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ToOm tit:

Bai bao dé xuit mot md hinh phén tich ung xir ciia hé bé chira chat long chiu tai trong dong dat theo thoi
gian, c6 xét dén tuong tac voi dat nén. Bang phuong phap két cau phy, hé bé chira chat 1ong dwoc md hinh
duéi dang thdng sb tap trung voi hai bac tu do, hé dit nén va mong duoc mé hinh dudi dang sway-rocking
véi ba bac ty do c6 xét dén bac tu do vong treo. Hé phuong trinh vi phan chuyén dong duoc tich phan sé
bang cong cu MATLAB Simulink, cho phép quan sat duoc tng xir cia cac bac ty do, luc cit va mo men
tai chan bé theo thoi gian. Véi bé hinh tru dung cd ban kinh 10 m, chaa khdi nudc cao 8 m, chiu kich thich
nén la gia tbc dong dit El Centro 1940; két qua phan tich cho thdy, chuyén vi ngang khdi chat long déi luu
tang 16,36%, luc cit vd md men ting dang ké so véi truong hop bé lién két cimng voi dat nén.

Tir khoa: Bé chira chat long; Hé bé chira-nén dat; Tai trong dong dat; Twong tac két cdu-dat nén; Phan tng
dong.

Abstract:

In this paper, a model is proposed for analyzing the long-term responses of a liquid tank system to
earthquake loads while taking soil interaction into account. Three degrees of freedom (DOFs) in the sway-
rocking form and the monkey tail DOF are used to model the soil-foundation system, while the fluid in the
tank is modeled as a two DOF lumped parameter using the substructure method. By using the MATLAB
Simulink tool to numerically integrate the system of differential equations of motion, the response of the
DOFs, shear force, and moment at the tank bottom can be tracked over time. The El Centro 1940
earthquake's acceleration excited a vertical cylindrical tank with a radius of 10 m and a water mass of 8 m;
the results of the analysis show that the horizontal displacement of the convective mass increased by
16.36%, and the shear force and moment significantly increased in comparison to the case of the tank rigidly
linked to the ground.

Keywords: Liquid storage tank; Soil-liquid tank system; Seismic loading; Soil-structure interaction;
Dynamic response.

1. Gigi thiéu (Superstructure). DBéi véi cong trinh bé chia
chét long, bén canh tng xu cua két cau bé, con
c¢6 dao dong cua khdi chat long bén trong nén
hé chuyén dong rat phuc tap.

Do anh huéng cua song dong dat, dat nén va
moéng chiu tac dung cua séng t6i, khi d6, nén
dat bién dang va thay ddi tinh chat vat liéu (phi
tuyén vat liéu), nén mong sé chuyén vi. Piéu Do d6, viéc xét @ong thoi hé gom két cau
nay anh huéng dén ing xir ciia két cau phantrén  phan trén, mong va dat nén (Soil-Structure
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Interaction, SSI) dudi tdc dung cua tai trong
dong dat 1a gan véi thyc té [1].

Theo tiéu chuan API 650 [2], viéc tinh toan
hé bé chira chat long chua xét dén bién dang
nén, bé duoc coi nhu gin chat vao nén dt, séng
dong dat truyén truc tiép vao bé gay ra dao dong
cho hé (hinh 1). Céc tac gia [3]-[5] nghién cuu
v6i md hinh mong duoc ¢d 1ap voi dat nén.
Trong khi 6, mét sb nghién cau [6]-[8] da xét
dén bién dang nén nhung dirng lai & bai toan
tuyén tinh va chi khao sat bac tu do cia méng
chuyén dong theo phwong ngang. Bakalis [9] st
dung phuong phap phan tir hitu han dé thuc hién
nghién cau, trong do, c6 xét dén dic diém phi
tuyén hinh hoc, nhé méng (Uplift) khoi mit tiép
xUc véi dat. Lyu [10] phan tich hé bé chira chat
long hinh try nam ngang, c6 xét dén bién dang
nén bang céach sir dung mé hinh do Khosravikia
dé xuat [11], [12].
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Hinh 1. M hinh hé bé chira chat long khi chua xét
dén bién dang nén.

