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Tém tit

Trong bai bao nay, md hinh dim Timoshenko bing vit liéu x6p v6i hé truc toa do dit trén mit trung hoa dugc
st dung trong phan tich 6n dinh. M6 hinh vat liéu x6p véi ba quy luat phan b 16 rdng theo chiu cao tiét dién:
déu, dbi xding va bat dbi xiing dugdc xem xét. Hé phuong trinh can bing va diéu kién bién cho dam dudgc thiét
1ap trén cd s& nguyén ly thé ning cuc tiéu. Loi giai glal tich dua trén phuong phap giai nghiém truc tiép dudc
xay dung cho céc dang diéu kién bién khic nhau ctia dim. Céc két qua tinh toan dugc kiém chiing va so sanh
v6i két qua ciia céc tac gia khac khi sit dung hé toa do quy chiéu qua mit trung binh. Anh hudng ctia tham s
vat liéu, hinh hoc va diéu kién bién dén tai trong téi han ctia dAm dudc phan tich thong qua cic vi du sb.

Tir khod: dam xép; phén tich on dinh; dam Timoshenko; mat trung hoa; diéu kién bién.

BUCKLING ANALYSIS OF POROUS BEAMS UNDER AXIAL COMPRESSION WITH DIFFERENT
BOUNDARY CONDITIONS

Abstract

In this paper, the Timoshenko porous beam model with a coordinate system placed on a neutral plane is used
in the buckling analysis. Three types of porosity distributions, namely uniform, symmetric, and asymmetric
through the height directions are considered. Equation system of equilibrium and boundary conditions for
beams are set based on the principle of minimum potential. Analytical solution based on direct solution method
was established for different types of boundary conditions of beams. The accuracy of the present solutions is
verified by comparing the obtained results with those of existing literature, in which the reference coordinate
axes are located on mid-surface. The influence of material parameters, geometry and boundary conditions on
the critical load of a beam were analyzed through numerical examples.

Keywords: porous beams; buckling analysis; Timoshenko beam theory; neutral surface; boundary conditions.
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1. M6 dau

Vit liéu c6 co tinh bién thién (FGM) l1a mot loai vat liéu composite tién tién, thudng dugc tao
thanh tir hdn hop céc thanh phan gém va kim loai [1], trong d6 ty phan clia cdc vat liéu thanh phan
thay d6i tron theo phuong chiéu day. Vi thé, céc co tinh cla vat liéu ciing bién ddi tron va lién tuc tir
miit trén xuéng mit dudi cla ciu kién. Diéu nay gép phan tranh dudc su tip trung dng suit giy ra
bdi su gian doan cdc pha vit liéu nhu trong vt liéu composte 16p va composte cbt sdi. Do tan dung
dugc dic tinh khdng nhiét va khdng dn mon ctia gbm, két hop v6i dd bén déo clia kim loai, vat lidu
FGM dudc st dung rong rai trong nhiéu ing dung k¥ thuat, dic biét 1a cho céc két cdu lam viéc trong
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moi truong nhiét dd cao nhu nganh hang khong vi try, cac 16 phan tng nhiét hach va cong nghiép hat
nhan.

Mot trong nhiing phét trién méi nhét gan day cta vat liéu FGM 1a vat liéu x0p (porous material)
nhu bot kim loai (metal foam) dudc st dung rong rdi trong nhiéu nganh céng nghiép nhu: hang khong,
b to, déng tau, xdy dung dan dung, ... [2, 3]. O vt liéu xdp, cdc 16 réng phan bd theo mot phucng
nhét dinh trong két cAu tao nén su thay ddi tron va lién tuc cac dic trung cd hoc ctia vat liéu. Loai vt
liéu nay vi thé c6 trong luong nhe, c6 kha ning hip thu ning luong tt, thudng dudc st dung dé ché
tao két cAu sandwich, tAm tudng, san cach am, cich nhiét (tAm sandwich day 16 mm véi 16p bé miit
day 1 mm, 16i bot thép day 14 mm c6 do cting chdng ubn bang tim thép day 10mm, trong khi giam
dugc 35% khbi luong). San xuét can truc ning ciia xe ciu, cdc chi tiét trong tén 1ta, va bd phan giam
chin trong xe dua, thiét bi 1am lanh cong nghiép, vat liéu cach nhiét, cach am, dng x4, ... [2].

