Vietnam Society of Solid Mechanics

=
= vVSS
= Hé6i Co’ hoc Vat ran
4=
?
=
s = TUYEN TAP CONG TRINH
=¥ z Hoi nghi Khoa hgc toan quoc Co hgc Vat ran lan thi XIV
-é) % TP. Hd Chi Minh, ngay 19-20 thang 7 nim 2018
®)
O Don vi to chirc Dong t chirc - Nha tai trg chinh
% HQI CO HQC VAT RAN TRUONG PAI HOC TRAN DAI NGHIA
; -
[ ) M‘
=

— R IR RET RS R RN .

ymms < Tm

b3
: = 3
-

1S

- .

-—
——
e
.,
' o

LY.
e

g

AIX DY) Ug[ UL JEA 201 .00 d

NVd LynX VHN

ISBN: 978-604-913-832-4

97860 ’

49138324

-3 NHA XUAT BAN KHOA HQC TU NHIEN VA CONG NGHE

JHIN 9NQI VA NIIHN NL I0H VOHM




NHA XUAT BAN KHOA HQC TU NHIEN VA CONG NGHE
Nha A16 - S6 18 Hoang Quéc Viét, Cau Gidy, Ha Noi
bién thoai: Phong Phat hanh: 024.22149040;
Phong Bién tap: 024.37917148;
Phong Quan Iy Tong hop: 024.22149041;
Fax: 024.37910147; Email: nxb@vap.ac.vn; Website: www.vap.ac.vn

TUYEN TAP CONG TRINH

HOI NGHI KHOA HQC TOAN QUOC
CO HQC VAT RAN LAN THU X1V

Chju trach nhigm xuat ban
Giam doc, Tong bién tap

TRAN VAN SAC
Bién tap: Pinh Nhw Quang
Trinh bay ky thugt: Pao Nhu Mai
Trinh bay bia: Pao Nhuw Mai

Lién két xuat ban: Cong ty CP Khoa hoc va Cong ngh¢ Hoang Quéc Viét
S6 18 Hoang Quoc Viét, Cau Giay, Ha Noi

ISBN: 978-604-913-832-4

In 500 cubn, khd 19x26,5 cm, tai Cong ty CP Khoa hoc & Céng nghé Hoang
Quéc Viét. Bia chi: S6 18 Hoang Quéc Viét, Cau Gidy, Ha Noi.

S6 xé4c nhan dang ky xuét ban: 1587-2019/CXBIPH/01-18/KHTNVCN.

S6 quyét dinh xuat ban: 23/QD-KHTNCN, cip ngay 13 thang 5 nam 2019.

In xong va ndp luu chiéu quy 1l nim 2019.



HOI CO HQC VAT RAN TRUONG PAI HOC TRAN PAI NGHIA

TUYEN TAP CONG TRINH
Hoi nghi Khoa hoc toan quoc Co hoc Vat ran lan tha X1V
TP. Ho Chi Minh, ngay 19-20 thang 7 nim 2018

HA NOI, 2019



Muc luc

Nguyén Viin Trang, Lé Minh Quy va Nguyén Hiru Ta

Ung xtr co hoc ctia 6ng nano phdt pho den chiu nén doc truc

Nguyén Thanh Trwong, Phan Thi Ping Thu va Phan Pinh Huin
Phan tich hé thanh phi tuyén vat liéu

Nguyén Hiru T1, Lé Minh Quy va Nguyén Vin Trang
Nghién ctru anh huong cua toc do sac trong két cau silic boc try dong kich ¢& nano mét
dung lam cuc am ac quy ion lithium

Tran Minh T1, Lé Xuan Huynh va Lé Thanh Hai

Phan tich 6n dinh cta tim bang vat lidu rong theo 1y thuyét bién dang cit bac nhit

Tran Minh T1, Nguyén Vin Long, Tran Hiru Quéc va Hoang Thu Phuong
Phan tich dao dong riéng tim sandwich c6 16p bé mit bang vat liéu FGM
trong moi truong nhiét d

