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TGM TAT

Nghién ciru nay phan tich ong xir dong coa bé nwéc ngdm chiu
tac ding cia tai trong ding ca xét trong tac nwdc va két céu.
K&t céu bé nuac ngdm va nuac chira trong bé deec ravi rac haa
béng phuong phap phén tir hiru han cia chét rén va lang. co
xét dén hién tueng teong téc dang lyc hoe da mai treang. Tai
trong dang dugc ding 13 tai diu hoa ca tén sd thay ddi xoay
quanh tan sd riéng. K&t qua sd cho thay khi myc nedc trong bé
cang tdng thi tn sd dao dong rigng gidm va chuyén vi dang
tang l&n va su thay ddi nay da lan so vai khi khang xét teong
tac ding cia nudc va ket cdu. K&t qua nay ca y nghia khi ma ta
irng xr that hon cia he.

Tir khéa: Phéan tich dang. BE nuac ngdm, Tuong tac dang, Phuong
phap phan tir hiru han.

ABSTRACT

This study analyzes the dynamic behavior of underground water tanks
under the loads considering water and structural interactions. The
structure of the underground water tank and the water in the tank are
discretized by the finite element method with solid and liquid elements,
taking into account the phenomenon of multi-environment interaction.
The loads are used as variable frequency harmonic loads. The
numerical results show that the water level has a significant effect on
the dynamic characteristic of the structure system and dynamic
response of water tank interaction under the dynamic loads and almost
have more increasing dynamic displacements than others without the
effect of the interaction. Therefore, it can be seen that the study has
meaning practice, and the water quite agrees to describe the true
behaviour of the dynamic response of the system.

Key words: Dynamic Analysis, Underground Water Tanks,
Structural Water Interaction, Finite Element Method.

1. GIGI THIEU

Su tuong tac gilia chat 1dng va thanh bé, anh hudng ctia chuyén
déng nudc trong bé chira nudc 1én két ciu la diém quan trong can
phai xem xét. Cac nghién ctru trudc ddy thudng bé qua tinh chat nay
dé don gian trong tinh toan bang cach gia thiét thanh bé tuyét déi
cung glup tlen Igi cho viéc thlét ké, tuy nhlen da 6 nhung tac hai
khong nho xay ratrong thuc te do sy tuong tac nay. Nhing hwhong
két cau xudt phat tu su don gian hoa do trd thanh muc tiéu dé tuong
tac chat 16ng thanh bé dugc quan tam nhiéu hon trong nghién ctu.

Hau hét cac nghién ctiu trudce thap nién 1980 chu yéu tap trung
vao viéc phan tich dong luc cta séng chat I6ng sao cho cung cap
cho ky su mot cong cu don gian nhung dd dé chinh xac dé thiét ké
bé chua. Tuy nhién, sau nay do cac hu hdng cdia bé khi cdng trinh
tral qua tai trong dong da lam dong luc thuc day cac ky su thiét ké
va cac nha nghién cuu phal xem xet lai cac gia thiét trudc day. Bdl
vi, khi dao déng trong bé, chét long khéng dao déng ddéng thai vai
bé ma toan bd phan chat long dugc chia ra lam hai phan, phan chat
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I6ng bén dudi thi dao dong déng thai véi bé con phan bén trén dao
déng tach roi so v6i bén dudi va phan dé dugc goi la “séng chat
long bé mat” (Sloshing), phan song chat long bé mat nay dao ddng
khdng nhiing khéng déng thai vai phan chit long bén dudi ma con
gay ra tuong tac gilta chat 16ng - thanh bé dan dén su thay d&i dac
trung déng luc hoc ctia bé va ngoai ra con tiéu tan mdt phan nang
lugng kich thich théng qua su tuong tac nay.

