,



dog=0934 a5 P,
g]]:al]ﬂs’ 812262] =O, 62243 022,5.

The transfer matrix T of the system, being the inverse of the charecteristic
matrix A (i. e, T=A"!) is given by

S Qge/ A —ay,/4
31) I it

—Qgy /1 a4

where the characteristic determinant 4 is given by
(32) A= duﬁ?z“amal 2
Using the transfer matrix, the solution in the transformed plane is expressed
in the matrix form as
133) Xn=T Bxna0)+ T Cxn(0)+ T Dx,(0) -+ T E x,0)+ T f

in which the first four terms represent the transient response and the last
term corresponds to steady state response of the system. The Laplace inverse

of x, given by the equation (33) can be expressed in terms of convolution
integrals. Inverting the Laplace and Fourier transforms, the solution can then
be expressed as

(34) w(x, t)=2 > w,(t) sin nax,
1,2,3

o

w(X, £) = wo(t)-+ 2 Y wa(f) cos nax.
1,2,3

The inverse of equation (33) will now be investigated for a number of spe-
cial cases.

5. Applications

a. Steady state response: Let the beam be subjected to
a sinusoidal load g=exp(j2¢) from rest, where Q denotes the frequency of
excitation (2=2n corresponds to resonance in SSEB), so that the excitation
components f;, f, are found from equation (27) to be

(35) f1(384X4/572)[(1 — cos nx)/nx)(1 -+ jQt,)(1 4+ j2ts) . exp ( j21),
f 2 0.

The steady state response of the system under the above excitation will be
obtained by replacing d, in equation (26) by jQ. This leads to the following
expression for the Fourier transform w, of the deflection:

(36) W, =(384 X 4/572)[(1 — cos nm)/nx)(1-+70t)(1 + QL)

[@0a(JQ)/A(JQ)] - exp ( j21).
The magnitude of the above complex quantity denotes the dynamic magnifi-
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cation factor and its modulus represents the phase angle by which the res-
ponse lags behing the excitation in the nth mode of vibration.
b. Freevibrations under velocity impact: Let the beam be

moving with an initial velocity w(x, 0)=vcm/s during a drop test. Let the ri-
gid body motion be arrested at time 7=0. Using w(x, 0) v cm/s in equa-

tions (27), (29), (31) and (33) yields the following expression for w, governing
the ensuing free vibrations:

(37) @, = (vto/w)(1 —cos nm)( ac,, *5125;“/"7'7’1”
so that w,- 0 for n=2, 4, 6,... which means that the antisymmetric modes

do not contribute to the resulting free vibrations. The first of equation (34)
then yields the following expression for dynamic deflection w( ; ,t) at the

midpoint x':;-»-lgf of the beam:

(38) w( . t) =2 X, (6) sin (nn/2).
1,3,5
c. Beam subjected to a travelling force. When a concentrated

force P kg starting from x--0 moves with uniform velocily vcm/s over a
SSEB, resonance occurs in the beam at the critical velocity v,-=2x,/t, cm/s,
i. e, when the time taken by the load to cross the beam, # - Ljv,s is hali
fundamental time period £, s of SSEB. The intensity of external load for this
problem is

(39) q=P(x—ot)H(t'—t) kg/cm,

where ¢ and /7 denote respectively the Dirac delta and Heaviside step func-
tion and #-:L/vs denote the time taken by the moving force to cross the
beam. Nondimensionalisation of load with respect to P=gq,x,kg and velocity

v with respect to critical velocity @, cm/s leads to the following nondimen-
sional intensity of external load:

(40) g=8x—2v)H({t' 1), t=1/2.
Equation (27) then leads to the following transform of components of excitat-

ion fi, fy:
[1= (884X 45231 + (¢, +1;) p+ ity p*)gu—tits2nn0),
(41) f2=0,

where

1
(42) kf,,::[,{ [q sin nax dx} ={2nav/| p?+ (2na0)2)}(1 — cos nzx . exp (—pt')).

Assuming that the beam is initially at rest and free, inversion of Laplace and
Fourier transforms in the first of equations (29) and using equations (33), (34)
and (41) leads to the following solution:
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13) w(x, £)— 2_\:sin nax|—ttsF, - G,— cos nm. Gt — ') H{t— t')],
1,2,3

where F, and @, are Laplace inverses of
144) F,- (3847 4/522)2n70 . agy/,

143) G, Fu . [1+(t, +15) p4-tits p?) [ P + (2nn0)?].

The first two terms in the rectangular bracket in equation (43) correspond to
motion when the load is on the beam while the third term in it corresponds
10 motion after the load leaves the beam. The corresponding solutions for a
SSEB are as follows:

1. The steady state solution for a SSEB subjected to a nondimensional
sinusoidal load g:==exp(j¢¢) from rest is obtained from the Fourier transform
w, given by Timoshenko [7], p. 350:

=]

i46) w, (384 8)/(5na?) . [1/(n*dn?— %) exp (je21),
so that the dynamic magnification in fundamental mode is
i147) 2iw; —1/1—(82/2a%.