Minh Tuan Nguyen, Luong Thien Nguyen and Hai Dang Phan

Closed-form solutions of guided waves in a layered half-space
due to time-harmonic loading

Tran Thanh Tuin, Trwong Thi Thiy Dung, Pham Chi Vinh va Nguyén Xuin Nguyén
Ty s6 H/V ctia song Rayleigh-Lamb trong 16p c6 g suat trudc va bai toan ngugc

Bui Van Tuyen, Pham Vu Nam , Bui Thi Thu Hoai and Nguyen Dinh Kien

Vibration analysis of FGM beams carrying moving loads based on
a new third-order shear deformable beam element theory

Tran Thi Thity Véan
Bai toan bién dang phi tuyén timg dung
trong hé dam cau duong bo ung suat trudc lap ghép
Tréan Bao Viét
Phuong phap x4p xi phan cuc thich tng x4c dinh hé sé dan nhiét
cua vat liéu nhiéu thanh phan
Tréan Bao Viét va Vii Thai Son
Nghién ctru xac dinh mbi quan hé gitta d6 tham va do réng cua bé tong d6 rdng cao
Tran Thanh Viét, Vit Quoc Anh va Lé Xuan Huynh
Phan tich 6n dinh va dao dong két ciu khung thép phang
véi cac hé so do cing lién két mo

Le Quang Vinh, Nguyen Manh Cuong, Tran Ich Thinh and Nguyen Dong Anh

Dynamic analysis of functionally graded cylindrical shells
via Continuous Element Method

744

750

758

765

773

781

787

795

803

811

818

824

832

ix



Hoi nghi Khoa hoc toan quéc Co hoc Vat ran lan thu XIV,
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Phan tich 6n dinh cua tim béng vat liéu rong
theo ly thuyét bién dang cat bac nhat

Tran Minh Td', L& Xuan Huynh' va Lé Thanh Hai?
! Truong Pai hoc Xay dung, 55 duong Giai Phong, qudn Hai Ba Trung, Ha Noi
*Truong Pai hoc Vinh, 182 dwong Lé Dudn, thanh pho Vinh, Nghé An
Email lién lac: tpnt2002@yahoo.com

Tém tit. Bai bao st dung 1y thuyét cit bac nhat cua Reissner-Mindlin dé phén tich 6n dinh cua
tdm chir nhat bang vt liéu rong. Vat liéu v6i sy phan bé lién tuc va khong déu cua céc 16 rong lam
cho md dun dan hoi va mat d6 khdi luong thay ddi tron va phi tuyén theo chiéu day tim. Sy phan
bd cua 16 réng dugc gia thiét tudn theo quy ludt ham cosine, voi hai dang ddi xing va bat d6i
xtng. Dang nghiém Navier dugc st dung dé x4c dinh luc t6i han cua tim chit nhat, lién két khép
trén chu tuyén, chiu nén déu trén cc canh trong mit trung binh. Anh huong cia mat d¢ 16 réng va
kich thudc hinh hoc dén do 16n luc téi han s& duge khao sat. Két qua s6 cho tha?iy su tuong déng
voi tAm dang huéng khi dwa vé truong hop riéng.

Tir khéa: On dinh; tdm vt liéu réNng; ly thuyét bién dang cdt bdc nhdt; nghiém Navier.

1. Mé dau

Vit liéu rSng (porous materials) 1a mdt loai vat liéu c6 co tinh bién dbi tron, trong d6 mdt thanh
phan & dang ran, thanh phan kia & dang 16 rdng trong ciu trac vat liéu. Cac 16 rong nay phéan bé lién
tuc véi mot quy ludt nhat dinh nham dat dugc nhing tinh chét co hoc mong mudn cuia ngudi thiét ké.
Do c6 trong lugng nhe, cac két cdu bang vat liéu rdng dugc st dung trong nhiéu linh vuc cong nghiép:
hang khong, ché tao 6 t0, tau bién, xay dung dan dung, .. . Tinh chat hip thu nang luong cua vat liéu
rong dugce st dung dé giam dn, cach 4m va ché tao nhing cau kién chiu dugc tai trong dong, tai trong
va cham. Cung voi sy gia tang img dung cua vt liéu rong, cac nghién ctru vé ung xir co hoc ciia cac
két cu bang loai vét liéu niy tro thanh dé tai thu hiit sy quan tim ciia cac chuyén gia trong va ngoai
nudc.

