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Abstract

The aim of this paper is to propose the application of boundary element method to analyze thick
orthotropic auxetic plates based on Mindlin’s thick plate theory in which the shear deformation is considered.
Auxetics are defined as materials possess a negative Poisson’s ratio due to their internal structures.
Arbitrary plates with various or mixed boundary conditions are studied. This research employs the principle
of the analog equation. According to this concept, the complicated governing differential equations of
the original problem are replaced by three Poisson’s equations with fictitious sources under the same
boundary conditions. Then the boundary element technique together with the radial basis function
series is applied to establish the boundary integral equations. Thus, the solution of the problem can be
obtained from the boundary integral equations which the boundary of the problem is only discretized
into elements. Numerical results from the proposed method show an excellent accuracy compared with
available analytical solutions and are in good agreement with the finite element solution. The influences
of various parameters on responses of plate structures are thoroughly investicated. To demonstrate
efficiency of the boundary element method proposed in this paper, thick orthotropic auxetic plates with
complex shapes are analyzed and compared the obtained numerical results with those from the finite

element solution.
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0.08136

0.08125

0.1354

0.3

0.00648

0.00653

0.7657

0.08134

0.08125

0.1108

3.1.2 uwduifuisnaumueenwinuuulelamseln
melidwihussmnnssaeathiaue ¢ = 1,000 flavada
waziifisosunuuBauvu Taef uiuullsat a =1 wns
y=-0.9,-0.25, 0 wag 0.25, A =0.1, 0.2 w3, £ =
2.039 x 10" Alaw1afa M =379 90 N = 400 LoAwud
Tnefinasinsnad 2 Wemuimmuaunisd (38)

3.1.3 LLw'uﬁyu?im?iﬂw{TQ%”awmﬂszmwaaﬁwmaﬂﬂ
210 1 x 1 ey’ meldimdnusmnnszaesaiiae
¢=1,000 Alawara uaziifisesusssumuuuuds (Hard
Type) Inedl £, = 1 x 10° Alawada v=025, h=0.1,
0.2 WA3 G, =G, = 0.6E, G, = 0.5E, M =625 90
N =400 U WaRINANSAIUIAL §9915197 3 waz 4 e
FuIANELNIST (38)

sla| e | W
¥ a

Present|FEM [3]| %Diff. |Present|FEM [3]| %Diff.
0.1 1293.940|293.270| 0.2285 | 0.0710 | 0.0716 | 0.8380
’ 0.2121.470|21.200 | 1.2736 | 0.0698 | 0.0695 | 0.4317
0.1 158.010|158.190/ 0.1138 | 0.1099 | 0.1114 | 1.3465
10 0.2 113.693|13.680(0.09500.1045|0.1051 | 0.5709
20 0.1]67.327|67.700[0.55100.1317 | 0.1344 | 2.0089
0.2 8.813 | 8.900 [0.9775|0.12440.1266 | 1.7378

A15719% 4 wan1sUSeuieuATuUAlURANIAY p
gegauazaluuuddngaauuuliniieves
WHUN U 3.1.3

E |, | et 0, =
E, . q ayq
Present|FEM [3]| %Diff. |Present|FEM [3]| %Diff.
0.1]0.0261[0.0265|1.5094 {0.0310]0.0319 | 2.8213
> 0.2 {0.0270|0.0278|2.8777|0.0314|0.0314 | 0.0000
0.1]0.0133{0.0147)9.52380.0169]0.0171 | 1.1696
10 0.2 {0.0157|0.0171|8.1871|0.0187|0.0191 | 2.0942
0.1]0.0071{0.0083|14.4578( 0.0075|0.0074 | 1.3514
10 0.2 {0.01090.0122|10.65570.0105|0.0110 | 4.5455
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NN 1 way 2 nsiasiuasTusugaaile
In3FutseawuRiviaveluunauisaii
gneeamiudguiloiSsuiivuiumnouusiunsadile
MNIFFAT9 Feuansliiuiadefvedtuniinng
aug eswniundaidieduusazyinisus
dudamsfiveuan vlEdsutaidieduudd
Folamuspuninnindsinluieduudfienseziianaig
AaRLAABuIINMTLULRUsAeTulAw WY Shear
Locking 4az21na151971 1-4 wansliiiuindzuniinn3
LaémwﬁﬁmmgﬂﬁmLLaJ'ue]’wLﬁ@LU‘%ﬂULﬁauﬁuﬁwau
PlFndidnnsisasiidmeuiilndifusaenndosiu
nansAaanIsWluvieanns felunsaifiusuiiug
AauandRdulelenseln senwinuuulelavseln way
genuinuuueaslimseln sauTeEnsaRATIE LY
ﬁuﬁﬁgﬂé’mﬂmmau wasdmdey Afldeulvveuwn
WUUAY wansliiiuinisutnndieduudiiiaue
Hamnsntunssgndlilunsinseitaymukuiug
fosanlusuddeiildedeivssansam