Do s6 hitu nhiéu dic tinh ndi troi nhu vay nén cac két cAu st dung vat liéu x6p néi chung va dam
bing vit liéu xdp néi riéng ngay cang thu hit duge su quan tim nghién ctiu clia cac nha khoa hoc
trong va ngoai nudc. Ung xit tinh va dong ctia két cAu dim sit dung vat liéu x6p da dugc khao sat bsi
nhiéu tac gia. Phuong va cs. [4] xdy dung nghiém gidi tich phan tich uén dim FGM c6 15 réng vi mo
dit trén nén dan hoi st dung md hinh dam Timoshenko trong d6 c6 xét dén mit trung hoa. Tang va
cs. [5] nghién ctiu 6n dinh ctia dim Euler—Bernoulli véi cdc mo hinh réng hai chiéu. Anirudh va cs.
[6] x4y dung mo hinh phan tit hitu han dua trén ly thuyét dim bac cao va phn ti lién tuc C' ba niit
nghién ctiu ubn, &n dinh va dao dong riéng cia dam cong vit liéu réng gia cudng sdi nano carbon
(graphene-reinforced nanocomposite). Barati va Zenkour [7, 8] nghién ctiu ting x{f sau 6n dinh cla
dam xbp véi hai quy luat phan bb 16 rdng: dbi xiing va bt ddi xiing, st dung md hinh dam bic cao
cdi tién c6 xét dén mait trung hoa va do khong hoan héo ban dau. Chen va cs. [9] phén tich udn va
on dinh ctia dam xdp véi céc diéu kién bién khac nhau dya trén mo hinh dim Timoshenko va phuong
phap Ritz.

Hau hét cdc nghién ciu trén di xdy dung mo hinh tinh véi truc toa do quy chiéu tring véi mit
phéng trung binh. Nhung do tinh khong dbi xting vé cic tinh chit co hoc ciia vt liéu vat liéu xbp ddi
v4i mit trung binh, cac tuong tic mang-udn van ton tai khong nhu dbi véi vat liéu dang hudng. Mot
s6 tic gia da chi ra rang hiéu ting mang-udn trong cic phuong trinh quan hé sé dudc loai bd néu miit
phéng tham chiéu dudc Iua chon hdp 1y [10-12]. Ngoai ra mot han ché khac trong cac phan tich trude
d6 1a céc tac gia thuong khai trién nghiém x4p xi dudi dang chudi lugng gidc, chudi da thiic hoic
thong qua nghiém phan t hitu han. Vi thé d6 chinh x4c clia c4c 16i gidi it nhiéu bi han ché.

Trong bai b4o nay, tic gia tap trung phan tich n dinh tinh dim bing vt liéu xp, xét dén yéu t6
miit trung hoa. Ly thuyét dim Timoshenko va nguyén ly thé niing cuc tiéu dugc st dung dé xay dung
hé phuong trinh can bang cho bai toan 6n dinh cung véi cac dang diéu kién bién. Loi giai giai tich
dang nghiém truc tiép 4p dung cho cdc dang diéu kién bién khac nhau ctia dim dugc xay dung. D6 tin
ciy ctia 10i giai giai tich dugc minh ching théng qua céc vi du kiém chitng. Anh hudng ctia quy luét
phéan bd 16 réng, hé sb mat do 16 réng, dicu kién bién va ty sb kich thudc dén luc t6i han ctia dam sé
dugc khao sat.

2. Vat liéu x0p — Céc phuong trinh ¢ ban

Xét mot dam vat liéu xp c6 chidu dai L, mit cit ngang chit nhit v6i bé rong b, chiéu cao h; ba
dang phan bb 16 réng dudc xem xét nhu Hinh 1.

