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TOM TAT

Bé nudc mai dong vai tro nhu thiét bi giam chan chat long-Tuned Liquid
Damper (TLD) duoc nghién ciru va tng dung thuc tién kha nhiéu trong cé4c thap nién
gan day, vi thiét bi c6 nhiing vu diém nhu dé ché tao, dé lp dat, gia thanh ré, khong
can bao tri nhiéu, tén it khong gian va (g dung duoc cho hau hét cac loai cong trinh
vé6i quy md khac nhau ké ca ddi véi cac cong trinh da duoc dua vao sir dung nhung
chua trang bi TLD. Pay 1a thiét bj dang bi dong hoat dong dua trén nguyén tic diéu
chinh chat 16ng trong bé chira dé chiu dao dong cua két cau. Thiét bi cd nhiéu dac
diém pha hop véi kha nang tng dung tai Viét Nam.

Trudce day cac TLD thuong duoc gia thiét 1a tuyét dbi cing do thé tich nudc
du nho, ngay nay cac TLD ngay cang 16n nén gia thiét nay can phai xem xét lai nham
tranh xay ra hu hong hoac thiét bi khdng hoat dong nhu thiét ké. Bé phan tich anh
huong cia van dé thanh bé mém ciing nhu sy tuwong tac giita song chat long-két cau
(Fluid Structure Interaction-FSI), phuong phap sé duoc thiét 1ap cho ca hai mién ran-
long. Luan An chi ra mdi quan hé giita ¢ day thanh bé véi tan s riéng bé chia, sau
d6 thuc hién phan tich cac dic trung riéng va dap (ng dao dong caa song chat long.
Ngoai ra, mot phuong phap s6 méi duwoc d& xuat gan day Finite Volume
Method/Finite Element Method-FVM/FEM duoc sir dung dé giai phuong trinh diéu
kién bién tai mit twong tac. Két qua phan tich duoc ddi chiéu voi cac Tiéu Chuan
Xay Dung pho bién trén thé gisi va cac nghién ciru di thuc hién boi cac tac gia khéc.

Thiét bi giam chan chat long da tan s6 (Multi-TLD) duoc ching t6 1a ¢6 hiéu
qua hon thiét bi don tan sé 1-TLD. Luan &n dé xuat quy trinh thiét k¢ MTLD gom hai
budéc: (1) thiét ké MTLD bang phuong phap khéi luong thu gon, (2) kiém tra sy 1am
viéc cua hé két ciu-MTLD bang FVM/FEM. FVM/FEM c¢6 uu diém gitp phan tich
dap tmg dao dong cua hé két cau chuan xac hon vi c6 xét FSI nhung nhuogc diém la
tén nhiéu tai nguyén tinh toan, nén can phuong phap khdi lwong thu gon thiét ké co
so truge. Viéc phan tich TLD véi thanh bé mém cd xét FSI 1a mot trong nhing diém
méi caa luan &n. Khi thanh bé da mém s& lam thay di tan sé tu nhién caa bé chira

cling nhu 4p suat dong cua song chat long tac dung I&n thanh bé. Trong khi d6, thiét



bi nay hoat dong dua vao tan s6 nén néu tan sé thay do6i s& dan dén thiét bi mat hiéu
qua, ngoai ra trong thuc té ap luc dong cua séng cé thé gay pha hoai thanh bé do qué
trinh thiét ké thuong gia thiét bé chaa tuyét ddi cang va bo qua FSI.

Bén canh d6, thi nghiém kiém tra kha nang giam chan cia TLD/MTLD duoc
tién hanh trén ban lac tu ché tao phuc vu cho luan an tai Khoa Xay Dung, Trudng
Pai Hoc Su Pham K§ Thuat Tp.HCM. Két qua thi nghiém duoc so sanh véi phuong
phap s cho thay hiéu qua giam chan caa MTLD va tinh hop ly cta quy trinh thiét ké

thiét bi duoc dé xuat bén trén.



ABSTRACT

A tuned liquid damper (TLD) constitutes a tank filled with liquid that relies on
the sloshing of that liquid to dissipate vibration energy. This device boasts many
advantages, including its low cost, ease of installation and infrequent need for
maintenance. TLDs can be applied to almost any structure, for example, high-rise
buildings, towers, wind tourbine and chimneys, including an existing structure.

In previous research on TLDs, the effect of the liquid pressure acting on the
tank walls was ignored by assuming rigid tank walls, thereby neglecting the fluid-
structure interaction (FSI) phenomenon. However, this could lead to errors in
designing TLDs and the failure of the water tanks serving as TLDs. In this study, the
effect of FSI on the specific characteristics of the tank, as well as the effect on the
dynamic response of fluid containers, are taken into account incorporating wall
flexibility. For this purpose, a numerical method was developed to model the structure
as well as the liquid and investigated the thickness of the tank wall to describe the
relations of rigid and flexible tank. Besides that, the Finite Volume/Finite Element
(FVM/FEM) method is proposed, by using finite volume and finite element
approaches to represent fluid and solid domains, respectively. In this model, the fluid
and solid domains are discretized independently and the interaction between the two
domains are provided by the staggered iterations at the interface. The results from
FVM/FEM are compared to the Design Code and previous study of another
researcher.

The multiple TLD (MTLD), which consists of a number of TLD with natural
frequencies distributed over certain range around the natural frequency of the
structure is also investigated by simulation of the MTLD-structure interaction. MTLD
IS insensitive to the tuning condition. This dissertation focuses on proposing the
solution and process of designing MTLD in practice with two steps: first, this damper
is designed by lumped-mass method then second, it is checked by FVM/FEM. By
this method, the response of liquid sloshing, as well as the structure, are more accurate

because the FSI is considered. This phenomenon is important and could not be



ignored by making assumption of a rigid tank wall. When a tank wall is thin enough,
FSI phenomenon affects remarkably to the characteristic of the TLD. In this case, the
damper is inactivated during the earthquake. This should be noticed in designing
TLD.

The shaking table is designed and created at the Faculty of Civil Engineering
of HCMC University of Technology and Education for researching purposes. It can
create the base displacement as harmonic loading or ground motion to investigate the
top displacement of the structure with and without MTLD. There is a fairly reasonable
agreement between the FVM/FEM model predictions and experimental results
confirming the functionality of the FVM/FEM method as a reliable tool in capturing

the TLD-structure interaction.
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CHUONG 1
GIOI THIEU TONG QUAN

Trong nhitng thap nién qua, cac chuyén gia diéu khién dao dong két cau da co
nhiéu phat trién trong viéc nghién cau tim hiéu thiét bi khang chan dang bi dong nhu
thiét bi cach chan day, thiét bi khang chan bang khdi lugng-Tuned Mass Damper
(TMD), thiét bi khang chan bang chat long-Tuned Liquid Damper (TLD) v.v... Bé
chta chat long 1am viéc nhu thiét bi khang chan c6 nhiéu wu diém nhu: chi phi thap,
dé ché tao, dé lap dat, d& bao tri, ton it khéng gian, tng dung duoc cho cac cong trinh
d3 x4y dung ma chua c6 thiét bi khang chan. Bac biét 1a ¢ thé két hop sir dung thiét
bi TLD Iam bé nuéc sinh hoat 1an phong chay chira chay nhu tda nha One Rincon
Hill cao 60 tang & San Francisco, Hoa Ky sir dung bé nuéc sinh hoat 189.250 lit nuéc
nhu thiét bi giam chan Hinh 1. 1.

Hinh 1. 1 Toéa nha One Rincon Hill véi bé nwéc mai 1a TLD
1.1  Giéi thigu vé thiét bi giam chan bang chat léng
Piéu khién dao dong nha cao ting duoc quan tdm & cac nudc trén thé gidi
cling nhu & Viét Nam nhiing nam qua vi s6 lugng céng trinh cao tang ngay mot ting.
Néu trude day céc thiét ké chi quan tam viéc ting cuong do bé tong hay thép dé thoa
yéu cau chiu lyc thi xu thé trong nhitng thap nién vira qua, k¥ su str dung vat liéu nhe

hon, manh hon dé cong trinh cao hon. Tuy nhién do nhe va cao hon nén dan dén sy



“nhay cam” cua nha cao tang vai tai trong dong va thiét bi giam chan ra doi. Tur day
mé ra linh vuc nghién ciru mai dap tng muc tiéu diéu khién dao dong két cau.

Cac thiét bi giam chan hién nay c6 rat nhiéu loai nhu thiét bi cach chan day,
thiét bi giam chan cha dong, bi dong, ban cha dong v.v... Thiét bi khang chan bing
chat long la thiét bi dang bi dong vi khong can sir dung thém nang luong hay vat diéu
khién gi dé kich hoat su 1am viéc cua thiét bi [1]. TLD Iam viéc dua trén nguyén ly
dao dong cua song chét long nguoc pha véi hudng dao dong kich thich caa nén, hiéu
qua cua thiét bi phat huy khi séng chat long dat dén dao dong cuc dai do hién tuong

cong huong cua song bén trong TLD va cong trinh bén dudi nhu Hinh 1. 2.

Song chat long Song chat long
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Hinh 1. 2 Nguyén ly hoat dong cua TLD

Khi d6 song chét 16ng bén trong TLD sé& dao dong nhu ¢ Hinh 1. 3. Thong qua co ché
nay, nang lugng do ngoai luc bén ngoai truyén vao trong bé sé& tiéu tan bang céach

hinh thanh &p lyc séng trong bé.

Hudng dao dong két ciu ’

Hinh 1. 3 Dao dong cua song bén trong TLD

Khoéng nhitng vay su tiéu tan nang luong kich thich vao trong két ciu con thong qua

cac co ché khac nhu: tiéu tan ning luong do tinh nhét cua chat long, tiéu tan ning



luong do séng vd, do twong tac chat long-thanh bé Fluid-Structure Interaction (FSI),
do chuyén dong cia song & mat thoang, do d6 nham day bé va do ca dang hinh hoc
ctia bé. Thiét bi TLD c6 thé dugc phan ra 1am hai loai chinh: mét loai dung muc nuéc
ndng va loai con lai dung muc nuée sau. Khi chiéu cao chét long h chia cho bé rong
bé 2a theo phuong kich thich ciia ngoai lyc nhé hon 0.15 (h/2a < 0,15) thi xem nhu
nudc néng va nguoc lai [2]. TLD cd muc nude ndng ti€u tan nang lugng théng qua
lyc can nhét sinh ra trong 10ng chat long va do co ché chuyén dong caa song chat
long & bé mat. Bi véi TLD ¢6 muc nudc sau dé ¢ thé giam dao dong nhu hinh thi

cac vach ngan hoac man ngan nhu ¢ Hinh 1. 4 thuong duoc st dung [3-6].
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Hinh 1. 4 TLD (@) vdi cdc vach ngan (b)

Mot trong nhiing cong trinh dau tién sir dung TLD dé giam chan Ia toa nha
Nagasaki Airport Tower cao 42m ¢ Nhat Ban dugc xay dung nam 1987, st dung 25
TLD nang xap xi 1 tan c6 tan sé dao dong riéng 1.07 Hz_[7]. Ngay nay c6 rat nhiéu
cong trinh trén thé giéi st dung TLD dé diéu khién dao dong khi cong trinh chiu tac
dung cua tai trong gié hoic dong dat, trong d6 c6 thé ké dén hai toa nha Comcast
Centre cao 58 tang, Comcast Technology Centre cao 59 tang ciing ¢ Philadelphia,
Hoa Ky; tda nha Gama (Cemindo) cao 69 tang va 4 ham ¢ Jakarta, Indonesia. Céng
trinh cao nhat thé gioi hién nay cé sir dung thiét bi TLD dé giam chan 1 toa nha The
Vista & thanh phd Chicago, Hoa Ky, dy kién dugc hoan thanh vao niam 2020 nhu
Hinh 1. 5 v6i 6 TLD va tong luong nuéc trong bé 1én dén 1500 tan. Theo cac sé lidu

duoc cdng bd thi TLD gilp giam 24% dao dong do gid gay ra & toa nha The Vista.



Hinh 1. 5 Cong trinh The Vista cao 100 ting véi 6-TLD

Cac TLD c6 kich thudc 16n nhu trén can duoc thiét ké khdng chi nham muc dich
giam chan ma con phai thiét ké nhu bé chtra chat long chiu tai trong dong co xét dén
d6 mém cua thanh bé vi khi thiét bi 1am viéc, ap luc thuy dong cua séng chat long du
I6n s& gay bién dang thanh bé va 1am thanh bé dao dong. Diéu nay dic biét nguy hiém
khi s6ng va thanh bé cong huong véi nhau 1am dao dong ca hai mién ran-long dat gia
tri cuc dai dan dén sy mat 6n dinh va phéa hoai TLD. Ngoai ra, cac dic trung riéng
ctia bé chira chat 16ng dic biét tan sé dao dong tu nhién s& bi thay d6i do su tuong tac
giita s6ng chat long va két cau bé [8], khi d6 TLD khdng con 1am viéc ding nhu thiét
ké ban dau va mat tac dung diéu khién dao dong [9]. Viéc phan tich hién tuong tuong

tac chat long — thanh bé trong TLD 14 mét trong nhitng nét méi cua luan &n nay.



1.2 Nghién ciru da thuc hig¢n véi TLD va bé chira thanh mém

TLD dugc dé xuét st dung tir nhitng nam 1800, ¢ng dung cho viéc khdng ché
dao dong cua tau thuyén trong d6 st dung hai bdn chira nuéc lién théng nhau va tan
s dao dong cuia hai bon nay gan vai tan sé dao dong co ban cua thuyén (Hinh 1. 6)
hoac tau khéng gian (Hinh 1. 7). Con trong tng dung cho két cau dan dung thi TLD
dugc dé xuat tir thap nién 80 cua thé ky trudc, dén ngay nay TLD da trd thanh thiét
bi khéang chan pho bién duoc tng dung & nhiéu noi trén thé gisi [1, 10].

/

Satellite

Mutation Dampar

Hinh 1. 6 TLD dung trén tau bién Hinh 1. 7 TLD dung trén phi thuyén
Thém vao do, cac bé chira chat 1ong ciing nhu song dao dong trong bé ciing da duoc
nghién ctiu rat sém, vao nhimg nam 30 cua thé ky trudc, anh huong caa song bé mit
dugc khao sat twong ddi nhiéu trong cac bé chira nudc hay cac con dap, kénh dan
nuéc dudi tc dung cua luc dong dat. Trong phan nay, luan &n trinh bay céc nghién
ctru V& bé chira chat 16ng chiu tai trong dong ndi chung va bé chtra dong vai trod nhu
thiét bi khang chan chat long néi riéng, cu thé:

= Ung dung TLD trong cé4c cdng trinh cao tang

= Céc nghién ciru da thuc hién ddi véi TLD

= Tuong tac ctia SOng Chat Long — Thanh Bé bén trong bé chtra chat long

= Kha ning diéu khién dao dong cia TLD c6 xét twong tac da truong
1.2.1 Ung dung thuec tién caa TLD trong c&c cong trinh cao tang

Cac cong trinh c6 sir dung TLD nhu thiét bi giam chan da duoc xay dyng rat
sém ¢ Nhat Ban [11], vi du dién hinh 14 tda nha Gold Tower thanh phé Udatsu st
dung TLD c6 tén MCC Aqua Damper (Hinh 1. 8) 1a bé chira nudc dang khéi vai cac



man ngin bang thép duoc b tri doc theo dong chay chat long bén trong bé. Cu thé
Gold Tower ding 16-TLD ning 9.6 tan c6 tan s6 0.42 Hz & tang mai (cao do 136 m)
vé6i tong khéi lugng chat long xap xi 1% khéi lugng caa toan b cdng trinh. Sau khi
ing dung thiét bi khang chan trén vao céng trinh thi phan ung cua két cau trudc tac

dung cua tai trong dong giam khoang 50-60% so vai khi khdng sir dung thiét bi TLD.

Hinh 1. 8 Thiét bi MCC Aqua Damper ¢ tda nha Gold Tower

TLD con duoc tng dung & khach san Shin Yokohama-Nhat Ban véi chin bé chira
chat long duong kinh 2 m va chiéu cao méi TLD 22 cm (Hinh 1. 9), gitp cdng trinh
giam 50-70% phan tng dong khi van toc gié 20 m/s va nhiéu hon nita néu téc do gio
I6n hon. Gia téc cong trinh khdng sir dung TLD 12 0.01 m/s? con khi c6 TLD 14 0.006
m/s2. Thiét bi nay con dugc st dung ¢ thap diéu khién khong luu Tokyo International
Airport Tower cao 77.6 m niang 3.237x10° kg véi 1404 TLD kich thudc 60.0x12.5
(cm?) [12], va thap phat thanh Mount Wellington thanh phé Hobart, Uc [13].
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X

Hinh 1. 9 Thiét bi TLD & Shin Yokohama Tower



Ngoai ra con rat nhiéu cdng trinh khac sir dung thiét bi khang chan chét long dang
cot chét 1ong Tuned Liquid Column Damper (TLCD) nhu khach san Cosima ¢ Tokyo
1a cdng trinh thép 26 tang (106.2m). Cong trinh co chiéu cao so véi chiéu rong 1on vi
vay nhay cam véi gi6 dong va cac ky su thiét ké sir dung thiét bi TLCD 58 tan c6 tén
la MOVICS (Hinh 1. 10) dé khang gi6 cho cong trinh. Két qua do duoc gia toc dinh
giam 50-70% nho thiét bi nay [10].

Hinh 1. 10 Thiét b; TLCD trong cong trinh khach sqgn Cosima, Tokyo
O Bic My, noi thuong xuyén c6 dong dat thi toa nha Comcast Building (Hinh 1. 11)
tai bang Pennsylvania cao 305 m hoan thanh nam 2008 c6 sir dung bé nudc méi Ién
dén 300.000 gallons (1.135.600 lit) dugc dung nhu thiét bi giam chan. Kich thudc rat
I6n cua bé nude nay doi hoi viec nghién ciu tinh toan can than cho két cau thanh bé
khi s6ng chét long dao dong trong qué trinh 1am viéc cua TLD. Tong muc dau tu cho

hé théng giam chan nay vao khoang 2 triéu USD [14].
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Hinh 1. 11 Toa nha Comcast vdi TLD c0 1.1 triéu /it nuoc
Ngay nay TLD d3 pho bién va duoc tng dung ¢ nhiéu noi trén thé gidi ké ca & nhiing
nudc dang phat trién nhu Indonesia vai tod nha Gama & Jakarta chiéu cao 310 m (69

tang) nhu Hinh 1. 12 d4 hoan thanh va dwa vao sir dung nim 2016.

Hinh 1. 12 Toa nha Gama véi mé hinh TLD thi nghi¢ém
1.2.2 Céc nghién ciru da thuc hién déi véi TLD
TLD c6 kha ning tng dung cho hau hét cac loai cong trinh vai cac quy mo
khac nhau bang cach diéu khién tan sb tu nhién cua bé chta chat long bang tan sé cua
cong trinh can diéu khién. Do d6 thiét bi ndy trong nhiing thap nién qua dugc dau tu

nghién ctu rat nhiéu nham dap tng cho nhu cau xay dung cdng trinh ngay cang cao



tang caa cac thanh phd déng dan cu [1]. Mot trong nhitng nghién ctu dau tién vé dao
dong séng bén trong TLD dugc Shimizu va cong su (1987) thuc hién, bang céch thiét
lap phuong trinh co ban md ta phan &ng phi tuyén soéng bén trong bé chta chix nhat
dudi tac dung tai trong ngang bang ly thuyét song nuéc ndng két hop ham thé chat
long. CAac tac gia st dung phuong phap Runge-Krutta-Gill dé giai phuong trinh vi
phan theo thai gian nham mé ta cong huong dao dong séng bén trong bé két hop ddi
chiéu thi nghiém [15]. Sau do, tir ly thuyét song nude ndng cua Shimizu (1987), Sun
va cong su (1989) phat trién mé hinh toan mé ta co ché hoat dong séng chat long
trong bé chir nhat. Ngoai ra, cac tac gia cai tién bang céch gigi thiéu mot md hinh béan
thi nghiém cho TLD duya trén luc ma sét bién dang cat [16]. Cung nhém tac gia trong
mot nghién ctu khac, md hinh béan thi nghiém trén da duoc kiém chiing bang céch sir
dung ban lic két hop 10i giai s6, két qua chi ra su twong dong khi bién d6 dao dong
cta ban lic 1a nho (10 mm) [17]. Trong céc thi nghiém trén khdng c6 sy xuat hién
s6ng v& cho cac bé chua kich thugc 590 mm, 335 mm véi chiéu cao muc nudéc 1a 30
mm. Fujino va cong sy (1992) di str dung mé hinh caa Sun (1992) dé mé phong su
lam viéc cua hé mét bac tu do-Single Degree of Freedom (SDOF) khi ¢6 va khéng
st dung TLD trén mién tan sd, két qua cho thay su dong nhét vai thi nghiém kiém
tra. Trong nghién cau, hién tuong séng v duoc bo qua [18]. Bé ké dén anh huong
cua hién tuong song v&, Sun va cong su (1994) cai tién tiép md hinh toan bang cach
dua vao phuong trinh mé ta dao dong song (xét séng va) hai hé sé duoc xac dinh tir
thi nghiém, mot 1a hé s6 giam chan chat long C,, va hé sb con lai 1a pha van téc séng
C, [19]. Mb hinh toan dwgc kiém chiing bang thi nghiém va duoc xac nhan rang su
g xtr ctia s6ng chat long 1a co thé tién lugng duoc, ngay ca trong truong hop Xuat
hién sdng v&. Sau dd, Sun va cong su (1995) dua trén nguyén ly hoat dong tuong tu
ctia TLD va thiét bi giam chan khéi luong Tuned Mass Damper-TMD kinh dién (Hinh
1. 2) theo d6 thi d6 cing quy doi, luc can quy ddi va tan sé quy d6i cua TLD dugc
liy d@é 1am thong sé dau vao nham phan tich TMD tir céc dir liéu thi nghiém cua céc
bé chira chir nhat, tron va cau chiu kich thich diéu hoa [20]. Trong nghién cau nay,

cac tac gia nhan manh dén ty sé can hiéu qua g, khi luc kich thich dao dong nén la



bé. Tiép theo, Sun va cac cong su (1995) dé xuat md hinh 1am viéc mai cua TLD c6
xét dén lién két khép gitta bé chira chat 1ong va két cau bén dudi khi chiu kich thich
dao dong 16n [21], mé ra hudng nghién ciru maéi cho céc tadc gia Xue va cong su
(1999), Samanta (2010) hoac Chang va cong su (2018) sau nay [22-24]. Ciing theo
huéng quy doi TLD thanh TMD, Yu (1997) dé xuat mot md hinh nham mo phéng su
lam viéc ctia TLD tuong duwong TMD trong truong hop xét dao dong song TLD phi
tuyén [25]. M6 hinh nay c6 thé mé ta (g xti TLD dudi hau hét cac bién do luc kich
thich khac nhau. Sau d6, Reed va cong su (1998) kiém chtng lai mé hinh caa Yu
(1997) bang céch tap trung vao bién d¢ kich thich Ién dén 40mm, bang phuong phap
s6 va thi nghiém [26]. Céc tac gia sa dung phuong phap sé lya chon ngiu nhién
(random-choice) dé giai phuong trinh phi tuyén séng nuéc ndng. Trong thi nghiém
kiém tra, tap trung vao luc cua song chat long, chiéu cao séng mit va su tiéu tan ning
luong. Thi nghiém tién hanh véi bé 590 mm x 335 mm (DxR) va chiéu cao nuéc 30
mm, chiu kich thich véi bién d6 10mm, 20mm va 40mm. Nhung trong phuong phap
s6, [26] chi cong b két qua bién do kich thich 20mm, vi két qua nay mai cho thay sy
tuong thich tbt gitra ly thuyét va thi nghiém. Nghién cau chi ra rang khi bién d6 kich
thich dao dong tang thi tin s6 phan wng caa song bén trong TLD ciing ting theo.