Céc cong bo vé tng Xu udn, dao dong va 6n dinh cua két ciu dam tam va vo bang vat liéu rong
con kha khiém tén so véi tiém nang phat trién [1-6]. Nghién ctru vé 6n dinh va sau on dinh 13 mot
trong nhitng vin dé quan trong can duoc quan tim dung murc trong qua trinh thlet ké két cdu cong
trinh. Magnucki va cong sy [7] tinh toan cac thanh phan tng suat d6 vong trong tim chir nhat bang
vt lidu rong (metal foam) chiu udn; ddng thoi Iyc téi han cia tim chit nhat chiu nén trong mat trung
binh cling da duoc xac dinh. Magnucka-Blandzi [8] tinh toan d¢ vong va luc t61 han cho tAm tron bang
vt liéu rong lién két khop trén chu tuyen chiu tai nén déu trong mit trung binh va tai trong ngang d6i
xung tryc. Jasion va cong su [9] da thlet 1ap 1o1 giai giai tich, 101 giai s6 cung v6i nghién ctu thuce
nghiém vé 6n dinh dia phuong va 6n dinh tong the cia dim sandwich va tam sandwich tron.
Mojahedin va cong su [10] dd phan tich 6n dinh cua tim tron bang vét liéu rdng theo 1y thuyét bién
dang cit bac cao.

Muc dich ciia bai bao 1a thiét 1ap cac hé thie, cac phuong trinh chu dao cua tam vat liéu rong
(metal foam) theo ly thuyét bién dang cit bac nhat Dang nghiém Navier dugc str dung dé xac dinh lyc
t61 han cia tAm chir nhét twa khép trén chu tuyen chiu nén déu theo mot phuong va hai phuong trong
mit trung binh tdm. Vi du kiém ching cho tim bang vat liéu rong khong tim dugc theo cac nguon
tham khao hién c6, vi thé két qua tinh toan s€ dugc so sanh voi tAm bang vat liéu dang hudng la
truong hop riéng cua tam bang vat liéu rong. Anh huong ciia mat d6 16 rdng, kich thude hinh hoc cuia
tam dén luc t6i han ciing s& duoc khao sat trong cac vi du tiép theo.
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2. M6 hinh tim bing vt liéu réng

Xét tm chit nhat bang vat liéu réng 1a vat liéu dan hdi tuyén tinh, co kich thudc cac canh axb,
chiéu day /. Mit phang trung binh 14 mit phing Oxy va z 1a phuong chiéu day cta tim (Hinh 1). Hé
s6 Poisson duoc gia thiét khong ddi theo chiéu day tim. Cac hiang s6 vat liéu con lai bién thién lién tuc
theo toa do chiéu day tim vdi quy ludt ham cosine don gian dang d6i xtng (dang 1) hodc bit ddi xing
(dang 2) [6]:

E(z)=E[l-e¢, cos(%)] E(2)=E[1-¢,cos(T 2+ )]

7z G(z) =G [1-e, cos(Z2 + T
G(2)=G[1-¢,co5(—") ] (1) =Gill—ecos(Zo+7 )
p(2)= Pl - € cos(" )] P = pll—eycos( L+ )

trong 46 E,,G,,p, 1an luot 14 cac gia tri 16n nhat ciia mo dun dan hdi kéo - nén, mo dun dan hoi trugt
va khdi lugng riéng; E,,G,,p, 1a cac gia tri nho nhat tuong tmg. Cac hé sb rdng e, cho mo dun dan
hdi va hé sb rdng e, cho khéi lugng riéng duoc tinh theo [6]:

3) em=1—ﬂ=1—
P2

“4)

z

Hinh 1. TAm bang vat liéu rdng v6i cac ham mat d6 phan bd 16 rdng khac nhau:
(a) - Dang 1 va (b) - Dang 2.

