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ASTRACT

A suggested solution for dynamic analysis of stiffened and un-stiffened laminated
plates is presented in this work. The First order laminated plate theory is used. The equations
of motion are solved by using the modal analysis of forced vibration for multi degrees of
freedom. The applied load for this study aresine, rectangular, expansion, ramp and triangular
pulses. The method of applied these loads is centrally and uniformly distributed across the
plate.

The deflection and stresses for each layer are presented for stiffened and un-stiffened,
symmetrical and un-symmetrical, cross ply and angle ply, laminated composite plate with
respect to the plate side-to-thickness ratio, aspect ratio, material orthotropy, and lamination
scheme, number of layer of laminated plate, number of stiffeners, high to width of stiffener
ratio, high of stiffener, the width of stiffener, and the stiffener properties.

The results are very close compared with finite elements method using ANSYS
program and withReddy 1982.
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INTRODUCTION

The composite plates have high stiffness-to-weight ratio, and flexible anisotropic
property which can be tailored through variation of the fiber orientation and stacking sequence,
Fiber-reinforced laminated composites are finding increasing applications, and therefore, the
stress and deformation characteristics of composite plates are receiving greater attention.

With the increased application of composites in high performance aircraft, the studies
involving the assessment of the dynamic response of laminated composite-structure designers
are also increased.

Much of the previous research in the analysis of composite plates is limited to linear
problems, and many of them were based on the classical thin-plate theory, which neglects the
transverse shear deformation effects.

Librescu et al. 1990, presented the dynamic loading conditions considered here include
sine, rectangular and triangular pulses while spatially, they are considered as sinusoidally
distributed. The results obtained as per a higher-order plate theory are compared with their first
order transverse shear deformation and classical counter-parts.Reddy 1982, presented
numerical results for deflections and stresses showing the effect of plate side-to-thickness ratio,
aspect ratio, material orthotropy, and lamination scheme.

Cederbaum and Aboudi 1989, applied the first-order as well as two high-order shear
deformation theories for the investigation of the laminated plate’ s response.

Khdeir and Reddy 1991, used the exact solutions of rectangular laminated composite
plates with different boundary conditions are studied.The Levy-type solutions of the classical
first-order and third-order shear deformation theories are developed using the state-space
approach.

Bose and Reddy 1998, presented a unified third-order laminate plate theory that contains
classica, first-order and third order theories as specia cases are presented. Analytical solutions
using the Navier and Levy solution procedures are presented.

Reddy and Chao 1981, obtained the numerical results of deflections and stresses for
rectangular plates for various boundary conditions, loading, staking and orientation of
layers, and material properties.

In this work the analytical solution for displacement and stresses of laminated plates in
bending subject to dynamic loading is presented. The investigations deal with the analytical
solution of composite plates subjected to time dependent loading, therefore,

EQUIVALENT SINGLE LAYER THEORIES (ESL)

Inthe“ESL” theories, the displacements or stresses are expanded as a linear combination
of the thickness coordinate and undetermined functions of position in the reference surface,

N: . .
H(y.2)= ¥ #(x )z, fori=123 1)
j=0
Where N; are the number of termsin the expansion. ¢;' can be either displacements or stresses.
Classical Laminated Plates Theory (CLPT)

The displacement filed of laminated plates are, Rao 1999,
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u(X,y,z,t) =u(x,y,t)—Z2 —

1(X,y,2,t) =u(x,y,t) o

us(X,y,z,t) = Vv(x,y,t) —Z% 2

uz(x,y,2,t) = w(x,y,t)

Where (u,v,w) are the displacements, along the coordinate lines, of a material point on the xy-
plane.
The equations of motion are,

Nyx +Nyyy = 11ttt = T2 Wyt
ny,X + Ny’y = Il-V,tt — IZ'\N,ytt

©)
My xx +2Myy xy + My yy + q(x,y) =
laWite + 1. yit + 12V it = 13W et — 13 Wyt
Where,
z
n k
li=% | p(k)dz (4)
k :1Zk -1

For p® being the material density of K™ layer.
The laminate constitutive equations can be expressed in the form,

L’E&j ) g:j EI.JJ H(Ii]]} (5)

SX:U,X ) 8y:V’y ,’ny:u’y'l_vyx y KX:W,XX y Ky:'W’yy ) ny:'2 W’xy (6)

