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Tém tit nhitng dong gép mai vé 1y luin va hoc thuit cia ludn 4n:

Luan An phén tich cac thong s6 déc trung quan trong nhat ciia thiét bi giam chan dang
chat 16ng — Tuned Liquid Damper (TLD) nham muc dich khao sat mot cach tong quét va
céc cong thirc lién hé giira cac thong sb dic trung voi nhau. Phuong phap giai tich duoc sir
dung dé tinh toan cac dic trung riéng sau d6 so sanh véi phuong phap phan tir hitu han dé
danh gia mic d6 chinh xé4c trong viée phan tich cac thong sb thiét bi bang nhiéu phuong
phap khéc nhau. Bén canh do, thi nghiém bé chua chiu tai trong dong trén ban lac dugc

tién hanh lai va doi chi€u kiém tra voi két qua tinh bén trén.

Haé thiét bi giam chan chat 1ong da tin (Multi Tuned Liquid Damper — MTLD) dugc
xem xé&t tuong tu nhu hé thiét bi giam chin khdi lugng da tan MTMD do nguyén ly hoat
dong cua hai thiét bi 1a twong tu nhau. Phuong phap phﬁn tor hiru han véi viée 1ap trinh
bang phan mém Matlab duoc ap dung dé danh gia hiéu qua khang chan cta hé két cau
nhiéu bac tu do MDOF ¢6 sir dung thiét bi MTMD. Viéc quy doi nay nham muc dich don
gian hoa viéc tinh toan, phan tich d& dang kha ning giam chin cia MTLD ciing nhu sy
phu hop cua thiét bi d6i v6i cong trinh can diéu khién dao dong tir ddy s& nhanh chong co
duoc su lya chon ban dau vé cac thong sb thiét bi MTLD. Phuong phap quy ddi cua Fujino
1995 va Novo 2013 cho MTLD tuong duong MTMD dugc ap dung tinh todn va moé phong
trén phan mém SAP2000. Sau d6 thiét bj dugc tdi wu hoa bang cach diéu chinh cac thong
s6 dic trung riéng anh huong dén kha ning giam chan cho két cAu nhu tan sé dao dong co
ban cua cac bé don STLD, ty s6 khéi lwong gitta MTLD va két ciu can diéu khién, ty 1¢

0



tan sb cua thiét bi va két cau, sé luong bé chira t6i wu, dai bang tan hoat dong hiéu qua caa
MTLD. Két qua tinh toan ctiia SAP2000 duoc ddi chiéu véi sb liéu do dac tir thi nghiém
trén ban lic cho thdy mé phong — thi nghiém 14 twong duong nhau, chimg t6 phwong phap

quy ddi 1a chuan x4c va co thé ing dung trong thyc té thiét ké.

Céc tiéu chuin phé bién hién hanh (ACI, ECS, IS) dugc dung dé tinh cac thong sb
dic trung ciia bé chira thanh mém ciing nhu phén tich ap luc song 1én thanh bé mém khi
bé chiu dong dét, dc biét nhan manh tim quan trong cua sy tuong tac chét long — thanh
bé (Fluid Structure Interaction — FSI). Bén canh d6, phuong phéap giai tich ciing nhu phan
tir hitu han duoc thiét 1ap dé chi ra sy khac nhau gitra thanh bé mém va thanh bé tuyét dbi
cung, su khac nhau nay duogc biéu dién bdi ma tran truong cdp doi ¢ bién tuong tac hai
mién ran — 10ng. Ngoai ra phuong phap phan tir hiru han con phén tich cac dic trung khac
ctia bé chira khi c6 xét FSI. Vi du s dugc ap dung va giai quyét boi phan mém Ansys 18.2.
Két qua duoc d6i chiéu véi cac nghién ciru di trudc, tir d6 chi ra mot s6 thiéu sot trong cac
Tiéu Chuan trén thé giéi ciing nhu tai Viét Nam. Piéu nay gitp khuyén céo k¥ su trong
viéc thiét ké bé chira chat 1ong néi chung va bé nudc ¢ vai trd nhur thiét bi giam chan bang

chat 1dng noi riéng.