Bui Pham Duic Tudng (2010) da khéo sat bé chiia chat 16ng (Dai
2 m, chita 0,2 m nudc) dat trén mai mot toa nha cao tang (8 tang cao
24 m) chiu tai trong dong dat, da chi ra hau hét cac dac trung tur tan
s6 dao déng tu nhién cta chat 16ng, dao dong séng bé mat, luc tac
dung Ién thanh bé, dén hé sé tiéu tén nang lugng trong bé do séng
chat 16ng tao ra. Su tuong tac gila chat 1éng va thanh bé ma dac
trung cho sy tuong tac nay la d6 day thanh co anh hudng rat lon
dén tan s6 dao ddng séng chat 1dng. Tan s6 bé co ty 1€ thudn véi d
day thanh, bang cach tang hoac gidm dé day thanh bé thi tan s6 cta
bé c6 thé dugc kiém soat. Luang Van Chinh (2016) da khao sat bé



chita nudc (sir dung lam hé can chat l1éng) dat trén tam thép dugc
d& bang 4 tru dat trén ban rung nhan tao dé tao luc dong. Khao sat
vdi chiéu cao muc nudc thay d8i tir 0 cm dén 19 cm trong thdi gian
t =40 s. Cho thay viéc b tri bé chat ldng vao khung két cau c6 tac
dung lam giam chuyén vi. Nghién ctu nay mé ta dao déng song bé
mdt cua nuoc trong bé chi phu hgp vai tinh toan gan dung dua trén
mé hinh 2D, chua xét dén su tuong tac gilra chat ldng va thanh bé.
V6 Dinh Nhat Khanh (2016) khao sat bé chiia chat 1dng dang tru tron
(cao 9,6 m ban kinh bé 10 m, chiéu cao muc nudc 8 m) cac théng s6
Mode dao déng, dao déng séng, dao ddng thanh bé, dao dong cla
hé bé chura, c6 xét dén su tuong tac gilta chat 1dng va thanh bé. C6
xét dén anh hudng cla su tuong tac nay dén cac théng s clia bé
nhu tan s6 dao dong. Nghién ctiu chi diing lai & bé chiia nudc dat
trén mat dat.

Hamada (2014) phan tich cac ing x& déng ca cau tric dudi
long dat trong dong dat va thiét ké chong déng dat. Cac tng xu
dong luc hoc clia cac cong trinh ngdm nhu bé ngam, dudng ham
ngap nudc va hang da trong cac tran déng dat da dugc quan sat.
Dua trén cac két qua quan sat nay, phucng phap chuyén vi tuong
Ung da dugc dé xuat cho thiét ké chiu déng dat clia cac cong trinh
ngdm nhu dudng 6ng chén, bé ngdm va dudng ham ngap nudc.
Asgari (2020) thuc hién phan tich su bat thudng cla dia hinh dén
phan (ing dia chan cta bé chiia chat 16ng hinh chi nhat bang bé
téng co xét dén su tuong tac gitia dat, két cdu va chat 16ng. Cac
nghién ctu ly thuyét va thuc nghiém vé su bat thudng clia dia hinh
cho thay su khuéch dai thém & nhiing vi tri nay do séng dia chan.
Mot s6 tham s6 da dugc thuc hién bang phuong phap phan ti hitu
han trong khoéng gian hai chiéu. Jing (2015) da thuc hién phan tich
bé chuia bé tong khéi I6n dudi phén Ung dia chdn. Nghién ctu nay
da st dung phan mém phan td hitu han ABAQUS dé theo déi lich st
phan (ing déng cla bé chira bé tdng cét thép khdi I6n trong céc dot
kich thich dia chan khac nhau. Cac dac diém dong luc hoc va hu
hong clia két cau da dugce nghién ctru bang cach xem xét anh huéng
cla cét thép.