The Ajj, Bij, Dij (i, =1,2,6 ) are the respective inplane, bending —inplane coupling, and
bending or twisting, respectively,

n 2k _
ABD)= x 10Mazz?)aw (7)
k= 1Zk -1
Here Z,, denotes the distance from the mid-plane to the lower surface of the K" layer.
Egs. (3) and (5) can be conveniently expressed in the operator form as,

[LIal+[f]=[m]4] ®

Where,

M11 =l1, M12=0, M13=-l2 dyx , M2=l1, M23=-15 dy , M33=l1 -3 (dxx+dyy).

[Al=[u v w]"[f]=[0 O q(xy.b]".

And,

L11=A11 Oxx +2 A1 dxy +As6 dyy , Lio=A1 dxy +A 16 Oxx +A 26 dyy +A66 dxy )

L 13=-B11 Oxxx -B12 Oxyy -3 B16 Oxxy - B2s Ayyy -2 Bes Ayyy , L22=2A 26 Oxy +Ag6 Oux +A 22 dyy ,
L 23=-B16 Oxxx =3 B2s dxyy —2Bés dxxy B dxxy B2 dyyy )

L33: 'Dll dxxxx -2 D12 dxxyy —4 D16 dxxxy—4 D26 dxyyy 4 D66 dxxyy —D22 dyyyy . (9)
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First-OrderShear Deformation Theory (FSDT)

This theory accounts for linear variation of inplane displacements through the thickness,

Ul(X,y,Z,t):U(X,y,t)+Z WX(X!y’t)
U2(X,Y,Z,t)=V(X,y,)+Z wy(X,y,t)
us(x,y,z,t)=w(x,y,t) . (10)
Where, t isthe time; u; , Uy, uz are the displacements in x,y,z directions, respectively;
and v, and yy are the slopes in the xy and yz planes due to bending only.

The equations of motion are,

I\Ix,x'*'ny,y:I 1 Uyt + 2Wx tt
Nxyx+Nyy=l1 Vgt loyy
Nxz,x+Nyz,y+q(nyat)=| 1AW it

M x,x‘H\/I Xy.y -Nyz=l12 U tt + 3Wxtt

Iley,x'*'My,y' I\lyz :|2v,tt+ |3\Ify,tt (11)

Where,
z
n k
(i) = 2 | p®az,29d (12)
k = 1Zk -1
The laminated constitutive equations can be expressed in the form,

RIS M s ol d [ 0

M| |B DIK[|Ny| [KiAs kA | 7x
Where,
€x=Ux , &y=Vy 1'ny:U,y+V,x 1'sz:\|/y+W,y y Yxz=WxtW x| Kx:\I/x,x ; Ky:\lfy,y ; ny:\I/x,y +\|/y,x

(14)

And,K 45, K44 and K s5 are correction factors.
Egs. (11) and (13) can be conveniently expressed in the operator form as,

[LIal+[f]=[m]A] (15)

Where,

[AlFlu v w wxyy]", [FIS[0 0 gxy.t) 1.
And,M 1=M»=Maz=l1, My =Ms5=l3, M14=M25=I> ,and other terms of M{j =0 (for l?f_])
And, [L] isgiven as,

L11=A110x+2A160xy+As6dyy , L12=A120xy+A160xF+A26dyy+As60xy , L13=0
L14:Blldxx+2816dxy+566dyy, |—15:B12dxy+Bl6dxx+BZGdyy+BG6dxy

L2o=2A260xy+Ass0xxtA220dyy , L23=0 , L24=B16dxx+BesUxy+B120yy+B2sdyy

L 25=2B 260xy+BesOxx+Bo2lyy , L33=2A450xy+As50xx , L3a=As50x+Assdy , Las=Ass0x+Asdy
L 44=D110xx+2D 160xy+Desyy-Ass, L a5=D 1200xy+D 160xx+D260yy+Deslxy-Ass
L 55=2D 260xy+DesUxx+D 200yy-A 42.
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ACTUAL DISPLACEMENTS FOR SIMPLY-SUPPORTED LAMINATED PLATE
Cross-Ply Laminated Plate