Tir Hinh 2a va biéu thirc (1) cho thiy sy phan bé 16 rdng theo dang 1 1a ddi ximg, gia tri 1on
nhét cua cac hé“mg s6 vat lidu dat dugc & mit trén va mit dudi cua tim, gia tri nho nhét dat dugc tai
mit trung binh noi c6 mat d6 156 rdng 16n nhét. Trong khi d6 phan b 16 rdng theo dang 2 thé hién trén
Hinh 2b va biéu thire (2) 1a bt dbi xtng, gia tri 16n nhit va nho nhat 1an luot dat duoc tai mit trén va
dué6i twong tmg v6i vi tri c6 mat do 16 rong mat d6 16 réng nho nhét va 16n nhat.
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(@) (b)
Hinh 2. Bién thién ctia m6 dun dan hoi kéo (nén) trong tam vat li¢u rong, phan bo dang 1 (trai),
phén bo dang 2 (phai)

3. Ly thuyét bién dang cét bac nhit Reissner — Mindlin
Truong chuyén vi theo 1y thuyét bién dang cit bac nhét gia thiét dudi dang [11]:
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u(x,»,2) =u,(x,y) +26,(x,y), V(%,,2) =vy(xX,y) +20,(x, ), w(x,,2) = w, (x,y) = w(x,y) (5)

trong d6 u,,v,,w, la cac thanh phan chuyén vi ctia diém trén mat trung binh theo cic phuong x,y,z
6.0, 1a cac goc xoay clia phap tuyén mit trung binh quanh truc y, x

Truong bién dang dugc suy ra tir trudng chuyén vi thong qua cac biéu thirc quan hé chuyén vj -
bién dang, biéu dién dudi dang:

e} ={e} +2{x} (6)

trong do: {8} {gxx’gyyﬂgxy’}/xz’yyz}T

T
{go}Z{go g e 70 }T auo 6v0 auo +% %Jrﬁ %Jre
w2 € gy © /w22l yz ox ay oy ox ox v oy ’
06, 66’ '
{K}:{K o 0, O}T: 00, 00,
v oy

Quan hé tuyén tinh giira tmg suat — bién dang trong tim bang vat liéu rong duoc viét voi dang sau:

(7

Tx _Qn O, O 0 0 1|6x
Ow O, @ 0 0 0 ||y

ny =l 0 0 Q66 0 0 7/xy = [Q]{E} (8)
o, 00 0 Q4 0|y,
o | LO 0 0 0 0Oy
E(z vE(z _E(2)
trong do: Q,, = ( ) =0, O, = 1—(‘/2) s 04 =05=0= Al+v] ©)
Cac thanh phén ndi lyc trong tdm duoc xac dinh bang cac biéu thirc dinh nghia c6 dang sau:
Nxx g O-xx M’UC g UXX Q g
X ()-XZ
Nyy - .[ O dz; Myy - I O zdz ; {Q }:k.[ {o- }dz (10)
h h ¥y h yz
N xy 75 O-X,V M xy 75 Xy 75

v6i k 1a hé s6 hiéu chinh cat.

Quan hé tng luc — chuyén vi c6 thé biéu dién tong quat dudi dang:

ou,

o

ov,

o
Nel [4, 4, 0 B, B, 0 0 0] ou, v,
Nol |4, 4, 0 B, B, 0 0 0 ||loy ox
N, 0 0 4, 0 0 By, 0 0 |06,
M.| |B, B, 0 D, D, 0 0 0 ||ox
M,V,V - Bll Bll O DIZ Dll O 0 0 % (1 1)
M, | |0 0 B, 0 0 D, 0 0|
0. 0 0 0 0 0 0 4, 0|20 0
0, (0 0 0 0 0 0 0 A,|lo o

