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IE 5%y B A T DU I fa) SCAE T S A BRI — A Hr o e

e 23 1) KL g
= -6 Fr IR PR fiR168]
D610 I/h 7x7  9x9  1Ix11  13x13  15x15 1717
a=20h
2 0.2594 0.2614 02622 02626 0.2629  0.2635
pSiIl(ﬂ'X)Sin(ﬂ'y)
0 3 02637 02636 0.2635 02635 02635 0.2635 0.2635
E=14.4GPa
=038 4 02636 0.2635 02635 0.2635 0.2635 0.2635
- % 0.2260 0.2276 02283 0.2287  0.2289  0.2290
SR Er IR T2
B, 1o 45 R 0.2 3 0.2296 0.2294  0.2294 0.2294 02294  0.2294 0.2294
1gsie
4 0.2294  0.2294 02294 02294 02294  0.2294

[168]Thai HT, Choi DH. Size-dependent functionally graded Kirchhoff and Mindlin plate
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Sl 5116 @ A square plate with one circular hole

The first example deals with a square plate with a hole under biaxial loading as shown in Fig. 1. The
width of the plate is a=3m, the radius of the hole is r=0.2m. The Young's modulus and the Poisson's ratio
are 210MPa and 0.3, respectively. A uniform traction p,=45MPa is applied on the left and right sides, while

a uniform traction p,=22.5MPa is applied on the upper and lower sides.
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Sl 5116 @ A square plate with one circular hole
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Fig.2 A square plate with one hole. (a) Computational domain, (b) Mesh, and (c)

Description of hole shape.



( Sl 51316 @ A square plate with one circular hole

Fig.3 The distribution of von Mises stress of the

= Fig.4 The distribution of von Mises stress of the optimized
1nitial structure

structure



Fitness

S5t 5131E @ A square plate with one circular hole
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Fig.5 Iteration process of optimization
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Table 1 Comparison of the solutions by different methods

Theoretical FEM with XFEM with
The present

solution [53] MMA [25] MMA [25]
K 2 1.85 1.83 1.86
Volume - - 73850 72450



S l53#7 51316 © The 2D suspension arm

F 2D E BT, H R RST AL A EA in EI8 s o BE AR S5 M IR a6 24
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® The 2D suspension arm

The design model of torque arm structure.



S l53#7 51316 © The 2D suspension arm

400
\ 600
_} 200 s 400
: — 200
0 & 0
von Mises stress distribution of the initial structure. von Mises stress distribution of the optimization structure

08 ————7————7T T T T T T T

0.57 -

w
w
]
=
=
.

051 il

L e Iteration process of optimization.
e e e R e oo T SRR =0

Iterations



e =4F LA 74T

3k T Bézier:



IRt TEREE S T8, SCIE R
Bézier#EEU 75 ] DAENURBS B JG /3 iR N CO7E 2L ) Bézier BT
2T BézierfBUHI IGAR] AFE IR RIFEMAE 7 L SCIRIGA, R FJ/XTEREUN LME ek



08¢ 0.8
0,64 0.6

° Bemstein (1E,\Hﬁiﬂ) glﬁ:—tt M s 1 My ¢ 05

1 1 (@) p=1 1 (b) p=2
Bo(6)=2((1-8)B,. () +(1+8)BL . (8) :
¢ e[-1,1] * _

e BézierfZ:
BézierfZz 2 FABernsteinZ I AT RV EH S



1 Eit Béziert HGE B M BHE S I

2
%\{0,0,%2,3,3,3& Z={0,0,0,1,
TEMRI=4E [ IBRFRER $0 3R 13 Bezier 1 bR KR B
N

BRI AT Bézierfe US55, JRORBAE 25 21k R A0 Ol e 0 0 i U COIE B2
Bézier#.70, JFHEAFITAN M T RA T R REH LN — DT K.



]

0

Hil1: [FEE

v 0.5\\\ ,,//0_5

AMER =1m [EEEE |

B H = Im e

N & P=10KPa
E=2.1 MPa |

v =0.3
(@)2x2x2 Hjp (b)4x4x4 Hig

RIEXFFRNE, B 1/4 730 #fr

¥

JBE [ ] #.0 #l] 43 1R 0



X 1 EERBREAFRE

| r(m) | ERRmm) | R | REC)

4.5397 4.5396 0.021

3.8187 3.8175 0.031

3.3720 3.3704 0.047

3.0819 3.0805 0.045

2.9763 2.9749 0.047

2.8901 2.88RKkq9 0 047
5 L5y o !
2. T 5 R
5. SRt g, sk
& i g - L

-0.4 -0.2 0.0 -0.8 -0.6 -0.4
log1o(h) log1g(h)



