el A1) Ay xia ddaiiin g S 4y il priliia s UiadY ddalidial) ddaall ye g pal) 4y i

Cra dadia
Bila o zlla s p
Gl Ly

D58 b Gl /)

%JM\ %L&hé}‘)éj\ :\..1”}11_1]\ c_a\.s.aau cLianYy) M\‘)J ‘_“J\ ‘d\.m‘)j\ sda  agh
M\M\)&Ljﬂ\qﬁe\mbw\ﬂ\

1 gl 038 4y i Lal Janadi 138 5 ¢ g pons Al 511 03 Criania N
0o S0 Aaa dadia analy 1 5Y) Juadl

Jie AaSlall ¥ aleall 5 45 pall Lp) st liall Goamy (g je o3 dig el 4y ka1 e
L5 yall dpanigh) ol 1 Gl Led duaal) dag il g o 35Y) ¥ alea s "l A" ) il
A il e IS (e Aary o2k ial jaiaad 23 LS 48 jall alua S Adlinal) aibiadll
Adadl) e 45 pall 4y ks M ALLYL (Y A ol (e Gail) 4y s 5 Al

aaliall g Yol g Aodaziin g <l ddle dadia (i je & iAnhaiia g Sl 4 kil o
i 5 Sl Fpunigll ol il IS5 Ld Al

Leilinlat g Gl i) dajuiall o) gall ddle dadia (ymje a3 :al sall A xiall 3l sall o
Ll Adliaal) pailiadll

;ga'm\ Suadll



Sl Saadl)

ahainly (al gl A jaiall Adaniia 5 S A U milaiall LV Jilas Al oy Qi

Gin (e dapdiall gl jailiad s alayV) 4530 4l Al (adll b 0l 4y ki

Aipaly M1 il g Al all 5 anall 8 Ay iy pat il o3 ol (53080 e ASLad)

il Cans 2adl 5 al &1 A e B o Aandeal Slga) s Jlad g As) 3V J)sal Al

2w a5 Leda s AaSlall C¥alaall Uil L LS Al s 4S5 485180 Jleal

&S Al Jadll Jall ae il 4 5liay (ol &) A jdie Aagial oladV1 Jilatl Zasal)
oAl @bk PR (e 4ile J peanll

1 Juadl

ol a4l il eladY dpaly ) dalleall Joa ALl Jualill aa

Sl A0 ad el (il bl 4y ki aladinly 4 ) adl s ASailSae 5 S Jlaa)
) Ol (o sl 8 e S B e JSG AT ) gl ailiad O (i
Jaii¥) 5 Aal 3V J)sal ApulasY) Al 1 Cay jlaill 5 Candl a8 Alally Cay yad 20385 a3 LS
Laall g yills o Y1 c¥alee Ul &3 el sl A aie 4l dagiial slgaYly
a3y Hla alaiinly ddariia g S 45l mildia clad¥ Lol Jall Jaagill 23 Ll 46yl
Jlea¥ auzadi (ol sall da juie dagiial eliad¥) dalal dpaael) gl apal a3 1yl
A (e agle Jsandl &5 Al sl dall ae gl 45 jlie 5 daka ) — 4l a5 4SS0

oAl ks
s aldd) Juadll

Alaiiuly Gl ) da il Al 5 Sl Ay sl miliiall clias¥) Jidad elac) o

8y e JS0 Calias o) gall (ailiad o (ga yidie o pacial Bapeal) adll o o35 4y a3
J) sl Aabal) Al ) oy plal y Canad) a8 Aladdly G pad s o3 LS g 81 () i8]
O ¥ alre Zliiial el sall sy 4y 90 daiial algally Juai¥ly dal Y



ol s A i Al el i) il Apnael) i) sl w3 LS " 5l 2l alasily
() Sl A e adde gl 23 (30 LT Jal e bl 25 e

:u.uéb.ul‘ daéﬁ‘

Flally gal sall da il 2y glill mileall e S UatY ale Jidas plac) o
i Alaliaal) ddaall e 43y pall 4y Hha aladiuly Gal sall da jaiall dplazia 5 Sl 4, iUl
Aal3Y) Jlsad Al Ay Sl Cay el Al all y Canl) a8 Allally Cay g a8 a3
oae s AeaY) sty o 3V ¥ alae Uil Liad LS 4y il dagieal gl s Jladi¥l
Jleal Ll cans 4590 iliiall elad¥ dpaly Hl) G el Liadd Loyl dgaal) Lo il
praily il g daduall Aalidall ddaall e 455 pall 4 pkas Al (8 dudaraca g 5eS 5 4SailSa
dall 4blall J sl

bl Juadll

sllacls Gl g il An i Gy gl Aaghoal LYl Jilatl Apoaal) il oo
) ) e e

S 73 gaill AL ¢ al sl s 4 il Aniiall ()5S Vi il J Y1 73 5alll A
ol Al Ay g e A il Aaiall () oS Lia i)

s Cralil) Juadl)

o=l sal) da jrie dplaiia 5 5eS A5l Andeal clad¥) Qi) Laaall ) o008
A8l 0e Jlaal Ll s dadl 5 aliall Juail) & daddiiosall Cpad gaill iy (al il @13
Ankaiia g yeS