3.2 p1sAneIRansENULiosanAmIsdinedues
wriuiy wazAn k, vasiisossuBanguuuudngs

Tuhdeiazvimsfinnsawansznuiilosaind
Wil Supsusiuiiy fio AU waANendaBAny
vouruiiy Tnglunsimseiezvihnisisudiouna
Aldannisiasizduduiuisnaunuiesnwinuuy
2935 MNI0UNMLITUNIUASLOAIUA NUAINBUIINTD
BAsE9t [15] vesudufiuisnauvunesnsinuuy
TolanselUn wazagyinMsANYINANTENUTOIAT k, VB9
fisessuin neuuuuBatilaeiiedieddl

3.2.1 WHURUNUIIINANNUIDBNLTHALUY
o0slnmseln vundedl 1 wes neldimidnusn
nszawaiiane ¢ = 1 Alanada wasiifisessunuy
Sauvu Tnedi E,=1x 10° Alawada v, = v, =v,.=-0.3,
G,=G,.=G,=7.14 x 10° ilanwiada M = 379 g0
N =400 LoALud Imaﬁmamﬁmswﬁﬁagﬂﬁ 4

020 9, eeeQeee Ex/Ey =05

ensDees Ex/Ey = 095

E
E o —0— Ex/Ey = 1[18]
_5 A, cees>e.. Ex/By =105
2 .
& g0 ¥ ceofyes ExiEy =2
@
a
ceripgees Ex/Ey =3

£
>
£ o005
=3
(]
=

0.00

a1 042 014 016 018 02
h(m)

3UN 4 Armislisiveuduuauiitein 3.2.1

3.2.2 wiufuAndoudnSanuioonefinuuuees
Tymseln wun 1 x 1 msamns meldbminusmn
nszasiane ¢ =20 Alanada uasiifisesiudamneu
wuudnda (Elastic Restraint) Taeft 4 = 0.1 was E, =
3% 10% E, =1 x 10° Alawiafa v, = v, = v, =
0.25, G, = G, = 0.6E,, G, = 0.5E,, M = 625 9
N=400 wiiuud JawanmFnseiiildazianiiiuy
Imheaaunisi (39)-(42) fams1eil 5

A13099 5 HANITILATITANOANTINVDIUHUN UL U
15wy suiaden 3.2.2

k W M. M, M,
-
mPY 1 i64589 | 00715 | 0.0183 | 00362
Supported
0 3464589 | 0.0715 | 00183 | 00362
1 3459426 | 0.0714 | 00183 | 00361
102 304.4371 | 0.0634 | 00169 | 0.0296
103 187.4438 | 00418 | 00124 | 0.0140
104 119.6417 | 0.0308 | 0.0084 | 0.0084
105 1085681 | 0.0292 | 0.0076 | 0.0077
106 107.3789 | 0.0291 | 0.0075 | 0.0076
Clamped
107.2458 | 00290 | 00075 | 0.0076
Support
W £
W= max "~y (39)
hq
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M, =Mmn (40)
aq
5 Mvmax
M, = (@1)
) a‘q
— M y max
i, - @
aq

f\mgﬂﬁ 4 wui e E/E, fifntosrnslneia
YoauHuRiuifiansanvziAwn waznislissavanas
e EJE, wnny Fadle E/E, fimlndides 1 anislieh
SUENLLsJu‘ﬁ”wmaaﬂLézﬁﬂLLwaaﬁwmafJﬂ%ﬁwq&ﬂim
TndiAafuunuiueenwinuuulelmsedn [15] uay
dlomnumunvesuduiuiiudy Anislsiifavanas
wWudieatiu 1nmseit 5 wud e &, fidiesau

¥
oA

WAy 0 neAnssufiiAnduresusiuiiufingt agd
woAnssuiirenadosunsdiiuiuiuifisessussun
wuuude wamdledn &, SAnannwoRinssue kLAY
namardieudenadestunsiuiuiiuiifisesiuuuuin
wily Fafuluaamgul dafu Jeulwweuwniisesiu
Savguuuuiadeiinauslunuided Jamunsadaos
fvos3uliingAnTsusEriauuUs T LA LU VS ALY

