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ABSTRACT

This study is devoted to the investigation of the effects of centripetal and Coriolis forces
on the forced vibration of a simply supported beam with a single crack under moving
mass load. As in the case of beams without a crack, it is shown that these forces must
be considered in the analysis. The combined effects of these forces are especially
important for the cracked long beams. The response of the system is obtained in terms
of Duhamel integral. The differential equation which involves a non-linearity on its right
hand side is solved via an iterative procedure. The results are exemplified for various
values of the variables.
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NOMENCLATURE

E Modulus of elasticity (N/m?)

I Second moment of area for the cross-section of the beam (m*)

Yy Vertical deflection of the beam (m), dimensionless vertical deflection of the beam
Xx Horizontal location of the beam (m), dimensionless horizontal location of the beam
Tt Time (sec), modified time

L1l Length of the beam (m), dimensionless length of the beam

Lo, Iy Position of the crack (m), dimensionless position of the crack
V,v Velocity of the moving mass (m/sec), modified velocity of the moving mass
g Gravity (m/sec?)

pA Density of the beam (kg/m?), Cross-section of the beam (m?)

B,H,D Width of the beam (m), Height of the beam (m), Depth of the crack (m)
y Non-dimensional crack-depth ratio

0 Non-dimensional crack sectional flexibility

A Eigen-values of free vibration
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INTRODUCTION

The dynamic response of beams under moving forces or masses has been investigated
for more than a century. A wealthy of results, both analytical and experimental, were
tabulated for a number of cases, different in loading and geometry. The reason for
these studies is the observations that as a beam structure is subjected to moving loads,
the dynamic transversal deflection as well as the stresses could become significantly
higher than those for the static load could. After substantial works have been carried
out in this field, researchers have tent to studying the dynamics of cracked structures in
the last decade. Indeed, the existence of crack induces a local flexibility which is a
function of the crack depth, thereby changing its dynamic behavior and its stability
characteristic [1]. The dynamic behavior of cracked structures has been investigated by
many analytical and computational methods [2,3,4,5,6]. While some of these
researchers were dealt with the detection of crack, some others were based on
investigating the effects of cracks on the frequencies of the beam. Dimarogonas gave a
review of the dynamics of cracked structures [3]. The continuous cracked beam
vibration theory was developed by Chondros et al. for the lateral vibration of cracked
Euler-Bernoulli beams with single-edge or double-edge open cracks [7]. Ostachowitz
and Krawezuk presented a method analysis of the effect of two open crack upon the
frequencies of the natural flexural vibrations in a cantilever beam [8]. Rizos and
Aspragathos used a rotational spring to model the crack and detect the crack location
through the measurement of the amplitudes of the component [9]. Liang et al. studied a
similar problem by finite element method [10]. Lin et al. have studied beam vibrations
with an arbitrary number of cracks using a hybrid analytical/numerical method that
permits the efficient computations of the eigen-solutions for various boundary
conditions [11]. Each crack was presented by a massless rotational spring with
sectional flexibility in this work. Transfer matrix method has been efficiently used to
reduce the number of constants of the eigen-functions which are solved through the
satisfaction of boundary conditions.

As for the dynamics response of cracked beams under moving forces or loads, not
much work is available in the literature. Parhi and Behera [12] used the Runge-Kutta
method to find the deflection of a cracked circular shaft subjected to a moving load.
Mahmoud used an equivalent static load approach to determine the stress intensity
factors for a cracked beam under moving load [13]. Mahmoud and Zaid [14] used an
iterative modal analysis approach to determine the cracked beam’s response. Most of
these works have analyzed the problem numerically or hybrid numerically. Lin et al.
presented an extended method for the beam vibrations with an arbitrary number of
cracks for obtaining the modes and frequencies of the system [6]. Lin et al. analyzed
the forced response of a cracked cantilever beam under a concentrated moving load
[15]. In this paper, the cracked beam system was modeled as a two-span beam, each
of which obeys Euler-Bernoulli beam theory. Forced response was obtained by the
modal expansion theory using the determined eigen-functions. However, as is proved in
the following paragraphs, the method presented is deficient in many respects and must
be reformulated.