Pé danh gia anh hudng clia su bat thudng cla dia hinh, xét dén
cac bé mat dat bang phdng va nghiéng véi ba loai dat khac nhau.
Kich thudc bé réng va manh dugc nghién ciru dudi tadc dung clia sau
chuyén déng dia chan khac nhau véi cac ty 1& khac nhau gitia gia téc
dinh trén mat dat va téc d6 cao nhat trén mat dat. Ngoai ra, dé€ danh
gia dnh huéng clia su c6 mat clia chat 1dng dén phan (ing clia bé,
bé day va bé rébng dugc nghién ctu. S dung cac thoéng sé khac
nhau nay, mét s6 so sanh dugc thuc hién trén luc cdt ca ban, chuyén
vi thanh bé va phan tng khi né. K&t qua cho thay rang su khuéch dai
do su bat thudng ctia dia hinh ¢6 anh huéng dang ké dén phan tng
cla bé. Hon n(fa, ngudi ta két luan rdng tan s6 déng dat anh hudng
dang ké dén dac tinh ddng cia cac bé chita chit 1dng. Joseph (2018)
phan tich ing xt dong cta bén chia nudce hinh try dugc dat trén
mat dat. Ung x& dong hoc clia cac bé chira nudc bé tong duagc dat
trén mat dat hinh tru véi cac ty 1& kich thudc khac nhau duge nghién
ciu bang céach st dung phan mém phan tich theo phuong phap
phan ti hiru han ANSYS. Céc tan s6 tu nhién va cac phan Ung theo
phuong thic thu dugc d6i véi cac ché d6 rung dong déi luu va xung
déng. Tan s6 dao déng tu nhién clia bé dugc quan sat la thap nhat
3 dé sau muc nudc t6i da. Tan sé tang khi muc nudc giam va déi véi
muc nuGc nhé hon 1/3 chiéu cao bé, khong ¢é su thay déi dang ké
nao vé tan so.

Tai Hoi nghi Thé giGi vé Ky thuat Dong dat t6 chdc ngay 17
thang 10 nam 2008, Bac Kinh, Trung Qudc, Bao cao clia Sarokolayi
phan tich déng hoc ctia két cau c6 tuong tac gilia chat long va két
cau. Cac phuong phap xem xét su tuong tac gitra chat ldng va cau
trac rat da dang va tiép tuc phét trién trong nghién ctiu cta chinh

nhom nay nam 2014, Pandit (2020) mé phong s6 lugng cac thiing
chta chat l6ng chia nudc c6 dang day dac biét dudi tac dong cla
déng dat. Phan ting dong cla bé day phing da dugc thuc hién rat
nhiéu nhung van chua ré rang. Hiéu qua ctia mé hinh sé hién tai
dugc ki€ém chiing bang cach so sanh két qua vai két qua da cong bo.
Phuang phap phan tdr hitu han cta Galerkin dugc sir dung dé suy ra
cac phuong trinh chuyén déng. Theo két quéd phan tich dong luc
hoc, kich thudc 16n hon clia hdp day lam gidm dang ké dao déng
cla chat16ng trong bé, gili cho vat chita & bén trong an toan hon so
véi hdp c6 day phang. Sivy (2017) phan tich dia chan ctia bén chita
chat léng sir dung phuong phap tiép can va mé hinh phan tich cta
phan tir hitu han. Bai bao dé cap dén phan tich dia chan ctia bé chua
chat 16ng hinh tron thang ding dugc dat trén mat dat véi muc dich
xac dinh cac dac tinh déng luc hoc (vi du: tan s tu nhién va su tuang
téc cOa bé va chat 1dng) va cac dac diém dia chan (vi du: dp suat thay
dong luc phan bé, luc cat, mémen lat va chiéu cao séng I6n nhat).
Bai bao cling so sanh cac két qua thu dugc tur phan tich dia chan
dugc tinh bang phuong phéap phan td hitu han cia ANSYS. Yang
(2019) da thuc hién nghién ctu dinh luat ty Ié cho cac thi nghiém
tuong tac gilta nudc va dong dat gay ra. Mét s6 hé sé da dugc s
dung trong tat ca cac thi nghiém vat ly vé luc thay déng do dong
dat tac dong lén tru cau nudc sdu ma chua dugc xac nhan rd rang
va cho thdy thay dong luc hoc dusi déng dat la quan trong.

