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Tém tit

Bai bao nay ap dung phwong phap Ritz dé phan tich 6n dinh tuyén tinh ciia dam hop sandwich véi vt liu co
tinh bién thién (FGM), sir dung 1y thuyét bién dang cit bac nhat. Thugc tinh vat liéu bién ddi theo qui luat ham
lity thira. Ba loai dam hop sandwich FGM dugc phan tich. Phuong trinh chi dao dugc thiét 1ap dwa trén nguyén
1y Lagrange. Cac ham xap xi dang mii két hop vé6i da thie duge sir dung dé mé ta trudng chuyén vi. Cac vi du
s6 duge thuc hién trén dam hop sandwich FGM véi cac diéu kién bién khac nhau dé danh gia do chinh xac va
sur hiéu qua cua phuong phap. Ngoai ra, bai bao khao sat sy anh hudng cia qui ludt phan bd vt liéu va d6 manh
dén lyc t6i han ciia dam. Két qua cho thay vai trd quan trong ctia nhitng yéu t6 vira néu dén g xtr 6n dinh cua
dam hop sandwich FGM.

Tir khod: dam hop thanh mong; phuong phéap Ritz; luc tdi han; 1y thuyét bién dang cit bac nhét; vat lidu co tinh
bién thién.

BUCKLING ANALYSIS OF THIN-WALLED FG SANDWICH BOX BEAM USING FIRST-ORDER SHEAR
DEFORMATION THEORY

Abstract

This article applies the Ritz method to analyse the linear stability of a thin-walled functionally grade (FG) sand-
wich material box beam using the first-order shear deformation theory. The property of the material changes
according to the exponential function. The study examines three types of FGM sandwich box beams. The gov-
erning equations are established from the Lagrange principle. Exponential functions combined with polynomial
functions are used to describe the displacement fields. Numerical examples are conducted on FGM sandwich
box beams with different boundary conditions to assess the accuracy and efficiency of the method. In addition,
the article investigates the influence of material distribution and slenderness ratio on the critical buckling load
of FGM beams. The present results show the vital role of the factors mentioned above in the stability analysis
of FGM sandwich box beams.

Keywords: thin-walled box beam; Ritz method; critical buckling load; first-order shear deformation theory;
functionally graded material.
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1. Gioi thiéu

Vat liéu co tinh bién thién (FGM) 1a mot loai vat li€u composite tién tién duge cac nha khoa hoc
Nhat Ban ché tao vao nam 1984 [1]. Uu diém ndi bat cuia FGM la khéc phuc dugc hién tugng tach 16p
trong diéu kién nhiét do va tai trong cao. Nho déc tinh co hoc vu viét trén, FGM ép dung vao nhiéu
linh vuc k¥ thuat nhu hang khong vil try, co khi, xay dung,... [2]. Tai Viét Nam, vat li€u co tinh bién
thién duoc danh gia 14 tiém nang va nhiéu tng dung thyc tién [3]. Ddm va tim lam bang FGM ciing
da dugc nhiéu nha khoa hoc trong nude quan tim [4—7]. Tuy vay, ddm thanh méng FGM thi chua co
nhiéu nghién ciru thyc hién.