In analyzing the response of cracked beams under moving loads, centripetal and
Coriolis forces were always neglected. However, as was proved by Michaltsos and
Kounadis [16] for the case of un-cracked beams, these terms can appreciably affect the
beam response and must be inserted into the theory depending upon the beam’s size
and the velocity of the moving mass.
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Therefore, the present work inserts the effects of centripetal and Coriolis forces into the
dynamic analysis of simply supported beams with a crack under moving mass load. It
should be expected that the existence of mass rather than a force and a crack in the
analysis makes the formulation much complicated. The reason for this complexity is the
existence of nonlinear terms on the right hand side of the differential equation in the
case of mass loads. The analysis is performed for a single-side crack. Forced response
is obtained in terms of Duhamel integrals.

Eigen-Value Analysis

Let us consider a hinged-hinged beam of length L with an open crack located at x = L.
A body of mass M is moving on the beam with a constant velocity V. The dimensions
of the uniform cross-section of the beam are: width B, height H crack depth D (Fig. 1).
The crack divides the beam into two parts. According to Euler-Bernoulli beam theory,
the equation of motion for each part in the case of free vibration can be written as

%Y, %Y,
EI it +pA— =0, 0<X<L, (1)
o'y, A62Y2 B 2
EIaX4 +p o7 =0, L,<X<L (2)

Here, Y, and Y, are the vertical displacements, pA is the mass per unit length. The
boundary conditions for a simply supported beam are given by

Y,(0,T)=0, Y,(L,T)=0, Y,"(0,T)=0, Y,"(L,T)=0, (3)

The compatibility requirements enforce continuities of the displacement, bending
moment and shear force, respectively, across the crack and can be expressed as

Yi(Ly, , T)=Y,(L,",T), (4)
Ylﬂ(LoirT) = Yzﬂ(Lo+/T)r (5)
Y, (L, T)=Y,"(L,",T), (6)

Here, L,’,L, denote the locations immediately above and below the crack position,
respectively. Discontinuity condition at the crack can be written as

Y, (L', T) =Y, (L, T)=0,LY,"(L,", T), (7)

where 0, is the non-dimensional crack sectional flexibility, which is a function of the
crack extent [4]. For a single sided open crack [8],

0, =6mr* (| £ (®)

Here, y = D/H is the non-dimensional crack-depth ratio, and
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f(y)=0.6384 —1.035y + 3.7201y* — 5.177y° + 7.553y" —7.332y° +2.4909y° 9)

and, for a double sided crack [8]
H
0, =6mr* )|+ | (10)

f(y)=0.5335-0.929y + 3.5y* — 3.181y° + 5.793y* (11)

We introduce the following parameters:

Y, Y, L L X
=—, =—, l :—1’ l :—2, X =— 12
Y L Y [ hTT kT 3 (12)
X, X, 14 T
Xy ==, Xy=—>, 0=—=, t=—, 13
LT L JL JL (13)

Thus, Egs. (1) and (2) can be written as

EI &%y, o’y L
— +pA—2ZL =0, O<x<—=2 14
ot P L (14)
EI 8%y, %y L
i Ay - | =0 cx<1 15
oot P o (15)

The conditions imposed on the problem then become

yl(O,t)zo, yz(l,t)=0, yl"((),t):(), yz"(l,t)zo

L07 LO+ ” L07 " L0+ | L07 m Lo+
20 ploy | 2t 20 pley 2t 20 pl=ym 2t (16
yl[LrJyz(L J yl(L j]/z(L J yl[L jyz(L j (16)
! L+ ’ L_ 14 L+
yz[ z ’tj_yl [%JJ=91]/2 (%/tj (17)

Using the separable solution y; (x,t) = o.(x)e, i=1,2 in Egs.(14) and (15) lead to