Cac hﬁng s6 vt lidu bién thién lién tuc theo chiéu day tAm, phu thudc vao mat do phan bd 16 réng
[7, 13]:
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- Phan bé déu (P):
1 12 2\
{E,G}={E1,Gi}(1 —epx); x=—-—(=+vVl-e-=+1 (1)
€0 eg\m v/
- Phan bd dbi xing (DX):
Z
(E@).G@) = |E1.G1) [1 —eo cos(g)] @)
- Phan b6 bat dbi xing (BPX):
Z T
(E),G@) = |E1.G1) [1 —eo cos(ﬁ ¥ Z)] 3)
N :I.z_AIAZ"_".__M??t_tF}‘?g_héé_._& ...... W2
CoooiLniiioii Maﬁr'&r;g‘t;a;h""? ..... 127
h/2
\ L

ook E@.60)

E,.G, E,.G.
b ‘ 1291 b ‘_ 2

(a) Phan bb déu (b) Phan b dbi xtng (c) Phan bd bat dbi xing

Hinh 1. Dam bing vit liéu rdng v6i cdc ham mat dd phan bd 16 réng khic nhau
Hé s6 mat do 16 rdéng ey dudc x4c dinh bdi:

eo=1-—=1-==; (0<e<1) “

Vi tri mit trung hoa ctia dAm xdp trong trudng hop phan bd bit dbi xing khong triing mit trung
binh, dudc x4c dinh tir diéu kién [14]:

h/2 h/2 h/2
f z-C)E(@dz=0 =C-= f zE(2)dz|/ f E(z)dz ®))
—h/2 h/2 )

St dung khai niém mit trung hoa, trudng chuyén vi theo ly thuyét dam Timoshenko (TBT) [15]:
u(X, Zns) = uo(x) + ZusOx(x); WX, Zs) = wo(x) (6)

trong d6 ug, wo 1an 1udt 1a chuyén vi mang va do vong ctia mot diém trén miit trung hoa theo phuong
truc x, z,s; 6y 12 géc xoay ctia mit cit ngang quanh truc y.
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Céc thanh phan bién dang bao gom:
Ex = Ux = U x t Znsbxx = Ex + TnsKxs  Yxz = Wx T U7 = Wox +0x =Yy, (7

trong d6 &2 = w3 Ky = Ox.3 7", = wox + 6, cdc ddu phay niim & chi sb dudi, sau cdc bién (,) dé chi
dao ham riéng theo bién tuong dng.
Céc thanh phan ting suét lién hé véi bién dang theo dinh luit Hooke:
Ox = OQ11(Zns)exrs  Taz = O55(Zns) ¥z (8)

E(zus)

trong d6 cac hé sb dan hoi ctia vat lidu [14, 16]: Q11(zns) = E(Zns); Qs5(2ns) = 2040
y

3. Cac phuong trinh can bang - Diéu kién bién
Cic phuong trinh can bang cho dAm dugc xy dung dua trén nguyén 1y thé ning cuc tiéu [17, 18]:
SU+6V =0 )
Bién phan thé niing bién dang dan hoi ctia dam:

L

5U=ff((fx58x+7'xz57xz)dz4 (10)
A

0
Bién phan thé niing cta tai trong doc truc:

L
sV = f Nwo Swo cdx (11)
0

Thay céc biéu thifc ctia U, 6V tir (10) va (11) vao (9), tién hanh tich phan tiing phan, ta dudc:
0= NySupls + My0:l5 + Viowoll

L
. (12)
- [Nx,xéuO + (NXWO,xx + sz,x) owg + (Mx,x - sz) 69}c] dx
0

trong d6 V,, = Ngwo,x + Oy’ Ng 1a luc doc mang; N,, M, va Q.. 1a cic thanh phan ndi luc, ching
dugc xac dinh bdi:
Nx=Aney Mo=Diki QOx =AYy, (13)

Cic hing sb do ciing ctia dam trong (12) dudc xdc dinh bdi:

h/2-C h/2-C h/2-C
E(zns)
An=b>b f E(zps)dzns; D11 =b f Z%SE(Zns)dZns; A§5 = bk, f 2(1 _’:_AV) dzus  (14)
—h/2-C —h/2-C —h/2-C
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Heé s6 hiéu chinh cit k; = 5/6 dudc st dung trong nghién ciiu nay. R6 rang viéc sit dung mit trung
hoa da gitip loai b dugc cic tuong tac mang-udn trong dam. Cho céc hé s6 ciia cac bién phan trén
chiéu dai dam L bang khong, hé phuong trinh can bang thu dugc:

Sup : Ny =05 6w : NoWox + Qe =05 665 : My — Q. =0 (15)
Céc tham sd diéu kién bién: chuyén vi, luc ciing c6 thé rit ra tir (12):
(uo, Nx) , (W0, Viz) , (6x, M) (16)
Thay (7) va (13) vao (15), ta dudc hé phuong trinh theo chuyén vi:

Arruo e =05 (A;5 - NO) Wo,xx + A§59x,x =0; Di1Oxxx — A;5 (WO,x + ex) =0 (17)

trong d6 Ny = —NS 1a tai trong nén doc truc.
Phuong trinh thit nhit trong (17) chi chita mot 4n 1o, nghiém ctia phuong trinh nay c6 dang:

Lt():B]X+B() (18)

trong d6 By, B 1a cic hing sb tich phan, dudc xac dinh theo diéu kién bién ctia bai toan. Lién quan
dén thanh phan chuyén vi theo phuong doc truc thanh ug, cic lién két c6 thé 1a tu do dich chuyén
(1o # 0, Ny = 0), hoic khong thé tu do dich chuyén (g = 0, N, # 0). Trong ca 2 trudng hop, ta déu
thu dugc két qua: By = By = 0; do vy, chuyén vi doc truc: ug = 0.

Pé x4c dinh hai thanh phan chuyén vi con lai: d6 vong wy va géc xoay 6, ta sé tién hanh giai hé
hai phuong trinh con lai trong (17), véi cdc diéu kién bién dudc xem xét lién quan dén do vong va
gbc xoay clia dam. Dudi ddy, bai bao xem xét bdn dang diéu kién bién thudng gip: dam hai dau khép
(SS), dam hai dau ngam (CC), ddm dau ngam - dau khép (CS), dAm dau ngam - dau tu do (CF); céc
biéu thiic diéu kién bién vé do vong va géc xoay dudc trinh bay nhu trong Bang 1.

Bang 1. Mot s6 dang diéu kién bién vé do vong, géc xoay cho dim

biéu kién bién Taix =0 Taix = L
SS wo=0;M,=0 wo=0; M, =0
CC wo=0,6,=0 wp=0,6,=0
CS wo=0;6, =0 wo=0; M =0
CF wo=0;6,=0 Vie=Nowo + Q. =0; M, =0

4. Loi giai giai tich
Trong bai bdo nay, 15i gidi gidi tich nghiém truc tiép dugc xay dung cho bai todn 6n dinh tinh clia

dam x6p chiu nén doc truc véi cic dang diéu kién bién khac nhau. Sau mot s6 bién d6i, ta dua hé gom
hai phuong trinh can bang thif hai va thif ba trong (17) vé dang:

(A;S - NO) D11wo xxxx + NOAgSWO,xx =0, Oi=-— (A;5 - NO) W0,xxx — W0,x (19)

101



Long, N. V., Huong, N. T. / Tap chi Khoa hoc Céng nghé Xay dung

Phuong trinh thi nhét trong (19) chi con mdt 4n wy, ta sé gidi nghiém phuong trinh ny trudc; sau
khi gidi dudc wy, ta sé suy ra 6, tif phuong trinh thi hai. Phuong trinh thit nhit c6 thé viét lai thanh:

Wox + 2wy = Cix + Cy (20)
NoA:,

(435 - No) Diy
Day 1a phuong trinh vi phan cp 2, nghiém cdia né c6 dang:

trong d6 A% = va C, C, 1a céc hing sb.

wo(x) = Czsin (Ax) + C4cos (Ax) + C1x + Cy 2D

Cac hﬁng $6 C1,Cy,C3,Cy phu thude vao diéu kién bién (Bang 1); ba trong bbn hﬁng sb nay va A
dugc xac dinh thong qua bon phuong trinh diéu kién bién. Piéu kién d€ dAm mét 6n dinh 14 4 hang
s6 C1, C2, C3, C4 khong dong thdi bing khong. Biét A (Np) ta & xdc dinh dugc lyc mét 6n dinh N va
do d6 xac dinh dudgc luc t6i han Ny, = min {NS}. Céc két qua phan tich 6n dinh cho 4 trudng hop diéu
kién bién ctia dAm x6p dudc tdng hop nhu trong Bang 2.