038 (e (paball n) Sl (plsie (pfiags ) gdie Cang da gy 43l JSAL ppaall (e
Aa s kYl



On the mixed nonlocal theory of elasticity for the bending of
functionally graded piezoelectric nanoplates

By
Zahra Saleh Hafed

Supervised by
Prof. Dr. Ashraf M. Zenkour

The current article deals with the bending for the FGPM plates. An
attempt is made to obtain the bending analysis of an FGPM based on the
simple quasi-3D sinusoidal shear deformation theory, simple two-variable
shear deformation theory and mixed nonlocal first order theory. A
comparison study with published results acquired by other investigators is
presented showing an excellent agreement. The effects of different

parameters on the range of validity are investigated for the FGPM plates.

This thesis consists of nine chapters which are summarized as

follows:
Chapter 1: is an introduction to the following:

e Elasticity theory: some basic concepts of the elasticity and
governing equations have been presented such as; Hooke's law,
equilibrium equation, their boundary conditions, engineering
constants of elasticity and the different characteristics of elastic
body. A brief on the classical plate theory, first order shear theory
Is presented in addition to the nonlocal elasticity theory.

e Piezoelectric theory: a general introduction to the piezoelectric, its
equations and its basic concepts as well as the piezoelectric

engineering constants was presented.



e Functionally graded materials: a general introduction to FGMs,

their applications and their various characteristics.
Chapter 2: includes a reference survey of the subject of the study.

Chapter 3: concerns with formulation the problem of bending
analysis of FGP plate by using a simple quasi-3D sinusoidal shear
deformation theory under simply-supported. The exponential law is
presented to describe the effective materials properties of FGP plate.
Basic definitions of displacement, strain and stress of an FGP plate under
mechanical and piezoelectric loadings were presented. The governing
equations are obtained and solved. To check the accuracy and validity of
bending results obtained from the present analysis of FGP plates, results
are compared with the analytical solution obtained by 3D, quasi-3D and

higher-order shear deformation theories.

Chapter 4: presents the whole details about the mathematical
treatment for hygro-thermo-mechanical bending of FGP plates. We will
be supposed that the material properties such as Young's modulus,
moisture expansions and thermal expansions to vary continuously
according to a power law (FGP). Also, the material properties of the
exponentially graded piezoelectric (EGP) plates are assumed to follow
the exponential law. The effect of mechanical loadings, temperature
loadings, moisture loadings and piezoelectric loadings on the EGP and
FGP plates has been studied using quasi-3D sinusoidal plate theory. The
displacement field, strains and stresses are given. Applying the analytical
solutions of FGP plate by using Navier's method and the principle of
virtual work, both the boundary conditions and the governing equations
are derived. Numerical analysis is presented to explain the validity and
efficiency of the theory by comparing the obtained results with those
computed using several other theories available in the literature.



Chapter 5: devotes to the bending analysis for FGP plate through
utilizing a simple two-variable shear deformation plate theory under
simply-supported edge conditions. The power law of FGP plate is
presented to describe the effective materials properties of FGP plate.
Basic definitions of displacement, strain and stress of an FGP plate under
mechanical and piezoelectric loadings were presented. The governing
equations are obtained and solved. Results are compared with the
analytical solution obtained by using several other theories available in

the literature.

Chapter 6: concerns with formulation the problem of a simply-
supported bending of FG and FGP nanoplate, also its solution by using
the mixed nonlocal first order theory. General analysis of the problem

was presented as follows:

The definitions of the problem under discussion, basic definitions of
displacement, strain and stress of an FG and FGP nanoplate were
presented. The governing equations are obtained and solved for
nanoplates subjected to simply-supported boundary conditions.
Furthermore, we presented the mathematical expressions of the bending
of FG and FGP nanoplates under mechanical loads in mixed nonlocal
elastic theory. We also presented analytic solutions for the FG and FGP

nanoplates.

Chapter 7: reports the numerical results of FG nanoplate by two

models as follows:

In the first model, we assumed that the FG nanoplate was an
isotropic, while in the second model we assumed that the FG nanoplate
was an orthotropic. As an example of verification, we compare a sample

of current findings with those available in the literature.



Chapters 8: reports the numerical results of FGP nanoplate by two
models used in Chapter 7 under the influence of mechanical and voltage

loads.

Finally, we present in Chapter 9 summary of the subject of this study

as well as the objectives and future outlooks.

It is noteworthy that, one article is published form this thesis and

additional two articles are in press in I1SI journals.