Faflanulndssivanmanuduasdulasiasng

3.3 mslnnyiwiuiuinssnwinuuueeinnsatn
TagAsuniuanSiofiuud

Tutadetlagyinsdnuvimginssuusuium
senuinuuveeslimsetniidensidutmeiaus —1.0
89 0.5 ImaﬁqmﬁuLLﬁLLsaLﬁaumﬂamﬁﬁ (5) waz
nan1sieTzlsasuladidumpeunuulEmheniy
aunsii (39)-(42)

33.1 wiuflunundindsuinfaeonwinuuy
ooslymsaln auwia 1 maawns nelédudnusan
N5E90aLIALD g = 1,000 Alanana waviliisedu
wuuBausiu Taefl h=0.2 was E,= 1 x 10° Alanada
G,=G.=06E, G, =05E, M= 62590 N =400
oAl TngransiAsesiuansdiaguil 5

40.0000 —O—Ex/By = 1.05
—O—Ex/Ey =3
—fr— EX/Ey = 10
—O— Ex/Ey = 40

35.0000

30,0000

28,0000
20,0000
12

15.0000
5.0000
0.0000

-1 075 05 025 -] 025 05
Poissan's ratio in xy direction

(n) Anstaadigeen

| =

0.0800 —O— Ex/Ey = 108

—O—Ex/Ey =3

0.0500

0.0400

0.0300

0.0200

0.0100

0.0000
-1 078 05 028 o 02s 0s
Poisson's ratio in xy direction

(v) AluudAngagalufianwnu y

0.0700 —Oo—ExEy = 108
=D ExiEy = 3
—f— BBy = 10

O EX/Ey = 40

0.0800

0.0500

0.0400

|§ 0.0300

0.0200
00100

0.0000
-1 -0.75 05 025 0 025 05
Poisson's ratio in xy direction

(A) Alauddngegaluiamun x

00200 —O—ExiEy = 105
——E =3
—fr—EXiEy = 10
—O— Ex/Ey = 40

00175

00150

00128

:r;\ 00100

0.0075

0.0050

0.0025

0.0000
-1 078 05 025 0 025 05
Poisson's ratio in xy direction

() AludUngegn

HAMTIATIVUTIUINAEeTn Saeonwfin

LUUBasINsaUnlnedNnsesSusuUTaLUY
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332 wiufiunudindsudnfaeonwinuuy
ooslimsodn a1 x 1 msawas nelddmn
UsTnnsEAwaLaNe ¢ = 150 Alawada wagii
5995UsTINAMUULDS (Hard Type) Toed =02 wns
E,=1x10° Alawafa G,,=G.=0.6 E,, G, =0.5E,,
M= 62590 N=400 1aauus uansadsguil 6

9IN3UT 5 wae 6 wui e E/E, fanlndifes 1
(rouandRvesianiinnulndeiuianUssnmlolvsethn)
wRnssuvesuiuiiulurveenisiniulugaedlddu
sonwAnaziinuuandsiuegiudiuladn Tnaaniy
SUT 5 ()-(A) wagguil 6 (@)~(A) Bauameliiidiudne
TuaAdalufirmawnu x wasuny y asnsoanaslaiie
Yanduussamesnieiin faiudsanunsndszgndlivan
sonwAnAulnssasafeanaluiuusdisa Gaazihlugen
anuduluniuiuitanas luvassd e EJE, Wity
(EJE, = 3, 10, 40) Ann1slniedngean Alanuudangaan
uazelusslngegniiintulurasosnieindulutsd
iueenwinaziinnalndifestuuniu

3.4 mﬁLﬂi’lzv?LLNuﬁugﬂiwﬁﬁuﬁauﬁuS]
MSIATILIMETTTATIE R ldausanseyi
1@1’1%50‘31‘31@15&&%&LLNuﬁuﬁgﬂiNﬁGB’U%ﬁm T
mslaRlWluiieduudsnfudosuislaunmeuriuity
oonduiediuddes Ssonavildgeen Tudetas
wansliiuiaUseansainvesifuninisieduni
dnaueilunisiinseilassadauduiiununeenein
quaaﬁwmaﬂﬂﬁﬁguiwLLagﬁaﬂwammmﬁsﬁ’wﬁau
TngazsiN1sasIvaauANLLUglnensIUS UL B
Fumnouiilaandsnluiedwudfivhnisinszd
seglusunsy Ansys Workbench 18.2 Tnedidangnenis
AAsiei 2 U914 Ao wiuugUimnudeniiiiisesy
WUUREN uazuHuugUimasudumnuiififisesiu
LLUU%LLﬂuLLaméfﬁgUﬁ 7wz 8 muddu Tneiivhwedn
UsTNNsELaLaNe ¢ = 10 Alawnada nseviidu
weluii way g = 0.1,0.15,0.2, E,= 1 x 10° Alanada