Bang 2. Mot s6 két qua phan tich &n dinh ctia dam x6p

Diéu kién bién Phuong trinh xdc dinh N Két quéd
. mzﬂzAgSDn
SS sindAL =0 Ny = — > IETE,
ASSL + m Dy
m AL Dy
Nyjpy= ————"———
"7 ALY+ 12D
55 11
AL (. AL ALAS AL 4m*n?AS Dy
CcC sin = |[sin= - ——3> _cos ==|=0 0= 33 ;
2 2 /12D11 + A;S 2 A;SL2 + 4m27r2D11
47T2A25D1]
Npy= ——————
"7 AS 12 + 472D
35 11
ALAS Nghiém cua phuong trinh phi
CS sin(AL) — /lzD—SSAS cos(AL) =0 tuyén nay, Ny dugc xic dinh theo
11+ Ass phuong phép gidi lip Newton
(2m — 1)’n%AS Dy,
CF cos(AL) = 0 Ny = 2

4AS L2 + (2m — 1)’ 22Dy
7r2A‘5"5D11

Ny = ——5
"7 4A5 12 + 22Dy

5. Két qua s6 va thao luan

Trong nghién ctiu nay, bai bao phan tich ting xi &n dinh cho dam x6p véi céc dang diéu kién bién
khdc nhau. D€ thuan tién, cong thiic khong thit nguyén dugc st dung [19]:
A Nl/’l — 3
Nigy = ——; Ny =10"N, 22
th E.bh th th (22)
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5.1. Vidu kiém ching
a. Vidu 1. Kiém chiing lyc t6i han ctia dim xdp lién két hai dau khép

Xét dam tiét dién chit nhat, lién két hai dau khdp, vt liéu x6p c6 mat do 16 réng tuan theo quy
luat phan b6 dbi xtng, v6i: b = 0,001 m, 2 = 0,1 m, E; = 205 GPa, ¢y = 0,99, v = 0,3. Bang 3 trinh
bay cic két qua tinh toan luc t6i han Py, (N) cho dam trong ba trudng hop dam c6 chiéu dai: L = 2
m, L =2,5mva L =5 m. Nghiém giai tich trong bai bao dudc so sanh véi cac tac gia: Magnucki va
Stasiewicz [20], Tang va cs. [5] va Kitipornchai va cs. [19]. Mot diéu thd vi 1a trong trudng hgp dam
lién két hai dau khép, nghiém giai tich trong bai bdo hoan toan trung khép véi nghiém theo phuong
phép Ritz cia tic gia Kitipornchai va cs., cling dua trén md hinh dam Timoshenko.

Bang 3. Luc t6i han Py, (N) ctia dim x6p phan bd ddi xing lién két hai dau khép

L
Phuong pha
& phap 2m 2,5m S5m
Magnucki va Stasiewicz [20] 25808 16795 4295
Tang va cs. [5] 27054 17315 4329
Kitipornchai va cs. [19] 26756 17192 4321
Bai bao 26756 17192 4321

b. Vi du 2. Kiém ching luc t6i han ctia dim xdp lién két hai dau ngam

Xét dam tiét dién chif nhat, lién két hai diu ngam, vat liéu x6p c6 mat do 16 réng tuin theo quy luat
phén bd dbi xdng, v6i: b = 0,001 m, & = 0,1 m, L/h = 20, E; = 205 GPa, v = 0,3. Luc t6i han khong
thit nguyén, Ny, ctia dAm véi cac hé s6 mat do 16 rdng ey dudc thé hién nhu trong Bang 4. Nghiém
giai tich trong bai bao dudc so sanh véi cac tac gia: Tang va cs. [5] va Kitipornchai va cs. [19]. Nhu
vay, trong trudng hop dam lién két hai dau ngam, luc t6i han theo phuong phap Ritz véi cach xép xi
bing chudi da thiic va tinh todn thong qua mit trung binh ciia tac gia Kitipornchai va cs. nhé hon mot
chiit so véi két qua ctia bai bdo.