The general actual displacements for cross-ply laminated plate are, Bose and Reddy
1998,

u(x,y,t) =cosax.sin g y.u(t) =u(x, y).u(t)

v(Xx,y,t) =sinax.cos B y.v(t) =V (x,y).v(t)

w(x,y,t) =sinax.sin g y.w(t)=w(x,y).w(t) (16)
wx(X,y,t) =cosax.snBy.wy =y (X,Y).w(t)

‘//y(x y,t) =sinax. COSﬂyl//y(t) l//y(x y)- V/y(t)

Angle-Ply Laminated Plate

The genera actual displacements for Angle-ply laminated plate are,

u(x,y,t) =sinax.cospgy.u(t) =u(x,y).u(t)

v(X,y,t) =cosax.sin py.v(t)=V(Xx,Yy).v(t)

w(X,y,t) =sinax.sin gy.w(t) = w(x, y).w(t) (17)
wx (X, y,t) = cosex.sin By = 7y (%, Y).w/ (1)

l//y(x y,t) =sinax. COSﬂYWy(t) Wy(x y). ‘//y(t)

GENERAL SOLUATION FOR EQUATIONS OF MOTION

The genera equations of motion are,

[L]a]+[f]=[M]A] (18)

By substituting the actual displacements, eq. (16) or (17), into eq. (18), than by
premultiplying the result by [ a (x,y)]" and integral of xy, we get,

MIAJ+ [K]a]=[F] (19)

Where,

[A Y)]=[T00Y) 0 Y) e I
And [M] and [K] are mass and stiffness matrices, respectively; A(t)] and [F] are displacement
of time and load vector, respectively.

Cross-Ply Laminated Plate

Depending on the used theory, substitution eq. (16) into eq. (18) , get,

MIAJ+ [K]a]=[F] (20)

Where,[M], [K], [A()] and [F] as, for (FSDT),

Ku=o?A1+B?Acs , Kio=oB(AtAes) , K13=0 , K14=0°B11 , K15=0 , K2=0?Aes+B?Ax,
K23:0

K24=0 , K2s=pB22 , K2s=0’Ass+B?Ass , K2s=0Ass , Kas=BA s , Kas=0°D11+B°Des+Ass
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K 45=0B(D12+Des) , Kss=0°Des+B°Doo+Aus
And ,[M] asin eg. (15)

[AOTU®) v W) vt wyO, F=[0 0 g o o

Where,
4 ba

q(t) =—[[sinax.sin Ay.q(x, y).dx.dy.f (t)
ab 5o

The [M] and [K] matrix for symmetric cross-ply are as for antisymmetric cross-ply for
subjected (Bj;= E;;=G;;=0).

Angle-ply Laminated Plate

Depending on the used theory, substitutioneq. (17) into eq. (18), get,

(MAJ+ [KTa]=[F] (21)

Where, [M], [K], [A(t)] and [F] as, for (FSDT), for anti-symmetric angle-ply laminated plates,
Ku=o’Au+p°Ass , Kpo=ap(A+Ae) , Ki3=0 , K14=20PBis , K15=0'B1s+B°B2s

K 22=0°A g5+PA 22 , K=0 , Kxu=a’B1s+B°Bos, K25=2apBss , Kz=0’Ass+B?Au ,
K=0Ass5

K 35=PAas , Kag=0’D11+B°Dest+Ass , Kas=aP(D12+Des) , Kss=a’Des+p?Doat+Ass .

And, [F] and [A(t)] as in equation (20).

And, M 11=M =M 23=l1 ,M ua=Ms5=I3 ,M ij =0 for Isﬁ_] .

STIFFENED LAMINATED PLATES

To achieve a uniform distribution over the entire section consisting of plate and ribs, the
spacing of the ribs must be small in comparison with whole span.A typical orthotropic element
stiffened eccentrically with open ribsin x and y-directionsis shownin Fig. 1.
Classical Plate Theory (CLPT)

The refined analysis of such a plate, the governing differential equations are expressed in
terms of the displacements, u, v, and w, of the middle surface of the plate in the directions x, y,

and z, respectively.
The force and moment relations for stiffened laminated plate are, Troitsky (1976),

W
= + (22)
M M un.st.pl. M st.pl.

