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Tém tit

Bai bao phan tich tng x{ 6n dinh va dao dong riéng ciia tim chit nhat bang vat liéu réng - FGP (functionally
graded porous material) chia ddy chét 16ng dit trén nén dan hdi Pasternak. Cac tinh chit co hoc ctia vt liéu
rong bién ddi tron theo chidu day tAim véi ba dang phan bd 16 réng: déu, khong déu dbi xiing va khong déu bét
dbi xiing. Quan hé ting suit - bién dang dudc xac dinh theo 1y thuyét dan hoi cho vt liéu réng ctia Biot. Cac
phuong trinh quan hé va nghiém giai tich st dung 15i giai Navier dugc thiét lap trén co s& ly thuyét bién dang
cit bac nhét. Anh hudng ciia quy ludt phan bd 15 rdng, hé s6 réng va cic tham sé hinh hoc, nén dan hdi, ciing
nhu hé s6 Skempton dén tai trong t&i han va tan s6 dao dong riéng ctia tAm chit nhat FGM réng dudc danh gia
cu thé. Két qua cho thiy sy khac biét vé& ing xi clia tim FGP khi céc 16 réng chiia dy chét 16ng so vé6i khi
khong chia chit 16ng.

Tir khod: phan tich &n dinh; phan tich dao dong riéng; tim FGP; tim vat liéu rong; bio hoa chit 16ng; 15i gidi
Navier.

BUCKLING AND FREE VIBRATION ANALYSIS OF SATURATED FUNCTIONALLY GRADED POROUS
PLATE RESTED ON PASTERNAK ELASTIC FOUNDATION BY USING NAVIER’S SOLUTION

Abstract

This paper analyses buckling and free vibration response of saturated functionally graded porous (FGP) plate
resting on Pasternak’s elastic foundation. The materials properties are assumed to vary smoothly along the
thickness direction according to three porosity distribution patterns: uniform, non-uniform (symmetric and
asymmetric). The stress-strain relations are performed by using Biot’s poroelasticity theory. Based on first-
order shear deformation theory, constitutive equations and Navier’s solution are obtained. The effects of poros-
ity distribution patterns, porosity coefficient, geometrical parameters, elastic foundation as well as Skempton
coefficient on critical loads and natural frequencies are evaluated in detail. The results show a difference in the
mechanical behavior of FGP plates when the pores are filled with saturated fluid in comparison with when the
pores are not filled with fluid.

Keywords: buckling analysis; free vibration analysis; functionally graded porous plate; saturated fluid; Navier’s
solution.
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1. M6 dau

Vit liéu réng (porous materials) nhan dudc su chi y clia gi6i chuyén mon toan cau nhu 1a mot
loai vat liéu tién tién dugc st dung nhiéu trong ky thuat hang khong, cong nghiép 6 t6 va xay dung
dung dan dung do sé hitu nhiéu dic tinh ndi trdi nhu: trong luong nhe, kha niing tiéu tan ning luong
t6t, hé s6 din nhiét va din dién thip, dé gia cong va tai ché. Loai vat liéu nay gdm hai pha: pha rin
va pha 16ng hoic khi, thudng ton tai trong tu nhién nhu gd, da, cic 16p cét, ... [1]. Trong cAu triic
vt liéu, cic 16 réng phan bd lién tuc trong khong gian, 1am cho co tinh vt liéu ciing thay ddi tron va
lién tuc theo mot phuong nhit dinh, vi thé vat lidu nay dugc xép vao loai vat liéu c6 co tinh bién thién
(functionally graded porous material — FGP). Biot [2] dudc coi 12 ngudi tién phong dé xuat ly thuyét
dan hdi cho vit liéu réng (poroelasticity). Ly thuyét ny dua ra hai ludn di€ém chinh: a) tng suét trong
16 rong ting 1am giin nd cic 16 réng; b) nén céc 16 rong 1am ting ap suit trong né. CAu tric réng clia
vt liéu ciing nhu sy c6 mit cia chit 16ng hay khi trong céc 16 rong sé 1am thay d6i cac dic trung clia
vat liéu rong so véi vat liéu truyén thdng. Chinh vi vdy, viéc nghién ctiu vé ting xi co hoc ciia cac két
cAu bing vat liéu rong da va dang 12 dé tai thu hiit sy quan tdm ctia cdc nha khoa hoc trén khip thé
gidi.

Mot sb nghién citu lua chon bé qua anh hudng ctia pha 16ng ma chi phan tich anh hudng cta su
phan bd 16 r6ng cling nhu hé s6 rong dén ting x{ tinh va dong ctia két chu dAm va tAm FGP. Magnucki
va Stasiewicz [3] nghién citu 6n dinh dan hoi ctia dAm FGP theo mé hinh dim Euler-Bernoulli bang
phuong phép gidi tich. Long va Huong [4] xdy dung nghiém gidi tich hién phan tich 6n dinh cho dAm
FGP véi cac dang diéu kién bién khac nhau. Chen va cs. [5] phan tich 6n dinh dan hoi va tng xd
udn ctia ddm FGP theo md hinh dim Timoshenko. St dung ly thuyét dim béac nhét, Kitipornchai va
cs. [6] khao sat ting xit 6n dinh va dic trung dao dong ctia dim FGP gia cudng biang GPL (graphene
nanoplatelet) bang phuong phap Ritz. Magnucki va cs. [7] khao sit tng x& ubn va 6n dinh cia tim
chit nhat FGP sit dung ham chuyén vi phi tuyén c6 ké dén anh hudng ctia bién dang cit, luc nén trong
mit trung binh theo mot hodc hai phuong dudc xem xét vdi bai todn 6n dinh. Thang va cs. [8] phan
tich 6n dinh dan hdi va dao dong riéng clia tim chit nhat FGP theo ly thuyét bién dang cit bac nhét,
st dung dang nghiém Navier. Cong va cs. [9] phan tich phi tuyén &n dinh cd nhiét va sau 6n dinh tim
FGM c6 vi bot rong theo ly thuyét bién dang cat bac cao Reddy.