Bang 4. Luc téi han khong thit nguyén, Ny, ctia ddm xdp phan bd dbi xiing lién két hai dau ngam (L/h = 20)

€0
Phuong pha
& phap 0 0,2 0,4 0,6
Tang va cs. [5] 0,00727 0,00675 0,00622 0,00569
Kitipornchai va cs. [19] 0,00799 0,00736 0,00675 0,00614
Bai bao 0,00802 0,00743 0,00683 0,00624

Tit cac két qua tinh toan kiém ching chi ra & trén, c6 thé thiy ring 16i gidi giai tich va chuong
trinh may tinh st dung trong bai bao c6 do tin cay.

5.2. Khdo sdt dnh hudng cia cdc tham sé vat liéu, kich thude hinh hoc va diéu kién bién 1én tdi trong
16i han ciia dam xop

Xét dam tiét dién chit nhat, vat liéu xép (b = 0,01 m, & = 0,1 m, E; = 205 GPa, v = 0,3), duéi
tac dung cla tai trong nén doc truc. Bang 5 trinh bay luc t6i han khong thi nguyén, Ny, cliia dam
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(L/h = 20) véi cac hé s6 mat do 16 rong (e = 0,1; 0,3; 0,5; 0,8); ba quy luat phan bd 16 16ng (déu,
dbi xiing, bat d6i xing) va bon dang diéu kién bién (CF, SS, CS, CC) dudc khao sit. Bién thién luc
t6i han khong thif nguyén, Ny, ctia dAm véi cac hé s6 mat do 16 réng tuong ting dugc thé hién nhu trén

Hinh 2.

Bang 5. Luc téi han khong thi nguyén, Ny, ciia dAm xdp véi cac hé s6 rong, ey khac nhau (L/h = 20)

biéu kién bién Phan bb 16 rong
0,1 0,3 0,5 0,8

CF béu 0,4802 0,4120 0,3397 0,2156
Péi xiing 0,4946 0,4574 0,4202 0,3644
Bit dbi xiing 0,4829 0,4186 0,3471 0,2140

SS béu 1,9118 1,6403 1,3522 0,8581
Péi xiing 1,9688 1,8201 1,6713 1,4476
Bit db6i xiing 1,9223 1,6662 1,3816 0,8524

CS Péu 3,8801 3,3291 2,7444 1,7416
Péi xiing 3,9949 3,6912 3,3868 2,9278
Bt d6i xiing 3,9014 3,3816 2,8043 1,7321

CcC Péu 7,5035 6,4379 5,3073 3,3681
Déi xiing 7,7231 7,1304 6,5354 5,6348
Bit dbi xiing 7,5443 6,5389 5,4236 3,3551

8 T — 90 T T
----- —— Phén b déu —— Phan b déu

-------- Phan bé ddi xtmg
—-=-Phan b bat déi ximg

""""""""""
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Hinh 2. Bién thién ctia lyc t6i han khong thd nguyén

Ny, ctia dAm xdp theo hé s6 réng, e (L/h = 20)

Cic két qua cho thiy:

80%

-------- Phan b dbi xtng
—-—-Phan bd bit dbi ximg

Lih

Hinh 3. Bién thién ctia luc t6i han khong thd nguyén
Ny, ctia dam x6p theo ty s6 kich thude, L/h (e = 0,3)

- Anh hudng ctia mat do 16 rdng eo: khi ting ey (dAm réng nhiu 1én), v6i moi diéu kién bién va
quy luat phan bd 16 réng, luc t6i han déu giam. Luc t6i han déu gidm gan nhu tuyén tinh trong trudng
hop phan bd 16 réng ddi xiing, giam nhanh theo quy luat phi tuyén dbi véi trudng hop phan b 16 rong
la déu va bit dbi xting. Khi ey con chua qua 16n (ep < 0,7), phan bd bat d6i xting cho két qua lyc t6i
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han 16n hon so v6i phan b déu mot chiit; ngugc lai, trong trudng hop eg di 16n (eg > 0,8), phan bd
bét dbi xing lai cho két qué luc tSi han bé hon so v6i phan b déu.