Where, {N} are force and moment relations for un stiffened laminated plate,
un.st.pl.

and{ N } are force and moment relations for stiffened plate as,
st.pl.
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N ] (AT o B o [L0O]
Ny _ 0 Aétz 0 Bth ¢ §/O) (23)
Mx| |B3F 0 D 0 |Ky
My 0 B, 0 D|Ky]
For,
st st st Zis)tx ty st 2 st st st Zsty ty st 2
( 1'511’D11): ] b_Ex (LZ'Z ) dz, (A22’822’D221): ] b_Ey (]*Z’Z ) dz
ZiS£1)x " Zisfl)y Y

Where, E3' and Ej' are modules of elasticity of stiffeners in x and y-directions,

respectively.

Then, by substituting equation (22) in to equations of motion, we get [M] and [K] matrices as,
[M]=[M]s.+[M]uns. and [K]=-[L], for [L]=[L]s *[L]uns.

Where, [M]uns. ,[L]uns. are mass and stiffness matrices for un stiffened laminated plate, and
[M]«.,[L]« are mass and stiffness matrices for stiffeners determined as,

St _ aSt st _ st _ st st _ ast st _ st
Lll - ld XX ’L12 =0, L13 - _Blld XXX ’L22 - A22dyy ’ L23 - _BZZdW ’

'—%t?, = _Dlsid XXXX Dgtzd yyyy (24)
Mst _Ist)x Mst -0 Mst _ Ist)xd Mst _Ist)y Mst _ Ist)yd
T B By R
M35 =177+ 179 —(dyy +dyy (137 +1377)
Where,
Zis)tx Zis)ty
t t t t t t
V55 = [ pRtaz,z?) dzjand L (7Y 0319 = [ ptaz,z?) d
zSt 75t
i—1)x i-1)y
(25)

For p3 and pj arethedensity of stiffenersinx and y-directions respectively.

First-Order Shear Deformation Theory (FSDT)

The force and moment relations for stiffened laminated plate are,

e i =R,
M M un.st.pl. M st.pl. Qx Qx st.pl. Qx un.st.pl.

Where, [N], [M] as in equations (22) , {Qy} are shear force for un stiffened laminated
X dun.st.pl.

plate and {Qy } are shear force for stiffeners as,
X dst.pl.
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M [A4; 0 ]{m} -
t.
Qx st.pl. 0 S5 Xz
For,
st. st.
t “ix t)x 1 t W sy ly
AL = [ XX gz A= [ WYY
st bX st by
z>" z>"
i—-)x i-1)y

Where, G* and G¥ are shear modules of elasticity of stiffeners in x and y-directions,
respectively.

Then, by substituting equation (26) into equations of motion, Eq. (11), we get [M] and
[K] matrices as,

[M]=[M]&.+[M]uns. and [K]=-[L], for [L]=[L]« +[L]uns.

Where, [M]uns. ,[L]ung. are mass and stiffness matrices for un stiffened laminated plate, and
[M]«.,[L]« are mass and stiffness matrices for stiffeners determined as,

st _ st St _ sty (st _ st st _ gt st _ st st
L1y = Al oLy =Brilu Lo = Aty o Los =Bopdyy \Lag=Aggtu + Agdyy

L3, = Ay L3 = Agydy , Ly, =Djjdy — Af e =D3bdyy — AZl , and other term of Ljj =0

xL35
st st st st st _ st st _ st st _ st st st _ st
and My =1y My =15, My =ly, Mo =I5 Mg =lp +1y, My =1y,
M§t5=lss,;y ,and other term of Mj; =0.

MODAL ANALYSIS

For a system with (n) coordinates or degrees of freedom, the governing equations of
motion are a set of (n) coupled ordinary differential equations of second order. The solution of
these equations becomes more complex when the degree of freedom of the system (n) islarge
and/or when the forcing functions are non-periodic. In such cases, a more convenient method
known “Modal analysis’ can be used to solve the problem.

The equation of motion of a multi-degree of freedom system under external forces are
given by,Singiresu 1995,

[M]A}+[k]a]=[F] (28)

To solve equation (28) by modal analysis, it is necessary first to solve the eigenvalue
problem and find the natural frequencies wi,m2, ...... , ®n and the corresponding normal
weighted modal [P ].