Cic nghién ciu vé 4nh hudng dp suit chét 16ng trong cic 16 rdng dén ting xir ubn, dao dong va 6n
dinh ctia két cAu tAm sit dung vat liéu FGP bao hoa chét 16ng da dudc thuc hién trong nhiing nim gin
day. Leclaire va cs. [10] nghién ctfu dao dong udn ctia tim méng FGP bio hoa chit 16ng. Mojahedin
va cs. [1, 11] khdo sét ting xi 6n dinh co hoc va &n dinh nhiét ctia tim tron FGP bao hoa chit 1éng trén
cd s6 ly thuyét bién dang cit bac cao. Xiang va cs. [12] st dung ly thuyét dan hdi Biot nghién citu dic
trung dong luc hoc ctia tim mong chit nhit FGP bio hoa chét 16ng véi cac diéu kién bién khac nhau.
St dung dang nghiém Levy, Rezaei va Saidi [13] phan tich dao dong tu do ctia tim day FGP bio hoa
chét 16ng theo ly thuyét bién dang cit bic cao. Trén cd s6 ly thuyét bién dang cit bac cao va ly thuyét
dan hoi Biot, Arani va cs. [14] tinh to4n tan s6 dao dong riéng ctia tAm chit nhat FGP dit trén nén dan
hdi Pasternak. Bing phuong phdp vi phan ciu phuong tong quat (generalized differential quadrature
method), Khouzestani va Khorshidvand [15] phan tich ting sut va dao dong riéng ctia tim FGP hinh
vanh khuyén bao hoa chit 10ng theo ly thuyét bién dang cit bac nhét. Lixian [16] khao sat dic trung
dong luc hoc clia tAm chit nhat FGP bao hoa chit 16ng, twa khép trén chu vi.

Tit nhitng phan tich tdng quan néu trén, cé thé thiy ring cac nghién ctiu vé& dnh hudng ctia 4p suét
chét 16ng dén ting xt udn, dao dong va 6n dinh cia két ciu tim FGP bao hoa chit 16ng con c6 nhiéu
van dé c6 thé dao sau, 1am phong phd thém. Vi géc nhin nay, bai bdo nay sé xdy dung nghiém giai
tich tinh toan tai trong tSi han va tan s6 dao dong riéng ciia tim chit nhat FGP bdo hoa chét 1éng tua
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khép trén chu vi. Ly thuyét bién dang cat bac nhét ciing nhu ly thuyét dan hoi Biot sé dudc st dung
d€ thiét 1ap hé phuong trinh chuyén dong trén co sé nguyén ly Hamilton. Sau khi ki€ém chiing nghiém
Navier da thiét 1ap va chuong trinh tinh trén nén Matlab tu viét, anh hudng ctia tham sb vat liéu, kich
thudc hinh hoc, hé s6 nén dan hdi va hé s6 Skempton dén tai trong téi han cling nhu tin s6 dao dong
¢o ban sé dudc khao sat.

2. M5 hinh tim bang vat liéu rong

Xét tAm chif nhat bang vat liéu réng c6 chiéu day A, kich thuéc theo phuong cic truc x,y la a
(chiéu dai), b (chiéu rong). TAm dudc dit trén nén dan hdi Pasternak (Hinh 1) v6i cdc hé sb nén: K,
12 hé s6 do cling udn (Winkler stiffness), Ky (i = x,y) 1a hé sd do cliing cat (shear stiffness).

K si (K s K A‘})

Hinh 1. M6 hinh tim chif nhat vat liéu rdng trén nén dan hoi
Cic hang s6 vat liéu bién thién lién tuc theo chiéu day tAm, phu thudc vao mat d6 phan b 16 rong,

dugc gia thiét tuan theo cdc quy luat sau [17, 18]:
- Phén bd déu:

112 2\
{E,G} ={E,G1}(1 —epx); p=p1V]l-eod; X=———(—\/1—€0——+1) (D
ep ep\mw b4

- Phan bb khong déu dbi xing:
Z /| vé
(E@).G()} = E1,G1) [1 e cos(;)]; (@) = pi [1 —em cos(;)] @)
- Phan b6 khong déu bt dbi xiing:

{EQ),G(2)} = {E1,G1}

iz T Z T
1- =42 =p1|1- =4z 3
weos(Zi+ )i s =pifti-eneos(F3)] @
trong do: E1, G1,p1 va E», Go, p2 lan ludt la céc gia tri 16n nhét va nhd nhit ciia mo dun dan hdi kéo -
nén, mo6 dun dan hdi truct (G; = E;/ [2(1 + v)] ;i = 1;2) va khdi luong riéng. Hé s6 Poisson dugc coi
12 khong thay ddi theo toa do chiéu day: v = conts. Hé sb mat do 16 réng eg dudc xac dinh bdi:

60=1—E2/E1=1—G2/G1; €m=1—z—2=1—\/1—60 (0<€0,em<1) (4)
1
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3. Truong chuyén vi va bién dang

Theo 1y thuyét bién dang cit bac nhét - FSDT (First-order Shear Deformation Theory), c4c thanh
phan chuyén vi u, v, w clia diém bat ky c6 toa do (x, y,z) trong khong gian tim biéu dién dudi dang
[19]:

u(x,y,z,t) = ug (x,y,1) + 20, (x,y,1)
v(x,y,z2,0) = v (x,y,1) + 26, (x,,1) (&)
w(x,y,2,1) = wo (x,y,1)

trong d6 ¢ 1a bién thdi gian; ug, vo, wo 12 cac thanh phan chuyén vi clia diém trén mit trung binh theo
cac phuong x,y, z; 6y, 8, 1a cdc goc xoay cua phap tuyén miit trung binh quanh hai truc y, x.
Céc thanh phan bién dang tuyén tinh nhan dudc tif quan hé gitta bién dang va chuyén vi:

Ex uo,x O x

’ ? Wwox + 6

O T S SR A 2 T (©)
9 0 Yyz wo,y + 0y

Yy Upy +Vox xy T Oyx

DAu (,) di kém céc thanh phan chuyén vi chi dao ham riéng theo cic bién tuong ting.

4. Cac hé thirc quan hé - hé phuong trinh chu dao

Déi véi vat liéu FGP trong d6 céc 16 rdng chifa chit 16ng, quan hé ting suit-bién dang tuan theo
ly thuyét dan hoi tuyén tinh cho vat liéu réng ctia Biot [20]:

O'ij=2G8ij+/lu0(5ij—pC¥(5ij; i,j= 1,2,3 (7)
trong d6: o; va &; tuong tng 1a cdc thanh phan ng sudt va bién dang; &;; 1a chi s6 Kronecker;

6 = &, + & + &, 12 bién dang thé tich ty dbi; « la cdc hé sb Biot clia ting sult hiéu dung; p 1a dp sult
chét 16ng trong 16 rong; A, 1 hang sé Lame. Cac hé sd nay dudc xac dinh bdi:

) . ‘ ~ _E- B 2G (v, —v)
p=ME-ab); a=1 Gy T a2(1-2v,) (1 -2v) (8)
R 2v, G _v+aB(1-2v)/3

T 1=, “T1-aBU-2v)/3

trong d6: £ 1a bién thién ctia thé tich chit 16ng, M 1a mo6 dun Biot, v, 1a hé sb Poisson khi bao hoa
nuée, 0 < B < 1 12 hé s6 Skempton phan 4nh kh4 niing nén dudc ctia chit 10ng.

V6i tim bdo hoa nudc (¢ = 0), bd qua ting suit phdp theo phuong chiéu day (o, = 0), quan hé
ting suit — bién dang (7) c6 thé viét lai dudi dang ma tran:

Ox On Qi 0 Ex
X. 0 X.
oy 1= Qu On 0 |{ & ¢ {‘;Z}=[Qgs 0 ]{7} ©)
O xy 0 0 Qs Yxy ¥ 4 lec

1-4v+2v,

trong do: Q11 = O = k1G(2); Q12 = Q21 = k2G(2); Qua = Oss = Qes = G(2);k) = 22— —;
1-3v,+2v,v

—v+2v,(1-v)

ky =2 .
2 1-3v,+2v,v
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Tich phan c4c thanh phan ing suit theo chiéu diy ctia tAim ta nhin dudc cc thanh phan noi luc:

N, W2 M, M2 (o 0 h/2 .
Ny = f oy ¢dz 4 My ¢ = f oy 2dz; { sz }:kc f { o }dz (10)
Ny —nj2 \ Oxy M,y —hj2 \ Oxy * —h/2 *

véi k. 12 hé sb hiéu chinh cét (trong phan tich nay lay k. = 5/6).
Hé phuong trinh cin biang dong clia tim theo ly thuyét bién dang cat bac nhit c6 dang [21]:

Nyx + Nyyy = Lii + IoBy; Ny x + Ny = Ioiio + Ioby
Qe + OQyzy + NOWox + 2N Wo ey + Nowoyy + g + fo = Ioiig (11)
Mx,x + Mxy,y - sz = Liip + IZéx; Mxy,x + Mv,y - Qyz =1y + IZéy

/2
trong do: NS, NS , Ngy 12 c4c thanh phan luc doc mang; cic md men quén tinh: [; = f p(2)7dz; (i =0,

~h/2
1,2); f, 1a phan luc nén, dudc xic dinh béi [22, 23]: f, = —K,,wo + KsxWo xx + Kywoyy-
Thay lién hé gilta cdc thanh phan ndi luc va chuyén vi vao (11), ta dugc hé phuong trinh cin bﬁng
theo chuyén vi:

Aq1ug xx + Assllo,yy + (A12 + Age) Vo,xy
+B110y xx + BooOxyy + (B12 + Beo) Oy 1y = loii + Io0y
(A12 + Agp) Uo,xy + A11V0,y + A66V0,xx
+(B12 + Bgs) Hx,xy + Bllgy,yy + B669y,xx = IoVo + IOéy
Aoy + AgWocx + Agybex + Ay
+N2W0’xx + 2N2,W0’xy + N;,)W(),yy - KWW() + stWO,xx + KsyW()’yy +q= IQWQ (12)
Bi1ug xx + Beetto,yy + (B12 + Bes) Vo xy
+D110y xx + DeeOryy + (D12 + Deg) Oy xy — ALy (0x + wo i) = Liiig + L0,
(Bss + B12) uoxy + BesVo,xx + B11vo,yy

+ (Dgs + D12) Qx,xy + D660y,xx + Dllgy,yy - Afm (Gy + W()’y) =1Ly + Izéy

h/2 h/2
trong d6: (Ayj, Byj, Dyj) = fQ,-j(l,z,zz)dz;ij:11,12,66;Aj4:kcfQ44dz.
—h/2 —h/2

5. Loi giai Navier
Xét tam chif nhat vat liéu rdng c6 chiéu dai a va chiéu rong b lién két khép trén céc canh, chiu tic
dung cua tai trong nén theo hai phuong: Ng = v1No, N;) = ¥2No, Ngy = 0. Trong céc phan tich on

dinh va dao dong riéng dudi day, tai trong udn dudc bd qua (¢ = 0). Céc biéu thifc diéu kién bién clia
tdm theo ly thuyét bién dang cat bac nhét, bao gom:

Taix=0,a:v9o=0,wp=0,6,=0,N, =0,M,, =0
Taiy=0,b:u9=0,wp=0,6,=0,N,=0,M, =0
5
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Chon dang nghiém Navier d€ thod man cac diéu kién bién (13):

(o) o0 (o) (o]
= Z Z Uomne™" cos ax sinBy; v = Z Z Vomne'®! sin aex cos By

=1 n=1 m=1 n=1
() (o8]
= Z Z Womne'" sin ax sin By (14)
m=1 n=1
(o) (o8] (o) ()
= Z Z Oxmne'" cos ax sin By; 6y = Z Z Oymne'™ " sin ax cos By
m=1 n=1 m=1 n=1
mn nm
trong do: uomn, Vomns Womn» Oxmns Oymn 12 cac hé so6 can tim; @ = —, 3 = e :m, n 1a sd ntia bude song
a

hinh sin theo phuong x, y phan 4nh dang vong.
Thay (14) vao hé phuong trinh cin bang theo chuyén vi (12), nhém cac hé s6 d€ dugc hé phuong
trinh dai ) tuyén tinh, Ym, n:

s11 S12 0 S14 815 myp 0 0 myg4 O UOmn 0

521 $22 0 5§24 825 0 mypn 0 0 ms Vomn 0

0 0 $33 + k33N0 $34 835 | — w2 0 0 ms3 0 0 WOmn = 0

S41 S42 543 544 845 myr 0O 0 my O Oxmn 0

551 552 553 554 555 0 ms 0 0 mss Oymn 0
(15)

trong d6: s11 = Ana® + AeeB% s12 = 521 = (A2 +Aee) af; s14 = sa1 = Bria® + BeoB; s15 =
= (312+366)a/,3 §2 = A66a’2 +A11,32 524 = sa2 = (Bia + Beo) ; 525 = Besa® + B
533 = AQa” + Agef + Ky + Kyxa® + Ksyﬁ S34 = A},@; 535 = Aeof; sas = D110” + DeefS* + Ay
s45 = 554 = (D12 + Des) a; 555 = Des® + D118° + Age; my = mop = ms3 = lo; mig = may = mps =
msy = Iy mag = mss = b k3 = y10° + 23
Trong phan tich &n dinh, cho w = 0 ta x4c dinh dudc tai trong mét &n dinh tir diéu kién:

S11 512 0 S14 S15
521 §22 0 524 825
det| O 0O s33+k3sNy s3¢ 835 |=0 (16)
s41  S42 543 S44  S45
551 S52 553 Ss54  S55

Nghiém ctia phuong trinh nay 13 N,,,: tai trong mét &n dinh tGing v6i dang méit 6n dinh (m, n); tai
trong t6i han 1a gia tri nhod nhit trong cic tai trong mét 6n dinh: Ny, = min {N,,,} .
Trong phan tich dao dong riéng, cho Ny = 0 ta x4c dinh dudc tan s6 dao dong riéng tir diéu kién:

sitos12 0 sig osys myp 0 0 my O
s21 s22 0 s24 525 0 mp 0 0 mys
det[| 0 0 s33 s34 s35 |[-?] O 0 m3 O 0O [[=0 (17)
S41  S42 S43  S44  S45 myr 0O 0 my O
§51 S52 853 Ss4 S55 0 ms 0 0 mss

Nghiém ctia phuong trinh nay 1a wmn, tlf d6 suy ra w,,,: 12 tn s6 géc dao dong riéng ing v6i dang
dao dong (m, n); tan s6 g6c dao dong riéng cd ban dugc xac dinh bdi: we, = min {wy,} -
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6. Két qua so va thao luan