Qua nhiting nhan xét téng quan trén, c6 thé thdy rang hudng
nghién clu tuong tac chat 16ng va ran cia két cau rat thu hut va thoi
suthéng qua nhl]ng nghién ctu gan day, nhung két qua chua nhiéu.
Nho sy phat trlen ngay cang manh cla cong nghe may tinh, phucng
phap s6 dugc ung dung nhiéu hon dé giai cac bai toan trong ky thuat.
Phuong phap phan tu hUU han tré nén vo cing manh mé nha céng
nghé may tinh va ngay cang nhiéu cac cong trinh nghlen cuu vé phan
tich dong luc hoc clia bé chiia nudc bang phuong phap phan tir hitu
han dugc ra ddi, van dé tuong tac chat 1dng va thanh bé dugc mo
phong d& dang hon tuy nhién hién tugng nay van can dugc xem xet
ky hon ntfa dé co thé ung dung trong ap dung thuc té. Bai bao nay
cling tién hanh phan tich tng xr dong luc hoc clia bé nudc ngam chiu
tai diéu hoa cé xét dén cac tuang tac do.

2.COSOLY THUYET

2.1 Phuong trinh chuyén déng

Phuang trinh chuyén déng ctia hé két ciu téng thé chiu tac
dung tai trong déng dugc thiét 1ap & dang téng quét nhu sau

[m]{ii} + [cl{u} + [k]{u} = {p(©)}

Trong dé cac ma tran khéi lugng, can va d6 cling cla hé va véc
to tai trong dugc xay dung dya trén phuong phéap phan ti hru han.
Trong bai toan nay, két cau dugc rai rac dudi dang phan ti khéi ba
chiéu hodc phan ti tdm hai chiéu hodc phan tir thanh mot chiéu.
Nudc trong bé chia dugc rdi rac béi cac phan td Fluid80. D4t xung
quanh bé dugc rai rac béi cac phan ti clia dat ba chiéu trong phan
mém ANSYS. So lugc cac phan ti nay nhu sau.

2.2 Phan ti bé tdng va phan ti nuéc trong ANSYS

Phan ti dugc sir dung d& mé phoéng phan tl san, thanh bé bé
téng la phan t Shell181, thanh két cdu dung phan tir Beam189 va
phan ti nudc la phan t Fluid80. Phan tir nay dugc dinh nghia boi 8
nut, méi nut cé ba bac tu do theo truc toa do x, y va z.

Phan t&r Beam189 phu hgp cho viéc phan tich cac két cau day
(thick) tir madnh dén vira phai. Phan tir dugc dung lam co s& cho
dam Timosenko. Bao gém ca hiéu ¢ng bién dang cat. BEAM189
la phan t& dam c6 ham noi suy bac hai ba Node trong khéng gian
3D v&i sau bac tu do tai méi Node. Bac tu do tai méi Node bao
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gém chuyén vi tinh tién theo ba phuong x, y, v va géc xoay
quanh ba truc x, y, x. D& cong clia mat cat ngang dugc gia thiét
la tu do. Phan t&r dam nay phu hgp cho hé tuyén tinh, goc quay
I1&6n va hé phi tuyén c6 bién dang I&n. Phan ti Shell181 rat phu
hgp cho cac tng xt phi tuyén tinh tuyén tinh, géc xoay 1én hoac
bién dang I6n. Thay d8i d6 day tdm dugc tinh trong cac phan
tich phi tuyén. Trong mién phan td, ca hai luge dé tich hgp day
a0 va gidm déu dugc hé trg. Hinh dang clia 02 phan t dugc thé
hién nhu trén hinh 1 va hinh 2.

Z

Hinh 1. Phan t&r ddm Beam189 bién dang tuyén tinh

4

KL

I
Triangular Option
(not racommended)

T

Hinh 2: Phan ti tam Shell181 bién dang tuyén tinh

Phan t chat 1éng Fluid80 1a phan t& st dung dang két cau khéi
trong khong gian nhu trén hinh 3. Phan t&r nay dugc dinh nghia béi
8 nut, mAi nut c6 ba bac tu do theo truc x, y va z. Phan t Fluid80 sur
dung modul dan héi Bulk va hé s6 nhét chat 1dng.