The solution vector of equation (28) can be expressed by a linear combination of the
normal weighted modal,
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A =[P, ® (29)
qp, (1)
t
Where, G (t) = quz( ) (30)
dp,, )

Where qpl(t) . Op, ®,....., App, (t)are time-dependent generalized coordinates, also
known as the “principal coordinates or modal participation coefficients’.
By substituting equation (29) into equation (28) , than, premultiplying throughout by [5]T , Qet,

4o+ .02 J, =051 (31)

Where,

1= MI}}-02 |- BT K]p] ad @, ) =[BT F et
Equation (31) denotes a set of (n) uncoupled differential equations of second order,

i, (1) +ofdp, (1) =Qp, () (32)
COMPUTER PROGRAMMING

The computer programs designed in this work are concerned with solving the dynamic
problems for composite laminated plates using any theory for laminated plates. The computer
programs constructed herein are coded in “Fortran Power Station 4.0” language, the following
flow chart of the dynamic program ,as shown in Fig. 2.

RESULTS AND DISCUSSION
Un-Stiffened Plates

The case study discussed here is a un-stiffened laminated simple supported plate Fig. 3.
with dimensions and material properties give below using the first-order shear deformation
theory (FSDT) and applying the suggested analytical solution and finite element method.

Fig. 4.shows a comparison of the present work solutions by Analytical and finite
elements method with the numerical solution of Reddy, J. N. (1982)they are given for two
layer smply supported cross-ply laminated plate subjected to sinusoidal Pulse loading
(a(x,y,)=P(x.y), for P(x,y)=0, sin(z x/a)sin(z y/b) ,go=10 N/cm?) and the properties of plate,
E,=2.1*10° N/ecm?, E1/E»=25, G12=G13=G23=0.5E,, p=800 Kg/m®, v=0.25, a=b=25 cm , h=5
cm.

Fig. 5.shows a comparison of the present work with the numerical solution of Reddy, J.
N. (1982)they are given for simply supported two layer cross-ply laminated plate subjected to
sinusoidal Pulse loading (q(x,y,t)=P(x,y), for
P(x,y)=0o Sin(z x/a)sin( z y/b) ,qo=10 N/cm?) ,for properties of plate:-
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E»=2.1*10° N/cm?, E1/E2=25, G1,=G13=G3=0.5E,, p=800 Kg/m®, v=0.25, a=b=25 cm , h=1
cm.

The following properties were using for smply supported Laminated Plates ,in Figs. 6, 7,
and 8, for % =10 N/cm? ,t,=0.0005 sec, simply supported laminated plates,

E»=2.1*10° N/cn?, E1/E»=25, G1,=G13=G23=0.5E7, p=1500 Kg/m®, v=0.25.
a=b=25cm, h=5cm.

Fig. 6. represents the variation of central transverse deflection with time for
antisymmetric cross-ply (0/90/0/...) laminated plates under sinusoidal variation loading (plus
a(x,y,t)=P(x,y) ,Ramp loading q(x,y,t)=P(x,y) t/t, and sine loading q(x,y,t)=P(x,y) sinxt/t, )
for qo=10 N/cm? ,t,=0.0005 sec ) solutions by analytical and (F.E.M).The deflection due to
pulse loading higher in magnitude than the other loading because the pulse load subjected
suddenly with constant value with time.

Fig. 7. represents the variation of central transverse deflection with time for
Antisymmetric cross-ply (0/90/0/...) laminated plates under sinusoidal (P(X,y)=0o
sin(z x/@sin(zy/b)) and uniform (P(x,y)=0o ) plus loading solutions by analytical and
(F.E.M). The deflection due to uniform load higher in magnitude than the deflection due to
sinusoidal loading.

Fig. 8. represents the variation of central transverse deflection with time for angle-ply
and cross-ply laminated under sinusoidal Ramp loading solution by analytical and (F.E.M).
The (0/90/...) laminated higher in magnitude than the (45/-45/...) laminated because at
(6=45"/-45"...) the extension and bending stiffnesses A1s, Az, D16 and Do appear to have a
significant effect while at (6=0%90%...)the extension and bending stiffnesses A 16, A, D16 and
Dy are zero.

The following properties were used for ssmply supported Laminated Plates, Figs. (9 to
14),

E1=130.8 Gpa, E»=10.6 Gpa, G13=G23=6 Gpa ,G2z3=3.4 Gpa, p=1580 Kg/m?, v=0.25.
a=b=1 m h=0.02 m, and go=10 kn/m? t,=0.05 sec.