¢1IV(x)—7»4d)1(x)=O, 0<x<% (18)
0" ()0 =0,  <x<l (19)
where
o - PAOL (20)
EI

Using Egs.(16) and (17) , the conditions on ¢, and ¢, are readily obtained as:
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L) (L) or(B)igr(Ll) on(Lo ) gr(L
¢1[T]—¢2(L]/ ¢1(LJ_¢2[LJ/ ¢1[L]_¢2(Lj (21)
(L) (L) _ g oLy
(I)z [TJ ¢1(L] e1¢z(LJ (22)

On the other hand, using the boundary conditions in Eqs.(16) , we obtain

¢,(0)=0, ¢, (1) =0, ¢, (0)=0, ¢, (1)=0 (23)

The solutions of Eq.(18) and Eq.(19) can be shown to be

d,(x) = A, sinA(x) + B, cosA(x) + C, sinh A(x) + D, coshA(x), 0<x< % (24)

b, ()= A, sink(x—%j +B, cosk(x—%) +C, sinhk(x—%}r D, coshk(x—%j, % <x<1l (25)

where A’s, B's, C’s and D’s are constants to be determined . Using the conditions
given by Eq.(23)

B,=D,=0 (26)
Second and fourth conditions on ¢,(x) vyield

L-1L,

0=A, sinx(L_LO )+ B, cos?{L_Loj+C2 sinhx( j+D2 coshk(L_Loj (27)
L L L

0=-A4, sink(L_LLoj—Bz cosx(L_LLojwz sinhk(L_LLoj+ D, Coshk(L_LLo) (28)

Egs.(27) and (28) can be written in matrix form as

_ _ _ _ A
sink(L Loj cosk(L LO) sinh?{L LO) coshk(L Loj 2
m_ L L L L B, (29)
0|~ _ _ _ _ C
—sink(L Loj —COSK(L LO) sinhk[L LO) coshk(L Loj 2
L L L L J)lp,
or
AZ
0 B,
=B,, (30)
|:0:| 2x4 C2
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Using the matching conditions at the crack where x =1L, , we have

o))

-A,+C,=-A COSX(LL j-l—B smk(LL j+C COSh?\,(LL )+ D smh?»(li j (31)

¢2, - d)l, = 914’2” [L_OJ :

A, +C, Acosk[Lj+B smx[LLj Clcoshk(LLj Dsmh?{Lj+6Bk 0,D,A=0 (32)

[of2)

B,+D,=A sm?»(L j+BcosX(L )+C smhk(L j+Dcoshk(L j (33)
L L L L
”n L 14 L
o[l e )
L, . L L
B,-D,=A smk( j+B cosk( j Clsmhk(—oj—choshk(—oj (34)
L L L L

Egs.(31),(32),(33) and (34) can be written in matrix form as

AZ tll t12 tl3 t14 Al
B2 _ t21 t22 t23 t24 Bl (35)
C2 t31 t32 t33 t34 Cl
D 2 t41 t42 t43 t44 D 1
or
A2 Al
B 2 B 1
=T 36
C2 4x4 Cl ( )
D 2 D 1

where
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ty =COSK(&)—%SH‘[X(&), ty :—sink[&j—%cosk(hj,
L 2 L L 2 L
t :—el—ksink(&), tis :%mshk(&j,
2 L 2 L

t21 :sink(%j, tZZ :cosk(%j, l’23 =0, t24 =0,

ty = —el—ksink(&), ty = —@—xcosk(ﬁ),
2 L 2 L
tyy = coshk(&)+el—ksinhk(ﬁ), tyy = sinhk(ﬁjwtﬂcoshk(&j,
L 2 L L 2 L

~

ty =0, t,=0, t,= sinhk(%j, tyy = cosh?»(

foj (37)

Inserting Eq.(36) into Eq.(30) yields

Al Al Al
0 B, B, 0
_B, xT,, _R, _R, (38)
|:0:| 2x4 4x4 Cl 2x4 Cl 2x4 Cl
D, D, 0
where
T T r. T
R2x4 — [ 11 12 13 14} (39)
r21 r22 1/23 r24

