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 The reductional vibration of water in tower structures to harmonic loading
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TOM TAT

Bai béo nay phén tich khd ning gidm dao déng cta nudc trong
két cdu thép nudc bang bé tong trong khéng gian chiu tac déng
ciia ta1 trong diéu hoa. He két cin thip duge mé phong bing
phidn mém ma nguén m& ANSYS, két cdu thip nudc dugc ras
rac hoa thanh cic phdn td khéi. Phén tit nude fluid80 duge
diing d& mé ta nudc trong bé chita ¢ tuong tac vdi thanh bé.
Bai todn két cfu chiu tii trong diéu hoa dugc giai bing phuong
phép phdn 1 hiu han va ly thuyét dong lyc hoc d€ phan tich
sut gidm chin clia nudc dén phan dng déng clia hé. Muc nudc
vA tdn 58 tii trong diéu hoa 13 thong s6 nghién afu dénh gid
gidm chin cha nuéc trong két cdu théng qua tin sd riéng,
chuyén vi va ndi hic xudt hién trong két cdu.

Tit khéa: Hé gidm chén chit 16ng, thép nudc, phin tit hitu han,
t4i diéu hoa.

ABSTRACT

This paper analyses the reductional wibration of water to
concrete tower structures in three dimention for harmonic
loading. Tower structure is simulation by ANSYS open code
software, the structure and water in tower are discretized by
solid elements considering the interaction. The system to
hamornic loading is solved by finite element method and
dynamic balance to analyse the reductional vibration to
dynamic responses of structures. The parameters are the level
of water and frequency of loadings to natural frequency and
dynamic responses of structures.

Key words: Tuned liquid damper, tower structure, finite
element method, harmonic loadings.
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1. Gidithiu

Thép nudc dugc xdy dung rét phd bién & nhiéu noi trén thé gii va
ca Viét Nam, muc dich chi yéu 1 du trif va cung cdp nudc cho thanh
phé va cic khu cdng nghiép. Trong qué trinh sif dung, két cau thap
nudc chiu su tac dong cha cac tél trong ddng gay ra nhu gid, bio hodc
cac tdi trong déng khac. Két cdu thap nudc dugc xdy diyng vér nhidu
hinh déng kién tric khéc nhau, nhung théng thudng cé cdc b phan
chinh 13 phan try chiu luc va phin dai dé tich trl nudc. Khi chiu tic
dang do taI trong ddng gay ra két ciu thap nudc trd nén nguy hiém hon
do lyc quan tinh xudt hién trén dinh thap kha Ion. Nghién ciu vé sy anh
hudng tuong tac cla nudc va két ciu thap nudc dén phan ng dong
cha hé 13 bai todn c6 ¥ nghia <4 Iy thuyét va thuc tién.

Nhiéu nghién clu trén thé gidi va trong nuéc vé hiéu qud gidm
chén clia cht [ong ddi vén két cdu da dugc thuc hién. Cac thiét bi giam
dao déng bng chat 1dng dau tién da duge sir dung vdi mue dich gid 6n
dinh cho chuyén dang cia tau thuyén dudi téc dng clia téi trong dong
nhu s6ng bién va gié bio, bng hai thing chat 1dng ndi v6i nhau sao
cho tén 56 dao ddng cla chit long gén bang tan s6 dao déng tu nhién
clra tau. Bauer nam 1984 [1], la nguén ddu tién nghién cliu va dng dung
thiét b TLD cho c8ng trinh xdy dung 88 gidm tng Ut dao ddng clia két
cdu dudi tc dang clia tdi trong dong. Kareem (1987) [2] vdi nhing
nghién vé viéc 4p dung céc thiing chita chit 16ng dé gidm dao déng do
gi6 béing viec nghién ctiu khd nang can dao déng clia séng chat Idng.
Banerji va cdc cong su (2000} [3] nghién cdu hé TLD hinh chit nhat trong
vigc gidm ting xur cdia két cdu chiu déng dat véi cac gis tri khac nhau ciia
chu ky ty nhién vé ty s6 can cla két cdu. Kaneko S. va Mizota Y. (2000)
[4] cing €& m& rdng mé hinh TLD nuéc sdu hinh chiy nhat da phét tnén
cho mé hinh TLD nudc sau hinh trdn véi 1 mie nuée ngdp dugc thist
lap trong khoang gitia thiing chét 16ng trén. tkeda (2003) [5] nghén citu
(g xU phi tuyén cia TLD khi gan vao két ciu dan héi chiu kich thich
diéu hoa thee phuong ding Li v Wang (2004) [6] &€ xust st dung
nhiéu TLD &€ gidm phan tng cUa nhiéu mode dao déng clia céc két ciu
cao ting khi chiu kich thich clia dong dat Tait va cdc cdng su (2007,
2008) (7, 8} nghién ctu kha ndng clia TLD hoat ddng theo hai hudng, khi
thue hién thi nghiém trén mé hinh két c4u va thiét 1ap chuyén dong cia
bé mat tf do Love va Tait (2013) [9] nghién cdu Iy thuyét va thuc
nghiém trén méd hinh TLD ¢6 hinh dang bé chda phic tap chiu kich
déng diéu hda va ngdu nhién theo mét phuong va hai phuong.
Malekghasemi va cong su {2013) [10) nghién cttu dua ra mé hinh s6 sir
dung déng thdi hai phuong phép thé tich hiu han (Finite Volume
Method} cho chdt long va phuong phép phin tif hiu han (Finite
Element Method) d6i vdi bé chita v3 két c&u. Raji Ruth Geoge va Asha
Josegh {2016) [11] thifc hién phan tich déng luc hoc chét Idng vdi bé
chifa nuge hinh chir nhat €6 céc muc nudc khac nhau, dat trén khung
khéng gian 3D chiu tai trong d6ng bat ky theo thai gian 3 mot trén
dong dat.