%vo,

%+9y
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h h h

trong d6: A, —J.Qudz B, = IQUzdz D, = I Z0dz; Ay = A=k

2 2 2

0 | >

Oz (12)

N>

4. H¢ phwong trinh cin bang theo cac thanh phin chuyén vi Uy>Vo> Wy, 6,0,

Theo [11] hé phuong trinh can bﬁng clia tAim chit nhat c6 ké dén lyc tac dung trong mat trung
binh véi N’ =—kN,; N ;)y =—k,N,; N g =0, khong xét dén tai trong tac dung vudng goc voi mat
trung binh duoc biéu dién duéi dang:

ON ON_ ON 0 2 2 2

N DNy g Mo o 30 20, o S e o S

ox oy ox oy ox Oy ox ~ oxoy "~ 0y (13)
oM oM oM

6Mxx+ W_QX:(); xy+ ”_Q,ZO

ox oy ox oy !

Thay céac thanh phan tng luc biéu dién qua bién dang theo (11), rdi cac thanh phﬁn bién,dang
qua chuyén vi theo (6) vao h¢ phuong trinh (13), ta nhdn dugc h¢ phuong trinh can bang tinh doi véi
cac thanh phan chuyén vi, c6 dang:

2 2 2 00
4, Oty +A(,,6a a +(A12+A66)a % B“a (’} +Bééa 62'-* +(Bp, + By )—2=0
o oy oxdy ox oy oxdy
0 %, 0’0 %6,
Ha—vz‘)+A — +(A12+A66) “0 +BH - ;+Bﬁﬁaaey +(B, +B, )a =0
v y X X0y
0’ 86’ o , ol o’ o’
A (E Dy 4y (2 7))+fo 20Nt Z v C g (14)
o ot oy o oxdy e
ou u, o, %6, 2%6, 0’0, ow,
BHK:U"'B y +(BIZ+B(:6) . +D11 5)62 +D66 5 2 A449 +(D]2+D66)a 5 AMTXOZO
o, %, a u 0%6, %0, 3%0, ow,
Blly’_?o*—B(m @ +(Bl2+B66) . Dn ayﬁ +D66 ox 2 Assg +(D12+D66)a a AST;=O

5. Loi giai Navier cho tim chir nhit bang vit liéu rong.

Xét tam chit nhat kich thude cac canh 14 a,b chiéu day 4, lién két khép trén chu vi v6i cac didu
kién bién thé hién dudi dang:

x=0:vy=wy=0,M_ =0, x=a:v,=w,=0,M =0
y=0:uy=w,=0,M =0, y=b:u,=w,=0,M =0

(15)

0
N,

o

g e

l Ny
¥

Hinh 3. TAm chi nhat
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Ham chuyén vi can tim trong (14) duoc gia thiét dudi dang chudi lwong giac kép thoa man diéu
kién bién (15), c6 dang:

u,(x,y,t) = ZZuOm cosaxsin fy; vy(x,y,t) = ZZVOW sinaxcos [y

m=1 n=1 m=1 n=1

Wy (X, 3,8) = Z Z Wy, SINQXSIN LY 50 (X, Y,8) = z Z 6,.... cosaxsin By (16)
m=1 n=1 m=1 n=1