Trong thoi gian gan day, tai Viét Nam, di c6
nghién ctiu vé tng xtr hé bé chira chat long véi
mo hinh théng sb tap trung, xét dén dac diém
dia chét va gia tdc kich thich nén [13]. Cac tac
gia [14], [15] nghién ctu bai toan xét dén bién
dang nén bang phuong phap lai (Hybrid
Method), trong d6 hé dat nén va mong dugc mo
hinh bang phan tir vi mé (Macro-Element).

Bé chtra chit long 1a cdng trinh thudc phan
cap dac biét quan trong, dé thuan lgi cho qua
trinh van chuyén nén thuong dugc dit & khu
vuc ven bién, bén cang, cac khu cong nghiép.
Vi véy, bat ky su ¢d hu hong nao caa bé chia
déu dan dén tran chat long (ga, xang, dau, hoa
chat,...), gdy nguy hai rat I6n cho con ngudi va
moi trudng xung quanh. Vi thé, viéc tinh toan
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bé chira co xét dén tuong tac v6i dat nén gilp
md hinh phan tich gan véi diéu kién l1am viéc
thuc té caa cong trinh. Rat nhiéu tac gia da thuc
hién nghién ciru hé moéng bé va dat nén bang
cac md hinh co hoc khac nhau, chang han nhu
[3]-[15]. Tuy nhién, mdi mé hinh déu c6 cac uu,
nhuoc diém nhat dinh [1].

Nhu da phén tich ¢ trén, dé don gian trong
tinh toan, cac cong trinh dugc phén tich véi so
dd ngam vao dat, hay mong dit trén cac md
hinh ¢6 lap dao dong, so do nay di bo qua tuong
tac voi dat nén. Mot sé nghién ctu thuc hién
bang phuong phap phan ti hitu han, tuy nhién,
tinh chinh x&c cua phuong phap phu thudc
nhiéu vao so do va kha ning mé phong, va doi
hoi khdi lugng tinh toan rat 16n. Véi dé xuét cua
Kausel [16] vé viéc tng dung nguyén Iy chdng
chat dé giai bai toan SSI, budc tién tiép theo tur
dé xuit ndy la phwong phap két cau phu
(Substructure Method) ra doi dé thuan lgi hon
trong tinh toan va phan tich. Trong phuong
phap két ciu phu, nhiéu mé hinh khac nhau da
dugc céc tac gia dé xuat nhu Khosravikia [11],
[12], John [17], Gazetas [18], Mylonakis
[19],... Thé nhung, noi dung chu yéu cua
phuong phap nay 1a thay hé dat nén va méng
bang cac 10 xo va vat can ung xir tuyén tinh
hozc phi tuyén [1]. Trong bai bao nay, bé chira
chat long hinh try dung, dat trén mong néng,
chiu tai trong dong dat, c6 xét dén tuong tac voi
dat nén s& dugc dé xuat khao sat bang phuong
phap két cau phu (xem hinh 2). Trong do, hé dét
nén va méng duoc mé hinh dudi dang thdng sé
tap trung véi so d6 sway-rocking, hé ba bac ty
do, bang cach ap dung mé hinh cia Khosravikia
[11], [12] vao bai toan bé chia hinh tru ding.
Hé duoc phan tich theo thoi gian, duéi gia téc
kich thich nén cua tran dong dat El Centro 1940.
Két qua phan tich sb, duoc thyuc hién théng qua
céng cu MATLAB Simulink, bai bdo mé phong
dugc biéu dién theo thoi gian gdm chuyén vi
cua cac bac tu do, luc cit va md men tai chan
bé. Ngoai ra, két qua phan tich con dugc so sanh
Vvéi truong hop bé chira chat long c6 moéng lién
két cung véi dat nén.
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nén