Fig. 9. represents the effect of the degree of othotropy (Ei/E2) (E2=10.6 Gpa) on the
deflection with time of simply supported antisymmetric cross-ply laminated plates subjected to
sinusoidal plus loading solution by analytical and (F.E.M). From the figure, increasing the
material orthotropy ratio (E1/Ez) will decreases the deflection. Fig. 10. shows the effect of the
aspect ratio (a/lb) on the deflection of the ssmply supported antisymmetric cross-ply laminated
plates(a=1 m) subjected to sinusoidal Ramp loading solution by analytical and (F.E.M). From
the results, the increase of (a/b) ratio increases the deflection.

Fig. 11. shows the effect of the (a/h) ratio on the deflection of the simply supported
antisymmetric cross-ply laminated plates (a=1 m)subjected to sinusoidal sine loading solution
by analytical and (F.E.M). From the results, the increase of (a/h) ratio increases the deflection
of laminated plates.Fig. 12. shows the effect of the number of layer of simply supported
antisymmetric cross-ply laminated plates on the deflection of plate subjected to sinusoidal
Pulse loading solution by analytical and (F.E.M) . The central deflection of laminated plates
decreases with increasing number of layers.

Fig. 13. shows the effect of the lamination angle (6°) on the deflection of simply
supported antisymmetric angle-ply laminated plates under sinusoidal ramp loading solution by
anaytica and (F.E.M). It is apparent from the results that the deflection decreases with
increasing the angle of laminated.Fig. 14. shows the effect of the number of layer of simply
supported antisymmetric angle-ply laminated plates on the deflection of plate subjected to
sinusoidal sine loading solution by analytical and (F.E.M). The central deflection of laminated
plates decreases with increasing number of layers.

The following properties were used for simply supported laminated plates, for analytical
solutions, in figs. 15 to 20, qo=10 kn/m? ,t,=0.05 sec, simply supported,

E;=130.8 Gpa ,E»=10.6 Gpa,G1,=G13=6 Gpa, G3=3.4 Gpa ,p=1580 Kg/m®, v=0.28.
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a=b=1 m ,h=0.02 m.

Fig. 15. represents the stress-x in each layer, at the middle of layers, with time for four
layers Antisymmetric cross-ply (0/90/0/...) laminated plates under uniformly ramp loading
aq(x,y,t)=qo t/to for go=1 N/cm? ,t,=0.05 sec), at x=a/2, y=b/2. The maximum value of oy is at
layer-1 and the stress-x are antisymmetric about the middle plane. Fig. 16. represents the
stress-x in layer-1, at the middle of layer, with time for different number of layer for
Antisymmetric cross-ply (0/90/0/...) laminated plates under uniformly ramp loading
q(x,y,)=qo t/t, for go=1 N/cm?® ,t,=0.05 sec), at x=a/2, y=b/2. The value of o at layer-1
increase with increase the number of layers

Fig. 17. represents the effect of the lamination angle(8®) on theo, at layer-1 for four
layers antisymmetric angle-ply laminated plates under uniformly ramp loading, at x=a/2,
y=b/2. From the results the o, decreases with the increase of the angle of laminated to the 45°
;the minimum value at 45° and the maximum value at 0°.Fig. 18. represents the comparison of
stress-x with stress-y at layer-1 for four layers antisymmetric cross-ply laminated plates for
difference E;/E, under uniformly pulse loading, at x=a/2, y=b/2. From the results, stresses-x
are more than stresses-y at E1/E»#1 and Stress-x equal stress-y for E1/E,=1.

Fig. 19. represents the comparison stress-x with stress-y at layer-1 for four layers

antisymmetric cross-ply laminated plates for difference aspect ratio under uniformly ramp
loading, at x=a/2, y=b/2. From the results, stresses-x are more than stresses-y.
Fig. 20. represents the stress-y in layer-1, at the middle of layer, with time for different number
of layer for Antisymmetric cross-ply (0/90/0/...) laminated plates under uniformly sine loading
a(x,y,t)=go sin(nit/to) for go=1 N/cm? ,t,=0.05 sec), at x=a/2, y=b/2. The value of oy a layer-1
decreases with the increase of the number of layers.