0,(x,y,t) = ZZBOW” sinaxcos By ; trong d6 o = nr. B = %
m=1 n=1 a

Thay biéu thtc (16) vao hé phuong trinh can bang theo chuyén vi (14), ta

2 . (17)
nhan duoc hé phuong trinh viet dudi dang rat gon: [S];, s {q} ol = {O}Sx |
_S11 S1a 0 Si4 S15_
Sy Sy 0 Sy Sy
trong do: [S],;=| 0 0 s, —-N,(ka>+kB") sy sy |5
Sy Sap S43 Sas Sy
| S51 S5 Ss3 Ssq Sss |
Sy :(A11a2+A66ﬂ2); S, =8y =aff(A, + A ) 5 S14 =Sy :(B11a2+B66ﬂ2);
;s =85, =5y =Sy =0f(B, + By); 5 = (A11:B2 + Aééaz) ; Sys =85 = (Bnﬂz + Bééa2)
S33 = (1444052 + Assﬂz) > S3y =S4 = Ay S35 =853 = Ass 3
Sa = (Dllaz +D66ﬂ2 +44); Sys =S5, =f(Dy, + Dyg) 5 Ss5 = (D66a2 ‘*'Duﬂ2 + 4s5);
T
{q}5><1 = {umn vmn Wmn exmn Hymn } ’
Khir hai an chuyén vi u,, va v,  rakhoih¢ phuong trinh (17) ta nhan duogc:
S33 =N, (klaz + kzﬁz) S34 S35 | | W 0
S34 S44 S45 exmﬂ = O (18)
S35 Sy Sss | |0 0

ymn
Luc t6i han ‘theo tiéu chuén 6n dinh Euler duoc xac dinh tir diéu kién dé hé phuong trinh (18)
khong c¢6 nghiém tam thuong. Nghia la:
53— N, (klaz + kzﬁz) S34 S35
det S34 Su Sus|=0 (19)

S35 S4s Sss

Nho su tro gitap ciia phan mém Matlab giai phuong trinh (19) ta tim duoc lyc mat 6n dinh cia
tam vét liéu rong chiu nén déu theo mot phuong va hai phwong trong mat trung binh tam tuong rng
v&i moi dang mat on dinh (m, n). Luc toi han 1a gia tri nhd nhat trong cac lyc mat 6n dinh.

6. Két qua s6 va thao luan
6.1. Bai todn kiém chirng

Véi nghiém giai tich da thiét 1ap & phan trén, chuong trinh tinh trén nén Matlab dugc viét dé
thyc hién cac vi du s6. Khi cho ¢, =0 ta nhan dwoc lyc téi han khong thir nguyén ciia tim bang vat
lidu ding hudng. Xét tAm chit nhat bang vat liéu dang hudng véi cac tham sb kich thude va vat lidu
cho trong Bang 1.
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Béng 1. Thong s kich thudc va vat liéu tim cho vi du kiém ching

h(m) alh bla E,(Pa) v e,
0.01 10,20,100 1 2x10" 0.25 0
Luec t6i han khong th nguyén tinh theo [11]: N y = M ; voi Dy, = El—h3 (20)
‘ ' "D, 212(1-v?)

Bang 2 trinh bay lyc toi han khong thir nguyén cua tam bang vt liéu dang hudng chiu nén déu
trong mat trung binh theo phuong y véi céac ti so kich thuée a/h khac nhau. Cac ket qua tinh toan
dugc so sanh véi cac két qua ciia Reddy trong [11] cling su dung ly thuyét bién dang cit bac nhat. Sy

trung khép cua cac két qua trong Bang 2 cho thay do tin cdy ciia nghiém giai tich va chuong trinh tinh
ma bai bao da xay dung.

Bang 2. Lyc t61 han khong thir nguyén N, cua tam chiu nén déu trong mit trung binh

s Tisd alh
M hinh 10 20 100
Reddy [11] 3.800 3.948 3888
Bai bao 3.800 3.948 3.888

6.2. Anh hwong ciia mdt dp phén bo 16 réng va kich thwéc hinh hoc

Xét tAm vat liéu rdng chiu nén déu theo phuong x véi cac tham s kich thudc va hing sb vat ligu
cua tam cho trong Bang 1.

6.2.1. Anh hieong ciia mdt do 16 rong dén luc t6i han khong thir nguyén.

Luc t6i han khong thir nguyén N, cua tam vat liéu rong bdn bién tua khép, voi cac hé s6 mat
d6 16 rong ¢, =0+0,9 tinh theo hai dang phan bb dbi ximg va bat d6i xtng trinh bay trong Bang 3.
D0 thi biéu dién sy bién thién ctia luc t6i han khong thir nguyén theo €, biéu dién trén Hinh 4.