Iz

300000
>
20.0000

€0.0000 O Ex/Ey = 105

—O— g =3
—A— /By = 10
o Ex/By = 40

$0.0000

40.0000

10.0000

M
M

-1 075 05 025 0 025 05
Poisson’s ratio in xy direction

(n) Anstaadigagn

~
‘E 0.0200

0.0500

—O—Ex/Ey = 105
—O—Ex/Ey =3
0.0400 By = 10
o Ex/By = 40

0.0300

00100 A==

0.0000
-1 075 05 025 o 025 05
Poisson's ratio in xy direction

(@) Alsuddngegaluiiamauny y

=

02500
O EX/EY = 1.05

—O—Ex/Ey =3
0.2000 —A—Ex/Ey = 10
—O— Ex/Ey = 40

0.1500

0.4000 & 7 iy Lyt Y

—_—

R

0.0000
-1 0.75 05 025 o 025 05
Poisson's ratio in xy direction

() Alauddngegaluiamaun x

0.0800

—O—Ex/Ey = 105
0.0700 —O—Ex/E/ =3
—A—EX/Ey = 10
—O— EX/Ey = 40

0.0600

0.0500

‘ :@ 00400
E 0.0300

00200 A_—A_ﬁ__h—n__ﬂ__ﬂ

0.0100

0.0000
-1 0.75 05 025 o 025 05
Poisson's ratio in xy direction

(@) Al dngean
HANMTIATUTIUIINEvEeTn Saeonwfin
wuueastnmselnlaeiifisedusssunuuuuds
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Free Support

Free Support

3.00m

Clamp Support

4.00 m

& &
& &
< Qb;’
& $
G le;

Clamp Support

.
Ll

X

10.00 m

13.00 m

3UN 7 wsludtunnivasuninuaudivesiagniu
Ainvualuiden 3.4

G,=G.=06E, G,.=05E,v,=v,.=v,=-025
Tnewiuituguhadwdessumnuassve M = 625 99
N =400 oA wagiduiioniian « = 10 wns
wazuHuR N BsLE g fun M = 561 N
N = 600 LoAuuAnaziiuisnTian a = 3 wns lned
AT ALARIFINTT 6 Wag 7

A57197 6 HANTITILATIETBRUNUNUIDDNLERNLUU
poilimselngunnivaes

E, h W (MM) Differences
E, 4 Present FEM (%)
0.1 2.3723 2.3901 0.7437
3 0.15 0.7849 0.7798 0.6490
0.2 0.3788 0.3705 2.2323
0.1 1.6908 1.6973 0.3848
5 0.15 0.5842 0.5757 1.4847
0.2 0.2949 0.2851 3.4343
0.1 1.3611 1.3541 0.5195
7 0.15 0.4880 0.4751 2.7285
0.2 0.2551 0.2433 4.8424

9NANTIT 6 uay 7 wuin Aeeuitldannauided
fimnuaenndaslndifvsiumaouiilaainisinlug
Wil wanslidiuinisundnsedwuifitiausly
nuATe st ludssgndldlunsinnsiusiuiug
fisusrauazfoulvveuniidudouldegiaiuszansam

3UN 8 wiuidwauuvnuniinuaiRvesTanmu
Anvualuided 3.4

AN57197 7 HANTITILATIEVBEUNUNUIDDNLERNBUU
poilnmsalngudwmaeusuriny

E, h Wpae (MM) Differences
E, 4 Present FEM (%)
0.1 0.1347 0.1291 4.3476
3 0.15 0.0605 0.0595 1.5717
0.2 0.0376 0.0398 5.5302
0.1 0.1320 0.1266 4.2386
5 0.15 0.0594 0.0586 1.3893
0.2 0.0370 0.0393 5.8067
0.1 0.1294 0.1241 4.3011
7 0.15 0.0586 0.0578 1.3843
0.2 0.0367 0.0390 5.8861
4. ayd

miAdeiiauensuszgndliituntaTieduns
1umﬁmeﬁu,w'wﬁwmﬁﬂmimmmﬁagﬂLﬁaamﬂ
wsndou Tnsukuiunulifanuuueeniedin nan
Ao dnsrdrutagsdianduau wazdnginssuuuy
seslinseln uideilwhmdnnsaunisuousden
%qasawmmLmuaumsmmmﬁgﬂLﬁuﬁwaumi{]wa
auaun1s meldnsnszyianunasidnaund oy
fideulafiveviaiu Feaevilildaunisduiinga
flvouin euainnsrurumsiaTitiaueaiinisuus
LaéLuuﬁl,awwﬁmauLsumaﬂf]wuml,vhﬁgu Fevroan
armigaenldegrannideiiouiuisinluiediuud an
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