*Tac gia dai dién. Dja chi e-mail: duongnn@hcmute.edu.vn (Duong, N. N.)
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Ly thuyét dam thanh mong dan hoi tuyén tinh véi tiét dién ho 1an dau tién dugc Vlasov [8] trinh
bay vao nam 1940. Tiép d6, Gjelsvik [9] trinh bay Iy thuyét thanh thanh mong tir Iy thuyét vo va phat
trién bai toan sang tiét dién kin c6 xét dén tinh phi tuyén hinh hoc. Ly thuyét nay da duoc nhiéu tac
gia mo rong sang vat liéu composite va FGM. Cac nghién ctru ndi bat nhu: Bauld va Lih-Shyng [10]
da phat trién 1y thuyét Vlasov dé phan tich tinh dim composite thanh mong tiét dién ho. Pandey va
cs. [11] da dung phuong phap Galerkin dé phan tich 6n dinh, uén-xoan ctia dam I-composite thanh
mong. Tiép d6, Lee [12] phan tich uén cia dam chit I-composite nhiéu 16p dudi tai trong phan b déu
dua trén Iy thuyét dim bién dang cit bac nhat va phuong phap phan tir hiru han (FEM). Vo va Lee [13]
da st dung FEM va ly thuyét dam bién dang cit bac nhéat dé phan tich uén-xodn cua ddm composite
thanh mong tiét dién kin. Gan day, dam thanh moéng FGM da thu hit dugc sy quan tim ciia nhidu nha
khoa hoc: Nguyén va cs. [14-16] da dung 1y thuyét c¢6 dién dé phan tich tinh, dao dong va 6n dinh
ciia dam FG thanh mong tiét dién ho bang FEM. Ly thuyét ¢6 dién ciing dugc Lanc va cs. [17] st
dung dé phan tich 6n dinh tuyén tinh va phi tuyén hinh hoc ddm FGM thanh mong tiét dién kin bang
FEM. Kim va Lee [18-22] d4 nghién ctru vé udn-xoan, dao dong tu do, mat 6n dinh phi tuyén dam
FG sandwich tiét dién chit I. Ziane va cs. [23] phén tich dao dong tu do dim thanh mong tiét dién
hinh hop FGM, sir dung ly thuyét bién dang cit bac nhét va phuong phap ma tran d¢ ctimg dong hoc.
Nguyén va cs. [24, 25] dung Iy thuyét bién dang cit bac nhat két hop véi phuong phéap Ritz dé phan
tich tinh, dao dong tu do va dn dinh cho ddm FGM va composite thanh mong tiét dién ho. Co thé théy,
dam thanh moéng FGM tiét dién ho da c6 nhidu nghién ciru, nhung dbi véi tiét dién kin thi s6 luong
cac cong bd van con han ché. Dam tiét dién kin ton tai ung suét cit theo chu trinh tiét dién [26]. Diéu
nay dan dén viéc phan tich Gmg xtr dam thanh mong tiét dién kin phirc tap hon so v&i dam tiét dién
hé. Thanh phan tmg suét cit theo chu trinh tiét dién nay anh huong 16n dén tng xir cua két cdu. Viéc
phtrc tap trong tinh toan cung véi thyuc tién sir dung phd bién 1a dong luc dé tac gia thuc hién nghién
ctru vé tmg xtr dim thanh mong FGM tiét dién kin.

Muc tiéu cua bai bdo nay 1a phan tich 6n dinh dam hop sandwich FGM str dung 1y thuyét bién
dang cat bac nhit va 101 giai Ritz. Cac ham xap xi dang mii dugc két hop voi da thie dé mé ta trudong
chuyén vi. Két qua dugc kiém chimg v6i nghién ctru trude va phén tich cac yéu td anh huong dén on
dinh cta dam.

2. Co so ly thuyét
2.1. Vat liéu co tinh bién thién

Trong bai bao nay, mo hinh vat liéu FGM theo quy luat ham liiy thtra (P-FGM) dugc nghién ctru,
thudc tinh vat liéu phan bd trong dam dugc cho bai ludt phan phdi vat lidéu theo mé hinh Voigt:

P = (Pc = Py) Ve (n) + Py M

trong do P., P, lan luot 1a cac dic trung co hoc vat li¢u nhu moé-dun dan hdi E, hé sb Poisson v va
khoi lugng riéng p cua gom va kim loai; V., V,, lan lugt 1a ty 1€ thé tich cua pha gom va kim loai; n 1a
bién chiéu day cia thanh hop (0 < n <1).
2.2. Ly thuyét dam thanh mong
a. Hé toa do

Ba hé truc toa d6 mo ta bai toan ddm hop FGM nhu Hinh 1:

+ Hg truc toa d6 Descartes (x, y, z) voi truc x va truc y nam trong mét phang ngang va truc z song
song voi truc doc cua dam (Hinh 1(a)).
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+ He tryc toa do dia phuong cua thanh mong (n, s,z) v6i truc s tiép tuyén véi duong bao cua tiét
dién, truc n 1a phap tuyén vudng goc vdi truc tiép tuyén s, truc z theo phuong vudng goc véi mat phing
tao boi truc s va n (Hinh 1(b)).

+ Chu trinh S chay theo tiét dién thanh mong.

Diém P(x,,yp) la tam ct cua tiét dién. Truc di qua tdm cit P va song song véi truc z goi 1a truc
cuc [27].

N
T e -]
| f ¥
|
h |l z >N -
I |
T 4 X
: b Ny
(a) Cac hé truc toa do dam (b) Mit cit ngang dam

Hinh 1. Céc hé toa do dam thanh mong [24]

b. Céc thanh phan chuyén vi

Céc gia thuyét duoc sir dung nhu sau [24]:

+ Ly thuyét bién dang nho va mit cat ngang khong bi bién dang.

+ Céc bién dang cét ygz, ygz, yow phan bd déu trén mit cit tiét dién.

+ Hién tugng mét on dinh cuc bd va trude mat dn dinh duogc bo qua.