Banerji va cong su (2000) sir dung mé hinh ctia Sun va cong su (1992) [17] mb
phong hé SDOF c6 day TLD lién két cang vai két cau can diéu khién dao dong, hé
chiu céc kich thich nén khéac nhau. Cac tac gia khao sét dic trung TLD, bao gom ty
sb cua tan s chat 1ong va tan s co ban két cau, ty sé khéi luong TLD so véi két cau
va ty sé chiéu sau muyc chat 16ng so voi chiéu rong bé, dé 1a cac thong s6 quan trong
anh huong sy lam viéc TLD, sau d6 nghién ciru con dé xuét cac bude dé thiét ké TLD
giam chan cho hé két cau [27]. Tiép theo, Samanta va Barneji (2006) [28] ung dung
mo hinh toan phét trién bai Lu (2002) [29] dé md phong ¢ng xtr cua hé TLD-két cau
chiu dao dong nén voi bién do 16n, két qua dat dugc tot hon & md hinh cua Sun va
cong su (1992). Banerji va cong su (2010) tiép tuc thi nghiém kiém ching két qua
mo6 phong sé va chi ra mé hinh caa Sun (1992) khong thé xac dinh chinh xé&c phan
g két cau — TLD lam viéc ddng thoi [30].
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Hudng nghién ciru gan day thudng duoc sir dung dé phén tich TLD 1a phuong
phap ban thuc nghiém theo thoi gian thuc Real Time Hybrid Simulation - RTHS.
Theo do, Lee va cong su (2007) trng dung RTHS khao sat hoat dong cua TLD. Cac
thong s6 vat Iy cua song chat long dugc do tir thi nghiém dé Iy dix liéu &p luc, chiéu
cao song theo thoi gian; sau d6 md phong két cau can diéu khién trén may tinh nhu
la két cAu phu dé phan tich véi ngoai luc tac dung 18n két cau phu gdm dao dong nén
va ap luc séng do dugc tir thi nghiém [31]. Theo hudng nay, Malekgashemi va cong
su (2011, 2015) sir dung RTHS kiém tra hé két cau-TLD két hop quan trac trén ban
lic danh gia hiéu qua TLD hinh chit nhat. Toan bd co hé dugc thiét lap dé chiu dao
dong nén diéu hoa voi ba tai trong dong dat khac nhau. Nghién ctu phan tich anh
hudng caa cac thdng so ty 1é khdi luong, ty 16 tan sé va ty s6 can dé danh gia do chinh
xac cua ba mé hinh todn ma Sun (1992) [17], Yu (1999) [32] va Xin (2009) [33] da
thiét 1ap bang phuong phap RTHS [34, 35]. Céc két qua chi ra rang TLD c6 hiéu qua
cao nhat khi ty Ié tan s6 trong khoang tir 1 dén 1.2 véi ty Ié khdi lugng 3%. Gan day,
Ashasi va cong sy (2017) ¢3 mo phong &g xtr dong cua két cau va bé chtra chat long
lam viéc dong thoi bang RTHS c6 st dung tong hop nhiéu thong sé dé khao sét anh
huong cia TLD. Pap tng chuyén dong TLD duoc hinh thanh thdng qua thi nghiém
cuing ltc voi két cau duoc md phong trén mdy tinh, sau d6 thu thap dir liéu twong tac
TLD-két cu trong thoi gian thuc. Luu d6 cua RTHS tom tat nhu Hinh 1. 13 [36].
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Hinh 1. 13 Quy trinh mé phong Real-time hybrid simulation
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Bén canh d6, dé nang cao tinh 6n dinh va kha ning giam chan cua TLD, Fujino
(1993) da su dung hé bé chira chat long da tan s6-Multiple Tuned Liquid Damper
(MTLD) véi bé trung tam c6 tan sé bang tan sé tu nhién cua két cau, cac bé con lai
co tan s6 nam trong dai bang tan tir 0.8< f,/f <1.2 [37]. Sau do, cac thi nghiém
duoc tién hanh trén ban lac dé kiém tra sy 1am viéc thuc té caa MTLD. Trong thuc té
ung dung, toa nha Shin Yokohama dugc xay dung nam 1995 & Hinh 1. 9 bén trén da
dugc lap thiét bi khang chan dang nay. Hudng nghién ciu ndy sé& duoc phan tich
nhiéu hon trong Chuong 2 cua luan an. Bén canh viéc st dung MTLD dé tang tinh
6n dinh ciing nhu kha nang giam chan thi phwong phép sir dung cac vach ngin bén
trong TLD dé tang cudng kha ning tiéu tan ning luong ciing thudng dugc sir dung.
Tait va cong su (2005) da str dung ca mé hinh dong chay tuyén tinh va phi tuyén dé
xac dinh tng xtr cia TLD dugc trang bi vach ngan, khi cong trinh ¢6 st dung TLD
chiu tai gi6 va dong dat. Sau d6 duoc kiém chiing bang thi nghiém [3]. Céc thi nghiém
dugc thyc hién trén ban lic vai kha ning tac dong TLD theo hai phuong doc lap. Két
qua tim duoc chi ra rang phan tng cia TLD hai chiéu (2D) c6 thé phan tich nhu hai
bé TLD-1D doc lap, vi thé TLD-2D c¢6 thé duoc ung dung dé diéu khién dao dong
cua két cu trong hai phuong dao dong chinh. Tait (2008) gidi thiéu mé hinh co hoc
phi tuyén tuong duong cua TLD c6 bao gom yéu té tiéu tan ning lugng duoc tao boi
cac vach ngin, va thi nghiém kiém chting [38]. Quéa trinh thiét ké co s cho kich
thudc ban dau cua TLD va hinh dang vach ngin ciing dugc dua vao xem xét. Love,
Tait va cong sy (2011) da cong bd nghién ciu vé bé chtra chat long 1am viéc nhu
TLD c6 sir dung cac vat can nam c6 dinh bén trong bé nham giup cho séng dao dong
bén trong bé chira dat dugc bién d6 ciing nhu tan sé mong mudn [39]. Tuy nhién viéc
dat cac vat can nay thuong gay ra khéi luong cong thém cho bé, nén mot phuong
phap giai mai sir dung gia thuyét ham thé dong chay, cac tac gia phat trién md hinh
co hé tuyén tinh twong dwong két hop phuong phap Runge-Kutta cho mé hinh phi

tuyén, phuong phap nay c6 thé ké dén su tham gia 1am viéc cua vat can trong TLD.

O Viét Nam hién nay van dé& khang chan chua dugc dau tu nghién ciu xing

dang voi tiém nang, dic biét 1a s dung bé chira nuéc sinh hoat dong vai trd nhu TLD
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la mot huéng ma rat tt. Trong thoi gian qua, cac dé tai vé TLD da thu hat duoc rat
nhiéu quan tdm cua chuy@n gia va gigi hoc thuat. Ung dung cua thiét bi nay cho cong
trinh cau da co, nhung nha dan dung thi chua. Cong trinh cau da sir dung TLD la Cau
Bai Chay (2003-2006) trong d6 mé tru chinh caa cau sir dung 344-TLD (Hinh 1. 14)
vé6i chiéu cao chat 1ong 80 mm gidp giam 58% gia téc dao dong va 14% chuyén vi
dinh cua md tru cau [40]. Trong nghién ciu, mot trong nhirng céng bd dau tién vé
TLD la cua Thang va cong su (2005). Ngoai ra con c6 nghién ctu caa vé bé tru tron
chiu tac dung cua tai trong dong, hay gan day co cac cong bb cia Phudc va cong su
(2018, 2019) xem xét kha ning giam chan cia MTLD Véi cac vach ngin va giai quyét
bai toan bang FEM khi cong trinh chiu tai trong dong [41, 42]. Tai Ha Nai, c6 cac
nghién ciru cua cac tac gia Khang va cong su vé su 1am viéc cia MTLD dé diéu khién
dao dong két cau [43].

Hinh 1. 14 Cau B&i Chay véi hé¢ MTLD

1.2.3 Tuwong tac cia song chat 16ng-thanh bé rian

Mot trong nhitng diém mai ciia luan an nay 1a xem xét kha nang giam chan
cua két cau co sir dung TLD khi xét dén sy dan hoi thanh bé thong qua tuong tac giita
s6ng chét long va thanh bé chira-Fluid Structure Interaction (FSI), day ciing 1a hudng
nghién ciu gan day nhiéu chuyén gia trong linh vuc diéu khién dao dong [44]. FSI
d6i véi thanh bé mém s& anh huong rat 16n dén kha ning 1am viéc TLD ciing nhu cac

dic trung riéng, ap luc dong cua song chat 1ong bén trong bé. Céc nghién cau vé song
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chat long dao dong di dugc nghién ctu tir thé ky 18 cho cac dong chay trén bién cing
tuy nhién viéc phan tich su twong tac gitra chat long véi bién thanh mém chi méi hinh
thanh vao nhimg nam 50 cua thé ky trudc, chi dén gan day voi sy phét trién cia
phuong phap s va kha nang tinh toan cia may tinh thi van dé dao dong song bén
trong bé co xét FSI v&i su phi tuyr  ppan tir chit  10C Xem xét mot céch thau déo hon
[45]. I6ng hitu han

Thanh bé
dan hdi

Thanh bé
tuyét ddi cung

RARERERRER,

Hinh 1. 15 M6 hinh tuong tdc ran léng khi thanh bé dan hoi
Housner (1963) da phan tich ap luc thay dong trong bé chaa khi bé chiu gia toc
nén véi chat long dugc gia thiét 1a khong nén duoc va khdng nhét [46]. Theo do, ap
lyc chat long dugc hinh thanh bai luc dong dat duoc gia thiét phan tach ra thanh hai
phan xung cing M1 (impulsive mass) va phan xung di luu Mo (convective mass) nhu
Hinh 1. 16 bén dudi, va gia thiét trén thuong duoc biét dén nhu phuong phap khoi

luong thu gon trong bé chtra chat long caa Housner.

Daodong song T |
7 sl 05K 05K
/ . "\\
Mat thoang ) e
Xung d6i luu
‘..\
M, .
PR Xung cung

Hinh 1. 16 Chat léng trong bé gom: xung cieng va xung doi luu
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Dua vao gia thiét nhu trén, cAc biéu thirc don gian hoa da duoc dé xuat tinh toan mot
cach gan dung cac thanh phan &p suat chat long bang phuong phap khéi luong thu
gon. Khéi luong thu gon trong trudng hop xung dbi luu Mo, dugc lién két vao thanh
bé thdng qua cac 10 xo; khdi luong thu gon trong thanh phan xung cing M1 duoc lién
két ciing vao trong thanh bé. Hau hét cac tiéu chuan va quy chuan hién hanh nhu ACI
350.3-06 [47], EC8: Part 4 [48], IS 1893:2002 [49] déu diing mé hinh nay véi mot s6
cac hiéu chinh. Mot trong nhitng nghién ctru dau tién vé anh huéng caa thanh bé mém
Ién sy phan phdi ap suat chat long va ap luc twong Gng tac dung Ién két cau bang
phuong phap giai tich cho hé SDOF véi cac ham dang khac nhau da dugc tién hanh
boi Yang (1976). Trong nghién cuu nay, hé phuong trinh dao dong truong cap doi
mo ta twong tac ran-long duoc rit ra bang cach &p dung phuong phap Rayleigh - Ritz,
tir 46 thanh bé chua chat 1ong dugc phan tich khi bé chiu tai trong dao dong nén voi
gia thiét nén bén dudi bé 1a tuyét ddi cang [50]. Minowa (1980,1984) khao sat anh
huong cia 6 mém thanh bé va ap suat dong luc chat long tac dung Ién thanh bé.
Thém vao d6, cac thi nghiém duoc tién hanh d& md ta dic trung dong luc hoc cua bé
chua chir nhat [51, 52].

Haroun va céc cong su (1983, 1985) gigi thiéu phuong phap giai tich chi tiét
cho bé chira chat long chir nhat chiu cac loai tai trong dién hinh. Ap suat dong luc
chat long dugc xac dinh bang phuong phap tiép can ham thé van téc co dién va ing
xtr ciia thanh bé 1a tuyét dbi cang [53, 54]. Trong do, [53] trinh bay mot chudi cac thi
nghiém dé kiém tra ca luc dao dong lan méi trudng xung quanh bé chira. Ba bé chét
long voi kich thude thue duoc thi nghiém dé xac dinh tan sé dao dong tw nhién va
ham dang dao dong, ngoai ra phuong phap giai tich phan tich bé chaa thanh mém
chiu tai trong dong trén nén da cimg duogc trinh bay [54]. Sau d6, chinh Haroun va
Tayel (1985) ung dung phuong phap phan tir hitu han-FEM phan tich phan tng dong
lyc hoc cho bé chét long thanh mém chiu tai trong dong dat [55]. Haroun va Abou-
Izzeddine (1992) thuc hién cac nghién ctiu vé théng sé anh hudng dén bé chira c6 xét
FSI khi bé chira chiu dong dat c6 xét dong dat theo phuong ding [56].
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Kim va cong su (1996) phat trién phuong phap giai tich dé tinh toan phan tng
cua bé chira 2D c6 mét phan chat long, chiu tai trong kich thich [57]. Két qua giai
tich duoc so sanh vai loi giai s6 BEM/FEM va cho su twong thich cao. Va ciing chinh
nhom tac gia nay da phat trién mé hinh 3D bé chat long chir nhat xét FSI va c6 kiém
tra d6i chiéu thi nghiém [58]. Loi giai o [57, 58] don gian va tién loi trong viéc tng
dung thuc tién thiét ké nhung anh huéng caa thanh bé mém chua dugc xem xét mot
cach thau dao. Cung thoi diém véi Kim va cong su (1996), Babu va Bhattacharyya
(1996) thiét 1ap FEM md ta bé chira hinh chom cau chiu gia téc nén kich thich va xét
FSI théng qua chuyén vi cia song chét 16ng & bé mit bé va ap suat hinh thanh do
so6ng [59]. Sau d6 tng xir dong ctia chuyén vi thanh bé tai bién tuong tac dugc tinh
toan bai Xing va cong su (1997) bang cach sir dung két hop BEM/FEM cho phan tich
dao dong thanh bé-song chat long [60].

Dogangun va cong su (1996) khao sat phan tng cua séng chét long trong bé
chta chiu tai trong dong dat bang phuong phap giai tich, va FEM duoc tng dung dé
phan tich két cau véi may tinh lap trinh SAPIV [61]. Chét long dugc gia thiét 1a dan
hoi tuyén tinh, khdng nhét, va c6 thé nén dugc. FEM dua trén chuyén vi nat duoc st
dung dé xét dén anh huong cua chat long. Tiép theo, Dogangun (2004) cho thay hiéu
qua cua phuong phap tiép can Lagragian trong viéc thiét ké bé chira chat long chiu
tai trong dong dat va anh hudng caa thanh bé mém Ién wng xir dong cua bé dugc khao
sat. Két qua chi ra rang di voi bé thanh cing thi BEM/FEM cho két qua tuong dong
v&i Tiéu Chuan Thiét Ké Eurocode 8-EC8 va Housner (1963) [62].

Chen va Kianoush (2005) khao sé&t anh huong cua thanh bé mém 1én ang xu
dong luc hoc cua bé chira chat 16ng chir nhat. Bé phan tich (ng xir dong cua bé chira
trén mién thoi gian, nghién ctu da st dung ba loai bé thap, trung binh va cao cho cac
viung dong dat khac nhau [63]. Trong nghién ciu nay thi thanh bé dugc xem nhu
mém, phuong phap khdi luong thu gon khéng thé tng dung dugc cho mé hinh thyc
dé mo phong bé chua bé téng. Nghién ctu cia Chen va Kianoush (2005) st dung
phuong phap Newmark-p dé tinh &p suat dong luc hoc chat long trong bé chira chat

long c6 xét dén anh hudng cua 6 mém thanh bé. Tuy nhién, dao dong séng chét long
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& mat thoang bi bo qua [63]. Sau d6, Kianoush va Chen (2006) di tién hanh khao sét
g xtr dong luc hoc cua bé chira chix nhat chiu tai trong dong dat trong bai toan
khéng gian 2D [64]. Tam quan trong cua thanh phan dong theo phuong ding khi bé
chiu tai dong dat da duoc xét dén trong nghién cau nay. Nghién ciru cling dé xuat
phuong phap méi phén tich bé chira 2D chiu tai dong dét trong d6 c6 ké dén ca hai
thanh phan xung cang va xung ddi luu trén mién thoi gian. Va cac tac gia da phan
tich ang xtr bé chira 2D dudi tc dung cua tai trong thang dung [64]. Xing (2007)
nghién cau ang xir dong luc hoc cia hé twong tac bé chira thanh mong - chat long
[65]. Sau d6, Livouglu (2008) danh gia tuong tac bé chaa-chat 16ng-moéng chiu tac
dung cua tai dong dat bang phuong phap phan tich don gian va it mat thoi gian tinh
toan. Trong nghién ciru ndy, hiéu g tuong tac st dung 12 mé hinh hai khéi luong
thu gon caa Housner cho chit 16ng va mé hinh cone cho hé dat nén bén dudi méng.
Két qua chi ra rang, chuyén vi va luc cat day bé s& cang giam xudng khi dat nén cang
mém di [66]. Chen va Kianoush (2009) tiép tuc phat trién phuong phap méi bang
cach xem thanh bé mém nhu két cAu dam console c6 1 bac tu do va khao sat 5 mode
dao dong dau tién caa dam véi viéc chd trong diéu kién bién twong tac giita song chat
long vai thanh bé nham muc dich tim bién dang caa dam console ciing nhu dao dong
séng trén bé mat théng qua ap luc cua séng va chiéu cao song chat long [67]. Gan
day, Kianoush va Ghaemmaghami (2009-2011) khao séat (ng xtr caa bé chira chat
long chix nhat duéi thc dung cua tai trong dong dat trong khong gian 2 chiéu va két
luan d6 cting thanh bé ciing nhu dic trung can cua chét long dong vai tro quan trong
trong phan tng dong luc hoc cia hé két cau [68-71]. Thém vao do, cac tac gia ciing
danh gi lai anh huong cia twong tac dat nén lén tng xa dong luc hoc cua hé bé chaa
[68]. Moslemi va Kianoush (2012) di khao sat cac théng s anh hudng dén &p suat
chat Iong 1én thanh bé mém nhu chiéu cao song, dd mém thanh bé, ty sé d6 day thanh
bé, gia tbc dao dong dat nén, ké ca do cang lién két giira bé chira va nén dat [72]. Két
qua tinh toan duoc so sanh voéi tiéu chuan ACI 350.3-06 theo d6 mot sé kién nghi
duoc dé xuat trong nghién ctu nham cai thién do chinh xac trong viéc thiét ké bé

chta chat long chiu tac dung bai tai trong dong dat.
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Ghaemmaghami (2010) di phan tich bé chét long c6 thanh mém cho ca hai
loai bé cao Ian thap chiu tai dong dat va c6 xét FSI khi dao dong trong d6 nhan manh
dic trung can cua song chat long [69]. Trong nghién ciu nay, tac gia phan chia chat
long bao gdm ham dang cua xung cing va ham dang cua xung ddi luu 12 riéng biét
dé xem xét su 1am viéc. Cudi cung ap luc I1én cac loai bé cao va thip duoc tinh toan
dé so sanh trong truong hop bé chtra chat long ¢ thanh mém va thanh tuyét doi ciing
[70]. Sau d¢, dé xac dinh mot cach don gian phan tng dong luc hoc va bién dang cua
bé chtra chat long hinh chir nhat trong mé hinh 3D, Hashemi va cong sy (2013) trinh
bay phuong phap giai tich, vai thanh bé 1a dan hoi, va chat long thi khong nén duoc.
Tt d6, mé hinh co hoc duoc phat trién dé mé phong ang xir dong cua hé bé chua-
song chat long [73]. Tiép theo, chinh Hashemi (2013) dé xuat phuong phép giai tich
dé mb phong dap tmg dong luc hoc cia mot bé chira 3D ¢ bon véach bé dan hoi, bé
nay chiu tai trong dong dat theo phuong ngang. Su twong tac chét long — thanh bé
anh hudong dén ang xir dong cua bé chira két hop véi thanh bé mém duogc ké vao tinh
toan. Phuong phap tinh toan dwa vao md hinh Rayleigh — Ritz bang cach sir dung
mode dao dong cua phan tir tim dan hoi véi diéu kién bién thich hop. Ham luong
giac thoa mén diéu kién bién caa bé chtra chat 1ong cling nhu 13 sy dan hoi cua thanh
bé duoc tng dung dé xac dinh cac mode dao dong. Phuong phap giai tich don gian
va cho két qua kha chinh xac khi @i chiéu véi cac nghién cau di trude cling nhu cac
Tiéu Chuan Xay Dung pho bién [74]. Pajand (2018) va cong su dung phuong phap
sb dé khao sat dao dong ty do caa bé hinh chit nhat c¢é chira chat long nén dugc va
sau d6 phuong trinh gan dung duogc gidi thiéu dé tinh toan tan sé dao dong tu nhién
ctia bé va ap sut chat long tuong tng cho hé bé chira dugc dé cap bén trén [75].