Here, the elements of R, , are given by
r,=b,t,+b,t, +b,t, +b,t,
r,=b,t,+b,t, +b,t, +b,t,
t,=b,t,+b.t,+b.t, +b,t,

by T Oty T 0555
r,=b,t,+b,t, +b.t, +b,t, (40)
1, =b,t, +b,t, +b,t, +b,t,
t, =b,t,+b,t, +b,t,+b,t,

7"23 = bth]B + b22t23 + b23t33 + b t

24%43

1, =b,t,+b,t, +b,.t, +b,t

22724 24744
The existence of non-trivial solutions requires

er 7"23

T T
de{ }:0 (41)

Using Egs.(26), (27), (28), (31), (32), (33) and (34), the following relations among A’s,
B's, C’s and D’s can be found:
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n, =sinAL,, n, =cosiL,, n, =sinh AL, n, =coshiL,, (42a)
n,=sinM1-L,), n,=cosM1-L,), n,=sinhA(1-L,), n,=coshi(1-L,)
A, =-0,4,, B, =m A, C, =-0,C,, D, =n,Cy,
o,
C = m +0, Ay, 0O, Z%r 0, :%r C = 2 (42b)
n, +0, Mg n, [n3n8 N m}
n;

Eliminating all the coefficients in Egs.(42a and 42b) , the frequency equation can also
be obtained as

2
(%) 1,1, :[n:lnS +n, +%n3j(%—%nl +n2] (43)

2 7 Ny

Eq.(43) derived in an abbreviated way is another form of the frequency equation given
by Eq.(41), and yields the same values for LA’s .

The equation of motion of the beam under a moving mass M can be written as [16]

o'y,
ox*

oY,
or’?

El—F+pA—F=M|[g—a, |6(X-VT), i=1,2,.. (44)
Here, s(x-vT) is Dirac’s delta function. Since the transverse displacement Y is a

function of X and time T, we obtain the transverse acceleration ¥ =a,, as
a, =Y +VY"+20Y' (45)
where Y'=0°Y/oXoT, Y'=08Y/ox*, ¥ =06Y/oT?. The second and third terms on the

right side of Eq.(45) correspond to the centrifugal and Coriolis accelerations. Inserting
Eq.(45) into Eq.(44) yields

84}/; 82)11 7 " 71
El i+ pA— =Mgs(X ~VT)=-M[¥+V*Y"+ 207" |5(X -VT) (46)

We introduce the following quantities:

(47)

0 [:— Yy =

_Tz \/Z,

=

Il
~ =

>

I
~ | <
B~

Thus, in each segment, Eq.(46) can then be expressed in a non-dimensional form as

o'y, pAl’ &*y. Mgl? ML . A
ax):l +pEI at);’ = g] 5(x—vt)— ol [yi+v2y,.+2vy,.]5(x—vt) (48)

A series solution of Eq.(48) can be sought in the form
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N

y(x0)=2.4,(x)q,(7) (49)

n=0

where normalized eigen-functions ¢n(x) of the cracked system are given by Eq.(24)

and (25), ¢,(¢t) are the generalized coordinates and N is the number of eigen-
functions used to approximate the solution.

Substituting Eq.(49) into Eq.(48), multiplying by ¢j(x) and integrating from 0 to 1 lead
to

Z{%qn + I‘q&_[gém (x)¢,, (x)dx = Mgl §(x—vt)¢m (x)dx

n=l 0 0

Using the ortogonality condition of eigen-functions, Eq.(50) can be written as

.. M
i, + @2q, = 0, (1) =—2¢, (v1)

e 00) S (0) |20, ()] D2 (0) |20, () St (o)

m=1

(51)

A very important point that must be recalled here is that ,although the eigen-functions
are orthogonal, they are not orthonormal in general. In other words, they result in
1

j(l)"fdx:k. In order to make this term normalized, the constant A’s in the expressions

for eigen-functions must be chosen as A =1/+k . However, this value must also take
place on the right hand side of Eq.(51).