Bang 3. Anh huong ctia mat d6 16 rdng dén luc téi han khong thir nguyén N,

al/h=10,b/a=1
Dang phan b Ti sb €,
0 0.1 0.3 0.5 0.7 0.9

Dang 1 (d(f)i xung) 3.8000 3.7944 3.7807 3.7621 3.7352 3.6930
Dang 2 (bat doi xing) 3.8000 3.7951 3.7520 3.6231 3.2984 2.4639

[ PR A S i !

—O— Doi xung
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Luc toi han khong thu nguyen

N
o
4

o
N
Lo

o

0.1 0.2 03 04 05 06 0.7 0.8 0.9
e0

Hinh 4. Anh hudng ctia mat d6 phan bd 16 réng dén lyc toi han khong thir nguyén
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Tir két qua thu duoc trén Bang 3 va quan sat dd thi trén Hinh 3 c6 thé thiy rang trong ca hai
truong hop phan b khi mat d6 16 rdng ting s& lam giam d6 cimg cua tim din dén luc téi han khong
thtr nguyén giam. V&i quy luat phan bd 16 rong theo dang 1 (d6i xtmg) thi luc téi han s& giam it hon so
v6i quy lut phan bé theo dang 2 (bat ddi xtimg). Va voi ciing mot hé s6 mat o phan b6 16 rdng, luc
t6i han v6i quy luat phan b theo dang 1 ludn 16n hon lyc t6i han v6i quy luat phan b 16 rdng theo
dang 2. Két qua nay cho thay hé sé mat do 16 rdng ting s& lam suy giam m6 dun dan hoi cua vt liéu
tam, va quy luat phan b theo dang 2 s& lam mé dun dan hdi cua vat liéu tim giam nhiéu hon.

6.2.2. Anh hwong cua kich thuoc tam dén luc t6i han.

Luyc téi han khong thir nguyén N, clia tim vat liéu r6ng b6n bién tya khop, trong tru’(‘rng hop
nén mot phu’ong (phwong y), véi kich thude tim b/ a tir 1 dén 3 theo hai quy luat phan bé 16 rdng d6i
xung va bét ddi xung trinh bay trong Bang 4. Do thi bién thién cua luc to1 han khong thir nguyén theo
ti s& b/ abiéu dién trén Hinh 55. Trong ca hai truong hop phan bd 16 rdng khi ti s6 b/ a ting thi luc
t6i han khong thtr nguyén ting, dong thoi tinh on dinh cta tdm véi quy luat phan bd 16 rdng dbi ximg
s& t6t hon so v6i quy luat phan bd bat d6i xtng.

Bang 4. Anh huong cua ti s b/ a dén luc t6i han khong thir nguyén N

al/h=10, e, =0,5

Dang phan b Tisd b/a
1 1.5 2.0 2.5 3.0
Dang 1 (d6i ximg) 3.7621 4.4894 6.0123 8.1124 10.7339
Dang 2 (bét dbi ximg) 3.6231 43116 5.7685 7.7798 10.2912
Béng 5. Anh huong cta tisé a/h dén luc téi han khong thir nguyén N,
bla=2,¢e,=0,5
Dang phan b Tisb al/h
5 10 20 50 100
Dang 1 (d6i ximg) 5.3967 6.0123 6.1888 6.2401 6.2475
Dang 2 (bét dbi ximg) 5.2689 5.7685 5.9085 5.9490 5.9548
1 64 —0— Doi xung
—O— Doi xung =0~ Bat doi xung
or —0- Bat doi xung - 621 ¢