2. =) EEE

N

Bk

N4 r =0.5m

AMER =1m

P BESZ & P =10KPa
HINEE % R P2 =10KPa
E=2.1 MPa

v=0.3

FRPE X FRIE, B 1/8 00T

P

Hk

=y

=+

0.5 0

=

5

[

., -
U\A 0
\\E)E‘;i*?%ﬁéu ):'_:_[:
= (b)4x4x4#E

—~
=
[\S)
[\S)

0
&

2

hayi]

¥

==

(©)8x8x 8 HjT

58 BR 55 1) 201 0



TR EERIBKAVR A

log10(llellL2)

& & & & r ®
o o

.
o

=1

2 T T y T ' '

bt T T T T T

—O— KT Bézior RELUMIGA T
—< EAIGA 1

I
-06

04
log1g(h)

-0.2

0.0

L,7u
R
ZUR
o) S
L

log1o(llellE)

2200
-3.8087 -3.8095 0.021
-3.6811 -3.6830 0.052
-3.8469 -3.8473 0.010
-4.1486 -4.1490 0.010
-4.3295 -4.3296 0.002
-4.5236 -4.5238 0.004

O ET Bézier b‘iﬂ;u'ﬂuozx‘ 1

< EHAIGA

I
-0.6

0.4
log10(h)

-0.2

0.0



FTBézierim BN = 459 BB /N F LI 34

KHH R do, = Dplde, -
FEHRIFR R o2 Die(wdO = [ b0+ [ 2

Bézier R AUB I (155 1 - LR (EmoH

B 12: K6=F
BT B - PE R IR TR A

. 0

vdS
=1 PFIJ(g+L,
R N E




M1
@Tl’f

- Bl ZRNEEEE

von Mises Ji AR 7 |
E=2.1x10> MPa
VvV = 03 ’

o! =240 MPa

FEM(56355 )
N | B
R

uax =140 MPa

T

Load (MPa)
w

Load step

u7 Bt s =



10k
asf
100 |-
s T 20
S g
E o
o1 <
] S 25
s (-1}
o
a s o
30
‘ o IGA ||
|—— Bt a5k
0 1 I 1 L I 1 1 L N L
0 1 2 3 4 5 P 7 08 o7 06 05 04 03

Radial displacement 1, (m) He logyg(h)

SR T BRI AL AR R S AU

von Mises
J4E+08
2E+8
22E+08
2IE+08
o0

1 SE+ 00
18E+08
o

1.0E008

16e+08
1 SE+08

14E+08
1.3E+08

FEM IGA

JE B [5] £ Jeit Al X s 2 1
FERIT fift SR A5 R R 1 F T 245 090.603
JEEE 5 & von Mises M. /] = B7s 2 K



Radial displacement u,. (m)

a, (MPa)

7.0

150

160

140

120

10

x10
: —— Wi
» FEM
1GA
05 0.6 07 0.8 09 L0
rim)

LR 7 A R o 2

0.6

r{m)

DI B

0.9

o

o, (MPa)

a, (MPa)

40

-6

0.6

07 0.8

r(m)

(ECI

40 =

-

=

06

07 [

r(m)

il 17 .7

09




LB

FEM(42291
DOFs

250

IGA(1536 DOFs)

Load {(MPa)
@ B
(=1 =]

-
=]
=]

o0
=
T

=}

2 4 6 8 10 12 14 16
Load step

Ay B N 7~ 75

=}

Load (MPa)

logo(Error)

L]
o
[=]

ra
(=]
o

w
o

-
o
o

o
(=]

0.6

0.8

10 -

-1.2

-14

-1.6

-1.8

............

Radial displacement «,. (m)

s R R B

- [EARE

|—o— [lelf

L 1 " 1 " 1 1 1 M
0.8 07 -0.6 05 04 0.3
logyo(h)

RE B VEAUR R



Radial displacement u,. (m)

-
T

[

— TR
¢ FEM
o IGA
i)f." 0.6 0.7 IJTB ). ]TU
F(m)

JE BT [ AR 1A A A%

1E+08

220 JELBE [R] BRvon Mises W = K~ &

o, (MPa)

a,, a,(MPa)

IGA

225 00 JELBE (5 TR e R [X
ST SR A SR B I

N
]

N

J
M2

1 el

K
1%M0.665




813: ZREIERT

Nfta=05m
4MEb=1m

von Mises Ji A 7H U]
E=2.1x10" MPa
v=03,

o, =240 MPa
=0

H
a1

Ry =140 MPa

4

i

dl

>|g

pall]

I3

FEM(11658
DOFs)