Bai bao nay phan tich su gidm chdn cta nudc dén két cdu thap nudc
chiu td1 diéu hda béng phuong phép phan tif hitu han Nudc va két cu
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déu duge md hinh bing céc phan tir khsi va d8 chinh xac khd cao, Két
qua cho thiy ring lugng nudc cé trong bé tac dung gidm chan dang ké
v6i phd tdn 6 clia ti diéu hoa

2, Cosélythuyét

2.1 Chuyén déng cita chit léng bén trong bé chita

Phuang trinh dao ddng cita s6ng chét 13ng bén trong bé chira thda
man diéu kign Bernoulli's 13

& P _ 1

&0 m

trong d6 P 13 &p Iuc chit [dng, p la trong lugng riéng, g 13 gia téc
trong truéing.

Briéu kién bién miat thodng chit I6ng duoc xac dinh theo ¢ong thic
sau day

W+ 98{x,y.2) @

trong d6: OD(x,y,2,t) la chuyén vi bé clia mét thoang bén trén
chidu cao z= /2 so véi mat trung binh. Khi cong thic (2) 1 khdng tuyén
tinh thiz =248

Trong trudng hap thanh bé tuyét d6i cing didu kién bién tar thanh
bé xem nhu bing 0. Trong truding hop thanh bé mém cong thiic xéc
dinh diéu kign bién thanh bé duoc xdc dinh nhu sau

Dao déng ngang theo phuong truc x

n.Vd = X, Nexp(iNt) @

Trong dé: n 14 vector phap tuyén tai mat thoang

Goc xoay theo phuang trucy

VP = (ze, — xe,) xpflexp(1Q) [C)

Trong dé. e [ vector don vi clia chuyén vi theo hudng x va e la
vector don vi theo hudng 2.

Chuyén vi xoay quoanh truc z

n Vo = (xe, — ye,) yoexp(iQ20) (5)

Trong d6: e, #a vector don vj cla chuyén vi theo hudng y va e. 1a
vector don vi theo hudng x.

Heé 56 can cla chit ldng

D61 v6i mt thoang chét 1dng trong bé ding yén, bién d6 cla séng
cht 1dng ducrc xéc dinh bang cong thiic

_ dint cia song dao dong
A= I e simg dao fang ke usp) ©
Hé 56 can'y dugc xic dinh la
y=4/2n (]
Trong trudng hop bé chifa hinh tru céng thiic duoc sit dung
1-hRD

=083,Re,| tanh(1.84h/D)[ 1+2— Lo ®)
y=083Re; ]:tan {1840/ )[Hzmsh(“s - /DJH
Trong dé Re, = Y _fa 56 cén Reynolds, v 1a hé s8 nhot clia chit

Voo*
léng, D la dudng kinh bé chda.