Luc toi han khong thu nguyen
Luc toi han khong thu nguyen
o
®

54

b/a 5.0 \ . \ . . . . . . a/h

3 0 10 20 30 40 50 60 70 80 90 100

Hinh 5. Anh huong cua ti s b/a dén bién Hinh 6. Anh huong cua ti sé a/h dén bién
thién Iyc téi han khong thir nguyén Ny, thién luc téi han khong thir nguyén N,
Bang 5 thé hién anh huong cua kich thudc tim a/ & d&n luc t6i han khong thir nguyén trong hai
trudng hop phan bo 16 rdng ddi xting va bat d6i xung, khi ti s6 a/ A thay d6i tir 5 dén 100. Db thi trén
Hinh6 biéu dién bién thién cua luc t6i han khong thir nguyén theo ti s6 a/h. C6 thé nhan thay rang
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khi ti s a/ htang thi lyc téi han khong thir nguyén ting, ting nhanh ddi voi tim c6 chiéu day trung
binh (a/h=5 + 20), sau d6 ting cham dan khi tim mong (a/h >20). V&i tit ca cac ti s6 a/ h luc
téi han cua tam bang vat liéu réng véi quy luat phan bo d6i xting ludn cao hon quy luat phan bo bat
dbi xtmg.

7. Két luin

Bai béo thiét lap 101 giai giai tich xac dinh lyc t6i han ctia tim chit nhat bang vat liéu rdng tua
khép trén chu vi chiu tic dung ctia lyc nén trong mit trung binh theo 1y thuyét bién dang cit bac nhat
Reissner - Mindlin. Quy luat phan bd 16 rdng duoc gia thiét tuan theo quy luat ham cosine. Chwong
trinh tinh viét trén nén Matlab duoc kiém ching voi truong hop tdm diang huéng hoan hao khong c6 16
rong cho két qua tin cdy. Thong qua cac khao sat s6 da danh gia anh hudng cua cac tham sb hinh hoc
(i s6 cac kich thuée a/h, b/ a), va vat lidu (hé s6 phan bd 16 rdng) dén luc t6i han cua tim. Cac két
qua nhan duoc 13 hitu ich cho cong tic nghién ciru, thiét ké cac két ciu tim 1am bang vat liéu rdng.

Tai liéu tham khao

[1]. A. Rezaei and A. Saidi, On the effect of coupled solid-fluid deformation on natural frequencies of fluid
saturated porous plates. European Journal of Mechanics-A/Solids, 2017. 63: p. 99-109.

[2]. F.A. Fazzolari, Generalized exponential, polynomial and trigonometric theories for vibration and stability
analysis of porous FG sandwich beams resting on elastic foundations. Composites Part B: Engineering, 2018.
136: p. 254-271.

[3]. A. Rezaei and A. Saidi, Exact solution for free vibration of thick rectangular plates made of porous
materials. Composite Structures, 2015. 134: p. 1051-1060.

[4]. D. Chen, S. Kitipornchai, and J. Yang, Nonlinear free vibration of shear deformable sandwich beam with a
functionally graded porous core. Thin-Walled Structures, 2016. 107: p. 39-48.

[5]. D. Chen, J. Yang, and S. Kitipornchai, Elastic buckling and static bending of shear deformable functionally
graded porous beam. Composite Structures, 2015. 133: p. 54-61.

[6]. D. Chen, J. Yang, and S. Kitipornchai, Free and forced vibrations of shear deformable functionally graded
porous beams. International Journal of Mechanical Sciences, 2016. 108: p. 14-22.

[7]. K. Magnucki, M. Malinowski, and J. Kasprzak, Bending and buckling of a rectangular porous plate. Steel
and Composite Structures, 2006. 6(4): p. 319-333.

[8]. E. Magnucka-Blandzi, Axi-symmetrical deflection and buckling of circular porous-cellular plate. Thin-
walled structures, 2008. 46(3): p. 333-337.

[9]. P. Jasion, et al., Global and local buckling of sandwich circular and beam-rectangular plates with metal
foam core. Thin-Walled Structures, 2012. 61: p. 154-161.

[10]. A. Mojahedin, et al., Buckling analysis of functionally graded circular plates made of saturated porous
materials based on higher order shear deformation theory. Thin-Walled Structures, 2016. 99: p. 83-90.

[11]. J. N. Reddy, Theory and analysis of elastic plates and shells. 2006: CRC press.



	Page 1