IGA(1050 DOFs)



u ven Mizes won Mises
00023 2AE+08 24E408
000208 2 28085F +08 2.28889E+18
000186 218178E+08 217778E+08
000164 2.07T2ETEHE 2.06667E+08
000142 1.96356E+08 1.85556E+18
goo1z 1 B5444E +08 184444408
000098 1.74533E+08 1.73333E+08
0.00078 1.83822E+08 1622226408
000054 1.527T11E+08 151111E418
000032 1.418E+08 14E408
000031 1.308B9E+08 1268B9E+18

1.1987RE+08 1.1777BE+18
1.08067E+08 1.06667E408
9.81556E+07 9.55556EH7
B.72444E407 5.44444E407
T6IIIEHT 733333407
BEB4222E+0T B.22022E+407
5A45111E+07 SAMT1EHT
4.38E+07 AE+07

FEM IGA

= von Mises M 771z K EL AR

ok 1
E
=]
151 1
1 . . . . . . . .

3 2 -1 Dz(m]1 2 3 4 FEM IGA
12 W3 T R A A 2 SERRX =Bt



FETBézier iR =49 2B AT HF LA Hh
RETCHRBIEFREA TR GeEhk i HE0)

o 1 G'H CiLd, G‘I:E{ Eui
Tmﬁﬂ‘ﬁu*%%'lﬁ%: E.i‘-' _Ekajf:- + a}i-J ﬁjf
% AR - 1ffc:[u.-+_u.-1 I:u+_uj E[u..+;u..j8[u._+;u..jh‘-
Tm—lﬁﬂ‘ﬁ[]*%-%.-@ P E=EALE=—| — o+ 4 - o o
v ) cX, ¢ aX, X )
\ AT _ ATL L ATL L ATN .
NAFIE S, A=Ak, FAE, TAE; 5(LE)=BS(ou ) B=B, +B,+B,
s £ A0 ] LS EE M TEE
28 7 ZF 36 [ A A 2 T 3530 R Fo ZE T 550 R
WEWAEE R, w[}-u"f]:lpcBT;SJ::.-*F+L_CBESJ::*I”+J‘H[~BE§+BE?]Sdl’—ﬁ; :E]--.._

A




it 1.0 Bu+Bu RE B LI N R FELIEN

2.d5 = DaBR % A5 =], RedE SLILA IRAGRL F7- R AR L A AL
T BT 2B IS,

& Y

[, BT2sdv = [, B"DLEAV [ J,(BL+ BL)D; (B, + By, )a, ]L o

Lﬁ BTsav - [ L GTMGAV, ]Lu - [ Lﬁ G MGav, ':]f-*_-u*' -K.lu

Fer it R BN E Rk

KRR FETTE: (K + K )ru=F~F,

FUTRAKRE




B1: [FER EREE LR von Mises Jif JE 4 U]
E=6900 MPa
v=03,

o! =500 MPa

H=0
v Q=4

Ry =800 MPa

FEM 20X20X20 IGA10X10X10



RER BERE-

b&&o

“EREA RAREE-sEzaE

biiiiosespmsnss |
“BRER RERE-nrsmS

| _JNEEIEEEE: |

L 1= -

(Mpa)

IN=W;

Yl LAY
L]
HIM
AN

&

Labbbabbabe
ettt ity

—— Bx8x8 elements

u(m)

—o— 2%2x2 elements
—— 4x4x4 elements
—— Bx6xB elements

NEIZES
H 43 B 3R
EOAI
ST WAl
[ %28
WA



BH12: =HSHR

N1E a=0.8m

4ME b=1m

e L=Im

von Mises /it Al #E )]
E=2.1x10° MPa
ry=0.3,

o, =440 MPa

FEM 20X10X20

=] me

IGA8X6X8



. . . . . . . . L
016 -014 -012 010 -0.08 -006 -0.04 -002 000
i, (m)

-0.02 -

—— 4x3x4 elements ‘\\\lg
—— 5x4x5 elements | K\& .
—— Gx5x6 elements . \3
—— Tx6x7 elements | \z_

| —— 8x6x8 elements | 1

|||||||||||||||||

AS[5] P A%
B 31
TS g
N BE 1A
Ex7
K% 4
F



[1]. Shuohui Yin, Jack S. Hale, Tiantang Yu, Tinh Quoc Bui, Stéphane P.A. Bordas. Isogeometric locking-free
plate element: a simple first order shear deformation theory for functionally graded plates. Composite
Structures,2014,118:121-138.

[2]. Minh Ngoc Nguyen, Tinh Quoc Bui, Tiantang Yu, Sohichi Hirose. [sogeometric analysis for unsaturated flow
problems. Computers and Geotechnics, 2014, 62:257-267.

