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6 - Szilard’s technique
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7 - von Karman-Donnell
8 - Postbuckling

9 - Hybrid

10 - Unstiffened

11 - Pasternak
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12 - Ritz type variation method
13 - Magnetostrictive

14 - Budiansky-Roth

15 - Orthotropic
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16 — Smeared stiffeners technique
17 - Galerkin method
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18 - Classical shell theory
19 - Winkler

A



U o0 lge ' Slgi 49l lasine Y-Y

el 00a18)S L5 50 55 D90 99 a5 Wl oo Sl g 518 Gl S5 (ol g0 Slge
A 2 a5 Sl (9,0 lans (I

Sealp ()15 a9 58 Gg,0 wlaw (¢

T ).....5 “53|93 u?’b JLo.c‘ L

il ge (1-Y) abal, & jg0a

2z +hYf
Vin =Vin(z)=( 2h j

Vo =V (2)=1-V,, (2)

\-Y)

h/2 s —h12 s aS cubrs Slaw 7 ¢ oz S a3l K 20 taing cwlbs hoas
B oo i 1) Sgym g (P90 oLl esle CuS S 40U g IN g p bl oo

s (V=) abal) & jgoas as oS 5 9B Lulul 5 (ul 7,00 atwg (Pry ) S50 aaseie
109 o0

Pry =Pr, (2 Vo (2)+Pr, (z Vi, (2)

ou

(Y-)

. . Yy . AARIPSR Yo N
A-EJ) J&ad‘; Lbowwsmjwy 6‘).: e wlos A_i’l.’ JsAA ao..\.u;d u}’bgﬁ“'L’)"

k
E(z)=E,V, +EV,, :Eou+(Em—Eou)(22 +hj ’ h__h
2h 2 2
kZ
Es =Ein+(Eou_Ein)(22_hJ ) _Egz S—-I—hs
2h, 2
2z +h Y Yoy
p(z)zpouvou +pinVin=pou +(Pin_Pou)( 2h j ( )

27 —h )"
Ps = Pin +(pou _pin) 2N

20 - Power law
21 - Volume-fraction

22 - Young’s modulus
23 - Mass density
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24 - Poisson’s ratio
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Abstract

The eccentrically stiffened cylindrical shells are one of the most important structures in
aerospace industries. Careful and numerical analysis eccentrically stiffened shells in the
industry is a major step forward in the design of these shells. In this thesis, semi-
analytical method for eccentrically stiffened FGM cylindrical shells with asymmetrical
stiffeners and in the specific state; symmetrical stiffeners or stringer and ring stiffeners
under pressure and surrounded by an elastic medium is presented. Suppose that an ES-
FGM cylindrical shell is simply supported. The proposed model is based on two
parameter elastic foundation Winkler and Pasternak. For the dynamic analysis, non-
linear elastic foundation is considered. The eccentrically stiffened are also FGM.
According to the Von Karman nonlinear equations and the classical theory plate of
shells, strain displacement relations are obtained. The smeared stiffeners technique and
Galerkin method, used for solving nonlinear dynamic problem. With considering three
terms approximation for the deflection shape, relationship of the frequency-amplitude of
non-linear vibration obtained in a simple form. The nonlinear dynamic response is
obtained from fourth order Runge-Kutta method.The nonlinear buckling dynamic
behavior of stiffened FGM shells is investigated based on the Budiansky-Roth criterion.
The effect of parameters eccentrically stiffened, elastic foundation and excitation force
on the curve frequency-amplitude of nonlinear vibration and the effect of damping and
loading speed on the nonlinear dynamic response of cylindrical shells FGM have been
investigated. The natural frequency, static and dynamic buckling load are analyzed, too.
For the static, analysis he effects of different dimensional parameters, buckling modes,
volume fraction index and number of stiffeners is investigated. Numerical results show
that stiffeners and elastic foundation enhance the stability of the shells. Increasing the
shell thickness, reducing the volume fraction index, raising the number of Stringer and
ring stiffeners and applying foundation elastic, causes the critical buckling load is
increased, too. The effect of different angels of stiffeners and temperature-dependent
material properties on results in both of static and dynamic state has been investigated,
too.

Keywords: Stiffened cylindrical shell, nonlinear dynamic analysis, Post-buckling,
Elastic foundation, FGM
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