Hinh 3. Mo hinh phan ti Fluid80 trong ANSYS.
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2.3 Xay dung mé hinh trong phan mém ANSYS

Budc 1: Tién hanh mé phong ANSYS trong module “Geometry”
cac trudng hop vai két cau bé nudc ngam cé nhiéu muc nudc khac
nhau. Tién hanh khai bao vat liéu trong module “Material” v&i cac
dat trung vat liéu dugc xac dinh.

Budc 2: Phan tich tan s6, dang dao dong riéng clia bé nudc
ngam: bang mé dun “Modal Analysis” clia bé chita nudc ngdm & céc
muc nudc khac nhau.

Cap nhat cac di liéu da thiét lap vao cac muc “Geometry” va
“Material” ctia m6 dun “Modal Analysis”.

Lua chon phan ti dat tén va khai bao vat liéu cho phan td, khai
bdo lién két gilta cac phan tlr va chia lugi cho hé két cau céng trinh
bé nudc ngam. Khai bao tiép xuc gilta dat, nudc va két cau bé tong
c6t thép. Thiét lap phan tich cho bé nudc ngdm trong mién tan sé
phu hgp véi muc tiéu nghién cuu.

Lua chon théng sé clia két qua phan tich, trong nghién ctu nay
la cdc dang dao doéng tu 1 tdi 6.

Buéc 3: Phan tich chuyén vi clia bé nuéc ngdm c6 nhiéu muc
nudc khac nhau dudi tac déng cla tai trong diéu hoa: st dung moé
dun “Harmonic Analysis”.

Cap nhat cac dit liéu da thiét 1ap vao cac muc “Geometry”, muc
“Material” va muc “mesh” cia mo dun “Harmonic Analysis”.

Khai bao tai tac dung 1én bé nudc ngam vé do I16n, diém dat,
phuong truyén luc.

Khai bao lién két gilia dat, nudc va két cau, lién két géi cé dinh
la I6p d4at ngoai cach tudng bé chua 5m.

Thiét 1ap mién chu ky va mién thaoi gian khao sat cho hé két cau
bé nuéc ngam.

Thiét lap thai gian, budc thai gian, s6 phan tich trong budc thoi
gian khdo sét.

Lua chon “Frequency Response” dé trich xuat két qua phan tich,
xac dinh bién d6 dao dong ctia hé trén mién tan sé khao sat can
thiét da duogc xac dinh trudc do.

Xac dinh déi tugng can trich xuat di liéu két qua trén hé két cau
va xuat ra két qua dé ti€n hanh khao sat.

Muc tiéu cda bai bdo 1a phan tich ing x déng cta bé nuéc
ngam chiu tac ddng cla tai trong dong co xét tuong tac nudc va két
cdu. Danh gia dua vao két qua ung xt déng luc hoc ctia két cau chiu
tac déng clia luc déng diéu hoa.

3.KETQUA SO

Phan nay trinh bay cac két qua sé cta bai bao. Dau tién la mo
hinh két cau va nhiing thong s6 co ban nhat trong bai toan va cau
hinh may tinh sir dung. Tiép do, tan s6 dao dong riéng véi cac muc
nuéc khac nhau dugc trinh bay va cudi cling la ting xt dong luc hoc
cla ca hé vdi téi trong diéu hoa duoc thao luan.

3.1 Mé hinh két cu

BE chuta nay dugc ldy tir s6 liéu that ctia mot du én cap nudc
thanh phé Tha Dau Mét, Binh Duang. BE bang bé tdng ¢t thép chia
ralam 4 ngan riéng biét nhutrén hinh 1, dién tich téng cong khoang
7000 m? véi kich thudc hai canh la 90 m x 75 m. Chiéu cao muc nudc
t6i da c6 thé co trong bé 1a 5 m. K&t cdu bé nudc gém cé chiéu day
I6p bé tong ban day la 0,5 m, ban thanh la 0,3 m, dat trén I6p dat
nén la dat sét pha va nam sau trong long dat la 5 m. Dat xung quanh
va dugi day bé nudc dugc xem nhu déng nhat sau va rong vé han
vGi cac dac trung cla dat sét pha c6 khéi lugng riéng la 1733 kg/m?,
mo6 dun dan héi 1a 5,6.106¢ Pa. B& c6 thé chira 30.000 m?3 nudc va chiu
tac dung cla tai trong déng vai tan sé thay déi.