[3]. Tiantang Yu, Shuohui Yin, Tinh Quoc Bui, Sohichi Hirose. A simple FSDT-based isogeometric analysis for
geometrically nonlinear analysis of functionally graded plates. Finite Elements in Analysis and Design,2015,96:1-
10

[4]. Shuohui Yin, Tiantang Yu, Tinh Quoc Bui, Shifeng Xia, Sohichi Hirose. A Cutout [sogeometric Analysis for
Thin Laminated Composite Plates using Level Sets. Composite Structures,2015,127:152-164.

[5]. Shuohui Yin,Tiantang Yu,Tinh Quoc Bui,Minh Ngoc Nguyen. Geometrically nonlinear analysis of
functionally graded plates using isogeometric analysis. Engineering Computations, 2015,32(2):519-558.

[6]. Tiantang Yu, Tinh Quoc Bui, Shuohui Yin, Thom Van Do, Satoyuki Tanaka, Duc Hong Doan. On the thermal
buckling analysis of functionally graded plates with internal defects using extended isogeometric analysis.
Composite Structures 2016,136:684-695.

[7]. Tiantang Yu, Shuohui Yin, Tinh Quoc Bui, Shifeng Xia, Satoyuki Tanaka,Sohichi Hirose. NURBS-based
1sogeometric analysis of buckling and free vibration problems for laminated composites plates with complicated
cutouts using a new simple FSDT theory and level set method. Thin-walled structures 2016,101:141-156.

[8]. Shuohui Yin, Tiantang Yu, Tinh Quoc Bui, Peng Liu, Sohichi Hirose. Buckling and vibration extended
1sogeometric analysis of imperfect graded Reissner-Mindlin plates with internal defects using NURBS and level
sets. Computers and Structures 2016,177:23-38.



[9]. Shuohui Yin, Tiantang Yu, Tinh Quoc Bui, Xuejun Zheng, Satoyuki Tanaka. In-plane material inhomogeneity of
functionally graded plates: A higher-order shear deformation plate isogeometric analysis. Composites Part B: Engineering
2016,106:273-284.

[10].Tiantang Yu, Shuohui Yin, Tinh Quoc Bui, Chen Liu, Nuttawit Wattanasakulpong. Buckling isogeometric analysis of
functionally graded plates under combined thermal and mechanical loads. Composite Structures 2017;162:54-69.

[11]. Wenjiang Lai, Tiantang Yu, Tinh Quoc Bui, Zhiguo Wang, Jose L. Curiel-Sosa, Raj Das, Sohichi Hirose. 3-D elasto-
plastic large deformations: IGA simulation by Bézier extraction of NURBS. Advances in Engineering Software 2017, 108:68-
82.

[12] Shuo Liu, Tiantang Yu, Tinh Quoc Bui, Shifeng Xia. Size-dependent analysis of homogeneous and functionally graded
microplates using IGA and a non-classical Kirchhoff plate theory. Composite Structures 2017,

[13]. Shuo Liu, Tiantang Yu, Tinh Quoc Bui, Shuohui Yin, Duc-Kien Thai, Satoyuki Tanaka. Analysis of functlonally graded
plates by a simple locking-free quasi-3D hyperbolic plate isogeometric method. Composites Part B: Engineering
2017,120:182-196.

[14]. Shuohui Yin, Tiantang Yu, Tinh Quoc Bui, Xuejun Zheng, Gao Yi. Rotation-free isogeometric analysis of functionally
graded thin plates considering in-plane material inhomogeneity. Thin-walled structure 2017,119:385-395

[15].Shuo Liu, Tiantang Yu, Tinh Quoc Bui. Size effects of functionally graded microplates: A novel non-classical simple-
FSDT isogeometric analysis. European journal of mechanics - a/solids 2017,66:446-458.

[16]. Zhilin An, Tiantang Yu, Tinh Quoc Bui, Chao Wang, Duc Hong Doan. Implementation of isogeometric boundary
element method for 2-D steady heat transfer analysis. Advances in Engineering Software 2018,116:36-49.

[17]. S.H. Sun, T.T Yu, Thanh Tung Nguyen, Elena Atroshchenko, T.Q. Bui. Structural shape optimization by IGABEM and
particle swarm optimization algorithm. Engineering Analysis with Boundary Elements 2018;88:26-40.

[18]. Tiantang Yu, Wenjiang Lai, Tinh Quoc Bui. IGA-3D elastoplastic simulation based on Bézier extraction of NURBS.
International Journal of Mechanics and Materials in Design 2018,DOI:10.1007/s10999-018-9405-x.



-BUJNH

i

e
o

« BHEL, AR EREHIZEA
. FEREREL

. CADECAEE BRI 4L &

. BT K