+ Hé s Poisson 14 hing sd.

Cac thanh phﬁn chuyén vi tai mot diém trén mat trung binh cta thanh moéng u, v, w trong h¢ toa
do dia phuong (n, s, z) duoc biéu thi duéi dang chuyén vi U, V, W va cic goc xoay i, ¥y va 5 nhu
sau [12, 24]:

iu(s,z) = U(z)sin O(s) — V() cos O(s) — ¢(z)q(s) (2)
V(s,2) = U(z) cos 8(s) + V(z) sin 8(s) + ¢(z)r(s) 3)
w(s,z2) = W(z2) + ¥y(2)x(s) + Y (2)y(s) + Yo (2)m(s) 4)

trong d6 U, V, W 1a chuyén vi clia P tuong tig véi cac truc x, v, z; ¢ 1a goc quay quanh truc cuc; ¢ 1a
khoang céch tir P dén truc n; r 1a khoang cach tir P dén truc s; ¢y, ¥y va /5 cac goc quay cua mat cat
doi véi x,y va @.

Uy =Ya = U’ (5)
U= =V (6)
Vo = Vor = ¢ (7)
w la ham quat cta dam thanh mong, ddi véi tiét dién kin dugc cho bai cong thic sau [28]:
@(s) = f [r(s) - Ij (S)] ds (8)

S0
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trong d6 Fs(s) 1a ham thé hién su phan bd ung suét cit theo chu trinh mat cét ngang cua tiét dién. Boi
v6i tiét dién ho thi ham F,(s) = 0;1(s) 1a chiéu day cta thanh hop.

Cac thanh phan chuyén vi tai mot diém bat ky trong thanh mong u, v, w ¢6 mdi lién hé véi cac
thanh phﬁn chuyén vi tai mot diém trén mat trung binh cua thanh hép u, v, w nhu sau:

u(n, s,z) = u(s, z) (&)
v(n, s,2) = V(s,z) + n(s, 2) (10)
w(n, 5,2) = W(s,2) + mp(s,2) (11)

vGi s va i, duge xac dinh boi [13]:
Uy(s,2) = —% (12)
Yo =Yysing -y, cos b — g (13)

Trudng bién dang dugc dinh nghia nhu sau [24]:
&s(n, 5,2) = &5(s,2) + nk(s,2) (14)
g,(n, 5,2) = &,(s,2) + nk,(s,2) (15)
Ys2(n, 8,2) = Y528, 2) + Nk (5, 2) (16)
Ynz(1, $,2) = Ynz(8,2) + Nknz(5,2) a7
trong do:

=0 (18)

_ow
g, = b =&, + XKy + YKy + WKy (19)
k=0 (20)
I_<Z=aa—l/;z=KySin0—KxCOSQ—qu 21)
Ksz = Kz 22)
Ro: =0 (23)
&=w (24)
Ky =, (25)
G =1, (26)
Ko = Vo (27)
Ksz = ¢ — Y (28)
g, = sg + (x + nsin )k, + (y — ncos O)ky + (@ — nq)kq 29)
Vsz = ygz cos @ + 781 sin @ + y?-vr + nKg; (30)
Vnz = ygz sin 8 — ng cos O — yowq (31

¢. Quan hé mg suit-bién dang
Quan h¢ ung suét va bién dang dugc xac dinh [24]:

o, 07, 0 0 £,
oz ¢=| 0 Qg _Q Vsz (32)
Onz 0 0 Q§5 Ynz

95



Hiéu, P. T., Duong, N. N. / Tap chi Khoa hoc Cong ngh¢ Xay dung

trong do

0}, =Em)
E(n)

55 = Q66 = 21+ )

E(n) 1a md-dun Young; v 13 hé s6 Poisson

Ba loai ddm hop FGM duoc nghién ciru trong bai bao nay nhu sau [17]:
- Loai A (Hinh 2(a)): Thé tich ctia pha gbm duoc dinh nghia boi cong thire dudi day:

n

1 p
Vc(}’l):(i'l‘;), th<n<si3

- Loai B (Hinh 2(b)): Thé tich pha gém dugc dinh nghia nhu sau:

n—rty

p
), hh<n<th

Ve(n) = (

V.=1, H<n<n

=1

n—1t;

p
), h<n<lt

Ve(n) = (

h—-1

t3
ty—

Gom  ty~ P ot Gom

t2 Gom t2 Gém

L&i Gém

t1—
to i ai Kim Loai tp Kim Loai

b)Loai B ¢)Loai C

Gom 1 Kim Loai

a) Loai A

_____ \‘/(

Hinh 2. Minh hoa ba loai dim hop FGM [17]
- Loai C (Hinh 2(c)): Thé tich pha gdm duoc dinh nghia nhu sau:

n—=n
h—1h

p
), Hh<n<hth

Vﬂﬂ)=(

d. Nang luong ctia dam
Ning lugng bién dang cua dam:

1

Ilg = 5 f(o'zgz + O sY sz + k' Oprynz) dQ

Q
96

(33)
(34

(35)

(36)
(37

(38)

(39)

(40)



Hiéu, P. T, Duong, N. N. / Tap chi Khoa hoc Cong nghé Xay dung
trong d6: Q 13 thé tich dim; &° 1a hé s6 hiéu chinh cat, trong nghién ctru nay &° = 1 [24, 29, 30].
Thay cong thirc (29), (30), (31), (33) va (34) vao cong thirc (40) ta duogc [24]:
| L
HE = E f[E]]‘/V’2 + 2E1(,W’U’ + 2E17W’V’ + 2(E15 + E]g) W’(ﬁl
0
+ 2E12W’l,//; + 2E16W/l,0y + 2E13W’l/l; + 2E17‘/V/(,//)C + 2E14W’lﬁ:ﬂ

+2(E1g — E15) Wipes + EsgU'? + 2EqU’' V' + 2 (Esg + Egg) U'¢ + 2EU'Y,

+2E66U" Yy + 2E36U' Y + 2Eq;U ' + 2E46 U, + 2 (Egg — Es¢) U'tho + EV"?
+2(Es7 + E7) V¢ + 2E27V’zp; +2E67V Yy + 2E37V'W + 2E77V Y + 2E7 V'Y,
+2(E73 = Es7) V' + (Ess + 2Esg + Egg) ¢'* + 2 (Eps + Ens) ¢V, (41)
+2(Ese + Egg) ¢'ty

+2(E3s + E38) ¢'Y + 2(Es7 + E78) @'t + 2 (Eus + Eag) ¢' Yy + 2 (Egs — Ess) ¢V

+ ExyWf} + 2Ex6 iy + Egelry + 2ExsWylf + 2Exqiis + 2E3qUy W + 2E a7yl

+ 2E0qWyWyy + 2 (Eng — Ens) W + 2Eay Wy, + 2 (Ees — Es6) Uyley + E33y?

+ 2E3/ W + Eqqlrs + 2E3qlf Wy, + 2 (Esg — Eas) Wty + 2Eqnr i,

+2 (E78 = Es7) Ythey + Eaatfiy + 2 (Eag — Ea5) Yty + (Egg — 2Esg + Ess) 11112;,] dz

trong do E;; 1a cac hé s6 d6 cung [13]; L 1a chiéu dai dam.
Thé nang cla dam chiu tac dong cia lyc nén doc truc Ny [24]:

1 [N,
My = - f Dw? + v

2J A
Q
| & ; (42)
=5 f No(U+V? +2y,U'¢ —2x,V'¢p + Z”¢'2)dz
0
trong d6 A 1a dién tich mat cit ngang dam hop; I » 1a mé-men quan tinh cuc.
IL=1+1 (43)
v6i I, I, 1a m6-men quén tinh ddi véi truc x va truc y.
I = f y*dA (44)
A
I = f x*dA (45)
A
Tong ning lugng clia dam:
I =g + My (40)
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e. Phuong phap Ritz
Céc truong chuyén vi duge xap xi boi cac ham dang Ritz nhu sau [24]:

W(z) = il(;”}(Z)Wj 47)
j=
Uz) = i%(z)U f (43)
j=
V(z) = i%’(z)Vj (49)
j=
#(z) = Zm;sﬂj(z)%‘ (50)
j=
wy(z) = il‘p;‘(z)‘//yj (51)
=
Yu(2) = Zm;so}(z)wxj (52)
j=
Ue(2) = i@;‘(z)wwj (53)
j=

trong do W;, U}, V;, ¢,y j, Yy ), W la cac thong sb can dugc xac dinh; ¢; 1a cic ham xép xi theo diéu
kién bién dong hoc cuia bai toan, dugc trinh bay ¢ Bang 1. Trong nghién ctru nay, ba diéu kién bién:
tua don-tya don (S-S), ngam-ty do (C-F), ngam-ngam (C-C) dugc xem xét.