V6i nghiém giai tich da thiét 1ap & phan trén, chuong trinh tinh trén nén Matlab dudgc viét dé thuc
hién céc vi du s6. TAm chif nhat vat liéu rong, dit trén nén dan hdi Pasternak, lién két kh6p 4 canh. Vit
liéu rong la bot nhdm véi céc dic trung co hoc bao gém: v =0,3;p1 =2707 kg/m3; G| = 26,293 GPa;
E| =2G (1 +v) [24]. Cac cong thic khong thit nguyén dude st dung:

) o o ) b2

N=Ny—s; @w=wh,|—; Ky=K,—; Jo=K;—— =K;\y——
th 0 w E0h3 0 SX E0h3V sy E0h3v

; ; 18
E\R3 Ey (18)

6.1. Vidu kiém chiing
a. Kiém ching tai trong t6i han ctia tim rong & trang thdi kho

Xét tAm vudng bang vat liéu rong, trang thai kho (b/a = 1,a/h = 10, B = 0) v6i cac hé s6 rdng e
khdc nhau. Bang 1 bao gdm tai trong tdi han khong thd nguyén N ciia tAm duéi tic dung ctia tai trong
nén déu theo phuong x (y; = 1,7y, = 0). Hai quy luat phan bd 16 rdng dudc xem xét bao gdbm: phin
bd déu va phan bd khong déu-dbi xiing. Cac két qua trong bai bdo dudc so sanh véi cac két qua cia
Thang va cs. [8] cung st dung 15 giai Navier va ly thuyét bién dang cit bac nhit FSDT.

Bang 1. Tai trong t6i han khong thi nguyén N ctia tAm vudng vit lidu réng dudi tac dung
clia tai nén déu theo phuong x

€o
0,1 0,2 0,3 0,4 0,5 0,6

Thang vacs. [8] 3,2109 2,9856 2,7549 25173 22710 2,0135
DPéu Bai bao 3,2023 29777 2,7475 2,5105 2,2650 2,0081
Sai s6 (%) 0,268 0,265 0,269 0,270 0,264 0,268

Thang vacs. [8] 3,3023 3,1729 3,0432 29130 2,7822 2,6506
Khong déu-Déi xing Bai bao 3,2933  3,1640 3,0343 2,9041 12,7733 2,6417
Sai 56 (%) 0273 0,281 0,292 0306 0320 0,336

Phan b6 16 rong Nguodn

C6 thé thay ring, cic két qua tinh todn tai trong tdi han trong bai bdo cé su tuong ddng véi tic
gia Thang va cs. [8] (sai s6 16n nhét khi ey = 0,6 trong trudng hop phan bd khong déu-ddi xing 1a
0,336%). Céc sai 1éch nay 12 do trong nghién ctu ctia Thang va cs. [8], ho da gia thiét loai bd cic
thanh phan chuyén vi mang ugu,, Vo, trong qua trinh xac dinh tai trong gi6i han.

b. Kiém ching tai trong t6i han ctia tim rong & trang thdi bio hoa nudc

Cic két qua tinh todn tai trong tSi han cho tim vudng (@ = b = 1 m) vat liéu rdng phan bd bat
dbi xuing, & trang thdi bao hoa chét 16ng: G| = 24 GPa; v = 0,25; B = 0,51 [25] dudc trinh bay trong
Bang 2. TAm chiu tic dung ctia tai trong nén trén cic canh trong hai trudng hop: nén déu theo phuong
x (y1 = 1,7, = 0) va nén déu theo ca hai phuong x,y (y; = y2 = 1).

Tit cdc 6 lidu chi ra trong bang tinh, c6 thé thiy rang véi cac hé s6 16 réng e khac nhau va ca hai
trudng hop ty s6 kich thudc tim h/a, cic két qua ctia bai bdo déu tiém can véi két qua nghiém giai
tich ctia Rad va cs. [26] cung st dung ly thuyét FSDT tuy nhién theo tiép cin Levy.
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Bang 2. Tai trong téi han N, (MN/m) ctia tAm vudng vt liéu rong phan b6 bat d6i xiing, bio hoa chét 16ng

N €0
, hl/a Ngudn
r1.72) / g 0 03 05 0.7
Radvacs.[26] 200023 167,163 141292  109.823
0.1 Bai bdo 200023 167390 141,600 110,122
Sai s6 (%) 0,000 0.136 0.218 0.272
=1,9,=0
=0 Radvacs. [26] 1391442  1157.871 978262 764,934
0.2 Bai bdo 1391442 1163338 985700 772221
Sai sb (%) 0,000 0,472 0.760 0.953
Rad vacs.[26] 100,011 83.582 70,646 54912
0.1 Bai bdo 100,011 83,695 70800  55.061
Sai s (%) 0.000 0.135 0218 0.271
n=r= Radvacs.[26] 695,721 578936 489,131  382.467
0.2 Bai bdo 695721 581,669  492.850 386,110
Sai sb (%) 0.000 0472 0.760 0.953

c. Kiém chiing tan sb dao dong cd ban ctia tim rdng & trang thai kho

Bang 3 bao gdm tan s6 dao dong co ban khong thi nguyén @ ciia tim vuong vit liéu rong phan
bd bat dbi xiing, v6i hai trudng hop ty sb kich thudc tAm: a/h = 5 va a/h = 10. Céc két qué tinh
to4n ctia bai bao dudc ki€ém chiing v6i cac nghién ciu clia Rezaei va Saidi [24] st dung phuong phap
khong gian trang thai, trong khi nghién ctiu cia Thang va cs. [8] st dung phuong phap giai tich véi
dang nghiém Navier.