Cac phan tich trong luan &n ndy nham chi ra anh huéng cua thanh bé mém c6
xét FSI dén cac dic trung riéng cua bé chua chét long bang phuong phap FVM/FEM,
cu thé tai chuong 3 s& phan tich lai bé chaa chat long chiu dong dat da duoc thuc hién
boi Hashemi va cong su (2013) théng qua viéc tinh toan ap luc dong cua song tac
dung 1én thanh bé ciing nhu tan sb riéng bé chua [67, 68]. Két qua luan an khong

nhitng dugc ddi chiéu véi cac nghién ciu di trudc ma con so sanh véi cac Tiéu Chuan
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thiét ké bé thanh mém chiu tai dong dat nhu ACI [47], Eurocode [48] hay IS [76].
Muc dich viéc phan tich trén 1a dé 1am nén tang cho tinh toan @ng xtr dong cia MTLD

tal chuong 4.

1.2.4 TLD cé xét dén twong tac da truong

Cac nghién cuu cua cc tac gia di trudc hau hét déu gia thiét TLD c6 thanh
tuyét dbi cing nham don gian trong viéc tinh toan. Tuy nhién, cac cong trinh ngay
cang cao tang doi hoi TLD ngay cang I6n dan dén gia thiét thanh bé cang tuyét ddi
ctg khong con dung dan nita [14]. Mot trong nhitng nghién ctitu hoan chinh dau tién
vé kha niang diéu khién dao dong cua TLD c6 xét dén tuong tac gitra s6ng chat long
va thanh bé chta hinh tru tron 12 cia Zheng va cac cong su (2003). Trong nghién ctu
nay, Cac tac gia da khao sat sy bién dang cua thanh bé do song chat long gay ra bang
phuong phéap Arbitrary Lagrange-Eulerian ALE, két qua phan tich c6 so sanh véi mot
s6 cac phuong phap tinh toan don gian cua nghién ctu di truéc [77].

Nhitng nim gan day, véi su hd trg ngay cang manh mé caa cac phan mém
nghién cau, ANSYS hoic ABAQUS c6 thé md phong gan nhu day du su lam viéc
trong khéng gian ba chiéu cua cdng trinh cé st dung TLD. Bac biét ddi véi cac bai
todn tuong tac da trudng, viéc phan tich tng xtr dong cua hé két ciu-TLD-thanh bé-
dat nén chi c6 thé giai quyét nho vao cac phan mém manh. Theo d6, Gradsincak
(2009) da tng dung FEM Véi sy tro gilp cuia ANSY'S dé md phong hé mét bac tu do
st dung TLD chiu cac loai tai trong dong khéac nhau c6 xét ¢én FSI [78]. Nghién ctu
chi ra rang bang cach diéu khién do day va kich thudc thanh bé thi TLD c6 thé duoc
ing dung cho céng trinh véi nhiéu dang tai trong khac nhau. Tuy nhién, d6 bén cua
thanh bé can phai duoc nghién cttu xem xét can than trong qua trinh sir dung, ngoai
ra can phai tinh toan ngan ngira truong hop thiét bi bi mat hiéu qua do bién dang
thanh bé gay ra. Ghaemmaghami va céc cong su (2015) [79] da phan tich kha ning
giam chan cua tua bin gi6 c6 str dung TLD c6 xét dén FSI bang phuong phap FVM-
FEM trén phan mém ANSYS. Két qua cho thay TLD giup giam 50-65% dao dong
cua turbine gid va ty sé khdi luong hiéu qua nhat vao khoang 3.13%. Ngoai ra, con

c6 Eswaran (2017) cong b cong trinh nhiéu tang st dung TLD dé diéu khién dao

19



dong két cau khi chiu tai trong gi6 ciing nhu dong dat, phuong phéap sé duoc sir dung
dé mo phong bang cach tan dung giai thuat FSI két hop véi thi nghiém danh gia. Téac
gia da tach roi hai phan két cau khung va bé chira chat long thanh hai mién riéng biét,
sau d6 tinh toan dao dong khung theo thai gian bang giai thuat Runge — Kutta bac 4
con dao dong cua song chat long theo thoi gian dugc phan tich bang phuong phap sai
phan hitu han dua trén giai thuat bién ddi o (o - transformed) [80]. Cung ldc nay,
Zhu (2017) c6 céac cong bd vé viéc sir dung RTHS dé mo phong nguyén dang két cau
9 tang c6 MTLD diéu khién dao dong trong d6 ké dén su tuong tac két cdu va dat nén
bén dudi nham xem xét anh huong cua dat nén dén hiéu qua l1am viéc cia MTLD nhu
Hinh 1. 17. Ngoai ra con xét dén anh huong cua kich thuée TLD dén kha niang diéu
khién dao dong két cau [81, 82].
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Vi céc két cau dang thap-tru, Yue va cac cong su (2018) nghién ctiu sy giam
chan cho céc try bién &p composite 16n, loai 1100kV, c6ng trinh sir dung TLD vanh
khuyén (annular TLD) dé tinh toan, mé phong tru bién &p chiu cac tai trong dong dat
Chichi hay Kocaeli bang ABAQUS c6 xét FSI va cho thay céng trinh c6 thé giam tir
25-33% chuyén vi dinh 16n nhat [83]. Gan day, Buckley (2018) con cong bd nghién
ctru vé phan tich tua bin gi6 duoc diéu khién dao dong bang TLD c6 xét tuong tac da

truong két cAu-TLD-d4t nén bén dudi, va dugc ddi chiéu véi mé hinh thu nhé trong
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phong thi nghiém bang Iy thuyét quy doi, két qua chi ra su dong nhat cao giira ly
thuyét so sanh thi nghiém [84]. Ngoai ra, voi két cau thap-tru con c6 nghién ciru cua
Roy va cong su (2016) vé kha ning diéu khién dao dong thiry 161 dai véi TLD, RTHS
dugc sir dung 1am phuong phap nghién ctiru va két qua da chi ra TLD gilp giam dén
60.5% chuyén vi dinh 16n nhat cia dao dong diéu hoa va 25.74% ddi voi dong dat
Elcentro [85]. Piéu nay cho thay su thu hit cua rat nhiéu nha nghién ciu déi Voi

hudng phén tich tuong tac da truong noi chung va twong tac cua TLD noi riéng.

Tom lai, thdng qua viéc tdm tit cac nghién ciu di trudc, tac gia c6 mot vai

nhan xét nhu sau dé tir d6 di dén hudng nghién ctu thuc hién trong luan an nay:

= Céc nghién ciu vé thiét bi TLD noi chung déu cho thdy day 1a mot céng cu
hiéu qua gilp giam dao dong cho cdng trinh, hau hét cac théng sé dic trung
cua bé chira chat long dd duoc khao sat bang nhiéu phuong phap giai tich,
FEM, phan tir bién nhing BEM hay BEM-FEM két hop. Tuy nhién méi quan
hé gitra thanh bé mém khi xét FSI va céc théng sb dac trung caa TLD van con
can phai duoc phan tich thém.

= Ung dung TLD néi chung va MTLD noi riéng trong viéc nang cao hiéu qua
giam chan két cau va phan tich ang xt dong bén trong bé chtra cho hé théng
giam chan nay can co quy trinh dé t6i vu duoc hinh dang, vi tri, s6 lugng bé.
Céc phuong phap dé quy d6i TLD thanh TMD la khéng it tuy nhién chi dirng
& mic do tng Xt song chat long 1a tuyén tinh. Do chinh xé&c caa phuong phap
quy d6i so Véi cac phuong phap chinh xac hon co xét dén FSI két hop thi
nghiém kiém tra van chua duoc nghién ciu nhiéu.

= Phan tich FSI ddi véi bé chira chat long chi duoc khao sat gan day va hau hét
la cho céc bé chira chat long ngam hoac thuy 16i dai chir chua dénh gia duoc
vai trd cia hiéu ung nay trong viéc phan tich kha nang diéu khién dao dong
cta TLD. Thanh bé mém cé xét FSI anh huong rat 16n dén hiéu qua 1am viéc
cua TLD thdng qua tan s ty nhién caa bé 13n &p lyc nuéc tac dung 1én thanh

bé. Thém vao d6, cac Tiéu Chuan xay dung phd bién trén thé gioi chua chi ra

21



dugc tam quan trong cua dic trung dong luc hoc bé chira ndi chung va TLD
noi riéng.
= Trudc ddy, tuong tac chat long-thanh bé duogc xét dén chi & mic do6 mot chiéu
trc 14 song chat long dao dong gay ra bién dang thanh, chua xét bién dang
thanh tiép tuc dan hdi lai tac dong nguoc vao chat long ap luc va hién tugng
nay lién tuc lap di lap lai c6 thé 1am cho cong huong xay ra dan dén phéa hoai
TLD. Thém vao d6, hau nhu chua c6 nghién ciru ndo vé TLD/MTLD c6 xét
dén tuong tac két cau-chat long-thanh bé.
= Cubi cung la viéc nghién ctiu bang thi nghiém kha ning giam chan cua dang
thiét bi ndy con rat han ché ¢ Viét Nam n6i chung va khu vuc mién Nam noi
riéng. Pay 1a mot trong nhitng diéu kién tién quyét dé cd thé ung dung
TLD/MTLD vao thuc tién vi vay viéc thi nghiém can nhiéu su dau tu hon nia.
1.3 Muc tiéu cta Luan an
Nghién ctru bé chtra chat 1ong cé thanh mong, tng dung trong diéu khién dao
dong két cau co xét twong tac hai mién ran-long, luan an tap trung giai quyét cac van
dé cu thé sau day:
= Phan tich anh huong cua thanh bé tir day (cang) téi mong (mém) khi co xét
FSI dén dic trung riéng va &p luc dong caa séng 1én thanh bé khi bé chira chat
long chiu tai trong dong dat.
= Ung dung phuong phap FVM/FEM trong d6 FVM md phong mién chat long
két hop FEM m6 phong mién két cdu dé phan tich phan tmg dong cua cong
trinh ¢6 sir dung TLD/MTLD Iam thiét bi giam chan. Phuong phép c6 uu diém
khéng chi phan tich dugc dap ung caa két cau theo thai gian ma con phan tich
dugc dap tng dao dong cua séng bén trong bé chua.
= Khao sat kha nang diéu khién dao dong ciia TLD/MTLD c6 xét tuong tac da
truong dac biét trong truong hop thanh bé da mong (mém) dan dén thiét bi
lam viéc khong ding theo thiét ké.
= Thi nghiém trén ban lic khao sat dap tng dao dong cua két cau khi c6 su dung

va khong sir dung TLD. Két qua thi nghiém dugc so sanh véi md phong sé.
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1.4

1.5

1.6

Pé xuét quy trinh thiét ké TLD/MTLD dé tiét kiém tai nguyén tinh toan.
Tinh méi cua Luan an

Khang dinh su anh hudng dang ké cua van dé thanh bé mém khi xét FSI dén
tan s6 dao dong tu nhién caa bé chira va 4p luc song chét long tac dung 1én
thanh bé. Pay 1a diém can luu y di véi Ky su thiét ké bé chua chét long noi
chung va thiét ké TLD noi riéng.

Dé xuit quy trinh thiét ké-kiém tra MTLD c6 xét FSI diéu khién dao dong két
cau bang cach &p dung phuong phap khéi lwong thu gon dé thiét ké so bo nham
lya chon s6 luong TLD, dai bang tan hoat dong, chiéu cao nudc, kich thudc
bé chira sau d6 kiém tra lai thiét ké bang phuong phap FVM/FEM.

Thi nghiém kiém tra kha nang ctia TLD/MTLD trong viéc diéu khién dao dong
két cdu bang ban lic tu ché tao.

Pham vi nghién ciru

Luan &n chi xét két cau lam viéc trong giai doan dan hdi.

Tat ca cac bai toan tuong tac ran long trong nghién ciu nay déu st dung gia
thiét chat long 1y twong véi mat do chat long 1a khong ddi, chat long khéng
nén duoc va khong thay ddi tinh chat vat ly trong sudt qué trinh phan tich.
Tom tat Luan an

Luan an chia 1am 6 chuong trinh bay 1an luot c4c van dé nhu sau:

Chuong 1 gidi thiéu TLD va cac nghién ctru da thuc hién trudc day. Sau do

trinh bay muc dich cing nhu huéng nghién ctru trong luan an.

Chuong 2 trinh bay phuong phap giai tich tinh toan thong sé dic trung bé chua

chat long nhu tan s6 dao dong riéng, chiéu cao séng, ap suat chat long tac dung 1én
thanh bé. Sau d6 xem MTLD nhu thiét bi giam chan khéi luong Multi Tuned Mass

Damper-MTMD nham muc dich phan tich don gian va lya chon nhanh chong hé thiét

bi (chon ty s6 khéi lugng thiét bi vai két cau, s6 luong bé chtra, bang tan s6 ...). Ciing

trong chuong nay, phuong phap quy d6i MTLD thanh MTMD ciia Sun va cong su
(1995) [20] két hop dé xuat cia Novo va cong sy (2014) [86] duoc &p dung dé mo
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phong toan bd co hé bang SAP2000, két qua cho thay kha nang giam chan caa MTLD
1a dang ké.

Chuong 3 phan tich tim quan trong cua viéc xét FSI dic biét ddi vai thanh bé
mém khi bé chaa chit 1ong dao dong. Phan tich bé chira chiu dong dat bang nhiéu
tiéu chuan thiét ké khac nhau (ACI, Eurocode, Indian Standard) c6 xét yéu té thanh
bé mém, tir 6 dua ra mot vai nhan xét dong gdp dé céc tiéu chuan thiét ké bé chira
chat 1ong n6i chung va thiét ké TLD noi riéng c6 thé hoan thién hon. T4t ca cac thong
s6 quan trong cua bé chira va ap luc dong cua song duoc tinh todn bang phuong phap
sb, két hop so sanh véi nghién ciru cua cac tac gia khéc.

Chuong 4 phan tich kha ning giam chan céng trinh chiu tai trong dong xét
tuong tac da trudng trong truong hop ¢é st dung va khong st dung MTLD dé giam
chan. Thém vao d6, khao sat TLD trong khung thép 8 tang c6 xét FSI dic biét khi
thanh bé mong (1am thay d6i dic trung ciia TLD) lam thiét bi mat kha nang lam viéc.

Chuong 5 thi nghiém trén ban lic dap tng dao dong cua khung thép dudi tac
dung cua tai trong dong khi c6 st dung va khéng stit dung MTLD ciing nhu kha nang
tat dan dao dong khi khung dao dong tu do. Cac két qua thi nghiém bao gom ti s6 can
va dap ng chuyén vi dinh khung dugc ddi chiéu voi két qua ciia phuong phéap so.

Chuong 6 tom tat cac két luan rat ra dugc tir luan an va mot sé huéng nghién

ctu tiép theo trong tuong lai.
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CHUONG 2
PAC TRUNG VA KHA NANG PIEU KHIEN DAO

PONG CUA THIET BI GIAM CHAN PA TAN

21  Gigi thigu

Nguyén ly 1am viéc caa TLD hoan toan twong ty nhu thiét bi giam chan con
lic ngwgc TMD kinh dién nhu trinh bay ¢ Hinh 2. 1, tuy nhién TLD c6 thém dao
dong song chat long & bé mat sé tro nén phi tuyén khi bién do luc kich thich du lon;
khi d6 séng chat long dat dén cudong d6 nhat dinh thi hién twong song v xay ra. Day
1a diéu khac biét duy nhat gita hai thiét bi nay, tuy nhién TLD c6 cac uu diém khéac
S0 v6i TMD nhu d4 trinh bay & chuong 1. DA ¢6 nhiéu nghién ctu trudc day dé xuat
giai phap quy d6i TLD thanh TMD [20, 32, 86-88], trong d6 phuong phap khéi luong
thu gon quy d6i TLD thanh TMD tuong duong cua Novo va cong su (2014) 1a mot
trong nhiing cach thuong dugc sir dung [86], va day cling 1a phuong phap dung trong

chuong 2 nay.

|
el
|
| H

Hinh 2. 1 Nguyén ly hoat dong cia TLD tuwong tw TMD
Trong chuong nay, két cau chinh duoc diéu khién dao dong bang hé bé chta
chat long da tan s (sau ddy goi tit 1a hé da tan), trong d6 mdi bé c6 chiéu cao nudc
kh&c nhau nén ¢ tan sb khac nhau va dugc quy doi nhu mot khdi lwong con lic nguoc

TMD. Viéc quy d6i tuong duong nay nham muc dich dé dang phan tich hiéu qua cua
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thiét bi bang ky thuat phan tich TMD kinh dién. Bén canh d6, quy trinh thiét ké TMD
nhanh va don gian nho bé qua su phi tuyén caa séng chat long, gitp dé dang lua chon
cac thdng sé quan trong nhat khi thiét ké TLD. Céac thdng s6 do6 1a tan s dao dong
riéng, ty s6 khéi lugng, ty s6 giam chan, chuyén vi dinh khung, s6 lugng bé chtra phu
hop tuong Gng véi dai bang tan 1am viéc cua thiét bi. Cac phan tich dugc thyuc hién
bao gdm dap tng dao dong két cau trén mién tan so, dap ung dao dong diéu hoa va
dong dat. Két qua cho thay néu két cau st dung cang nhiéu bé chat long s& cang gilp
giam dao dong, dic biét sy 1am viéc cua hé bé da tan con gitp cho thiét bi lam viéc
6n dinh, tranh cac hién tuong khdng mong mudn nhu séng v hoic tré pha. Pay ciing
1a co s& cho viéc phan tich két cau co xét twong tac hai mién ran-long & chuong 4;
két qua tinh todn, phan tich s& duoc dbi chiéu véi céac thi nghiém trong chuong 5.

Noi dung chuong 2 trinh bay ba van dé chinh 1a: (1) phén tich cac dic trung
riéng caa bé chira chat long ndi chung va MTLD néi riéng dé c6 thé quy doi thanh
MTMD tuong duong, cac thong sé dic trung sau khi duoc tinh todn bang cong thirc
giai tich s& so sanh vai két qua tir FEM véi phan mém hd tro ANSYS va déi chiéu
thi nghiém trén ban lic; (2) code lap trinh Matlab dugc ¢ng dung dé phan tich hé
nhiéu bac tu do Multi Degree of Freedom-MDOF str dung MTMD trong viéc diéu
khién dao dong két cau va (3) phuong phap quy d6i MTLD thanh MTMD twong (ing
dé mb phong sé véi su hd tro cua SAP2000 tinh todn dap tmg dao dong cua két cau
nham danh gia kha niang giam chan va so sanh thi nghiém.
2.2 CA&c thdng sé diic trung quan trong ciaa TLD

Ba dic trung quan trong nhat lién quan dén su lam viéc cua TLD Ia: tan s6 dao
dong tu nhién f._, bién d¢ (chiéu cao) cia séng 7 va ap luc dong ciia song chat
long tac dung 1én thanh bé p,,. Viéc phan tich ba dic trung nay 12 co s& cho viéc thiét
ké thiét bj [20, 37, 89, 90].
2.2.1 Tan sb dao ddng riéng cta bé chira chat léng

Tan sé tu nhién cua bé f_ (hoiac f., . khi bé chita dong vai tro TLD) la théng
s quan trong nhat can phan tich vi tat ca cac thong sé dong luc hoc khac déu duogc

tinh dya trén f,__ . Xét bé chira chat long nhu Hinh 2. 2.

tank *
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v

2a

Hinh 2. 2 Song chat léng dao déng trong bé
Theo [46], trong truong hop khi dao dong cua séng chat long c6 dang tuyén tinh.