Bang 1. Cac ham dang Ritz v&i cac diéu kién bién khac nhau [24]

PKB ‘p’—(JZ) 2=0 =L
(e)
Z Z
S-S Z(l—z) U=V=6=0 U=V=6¢=0
5 U:V:¢:O
C-F (%) U=V =¢=0
W:l//y:l//x:'//w—o
i : U=V=6=0 U=V=6=0
Z Z VR RV 'y o
c-C (3)(1-7) U=V=¢= U=V =¢=0
W:‘//y:l//x:l//wzo W:wy:'ﬁx:(/’w:o

Dé rit ra phwong trinh dic trung, ta st dung nguyén Iy Lagrange:

ad; dtod;
trong do dj la cac gié tri Wj, Uj, Vj, ¢j, l,byj, l,bxj, l//wj.
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Ung xtr ctia 6n dinh cta dam hop thanh mong FGM thu dugc bang cach giai phuong trinh sau:
K-NG)d=0 (55)

Kll K12 K13 K14 KIS K16 K17
T Kl 2 K22 K23 K24 K25 K26 K27
TK13 TK23 K33 K34 K35 K36 K37
T K14 T K24 T K34 K44 K45 K46 K47
TKIS TKZS TKSS TK45 K55 K56 K57
T K16 T K26 T K36 T K46 T K56 K66 K67
TK17 TK27 TK37 TK47 TK57 TK67 K77

) ) . i (56)
0 0 0 0 000 0
0 G? 0 G* 00 0]||u 0
0 0 G* G*oo0o0]|v 0
-NolO O 0 G¥ 000D ={0
00 0 0 00 0]|]|uy 0
0 0 0 0 00 0] v 0
(0 0 0 0 00 0]\ vs 0

trong d6 K 1a ma trdn d6 cung, G 1a ma tran hinh hoc dugc cho ¢ Bang 2 va 3.

Béng 2. Cac hé s6 trong ma tran d6 cimg K [24]

L
Kij = Eu f ¢ ¢ dz K = (Esy + Eg) f ¢ig)dz
: o
L
Kl =E f o} ¢dz K = Ez7j(; gipjdz+ E67£ i)z
L L
K = El7f @' ¢idz K} = Es7‘£ 90;¢}'dZ+E77f wipdz
L
Kl _(EIS+EIS)f o ¢dz K :E47f ol z+(Evs—E57)f glwdz
0
L
Ki'j5 = Elzf @' @dz+ Ele Pipjdz Kf‘,-A = (Ess +2Esg + Ess)f pigidz
o o
L L L
Kl = El}f ¢¢dz + wa ¢ ¢idz K = (Eas + sz)f @i dz + (Es + E()S)f gipdz
o 0 o
L L
K}; =Eu f ¢ @dz+ (Eig - Els)f @' ¢idz K?/-G (Ess + Ess)f ei¢idz+ (Esy + E7x)f pigidz
L
K77 = Ees f @iz K] = (Eus + Eug) f @}/ dz + (Egg — Ess) f glidz
0
” L L | L
Kij = E67[) viydz k) = Ezzj(; ¢ idz+ Ezsf (¢! + ¢l ) dz + Eaejo‘ wipdz
" L L L L
K2 = (Ess + Egg) fo oldz Kf=E f ¢/ ¢ dz+ Exy f ¢} ¢}dz + Es f gl dz+ Eg f gigidz
0 0
)5 L L L L L
Ky = Ezﬁ\fo\ gipidz+ E(’Gﬁ @iz K = f @' ¢ dz + (Eag — Ezs)f o} gldz + E46f P dz + (Ees = E56)f iz
o 0 o
2% L L L L
Ky = fo gl dz+ Eer f pipdz Ky =E f V¢ dz+ Ex fo (¢! + ¢l ) dz + En fo Pz
L L L
K = j(: 17 dz + (Ees — Esﬁ)j(: epidz  Kf = f "¢z + (Ess - E35)f @ idz+ E47f @ dz + (Eqg — E57)£ sz
3 L L
K =En | giejdz Kjj = f) ¢'¢/dz + (Ess — Eus) f @'+ ¢ ) de + (Ess — 2Ess + Ess) ﬁ gipdz
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Bang 3. Cac hé $6 trong ma tran hinh hoc G

! !
G = G?ﬁ = L gi¢idz G?f = - [) Xppigdz

[ LI
24 _ ’ 7 44 _ Py
Gy —‘foyptpicpjdz Gjj —L Agoigojdz

3. Vidusb

Trong ph::in nay, cac vi du s6 duge thuc hién dé khao sat su hoi tu cua 16i giai va so sanh voi nghién
ctru trude. Cac thong s6 vat lidu dugc st dung nhu sau [17]:

- Metal (Al): E,, = 70 x 10° N/m?;v,, = 0,3.