Bang 3. Tan s6 cd ban khong thif nguyén @ clia tim vudng vat liéu réng phan bd bat dbi xiing

Nguén ep=0,1 ep=0,3 ep=0,5 en=0,7
alh=5
Rezaei va Saidi [24] 0,2091 0,2020 0,1931 0,1804
Thang va cs. [8] 0,2138 0,2067 0,1978 0,1853
Bai bao 0,2082 0,2013 0,1926 0,1803
Sai s6 (%) 0,427 0,335 0,259 0,069
a/h=10
Rezaei va Saidi [24] 0,0570 0,0551 0,0526 0,0491
Thang va cs. [8] 0,0574 0,0555 0,0531 0,0495
Bai bao 0,0569 0,0550 0,0526 0,0491
Sai s6 (%) 0,189 0,131 0,004 0,092

*Sai s6 so vdi két qua ctia Rezaei va Saidi [24]
Cic két qua tinh todn tan sd dao dong co ban trong bai bio cho thiy su tuong dong véi cic cong
bd ctia Rezaei va Saidi, va Thang va cs. (sai s6 16n nhit so v6i Rezaei va Saidi khi eg = 0,1 vaa/h=5

12 0,427%). Céc két qua ctia Thang va cs. 16n hon mot chiit so véi két qué trong bai bdo va ctia Rezaei
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va Saidi, 1y do 12 trong nghién ctiu niy cic tdc gid da bd qua cac thanh phan chuyén vi mang va géc
xoay trong viéc xac dinh tan sb dao dong riéng ctia tAm.
d. Kiém chiing tin s6 dao dong co ban clia tAm rong & trang thdi bio hoa nudc

V6i tAm chif nhat bang vat liéu réng phan b bit d6i xiing, & trang thai bio hoa chét 16ng, cac két
qua kiém chiing tan s6 dao dong co ban khong thi nguyén @ dudc trinh bay trong Bang 4. TAm vuong
bang vt liéu réng, phan b khong déu-bat dbi xing: E; = 69 GPa; p; = 2260 kg/m>; v = 0,25 [10];
eo = 0; Ko = Jo = 0) lién két khép 4 canh, véi céc ty s6 kich thudc tAm a/h = 5;10; 20.

Bang 4. Tan s6 cd ban khong thif nguyén @ clia tim vudng vat liéu réng phan bd
bt ddi xiing, bio hoa chit 16ng

B Ngudn alh=5 alh =10 alh =20

Ebrahim va Habibi [27] 0,21275 0,05783 0,01473

0,1 Bai bdo 0,21276 0,05812 0,01491
Sai s6 (%) 0,005 0,501 1,222

Ebrahim va Habibi [27] 0,21563 0,05876 0,01495

0,3 Bai bdo 0,21577 0,05894 0,01512
Sai s6 (%) 0,065 0,306 1,137

Ebrahim va Habibi [27] 0,21857 0,05954 0,01526

0,5 Bai bdo 0,21865 0,05973 0,01532
Sai s6 (%) 0,037 0,319 0,393

Ebrahim va Habibi [27] 0,22162 0,06055 0,01549

0,7 Bai béo 0,22142 0,06048 0,01552
Sai s6 (%) 0,090 0,116 0,194

Cic két qua trong bai bao dudc so sanh vdi tac gia Ebrahimi va Habibi [27] sit dung phuong phap
phan ti hitu han, theo 1y thuyét bién dang cit bac ba-TSDT gdm 5 4n s6 chuyén vi ctia Reddy [28]. R&
rang 13, v6i ca 3 trudng hop ty s6 kich thude tim a/h va cac hé sé6 Skempton khac nhau; cic két qua
clia bai bdo déu phu hop véi két qua ctia Ebrahim va Habibi (sai s6 16n nhét gitta hai phuong phdp chi
1a 1,222%).

Qua céc két qua kiém chiing cho c4 hai bai todn phén tich ti trong t6i han va tin s6 dao dong
cd ban ctia tim nhu chi ra & trén, c6 thé thiy rang, nghiém gii tich xdy dung trong bai bdo va code
chuong trinh mdy tinh da thiét 1ap bang ngén ngit Matlab 1a c6 do tin cay.

6.2. Khdo sdt on dinh

Xét tam chif nhat vat liéu réng (bot nhom), bio hoa nudc, dit trén nén dan hoi, dudi tac dung clia
tai trong nén theo hai phuong: N? = N, Nf = y,Np. Bién thién ti trong t6i han khong thit nguyén
N ctia tAm chit nhat vat liéu rong (a/h = 10;b/a = 1,5;Kg = Jy = 0; B = 0,5) theo hé s rong e
véi ba quy luat phan bd 16 rdng dugc thé hién bing dd thi trén Hinh 2. Ba quy luat phan bb 16 rong:
phan bd déu, phan bd dbi xiing va phan bd bt dbi xiing; va hai trudng hop tai trong nén dudc xem
xét bao gdm: tai nén theo 1 phuong (phuong x: y; = 1,7, = 0) va tii nén déu theo 2 phuong x,y
(y1 = y2 = 1). Céc két qua cho théy, khi ting hé sb réng eq, vdi ca hai trudng hop tdi trong nén, tai
trong t6i han khong thd nguyén N ctia tim déu giam: gidm theo quy luat gin nhu tuyén tinh khi phan

9
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bd dbi xiing; gidm nhanh hon, phi tuyén dbi hai quy luat phan b6 déu va bat dbi xiing (hai quy luat
nay cho két qua tai trong téi han gan nhu nhau véi cing mot hé s6 rdng ep).