Phan mém ANSYS dugc dung d€ mo ta két cdu nay. M6 hinh thé
hién nhu trén hinh 4 va mé hinh phan ti hitu han nhu hinh 5. Trong
bai toan nay, bé nudc ngam co6 nhiéu muc nudc khac nhau chiu tai



diéu hoa, cac phan tng cla két cau véi tai trong dong, mét so6 két
qua du kién cia nghién ctu la: muc nudc anh hudng dén phan tng
tan so riéng va tiing xr dong cua két cau.

L1 1] 3000 50,00 i)
1500 450

Hinh 4. M6 hinh bé chia dugc thiét Iap thong qua ANSYS WORKBENCH

S6 lugng phan tir clia két cau clng la dai lugng quan tam. S6
lugng phan t&r quéa nhiéu thi kha nang tinh toan clia may tinh ca
nhan c6 han. Vi bé nudc c6 kich thudc kha 16n, thé tich nuéc ciing
nhiéu, dat dusi day va bén thanh cing kha nhiéu nén bai bao nay
chon ludi phan ti dugc chia vita @0 min nhu trén Hinh 5. Bang 1
trinh bay s6 lugng phan tir cia méi thanh phan két cau. S6 lugng
phan t& nhiéu nhat khi bé chira day nudc 6 thé 1én dén vai chuc
triéu phan td. Cau hinh may tinh dugc st dung nhu bén dudi, may
tinh chay mat hang chuc gid mdi giai hoan chinh dugc 01 bai toan
trong nghién cdu nay.

Operating System: Windows 10 Pro 64-bit (Build 19041).

System Manufacturer: Gigabyte Technology Co., Ltd.

System Model: Z590 GAMING X BIOS: F2 (type: UEFI).

Processor: Intel Core i9-10900K @ 3.70GHz (20 CPUs).

Memory: 32768MB Available Memory: 32636 MB RAM.

Bang 1: Bang chia phan t&r mé hinh

Bé khéng chiia nuéc Bé chura day nudc
S6phantl | SE&natphantd | S6 phantd | S6 nut phan t
17.744 66.936 18.478.122 28.424.593

x
000 o 2003 ¢y k 2
L E— ES—

Hinh 5. M6 hinh chia lugi phén tir cda bé chia nudc ngam

3.2 Dao dong tudo

Dé phan tich bai todn véi muc nudc thay déi, nghién ctu lua
chon véi cac trudng hop cap tang dan 0,5 m mét nudc, tir 0 dén 5 m
nudéc (1a muc nudc 16n nhat cda bé).

i a -

Hinh 6. Séu dang (mode) dao ddng cla bé chia nudc ngam

Két qua cac dang dao dong dugc thé hién nhu trén hinh 6. Sau
tan s6 dao déng dau tién cta bé nudc ngam ciing dugc cho trong
hinh 7 vai s6 liéu chi tiét nhu trong bang 2. Nhan xét vé két qua anh
hudng clia muc nudc dén gia tri ctia tan s6 nhu trong hinh 8. Tir day
¢6 thé nhan thay rang cac tan sé dao déng clia 06 dang dao déng
dau tién kha gan nhau vé gia tri xoay quanh tur 1.5 Hz dén 1.7 Hz.
Diéu nay cé tadc dong dang ké dén ting xr dong khi hé chiu tai trong
déng diéu hoa. Mot nhan xét nira dugc rut ra la tan s6 clia hé giam
déu khi muyc nudc tang lén, véi két cau nay thi qui luat gidm c6 vé
nhu tuyén tinh d&i v6i muc nudc nhu trén hinh 8.

