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In this paper, the vibration behavior of a laminated deep curved Timoshenko beam under single and
multiple moving loads with simply supported boundary conditions in the presence of cancellation,
resonance and maximum amplitude of free vibration phenomena is studied. By considering a constant
value for the amplitude and speed of moving loads, the governing equations are solved by analytical and
numerical methods. The fundamental frequency, critical speed of moving load and the dynamic response
are obtained. Also, the effect of parameters such as different maximum and cancellation speeds,
distance of moving loads from each other, number of layers and the layup configuration are studied on
the dynamic response. The results show that the dynamic deflection for cross-ply layups is less than
angle-ply layups even in the condition of cancellation, resonance and maximum amplitude of free
vibration. The type of layups and the number of layers do not affect cancellation and maximum speeds
in the system under a single moving load, but affect them under multiple moving loads. Moreover, the
cancellation and resonance speeds are the same in both symmetric and non-symmetric layups, and are
higher than other types of layups.
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Fig 1. Schematic diagram of loading, geometry and boundary
conditions of the laminated curved beam.
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Fig. 3 Free vibration response of a laminated curved beam under a
single moving load: (a) amplitude normalised with respect to maximum
amplitude (b) phase angle
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Fig. 2 Midpoint dynamic radial response for R = 10 m: black solid
line: analytical method, pink hollow circle: numerical method
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Fig. 4 (a) Initial displacement and (b) initial velocity for free vibration
of midpoint
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496.00 m/s

33 () (sloce 53 315) 5 (5 ! (il sl 5y Loy slaei 369 K2
496.00 mfs g2Slas (<) §361.01 m/s
w5 oo bbb coni  Seolyd frwly Sl -2-3

LS laY saes 15 gy p plar Simie sl owjp sliien
25 95 3 S 5l e 1.2 Aol by (LSl e s g aals b o5 s

Uy I ymia glajl iy gl dald ol WS e j5ee

09 o louds 18 009> 1397 )..)T WP Se Sl WA

A5l g sleenuay slas ) ole (Sl Culrs o basY sl sl
S g s ol Sliles )l aels

0.2
- -[0/90],
—[0/90],
oas] (60/-30),
E —--[45/-45]_

Normalized Midpoint Amplitude

2 03 04 05 06 07
v/iv
cr
Fig. 6 The amplitude of free vibration response normalised with respect
to maximum amplitude for four different layups
Y (gl anels 25T 4 con 00l Jlo s o] Sliles ) Feuly azels 6 JSb

x.é.l.‘-:'ug_ghd‘-._-::
%107 . ‘
0.5
N5
=
n
=
=25 - -[0/90]
...... [0/90],,
~--[60/-30],
a5 --- [45/-45]_
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014
t(s)
(a)
()
-8
A5 -
— -[0/90],
1 frrees [0/90],
—--[60/-30],
05+
~ 7. [45/-45]
o S
~
- 0
]
=.0.5
S
2
-1
-1.5
-2
0 0.005 0.01 0.015
t(s)
(b)

(=)
Fig. 7 Effect of stacking sequence on the time history at speeds (a)
cancellation 361.01 m/s and (b) maxima 496.00 m/s

361.01 /s g3l () (gloce yo y> loy el by Lil)l gai 3l 7 S
496.00 m/s 2Slas> (o) 5

76



OIS 9 i g 3an (G 3D

I e (5Ll xS 9Siubigasd (§lAaY odued (ldy i S 135 Sliblas ] disls E513a 9 Suudbis TR TR VR Vg )