2.2 Phuong phap phén tir hitu han d3i véi hé két ciu

Hé két cdu thép nudc dudc rdi rac hda thanh n phan tir 6 phuang
trinh dao dong duoc viét nhu sau

Mo [clus [KJu =[] ®

Trong d6 [M]:[C]:{k]va[f,] l4n luot 1 ma trén khdi iuong, ma tran
c&n, ma trén do clng va ma tran ngoai luc téc dung vao hé, Cac ma tran
nay duge trinh bay nhu sau

Ma tran khéi lugng
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M, . bl
M, .
. M,
[M]= : 10
M, -
R ™, ]
Ma tréin d6 cing
Ky Kz Ky
K, Kz -
K, ¢ .
k=™ ” ) o
. LK -
(K K.
Ma tran can
G G G
Co Cn -
[¢ G, .
[g=| = "
. G, -
Cn €

He két hgp chit Iong va bé chita, 8p sudt cia chit léng dao dong
téc dung tuong duang mat fuc lén két ciu tal bé mat tiép xtc cha thip[n
bé. Ma trén tuong tc két hop gitia két cu va chat 1ng goi 2 ma thin
[Q] lién hé giita ap lyc va lyc tac dung 1 Al

oPl=(1 03

Trong dé [P} 1a ma tran 4p luc chét Iang v [f] 15 ma tran I thc
dung tudng duong lén két cSu, ma tran [Q,] dugc xac dinh nhu sau

NN o o NN
BNNN BN BNNN BN
NN TN NN TN

Q=] f,

(14

g,

Trong 86 N! 13 ham dang clia chét Idng va N {2 ham dang clia két
cdu. o , By va 7, & cosin chi hudng ciia ndt phén tif véi mit tuong tic
tai bién tuong tac Va
{éﬂ 61} N W TN LT

EeEl TP N
SEEL R Lo fpean

Dang phan ti hitu han clia mién chit 16ng duoc xéc dinh theo cong
thiic sau

[G][ii]+[H][P] =[F] )
Trong d6: G, =G5, va H =3 M, la h& s6 hing s6 cia mdi phin
0 va F=) F° . Ma he s6 nay c6 thé tinh tir cong thele sau, tai md: buc
phén tich d6i vi phén ti riéng 18, v6i P la vector ing sudt.
1
G}, ar j NYNdE (16
-

3



Lol i

-

az

nof(R o st A

R

-,_[N,%dl‘ (18)

Trong dé [F] (3 ma trdn Iyc tac déng trén mién chit 1dng. Lyc nay
lién quan dén diéu kién bién tai bé mit phén t, [F] <6 thé dugc tinh tr
¢éng thiic sau

)

Trong d6 [Q] t ma tran két hop lién hé gitia Ung sust clia chét ldng va

(19)

Iuic ndt tang duong va nguéc huéng. {U} a vector gia t8c cda nut tai

phén tirbién trong mién két cdu, va 0, | vector gia t8c téc dung vao hé. Do
@6, cong thilc dao déng d6i vén phan tir bé mit ¢6 thé duoc viét nhu sau

[6l[P]+ [P ]+ (MlIPk=-rlaf ({0} +{U,})

Trong d6, [F,]=-p[Q] {U,} . 1a cong thitc dao ding clia midn chit
16ng 6 thé duoc suy ra

. . .

[G[Fl+CT[PT+HIM=[5] el {0} @n

Phuong trinh dao ddng cba chat ldng trén mién thdn gian va
phuong trinh dao ddng ciia két cAu trén mién thai gian, duoe xem nhu
1a ma trén két hop d8i véi he két hop dugc xde dinh, chuyén vj va tng
sudt ¢6 thé dugc suy ra theo mdi budc thai gian. Ma trén két hop theo
mién théi gian la

o e <o ST

Trong céc phuong phap budc thoi gian phuong phép Newmark's
dugc sif dung. Theo d6 tham s6 trong cong thie (22) va dao ham c6 thé
dugc gidi theo cdng thirc co ban sau

i)
it

Trongdd y=1/2 va 1/65Bs1/4 .

(20)

22)

Hinh 3: M3 Hinh phén t Sotidds trong ANSYS,

2.3 Phén tif be tdng va phén tif nuéc trong ANSYS

D€ phan tich mé hinh théap nudc, phan tir duoc sit dung dé mé
phéng phin tir bé tong ia phén tir khé1 Solid45 va phan tif nude 13 phan
i Fluid80. Phdn tlr khéi Solid45 14 phan tir sif dung dang két ciu khéi
trong khdng gian. Phén ti nay dugc dinh nghia bdi 8 nit, méi nit cé ba
béc ty do theo truc toa 84 x, y va z. Phan t& khai Solid45 6 tinh dan hé,
6 tinh kéo va nén, cé khd nang chiu udn, ¢6 tng sust va bién dang ién.

Phén tir chét Idng Fluid80 14 phdn i sif dung dang két cdu khéi
trong khéng gran. Phdn tdf nay dugc dinh nghia bd: 8 nuit, méi nit c6 ba
bac ty do theo truc toa d6 x, y va z. Phan tif Fluid80 s& dung modul dan
héi Bulk va hé s nhét chat lang.