- Ceramic (Al,O3): E. = 380 x 10° N/m?; v, = 0,3.

Thong s6 hinh hoc dam hop: Chiéu dai L = 8 m; Chiéu cao & = 0,1 m; Bé rong dam b = 0,2 m;
Do day thanh hop r = 0,005 m [17].
3.1. Khao sat sw hoi tu cua loi gidi

Dé khao sat su hoi tu ciia 10 giai, tac gia da thuc hién bai toan cho ba dang dam hop A, B va C voi
chi s6 ty 1& thé tich p = 1. Dam B ¢6 3 16p voi ty 1é chiéu day mdi 16p 13 1-1-1. Dam C c6 ty 1& chiéu
day mdi 16p 14 1-2-1. Bang 4 thé hién lyc t6i han dam véi cac dang diu kién bién (PKB) C-F, S-S va
C-C. Két qua cho thiy 10i giai hoi tu tai m = 8. Gid tri nay duoc ldy dé xuét két qua cho céac vi du sb.

Bang 4. Khao sat sy hoi tu lyc tdi han (kN) dam hop sandwich FGM

. m
Loai dam bKB
2 4 6 8 10 12
A C-F 54,60 51,60 51,60 51,60 51,60 51,60
S-S 212,60 207,80 206,30 206,30 206,30 206,30
C-C 833,00 898,10 826,80 822,20 822,20 822,20
B (1-1-1) C-F 65,80 62,20 62,20 62,20 62,20 62,20
S-S 249,90 249,60 248,70 248,70 248,70 248,70
C-C 1004,30 993,30 991,30 991,30 991,30 991,30
C (1-2-1) C-F 55,00 52,00 52,00 52,00 52,00 52,00
S-S 214,10 209,30 207,80 207,80 207,80 207,80
Cc-C 839,00 829,70 828,10 828,10 828,10 828,10

3.2. Kiém chimg va khao sat si dnh huong ciia cdc thong sé p va L/h
a. Kiém chimg 1oi giai

Do khéng c6 dit liéu vé lyc t6i han ctia dam hop sandwich FGM dung 1y thuyét bac nhét nén dé
danh gia két qua nghién ctu, tac gia xac dinh luc téi han va so sanh v&i nghién ciru sir dung 1y thuyét
c0 dién cua Lanc va cs. [17]. Cac bang 5, 6 va 7 trinh bay luc t6i han theo cac phuong x va y. Cac
két qua nay gan nhu trung khép voi két qua cua tai liéu tham khao [17]. Diéu nay 13 phu hop, vi ty sb
L/h = 80 nén anh hudng cua bién dang cét 1a khong dang ké.
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Bang 5. Luc t6i han (kN) ctia dAm hop loai A

Dbiéu kién bién

p Nghién cuu C-F S-S C-C
y X y X y X
0 Lanc va cs. [17] 85,52 24420 342,09 976,83 1369,03 3909,21
Bai bao 85,50 243,76 341,68 970,16 1361,92 3804,52
0,2 Lanc va cs. [17] 74,35 211,46 297,40 845,87 1190,17 3385,12
Bai bao 74,32 211,07 297,02 840,04 1183,89 3294,10
0,5 Lanc vacs. [17] 63,06 178,59 252,25 714,39 1009,47 285891
Bai bao 63,04 178,27 251,94 709,49 1004,17 2782,04
1 Lanc va cs. [17] 51,63 145,59 206,54 582,37 826,55 2330,61
Bai bao 51,62 145,32 206,29 578,37 822,19 2267,78
2 Lanc va cs. [17] 40,01 112,39 160,04 449,56 640,47 1799,12
Bai bao 40,00 112,18 159,84 446,46 637,06 1750,50
5 Lanc vacs. [17] 28,10 78,90 112,40 315,62 449,82 1263,07
Bai bao 28,09 78,76 112,26 313,43 447,42 1185,61
10 Lanc va cs. [17] 22,55 63,55 90,22 254,21 361,05 1017,32
Bai bao 22,55 63,43 90,11 252,09 359,14 989,85
1000 Lanc va cs. [17] 15,83 45,19 63,32 180,76 253,40 723,40
Bai bao 15,82 45,11 63,24 179,53 252,09 704,02
Bang 6. Luc t6i han (kN) ctia dam hop loai B(1-1-1)
Diéu kién bién
p Nghién cuu C-F S-S C-C
Y X y X y X

