


¥ .. 4

%8/ L/U)"f . ./;

d';.o.c ‘s.wd.a.e‘.o PR v K

85w ot (5 55 Al

JS.«; @‘9; L c.iuLwlngl 9 Mw,&wg &L«».o SO J...Lau
Sy 1zl 9 dgume s3!S vy, 3l eolaswl b v goleauinny

Oﬁﬁ)lﬁ

ANV DOFD) dartns oo 58 e s

Loy SLus!

Sl Lo juusg 80

WAY cpote



Y o lods Cawguy @sllan dolicu guas



PN A

R W W) AARAN
(P8 o doew (0

Pl



@'a)ﬁs s.‘...

ks Sy dole plos jo 1) Gagd SzsS o (nl (95 U a5 oS o0 SO 1) Jlite wiglas
oz 5 0955 B Glr 6551 5 0SSl (Ol A5 (e (eSS S el LIS
e wlo oo wxlg 955 1 69,8 12 3l oo Cawgl el 0018 po 4y 1eiST B S06S S )90
Olial mles (Gloya8 5 S (g )M 1i5s BT Ol sg5 il 5 skl lacyles § Sloxj
Sl Olaal g wsgs (e plae g (ol (0 555 09 @ oBsS A5 raghy cl el Jolie ples )0
GBI Sl 5lols 8 e (S35 s ;0 ) Ll 5 o l3Subes Jlaie diglas 5 jslation o255l
CotsS W, o by gs"l‘ slazlo plxl b Gioghy cnl plxil Jsb 0 a5 (5,00 Lo, 5o
o5 02 5 (P9l 50390 Jsb )0 wo i ol Sl iRl Sl ciad Graghy ool (sele
2 00 sl jshaten 5 Canl 03g p)US o l5en Cangd S g3men 45y 3l e i g0l Lo
aalol )5 0,5 (50 Gz GBI sl 1) e wiglas 5 01Kl Cosl 005y (Fa5 Sl e plod
bl cnl Jsb 5o pyole johaes 5 ol pl 055 ;0 98 (n e a5 wexl g0l slacsle>



ol ug

oS Olpes owdige Al caast (6,50 0,90 (Geoiils duw yuo (O e v il
gy 3l eolawl b Wi (golpaiay SO &ilgi b Siliwlgiw¥l g Susw IS 9
P g0 Mo ()l Lo jaumg 1S plesal) coxi (65 0 5132 g Sg9azme (s3]

el 10,95 5 Cdlal g Como 3l g Sl oads plonil il bawgy dlls, cpl jo Sla b

ol ool sliztwl oolainl 8 50 g o 4y S0 iz sloiegh bl 5l eslaal jo

L 2 5o kel b Sy g9 e 8L 0 gl (6,%00 9,8 L 053 awsgs (555G a0 750 s
RCOWH PRV I

LIS AL bz 3 Ve 5 Al e 95,0l ciaio olKiils 4 leie il ol (Gyine Bsi> alS
Suwy dalg> Ol> 4 Shahrood University of Technology L g sg L g

5 s Ylie jo ail osgs S 5L dles, Lol gl (el Cows 4y 50 a5 gol3l plas (soine Goi>
2,5 oo Soley alls,

5 Lalgs ol ous ooliul (b slacdly L) 605 5350 5l a5 (63,150 1o calles, oyl plosil oo adS o
Sl odds cule,y SIS Jgal

oy oolaiwl b asdly g s o8l sased Oledlbol 039> 4y a5 (69,190 y0 callus, cpl plol ol e adS 5o
ol 00l Soley Slusl DB Jsol 5 balss s lo5l, Jol ol

:@)U
9"“"’“5 Lo
> G gl sl

o) Al ladaal y s (A “_N\s.n)u] OY pana 5 S G (sira B8 K o
Al llae Gl 28l e 25 ALE Jria ol 4y (Blaie (s 4iale Ol jagad 5 W ) Sila
b S8 aka g ye ale Gl S 0 alle a4