A closed form solution to Eq.(51) is not possible. However, we can seek approximate
solution of Eq.(51). In order to solve Eq.(51), a technique developed by Michaltsos and
Kounadis [16] will be used. This method has also been used by the writers in a different
paper [17]. In fact, this method is a different version of Picard’s method applied to non-
linear ordinary differential equations in which the non-linearity takes place on the right
side of the differential equation. According to this method, a first approximate solution of
the differential equation is obtained by keeping only the first term on the right side of
Eq.(51). This leads to
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. Mg
+ 2 = — t 52
qn a)n qn pAL ¢n (V ) ( )
or
g 0
—= f.(v1), t<
AL
G +ola, = L (59)
g 0
t), t>
AL f;12 (V ) V\/Z
where
fa(vt) = A, sinl(vt) + B,, cos\(vt) +C,, sinhA(vt) + D, coshA(vt), (54)
fa(vt)=A,, sinh(vt) + B, cos\(vt) + C,, sinh M(vt) + D, , cosh A(vt), (55)

. L .
The solution of the homogenous part of Eq.(51) for r<—— is
g p q.(51) i

(9.), =d,sina,t +d, cosw,t (56)

where d,,d, are constants to be determined. Let us assume that the proper solution to
Eq.(51) has the form

(9u), = A,sinQt+B, cosQt+C, sinhQ ¢+ D, coshQ ¢ (57)

where Q) =1 v. Substituting Eq.(57) into Eq.(51) yields

- Mg A, - Mg B,
A== By=—2—"
—~ _ Mg Cnl n Mg Dnl
" pAL 0 + O " pAL o + O
Thus, the general solution to Eq.(51) for x< L,/ L takes the form
4, (t)=dsine,t+d,coso,t+(q,) (59)

In order to determine d, and d, in Eq.(59), we use the initial conditions ¢, (0)=0 and
¢,,(0)=0. After some operations, one readily finds

The last form of ¢, (¢) in the first region can thus be written as
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+D,, )cos w,t

1< Ly a)” (61 )
+A,sinQt+B, cosQt+C, sinhQ ¢+ D, coshQt

In the same manner, for ¢ > Ly the solution of homogeneous part and the proper

VL
solution can be written as
(4,,), =d,sinw,t +d,cosw,t (62)
and
(4, )p =A,sinQt+B,,cosQt+C,,sinhQ ¢+ D, ,coshQ ¢ (63)

One can readily show that the coefficients in Eq.(63) are in the forms

- Mg A4, - Mg B,
4,= TIPS B,= T
~ Mg CnZ n Mg Dn2
n2 = 2 20 n2 = 2 2
PAL w; +Q; PAL w; +Q;
Hence, the general solution of ¢,, (t) in the second region can be written as
4, (1) | =(q,2)5 +(4,0), = d sinw,t+d,cosa,t
Ly
VL (65)

+A4,,sin A(vt—0,)+ B, ,cos A(vt— L)+ C,,sinh A(vt — £ )+ D,,coshA(vt ()

In order to determine d, and d, in Eq.(65), we use the initial conditions g¢,,(0)=0 and
4,,(0)=0. After some operations, one readily finds

Jl = _%(Anz + CnZ )’ d2 = _BnZ _5)12 (66)

a)n
The last form of ¢,, (¢) in the first region can thus be written as

q,(t) | = —&(an +C,, )Sin - (Enz +D,, )cos ot
—— ©n (67)

+A4,sinQt+B,,cosQt+C, ,sinhQ ¢+ D,, coshQ ¢

L
Now, we insert Eq.(61) into Eq.(51) for the first part <——:
q.(61) q.(51) p 0
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éjnl + a)jqnl = in (t)

(68)
_ Mg My~ Y 2Mv N,
- pAL f;il (Vt) p nl |:;qm ml:| p |:mz= m :| pAL f;‘ll (Vt)|:Ememl:|
For the second part t >—%—, we have
P VL
an + a)fan = QnZ (t)
(69)