0 Lanc va cs. [17] 85,52 24420 342,09 976,83 1369,03 3909,21
Bai bao 85,50 243,76 341,68 970,16 1361,92 3804,61
0,2 Lanc va cs. [17] 77,76 222,06 311,06 888,28 1244,84 3554,82
Bai bao 77,74 221,67 310,69 882,23 1238,38 3459,66
0,5 Lanc va cs. [17] 70,01 199,93 280,03 799,73 1120,67 3200,43
Bai bao 69,99 199,57 279,69 794,29 1114,85 3114,81
1 Lanc va cs. [17] 62,25 177,79 249,01 711,17 996,51 2846,06
Bai bao 62,23 177,47 248,71 706,35 991,34 2769,95
2 Lanc va cs. [17] 54,50 155,65 217,99 622,63 872,38 2491,70
Bai bao 54,48 155,38 217,73 618,41 867,86 2425,10
5 Lanc va cs. [17] 46,74 133,52 186,98 534,08 748,29 2137,35
Bai bao 46,73 131,84 186,76 530,47 731,70 2080,25
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Piéu kién bién

P Nghién cuu C-F S-S C-C
y X y X Yy X
10 Lanc va cs. [17] 43,22 123,46 172,89 493,84 691,89 1976,29
Bai bao 43,21 117,58 172,68 490,50 688,30 1923,50
1000 Lanc vacs. [17] 38,99 111,38 155,98 445,54 624,23 1783,03
Bai bao 39,03 111,32 155,98 443,06 621,73 1737,46

Bang 7. Luc t6i han (kN) ctia dam hop loai C(1-2-1)

Piéu kién bién

p Nghién cuu C-F S-S C-C
y X y X y X

0 Lanc va cs. [17] 69,19 195,51 276,77 782,07 1107,61 3129,80
Bai bao 69,17 195,16 253,66 728,83 1101,77  3045,59
0,2 Lanc va cs. [17] 63,49 179,03 253,98 716,13 1016,39  2865,87
Bai bao 63,47 178,70 253,66 711,22 1011,02  2788,67
0,5 Lanc va cs. [17] 57,77 162,51 231,08 650,07 924,75 2601,52
Bai bao 57,75 162,22 230,79 645,60 919,85 2531,33
1 Lanc va cs. [17] 52,01 145,96 208,03 583,87 832,53 2336,58
Bai bao 51,99 145,70 207,78 579,84 828,10  2273,45
2 Lanc va cs. [17] 46,20 129,36 184,79 517,47 739,52 2070,86
Bai bao 46,18 129,13 184,56 513,89 735,57  2014,81
5 Lanc va cs. [17] 40,31 112,69 161,26 450,78 645,36 1803,99
Bai bao 40,30 112,48 161,06 447,65 641,91 1755,09
10 Lanc va cs. [17] 37,61 105,08 150,44 420,34 602,05 1682,16
Bai bao 37,60 104,89 150,25 417,42 598,82 1636,54
1000  Lancvacs. [17] 34,36 96,01 137,45 384,07 550,07 1537,02
Bai bao 34,35 95,84 137,28 381,40 547,12 1495,32

b. Khao sat sy anh huong cua p va L/h dén luc t6i han dAm

Hinh 3 thé hién sy bién thién cta luc téi han theo chi s6 ty 1& thé tich p ctua dam loai A vdi cac
diéu kién bién khac nhau. Ta thay rang, p ting thi lyc ti han giam. Diéu nay 1 vi mé-dun dan hoi cua
gbm 16n hon cua kim loai (E. > E,,). Khi p = 0, vat liéu 1a thudn gém nén d6 cimg cua dam 1a 16n
nhat. Khi p ting thi ty 1& thé tich gbm giam dan va ty 1¢ thé tich kim loai ting dan, dan dén do cung
tong thé ctia ddm giam dan. Két qua 1a lyc téi han s& giam. Mit khac, v6i cliing chi sd ty 18 thé tich p,
luc téi han 16n nhat véi dim C-C va nhd nhét véi dam C-F.

: . 3 .1 .
Hinh 4 thé hién sy bién thién lyc t6i han cua 3 loai dam B(1-1-1) (16p gom §t)’ B(1-2-1) (16p gom
2 . 2 . : R 5 L2
Zt) va B(2-2-1) (16p gom gt) theo chi s6 ty 1¢ thé tich p. C6 thé thay rang, khi p = 0, dam thuan gom
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nén lyc t&i han cua 3 loai ddm bang nhau. Khi p ting thi lyc toi han giam. Véi cing chi s6 ty 1& thé

\ (2 2 1 ; 5
tich, do sy anh hudng cua chiéu day lop gom (Zt > gt > §t) nén dam B(1-2-1) va B(1-1-1) lan luot

¢0 ¢0 luc td1 han 16n nhat va bé nhat.