Chuyén dong chat long c6 thé van téc ¢ thoa min phuong trinh Laplace:

o'¢  0'¢
— T4+ T=0 2.1
aXZ aZZ ( )

Trong d6 ¢ 1a ham thé van téc theo toa do (x,z) va thoi gian t. Nghiém phuong trinh

trén duoc tim bang cach két hop cac diéu kién bién. Gia thiét ham thé ¢ c6 dang:
#(x,2,) = X (X)Z(2)e™ (2.2)

VoI o=27f = 2T—” la tan s6 goc cua song dao dong, fva T lan luot 12 tan sé ty nhién

va chu ky tu nhién cua song. Thé (2.1) vao (2.2) co:

a;x :—6272:—k2 (2.3)
Gia thiét X, Z c6 dang:

X (x) = Ae™ + Be ™ (2.4)

Z(z)=Ce" +De™ (2.5)

Céc thdng s6 A, B, C, D duoc xac dinh tir cac diéu kién bién (¢ day bé, thanh bé va
mat thodng) nhu sau:

= Piéu kién bién & day bé

w=2%_0 (z2=-h) (2.6)
0z
Thé (2.5) va (2.6) vao (2.3) thu dugc Z(z) nhu sau:
Z(z) = 2Ce™ cosh(k(z +h)) (2.7)
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= Piéu kién bién & mat thoang chat léng
Tai Z =n(x,t) bé dimg yén khong c6 dao dong song vi vay ton tai hai diéu kién bién:

a. biéu kién bién dong luc hoc:

p=p,=0 taiz=gp (2.8)
b. Diéu kién bién dong hoc:

Dn_on .on_, (2.9)

Dt ot OX

Vi p, 1a ap suat & mat thoang chat long.
Phuong trinh Bernoulli biéu dién cho ham thé ¢ c6 dang nhu sau:

99 _1.0 ¢ 52¢5
Py const 2.10
=250 TG —) o= (2.10)
Trong d6 g |a gia tc trong truong, p 1a trong lugng riéng. Tir phuong trinh trén két
hop voi diéu kién song chat long xem nhu dao dong tuyén tinh, c6 thé bo qua cac

dao ham bac cao dé c6 # bang:

104 1 .04
—— (XX =_— 2.11
1= - ( )220 (2.11)
Mt khac, bo qua dao ham bac 2 trong (2.9), dan dén:
on _9¢ (2.12)
ot ox

Loai bo 7 bang cach két hop hai phuong trinh (2.11) va (2.12) thu duoc:

Zt?+g(—¢) 0 (2=0) (2.13)

Két hop dong thoi (2.2) (2.4), va (2.7) thé vao (2.13) dugc phuong trinh:
o = gk x tanh(kh) (2.14)

Gia thiét rang 7 c6 dang:
n =%sin(kx—a)t) (2.15)

Thé (2.2), (2.4) va (2.7) vao (2.11) sau d6 so sanh (2.15) véi (2.11) thu dugc:
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B=0
opce ——9n_ 1 (2.16)
2w cosh(kh)

Do vay ham thé van téc c6 thé duoc viét lai nhu sau:

—gh cosh(k(z +h))

== cosh(kh)

cos(kx — mt) (2.17)

Thé (2.10) vao (2.17) phuong trinh ap suat theo thoi gian duoc viét lai la:

cosh(k(z +h))
cosh(kh)

= Piéu kién bién & thanh bé

p(X,Z,t)I—pg(Z— 77) (218)

Trong chuong 2 nay chi xét bé c6 dang tuyét dbi cing nén xem nhu bién dang

cling nhu chuyén vi cua thanh bé bang zero, vi vay:

u=2%_0 (x=za) (2.19)
OX

Bai vi thanh bé nam trén phuong dung, dao dong song chat long ¢ thé xem nhu 1a
ham chong chat caa song hién thai ciing véi séng nghich ciia no (1a séng ¢ dao dong

nghich pha va nguoc hudng). (2.15) khi d6 tr¢ thanh:

H . .

n :?(sm(kx+a)t) —sin(kx — wt)) (2.20)

= H cos(kx) sin(awt)
Trong trudng hop bé chtra c6 co ché chuyén dong nén theo phuong ngang, chi 6
ham dang séng khong dbi xing bi kich thich. Khi d6 (2.20) viét lai 1a:

n = H cos(kx) sin(wt) (2.21)
Tuong ang c6 ham thé van toc ¢ theo thoi gian:
_ gh cosh(k(z +h))

2  cosh(kh)

Dé thoa man diéu kién bién & thanh bé thi dao ham theo x cua (2.22) phai bang zero:

#(x,Z,t) sin(kx) cos(ewt) (2.22)

cos(kx)=0 (x=ta) (2.23)
vay:
k=2n=t, (2.24)
2a
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vai k 12 s6 budc song va cd thé dién dat bang phuong trinh

27
k=22 2.25
A ( )

Thé (2.25) vao (2.14) thu duoc phuong trinh tinh tan s riéng cho bai toan bé chira

chat 16ng c6 thanh xem nhu tuyét d6i cang 1a:

o 1 2n-1 2n-1
L =—" g tanh(
27z 271' 2a 2a

zh) (2.26)

trong d6 n 1a sb cac mode khac nhau cua dao dong song chat long. Khin = 1 tan s
dao dong co ban dau tién theo (2.26) 1a

o

f, = =—
27 27z 2

(—) (2.27)

Vi du 2.1a. Bé chtra chét long co kich thudc 0.2mx0.3m V6i Cac chiéu cao nuéc
khac nhau dugc phan tich nhim tim tan s6 dao dong tu nhién f, , va phan tich ang

xir cua song chat long khi bé chiu dao dong nén x = A-sin (27 fp 1)

Tur (2.27) tan sb dao dong riéng caa bé chira chat long la:

3 1 [g,, ¢y L \/72'><981tnh(7r_h)
27[ 2z\2a  2a 0.3

Cho chiéu cao chat l6ng h thay d6i tir 2 cm, 3 cm, 4 cm, 5 cm va 6 cm thi tan sb bé

chira f,, thu dwoc lan lugt nhu & Bang 2.1.

Bang 2.1 Su phu thudc cuia tdn sé riéng bé chiza vao chiéu cao chat long

Bé chira chat 16ng 0.2x0.3xh (DXRXC)
h (m) 0.02 0.03 0.04 0.05* 0.06
fo (HZ) 0.733 0.890 1.015 1.118 1.204

Tir (2.27) c6 thé rat ra nhan xét tan sé dao dong riéng bé chira mot phan chit long sé
hoi tu v& mot gid tri cho du chiéu cao h ting dén o nhu ¢ Hinh 2. 3. Chinh tir nhan
xét nay trong thuc té thiét ké, ki su khong nén diéu chinh tan s6 TLD bang cach giir
nguyén 2a va ting h, , khi d6 thé tich nudc ting dang ké s& anh hudng dén ty s6 khdi

luong caa TLD va két cau. Dé co thé tang tan s6 nhung van gitr nguyén thé tich chat
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long cac Ky su co thé s dung nhiéu bé chira chat long nho, day chinh 1a mot trong
nhiéu nguyén nhan dan dén viéc st dung MTLD thay vi 1-TLD.

1.8
16 ————————-—========-=
1.4 ,
1.2 4
1 7

08 | / hy =5cm, fank=1.118Hz
0.6 1

0.4

Tan s6 bé (Hz)
N\

0 005 01 015 02 025 03 035 04
Chiéu cao chat long h; (M)

Tén s hoi tu

— — —Ténsb bé

Hinh 2. 3 Quan hé chiéu cao chdt léng va tan sé riéng cua bé
Vi du 2.1b. Xét bé chira chat long caa Sun va cong sy [17] kich thudc 0.59m x 0.03m
ky hiéu T0.59x0.03 trong d6 0.59 m 1a phuong dao dong séng va 0.03 m la chiéu cao

caa myc nude. Theo (2.27) thi f_, tinh bang giai tich 1a

f

1 \/7[><9.81 tanh(ﬂ-xgéoS) =0.4578(Hz)

0.59 0
Ngoai ra, dé tinh f_, bing FEM, md phong 2D véi phan tir chat long Fluid 79 cua

tank —
27

ANSYSS duoc sir dung dé thyuc hién cho bai toan phan tich fa VOI nhiéu kich thudc
0 lugi phan ti khac nhau. Chi tiét d@o chinh xac caa ., & Bang 2. 2 va Hinh 2. 4:

Bang 2. 2 Tan sé riéng bé chiza véi cac ludi phan tir khac nhau

FEM
I S Giai tich
Lu6iphantir o 6 X3 50x3 118 X6
(nxm)
Tansd (Hz)  0.6012 0.5529 0.4603 0.4578 0.4578
Sai s6 (%) 31.32 20.77 1.13 0.00 0.00%
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< 118 —»>
Hinh 2. 4 Mode dao déng co bdn cia bé chira T0.59x0.03

Tir vi du ndy c6 thé thay ring, FEM vi sy chia luéi da nhé thi két qua phan tich f_,
ctia bé chtra 2D s& chinh xac nhu 161 giai giai tich. DSi voi mo hinh 3D, dé thay rd
hon kha ning cua ANSYS, mot bé chtra chat long c6 thé tich 1én dén 7.776 m3 nuéc
nhu Hinh 2.4 dugc phan tich.

Vi du 2.2: Bé chia chat long c6 kich thudc nhu hinh vé.

£
=S

10(&1}.

.'"-Hz =

#r"‘p\-‘

(=) ~]
.'-;'___...‘(k*? H,‘J -
___ol"ny " -

— T Gia the dong @it

Hinh 2. 5 Bé chita chat léng 7.776 m3 (thdng thuy 18m x 48m x 9m)
= Chiéu dai L, =50(m), chiéu rong L, =20(m), chiéu cao H, =10(m), bé day
thanh bé t, =1(m), chiéu cao muc nugc h, =9(m)
= Bé téng dung trong » = 2400 (kg/m®), module dan hoi E = 2.1x10% (N/m?),
hé s6 poisson v = 0.17, ty s6 can &=3%

Khi d6 tan sé dao dong riéng cua bé tinh theo phwong phap giai tich tir (2.27) 1a:

fo-1 \/ 7x98L (29 Z0.199(Hz)
27\ 18.0 18.0

Két qua tinh toén tur giai tich duoc so sanh véi két qua co dugc tir md phong ANSY'S
nhu Hinh 2. 6.
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B: Tank 1m - Mo FSI
Total Defarmation 3

Sareeping o

Unit: m

12/15/2018 352 PM
1.5389¢-5 Max
1.3670-5

L esaose.s f:019944(HZ)

AL

hoan toan

40.00(m)

10.00 3000

Hinh 2. 6 Tan sé bé chiza chdt long 7.776 m3

Tur cic két qua phan tich trén cho thiy FEM cho két qua tinh toan f_,
chinh xac so voi 1oi giai giai tich & ca md hinh 2D 1an 3D.
2.2.2 Bién dd dao ddng cia song chat léng

Dé khao sat bién d6 dao dong cua song bé mat, cho mot ngoai luc kich thich
du 16n dé mat thoang chat long dao dong. Gia sir bé chira bi kich thich béi mot xung

luc diéu hoa X (t) = X_sinwt V&I X_1a bién do dao dong va wla tan so kich thich,
phuong trinh Laplace V2¢ =0 cho bé chira 2D duoc viét lai thanh:

2 2
ox~ oz
Nghiém cua (2.28) duoc tim tir bon diéu kién bién ¢ thanh bé va mat thoang Iic nay

(2.28)

da khac so véi khi khao sat tan s6 dao dong ty nhién, cac diéu kién bién lan luot Ia:

o9 =0, (2.29)
X x=%L/2
a7 _‘g_ih X (t)x =0, tai Z=7(x 1) (diéu kién bién dong luc hoc) (2.30)
o¢p On —— A cn  n A
T tai Z=7(X,t) (diéu kién bién dong hoc) (2.31)
z

Két hop hai diéu kién bién & mat thoang chat long (2.30) va (2.31) thu duoc:
0 2 .
g—f+—¢:Xx (2.32)

Giai hé cac phuong trinh tir (2.28) dén (2.32) thu dwoc ham thé van téc c6 dang:
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¢ =—X, wcoswt (2.33)
Trong khi d6 toa d6 x c6 thé biéu dién theo chudi Fourier nhu sau:

_ﬂ 0 (_1)n
7[2 n=0 (2n +1)2

Thé (2.34) vao (2.33) thu dugc:

sin((2n +1)”—LX) (2.34)

L (1) sin(@n+1) ZXy cosh((2n +1) T+, aL
¢ =—X, 0Cos wt x X+Z L h L > > (2.35)
n=0 22(2n+1)2 cosh((2n +1)”T 0, — @

V6i o? = (2n +1)”—Lgtanh((2n +1)”—Lh) 1a binh phuong tan sé vong cua mién chat long.

Thay (2.35) vao (2.21) dugc phuong trinh mo ta bién d6 dao dong cua song dudi tac
dung cua ngoai lyc dang ham sin nhu sau:
2

_ o2 X, » (DAL w . X .
n=ow ; sin ot {x > a)zsm((2n+1) L)} (2.36)

— 2 (2n+1)? o —

Pé don gian nhung van dat duoc do chinh xac can thiét, chi can xét mode dao dong
co ban ctia TLD tac 14 khi n=0, khi d6 tai phia thanh bé trén mat thoang x=L/2 bién

d6 dao dong song chét long duogc viét lai nhu sau:

2 2 2
Tt o o

n(x = L/2)=w2%sin a)tx{x—ﬂ‘”—z} (2.37)
Phuong trinh (2.37) dugc dung dé tinh toan mot s6 vi du cho bé chtra chat 1ong chiu
tai dao dong diéu hoa, két qua dugc so sanh vai FEM va kiém tra bang thi nghiém
cho bé chiu tai trong dong trén ban Iac.

Vi du 3a: Tré lai bé chira ¢ vi du 2 véi kich thudce 0.2m x 0.3m va chiéu cao chat
long h=5 cm (*) nhu & Bang 2.1, chiu kich thich dao dong nén diéu hoa
X (t) = X, sin wt = 3xsin (27 -1.11xt)(mm). Tinh chiéu cao 5 ctia S6ng chat 16ng.
Tir (2.37) tinh bién d6 dao dong song #, két qua thé hién ¢ Hinh 2.5, trong d6
chiéu cao song theo giai tich I6n nhat #=12.2 cm, theo ANSYS 14 12.2 cm tai thoi
diém 16.7 s, hinh dang dao dong thé hién tinh chat phi tuyén caa séng chét long.
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SREYA0 98 P CORRI #PUSPO XITL LW 0D L/ OYYSR
S - A § D

R % S¢RAQED- %

Chiéu cao song (m)

Thoi gian (s) i |, e
Bién d¢ song tu giai tich Bién d¢ song tir ANSYS

Hinh 2. 7 Chiéu cao song tgi tan sé céng huong f=1.11Hz véi h,.. =5cm

water
Tur két qua mé phong sé ddi chiéu vai 1oi giai giai tich va thi nghiém kiém tra bién
d6 cuc dai cua song chat long, Hinh 2. 7 da chi ra sy ddng nhat gitta cac phuong phéap

cling nhu d6 chinh xac co ban cua thiét bi thi nghiém.

2.2.3 Ap suit thanh bé va lwc cit day bé

TLD khi hoat dong sé hinh thanh song & mat thoang, gay ra ap luc Ién thanh
bé. Khi bién do song bé thi gan nhu ap lyc chat long I1&n thanh bé 14 &p lyc tinh, bo
qua thanh phan dong. Khi chiéu cao song dat dén mot bién do va tan sé nhat dinh thi
c6 thé dan dén hién tuong séng v&. Ngoai luc kich thich chinh 1a nguyén nhan gay ra
&p suat dong tac dung Ién thanh bé ciing véi ap luc tinh ludn ludn ton tai. Ap suat tac
dung 1én thanh bé duoc xac dinh nhu 13 phan luc caa thanh bé, né duoc tao ra bai co
ché dao dong cua séng ¢ mat thoang nhu Hinh 2. 8. S6ng bé mat chat long bao gom
mét song don va mot nhom cac song ddi xing dang sin. Ap suat cua chat long o tai

mét vi tri bat ky nao d6 (bo qua ap suat tinh pgz) la:
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o¢

p= Pat
X ,0° . | (=1)"sin((2n +1)7Lxcosh((2n +1) M) sor (2.38)
=p—2 Xoa)Zsin(a)t) X+Z L L )
w? -0 2 2 h (C() 2 —(02)
n 7°(2n+1)"cosh((2n +1)T h

1)

Hinh 2. 8 Luc cdt day tac dung 18n bé F=Po+P,

Ap suat chat long & mot vi tri bat ky trén thanh bé, chang han tai x=L/2 (giira bé) 1a:

. cosh((2n+1)”(z+h)j A2
. [0
p, = pX, 0" sin ot —+z P (2.39)
0| 7*(2n+1)*cosh(2n +1)T (@, — ")
Ap suat chat long & day bé, z=-h Ia:
; sin((2n+1)7ixj Ao
P, = X’ sinet{ X+ @ (2.40)

2 2
0| 7%(2n+1)° cosh ((Zn +1)7T_hj (e, — @)
Tong &p suat chat 1ong tac dung 1én day bé va thanh bé dugc md ta bang tich phan
trén toan bo dién tich thanh, ye+l/2 va z e[-h,0]

112

F :2]l dz _[ p,dy

-h -1/2

. 8tanh((2n +1)7th 7 (2.41)

=m, X, @’ sin(ot) 1+Z_(; TTOF@ Y (@ —a)

V6i m, = pLIh la khéi lwgng thé tich tong cong. Thé (2.37) vao phuong trinh (2.41)

luc cat day bé co thé viét don gian la:

1 2 2
Fo==5pa((h+n) ~(h-n)’) (2.42)
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Vi du 3b: Xét bé chua chét long 0.2m x 0.3m c¢6 chiéu cao chat long hy, chiu kich
thich béi dao dong diéu hoa X (t) = X, sinwt = 3xsin ot (mm). Tinh &p sut chat
l6ng I8n thanh bé p,, .

Tir (2.39) 4p suat chat long duoc viét lai 1a:

cosh((2n+1)7r(zl_+h)) ALos?
p, = pX,@° sinawt —+Z @

2 2
0| z%(2n+1)* cosh(2n +1)7T_h (@, -~ @)

(7{(2+ h)
cosh
Véi mode cobann =0thi: p = pX osinwt —+. L

- 9 7h
n=0 T coshT

) 4L’
(v, - @)

Tai x=L/2 va z=-h &p suat tac dung 1én day bé duogc thé hién ¢ Hinh 2. 9 1a;

0.3

©c ©
o B N

!
©
[N

Ap luc song (kN/m?)

|
©
N

-0.3

Thoi gian (s)

Hinh 2. 9 Ap sudt chdt léng tgi tan sé céng heong f=1.1Hz véi h=5cm
Giatri p,, tac dung Ién thanh bé & Hinh 2. 9 duogc tinh bang phuong phép giai tich
dwa trén gia thiét tng xir cua song la tuyén tinh, tuy nhién trong thuc té khi chiéu cao
song dat dén bién do nhat dinh thi chat long phan ung phi tuyén, phuong phap giai
tich s&€ khong phu hgp nira [25]. Vi vay p,, s€ dugc xem xét thém ¢ chuong 3, trong
truong hop ang xu cua song 1a phi tuyén va cé ké dén su dan hoi caa thanh bé.

2.3 Phan tich hiéu qua cia thiét bi giam chan da tan

Xuat phat tir nhan xét nguyén ly hoat dong cua thiét bi TLD tuong tu nhu

TMD, muc 2.3 trinh bay vé TMD n6i chung va MTMD néi riéng. O day nhan manh
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dén hiéu qua caa hé thiét bi da tan sb furvp, hodn toan khac véi thiét bi nhiéu bé chua
(con lic nguoc) nhung chi c6 mot tin s6 duy nhat frwp [37, 41, 43, 89, 91-105]. Co
hé dugc phan tich nham khao sat hiéu qua va so sanh su 1am viéc cua két cau dudi
tac dung cua tai trong dong khi c6 va khong co st dung thiét bi giam chan. Trong
muc nay trinh bay vé cac théng sé quan trong khi thiét ké TLD/TMD d6 1a tan s6 dao
dong riéng, ty s6 can, bién d6 dao dong, ti s6 khéi luong, sé luong tdi wu cho cac bé
chta twong (ing voi dai bang tan 1am viéc. Két qua cho thay khi str dung hiéu qua sb
lugng TLD/TMD s& gilip két cau giam dang ké dao dong.
2.3.1 Nguyén ly hoat dong caa MTMD

Cac nghién ciru trude day ding lai & viéc xét 1-DOF diéu khién dao dong boi
1-TMD, 1-DOF véi MTMD hoic MDOF véi 1-TMD. Phan nay phan tich bai toan
téng quat bang cach khao sat MDOF véi MTMD (Hinh 2. 10).
X a0 " Xt

1 g

A
F(t —5> 7 >
N-1 D"XN-l(t) —> = X\
I 0
Rt 2 -~
FZ%DHXZ(D i iz(t)
L)D—) Xl(t) M1K1 Cl 1( )

Hinh 2. 10 H¢ N-DOF c6 s dung n-TLD
Cac nghién ciru gan day cho thay thiét bi diéu khién dang bi dong c6 xu hudng duoc
st dung nhiéu hon cac thiét bi dang chu dong vi thiét bi bi dong khdng can sir dung
nang lugng bén ngoai kich hoat dé lam viéc trong khi thiét bj cha dong thi nguoc lai.
MTMD khoi ngudn dua trén nén tang cia nghién ciu giam chan khéi luong da tan
sb theo Igusa va Xu (1992). Céc tac gia dé xuat hé gom mot sé luong hitu han cac
giam chan khéi lwong MTMD c6 tan s6 ty nhién phan b theo mot dai bang tan xung
quanh tan s tu nhién co so cua két cau [105]. Hiéu qua cia MTMD di dugc danh
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gia tai nghién ctru caa Yamaguchi va cong su (1993) [104]. Bén canh do, cac cdng
thire dung cho thiét k¢ MTMD duoc dé xuét boi Abe va Fujino (1994) [103]. Cac
nghién ctu nay khang dinh hé nhiéu TMD dit song song ¢6 hiéu qua hon 1-TMD
thong thuong khi str dung dé diéu khién dao dong cho két cau (Hinh 2. 11).

N
§ my, ©, §
V'V MANER m3, 02, &
§ Mg, Mg, Qn . .
N P
N AMAARE Mo, on, G
\ n, Wn, Un
N |

e

Hinh 2. 11 H¢ 1-DOF vgi n-TMD dat song song

Thong qua phan tich kha ning giam chan cia MTMD, s& ¢6 co sé dé thiét ké thiét bi
giam chan chat long da tin MTLD. Vi du ¢ cudi muc nay trinh bay cac thdng s6 anh
hudng dén su 1am viéc hiéu qua cua thiét bi giam chan da tan noi chung.
2.3.2 Phuwong phap diéu khién dao dong ciia MTLD

Thiét bi giam chan chét long da tan, MTLD la tap hop nhiéu bé chat long don
tan TLD c6 muc nudc khac nhau cing tham gia vao qua trinh diéu khién tan sé cua
két cau. Tuy nhién to hop cac bé nay c6 tan sé riéng phan bé xoay quanh tan sé riéng

cta hé. Hinh 2. 12 bén dudi biéu dién mé hinh toan dugc xay dung ddi véi hé MTLD.