2. When a SSEB is moving with an initial velocity w(x, 0)~vcmj/s during
a drop test and the rigid body motion is arrested at =0, the ensuing free vib-
rations are given by

148) w(x, t) - (Viy/w)(2 ':zQ)ZSin 2an?t . sin nax/n?.
1,3,5
3. When a concentrated force P kg starts moving from x- 0 with a
speed v cm’s over an SSEB, the nondimensional excitation is (see equation
(40)) ¢=0(x—2vt)H(t'—¢) and the nondimensional response of the SEEB is

(49) w(x, £)—2 ijn(t) sin nmx,
L2,...

where ,(f) is given by Timoshenko (7], p. 352:

768 | sin2nmvi v sin 2n’mt
[ n3(n?—v?) n o (n?—uv2)

(30) Wit) g0

Equations (36), (38), (43), (46)—(50) are programmed for a digital compu-
ter and the resulting graphs are given in Figs. 2-—8. The next section is de-
voted to discussion of the effects of various system parameters on the free
and forced vibration response of the beam using Figs. 2—8.

6. Discussion of results

a. Free vibrations under velocity impact. Fig 2
shows the free vibrations of a Timoshenko beam with viscous damping under
velocity impact, as computed from equation (38). The curve in chain line in
this figure is the corresponding response of SSEB as computed from equation
(48). Viscous damping in the beam is accounted for by selecting a low value
of foundation K, (viz. K,=2.2X107? with »-=025 and size factor s=0.4
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Fig. 2. Effect of viscous damping on the free vibrations of a Timoshenko beam
subjected to velocity impact

=02 F

10—* for curve / and 0.04 <10~ for curve 2) and a large value of retardat-
ion time parameter £, ( =4.6X10* for curve / and 9.2 10* for curve 2) so
that the vertical foundation reaction k,w--R,(1+2,05)/(1+ 100w eifectively

reduced to K,f,w which characterizes viscous damping in the beam. Compari-
son of curves in Fig. 3 shows that the amplitude of oscillation dies down
quickly with viscous damping.

b. Steady state response. Figs. 3—6 show the effect of various
parameters on the frequency response of the Timoshenko beam. Fig. 3 is a
plot of the dynamic magnification factor 2 w;' in the first mode of vibration
(computed from equation (36)) showing the effect of size factor s and the
axial force parameter S on the frequency response of a viscoelastic Timo-
shenko beam. This graph reveals that as the size factor s increases, the sub-
critical response increases while the supercritical response decreases, for a gi-
ven frequency ratio. This implies that the resonant frequency decreases as the
size factor s increases. It can also be seen from this graph that for frequen-
cies of excitation approximately twice that of fundamental frequency of SSEB,
the effect of size factor on the dynamic magnification factor is negligible. The
curves in dotted lines show the effect of axial force. These curves show that
an increase in tension increases the resonant frequency (relative to that of
SSEB) while an increase in the compressive axial force decreases it. As the
axial force approaches the buckling load, S=1, the subcritical response tends
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&=0.01

-— = —

magnification  factor 2 Jwyj|

Dynamic

0.0 L | i 1
i Frequency ratio 2/2x

Fig. 3. Frequency response of viscoelastic Timoshenko beain
— effect of size factor. & ; s=0; ©==0.25; .. .effect of axial force factor. s ; &=0.0004, v==0.25
(rest parameters zero)

to infinity at =0, i. e. the static case. For $=0.8, the subcritical response
is outside the plotted region in Fig. 3. The curve in chain line shows the
corresponding frequency response of SSEB in fundamental mode of vibration,
as computed by the formula (47).

Fig. 4 shows the effect of viscoelasticity ot Timoshenko beam on its ire-
quency response. Curves in full line correspond to the effect of parameter
@, =7t (p; =1 corresponds to critical damping the fundamental mode of vibrat-
ion of SSEB with viscous damping) while curves in dotted line show the
effect of parameter ¢,=unt, This figure shows that the resonant frequency
decreases with an increase in ¢, and ¢, The magnification factor at resonant
point increases rapidly with an increase in ¢, while it decreases with a cor-
responding increase in @, The figure also shows that the response below re-
sonance is very much sensitive to changes in relaxation time parameter @,
while the response beyond resonance is almost unaffected by the changes ¢,
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Dynamic  magnification factor 2 |wy|

=003

0.0 L | | |

Frequeney ratio 202

Fig. 4. Effect of viscoelasticity on the frequency response

of a Timoshenko beam
&==0.0004, rest of the parameters zero ; effect of relaxation time parameter ¢ ;
. effect of retardation time parameter ¢,

in the range (0.2, 1). Comparison of peak values for curves with ¢, -0.05 and
¥9==0.05 show that the resonant magnification factor for @,=0.05 is approxi-
mately 2/3rd that of ¢,=0.05, i.e., parameter ¢, has greater influence in damp-
ing the response of the beam than the parameter ¢;.

Fig. 5 shows the effect of foundation parameter K. on the dynamic mag-
nification factor. In contrast to the effect of the size factor, the effect of an
increase in the stiffness K. of the foundation is to decrease the subcritical
response and increase the supercritical response, so that the resonant fre-
quency increases with K,. For low values of K,<(l, the frequency response is
quite insensitive to changes in K.