MDGAJ‘)\AA@JAJSJUJMMM‘)JJJP}A@\L e Sl ) saldind e




u_,u_iu)&fm&o.c a5 Cewl JSS ol w0 lp s i) 6 olaze] SLSL ufalw @ﬁaﬁ)f/

o
Cresed b O

oS
Hob el sals aslsyy as Sl g SlYlgSis s slovole goae o 4y Al (pl o
2 S slizl soae gy 9 SeaVlsians Jlue Julow 10 sg0ome sl (000 g 5l paseine
s s] sy argl s 5l oolial by jskite sy ansl 0y 08li] Sl Bl Lol
Sl aSd o Gy, Se oS (RPIM) s ol wly G,k 5l Glabi 2biysys by, po S8
2 Slrobyy o eolinl jsliie 4y oz slaglall 051 ey (6l il oo ojls (goue il
049y 5 S5 aolss 405 sy 0T 8 5l eolaiul b o mseie job a4y .l 00 solatul yledl sk
(XMQ) bl gass (onjaiz 5 498 mslS st 58 blisee oles a4l wly a5 4 RPIM
GalS glls bapladl ol 55 S il el ool Gy Q9,08 (lamio gzgsln claglal
Ol (ol aiied Sl o 545 0 5l (g g 92l 51315 W Jels oY Sheogas
oy glapladl gl 51 S o 03,5151 | gy 5 erllr (galog Cand ol calog e lapLal]
oy oolitiusl glamis 5,5 g (lammio it diiaYlgSa g Jilas Sgaome (glsa] Julow o cone]
b ol ol 51 ol gl sl o0y o bapbodl oyl 51 oolial b ciliee (soue sl Jlie ol
Lol 00 dnlie Lds > jghien 5 Q9 53,5V SIS lagldl 5l ool Canss b
S5V SeadlS cloglall b anglie ;s o, ol 55 solitn 5 00d 48,55, (38 sloglel
Gilyh Ay Az gi b e g oo [Sen Sta¥lgSns Ploe jo (el Jo @y Sy Sl
15 258 bliee olad b ol 3l ssliomio Sty Bl o 5 58 btiee slaglol

o plall el o ool SeiuWlsSans S35 sla 3y Sgame (gliz] Judow gl 59 cslaplol!



s aly @l b (DKT) wnd o 6,555 9 slaglall s b a soleiing o 3y
2l sl o odsal (DKFT) wnd Ggs 105 (6,595 40,98 G5 ol el sy 558 alises
S St VlsSns S50 sl 5 Sgume 1zl Jelo o DKFT ool slaplell 5l Jol>
slaplall 5l aalsl 5 058 go 1, S0n (Lo Jo 4y gy e DKT 5 SMS 55 slaglel 4
Sbiolgia¥l Bl 5550 @l Judow (6l oolpiidny a8l oad (ryiz (g0 SO 2o
25 ednlie ol Cewl 00l dliie (5L,5Y SedS slarlall b ols gl 5 ol oo anlizl
S Szl Jelos o 31L5Y SedS IS4 mlgs a4y S 4Bl ol (o SO g8 65

«SiwYlgSun g slrojle (g0 Iyl g, gz gl g, cgode Ll igundS C,lfjlg

st (slabais obyg,s e, e Silivlyia¥l Jilue



Wl 31 2y Y Cannd
SJUyg5 w¥lio

[1] Seyed Ali Ghazi Mirsaeed and Vahidreza Kalatjari, ““An Enhanced Finite
Element method for Two Dimensional Linear Viscoelasticity using Complex
Fourier Elements”, Journal of Computational Applied Mechanics,
accepted article, 2018.
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Approach to find shape parameters in Spherical Hankel Elements for Finite
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on Mathematical Physics, Qom University of Technology, Qom, Janurary
3rd, 2019.
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! Partial Differential Equations (PDES)
2 Laplace equation

3 Poisson's equation

4 Helmholtz equation

5 Navier equation

¢ Cauchy

7 Navier-Stokes equation
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8 Initial Boundary Value Problems (IBVP)
° Boundary Value Problems (BVP)

19 nitial Value Problems (1VVP)

! Linear Elastic Isotropic Homogeneous
12 Seperation of variables
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13 Mesh-free methods

14 Finite Element Method (FEM)

15 Boundary Element Method (BEM)

16 Scaled Boundary Finite Element Method (SBFEM)

17 Interpolation

18 Classical Lagrangian Shape functions

19 Radial Point Interpolation Method based on radial basis functions
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21 Radial Basis Functions (RBFs)

22 Complex Fourier Elements

23 Discrete Kirchhoff (Fourier) Theory Plate Elements
24 Gaussian-Fourier

25 Extended Multi-quadric elements (XMQ)
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26 Hooke's law
27 Young's modulus
28 Compliance
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2 Yield stress
30 Residual stress
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31 Ramp
32 Stress relaxation
33 Creep
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35 Finite Difference Method (FDM)
36 Creep compliance

37 Relaxation modulus

38 Recursive
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Abstract

This dissertation deals with the numerical analysis of viscoelastic and elastic
structures. In particular, Finite Element Method (FEM) has been utilized in
the analysis of viscoelastic structures, and the analysis of elastic structures
have been performed by Boundary Element Method (BEM). The main
motivation behind this research has been to enable accurate analysis of
structures subjected to mechanical loading with the reduction in
computational cost compared with conventional methods. In order to achieve
this goal, it is proposed that the novel elements have been substituted for
classical elements in the analysis. In particular, complex Fourier elements
have been employed in the FE analysis of viscoelastic structures. Moreover,
Extended Multiquadric (XMQ) elements and Gaussian-Fourier elements
have been introduced and utilized in the FE analysis of 2D viscoelastic
problems. In addition, FE analysis of thin viscoelastic plates has been
performed by proposing new plate elements which are called Discrete
Kirchhoff- Fourier Triangular (DKFT) plate elements. And finally, XMQ
elements have been used in the BE analysis of Elastostatics problmes. Point
interpolation method based on radial basis functions (RPIM) has been

employed in order to obtain shape functions in these new elements.

Keywords: Numerical analysis, Finite Element Method, Boundary Element
Method, Viscoelastic structures, Elastostatic problems, Radial_Polynomial

Point Interpolation Method.
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