DPong gop méi trong Luan 4n nay 1a sy phén tich hidu qua giam chan cta két cdu 3D
khi str dung hé bé chira da tin MTLD c6 xét twong tac da truong két cdu — thanh bé mém
— chét long ma trudc ddy cac nghién ctru thudng bo qua do su phire tap trong viée giai
quyét bai toan phan tich diéu kién bién. Hodc néu cd xét chi 1a bai toan mot chiéu, thanh
bé mém bi bién dang. Hé két cau va chat long duoc giai trong hai mién riéng biét 1a (1)
mién rin (két cau khung va thanh bé&) va (2) mién chat long c6 ké dén sy twong tac 2 chiéu
ctia chét 1ong — thanh bé. Sau d6 (1) va (2) két hop dé tinh toan cac 4n s6 nhu chuyén vi
song va ap luc nat trong mo hinh twong tac da truong két cdu — bé chira — chit long. Ngoai
ra hé két cAu con duoc ché tao va thi nghiém chiu tai trong dong trén ban lac dé dbi chiéu

v6i két qua md phong.

Ban lic duoc tac gia tu ché tao tai Phong Thi Nghiém Dong Dat — Khoa X4y Dung
cua Truong Pai Hoc Su Pham K¥ Thuat Tp.HCM phuc vu cho viéc mo phong chuyén vi



nén, kiém tra sy lam viéc cua song chat 10ng bén trong bé, dao dong cua khung khi dao
dong tu do hodc dudi tdc dung cua tai dao dong diéu hoa lan dong dat.
Tp. Ho Chi Minh, ngay 16 thang 08 nam 2019
Nghién ctru sinh
(Ky va ghi vé ho tén)
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Summary of theoretical and academic contribution of the dissertation:
The thesis analyzed the most important characteristics of the water tank which has

played the role as a Tuned Liquid Damper — TLD to investigate generality liquid sloshing
and the relative of the properties in the tank. An analytical method is used to compare with
the result of the Finite Element Method. After that, it is verified by experimental results
with a tank on the shaking table. Some important properties of the TLD are discussed on

the basis of these results.

The TLD is the same as the TMD with respect to its basic mechanism. Because of
this reason, Multi Tuned Liquid Damper MTLD can be analyzed by using Multi Tuned
Mass Damper MTMD analogy. This equivalent model MTMD is carried on to verify the
effects of MTLD and the ability of the device for structure needed control vibration. Then,
the device is optimized through several parameters such as natural frequency, numbers of
the water tank as MTLD, the ratio of mass (liquid on structure), the frequency range of
MTLD. The finite element method for the structure has multi degree of freedom MDOF
using MTMD is coded in Matlab to evaluate the vibration reducing. Besides that, the
exchanging technique model between TLD and TMD of Novo 2013 is simulated in
SAP2000, the result showed good agreements with an experiment on the shaking table.

Fluid — Structure Interaction (FSI) is considered in calculated the natural frequency
of TLD, the pressure of liquid sloshing on the flexible wall when a tank is designed to
suppress the earthquake by the popular design code such as American Concrete Institute —
ACI350.3, Eurocode 8 or Indian Standard — IS 1893:2002. Besides that, Ansys 18.2 is used

to verify the results when compared with past research. It showed some missing in the
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design code. This helps structure engineer could design the flexible liquid tank in general

also TLD in particular.

The distribution of the thesis is analyzing full 3D MTLD-structure system
considering fluid — structure interaction subjected to sinusoidal excitation and seismic
events have been investigated. In the past, the FSI condition is often ignored because of
the difficulties at the boundary’s interface. Recently, there are just a few research in TLD
considered FSI, but it is only one-way FSI while in two-way FSI not only the frequency of
liquid sloshing but also the liquid pressure are different so much. The top displacement of
the structure with and without MTLD from Ansys software showed a good agreement with

experiment.

The shaking table is designed and created totally at the Faculty of Civil Engineering
of HCM University of Technology and Education for researching purpose. It can create the
base displacement as harmonic loading or seismic to investigate the top displacement of

the structure when used the water tanks as multi the tuned liquid damper.
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