T =) i) e 1
L L F / Kat £ F
Két ca ¢t cau L,
¢t cau " > " -
Hinh 2. 12 So d6 tinh MTLD twong ty MTMD
Tan sb tu nhién cua 1-TLD Ia;
f. =i ﬂ'[anh zh (2.43)
27\ L L

voi daitans6 F = f, f,, f,,..., f,..., f, twongung Ia cac tan s6 riéng (theo th tu ting
dan) duoc tao ra nho tap hop cac bé chia don, khi két cau chiu dao dong kich thich

cong huong ding bang tan sé riéng f,, hé MTLD hoat dong véi su dong gop tan sé
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thong qua dao dong séng bé mit trén cac don vi bé thanh phan, khic ché dao dong
cong huong cua hé két cau, ma myc tiéu 1a chuyén vi dinh cua chung. Nhu vay van
dé dit ra 1a mién F xac dinh nhu thé ndo 14 hiéu qua nhat. Sy phan b tan sb cua hé
MTLD c6 thé dugc dic trung bai ba thdng so: tan s6 trung tam f_, bé rong dai bang

tAn AR, va khoang tan s6 B, . Hinh 2. 13 biéu dién dai tan s6 phan bé trong hé MTLD.

f,+f
f — N 1 .
o 5 (2.44)
AR = fo‘ f (2.45)
Bi = fi+l_ fi =(fN - fl)/(N _1) (2.46)

Trong d6 f, 12 tan sé ty nhién cua TLD tht i; f, va f, twong ung 1 tan s6 riéng nho
nhat va 16n nhat trong tap hop N bé chira TLD. Vi ly do, MTLD ¢6 1 tan s trung

tam la f, nén sé luong bé N thuong chon la sb 1&.

| AR~(fy-£,)/fo |
I g
TLD, fo~(f+x)/2 TLD,
OOl OO ——hpeeeee Qe O——O—>
f; f, f; fing fo fs fyer fx f
L | L |
) 1 ) 1
YTy Ay=(fs-fo)/fo

Hinh 2. 13 Phan bé tan sé trong hé MTLD

Bén canh do, tinh chat dac biét thé hién sy khac nhau gitta 1-TLD va MTLD
la hé sb diéu chinh Ay. Theo d6, thay vi diéu chinh tan s dao dong song cua hé can
khéi luong ding bang tan sé riéng cua két cau, chi can diéu chinh tan sé caa N s6
luong TLD tham gia giam chan c6 do gan nhat dinh ddi véi tan s6 cong huong dé hé
can van phat huy tac dung. Tuy nhién, cach lam trén khong lam giam di hiéu qua
giam chan cua hé, ma con vuot tim hiéu qua so véi khi chi sir dung don bé 1-TLD.
— fS — f0

f

0

Ay (2.47)
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Céc nghién ctiu trudc day chi ra gid tri tbi wu MTLD dat dugc khi AR =0+0.2, ty 1&
khoi lugng 1 =m, /m, =1-5% (khoi lugng nudc/khdi luong két cau) [20, 102-107].
2.3.3 Két cdu dao ddng ty do va ty sb can
Phuong trinh chuyén dong caia hé khung (khdng cé luc kich thich):

mX+cX+kx=0 (2.48)
Nghiém cta phuong trinh (2.48) cé dang:

x(t) = Ce* (2.49)
Thé nghiém vao phuong trinh (2.48), dat 035 =k, /m, , thu dugc:

52+&s+m§ =0 (2.50)
m

(2.50) 1a phuong trinh dic trung, nghiém s ciia phuong trinh tity thudc vao hé sé can
c, va nghiém nay cé thé dugc biéu dién dusi dang phac. Cong thac Euler:

e"! = cosm.t xisinmt. Pdi véi he khung dao dong tu do 6 cin ¢, # 0 (thuong la

cac h¢ thugc loai can it ¢, < ¢, = 2ma, ), khi d6 nghi¢m phuong trinh (2.50) c6 dang:

2
S, = -2t ( 5 J — (2.51)

2m,

Trong trudng hop nay, thay vi str dung hé sé canc,, ngudi ta thuong sir dung hé sé

CS

. Thé vao phuong trinh (2.51), thu duoc:
2m, o,

thay thé goi 14ty s6 can &, =5 =

cr

s=-£.0, ++/(.0,) -0 =-£o, tio, (2.52)

V6i o, = /1-&" 1atan s6 dao dong c6 can. Trong thuc té cac két cau co & < 20%

nén o, ~ o, (Voi gia tri & =0.2thi w, =0.98w, ). Phuong trinh chuyén dong cia
dao dong tu do cua khung can it:

X(t) = C,el= o)t | C glreesion)t (2.53)
hay:

X(t) = e~ (Asin wpt + Beosmpt) = Xe ™ cos(wpt — §) (2.54)
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Hinh 2. 14 biéu dién dao dong tat dan phuong trinh (2.54), theo Rao (2011) [108].

x(1)

™. | 2
- 'n’=wd o
X el [xrw

X,| 7 X1 /\‘""‘“‘-———_ ______

I 1) N P S |
0 ,._,_! h L \-‘/ _F_.___M____ Oy
—q—hd’lll == -
&b ‘\,_-—"“

Hinh 2. 14 Dao dong tw do cé can it

Dao dong cua hé khung giam dan theo thoi gian do thanh phan e =, tir d6 ta c6 dinh

nghia hé s6 d6 giam loga trong mdi chu ky dao dong:

5= In[ﬁj (2.55)
XZ
Sau d6, xac dinh ty s6 can &, thdng qua biéu thac lién hé voi do giam Loga:
E=— (256)

\ (2m)* 487
Cong thic (2.56) thuong ding x4c dinh ty sé can két cau &, bang thuc nghiém, day
cling 1 cong thirc duoc 4p dung tinh toan tai chuwong 5 phan thi nghiém.
2.3.4 Ung dung MTMD cho hé¢ MDOF chju tai trong déng
Phuong trinh dao dong caa khung véi TLD duoc gan & dinh chiu chuyén vi

nén theo phuong ngang co thé duogc viét lai 1a:

MX+CX+KX=F, +P, (2.57)
Trong @6 X={X, X, -+ Xy} = vecto chuyén vivsi X; chuyén vi tai tang thu i,
F, 1a lyc cat day ciia TLD va P, = vecto lyc kich thich. Ma tran hé s trong phuong

trinh (2.57) 1a khéi luong, can va d6 ctimg duoc xac dinh nhu sau
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0 M o - _
M=l . 2 |=MM (2.58)
MN
c,+C, -C,
C, C,+C, —C, | _
c=| T T T Ulecg (2.59)
CN
K.+K, -K,
-K K,+K, -K _
K=| .? ZT T =KK (2.60)
KN
Trong d6 M C K la cAc ma tran truc chudn. Vec to xéac dinh luc kich dong nén:
P(t)=-M,M1z,7 (t) (2.61)

Véi M1= [1](le) 1 vec to don vi.

F, (t) tac dung tai dinh san, duoc hinh thanh tir dao déng song chét long truyén sang

két cau khi TLD dugc gan cb dinh vao co hé va duoc xac dinh theo nghién ctu cua
Banerji (2000, 2011) [27, 109] nhu sau:

F()=[0 - 0 F(t)]=1f,Rf(t) (2.62)

T
(le)

Trongdo: F,=[0 - 0 1]
Luc cat day caa TLD dugc xac dinh tir (2.62) ¢6 f,, =g-m, véi m la khéi lugng TLD
va f,(t)=05(h?-h?). Trong d6 hy va h_ Ian luot Ia chiéu cao séng chét long &
thanh phai va trai bé chira, xac dinh theo quy trinh cua Banerji va cong su (2000).
Ngoai ra, ty sé khéi luong 4z xac dinh bang cong thic:

y= _ (2.63)

N 14 sé bac tu do (s6 tang) cua co hé.

Gi4 tri phan héi chuan cho két ciu chinh X, duoc xac dinh béi cong thic :
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MoZ,

XO,S’( = K—O (264)
Néu lua chon:

. MNg

l, =— 2.65

0= (2.65)

Véi A, 1a h¢ s gia téc, thay X, vao (2.57):

MX + 2£,0,CX + 0] KX = &} 4, X, 4 F, T, (t)— f X, M17 (1) (2.66)
Chia X, X, X cho X, ratra dugc phuong trinh dao dong chuan nhu sau:

MX +2£,0,CX + KX = 0 [ 4,F, T, (1) - M1Z (1) ] (2.67)

Phuong trinh (2.67) c6 thé giai bang phuong phap Newmark dé c6 gia tri phan ang
thuc. Nham thuan tién cho viéc md phong va trinh bay két qua, mot vai dinh nghia
va gia thiét dugc xac lap:
= B0 qua tac dong cua tai trong gio va dong dat 1én co hé m —c, —k. (i =1 2,3...n)
trong d6 n 1a s6 luong bé chira trong MTLD. Piéu nay c6 nghia 1a tai trong
dong chi tac dung Ién trén két ciu chinh M. —C, - K, (i=12,3..N). Véi N la
sb tang (bac ty do) cua cdng trinh
= Két cau chinh c6 tai trong d6i xung va khéi lugng duoc phan bd déu
(M,=M,=M,=..=M,=M,), d0 cung (K, =K, =K, =..=K, =K,) va hé¢
sd¢in (C,=C,=C,=..=C, =C,).
= Céc bé chira chat long dugc md phong nhu cac qua nang véi khdi luong
(m=m,=m,=...=m,=m), ty s can (& =&, =& =...=& =¢&)va do cung

khac nhau (k;, j=12,...,n).

= Hgsd & =C,/(2M,m,) =0.01 hay 1% VSi @, =/K,/ M, .
Két qua tdi wu c6 lién quan dén cac thong s nhu sau:
» Dai tin s6 chuan hoa caa TMD duogc xéac dinh 1a:
A =T4 (2.68)

’ Wy
Trong d6 ., 12 tn s6 dao dong vong tu nhién dau tién cua két cau.

= Tan s chuan héa thir nhat va tht j cia TMD dugc miéu ta nhu sau:
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a)l _ Cl)c _Aw

0y @y 2

(2.69)
@, n-1 @,
Trong d6 o, 12 tan sb trung binh MTMD. Quan hg giita ty s6 can & va do ctng cua

két cAu chinh va TMD Ia:

rjc :C_J:M: rmiﬁ (270)
Co 2M S, S @,
K N\
Ko 2

Trong d6 r. la hé s6 khdi lugng va dugc ¢o dinh 1%:

r. =0.0IN/n (2.72)
2.3.5 Vidu ap dung diéu khién dao déng véi MTMD

a. Phan tich bai toan trén mién tan sé
Phan nay duoc 1ap trinh Matlab bang cach cho céng trinh chiu tai diéu hoa va
xem xét dap ung chuyén vi dinh khung khi c6 va khéng sir dung thiét bi giam chan.
Pau tién, phuong trinh dao dong cua co hé duoc giai quyét vai 1-TMD dé co thdng
s6 t6i wu cho tan sb trung tdm va hé sb can cia TMD. Sau d6, giai bai toan véi hé n-
TMD c6 tan sb trung tdm bang véi tan s6 caa hé can TMD vira giai quyét & trén. Bang
tan so va hé sb can caa truong hop n-TMD dwoc miéu ta tir nhiing gia tri nho nhat
cua bién do dao dong cua tan s6 phan tng. Bang 2. 3, Bang 2. 4 va Bang 2. 5 bén
duéi chi ra cac két qua thu dugc tir bai toan cho hé 1-DOF, 5-DOF va 10-DOF.
Bang 2. 3 Téi uu két qua cho hé 1-DOF

a)C
" a)nl ACO &
1 0.989 0 0.061
5 0.989 0.12 0.023

11 0.989 0.137 0.022
21  0.989 0.145 0.021
31 0.989 0.147 0.021
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Bang 2. 4 Téi uu két qud cho hé 5-DOF

@

n o, Ao &

1 0.978 0 0.079
5 0.978 0.15 0.032
11 0.978 0.172 0.03
21 0.978 0.18 0.03
31 0.978 0.183 0.03

Bang 2. 5 Téi uu két qua cho hé 10-DOF

W,

Ao &

a)nl

1 0.973 0 0.079
5 0.973 0.175 0.014
11 0.973 0.193 0.010
21  0.973 0.215 0.010
31 0.973 0.218 0.010

Hinh 2. 15 chi ra su dap ung tan sb khi c6 va khong sir dung TMD dé diéu
khién dao dong. Trong hinh ndy, X, 1a chuyén vi tinh va dwoc xac dinh bang cach
Xo« = Fy I Ky, trong d6 F, 12 bién do luc. Két qua chi ra ring TMD c6 thé lam tét dan
dao dong cong trinh khi chiu tai trong ngang. Khi sé lwong bé chira chat long MTLD
tang 1én, thi su dap tmg dao dong giam dan xudng.

Hinh 2. 16 va Hinh 2. 17 cho thay két qua diéu khién chuyén vi dinh cua cong
trinh ¢ bién do giam dang ké. Khi tan sé cua khung bang tan sé luc kich thich thi

cong trinh bi cong huéng, chuyén vi dinh dat cyc dai, khi 6 1TMD véi f,,,, = fyung

thi hién tugng cong huong khéng con xay ra nhu & Hinh 2. 15, Hinh 2. 16, Hinh 2.
17. Va véi cang nhiéu TMD thi chuyén vi dinh 1a cang bé, dén mot s6 luong hitu han

TMD thi dudng phan ang chuyén vi dinh cuc dai s& nam ngang.
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Hinh 2. 17 Pdp ung tan sé cua hé 10DOF
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b. Phan tich két cau chiju tai diéu hoa trén mién théi gian

Pap Gng trén mién thoi gian duoc thuc hién cho cac trudong hop diéu khién
chuyén dong nén diéu hoa duoc dic trung bai tan sé va bién do gia téc kich thich.
Viéc phan tich dao dong nén khi cong trinh ¢6 st dung MTMD chiu tai diéu hoa, s&
cho phép hiéu biét truc quan phan ung caa hé két cau — MTMD khi nén chiu mét tan
sb kich thich duy nhat. Bé nghién ctu, chuyén dong nén diéu hoa xac dinh nhu sau:
Z(t)=Z,sinwt (2.73)
Trong d6 7, =0.3129g. Gia tri 0.3129 la gia toc cyc dai trong tran dong dat Elcentro

1940. P4 thi cua phuong trinh (2.73) dugc V& lai

0.4

o 5 10 15 20 25 30 35 40
f(sec.)

Hinh 2. 18 Gia toc nén dao déng diéu hoa

Tir phuong trinh (2.65), hé s6 gia téc tim dugc bang céch:

4 =N (2.74)
, 0.3129 ‘ 7
Két qua duogc chi ra ¢ do thi Hinh 2. 19, Hinh 2. 20, Hinh 2. 21 cho dap tng chuyén

vi dinh. MTMD chung to phat huy rat tét kha niang diéu khién dao dong diéu hoa.

60 ' ' ' ----=-No-TMD ——1-TMD

[ECRE R

7 Time (5)
Hinh 2. 19 Pdp ung chuyén vi dinh hé SDOF khi khdng c6 va c6 TMD
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Hinh 2. 21 Pdp wing chuyén vi dinh hé 10DOF khi khéng c6 va ¢ 1-TMD
Hinh 2. 22 trinh bay kha ning diéu khién dao dong hé 5DOF st dung MTMD.
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Hinh 2. 22 H¢ 5DOF st dung MTMD
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Két qua cho thay két ciu cang st dung nhiéu TMD thi giam chan cang hiéu qua, tuy
nhién 11-21-31TMD khéng chénh léch nhiéu, nén c6 thé xem 11 TMD & tbi uu.
c. Két cau chiu tai trong dong dat
Pé danh gia hiéu qua TMD trong diéu khién dao dong két cau dudi tc dung
cua dong dat thi dit liéu thuc cua cé4c tran dong dat duoc xem xét va dir liéu dong dat

Elcentro 1940 duoc lya chon. Tin hiéu dong dat thé hién trong Hinh 2. 23.

0.4

0.3

#/9
o

Hinh 2. 23 Béng dat Elcentro 1940
Dit liéu dong dat Elcentro dugc sir dung dé xem xét kha nang giam chan cua hé c6 1-
DOF, lan lugt phan tich cho co hé khi khong va khi ¢6 sir dung MTMD lan lugt véi
sb luong 1, 5, 11, 21, 31 TMD. Két qua dugc thé hién ¢ Hinh 2. 24 bén dudi.

0.9 |

|l‘ l l
0.3 L ,Mf ‘ |
«ﬂ M w M‘hn “‘ wm“’*,w‘w s wwh"‘ wl'u\h | f"u’ i)
fl ;

03 ‘ “ ’ Ml

Chuyén vi dinh (mm)

\

-0.9

-1.2 —
Thoi gian (s)
—0-TMD —1-TMD —5-TMD 11-TMD —21-TMD —31-TMD

Hinh 2. 24 Khd ndng giam chan cia MTMD khi két cdu chju dong dat
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Db thi & Hinh 2. 24 chi ra rang dao ¢ong khung khi c6 MTMD duoc giam déang ké so
véi khi khong sir dung thiét bi, dic biét sau 7 gidy. Cang nhiéu bé chtra chat 1ong thi
chuyén vi dinh cang giam thém. 11 TMD duoc xem 12 s6 lugng téi wu.

2.3.6 Nhan xét va két luan

Muc 2.3 cho thay hiéu qua diéu khién dao dong cia MTMD 1a déng ké, va do
nguyén |y hoat dong cia MTMD tuong ty MTLD nén dé lya chon cac théng sb dé
phat huy kha ning giam chan caa MTLD thi k su thiét ké c6 thé dua vao MTMD.

Khi phan tich dap Gng trén mién tan s, Hinh 2. 15 cho thay néu khong str
dung TMD thi chuyén vi dinh tién dén trang thai dao dong binh on (steady state) véi
o ~ w,. Tuy nhién, néu dugc diéu khién bai 1-TMD thi xuat hién hai gia tri cuc dai
chuyén vi dinh, va néu sir dung nhiéu TMD hon thi dudng dap (ng trén mién tan sé
c¢6 do doc giam dan va tién dén nam ngang nhu & Hinh 2. 16 va Hinh 2. 17.

Tuong tu d6i V6i phan tich dap (ng trén mién thoi gian; Hinh 2. 19, Hinh 2.
20, Hinh 2. 21 va Hinh 2. 22 cho thay TMD diéu khién dao dong két cau rat tét va
cang nhiéu TMD thi diéu khién dao dong cang hiéu qua. Hinh 2. 24 cho thay véi dao
dong nén kich thich, MTMD diéu khién dao dong tét va hiéu qua giam chan phat huy
sau 7s. Khi s6 TMD > 11 thi hiéu qua thay doi khong dang ké.

2.4 Phwong phap khdi hrgng thu gon quy ddi MTLD nhw MTMD

Do gidi han cua kha nang lap trinh nén co hé can diéu khién nhu muc 2.3 12
hé c6 sb lugng hitu han DOF, ngoai ra muc 2.3 xem d¢ cang cac tang, khéi lugng céc
tang 1a tuong duong nham don gian hoa viéc 1ap trinh, diéu nay khé sir dung trong
thuc té thiét ké. Vi vay cac bai toan nhu trén chi dung trong nghién cau. Bé ap dung
thiét ké thyuc té, myc 2.4 trinh bay dé xuat quy d6i MTLD thanh MTMD két hop sir
dung phan mém thuong mai trén thi truong, vai do chinh xac chap nhan duoc dé phan
tich, danh gia kha nang giam chan MTLD.

Novo va cong su (2014) dé xuat phuong phap quy doi TLD thanh TMD dé
ting dung md phong vai SAP2000. Co so dé quy doi dua trén 3 yéu td chinh: khoi
lwong hiru hiéu quy d6i gitta TLD-TMD, d6 cang quy d6i cia TLD-TMD, va ty s6
can quy doi cua hai loai thiét bi nay [86].
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2.4.1. Phwong phap khéi lwgng thu gon cho bé chira chit léng

Phuong phap ndy duoc dé xuat bai Housner (1963) trong d6 thanh bé chua
dugc gia thiét tuyét ddi cang [46]. Ap luc dong do song chat long dao dong dugc chia
lam hai phan: (1) thanh phan xung ctng va (2) thanh phan xung dbi luu do song bé
mat chét 1ong gay ra. Ap luc xung cing ty 18 thuan véi gia téc dao dong cua bé chua,
nhung nguoc hudng. Ap lyc ciia xung d6i Iuu thi lién quan dén chiéu cao song chat
long va tan sb dao dong séng. Vi vay ca hai thanh phan cua ap luc dong c6 thé dugc
mo phong bang hai khéi lugng twong dwong. Hinh 2. 25 mé ta sy quy doi theo phuong
phép khdi lugng thu gon, trong d6 M, dic trung cho khbi lwgng xung ctng va lién
két cing vao thanh bé tai cao 46 H,, M, dic trung cho thanh phan dbi luu lién két

VGi bé qua 10 xo ¢6 d6 ctng K tai cao do H,.

k k
— 2 2
— \ "‘"’l\\.‘ / ﬂ.“\l\l S I
he jﬁ Mo H,
L
Ho
|

L
Hinh 2. 25 M6 hinh quy déi bé chiza chat long thanh hé m-c-k

Péi v4i bé chir nhat, phuong phap quy dbi nhu Hinh 2. 25 da duoc cong bd bai Jin

va cong su (2007). Trong d6, TLD dugc thiét ké cho dan khoan dau ngoai khoi chiu

tac dung cua tai dong dat dugc md phong sé va dbi chiéu vai thi nghiém [87]:

_tanh(17x(L/2)/h )

T TuTx(U2)h, (2.75)
_ 0.83xtanh(1.6xh; /(L/2))
T Lexh (L) (2.76)
Va:
H, =0.38xh, x[l+a(%—lﬂ @2.77)
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H1=hfx[10.33x%(l_h/2] +o.63xﬂx(';]/2)x\/o.28{mfXL/Z]1] (2.78)

1 f 1 X1y

Trong do:

_3-g-M{-h,

k
m, - L?