Khi phan tich bé chira chiu tai trong dong dat,
chat long trong bé duoc phan ra lam hai phan
tuong (ng voi hai dang chuyén dong [2]. Phan
chét long phia dinh bé, cing véi mat tu do s&
chuyén dong dang ddi luu, c6 khéi luong m,.
Phan chat long con lai, nam phia duéi, chuyén
dong dang xung kich, c6 khéi luong m; [2]. Céc
thanh phan nay dugc mé hinh dudi dang khdi
luong tap trung, chuyén dong cuing voi thanh
bé, xac dinh theo cac cong thuc (1) - (3). Mi
thanh phan khéi luong tap trung lién két véi
tuong bé bang mot hé gdm c6 10 xo va vat can
(Damper) néi song song, c6 do cung va hé sb
can twong duong nhu sau: k. = m.w?, k; =
myw? va ¢, = 2§mew,, ¢; = 2Emiw;. Vi
D = 2R 1a duong kinh, H 1a chiéu cao cot chit
long trong bé hinh tru dung; tan s vong w; va

w, dugcsuyrate T; = C;H /%va T. = C./D,
& va &, laty sb can nhét, t va E 1a bé day va
moé dun dan hoi cua tuong bé, p 1a khéi lwong

riéng cua chat long, hé sb C; va C, xac dinh theo
bang 1.

Hinh 2. Bé xuat md hinh phan tich
theo phuong phap két cau phu.
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2. M6 hinh h¢ bé chira chét Iéng, méng vadat B3 c6 2 > 1,333, bé rong:
H — ) 1 ¥ .

tanh (0,866 %)
T see (2)
’ H
h; = 0,375H
Bé cég < 1,333, bé manh:
(1 0,218 D)
mi = — U, —|m
H @3)

D
h; = (0,5 - 0,0945) H

Bang 1. Tra cac hé s6 C; va C, theo ty s6 % [2].

% 03 05 07 1 15
C, 928 774 697 636 6,06
Cc

(i) 209 174 160 152 148
Vm

Theo Khosravikia [11], mong cing c6 dang
hinh tron, dat trén dat nén 1a ban khong gian dan
héi; hé duoc md hinh véi ba bac tu do (hinh 2).
M6ng duoc mé hinh dudi dang chuyén vi tinh
tién va xoay (Sway and Rocking) duoc thu gon
vé tam O, méng duoc xem nhu tim mong nén
khong c6 bé day [12]. Cu thé, hé mong-dat nén
gom mét bac tu do c6 khéi lwong m,, chuyén
dong tinh tién theo phuong ngang (Sway), Xac
dinh bang toa do x;;; va mot bac ty do chuyén
vi goc xoay (Rocking), quay quanh diém O, c6
md men quan tinh khdi luong I, x4c dinh bang
toa do goc xoay x,. Ngoai ra, hé duoc b sung
mot bac tu do dang vong treo (Monkey tail) co
xét dén tuong tac hé dat nén va moéng. Bac tu
do vong treo quay quanh diém O dugc mé hinh
bang mot khdi lugng tap trung va bo sung mot
thiét bi chdng xoay, c6 md men quén tinh khdi
luong 1, x4c dinh bang toa do goc xoay x,,.
Goi r la ban kinh méng, e la chiéu sau chon
mong; V., v Va p, twong tng la van téc song cat,
hé sé Poisson va khéi lugng don vi cia déat nén.
Theo Lyu [10], do cung va hé sb can tuong
duong cua hé mong va dat nén tuong ng cac
bac tu do duoc xac dinh nhu sau:
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ka = m 1+ 2,3; + 0,58 (;) (5)
=L [0 156315 — 0,08906 (5)2 —
Cq = VS ) r ) r (6)
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0,00874 (;) ]ka
r e\?
=1 [0,4 +0,03 (;) ] ke @)
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Trong hinh 2, hé duoc khao sat véi nam bac tu
do, chiu kich thich nén 1 gia téc dong dét theo
phuong ngang X,. Ap dung nguyén Iy
D’Alembert, sau day la cac phuong trinh vi
phan chuyén dong cua hé wng véi cac bac tu do.