- Anh hudng ciia quy luét phan b 16 rdng: trong sb ba quy luat phan bd 16 réng, phan bd dbi xting
ludn cho két qua Iuc téi han 16n nhit; hai dang phan b con lai c6 su thay d6i phu thudce vao mat do
16 rOng, e, tuy nhién gia tri clia luc t6i han trong hai trudng hop nay khac nhau khong nhiéu.

- Anh hudng cta diéu kién bién: véi cing mot quy ludt phan bd 16 réng va hé sb rong, diéu kién
bién CC c6 luc t6i han 16n nhit, sau d6 1an lugt dén cac diéu kién bién CS, SS va CF. V& tri sb luc t6i
han, so véi trudng hop diéu kién bién SS thi diéu kién bién CC cho két qua luc t6i han 16n hon khoang
4 1an, diéu kién bién CS vao khoang 2 1an; trong khi diéu kién bién CF gidm khoang 4 1an.

Bang 6 trinh bay luc tGi han khong thi nguyén, Ny, cia dam x6p (ep = 0,3) vdi cic ty sb kich
thuée (L/h = 0,1; 0,3; 0,5; 0,8); ba quy luat phan b6 16 10ng (déu, doi xung, bat dbi xung) va bén
dang diéu kién bién (CF, SS, CS, CC) dugc khao sat. Bién thién luc t6i han khong thi nguyén, Ny,
ctia dAm véi cic ty s6 kich thudc tuong ting dugc thé hién nhu trén Hinh 3. Cac két qua cho théy: khi
L/h ting (dAm dai ra), véi ca bon dang diéu kién bién khéo sit va ba quy luat phan bb 16 rdng, luc t6i
han giam theo quy luat phi tuyén; luc t6i han giam nhanh nhét 1a trong khoang L/h = 5 = 15, sau d6
gidm cham dan va tiém can nhau khi L/h — 30.

Bang 6. Luc t6i han khong thid nguyén, Ny, ctia dam xp véi céc ty sb kich thudc, L/h khac nhau (e = 0,3)

X L ox s L/h
biéu kién bién Phén bo 10 rong
5 10 20 30
CF DPéu 6,4379 1,6403 0,4120 0,1833
Dbi xiing 7,1304 1,8201 0,4574 0,2035
BAt dbi xiing 6,5389 1,6662 0,4186 0,1862
SS Péu 23,9537 6,4379 1,6403 0,7316
Déi xing 26,3479 7,1304 1,8201 0,8121
BAt dbi xting 24,3162 6,5389 1,6662 0,7432
CS DPéu 43,9058 12,7715 3,3291 1,4914
Dbi xiing 47,8392 14,1029 3,6912 1,6549
BAt dbi xiing 44,5359 12,9688 3,3816 1,5150
SS DPéu 74,8983 23,9537 6,4379 2,9016
Déi xing 80,7701 26,3479 7,1304 3,2182
BAt dbi xting 75,9092 24,3162 6,5389 2,9475

6. Két luan

Bai bao xiy dung nghiém giai tich tinh todn lyc t6i han cho dim bang vat liéu xbp, chiu nén doc
truc véi céc loai diéu kién bién khic nhau; céc lién két ly tudng dudc xem xét bao gdm: lién két ngam
(C), lién két khép (S), tu do (F). Nghiém giai tich st dung 18i gidi truc tiép dua trén hé phuong trinh
can bang &n dinh tinh da thiét 1ap cho dam khi xem xét yéu t6 mit trung hoa. Chuong trinh tinh viét
trén nén Matlab dugc kiém chiing, cho thiy do tin ciy cao. Céc khdo sit s6 cho phép danh gid anh
hudng ctia cc tham s hinh hoc, vt liéu, diéu kién bién 1én ting xi 6n dinh trong dam. Cac két qua
nhan dudc 1a nguon tai liéu tham khio hitu ich, gép phan cho cong tic nghién ciiu, tinh toan dam lam
bing vat liéu x6p.
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Loi cam on

Tic gi4 chan thanh cAm on sy hd trg tai chinh ctia Trudng Pai hoc Xay dung cho dé tai “Xay

dung dang nghiém chinh x4c cho bai to4n udn va &n dinh ctia két cdu dam v6i cic diéu kién bién khac
nhau”, ma s6 75-2020/KHXD.
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