(2.79)

Vi m, latong khéi lugng nudc trong bé, = 2.0va a =1.33 lan luot 1a hé s6 do mo
men udn va ap luc thuy dong tac dung 1én chan bé, h, 1a chiéu cao chat léng.
2.4.2. Pic trung can caa song chit léng

St can trén bé mit song dugc nghién ctu boi Miles va cong su [110]; Jin va
cong su [87], cac nghién ctu trén dé xuat ty sd can cua chét long bén trong TLD 13
£, ¢6 thé duoc hiéu chinh bai hé s6 1+2h/b+S, trong d6 b 1a bé rong cua bé chira
chat long. Vai hé sé nay, su tiéu tan niang lugng do do ma sét cua chat long vai thanh
bé va su x40 tron, 6 nhiém cia nudc & bé mit bé cling duoc ké vao tinh toan. Sy ma
sét giita chat long va thanh bé chira twong tu nhu chat long ¢ day bé, S 1a hé sé ké dén
sy 6 nhidm & bé mat bé, trong nghién ciru nay thi S=1 dugc sir dung, theo dé xuat cua

Fujino (1992) [18]. Khi d6, ty s6 can cua chat long trong bé dugc tinh nhu sau:

P N 1+(2h—fj+s L (2.80)
b 2 b hf g'hf .

V6i w; 1a tan s6 vong caa TLD.
2.4.3. Ung dung SAP2000 trong phuong phap quy d6i MTLD nhu MTMD
Dua theo phwong phap khdi lugng thu gon trinh bay bén trén, mot dé xuat nhu

Hinh 2. 26 boi Novo va cong su (2014) nham don gian hoa trong phan tich dap tng
dao dong cua két cau [86]. Phuong phap nay c6 thé ding mé phong két cau va MTLD
lam viéc dong thoi trén nén tang FEM véi SAP2000, viéc nay rat co ¥ nghia trong
thuc té thiét ké. Su quy d6i MTLD thanh MTMD duya trén céc gia thiét nhu sau:
1) Mot lién két dang 10 xo dac trung cho sy can dugc dinh nghia nham muc dich
mo phong tinh chat can twong dwong cho mot bé chira chat long TLD.

2) Mai 10 xo lién két vai hé két cau théng qua phan tir thanh do cing k theo (2.79)
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3) Khéi lugng thu gon duogc sap xép véi phan khdi luong tinh Mo nam & phia
dau-cudi mé hinh twong dwong con khdi lugng ddong M1 nam ¢ trung tam.

M1 - (n°TLDs) C - (TLDs)

Mo/2 - (n° TLDs) Mo/2 - (n° TLDs)

k - (n° TLDs)

Hinh 2. 26 M6 hinh quy déi TLD thanh TMD duing phan tich trong SAP2000

Ngoai nghién ciu ciia Novo va cong su (2014), con co6 cac cong trinh caa Soliman va
cong su (2012, 2016), tng dung FEM quy d6i TLD thanh TMD véi su hd tro cua
SAP2000 phan tich kha nang cua thiét bi dé diéu khién dao dong két cau [111, 112].
2.4.3.1. Céc tham sé quan trong khi thiét ké MTLD
Theo cac nghién ciru di trudce thi phan tng cuc dai caa cong trinh sé duoc giam

dang ké néu tdi wu hoa cac thong sé cho TLD. Twong tu nhu vay, ty s6 khdi luong,
ty s6 tan s6 tu nhién gitra TLD-két cu va ty s can caa séng chét long 1a nhitng tham
s6 can kiém soét khi thiét ké TLD. S6 lugng TLD duoc xem nhu tdi wu khi théa mén
d6ng thoi hai diéu kién sau: (1) néu ting thém TLD ma hiéu qua giam chan cua thiét
bi khong d6i hoic thay d6i nhung khong dang ké va (2) khdi lugng cuaa thiét bi khdng
lam thay d6i déc trung riéng cta toan bo hé két cau.
2.4.3.2.  Anh hwéng cia ti s6 khoi lwgng MTLD

Ty s6 cuia khéi lugng chét long m, va khdi lugng két cau m, tir 1-5%.

m, /m, =1-5% (2.81)
2.4.3.3.  Anh hwéng cia dai tin so6 hoat dgng MTLD

Dé lua chon duoc dai tin s6 MTLD gilp két cdu giam dao dong nhiéu nhét thi
dau tién, can chon dugc tan s dao dong tw nhién f, ciia TLD trung tdm sao cho bang
(hoic gan nhu bang) véi tan s6 dao dong tw nhién cua cong trinh bén dudi f,:

f,/f, =1 (2.82)
Sau d6 dé c6 dai tan s phi hop vai s6 lugng bé chira dong vai trd nhu thiét bi giam

chan da tan, phuong phap xem MTLD nhu MTMD & chuong 2 dugc &p dung, bang
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cach thir va sai, bai toan phan tich quéa d6 duoc giai lap dén khi chuyén vi dinh caa
két cau 1a nho nhat va hoi tu. Trong muc 2.3.2 cta luan &n chi ra rang bang tan sb
MTLD véi AR =0+0.2 1a dai bang tan hiéu qua cua thiét bi.
0.8< fynp/f, <1.2 (2.83)

Piéu nay ciing pht hop véi cac két luan & cac nghién cau di truée [37, 103, 104].
2.4.3.4. Ung dung MTLD trong diéu khién dao dong két cau

Pé thiét ké MTLD bang cach quy d6i twong duong nhu MTMD, khung thép
chiu tai trong dong duoc md phong s6 vai SAP2000 c6 kiém chang bang thi nghiém
nham muyc dich danh gia mac do chinh xac ciia phuong phap quy doi.

Vi du: Khung thép chiéu cao 1.1 m véi san day 5.0 mm kich thugc 0.65x0.65
(mxm) nhu Hinh 2. 27, duoc chiu tai diéu hoa va dao dong nén kich thich nén. Sir
dung céng thirc quy do6i trong muc 2.4.1 két hop mé hinh tinh toan ¢ Hinh 2. 26 dé

phan tich chuyén vi dinh khung trong truong hop ¢6 va khong st dung MTLD.
—w‘1l ~y

A
prd s

pa

[\
A

%
Hinh 2. 27 Khung thép thi nghiém Hinh 2. 28 Khung va MTLD trong SAP2000

Bo d6i phuong trinh (2.81) va (2.83) gitp chon ra sé lugng, khéi luong bé

chira dong vai tro 1a thiét bi giam chan. Bang phuong phap thir va sai két hop sir dung

quy trinh thiét ké TLD cua Banerji (2000) [27] va cac phuong trinh (2.43) (2.44)
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(2.45) va (2.46) dé c6 Bang 2. 6; va tir (2.75) (2.76) (2.77) (2.78) va (2.79) c6 duoc

Bang 2. 7 véi MTLD bao gdbm cac bé chira 0.1x0.15m véi h, cu thé nhu sau:

Bang 2. 6 Tan sé cac TLD va ddi bdng tan tirong 1ng

f1 fn fo

. h; bén t TLD
MTLD H) (H) (H2) AR B Ay ¢ bén trong

1 2.085 2.085 2.085 0.000 N/A 0.03 hi=2cm
1.999 2.085 2.042 0.042 0.086 0.05 h;=1.8cm h>=2cm
1.999 2.085 2.042 0.042 0.043 0.05 hi=1.8cm h=2.2cm hz=2cm
1.999 2.043 2.021 0.022 0.015 0.06 h;=1.8cm, h,=2.2cm
hs= 2cm, hs= 1.9cm
5 1.999 2.125 2.062 0.061 0.031 0.04 hi=1.8cm, hp=2.2cm, hs=

2cm, hs=1.9cm, hs =2.1cm

A W DN

Bang 2. 7 Pdc trung quy doi ciia TLD dé mo phong sé

STT M, (kg) M, (kg) k/2(N/m)  Tysdcan &  Vitri TLD
1 0.02806 0.20222 4.01140 0.01173 Bé 1
2 0.03817 0.2281 5.10433 0.00993 Bé 2
3 0.03463 0.21978 4.7386 0.01046  Bé trung tam
4 0.04188 0.23612 5.46944 0.00945 Bé 3
5 0.03126 0.21115 4.37377 0.01106 Bé 4

Tong khdi luong khung thép 13 22.3 kg bao gom hé bé chira. Khi khung chiu
tai trong dong, sir dung MTLD dé diéu khién dao dong véi 1-3-5 bé dé thay duoc kha
nang giam chan thiét bi. Két qua md phong sé duoc so sanh véi két qua thi nghiém.

= Khung thép chiu dao ddng diéu hoa

Khung dao dong diéu hoa véi chuyén vi nén x= A -sin(2z- f,-t) trong do
A, =0.5mm. Dit liéu nén dugc dua vao SAP2000 dé phén tich khung dugc giam chan
boi MTLD quy d6i thinh MTMD tuong dwong nhu Hinh 2. 29.
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Hinh 2. 29 Khai bo tdi dao déng diéu hoa trong SAP2000

Két qua chuyén vi dinh khung twong @ng véi cac trudng hop khéng sir dung TLD va

1, 3, 5 TLD duoc thé hién nhu Hinh 2. 30.
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Hinh 2. 30 Phan ing déng cua khung thép chiu tai diéu hoa véi 0,1,3,5TLD

Tir d6 thi Hinh 2. 30 cho thiy kha ning giam chan caa thiét bi 1én dén 95% trong
truong hop st dung 5TLD va 92% khi sir dung 3 TLD. Vi chuyén vi dinh khung hoi
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tu nén co thé két luan: sé luong bé tdi wu 13 5. Két qua & Hinh 2. 30 duoc Vé lai, ddi
chiéu vai thi nghiém trén ban lic va cho thay sy dong nhat gitta mé phong va thi
nghiém nhu ¢ Hinh 2. 31, diéu nay chang té su hop ly ciia phuong phéap quy doi.

45
T ’ i 30

Thi nghié

5 SAP2000 I
30 Ik

15 [l 15

0 0 Hi
-15

.30 U “l “ l“Hl 1 ‘ " \“\H.i\ ‘ -30

-15

45 45
w/o TLD ——1TLD-S ——3TLD -S 5TLD -S

’ SAP2000 ’

6 6

3 3

0 0
-3 -3
-6 -6
-9 -9

——1TLDSAP ——3TLD SAP ——5TLD SAP 1TLD - TN 3TLD - TN 5TLD - TN

Hinh 2. 31 Chuyén vi dinh khung giiza SAP2000 va thi nghiém
Tir d6 thi Hinh 2. 31 ¢6 thé thay hiéu qua giam chan MTLD la dang ké, thiét bi gidp
cdng trinh giam chuyén vi dinh tir 45.0 mm xuéng con 8.0 mm, 3.0 mm va 2.0 mm
trong trudng hop st dung 1, 3, 5 TLD dé diéu khién dao dong. Két luan vé hiéu qua
giam chan nay phu hop véi cong bd caa Bhattacharjee va cong su (2013) [113].
= Khung thép chiu dao d@dng nén kich thich

Pé khao st khung thép dudi tc dung kich thich dao dong nén, phd gia téc
nhu Hinh 2. 32 dugc tao ra va tac dong 1én khung thép. Nguyén nhan cua viéc tao gia
tbc nay 1a khi dao dong, két cau s& dat dén chuyén vi dinh cuc dai tuong duong &
truong hop khung chiu tai diéu hoa khi cong huong xay ra (chuyén vi dinh 45 mm).
Ngoai ra pho gia tbc nén nay dugc lya chon dé phi hop véi kha ning tao dao dong

ctia ban lac ty ché tao s& dugc trinh bay cu thé hon trong Chuong 5.
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Hinh 2. 32 Phé gia téc nén tqo ra tir ban ldac
Khi d6, chuyén vi dinh cua cdng trinh dugc phan tich bang SAP2000 va di chiéu
véi thi nghiém trong truong hop khdng va ¢ st dung 1-3-5TLD dé giam chan cho
két qua & Hinh 2. 33.
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(@) Chuyén vi dinh khung khi khéng su (b) Chuyen vi dinh khung vai 5-TLD
dung TLD gizra thi nghiém va SAP2000
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(¢) Hiéu qua khang chdn khung chju (d) Thi nghi¢m khung chju dao dong
dao dgng nén véi SAP2000 nén khi siz dung MTLD trén ban lac
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Thoi gian (s)
(e) Hiéu qud giam chdn MTLD tir gidy thi 8 d@én 20 véi SAP2000
Hinh 2. 33 Hiéu qud giam chan MTLD bang SAP2000 dsi chiéu thi nghiém

Két qua & Hinh 2. 33 cho thay chuyén vi dinh khung giam di mot cach dang
ké 1én dén 45% (tir 45 mm xudng con 23 mm) va co su tuong dong giita thi nghiém
so vai mb phong sb dac biét 1a gia tri chuyén vi dinh 16n nhét caa hai phuong phap.
Do d6, ¢6 thé khang dinh phuong phap quy doi trinh by ¢ day du dé ap dung trong
thuc té thiét ké, gidp lua chon nhanh, dé& dang cac théng sé dic trung, hinh dang, sé
luong bé chtra chat 1ong dong vai tro nhu thiét bi giam chan MTLD.

2.5  Tom tit chuwong 2

Tat ca cac ddc trung quan trong cua bé chira chat long da duoc khao sat, dac
biét nhan manh dén tan s dao dong riéng cua bé chaa f,,, , chiéu cao caa song chat
l6ng khi dao dong  va ap luc cia song tac dung Ién thanh bé p,,. Tt ci cac thong
sb dugc tinh todn thdng qua vi du cu thé véi loi giai giai tich két hop di chiéu FEM
trén nén tang ANSY'S va so sanh véi nghién cau di truée cho thay su phd hop.

MTLD dugc quy d6i thinh MTMD nham muc dich don gian hoa trong thiét
ké thiét bi giam dao dong két cau khi co hé chiu tai diéu hoa va dao dong nén kich
thich. Két qua tir 6 thi Hinh 2. 31 va Hinh 2. 33 cho thay kha niang diéu khién rét t6t
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cua thiét bi khi ty sé khdi lugng TLD bang 1-5% khéi lugng két cau va dai tan sb
nam trong khoang AR =0—-0.2. Viéc quy do6i nay 1a hoan toan hop 1y khi so sanh két
qua dao dong trén ban lac, dic biét d6i véi dao dong diéu hod, chuyén vi dinh két cau
gitta thi nghiém va md phong sé cho thay su déng nhat cao.

Déi va6i dao dong nén kich thich, chuyén vi dinh khung tuy chua cho gia tri
nhu nhau tai mdi thoi diém At nhung chuyén vi dinh cuc dai xap xi nhau. Bang
phuong phap trinh bay & muc 2.4, k¥ su ¢ thé thiét ké don gian MTLD, viéc nay rat
c6 y nghia vi gilp tiét kiém nhiéu thoi gian so voi viéc md phong day du chét long
bén trong bé. Nguyén nhan 1a vi khi ké dén chat long, sé luong an va mic do phic
tap cua song phi tuyén tai mat thoang s& mat rat nhiéu chi phi tinh toan. Diéu nay sé
duoc chi ra trong chuong 4.

T6m lai, phuong phap khdi luong thu gon thiét ké MTLD duoc dé xuét bén

trén 1a don gian, d& ap dung bang cach thay doi chiéu cao muc nuéc h; trong bé. Tuy

nhién, han ché ctia phuong phap 1a khéng xét dugc su tuong tac gitta dao dong cua

s6ng chat long va thanh bé dan hoi ma dua trén gia thiét thanh bé tuyét ddi cang.
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CHUONG 3
BE CHUA CHIU TAI TRONG PONG CO XET
TUONG TAC CHAT LONG - THANH BE

Trong chuong nay, cac théng s co ban cua bé chira n6i chung va TLD néi
riéng mot lan nita dugc phén tich nhung c6 xét dén FSI (Hinh 3. 1). Két qua chi ra su
khac nhau khong nho gitra gia thiét thanh bé tuyét dbi cang va thanh bé mém nhu
khang dinh caa Kim va cong su (1996, 1998) hoic Mitra (2008) [57, 58, 114]. Phuong
phap giai tich duoc dién giai don gian dé thay duoc sy khac nhau nay. Sau d6, FEM
dugc dung dé thiét 1ap bai toan trudong cip doi (coupling) ciia song chat long va thanh
bé mém, mirc d6 chinh xac tvong duong phuong phép giai tich, tuy nhién déi vai bai
toan phuc tap, ba chiéu va ang xtr séng phi tuyén thi chi FEM 1a c6 thé dap g duoc.

% (5il)

Ly
Mt thodng chét [ang; p= 0 -

Dao ding cla két cdu

(W1 Tharh udt cla bé
Hinh 3. 1 Mt tuong tac chat long — thanh bé
Ly do cua viéc xét FSI cho TLD Ia vi céc cdng trinh ngay cang cao tang, bé nuéc mai
dong vai tro nhu thiét bi giam chan c6 thé tich ngay cang 16n, théng thuong khoi
lugng thiét bi chiém tir 1-5% téng khdi lwong cong trinh. Toa nha Comcast, Hoa Ky,
TLD c6 thé tich 1én dén 1.1 triéu lit nudc hoic & toa nha The Vista Tower, Chicago,
Hoa Ky cao 101 tang véi 6-TLD c6 dén 1.5 triéu lit nuéc. Db véi cac TLD ngay
cang 16n nhu vay thi FSI khong thé bo qua. Ngoai ra, diém quan trong khi xét FSI 1a
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fani CO the thay d6i do van d thanh bé mém, dan dén tan s6 TLD khong con bang
tan sb két cau can diéu khién, khi do thiét bj s& mat tac dung giam chan.

Mic do, trén thé gioi, cac Tiéu Chuan phd bién nhu ACI cua Hoa Ky,
Eurocode ciia Chau Au hoic India Standard - IS caa An D6 d3 c6 huéng dan vé viéc
thiét ké bé chat long, ké ca bé thanh mém, nhung FSI cho bé mém van chua duoc
xem xét mot cach thau dao, dac biét la van d@é f_, bi anh hudng boi t, ; cac Tiéu
Chuan chu yéu tap trung dén do I6n ap luc song p,, tac dung Ién thanh bé. Déi véi
cac nghién ctru trudc day thi mot sé tac gia nhu Ghaemmaghami, Kianoush va cong
su (2009, 2010) [69-72] hoac Hashemi va cong su (2013) [73, 74] da c6 nhitng
phuong phép tinh toan don gian nhung du tin cay. Tuy hai nhom tac gia déu tap trung
vao sy thay doi ap luc séng chat long Ién thanh bé mém nhung chua phan tich nhiéu
Vé su thay doi f, . Trong khi d6 f, trong bé thanh mém lai it dugc xét dén khi

tan tan

thiét ké bé chira chat long [8, 115-117]. Su phan biét thanh bé ctiing hay mém la quan
trong trong viéc thiét ké bé chira chat long néi chung va TLD noi riéng, trong chuong
nay, tac gia dé xuat mot tham sb dé phan biét bé cing & mém. Sau do, thanh bé mém
cua TLD sé dugc lam rd hon trong chuong 4.

T6m lai, chuong 3 phan tich ang xir dong cta séng chat long bén trong bé cé
Xét FSI. Phuong phép giai tich va FEM thiét 1ap phuong trinh dao déng cua hai mién
ran-long va diéu kién bién twong tac dé chi ra sy khac nhau gitra thanh bé mém va
thanh bé tuyét dbi cang. Su khac nhau nay duoc biéu dién boi ma tran truong cip doi
& bién twong tac hai mién rin-long. Bé minh hoa cho ly thuyét, vi du cu thé vé bé
chta chiu dong dat duoc thiét ké bang nhiéu Tiéu Chuan Xay Dung khéac nhau va mo
phong sé. Két qua ddi chiéu véi cac nghién ciru di trude. Trong khi d6, tai Viét Nam
hién nay chi c6 Tiéu Chuan vé thi cong va nghiém thu bé chira TCVN 5641:2012 va
bé thanh mong thé tich nho TCVN 10800:2015.
3.1  Tam quan trong cia FSI véi thanh bé mém

Trude day khi cac ki su thiét ké bé chta chat long hoic TLD déu gia thiét
thanh bé tuyét d6i ceng nham bo qua su phuc tap cua diéu kién bién tuong tac trong
bé chua khi dao dong [118-120]. Tuy nhién, véi su tién bd cua kha ning tinh toan
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cling nhu cac hu hong bé chira do gia thuyét nay gay ra (Hinh 3. 2) nén gan day su
dan hdi caa thanh bé mém c6 xét FSI da dugc quan tdm va ké dén trong tinh toan.
Mic du cac Tiéu Chuan Xay Dung pho bién trén thé giéi da ké dén ap luc song 18n
thanh bé mém, nhung mutc d6 con don gian va chua chi ra hét dugc hét tam quan
trong cua FSI [121]. TLD c6 xét FSI la mot trong nhitng nét maéi caa nghién cau tai

luan an nay.

(a) Pha hogi dinh va ddy bé do tdi trong | (b) Hiéu ing ““chan voi” gay bién dang

2

déng cua song chat léng day bé
Hinh 3. 2 Hur héng bé chiza do hién furong FSI

Nguyén nhan caa hién twong hu hong bé & Hinh 3. 2 1a do khi bé dao dong hinh thanh
so6ng chat long, song dao dong gay ra su va dap vao thanh bé, thanh bé bién dang s&
tac dong nguoc lai chat long, song chat long tiép tuc va dap vao thanh bé chira. Chu
trinh 1ap lai lién tuc va néu hién tuong cong huong xay ra, tan sé dao dong cua song
bang tan sb riéng caa thanh bé thi &p suat chat long 18n thanh bé dat dén cuc dai, gay
ra mot s6 hién tuong ton hai cho két cau bé nhu “phinh chan voi” & day bé, bién dang
“hinh kim cuong” hoic nit thanh bé. Tuy nhién dé xay dung duoc mé hinh toan cho

hién tuong tuong tac nay thi cac nha nghién ciru gap khong it kho khan trong viéc
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giai quyét diéu kién bién cua bai toan, vi sau mdi budc thoi gian, cac théng sé dic
trung ctia chat long va két cau duoc tinh lai lién tuc cho ca hai mién ran (két cau) 1an
mién udt (chat long) 1am van dé phuc tap 1én nhiéu lan dic biét khi mudn lay duoc
két qua chinh xéc. Thoi gian gan day FSI dugc quan tdm nhiéu hon véi su hd tro cua
cac cébng cu m6 phong manh nhu ABAQUS [122, 123] hoac ADINA [117, 120, 124,
125] dac biét 14 ANSYS [126-132].