Bac tu do x,:
_ 8pVir e
w=y (173 ©
mc(jéc + Xf + hcjéa) + Cc(xc + hcxa) (10)

+ke(xc + hexg) = meiy
Bac tu do x;:

mi(ﬁ'éi + Xf + hlxa) + Ci(Q.Cl' + hiQ.Ca)

11
+ki(xl- + hixa) = mi)'c'g ( )

Bac tu do xy:

mfjéH - Cc(xc + hcxa) —C
(xi + hixoc) + CHX'H - kc(xc + hcxa)
—ki(xl- + hl-xa) + kaH = mfxg

(12)

Bac tu do x,:
(I + 1y)%a = cche (e + heka)
—Cihl’(xi + hixa) + CaJ.Ca - C(p
(55<p - J.Ca) - kchc(xc + hcxa)
—kihi(xi + hixa) + kaxa =0

(13)

Bac tu do x,,:

Iyiy + ¢y, —%5) =0 (14)
Hé phuong trinh vi phan chuyén dong (10)-(14)
viét dudi dang véc to thu gon:

Mix+Cx+Kx=P (15)

Trong do:
x={Xc Xi Xy Xq xq,}T
P =[miX,; miX; mgi, 0 0]7
m,. 0 m, msh, 0
0 m; m; ml-hi 0
mMm=|0 0 m 0 0
0 0 0 I+, 0
o 0 0 0 I,
Cc 0 0 cche 0
0 C; 0 Cihi 0
c=| —¢ - Cy —cche — cih; —Cy
—cche —cihy 0 —cchi—cihf+co+c, O
0 0 0 —Cy o
k. 0 0 k.h, 0
0 k; 0 k:h; 0
K = _kC _ki kH _kChC - kih’i 0
—kche —kihy 0 —k.h:—khi+k, O
0 0 0 0 0

Tién hanh tich phan phuong trinh (15), két qua
thu duoc 1a van téc (x,, x;), chuyén vi (x., x;).
Khi chua xét dén khéi luong tuong va nap bé,
theo Farajian [8], ba dai lugng nghién ctu chinh
trong phan tich bé chira chat long chiu dong dat
la lyc cit Q, md men M va chuyén vi thing
dung ctia mat chat long tu do d:

S = kcxc + chc + kixi + CiJ.Ci (16)
M = (kcxc + chc)hc (17)
+(kixi + chi)hi
xmax _ ,max
d= 0,837RwC2M (18)

3. Phan tich so
3.1. S liéu bai toan
Khao sat bé cd dang hinh tru ding, chat long bén
trong la nudc, duong kinh D = 2R = 20 m;
trong 1am bang thép, day ¢t = 15 mm, md dun
dan hoi E = 200 GPa; chiéu cao myc chat long
trong bé H = 8 m; ty s6 can & = 2% va &, =
0,5%; do cting twong duong ctia hé bé chira chat
long va céc thong s6 cua mé hinh tap trung nhu
bang 2.

Theo [20], El Centro 1940 la tran dong dat
manh, di gay ra thiét hai 16n vé ngudi va cua.
Ngoai ra, s liéu cua tran dong dat duoc ghi nhan
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khé& hoan chinh va duogc nhiéu tac gia tin cay s
dung. Bé chtra chit long 1a cdng trinh quan trong,
dat & cac vi tri trong yéu nhu bén cang hay khu
cdng nghiép, moi su ¢b co thé xay ra déu dugc
nghién ctru va danh gia trudc khi dua vao thi
cong va khai thac. Do d6, dé c6 nhiing nhan xét
budc dau vé anh huong cua tai trong dong dat
dén cong trinh, bai béo lya chon gia tbc dong dat
El Centro 1940 dé thuc hién tinh toan, biéu dd
gia tc theo phuwong ngang c6 dang nhu hinh 3.
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Hinh 3. Biéu do gia toc dong dat theo thoi gian
El Centro 1940 [20].