14 0,09 1
13 ?
12 i 0,08
1141
. ~
Z o " Z 0,07
Z o, Z
% 08 n g
5o, - —om CF =£0.06
= ‘5
206 T, -& =55 =
gos{ el . - e 3-[)_(!5
R
02 dn "
'S 0,04
0,2 o
01 4 SR L= mm—mmm - A
. DG G mGomrmim e O emimimimim e o 0.03

Chi s6 ty 1¢ thé tich, p

Hinh 3. Biéu d6 mdi lién hé gitra Iyc t6i han v
ty 18 thé tich p (DAm loai A)

a chi so

0 10

Chi s6 ty 1§ thé tich, p

ty 1é thé tich p (Dam loai B, DPKB C-F)

Hinh 4. Biéu dd méi lién hé gitra lyc t6i han va chi sb

. . ) . 1 .
Hinh 5 thé hién sy bién thién luc t6i han cua 3 loai dam C(1-1-1) (16p gom §t), C(1-2-1) (16p gom

1 .1 . . ) .
Zt ) va C(2-2-1) (16p gom §t) theo chi s0 ty 1€ thé tich p. Khi p = 0, 16p 161 FG thuan 1a gom nén

‘ , ‘ : 2
chiéu day 16p gbm trong dim C(1-1-1), C(1-2-1) v C(2-2-1) lin lugt 1a 31,

étéi
4'Ve5

t, do vay luc téi

han ctia dim loai C(1-2-1) 13 16n nhat va dam C(2-2-1) bé nhat. Khi p tang thi ham luong gbm trong

dam s& giam dan dan dén lyc t6i han giam. C6 thé thiy rang, khi p > 1 thi 16p 16i FG dan chuyén sang
. ) 3 11

pha kim loai, ty 1€ cac 16p gom trong dam C(1-1-1), C(1-2-1), C (2-2-1) ltc nay lan luot 1a §t,zt, gt.

Do d6, dam C(1-1-1) ¢6 lyc t6i han 14 16n nhét vi ty 16 gdm trong dim nay 16n hon hai loai ddm con

1
>
il

t>1t>1t
4 " 5)

Chi s6 ty 1¢ thé tich, p

Hinh 5. Biéu d6 mdi lién hé giira luc t6i han va chi s6

ty 18 thé tich p (Dam loai C, PKB C-C)

——C111
- & =C121

-0= 221

Lue Tai Han (MN)

dén luc téi han cua dam

—t— C-F
ess@ee S.§
——-C

Hinh 6. Biéu d6 thé hién sy anh huong ciia @6 manh

Dé khao sat sy anh hudng ctia d0 manh dén luc t6i han dim, xét dAm hop FGM loai A véi p = 1,
chiéu dai L thay dbi theo ty 1 L/h, cac thong s6 kich thudc khac khong thay doi. Luc t6i han dam voi
cac diéu kién bién C-F, S-S va C-C thé hién trong Hinh 6. Ta thdy rang, khi 6 manh ting 1én thi lyc
t6i han giam. Diéu nay 1a phu hop vi d6 cimg dam giam khi d6 manh ting.
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Ba dang mat 6n dinh dau tién cua loai ddm A (p = 1) véi diéu kién bién C-F duogc thé hién trén
Hinh 7. Cé thé thay rang, ba dang mat on dinh dau tién lan lugt la mat 6n dinh udn theo truc y, x
va X04n.

B e e Y

(a) Noi = 0,05162 MN (b) Np» =0,14532 MN (c) Nos = 0,29075 MN

Hinh 7. Ba dang mat 6n dinh cua dim loai A, PKB C-F

4. Két luan

Bai béo di sir dung Iy thuyét bién dang cit bac nhit dé phan tich 6n dinh ddm hop sandwich FGM.
Phuong phép Ritz duge sir dung dé giai bai toan. Ba loai dam hop sandwich FGM dugc khao sat.
Thong qua cac vi du sd, tac gia da rat ra cac két luan sau:

- V6i cung dang phéan bé vat liéu va d6 manh, dam C-C c6 luc t6i han 16n nhéat va dam C-F ¢6 lyc
toi han bé nhat.

- Chi s ty 1é thé tich tang lam giam d6 cimg dam nén dan dén lyc téi han giam.

- Pd manh tang s€ lam giam lyc t6i han dam.

- Loi giai Ritz v6i ham xap xi dang mil két hop véi da thirc don gian va higu qua khi phan tich
g xtr 6n dinh dam hop sandwich FGM.
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