Céc hién tuong hu hong xuat hién trong bé chira chat long lién quan rat nhiéu

dén cac thong s6 co ban nhu f,.,, p, . luc cit thanh bé, md men noi luc, nang lugng
tiéu tan trong song v.v... Ngoai ra, tng xir dong caa chét long trong bé phu thudc vao
tuong tac giira chat long va thanh bé ciing nhu bé chua va két cau bén dudi doc theo
viing bién tiép xuc [62]. Mit khac, 6 mém cua két cau can diéu khién dao dong, dic
trung chat 1ong, va thdng s nén mong bén dudi la nhitng dai lugng can phai xem xét
trong viéc phan tich dao dong cua séng [56, 66, 68]. Cac nghién ctiru nay da chi ra,
p,, trong bé chira thanh mém ¢6 thé 16n hon rat nhiéu so vai trong bé chira thanh cing
khi cé xét FSI.

Céc Tiéu Chuan Xay Dung trén thé gisi vé thiét ké bé chat long chiu dong dat
déu dya mo hinh cua Housner (1963). Housner da phat trién mot phuong phap giai
tich kinh dién d6 1a xem 4p suat dong luc chat long phan ra thanh hai phan: (1) xung
ctmg (impulsive) va (2) xung dbi luu (convective), bang cach st dung mé hinh chat
diém tap trung (Hinh 3. 3) [46].

BN

DorlL

Hinh 3. 3 M6 hinh chdt diém tap trung”t-u’_oﬁg duong ciia bé chira
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Ghaemmaghami va cong su (2010) [69-71] tng dung FEM dé giai quyét bai
toan bé chira cht long chiu dong dét Elcentro c6 xét dén ca hai thanh phan xung ciing
va xung ddi luu cho bé chira c6 dang cao Ian thap. Két qua nghién ciu cho thay FSI
anh huong dang ké dén phan ung dong luc hoc chat long. Va gia téc theo phuong
dang anh huéng nhé hon rat nhiéu so voi phuong ngang khi dong dat xay ra. Hashemi
va cong su (2013) di trinh bay phuong phap giai tich don gian nhung hiéu qua dé
tinh toan phan ung dong luc hoc caa bé chét long dudi tac dung cua dong dat, trong
d6 c6 xét FSI. Bai toan bé chtra chat 1ong chir nhat, mé hinh 3D, di dugc thuc hién
bang cach &p dung phuong phap Rayleigh — Ritz v&i ham dang dao dong cua tim dan
hdi chir nhat voi diéu kién bién thich hop. Trong cong bd trén, mot mo hinh co hoc
da duoc phat trién, ké dén sy bién dang cua thanh bé, céc tham sé co ban caa mé hinh
dugc tinh toan tir cac biéu do, va dap tng dong dat 16n nhat c6 thé duoc xac dinh
bang phuong phap phé phan tng khi thiét ké bé [73, 74].

Chuong 3 chi ra méi quan hé¢ gira t, va f,, , sau d6 tinh toan cac dic trung
bé chtra ndi chung va TLD no6i riéng véi thanh bé mém. Bé chira chat long chiu dong
dat Elcentro duoc thiét ké véi cac Tiéu Chuan pho bién hién nay nhu ACI 350.3-06
[47], EC8: Part 4 [48] va IS 1893:2002 [49]. Két qua tinh toan dugc kiém tra bang
ANSY'S, ngoai ra con so sanh vai cac nghién ctu di truge. Két luan rat ra 1a khi ké
dén FSI, f, thay doi thi p, thay do6i, dan dén su thay ddi cac thanh phan gia trj
khéc nhu bién dang thanh, luc cat day bé, md men thanh bé, ning luong tiéu tan trong
bé v.v... ¢4 thé gay ra hu hong bé chira hodc mét tac dung caa TLD [14].

3.2 Phuwong phap giai tich phan tich dao dong bé chira c6 xét FSI

Thong thudng, cic phuong trinh sai phan co ban va cac diéu kién bién cua
chat long déu duoc mo ta trén hé toa d6 Cartesian nhu Hinh 3. 4. Gia thiét chat long
khéng nhdt, khong xoay va khong nén duoc, van téc séng chat long cé thé tinh tir dao
ham caa ham thé van tc song ¢ . Thanh phan X, y, z cia cc trudng van toc u, v, w
duoc tinh tir dao ham sb cua ham thé:

L0, 0., %

u - ’ - ) -
OX oy o/

(3.1)
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. (al2,b/2,012)

Mat thoang

Hinh 3. 4 H¢ toa d¢ Cartesian md td phuong trinh dao dong séng
Phuong trinh vi phan co ban cia ¢ phai duoc thoa man tai tat ca vi tri trong mién
chat long d6 1a diéu kién chat long khong nén dugc, twong ng Voi:

M N W g v2s=0 (3.2)
ox oy oz

Péi véi dong chay thé khong cé dao dong xoay nude, phuong trinh dong luc hoc chat
long ctia dao dong song cd thé dua vé dang khéng on dinh caa phuong trinh Bernoulli:

%4‘%4‘ gz+%(u2+v2+wz)= f(t) (3.3)
Trong d6 P la ap suat chat long, p, 1a khdi lugng riéng chét long, g 1a gia toc trong
truong theo phuong z va f(t) 1 hang sé tich phan. Van téc u, v, w cia phan tir khoi
chat 1ong nho nén cé thé bo qua, khi ay phuong trinh dao dong (3.3) caa song la tuyén
tinh. Bai vi chi dao ham caa ham thé van téc ¢ c6 v nghia vat ly, cho nén céc hang
s6 va ké ca ham theo thoi gian t ¢d thé thém vao dé xac dinh ¢ bat ct khi nao [70].
Cho nén f(t) tai (3.3) triét tiéu va (3.3) duoc viét lai nhu sau:

o P

L+ +0z=0 34
at g (3.4)

Nghiém cua (3.2) phai thoa man diéu kién bién & thanh bé va trén mat thoang chat
long. (3.4) chi ra mot diéu kién bién & mat thoang, d6 1a diéu kién bién dong luc hoc.
Mt thoang dao dong tu do va ap luc séng & mat thoang bang zero (P=0). Do d6, ddi
vai chat long nam trén mat thoang, phuong trinh Bernoulli khong on dinh duoc viét
lai thanh:
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0d(x,y,2,t)
ot

Phuong trinh (3.5) chinh 1a diéu kién bién dong luc hoc tai mit thoang. Con diéu kién

+96(X,Y,t)=0 tai cao dd z=h/2 (3.5)

bién dong hoc thiét 1ap dé lién hé chuyén vi song chat 1ong trén bé mit § theo phuong
thang ding cuia van toc chét 16ng trén mat thoang. Khi song tuyén tinh, diéu kién nay
don gian hoa thanh:

D =22 tai =hi2 (3.6)
ot oz

(3.5) va (3.6) cd thé duoc két hop vao trong cling mot diéu kién duoc viét lai theo ¢
(hoic &) bang cach dao ham (3.5) theo t , dao ham (3.6) theo z sau d6 két hop hai
phuong trinh bang cach kha & (hoic ¢). Két qua thu duoc:

2
M+ g Z—f =0 tai z=h/2 (3.7)

Phuong trinh (3.7) chirarang f,,, c6 lién quan truc tiép dén truong trong luc. Ngoai

tan
ra, vi 4o nhét va tng suat nhét dugc gia thiét bo qua, nén chi c6 mot diéu kién duy
nhét ap dat vao thanh bé chira d6 1a van toc phéap tuyén cia chat long trén mat phang
thanh bé bang van toc phap tuyén cua chinh ban than thanh bé (diéu kién bién nay dé
dang nhan thay ¢ Hinh 3. 1). Nhung ciing can luu y thém rang cac 1oi giai trén s& cho
phép chat long truot Ién trén thanh bé.

Péi voi bé chat long cd thanh tuyét ddi cimg, diéu kién bién tai thanh bé s& 1a
van téc phap tuyén cua chét long bang van téc cia nén. Piéu kién ndy din dén 10i
giai duy nhat cho van d¢ gia tri trén bién tiép xtc. Khi ay thi gia tri bién c6 thé duoc
giai bang céach sir dung ham dang c6 kha nang mé ta dugc bién dang thanh bé. Theo

Ghaemmaghami (2010) [70], néu ham chuyén vi nén 1a X (t) = —iX,exp(iet), thi
van téc thanh bé v=w =0; u=iX,Qe"* didu kién bién phia thanh uét s Ia:
Vg =iX,Qe™ (3.8)

Trong d6 n 1a vec to phéap tuyén bién thanh uét nén nv ¢ don gian thanh 99
X
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Péi voi bé chat long c6 thanh mém (trong thuc té thi thanh bé c6 d6 cang hitu
han nén thanh bé mém va c6 dao dong), van tc tong cong cua thanh bé chinh 1a tong
ctia van toc dat nén va van téc ty déi caa chét long véi thanh bé (do tinh chat dan hoi
cua thanh bé giy ra dao dong). chuyén vi ctia thanh bé mém can phai c6 mot phuong
phap khac dé phét trién ham thé van téc. Su bién dang mot cach diéu hoa do ap luc
s6ng cua thanh bé mém c6 thé dugc mo ta bang phuong trinh sau:

U(z,t) =u(z)e' (3.9)
Piéu kién bién doc theo thanh bé can phai duoc thoa man boi ham thé sau day:

o¢ _ dU(z,t)
ox ot

Pé xét anh huong caa thanh bé mém dén dic trung dong luc hoc bé chira chat long,

=iou(z)e'™ (3.10)

su khai trién ham thé bén duéi nhu mot giai phap cho ham thé van tc duoc dé xuat
nham thoa man phuong trinh Laplace va diéu kién bién ¢ day bé:

0

#(x,z,t) =e' {Z(Ancosh(gn (x+a/2))+ B, sinh((z, (x+a/2))cos((&, (z+ h/2))} (3.11)

n=1

Trong d6 ¢, duogc Mo ta theo phuong trinh:
2 h , 0 A . A -
= ghtang,h=-w E (ing xtr dong luc cua xung doi luu) (3.12)

= co0s(&,h)=0 (tng xur dong luc cua xung cung) (3.13)
Phuong trinh mé ta co ché dao dong cua thanh bé cing viét lai nhu sau:

4, 2
0V putw 0V _ P10 (3.14)
oz* El at? El ot

Trong d6 p,, 1a khdi lugng riéng thanh bé. Thay (3.9), (3.10) vao (3.14) thu duoc hé:

' pyty, RLINES .
&T_?u__alw nZ:‘iAﬂcos(gn(z+h/2)) talx=—% (3.15)

' pyt Pt . | . h .
a2_4_ﬁu=—Em{nzz‘i,&ncosh(agn)+ BnSInh(aEn)COS(é‘n(Z+Ejj}t31X=+%

(3.16)
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Loi giai tong quat cho hé phuong trinh trén 1a:

u(z,t) = C,cosh(4z)+Cysinh( A4z )+ Cscos( 4 2)+Cysin( 42z
108N (42 ) +Cosinh (42 ) +Caeos( 42 )+ Cysin (4

_%(W)Z 54'%11_4 cos(gn (Z +%))
n=len —

u(z,t) = Dycosh(4,z)+ D,sinh( 4z)+ Dscos(4z)+ Dysin( 4z talx=—%
hCosh( 4 2SInh (4 3C0S (4 4SIN (4

o A, cosh (gn (z +%))+ B, sinh (8nh)303(5n (z +%))

i)Y

El n-1 &y =2
(3.17)
Trong do:
b =pWE—hI“’2 (3.18)
Néu bé chira lién két ciing vai két cdu bén dudi thi diéu kién bién ngoai ra con co:
u(=h/2)=u'(-h/2)=u"(h/2)=u"(h/2)=0 (3.19)

Két qua 13, hang s6 tich phan C; va D; (j = 1t6i 4) viét lai theo A, va B, bang cach
ap dung céc diéu kién bién. Gia sir chat long ludn tiép xGc thanh bé sudt quéa trinh dao
dong thi (3.10) phai ludn thoa mén véi x =+a/2 . Két qua cia diéu kién bién nay s&

din dén h¢ hai phuong trinh hai 4n s6 12 A, va B, .

n (@) Bun (@) A, 0
: . = (3.20)
a (@) B (o) By 0
Viéc phan tich chi tiét cac hang sé trén dugc trinh bay Ibrahim (2005) tai [133]. Cho
loi giai khdng tam thuong thi dinh thic o (3.20) phai bang zero, hay:

de{ % (@) Byn (a))]

-0 (3.21)

* *

@ un (@) B 4n (@)
Sau khi giai (3.21), viét lai U nhu phuong trinh dao dong cua thanh bé trong qua trinh
twong tac ran-long. Va d6 ciing chinh 1a diéu kién ban dau dé tinh toan tat ca céc
théng sé dic trung riéng cua bé chtra chét long nhu f_,, p,,, luc cat ddy bé hay mo

men thanh bé twong tu nhu di thuc hién ¢ chuong 2 d6i voi bé tuyét ddi cang.
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3.3 Thiét ké bé chira thanh mém theo Tiéu Chuan Xay Dung

Muc nay trinh bay thiét ké bé chaa thanh mém theo céc Tiéu Chuan pho bién,
tuy nhién cac Tiéu Chuan nay chi xét FSI mét chiéu. Su khéac nhau gitta FSI mot va
hai chiéu thé hién & Hinh 3. 5, khi thanh bé bién dang Ién hoic cong huang chat long-
thanh bé xay ra thi FSI hai chiéu s& c6 y nghia quan trong [8, 117, 124, 134-137].

- Chit long ‘ - Chat long
|
Ngoai luc Ngoai luc i
e Luc tac dong R Chl'lycn VL Luc tac dong
bién dang
! 1
‘ Két ciu ‘ o Két cau
TUONG TAC MQT CHIEU TUONG TAC HAI CHIEU

Hinh 3. 5 Phan biét twong tac FSI mét va hai chiéu

Trong luan &n nay thi FSI hai chiéu duoc sir dung dé ting mirc d6 chinh xac trong
viéc phan tich dap tng dao dong cua bé chira va chat long bén trong.
3.3.1 Thiét ké bé chira theo tiéu chuan ACI 350.3-06

Tiéu chuan ACI 350 la phan mé rong caa ACI 318 (Tiéu Chuan vé bé tong cdt
thép Hoa Ky) chuong 21 “Cac diéu khoan dic biét vé thiét ké chéng dong dat”. ACI
350.3 duing thiét ké bé chat long chiu dong dat véi tiét dién chix nhat va tron, sir dung
két cAu bé tong cdt thép hoac két cau bé tong tng luc trudc. Piéu dang luu ¥ cua ACI
350 Ia thay vi gia sir bé tuyét doi cang dé gia toc cua bé bang gia toc nén & tat ca cac
vi tri trén thanh bé, ACI 350 danh gia phan Gng cta bé thong qua tan sé riéng.

Tom tit co sé ly thuyét

Gia thiét bé chira chju dong dat theo phuong canh ngan (Lx). Khi d6 song chat

long s& gay ra ap luc 1én thanh bé theo phuong canh dai, &p luc nay gom:
= Luyc quén tinh cta ban than thanh bé P,
= Luyc Xung cung PR

= Luyc xung d6i luu P,
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Theo tiéu chuan ACI 350 muc 3.5, hinh 3.5.1 (a)(b), c4c &p luc tac dung 18n thanh bé:

P‘\], o
/ Piv P
,,,,,,,,,,, _ wy
P_-f_z}j/____ l b
I.h y
I 2 N I v~
Xung d6i len Xung cing  Luc quén tinh thanh bé

— — — Pudng phan bb luc thuc té

DPuong phan b hre xap xi
Hinh 3. 6 C4c thanh phan luc tac dung vao thanh bé

Tong luc tap trung thanh phan dong cua song tac dung 18n thanh bé ¢ cao do y:

Py Z\/(Hy+Pwy)2+PC§+(pvyB)2 (3.22)

Trong do:
at
R.

= Luyc quan tinh ban than cua thanh beé: P, =(

j(eyc Bt,)

2{4HL —6h; —(6H, -12hi)[HyJ
= Lyc Xung cung: Ry = HZ -
L
?{4HL—6hC—(6HL—12hC)[Hy }
= Lyc xung d6i luu: Py = H2 :
L

= Ap lyc dong khi k& dén gia toc phuong doc p,, = i, gy,

T d6 tinh dwoc &p luc phan bd theo chiéu dai bé: (1) 4p luc do lyc quan tinh

Puy = Puy /B V& (2) p luc do luc x6 ngang ciia nuéc vao thanh bé p, =R, /B, (3)

ap luc doi luu cia nuoc p,, = Py, /B, tong &p luc dong ciia nuoc tai cao do y la:

2 2
Py \/( e T +(EJ2 +(MJ2 ) J(Piy dilhi AL (3.23)

B B B B
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3.3.2 Thiét ké bé chira theo tiéu chuan 1S 1893 - 2002
Tiéu chuan IS 1893 - 2002 thiét ké bé chat long chiu tai trong dong dat duoc

ban hanh boi Vién tiéu chuan An Do. Quy trinh thiét ké bé dugc tom tit & Hinh 3. 9.
Co sé ly thuyét
Truong hop xét bé chiu dong dat gay ra &p luc nudc bao gdm cac thanh phan sau:

= Ap luc xung cang tac dung I&n thanh bé (piw)

= Ap lyc do lyc quan tinh gay ra (puww)

= Ap luc dbi luu tac dung Ién thanh bé (pew)

= Ap lyc tac dung theo phuong doc thanh bé (pv)

bi
. -
9 gi >
h =~ ry = .
hi h; >
v -
a b; a; - b;
Ap lyc xung cang tic ~ Ap luc twong dwong  Ap luc phan  Ap lyc tuyén
dung Ién thanh bé b6 déu tinh
Hinh 3. 7 Ap lyc xung cizng tac dung 1én thanh bé
bc bc -ac
- >
gc EC -
' >
h ~ = ll +
he hq >
12 Y g
ac a.
Ap lyc xung cing thuc  Ap lyc twong duwong ~ Ap luc phan bd  Ap luc tuyén
té tac dung 1én bé déu tinh

Hinh 3. 8 Ap luc xung doi luu tic dung 18n thanh bé

Gia trj 16n nhat &p luc dong 1én bé bang tong cin binh phuong thanh phan ap luc:

p= J( Dot Pu) + P+ P (3.24)
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Trong do: Piw :in(y)(Ah)i pgh
Paw = (A) 1209

Pow = Qe (V) (A,), pOL
P, =(/N){pgh[1—%ﬂ

Thanh phin 4p luc
Xung cung

Tim m; , , My ,
q,

yd

hiﬂ
P,

Q—’;r“

Thanh bé mém (IS)
(B& hinh hop chit nhit)

N

Tinh chu ky T;

Tinh &p lyc nudc
theo phuong dung pv

Tinh hé sb khang chin
xung cung (Ay);

e

Tinh hé s6 ap lyc Tinh 4p luc quén tinh

xung cung Qj,, Pww

Ap Iyc xung cimg p;,,
theo y

Thanh phin 4p luc
dbi luu

Tim Cc

|

Tinh chu ky T.

|

Tinh hé s6 khang chin
xung cung (Ay)e

|
Tinh hé s ap luc
d6i Iuu Qew

|

Ap lyc dbi uu pew
theo y

|

day bé p

Téng ap luc nudce tai

Hinh 3. 9 So do tém tat quy trinh tinh toan theo 1S1893:2002
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3.3.3 Thiét ké bé chira theo tiéu chuan ECS8: Part 4

Tiéu chuan ECS8: Part 4 “Thiét ké cong trinh chiu dong dat” 14 mot trong mudi
tiéu chuan thiét ké két cau cong trinh cia Chau Au, phan 4 cua EC8 cung cap cac
phuong phap danh gia chi tiét va cac quy dinh kiém tra d6i vai bé chira chét long. O
Tiéu Chuan nay, dé don gian tng xir cua bé chira dudi anh huong cua dong dat thi
cac md hinh tinh toan dugc dua vé dang tuong dwong dé thuan tién thiét ké.

Co sé ly thuyét

Khao sat bé chir nhat chiu dong dat, thanh bé vudng gdc vai gia téc dong dat
s& chiu ap luc nuéc. Ap luc nay gom hai thanh phan 1a xung cing va xung déi luu:

p(z,t)=p;(z,1)+p.(z,)=(1)+(2) (3.25)

Trong d6: (1) = p;(2,t) =0y (2) x px Lx Ay (t) 1a thanh phan xung gdm luc quén tinh, va
0, (z)1a ham ma ta ap luc séng theo chiéu cao, biéu dién bang d thi Hinh 3. 10. Gia
tri 16n nhat cua ap luc xung (z=0) la q,(0) phu thudc ty sb chiéu cao bé va muc

nudc trong bé.