Stiffened Laminated Plates

The case study discussed here is a stiffened laminated simple supported plate Fig. 1. with
dimensions and material properties give below using the first-order shear deformation theory
(FSDT) and applying the suggested analytical solution and finite element method.

The following properties were used for simply supported stiffened laminated plates, in
Figs. 21. to 27, qo=10 kn/m? ,t,=0.05 sec, dynamic numerical and analytical solution:
E1=130.8 Gpa ,E>=10.6 Gpa ,G1,=G13=6 Gpa, G23=3.4 Gpa ,p=1580 Kg/m®, v=0.28.
a=b=1 m ,h=0.02 m.

And, for stiffeners:
Est')X:Est)yzEl ,Gst,)x=Gst)y=Glz ,hX:hy=0.025 m, txzty:0.00ZS M,ps)x=pPsty= P-

Comparison of the stiffened laminated plates with the un stiffened laminated plate are
shown in Fig. 21, for cross-ply two and four layer for un stiffened laminated and two and four
layer, and three stiffeners in x and y-directions for stiffened laminated plates, subjected to
sinusoidal pulse loading.

Fig. 22. shows the effect of the number of stiffeners of the four layer antisymmetric
cross-ply stiffened laminated plates subjected to sinusoidal pulse loading. The figure shows
that the increase of the numbers of stiffeners decreases the deflection of stiffened laminated
plates.

Fig. 23. snows the effect of (E«/E1) ,( for Egx=Es)yy and E1=130.8 Gpa) for four layer
and four stiffeners of stiffened laminated plates subjected to sinusoidal pulse loading. From the
figure, the deflection of stiffened laminated plates decreases with increase (E«/E1) ratio,
decreases with increase E; .

Fig. 24. shows the effect of the higher to width (hd/ts), ratio of stiffeners ,(for
hs=hx=hy=.025 m and ts=t,=ty) for four layer and four stiffeners cross-ply stiffened laminated
plates subjected to sinusoidal Ramp loading. From the figure, the deflection of stiffened plates
increase with increases (hg/ts) ratio, increase with decreasests .
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Fig. 25. represents the effect of the distance of stiffeners in x and y directions on the
central deflection for four layer antisymmetric cross-ply stiffened laminated plates under
sinusoidal pulse loading. From the results, the deflection decrease with decrease the distances
of stiffeners.

Fig. 26. represents the effect of the aspect ratio for different distance of stiffenersin x
and y directions on the central deflection for four layer antisymmetric cross-ply stiffened
laminated plates under sinusoidal pulse loading.

Fig. 27. shows the effect of the higher of stiffeners to the thickness of Laminate (hs/hp)
ratio, (hs=hx=hy and hp,=h=0.02 m), for four layer and three stiffeners cross-ply stiffened
laminated plates subjected to sinusoidal sine loading. The figure showed that the deflection or
stiffened laminated plates decreases with increase (hs/h,) ratio, decreases with increase hs .

The following properties were using for simply supported laminated plates, in figs. 28 to
32, qo=10 kn/m? ,t,=0.05 sec, dynamic analytical solution:

E;=130.8 Gpa ,E»=10.6 Gpa,G1,=G13=6 Gpa, G3=3.4 Gpa ,p=1580 Kg/m®, v=0.28.

a=b=1 m ,h=0.02 m.

And, for stiffeners- Eg)x=Esgy=E1 ,Gg)x=Gsy=G1> ,hx=hy=0.025 m, t,=t,=0.0025
M,Ppsx=Psyy= P-

Fig. 28. represents the effect of the distance of stiffeners in x and y directions on the
stress-x in layer-1 for four layer antisymmetric cross-ply stiffened laminated plates under
uniformly ramp loading, at x=a/2, y=b/2. From the results, the stress-x decrease with decrease
the distances of stiffeners.

Fig. 29. represents the stress-x in layer-1, at the middle of layers, with time for four
layers Antisymmetric cross-ply (0/90/0/...) stiffened laminated plates for difference number of
stiffenersin x and y directions under uniformly sine loading, at x=a/2, y=b/2. From the results,
the stress-x decrease with increase the number of stiffeners.