Fig. 6 shows the effect of viscoelasticity of foundation on the response
of the system. Curves in full and dotted lines show respectively the effects
of foundation viscoelasticity parameters ¢, and ¢, From this figure, it isclear
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2wy

Dynamic  magnification factor

I I 1
0.5 1.0 1.5 1.8

0.0 L

Frequency ratio £2/2a

Fig. 5. Effect of foundation modulus on the frequency response
of a Timoshenko beam
%==0.0004, rest of the parameters zero

that an increase in retardation time parameter ¢, decreases the resonant fre-
quency and resonant magnification factor. An increase in relaxation time para-
meter ¢, decreases the resonant frequency; however, it can be seen from this
figure that ¢ has insignificant effect on the damping characteristics of the
system. This can be explained by the fact that ¢, and @ occur respectively
in numerator and denominator of the foundation viscoelasticity operator. This
figure also shows that as ¢; is increased, response below resonance increases
while the response beyond resonance decreases. Further, the nearness of the
dotted curves above resonance show that the response above resonance is af-
fected less by ¢y than the response below resonance. The magnification factor
(at ©/27==1) for @;=0.05is found from computations (not shown in the figure)
to be twice that for ¢,=0.05, showing that the parameter ¢, is more sensit-
ive in damping the response of the beam than the parameter g;.
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®,=0.10

Dynamic

0.0 L L 1 1
e
§ . 7

Frequency ratio 222

Fig. 6. Effcet of foundation viscoelasticity on frequeucy response

of a Timoshenko beam

KZ=I.5, v=0.25; &=0.0004, rest parameters zero; — -~ «ffect of retardation time
parameter ¢, . . . effect of relaxation time parameter ¢;

c. Response under a moving load. Fig. 7 shows the effect of
speed of travelling force on the response of midpoint of a viscoelastic Timo-
shenko beam, as computed from equation (43). The cutve in chain line in this
figure is the response oi SSEB (plotted by summing the first 20 terms in
equation (49)) for the purpose of comparison. It shows that the maximum mid-
point deflection of a Timoshenko beam is less than that of SSEB when
both are subjected to the same moving load. Comparison of peak-times of dif-
ferent curves in Fig. 7 shows that as the speed of the travelling force increas-
es to critical speed v, cm/s, the time at which the maximum midpoint def-
lection occurs decreases. As the speed of the force increases further, this mid-
point time-peak starts increasing again, and the peak value itself decreases.
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2.0

0.0

Dynamic  magnification w(—; l‘)

-2.0

|

Fig. 7. Effect of speed of travelling force on- the response of-a viscoelastic
Timoshenko beam .
=0.0004 ; @2=0.05

Fig. 8 shows the effect of foundation'stiffness on the response of a vis-
coelastic. Timoshenko beam subjected to' a travelling force which is 1/4 th of cri-
tical speed of SSEB. Comparison with curve -in chain line (corresponding to SSEB
with ©=0.25) shows that the -deflection of the Timoshenko beam is less than
that of Euler — Bernoulli beam until the response reaches its peak value. For
law values of foundation stiffness factor K, (in the range 0 to 0.5) the res-
ponse of the beam is almost unaffected by the change in K. As K increases
beyond 0.5, its effect on the response is seen to be quite appreciable. The
time at which the peak value occurs is seen to be delayed with increasing
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Dyvnamic

4

X

1. 2
Fig. 8. Effect of foundation s.iffiness on the response of a Timoshenko beam
subjected to atravelling force
v=0.25 ; &—=0.0004 ; @.==0.05

0.0

K. For very large K.>2, it is seen from the figure that the deflection of
the beam is negligible even until the load is at midpoint (¢’=2, f=1) and the
peak midpoint deflection will occur well after the load has left the beam.

7. Conclusions

In this paper the free and forced vibrations of a viscoelastic
Timoshenko beam are investigated when the beamis on a viscoelastic general-
ized foundation or when it is subjected to an axial force. The equations of
motion are derived by using the Hamilton’s principle and the symmetric mass
and stiffness operators of the problem are displayed by putting the equations
of motion in matrix operator form. The solution is studied for steady state
response, free vibrations under velocity impact, and vibrations induced under
a moving load.
The present study indicates that the subcritical steady state response of
a Timoshenko beam increases with size factor while its supercritical response
decreases. The resonant frequency is shown to decrease with an increase in
viscoelasticity parameters of the beam. The resonant point magnification fac-
tor is seen to increase with retardation time parameter @, while it decreases
with relaxation time parameter g, The frequency response is shown to be in-
sensitive for low values of foundation modulus K,<l. The retardation time
parameter ¢, of the foundation is shown to be more influential in damping
response of the beam than the relaxation time parameter ¢ The response of
a viscoelastic Timoshenko beam subjected to a travelling force is shown to be
less than that of SSEB until it reaches its peak value. The stiffness K, of
foundation is shown to be having negligible influence on the response of the
beam subjected to moving load until K.=0.5.
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