1.8 g T T T T T T T T 1.4 ; ; ;
—— Phén bd déu
1.6 - kL - — Phan b déi xtmg
L2F ~-=-Phan bé bét dbi xtmg ]
14+ RS
S S 1+

Bot nhom: S~ -

121G, =26923GPa, v=03; S~
= L am=10.ba=15: = 0.8}
K0=JO=0;B=0,5; 4
=1,7,=0 0.6 [ Potmhom:
08t " G, =26,923 GPa, v =0,3;
N A A /h=10,b/a=1,5;
——Phan bo déu a d >
1 0 d¢ 041 & =7 =0-BLos:

0-6 71— - Phan bd déi ximg K,=1,=0:B=05;

—-—-Phén b bét dbi ximg 7 ="%=1
0.4 L= ; : ‘ | ‘ ‘ . ‘ 0a L | | | | | | ‘ ‘

01 02 03 04 05 06 07 08 09 01 02 03 04 05 06 07 08 09

CO 60
@y1=1Ly=0 ®yi=rn=1

Hinh 2. Anh hudng ctia quy luat phan bd va hé s6 16 réng 1én tii trong téi han
khong thit nguyén N ctia tim réng

Hinh 3 thé hién anh hudng ctia hé s6 Skempton, B va hé s6 rong e0 1én tai trong tSi han thi nguyén
N ciia tAm chit nhat vat liéu réng, phan bd bét d6i xing (a/h = 10;b/a = 1,5;Ky = Jo = 0;y; =
1,2 = 0). C6 thé thay rang, khi B ting, v6i mdi hé sb rdng e, tai trong t6i han N ctia thim vat liéu
rong ting nhe véi quy luat gin nhu tuyén tinh; anh huéng ctia hé sb Skempton, B la ding ké khi ¢
16n. Vi duy, véi ey = 0,95, khi B = 0: N = 0,443; khi B = 1: N = 0,543 (ting 22,567%).

2217 []

5
S,

4027
L7
5275

11

B € a/h 104 b/a

Hinh 4. Anh hudng cia kich thudc hinh hoc 1én tai

trong t6i han khong thi nguyén N clia tAm réng phan
bd bt dbi xiing

Hinh 3. Bién thién ti trong t6i han khong thii nguyén
N clia tim réng phan b bit ddi xiing theo B va e

Hinh 4 thé hién 4nh hudng ctia kich thudc hinh hoc (ty s6 kich thuéc tim a/h va ty sb kich thudc
canh b/a) 1én tai trong téi han khong thi nguyén ctia tAm vat liéu rdng, phan bd bt d6i xing (Ko =
Jo=0;B=0,5:¢y=0,5;y =1,y = 0). Ro rang 1, tai trong t6i han khdng thi nguyén N clia tAm

10
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vat liéu rong giam khi ting ty sd kich thudc canh
b/a, luc t6i han gidm nhanh khi b/a < 2, sau d6
giam cham dan. Ty s6 kich thudc tim a/h c6 anh
hudng dang k€ 1én Iuc t6i han khong thii nguyén
N chi khi b/a con nhd (ty sb a/h ting 1am ting N).
Vi du: v6i b/a = 0,3, khi tang ty sd kich thuée
thm tif a/h = 10 dén a/h = 50, luc t6i han khong
thd nguyén ting t& N = 16,942 lén N = 28,723
(ting 69,533%); trong khi do, cac két qua tuong
{ing vdi trudng hop b/a = 4, luc t6i han N chi ting
2,855%. 0 0

Do thi so sanh dnh hudng cia cac tham sd nén
dan hoi 1én tai trong téi han khong thi nguyén N
ctia tAm vat liéu rdng, phan bd bat dbi xing (a/h =
10;b/a = 1,5;B = 0,5;e90 = 0,5;7v1 = 1,y = 0)
dugc thé hién trén Hinh 5. Qua d6 ta thiy, khi ting cdc hé sb nén dan hoi (ting Ky, Jo) 1am cho tai
trong t6i han khong thit nguyén N cta tAm ting; hé s6 nén Pasternak, Jy ting, 1am cho tai trong t6i
han N ting gan nhu tuyén tuyén tinh, nhanh hon so véi hé sé nén Winker, Kj.

Hinh 5. Anh huéng ciia cc hé sb nén dan hdi 1én
tai trong t6i han khong thid nguyén N ctia tAm rdng

6.3. Khdo sdt dao dong riéng

Xét tAm chit nhat vat liéu réng (bot nhdom), bio hoa nudc, dit trén nén dan hdi, dao dong tu do
trong moi trudng khong can.