Bé dit trén mong ndng, cd dang hinh tron véi
ban kinh r = g +1 = 11 m [21], 1am bang vat
liéu bé tong cot thép véi ty trong ¥, = 2500
kg/m?3; méng chén vao nén dat véi cao do dinh
méng bang cao d6 mat dat ty nhién, chiéu sau
chén méng e = 1,5 m. Khi d6, khéi lugng méng
nhu sau:

ms = yr(nr?e) = 2500(3,14.112.1,5)

= 1,4.106 kg
M6 men quan tinh khéi lugng, véi:

)T,

10°
3.112 4+ 1,52
7 ¢ +1,59)

My a2 2y
If—12(3r +e?) =
= 43,37.10%kg.m?

D4t nén 1a cét chat, co bé day vo han, van téc
song cat V, = 255 m/s, hé s6 Poisson v = 0,4,
khbi lwong don vi pg = 2,1.103 kg/m®. Céac
thong sb twong dwong vé tinh dan hoi, tinh can,
md men quan tinh vong treo duoc tinh toan va
téng hop nhu bang 3.
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Bang 2. CAc thdng s6 co ban hé bé chura-chat long.

m.(kg) mike) C(E) G
13,59.10° 11,53.10° 1,48 6,56
T.(s) T; (s) h (m) h; (m)
6,62 0,10 4,66 3,23
k., (N/m)  k; (N/m) ¢, (Ns/m) (Ng;'m)
21,79.10°  4,64.10° 12,12.10° 2,93.10°

Bang 3. C4c thong sb tuong duong
cuia hé dat nén va mong.

kg (N/m) cy (Ns/m) k, (Nm/rad)

8,53.10° 3,28.10° 1,06.10*
cqo (Nms/rad) ¢, (Nms/rad) I, (kg.m?)

7,23.10° 18,36.10° 6,56.10°

3.2. M6 phéng véi MATLAB Simulink

Simulink Ia b6 céng cu md phong va mé hinh
hoa dang db hoa, nam trong té hop phan mém
MATLAB, duoc phét trién bai MathWorks. C6
thé tom lwoc mot s6 wu diém chinh trong céc
tinh niang cua Simulink nhu sau [22]: (i) C6 do
hoa truc quan, gitp dé dang hinh dung va quan
ly céc thanh phan; (ii) mé phong véi thoi gian
thuc, hd tro danh gia hiéu suat va do tin cay
truge khi trién khai; (iii) tich hop dé& dang voi
MATLAB, cho phép két hop giira tinh toan va
md hinh hoa trong mot moi trudng duy nhat;
(iv) cung cap nhiéu thu vién mau va khung lam
viéc, gilp tiét kiém thoi gian va ting ning sut;
(v) kiém tra va g 18i thuan tien; (vi) tich hop
phan ctng, cho phép phat trién cac ung dung
nhang; (vii) mo rong va tuy chinh, théng qua
viéc viét ma code, tao ra cac khdi chirc nang doc
d4o; (viii) hd trg da nén tang, tr may tinh ca
nhan dén hé thdng nhdng phuc tap.

Vi céc bai toan ky thuat, bén canh viéc mé
phong theo phuong phap truyén thong bang
cach viét code cho céc cong thic tinh toan phirc
tap dudi dang M-file cia MATLAB, viéc tng
dung c6ng cu MATLAB Simulink dé van dung
t6i da cac wu diém da ké trén 12 mot giai phap
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htru hiéu va phu hgp véi xu hudng hién dai. Tai
Viét Nam, [1] da tng dung MATLAB Simulink
dé md phong mot céch c6 hiéu qua cac phuong
trinh vi phan déng luc hoc phirc tap caa bai toan
tuong tac két cu dat nén dudi tai trong dong
dat. Chinh vi vay, trong bai bao nay, bang cong
cu MATLAB Simulink, hé phuong trinh vi phan
chuyén dong (15) dwgc md phong bang so do
v6i cac khdi chuong trinh phu (Subsystem)
duoc lién két nhu hinh 4. Trong d6, phép tich
phan sé duoc thyc hién thong qua phwong phap