M&i quan hé gira tn s6 riéng va myc nudce trong bé

o

@Mode 1
1.90 @Mode 2
2 @Mode 4
fi 1.50 @Mode 5
S 130 = Mode 6
S
o)
£ 110
<
§ 090
=
0.7
0.50

0 05 1,0 1,5 20 2,5 3,0 3,5 40 45 5,0

Chiéu cao myc nudc trong bé (m)

Hinh 7. Tan s6 dao dong cla bé chifa khi muc nudc thay doi
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Hinh 8. Tudng quan giita muc nudc va tan sé riéng cta bé

Bang 2: Tan s6 dao déng riéng véi muc nudce khac nhau

L]

3.3 Phan tich bé chiu tai diéu hoa

Khao sat dap ung clia hé két cdu bé chita nudc chiu tac dung clia
tai trong diéu hoa P(t) = Po sin wt nhu trén hinh 9. Luc Po= 106 (N);
w = 2nf(rad.s"Y) véi f = 0 + 2 (Hz). Tai trong tdc dung l1én bé &
mién tan s6 0 Hz dén 2 Hz, ty s6 cdn & = 0.05 trong trudng hap bé
chita 6 muc nudc thay déi.

Vi tan sé clia ngoai luc dugc chon trong ving tir 0 Hz dén 2.0
Hz, xoay quanh viing tan sé riéng clia hé ké ca cac myc nudc khéc
nhau, két qué Ung x{ clia hé dugc thé hién trén cac hinh 10, 11 va
12.C6 thé thay rang két qué nay kha nhay clia chuyén vi bé nudc khi
muc nuéc thay déi va lai c6 khuynh huéng tang 1én khi muc nudc
tang lén. Bay la noéi dung quan trong va giai thich ré hon su khac
biét gira m6 hinh c6 xét tuong tac chat ldng - két cau va khéng xét.

H(m) fi(Hz) fa(Hz) f3(Hz) fa(Hz) fs(Hz) fs(Hz)
0 1.539 1.637 1.719 1.736 1.745 1.747
0.5 1.350 1.446 1.572 1.601 1.606 1.745
1.0 1.221 1.311 1.449 1.464 1.486 1.667
1.5 1.126 1.210 1.335 1.378 1.392 1.534
20 1.051 1.130 1.245 1.302 1.313 1.429
25 0.989 1.064 1171 1.234 1.244 1.343
3.0 0.936 1.008 1.108 1.175 1.185 1.271
35 0.891 0.959 1.054 1.122 1.132 1.209
4.0 0.851 0917 1.008 1.075 1.085 1.156
4.5 0.817 0.880 0.966 1.033 1.044 1.108
5.0 0.786 0.846 0.930 0.995 1.007 1.066
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Hinh 9. Tai trong tac dung |én b€ & mién tan s6 OHz dén 2Hz
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Hinh 10. Chuyén vi [6n nhét cGa bé chiu tai trong diéu hoa
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Hinh 11. Chuyén vi [6n nht & cdc muc nudc khac nhau
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Hinh 12. Ung xt clia hé véi cac muc nudc khac nhau trén di tan s khac nhau

4, KET LUAN

Két qua phan tich cho thdy khi muc nudc thay di &nh hudng
I6n t6i tan s6 dao dong clia két cau bé chia. Khi chiéu cao clia nudc
chia trong bé cang 16n thi tan s6 dao dong riéng ctia bé cang nho.

Diéu nay dong nghia vdi bé cang chia nhiéu nudc thi cang “mém”.
Chénh léch tan s6 dao déng riéng luc bé khéng chidia nudc va bé
chiia ddy nudc 1én dén gan gép doi. Tu d6 théng qua viéc thay d6i
lugng nudc trong bé chita cé thé truc ti€p thay déi tan sé dao déng
clia hé két cau bé chira nudc ngam.

Khéo sat bé dap Uing cda tai diéu hoa: Gia tri chuyén vi dinh cdng
huéng cla bé chia tang Ién khi muc nudc trong bé chia tang lén.
Nudc trong bé chiia c6 kha nang lam ting dao dong cla két cau bé
chta nudc 16n nhat 1én dén hon 150%. Tan sé dao ddng clia ngoai
luc dnh hudng nhiéu t6i chuyén vi dinh cla bé chida khi muc nudc
thay d6i ndm trong khoang tur 1,2 Hz dén 1,9 Hz. Tai tan s6 dao dong
clia tai diéu hoa |a 1,4 Hz thi chuyén vi dinh 1a I6n nhat. Cac mién tan
s6 khac clia ngoai luc khéng anh hudng nhiéu dén chuyén vi dinh
cla bé chia. Su bd qua tuong tac dong déi khi lam cho két cau nguy
hiém hon.