3.Kétquasé

3.1 Dao ddng tudo

B8 phan tich chu ky dao dgng clia thap nudc trong cac truding hop
thép c6 muc nudc thay ddi. Thong s6 mé hinh két ciu dua ra trong
Bang 1 va Bang 2. Phén tich mode dao ddng cla thap trong céc truding
hap muc nudc thay d8), thap khéng chiia nuéc, thap chia 1/3 nuéc,
thép chifa 2/3 nudc, va thap ddy nuéc.

@
Hinh 2: M3 inh phén tif Fliid80 trong ANSYS.
Béng 1: Bang thdng sé hinh hoc ctiamé hinh phén tich

Tru thap
BE day B& day Chigu cao
0.5m | 3m 30m
Pl nudc
Bé day Busng kinh Chiéu cao
0.3m 1 14m 9m
Bang 2: Bang théng s8 vét liéu mé hinh phén tich
Nuée
Hé 56 nhét Khéi lugng riény Modui Bulk
0.005(m2/s) 1000(kg/m3) 2.2e9(N/m2)
Bé tong
T s6 Poison Khéi lugng rién Madul dan hoi
027 2400(kg/m2) 2e10(N/m2)

Béng 3: Chu ky dao ddng T(s) cia thap khi khdng cé nude

Mode 1 2 3 4 5 6
[ChukyTis) | 194 | 194 | 062 | 062 | 061 | 038 |
bl L4 [
—--
‘Hinh 4: Md hinh va chia I
phan tir trong ANSYS
P t - -
Hinh 4 Mode 1,2,3,4,5.6 cia thip khang chita nutdc
-, CouR s il 2t g e o ron b in s
i Thuping
o e
HA ezamie
1 ontymos
1 .
o3 g
o0 - e et n,
AR 0
Tz
Hinh § Chuky dao dbng clia thap véi mucnuéc  Hinh 6: Dap dng cia hié trén midn 18n 55 0Hz

thay 41 dén 2Hz,
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3.2 Phiin tich d4p ing cia hé trén mién tin s6

Hé két cdu thap nuéc chiu tc dung clia td) trong diéu hda P{t)=Po
sin {@)t. Trong d6: Po= 3e4 (Njw =2nf(rad.s™?) véi f=0+
2 (Hz).Kh&o sat dap ng cdia hé két ciu thap nubc trén mién tin s6 vdl
tys8can § = 0 05 trong truding hop thap c6 muc nudc thay ddi.

} i e e b povme . [P ——

gy

Baing 5: Bing A6 gidm chuyén vi dinh cira thip
Truiing hop Bién db (cm) | DO giam chuyén vi (%1
Thap khéng chifa nusc n 0%
Thip chita 173 nuéc 9 182%
Thép chita 2/3 nudc 8 27.3%
Thap ddy nude 7 364%
3.3 Két qua phan tich diap ung cira hé ddi v6I tai diéu hoa e, = 0.7(Hz)

Hé két cdu thdp nudc chiu tac dung cua tai trong diéu hoa P(t)=
sin (w}t. Trong dé: Pe= 3e4 (N), w=2nf(rad.s™') véi f,=
0.5 (Hz), f> = 0.7 (Hz). Phan tich dap Ung cla hé vén ta didu hoa ty s6
can § = 0.05 trong trudng hop muc nudc thay déi, thap khéng chda
nudc, thap chia 1/3 nude, thép chifa 2/3 nudc, va thap ddy nudc Cac
két qua cho trong cac hinh vé bén dudi.
et g Bos e

[ROPPEE———

Hint 13: B3p ting gia t6c ciia (Mp Khi muc

5 ing s
i thay €, ddivdi i hoa i ssngogi T - B3P Ung I cit cfa thép K

nutie thay dd, 66 vé t4i diéu hoa tén st ngosi
e f, = 0.7(Hz)

Tir céc két qué clia phin ng ddng ciia thép, <6 thé thay ring hity
qua gidm chin clia nudc 1 dang ké, nhidu trudng hop phan ting déng
giam hin. NRU vay sy tuong tc gitia nudc va thanh bé mang lai higy
qua giam chén nhat dinh.

4. Kétluan ®

Cée két qua dudc so lugc nhu sau:

- Khi muc nude trong thap tang én chu ky dao déng clia hé ting theo,

- Két qua cho th:-‘:y gi4 tri chuyén vi dinh 16n nhét cda thap trong
trudng hop 6 nudc glam 36.4% so v&n khi khang cd nudc. e

- Khi chiu téc dong clia tai trong diéu hoa, phén (ng clia nudc tmng
thap lam gidm déng k& chuyén vi, van téc, gia tdc, va lufc cit chan thap.
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