Runge Kutta; theo [23], trong tinh toan két cau
chiu tai trong dong dat theo thoi gian, dé dam
bao tinh chinh xac, budc thoi gian At nén bé
hon 0,1 s; bai bao chon At = 0,001 s dé thuc
hién phan tich. Hinh 5 la chwong trinh phy, mé
phong qua trinh thyc hién chirc nang goi céc gia
tri gia toc dong dat theo timg budc thoi gian tinh
toan. Chi tiét cac chuwong trinh phuy, tuong (ng
véi mdi bac tu do duoc mo ta trong cac phuong
trinh vi phan chuyén dong tir (10) d&én (14),
dugc mo6 phong nhu cac hinh 6-10.

P Inl
Outl Inl
P In2 Outl
Out > Ind s
ns out2 — 79 Ind
P In5
Sub_me Sub mi
Sub ElAcc . Sub_mi
|
8 "

ZIInl oy
Inl — | Tn2
—» In2 P In3 Out2 Inl Outl
— In3 Outl —> 4
7| > nd s ¢
b InS

Sub I.phi

In6 Out4
rSub_I .alpha

Hinh 4. So d6 tich phan hé phuong trinh (15) véi MATLAB Simulink.

Clock
X

-C- P xdat

Look Time (s) ydat Gl Outl
Lookup
. pl ]
Look Acc (m/s2) El Acc2

Hinh 5. Chi tiét khéi Sub_EI. Acc.

hi Add29 ki/mi

1/s »

X'i

Hinh 7. Chi tiét khdi Sub_mi.

Qo

Inl

Ouf2

hcl Add25  ke/me

Ll A S

cc/me

kH/mf

cH/mf

]
X"fz x'f2 sz
Outl

Hinh 8. Chi tiét khbi Sub_mf.
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C'huyén v1{m)

ka/(If+Iphi) ‘ - -
|
\_% _ Outl
In3 N Out3
ca/(If+Iph
. LT 1 ]
* x"a x'a xa
In5 cc*he/ (If-'—]phl +
.
Aa!?.
. 1‘1"1“ (If+Iphi) ephi/(Tf+Iphi)
4>@.— —
In2 2
ke*he/(If+Iphi) (e AddH
2 Out4
Inl |[<
b In6
ci*hi/(If+Iphi)

Hinh 9. Chi tiét khéi Sub_I.alpha.

Outl

cphi/Iphi

l |j

s s
Inl i i )
x"phi x'pht  xphi

Hinh 10. Chi tiét khéi Sub_l.phi.

0 5 10 15 20 25
Thot gian (s)

(a) Chuyén vi dbi Iuu (x,) va xung kich (x;).
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3.3. Két qua phan tich

Két qua co duoc tir md phong sb voi MATLAB
Simulink 1a cac chuyén vi dang duong va goc
X0ay cua mong tuong ng voi cac bac tu do,
theo thoi gian, nhu cac hinh 11 (a)-(c).

Thay céc théng sb cua bai toan cung vai két
qua md phong vao cong thuc (16) va (17), biéu
d6 lyc cat § va md men M theo thoi gian nhu
hinh 11 (d).
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Hinh 11. Két qua phan tich duoc biéu dién theo thoi gian.

Gid tri cuc dai cua cac chuyén vi, luc cit va md
men dugc tong hop nhu cot (2) cua bang 4. Ap
dung cong thuc (18), gia tri chuyén vj thing
dung cuc dai cia miat chat long ty do xac dinh

nhu sau:
2T 2 xmax _ ,max
d = 0,837R (—) (e = 2")
T, g
2(30,80 — 0,0809)

9,81

2314
- 0,837.11.< )

6,62
= 23,59 cm
Bang 4. Tong hop gid tri phan (ng cuc dai.