Khi muc nudc trong bé cang ting thi bién dang vé chuyén vi
cang lén. C6 thé thay d8i tan s6 dao dong riéng cla bé khi thay déi
muc nudc trong bé.

Muc nudc trong bé va chuyén vi I6n nhit cla thanh bé c6 su
tuong quan tuyén tinh. Phuong trinh tuong quan: Y=
0.8863X +0.111; R>=0.9105, diéu nay cho thay su tuong quan tuyén
tinh gan nhu tuyén tinh trong bai toan nay.

TAI LIEU THAM KHAO

(6ng ty C6 Phan Nudc Thi Dau Mat, “Bao céo khao sat, tap ban vé va thuyét minh thiét
k& bé chita nudc 30.000m3 Nha mdy nudc Di An”, Phé duyét ndm 2014.

BUi Pham Diic Tudng, “Phan tich kha nidng khang chén cta cong trinh sir dung cac bé
chifa trong do c6 xét dén sy tuong tac gitia chdt 16ng va thanh bé”, LVThS, Dai hoc Bach Khoa
TPHCM, 2010.

Luong Van Chinh, “Phén tich thuc nghiém dnh hudng ctia song chét 1ong trong bé chita
dén hiéu qua gidm chdn cho nha nhiéu tang”, LVThS, Dai hoc Bach Khoa TPHCM, 2016.

L Q‘lnh‘Nhat‘ Khanh, “Phan tich tuong tac clia che’it 16ng va thanh bé dang tru tron dung tich
lon co chiéu day thanh bé thay doi chiu tai trong ddng dat”, LVThS, Dai hoc Bach Khoa TPHCM, 2016.

Asgari, Khodakarami, Vahdani, “The Effect of Topographic Irregularities on Seismic Response
of the Concrete Rectangular Liquid Storage Tanks Incorporating Soil-Structure—Liquid
Interaction”, Iranian J. of Science and Technology, Transactions of Civil Engineering, 2020.

Hamada M., “Dynamic Behaviors of Underground Structures during Earthquakes and
Earthquake-Resistant Design”, Engineering for Earthquake Disaster Mitigation. Springer
Series in Geomechanics and Geoengineering, Springer, Tokyo, 2014.

Jing Y. L., el al, “Analysis of large concrete storage tank under seismic response”, Mech
Sci Technol 29, 85-91, Journal of Mechanical Science and Technology (2015).

Joseph A., Joseph G,, “Dynamic Behaviour and Seismic Response of Ground Supported
Cylindrical Water Tanks”, J. Institution of Engineers (India), 2018.

Pandit, Biswal, “Numerical simulation of partially filled liquid containers with special
type bottom geometry under earthquake excitation”, Int. J. Dynam. Control 8, 91-100, 2020.

Sarokolayi K., Navayineya B., Hosainalibegi M., Amiri J.V, “Dynamic analysis of water
tanks with interaction between fluid and structure”, The World Conference on Earthquake
Engineering, China, 2008.

Sarokolayi K., el al, “Dynamic Analysis of Elevated Water Storage Tanks due to Ground
Motions’ Rotational and Translational Components”, Arabian Journal for Science and
Engineering, 2014.

Sivy M., Musil M., “Procedure for Seismic Analysis of Liquid Storage Tanks using FEM
Approach and Analytical Models”, Advances in Mech. Design I1. Mech. and Machine Science,
44. Springer, Cham, 2017.

Yang W., el al “Scaling law study for earthquake induced pier-water interaction
experiments”, Environ Fluid Mech 19, 55-79 (2019).

ISSN 2734-9888 | 07.2021 INMNIBEINE 123