_pALf"z(w) pALfnz( t)|:Zmem2:| pALfnz(W){;qumz} pALfnz(Vt){zqumz}

m=1 m=1

Here, q,.,.9,.,4,1-9,,-9.,-4,, are to be found from Eqgs.(61) and (67). Writing Eq.(66) in
Eq.(67) together, we have

L
in’ ZS .
G, + g, = VL (70)

L
, t>—2
Ons TiL

Under zero initial conditions, the solution of Eq.(70) has the form

1 t

qn(t):—an(r)sina)n(t—r)dr (71)
a)n 0
or
q (t)=Lle(r)sinw (t—71)dr, t< Ly (72)
n a)n ) n n V\/Z
and
1 1 :
=— )sinw, (1—7)dr+— _[ 0,,(7)sinw, (1-7)dr,
r ©n b (73)
VAL

> Ly
VL
A very important point here is that if the time at which we wish to plot the curve is

smaller than the time required for the load to arrive at the crack, one still must use
q,,(t) obtained for ¢ ,(a). When the load passes over the crack, then ¢ ,(a) must be

used on the right hand side of Eq.(51).

RESULTS AND DISCUSSION

Using the results of the present paper, the dimensionless deflection y versus modified
time t has been plotted for various values of the variables. As an example, we assume
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L =20 m, El = 2.7265.10" Nm?, p=7800 kg/m®, A=0.2x0.2 m® The number of terms

in the series has been taken as n = 4. It has been observed that the series rapidly
converges. Since the right hand side of the differential equation is nonlinear and
involves the unknown functions, as the number of terms in the series is increased, the
solution time highly increases. Fig.(2) shows the deflection of the  mid-point (X = 10
m) depicts the individual effects of centripetal and Coriolis forces for the crack location
Lo=5m: V=20m/s, y=0.3 and M = 5000 kg. It is obviously observed that the effect of

centripetal force is greater than that of Coriolis force. The comparison of deflection y at
the mid-point (X = 10 m) for various values of crack position Ly = (1, 3, 5, 8, 10) for the
values y = 0.3, V=20 m/s, M = 3000 kg is shown in Fig.(3). In order to determine the
critical crack position, Ly was taken (1,3,5,8,10) m. Since the moments are zero at the
boundaries and almost zero at the mid point, we can expect that the critical crack
position would be between these two values. Indeed, for the crack position X = 3 m,
deflection becomes maximum. Such a critical point is also available on the second part
of the beam where 10<X<20. Depending upon the values of the variables in the
problem, these critical points must be determined for each time. .Figs. (4a), (4b) and
(4c) depict the effects of the crack depth-ratio at the point X=5m, X=10m and X =15
m, respectively. It is obviously seen that the dimensionless deflections increase with
increasing values of y. We see from these figures that the deflection is not strongly

effected by the crack depth-ratio. In Figs. (5a), (5b) and (5c¢), taking Lo = 8, V =20 m/s,
M = 3000 kg , the variation of dimensionless deflection with dimensionless x is plotted
for various instants of modified time {. The crack depth-ratio were taken y = 0.1, y =
0.3, y = 0.6 in Figs. (5a), (5b) and (5c), respectively. The amplitude y slowly increases
for increasing value of vy.

One of the main purpose of the present work is to see the effects of centripetal and
Coriolis forces. In Fig.(6a), the effects of the constant force corresponding to F = Mg ,
the mass load involving inertia force ( Mg+Ma ) and the mass load with inertia force
plus centripetal and Coriolis forces have been plotted for the values y=0.1, V = 20

m/s, Lo =8 m, M = 3000 kg. Solid line corresponds to constant force F. Dashed line
corresponds to the mass load with inertia effect while dotted line corresponds to the
mass load involving the totality of the effects. It is obvious that the deflections for the
mass load are greater than that corresponding to the constant force F while the
deflections for the mass load with inertia force plus centripetal and Coriolis forces are
greater than that corresponding to mass load. As seen in Fig.(6b) and (6¢c), as vy

increases, deflections also increase. Of course, these results are expected.
Numerical calculations during this study have revealed that the centripetal forces are
more effective on the vibration than Coriolis forces.