Thong sé Bai bao Rigid link
) ) @)
Xemax (€M) 30,80 25,80
Ximax (€M) 13,57 69,03.10°
Xfmax (CM) 80,90.10°3 -
Xgmazx (rad) 42,04.10° -
Spax (N) 5,97.10° 3,85.10°
Mpq (NM) 19,30.10° 12,76.10°
d (cm) 23,59 -

Tién hanh so sanh két qua phan tich ¢ trén voi
truong hop bé chira c6 lién két cang va dat nén
(Rigid link). Khi d6, mé hinh phan tich c6 dang
nhu hinh 1, hé hai bac tu do. Két qua phan tich
chi thu duoc 1a chuyén vi cua khéi chat long doi
luu (x,.) va xung kich (x;), xem tai hinh 12. Gia
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tri phan ng cuc dai dugc tong hop nhu cot (3)
ctia bang 4. M6 hinh nay chua xét dén sy lam
viéc cua hé dat nén va mong khi xay ra dong
dét, nén:

(i) Khong thu duoc chuyén vi dang duong va
g6c quay cua moéng, vi vay, khdng thé ap dung
cdng thic (18) dé xac dinh chuyén vi thang
dung ciia mat chat long tu do;

(i) Méng xem nhu lién két cang véi déat nén,
dat nén khong chuyén dong, chuyén vi cia khdi
chat long xung kich cé gié tri rat bé, gan nhu
bang khong; do léch gia tri chuyén vi cuc dai
cia khoi chét long dbi luu giita hai mé hinh

. 30,80—25,80
30,80
gia tri luc cit va md men cuc dai tai chan bé bé
hon rét nhiéu (bang 4).

100% = 16,23%, trong khi do,

C huyén v {m)

g

10 15

20
Thoi gian (s)

25 30

Hinh 12. Chuyén vi d6i luu (x.) va xung kich (x;)
khi chua xét dén bién dang nén.



Phan tich hé bé chiva chét 1dng-dat nén duai tai trong dong d&t bing MATLAB Simulink

4. Két luan

Bai bao da &p dung phuong phap két cau phy dé
mod hinh hé bé chaa chat long va dat nén, véi
nam bac ty do, dudi dang théng sé tap trung,
chiu tai trong dong dat. Bé tich phan sé hé
phuong trinh vi phan chuyén dong cua hé, md
phong s6 vsi MATLAB Simulink. Trong do,
mdi phuong trinh vi phan dugc mé phong bang
mot chuong trinh phy, qua trinh mé phong dugc
trinh bay mét cach chi tiét.

Thuc hién phan tich sé véi bé hinh tru ding
c6 ban kinh 10 m, cot nudc cao 8 m, tudng bé
ddng chat c6 bé day 15 mm; bé dit trén méng
ndng hinh tru tron cé ban kinh 11 m, cao 1,5 m,
d4t nén 1a cat chat day vo han; kich thich nén la
gia toc dong dat El Centro 1940. Két qua sé thu
dugc gdbm phan ng caa hé bé chira chat long
va méng: Chuyén vi dudng va goc xoay cua CAc
bac tu do theo thoi gian, két hop vai van téc caa
cac bac tu do, suy ra duoc luc cit va md men
tai chan bé. Khi so sanh véi truong hop bé co
lien két cang voi dat nén, do léch chuyén vi cuc
dai cua khdi chat long ddi luu 14 16,23%. Trong
cac nghién cau tiép theo, mé hinh két ciu phu
nén duoc khao st vai bai toan phi tuyén va chiu
tai trong dong dét theo ba phuwong, b6 sung thém
so sanh két qua phan tich vai cac phuong phap
khac, dong thoi, dé xuat khao sat dén ung suat
bién dang cua thanh bé.
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