Céc dd thi trén Hinh 6-9 tuong ting thé hién anh hudng cta quy luat phan bd 16 rong, hé s6 16
1ong e(; hé s6 Skempton, B; kich thu6c hinh hoc va cdc hé s6 nén dan hoi 1én tan s6 dao dong co ban
khong thd nguyén @ ctia tim rdng. Cac két qua cho thiy:

- V& 4nh hudng ctia phan bd 16 réng va hé s6 16 réng (xem Hinh 6): khi ting hé sb rong e, phan
b6 16 réng déu va bat ddi xiing c6 tin sd co ban khong thi nguyén @ giam véi quy luat va tri sd gan
nhu sau, trong khi d6, phan b6 dbi xting lai cho két qua tan s6 co ban khong thi nguyén @ ting. Diéu
nay c6 thé ly giai bang mdi tuong quan giita hiéu ting khbi lugng va hiéu ting do cling ubn ctia tim

0.05

——Phan bb déu
- — Phan b déi xtmg ,
—-=-Phan bd bit dbi xing 1
0.045 | -

Bo0o4r o Sse

Bot nhom:
G, =26923 GPa, v =0,3; p=2707 kg/m’;
a/h=10,b/la=1,5;

K,=1,=0:B=05

0.035 -

0.03

01 02 03 04 05 06 07 08 09

1
e, B €

Hinh 6. Anh hudng ctia quy luat phan bd va hé s6156  Hinh 7. Bién thién tin s co ban khong thd nguyén @
rong 1én tan s6 co ban khong thid nguyén @ cia tim clia tm rdng phan bd bét dbi xuing theo B va e
réng
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khi hé s6 rdng ting ddi véi tiing dang phan bd 16 rong riéng biét. Trong tiing bai toan cu thé su tuong
quan nay phu thudc vao hinh dang, kich thu6c tAm, diéu kién bién ciing nhu vit liéu, diéu nay s& quyét
dinh tan s dao dong riéng ting hay giam khi hé s6 16 rong ting.

- V& anh hudng ctia hé s6 Skempton (xem Hinh 7, a/h = 10;b/a = 1,5; Ko = Jo = 0): khi B ting,
v6i mbi hé s6 réng e, tan sb co ban khong thid nguyén @ clia tAm vat lidu réng ting nhe vdi quy luat
gan nhu tuyén tinh; anh hudng ctia hé s6 Skempton, B 1a ding ké khi eq 16n. Vi du, véi eg = 0,95, khi
B =0:®=0,0292; khi B = 1: & = 0,324 (tang 10,731%).

0.05
0.048
0.046

13 0.044

Q
‘23‘2‘202:»

\ %
RRRIKKKLEK,
SIS

0.042

0.04

0.038 -
100

bla 4 50 a/h

Hinh 8. Anh hudng ctia kich thudc hinh hoc 1én tin ~ Hinh 9. Anh hudng ctia cic hé s6 nén dan hdi 1én tan
s6 co ban khong thit nguyén @ clia tim rong s6 co ban khong thit nguyén @ clia tim rong

- V& 4nh hudng ctia kich thudc hinh hoc (xem Hinh 8, Ky = Jy = 0; B = 0,5;¢¢ = 0,5): C6 thé
thy rang, khi ting cic ty s6 kich thudc canh b/a va ty s6 kich thudc tAm a/h, tan s6 co ban khong thi
nguyén @ cla tim vt liéu rdng giam, tan s6 co ban khong thi nguyén @ giam nhanh trong khoang
b/a va a/h con nhd, sau d6 gidm cham dan.

-Vé 4nh hudng ctia nén dan hoi (xem Hinh 9, a/h = 10;b/a = 1,5;B = 0,5;¢¢ = 0,5): khi ting
cac hé s6 nén dan hdi (ting Ko, Jo) déu lam ting gid tri clia tan s6 co ban khong thi nguyén & clia
tAm ting; hé sd nén Pasternak, Jy ting, 1am cho tai trong tGi han N ting nhanh hon so v6i hé s6 nén
Winker, K.

7. Két luan

Bai bdo xay dung md hinh tinh toan tai trong mit 6n dinh va tan s6 dao dong riéng trong tim rong
bdo hoa nudc dit trén nén dan hdi. Nghiém gidi tich thu dugc tir 16i gidi Navier ap dung cho tAm chit
nhat, lién két khép trén cac canh, cling v6i chuong trinh tinh t viét trén nén Matlab dudc kiém chiing
cho trudng hop riéng 13 tAm rong khong chifa chit 16ng cho thiy dii tin ciy. Céc khéo sat s6 di dugc
thuc hién cho phép danh gia dnh hudng ctia cdc tham sb vat liéu, kich thu6c hinh hoc, hé sé nén dan
hdi va hé sb Skempton dén tai trong t6i han va tan s6 dao dong co ban clia tim. Cac két qua nhan
dugc cho thiy c6 thé lua chon dang phan bd 16 rdng, diéu chinh mat do phan bb 16 réng; cac tham sb
hinh hoc, nén dan hoi va do 4m cia tAim, d€ nhan dudc cic két qua mong mudn trong cong tic tinh
toan, thiét ké két cdu tAm lam st dung vat liéu rdng. Mot diéu ly thi 1a dbi v6i tAm rong, khi cic 16
réng bao hoa nuéc khi gop phan ting do cing téng thé két cAu din dén ting kha ning &n dinh va tin
s6 dao dong co ban ctia tAm.
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