It should be expected that as the mass increases the centripetal and Coriolis forces
would become more influential. Indeed, As depicted in Figs.(7a), (7b) and (7c)
compared to the response under a constant force F = Mg , beam’s behavior under
mass loads with or without involving centripetal and Coriolis effects becomes quite
different. It is clearly seen that the dynamic deflections increase with increasing values
of the mass.

While formulating the present study, we have also corrected many problems in the
literature. For example, we have pointed out that the eigen-functions are in general not
orthonormal. We have proposed a normalization procedure to normalize them. The
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present problem has been fully described and solved by giving all the details. Since
some of the details was not given in some of the previous papers, it has been detected
that the solution strategy has deficiency in many ways. It has been pointed out that the
coefficients of the eigen-functions cannot be found explicitly, but they must be stated in
terms of A’s , as in Eqgs.(42). The coefficients A’s are obtained by means of fact that
eigen-functions must also become orthonormal.

As an extension of the present study, the effect of a vehicle suspension system on the
forced vibration of a bridge with a single and double-sided crack can be studied by
involving the centripetal and Coriolis forces into the analysis.

CONCLUSION

Forced vibration of a cracked beam under moving mass loads is investigated in the
present paper. Euler-Bernoulli beam theory has been used. Centripetal and Coriolis
forces which become important in the case of long beams and mass load with high
velocity have been inserted into the theory. The insertion of these terms into the theory
makes the differential equation non-linear. Non-linear equation has been solved by
iterative approach. The response of the system has been obtained in the form of
Duhamel integral.

In the present work, some erroneous results given in some previous papers have been
corrected and reformulated. For example, eigen-functions are orthogonal, but not
orthonormal in general. But, they have been assumed to be orthonormal, a result which
is wrong. The present study involves the correct solution of this problem and adds
novelty.

In order to see the effects of centripetal force, Coriolis force and the crack, the results
have been exemplified for various values of the parameters. It has been concluded that
the response in the case of mass load appreciably differs from that of constant force F.
Although regular curves for the response of the beam are obtained in the case of
constant force, rather wavy curves are obtained in the case of mass loads due to the
interaction between mass load and the beam. In addition, it has been observed that the
response of the system is appreciably affected by the centripetal and Coriolis forces.
Another important conclusion from the analysis is that the effect of centripetal force is
greater than of the Coriolis force.
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Fig.1. Simply supported cracked under a moving mass M with a constant velocity V.
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Fig 3. The effect of crack position on the response of the beam:

Lo=(1,3,5,8,10)m y=0.3m, V=20 m/s, M= 3000 kg, X = 10 m.
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Fig 4. The effect of crack depth on the beam response at the point a.) X=5m,

b)X=10m, c.)X=15m:

(y=0.1,0.3,06, Lo=8m, V=10m/s, M=2000 kg )
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Fig 5. The shape of the beam during the passage of the moving load for: L,=8,
V=20 m/s, M=3000 kg, (t=0.04,0.08,0.12,0.16, 0.2). a) y=0.1 b) y=0.3 c) y=0.6
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Fig 6. Comparison of the effects of constant force F, the mass load and the mass load
involving centripetal and Coriolis forces: V =20m/s, Lo=8m, M = 3000kg. Solid line
corresponds to the constant force (F = Mg). Dashed line corresponds to the mass load

without centripetal and Coriolis. Dotted line corresponds to the mass load with
centripetal and Coriolis.

a.)y=041,

b.)y=0.3,

c.)y=06
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Fig 7. Comparison of the effects of constant force F, the mass load and the mass load
involving centripetal and Coriolis forces : V=10m/s, Lo=8 m, y = 0.3. Solid line
corresponds to the constant force (F=Mg). Dashed line corresponds to the mass load
without centripetal and Coriolis. Dotted line corresponds to the mass load with
centripetal and Coriolis.

a.) M = 3000 kg,

b.) M = 5000 kg,

¢.) M = 7000 kg