77

ol )| atabs Jilas g 2STas o LS ey 3l (5,5008 Slilog
6oyl alold &y ;5 g kol Slikes)) azds 2Slas  Jg oo ol g,L]
g Copm (40) dlal; @ dxg b 1) o atly R0y ) S e
d Speis nlply adloe RaS 5l S e gla)ly alols 5l i
S ES adsdy 55 Cubls s 5 SLLS ) asels L2l (69, 1 6,30
O Gy el Jhsed RSy 5l S e sla)l alold 10 L
L (@48) 5 (47) alal; 3k eiman b0 o) jome & Sud S
IS8 a5 sl e ral3dl e ofT ldles ) azels § Wass Cee e d 2ol 38l
abis gl b p cema¥ gg Sl Gl ol (gbeS 50 (D) 11
sl 00 ey (D) 5 @) (12) UKo jo wyais g sad bylyd o 4 dausg
by ip @ 3 gl DLl ansls 1 7S g i i oy 0
sl ga [0/90]2 4 [45/-45]5 sla smrasy &
3l g bl Slales )| aals 0 aS 5 (e a5 sy
2 ode azily s [0/90]2 5 [45/45]5 sla orarY & bogse i &
45 g 3l oy 93 50 (s E5 4 (o) (il g 0 elisS ol
@l Lo 23l o [45/45]5 o [0/90]2 (clo uzasy &5 bogsye ooy
AT oty 3 4z g ) oy 0 dx ()i ob p Oges Sla ez Y
ool GG o2 2 dgee glaeza i p (Sealus plnle
odsl [60/-302 5 [0/90]: [45/-45]s [0/90]s (cla sy sl
5 360.83 251.89 360.83 iy & (46) akal, 5 si) o,
[0090]s o tray @l eizmed bl sy 27492
4 (47) alay, § a5 glacas o cyuls) [60/-30]2 4 [0/90]2 [45/-45]s
oty Ayl e cosoay 1138.19 4 1493.84 .1042.83 .1493.84 .3 5
Ol g lie p2 p Oger sla iz 0 Wali g i) glace
ladSs anlia b andl oo (a0 glpl §) 2t g ams LS
$ e (Y sbly E LS 250 e saalis @) (12) 5 (6)
Slr s W et ol S LS e S & e gl
Dydiss e GrgFied Sl Qlniz S 2 sl cxd a5 Sl
slojl cob glaY oaed 5 p 2 Fl puyp ) Job> @S
$laonay a5 pl> slace w0 2o a5 o o lid glbuis I s
a3 glaY enwes o5 (Sslos olele 5 was e g oS 5 i
@ 13 I3 ol v 12 slaizay jl 2aS oa p ogas o
modidy £oby pllin )3 b basg abali Jlej ol » Y sl S1 (D)
Sl ey w5 s ep 2 e LS a5 sdl Gl
6 bay S & ghods
o aY sl ol b el sal as s lais 0=3,5,7) [0/90],

gl ol 14 [l 10

Lo sl oo 331 (65 0 (loj 5o waid 5 g3 (glaowny ool culs
5 o1 g bl Slalai ) azels g 93 spay 58 (k) Slila | azals
anbge Rl 8 Sl Culrd o ey sl AL wals e
[0/90]s coma¥ (glp coand ol )3 sael covsay a5 9 52 aslen
Wl o am opl za¥ gbls; pis by ol szes 1=1,3,5,7)
a5l o3 slace o sl 1410 6 2 slaas slass (gl S i
sloce o ol 9 353.22 4 353.72 354.88 360.83 55 4 46)
1462.37 4 1464.42 .1496.23 .1493.84 .55 & (47) alal, 5l wass
el celis s bag¥ sl R L oams s anl e cosa
2ol Cules o leagY slaws Gl fulply b oo G0l 53 ey
S go Jy S 255 S5 S Y adges i3 gl gloce o

2 eV b i g los ) j5e 5 5, 5l L N1 a5 was e () Sl
8 oy 53 g £y @ Sl Ll s ol o il onile S 15 55,
4l a5 wieo e 7y (Sloy wali g adl gleessay s vemg walti
5 94 sl J S 2 Wisd el s e i & e Sl Slils)
teslnn JB (47) 5 (46) Lafy, 31 o5 53l o 3] _loc oo 5o Spis
il e 154.64 5 216.49 360.83 iy 43 sl Jol e dms
g 740.92 149384 55 4 5 GalS Sk Cpeoges § (309D ol
2 laY e L Sl Aaul (D) 5 (@) 10 S ansl . 497.94
Sy mmly wias oo L 1, 1493.84 5 360.83 wyuis 5 o8 slace oo
Tk 3 S e 10 55 Sl Gl e 1 (Sipolem (f2i) 5
2 5 (Sloy Gsly a8 g s s gl wslos ed w(sloged sl xie o
aad oo Gl wlflaz jsbay |y ety B Jsl b 50 51

ol azals b sl sanas 3 oliT olabes )| azdls (b) 10 IS5 0
Syge Gloey 3l R (S cwl i 5l gla Slils ) e Sl
Al or 5 Ly A Gloj oy 2 S e b slass 56 43S

S j2ce sl )k Alols il b &S wias e ol ) ¢ @) 11 Js3
aals iga) oy o axdlge G 5p0 wald 5 gl o RS
Wiy S I St sl & (A gl 5 el Sl

S 5
B
I
CS
%10
-156 - +lp2+p3-»-p4-*-pS
0 0.005 0.01 0.015 0.02 0.025
t(s)
(a)
(<

5 x10°
~
-
1
£
=4

-2

P teste e
0 0.01 0.02 0.03 0.04 0.05
t(s)
(b)
(<)

Fig. 10 Forced-free time responses of a laminated curved beam under
multiple moving load at speeds corresponding to (a) cancellation
360.83 m/s and (b) resonance 1493.84 m/s
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