Fig. 30. represents the stress-x in layer-4, at the middle of layers, with time for four
layers Antisymmetric cross-ply (0/90/0/...) stiffened laminated plates for difference number of
stiffenersin x and y directions under uniformly sine loading, at x=a/2, y=b/2. From the results,
the stress-x decrease with increase the number of stiffeners.

Fig. 31. represents the comparison o for stiffened with unstiffened laminated plates in

each layer for four layer antisymmetric cross-ply for stiffeners in x and y directions under
uniformly sine loading, at x=a/2, y=b/2. The stresses-x for stiffened plates are less than that
corresponding of unstiffened plate.
Fig. 32. represents the comparison oy for stiffened with unstiffened laminated plates in each
layer for four layer antisymmetric cross-ply for stiffenersin x and y directions under uniformly
sine loading, at x=a/2, y=b/2. The stressesy for diffened plates are less than that
corresponding of unstiffened plates.

CONCLUSIONS

1. The suggested analytical solution is a powerful tool for un-stiffened laminated plated
subjected to time depended loading, by solution the general differential equations of
motion of (FSDT) for laminated plated by using separation method for differential
equation and model analysis method foe forced vibration.

2. The presented work showed that the increasing the numbers of layers for laminated, the
angle of fibers, the modules of elasticity E; more than E;, the aspect ratio, the
thickness of laminated decreases the deflection of laminated plates.

3. The presented work shows that the increasing the aspect ratio or angle of fibers
decreases the stress-x, and the increase of number of layer or the E;/E; ratio increases
the stress-x. And the increase of the number of layers or the E1/E; ratio decreases the
stress-y.
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4. The presented work shows that increasing the number of stiffeners, the higher, the
width, and the modules of elasticity of stiffeners decreases the deflection of stiffened
laminated plates. And the increasing the numbers of stiffeners decreases the stress in
each layer for stiffened laminated plates.

Ziy

| =
Ziay Hf/
y

Fig. 1. Dimensions and Directions of Stiffened Laminated Plates.
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Fig. 2. Flow Chart for Computer Program of Dynamic Solution for Laminated Plates.
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Fig. 3. Dimensions and Directions of Un-Stiffened Laminated Plate.
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Fig. 4. Central deflection due to Sinusoidal Pulse loading for two Layer.
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Fig. 5. Central deflection due to Sinusoidal Pulse loading for two Layer.
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Fig. 11. Central deflection due to Sinusoidal Sine Loading for (N=4)
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Fig. 15. Stress-x in each Layer due to Uniform Ramp Loading for (N=4).
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Fig. 16. Stress-x in Layer-1 due to Uniform ramp Loading.
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Fig. 17. Stress-x at Layer-1 due to Uniform Ramp Loading for N=4.
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Fig. 18. Stress-x and Stress-y in Layer-1 due to Uniform Pulse loading for N=4.
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Fig. 19. Stress-x and Stress-y in Layer-1 due to Uniform Ramp loading for N=4.
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Fig. 20. Stress-y in Layer-1 due to Uniform sine loading.
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Fig. 21. Comparison of Central Deflection for Stiffened and Un-stiffened Cross-Ply
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Fig. 22. Central deflection for stiffened Laminated Plates due to sinusoidal pulse loading
for cross-ply laminated plates.
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Fig. 23. Central deflection for stiffened Laminated plates due to sinusoidal pulse loading
for cross-ply laminated plates.
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Fig. 25. Central deflection due to Sinusoidal Pulse Loading for stiffened cross-ply
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Fig. 26. Central deflection due to Sinusoidal Pulse Loading for stiffened

laminated plates for N=4.
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Fig. 27. Central deflection for stiffened plates due to sinusoidal sine
loading for cross-ply laminated plates.
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Fig. 28. Stress-x in Layer-1 due to Uniform Ramp loading for
stiffened laminated plates for N=4.
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Fig. 29. Stress-x in Layer-1 due to Uniform sine loading for
stiffened laminated plates for N=4.
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Fig. 30. Stress-x in Layer-4 due to Uniform sine loading for
stiffened laminated plates for N=4.
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Fig. 31. Stress-x in each Layer due to Uniform sine loading for
stiffened laminated plates for Stiffeners=6.
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Fig. 32. Stress-y in each Layer due to Uniform sine loading for
stiffened laminated plates for Stiffeners=6.
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