1.0
Sy H/L =5
T
0.8 ™ \\_ —
~N
0 H/L =01 N\ N\

zH
T
=
Il
~

: h \
0.4

0.2

0 P
0 0.2 0.4 0.6 0.8 1.0

90(2)/q0(0)
Hinh 3. 10 Ap luc xung cizng khéng thiz nguyén doc chiéu cao EC8 — Part 4
Va: (2) = p.y(z,t) = 9.4 (2) pLA () 1 thanh phan &p luc déi luu tinh bang tong gié tri
d6 16n caa cac mode thanh phan, tuy nhién sy dong gop cua dang co ban 1a 16n nhat,

trong d6 g, (z) 1a ham biéu dién ap luc dbi luu cung véi dang dao dong q,,(z).
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o 0.811 Lo 009
HAL =5 /_./"'7 },-/ L] ::;7
0.8 /// /I 0.8 /2;7‘ //////
O LAY AN A,
0.6 Va4 | I 0.6 / /éi /
AN ARAEV . 7/
s / / y 0.3 N / / o k—';/
0.4 : 0.4
/ // [ 1Y [/ //
02 | f 02 /
S — 0 | —
o 02 04 06 08 10 0 002 004 006 008 0.1

qa(2) 12(2)

Hinh 3. 11 Ap liec xung déi huu khéng thir nguyén doc chiéu cao EC8 — Part 4
Péi vai thanh bé mém, d6 mém gay ra su gia tang ap luc xung cing dang ké, trong
khi &p lyc d6i luu khong ddi. Cach gan ding xem xét sy lam viéc cua thanh bé mém
la duing phan b6 &p luc thang dimg nhu thanh bé cung, gia toc A, (t) thay bang gia

téc phan @ng cua thiét bi dao dong co tan sé va ty sé can cua dang xung thir nhat bé
, o dy . .
chat l6ng. Chu ki dao dong nay tinh gan dung T; =27 v trong d6 d¢ I1a chuyén vi

ngang cua thanh bé tai cao do dat thm khéi lugng xung khi bé chiu tai trong phan b
déu vai do 1on % (m; : khéi lugng dang xung cong véi khéi lugng thanh bé). Quy

trinh tinh toan tom tat theo Tiéu Chuan EC8: Part 4 duoc thé hién ¢ Hinh 3. 12.
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Thanh bé mém (ECS)

~

S~

Xung cieng Xung d8i luu
Xdc dinh ham Timh;, m, - Xdc dinh ham Chu ki dao ding
qo(0) - (Hinh 1) Hinh § pe(2) - Hinh 3 séng coban T,
L
Xdc dinh ham i - Giatdc Ay
4o(z) - (Hinh 2) Chuyén vi d; frong tng
Chu ki dao déng
bé mém T;
Gia téc A
turong ing
r
Ap lc xung cirng Ap luc xung s
theo z: pyz) lru theo z pe(z)

Hinh 3. 12 So d@6 tom tat quy trinh tinh toan theo EC8 — Part 4

3.3.4 Viduéap dung

Vi du 4a: Bé nudc bang bé tong kich thudc hinh hoc nhu Hinh 3. 13 véi dac

trung: bé téng dung trong y = 2400(kg / m3), module dan hdi Ec=2.1x10%° N/m?, hé

s6 poisson v =0.17 va ty s6 can & =3%. Yéu cau tinh ap luc nudc 1én thanh khi bé

chiu dong dat El Centro 1940, biét rang dong dat gay ra gia téc theo phuong X.

Ei
o

"\Hz = 10 (m)

‘,\\‘f‘\

)

1“’0\‘“
oo Yl

~l

?gfm;

Gia toc dgng dét

(a) Kich thuéc bé

30 35 40
Thoi gian (s)

(b) Péng dat nén Elcentro

Hinh 3. 13 Tinh &p lic song 1én bé BTCT chju déng dat



a. Tinh toan theo tiéu chuan ACI 350.3 - 06
Lan luot 4p dung cac cong thic & muc 3.3.1, quy trinh thiét ké bé chta theo

tiéu chuan ACI, két qua tinh toan duoc thé hién ¢ Hinh 3. 14,

Do sdu (m)

10 15 20 25 30 3 40
Ap luc dong cta nude (kPa)
Hinh 3. 14 Ap luc dong ciia nuéc theo ACI 350.3-06
b. Tinh toan theo tiéu chuan IS 1893 — 2002
Ap lyc dong hoc do thanh phan xung cing tac dung 1én day bé (y=0):

1 0.45
0.8
0.6
L
>
0.4
0.2
Qiw,Qcw
0 -0.45
0 0.2 04 0.6 0.8 1 )
Hinh 3. 15 Biéu d6 hé so ap luc cia ~ Hinh 3. 16 Biéu do hé sé &p luc cua
Xung cung va doi luu lén thanh bé Xung cung va doi luu tai day bé
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Tong ap luc nudc tai day bé tac dung

9 9
2| ) /
\ 6
Ef g
> 6 > 3
8 8
25 E
= 2 0
g4 &1 -0.75=05-0258 0 025 05 075 1
<3 1 3
g g
Q2 @)
-6
1
0 -9
0 3 6 9 12 15 18 21
Ap luc thanh bé (kN/m2) x/L
—Piw Pcw ——Pww ——Pib Pcb ——Pww

Hinh 3. 17 Biéu do &p luc xung cing,  Hinh 3. 18 Biéu do &p luc xung cing va
doi luu, quan tinh lén thanh bé doi luu, quan tinh tai day bé

9

N
&)

(o]

Cao d6 myc nudce y (m)
N
w ol

=
ol

0 5 10’ 15 20 25 30 35
Ap luc song (kN/m?)

Hinh 3. 19 Ap lie dong cua séng chdt long theo 1S 1893:2002

c¢. Tinh toan theo tiéu chuan EC8 — Part 4
Tong ap luc nuéc tac dung 1én bé tai cao d6 z, theo ECS, sir dung phwong phap
SRSS cho d6 an toan khong cao vi vay EC8: Part4 sir dung tong gia tri tuyét doi dé
tinh tong &p luc dong: p = p, + p,. Két qua tong ap luc dong o Hinh 3. 20.

Trong do:
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= Thanh phan xung cang: Ap luc xung ctng phan bd theo cao do6 bé z
pi(z,1) =y (2) pLA
= Thanh phan xung déi luu p,(z,t) = q.,(z) pLA (1)

O &

Do sdu z (m)

0 10 20 30 40
Ap lyc dong cua song (kPa)
Hinh 3. 20 6 thi &p liee nude dong phan bé theo EC 8: Part 4

So sanh két qua tinh toan giira c4c tiéu chuan, két qua & Hinh 3. 21

0
1
2
3
E 4
& 5
R 6

[ ‘ :

8 a

9 | | | N

0 5 10 15 20 25 30 35 40
Ap luc dong cia song (kPa)
——ACI 350.03 - 06 IS 1892 - 2002 EUROCODE 8

Hinh 3. 21 So sanh &p luc déng chdt léng theo cac Tiéu Chudn thiét ké bé chira
Tir d6 thi ¢ Hinh 3. 21 cho thay cac Tiéu Chuan c6 két qua tinh toan ap luc dong lén
nhat tac dung 1én thanh bé khac nhau khong nhiéu. Gia tri 4p luc dong cuc dai cua
s6ng Ién thanh bé 1a 31.81 kN/m? theo 1S; 36.33 kN/m? theo EC8; 38.12 kN/m? theo
ACI 350.3. bac biét ACI don gian trong viéc tinh toan véi do thi &p luc tuyén tinh.
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3.4 FEM phan tich dao dong bé chira cd xét FSI

Trong phan nay bé chiju dao dong nhu Hinh 3. 22 thiét Iap bang FEM cho hai
mién ran-léng nham tinh toan cac dic trung riéng va pw 1én thanh bé khi xét FSI. Cac
phuong phap s6 khac dé phan tich FSI tham khao tai [138-141].

Séng chat 16ng & mét thoang

Phan i chét Iong / Phan tir tiép x(c ran-long

W

W\
W

= =

ON_ OF

Phan tt thanh bé
N

N

O

O

O O O O C ) O

Phuong dao dong nén
Hinh 3. 22 Roi rac héa bé chiza chdt long cé xét FSI

3.4.1 Giéi thiéu téng quan

Phan tich ang xir dao dong tuyén tinh cua chat long &p dung FEM c6 thé thuc
hién duoc trén mién thoi gian va mién tan s. Trong phuong phap phén tich ting
budc, tai trong tac dong va lich s dap ng phén ra thanh tung budc thoi gian At
hoac timg pha tinh toan. Pap tng & mdi budc tinh toan, két qua c6 duogc tir diéu kién
ban dau va tai trong tac dung theo At. Phuong phéap phén tich timg buéc dugc phan
ra hai loai: tuong minh (explicit) hoic ngam an (implicit) [142, 143]. Trong phuong
phap tudng minh, budc tinh toan sau dya trén budc dau mot cach rd rang cu thé, qua
trinh phan tich phu thudc sé lwong bién can tim. Nhung phuong phap ngam an, thi
nguoc lai, gia tri dap tng méi trong budc thoi gian trude bao gdom mot hoic mot vai
gia tri c6 quan hé vai nhau, vi thé can ding mot gia tri nao do dé thtr va st dung quy
trinh 1ap nham tim trj chinh xéac. Sy giai lap nay can khéi luong tinh toan Ién. Theo
[142], toc do tinh ciia phuong phap tuong minh nhanh hon 5 1an so véi ngam an.

Trong luan &n, phuong phap ngam an duoc lya chon vi thich hop giai phuong
trinh trueong cap do6i. Khi do su giai lap dugc thuc hién ¢ tig budc thoi gian ma

khéng can tinh cu thé tan s dao dong riéng, ham dang hay ty sb can tuong tng [144].
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3.4.2 FEM mé phéng mién két cau co xét FSI

Trong hé MDOF, can phai biét nhiéu hon chuyén vi mot diém dé xac dinh
dugc co ché dao dong ¢ ting budc thoi gian cu thé. Xem xét hé két cau c6 n-DOF
dao dong theo hudng Y nhu ¢ Hinh 3. 23.

y U1 U2 Unii Un
MI MZ M”’I Mn

Hinh 3. 23 H¢ n-DOF dao dong theo phuong y

Luc quan tinh F, c6 thé duoc viét lai nhu sau & bugc thoi gian t bat ky:

F. ™, - - )

F, M, - - ||,
F _ . _ . . . . . . . (3.26)
= =

Finy M., U,

Fin) | - M,

Dang rat gon la:
F =M-0, (3.27)
Ma tran khéi luong M 13 ma tran duong chéo, & dang téng quan thi d6 c6 thé 1a ma

tran ddi xing khong qua duong chéo. Luc do sy dan hdi cd thé viét lai nhu sau:

Fo I Ky Ky - o Ky ] U
Fs. Ky Ky o o o Ky, U,
=1 = T (3.28)
Py Uy g
Fs(n) _Knl Kn2 o Knn | un

Dang rat gon la:
F=K-U (3.29)

Vi K la ma tran @6 cirng. Ma tran can sé la:
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For _C11 C, C ] U
Fo, C, Cy C,n U,
- ) | . . 1) (3.30)
D(n-1) u,,
FD(n) _Cnl CnZ T Cnn a l".In

Dang rat gon cia ma tran can

Vi C la ma tran can. Phuong trinh can bang noi ngoai lyc 1a:

M-U,+C-U+K-U=f(t) (3.32)
Véi f 1a ngoai luc tac dung vao két cau.
fi(t)
f,(t)
f(t) =1 (3.33)

o (t)
Néu c6 thém gia toc nén tac dung, phuong trinh chuyén dong (3.32) viét lai thanh:

M-U,+C-U+K-U=Ff(t)-M-U, (3.34)
Trudng hop ngoai luc tac dung vao két cau la chat long, thi cé thé phan ra thanh ap
suat dong luc chat long f va phan con lai ciia ngoai luc la f,. (3.34) viét lai thanh:

M-U +C-U+K-U=f+f -M-U, (3.35)
Khi thiét ké, thuong chon 2D vi 3D doi hoi s6 bac tu do md ta chuyén dong qué 16n.
3.4.3 Ma tran truwong cip doi ciia twong tac chat long-thanh bé

Theo Ghaemmaghami (2010), 4p suat cua chét long tac dung mét luc tuong

duong 1én két cau tai bé mat tiép xdc chat long-thanh bé [69], ma tran truong cap doi
Q mo ta quan hé &p suat chat long va luc twong duong nay la:

Q.P=f (3.36)

Q truyén &p suat chat 16ng vao thanh bé, va gia téc thanh bé nguoc vé mién chat long.
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Véi f 14 vecto luc do &p luc dong song chat 1ong P [én thanh bé gay ra. Ngoai ra,
Hinh 3. 24 m6 ta phan tir dudng thang trén bién twong tac ran-long. Cong cua &p luc
chat long I&n bién tuong tac bang cong cua luc két cau tac dung Ién phan ta nat trén

mat bién tuong tng. Vi phan tir c6 do day don vi nhu Hinh 3. 24, viét lai nhu sau:

< £

[puds={fe} (o) ={f, £, f, 1} (3.37)

N

u
V

Hinh 3. 24 Phan ti tiép xuc trén bién chdt Iéng-thanh bé

Trong d6 p va U, la gia tri cua ap suat dong luc chat long va chuyén vi phap tuyén

trén bé mat tiép xtc. {s} va { fe} 1a chuyén vi va vector luc cua chat diém tiép xdc.

Ui VA v; (f,; va fyi) la chuyén vi (luc) tai nat th i trén bé mat tiép xdc doc theo truc
toa d6 tong quat X va Y. Tich phan duoc thyc hién trén mdi phan tir trong bé mit tiép
xuc ran-1ong. Tham sé ‘e’ tham chiéu cho phan tir tiép xdc gitta chat long-thanh bé.

Viét lai u va v, chuyén vi doc theo truc X va Y, rit ra dang dao dong cua két cau:

V=NV, + Ny,

V6i N; la ham dang két cau tai nit thir i ciia phan tir tiép xtic. Doi véi chuyén vi doc
theo bé mat phan tir, U,,, ta co:
U, =u, +v. =Ny, +7N,u, + SNV, + SN,v, (3.39)

1, 1a céc gia tri tuyét dbi cua vecto truc chuan trén bién caa X va Y. (3.39) viét lai:

Un:[an AN, 7N, IBNz]{é}:{NnS}T{é} (3.40)
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Ap suat dong luc chat long duoc mo ta nhu ham dang caia séng chét long theo dang:
T e e
p={N"} {p* =[N N, J{p7}

Vi Ni| 12 ham dang caa chat long tai nat th i caa phan ta tiép xdc. Két hop cac

(3.41)

phuong trinh (3.37), (3.40) va (3.41) c6 duoc

e =[N NS asforf={Q} o)

S

(3.42)

€

Trong d6 [Qe] va { pe} la ma tran truong cip doi va vector ap suat chat long cua
phan tr trén mat tiép xdc chat long-thanh bé. Ma tran truong cap doi tong the [Q] ¢o

dugc bang céach tap hop tit ca cac [Qe] roi rac. Tur (3.42), [Qe]duc_yc viét lai 1a:

e s T
Q) = J{NTHN"} ds (3.43)
se
Déi vai céc phan tir tiép xic ¢ Hinh 3. 24, thi:
_77N15N1f 77N18N2f |
5 NN, BNSN,
[Q] =] s . - ? s (3.44)
S[7NZN; nN;N,
|BNSN, BNSN,

(3.44) dung cho md hinh 2D. Béi véi 3D, ma tran trudng cap doi [QGJ nhu sau:

Lo NINSNY
BNNINY
7/1le le le

NNy le
BNNSNY

_7/1'\|1$'\|1Sl\11f

x|t xt,|dédn

Trong do:

Ny NN,
/leqf PJ; hd;
7NININ,

N, NN,
BN;NSN,
7N NN,
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ayN; lest
BINSNG NS
7’1N1S lest

ayN; lest
BINSNNS
7’1N1S lest

a,NSNSN, |
BIN;NSN,
7ININSN,

a,NNSN,/
BNININ,
7Ny N15N4f i

24x4

(3.45)



i _{% o ﬁ}
R COEEEE
t :{ﬁ 27 2} (3.46)
" |on'on on
j%||t§ xt,[d&dn

ij% NSNS i <t [ddn

Trong d6 N'va N° Ia ham dang ciia mién chat long va mién két cau. Vi thé, o, A

VA 7, la cosines chi phurong ctia nut trén phan tir tiép xuc cua bé & bién thanh uét. Sau
khi tinh toan dugc Q, thay vao (3.36) c6 dugc quan hé giira ap suat chat long-luc tac
dung Ién thanh bé do song gay ra. Pay chinh 1 sy khac nhau chinh yéu cua bé c6
thanh ctng va mém.
3.4.4 FEM mé phéng mién chat léng c6 xét FSI
Trén mién chat long, su phan b ap suat dong luc hoc chat long dugc diéu

khién boi phuong trinh 4p suat duoc md ta & chuong 2. Vi thé tich cia bé chira xem
nhu hitu han nén van tc caa ap luc 1a vo han. Gia thiét nuéc trong bé khdng nén
dugc, bo qua do nhét, co ché chuyén dong cua song bién do nho khdng xoan cua chat
long duoc viét lai tir 4p suat chat long trong khong gian 3D nhur sau:

V°P(x,Y,2,t)=0 (3.47)
Trong d6 P(X,Y,z,t) la ap suat dong cua chat long.
Ap suit dong chét long ¢ phuong trinh (3.47) hinh thanh 14 do kich thich dong dét
theo phuong ngang va ding gay ra cho thanh bé va day bé. Co ché chuyén dong cua
céc bién nay co lién quan dén &p suat dong luc hoc chét long boi diéu kién bién. Poi
v6i kich thich dong dat, diéu kién bién thich hop ¢ bé mat tiép xtc chat long va thanh
bé chira duoc diéu khién béi:

oP(x,y,2,t)

—_ v, 7.t _
po pa,(X,y,2,t) (3.48)

Trong d6 p 1 khdi lugng riéng caa chét long, a, 1a thanh phan gia téc trén bién doc

theo phuong huéng ra ngodi n. Luu y rang dbi véi thanh bé chira duoc xem nhu
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tuyét d6i cung thi gia tri a, bang gia toc nén trong khi ddi vai bé chira thanh mém thi
gia tri nay bang tong gia tbc nén va chuyén dong twong doi giira dat nén — thanh bé.

Gia toc trong dbi ciia thanh bé chira phu thudc rat nhiéu vao d6 mém caa thanh
bé. Mit khac, phuong trinh (3.48) ciing chinh la sy khéc biét giita ang xir caa bé chua
chat long c6 thanh ciing va bé chira chét 1ong thanh mém. Bé ké dén khdi lugng song
chat 16ng tac dung Ién mat thoang, diéu kién bién duoc viét lai 1a:

2
ézt_fﬁa_j:o (3.49)

Trong d6 z 1a phuong ding; con g la gia toc trong truong.

Nhu da dé cap tai myc 3.2, 4p dung diéu kién bién cho song c6 bién d6 dao
dong bé s& dé dang tinh toan dugc &p suat dbi luu. Tuy nhién, véi bé ¢ bién do dao
dong song 16n dudi tac dung dong dat kém theo hiéu tng xody trong bé, diéu kién
bién ctia song d6i luu phuc tap hon rat nhiéu khi thiét 1ap mé hinh cho co ché déi luu.
Pic biét vai bé chat long thap, sy phi tuyén song dé xay ra, trong khi d6 TLD thuong
st dung bé dang thap. Virella va cong su (2008) phan tich anh huéng cua séng phi

tuyén Ién f__ va phan b pw cho bé chia chit nhat co ty sé hr va bé rong bé tir 0.2 dén

tank
0.82 [145]. Cé4c tac gia két luan rang su phi tuyén caa song chat long & mat thoang
khéng phai la tAc nhan chinh gay anh huong dén ap suét song chat long tac dung Ién
thanh bé ciing nhu 14 tan s6 riéng cua song. Trong thuc té, diéu kién song chat long
tuyén tinh thuong duoc sir dung nham don gian cho viéc thiét ké. Khi bo qua khoi
luong riéng cua song ltc dao dong, diéu kién bién mat thoang chat 16ng sé tro thanh

co ché dao dong cua thanh phan xung ctng. Phuong trinh chu dao sé& tro thanh:
H
P(x, y,?,tjzo (3.50)

Trong d6 H, la chiéu cao cua séng chét long.
Str dung sy roi rac hod phan tir va thay (3.47), (3.48) vao (3.49), thu duoc phuong

trinh &p suat chat long ¢ dang ma tran nhu sau:

[G]{P}+[H]{P}={F} (3.51)
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Trong d6 Gj =) Gf H; =Y Hf va =) F®, Cac hé sé Gf,Hi va F° cho timg

phan tr riéng ré duoc tinh toan bang cac cong thirc trong phuong trinh (3.52):

G, == [ N,N dA
95
_ J(aN ON, | ANy ON, N, N, (3.52)
OX OX ay ay 0L o0z
jN—dA

Luc {F} phu thuc vao diéu kién bién cua mat tiép xtic chat long-bé chira va c6 thé
tinh toan duoc bang céch sir dung phuong trinh (3.48):

{F}=-p[Q] (U}+{U,} (3.53)
Trong (3.52) thi Ni la ham dang tht i cia phan tir chét long, {U} |a vecto gia téc cua
nGt trén mién két cau, {U'g} la vecto gia téc nén gan vao hé két cau va [Q] 1a ma tran
truong cip doi. A va V, 1a dign tich va thé tich phan tir chét long. A 1a dién tich bé
mat tiép xdc cua phan tar chét long va két cau. [H] va [G] 1a hang sé trong sudt qua
trinh phan tich vecto luc, vecto ap luc sdng va cac dao ham cua no 1a cac bién sé phu
thugc. Tai mat twong tac, p, gan vao bé mat két ciu duoc xem nhu ngoai lyc tac
dung 1&n thanh bé. Phuong trinh tong quan md ta FSI viét lai nhu sau:

[MJ{U}+[CHU S +[K U} = {t}=[M]{U, | +[Q){P} = {R} +[Q]{P}
[6]{P}+[C P} +[H]{P}=-p[Q] ({U}+{U,})={F.}-p[Q] {U}

Trong d6 [M], [C] va [K] lan luot 1a cAc ma tran khéi luong, can va do cang cua bé

(3.54)

chta. [C’] 14 ma tran dic trung cho tinh can cia chét long, dai lugng nay phu thudc
vao do nhét caa chat 1ong, kha ning hap thy cua song, va do nham cua bién tiép xtc
giita chat long va thanh bé chira. Va cudi ciing nhu da dé cap ¢ muc 3.2, ma tran [Q]
trung chuyén ap suat chat long vao thanh bé va nguogc lai gia tbc thanh bé vé mién
chat 16ng. Phuong phap tich phén truc tiép duoc sir dung dé tim chuyén vi va ap suat

cua chat long tai budc thoi gian tha i+1 khi da ¢6 chuyén vi va ap luc dong cta chat
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long tai budc thoi gian thir i. Phuong phap Newmark duoc st dung dé giai (3.54).

Trong phuong phap nay {U }m AUt ’{P}i+1 va {P}i+1 c6 thé duoc viét lai nhu sau:

=10+ t{U

i+1

i (3.55)

PIf, = (P, + (P}, + (05— pac’ (P}

Trong 46 » va f la cac tham sé tich phan. Mii s6 p dic trung cho cac thong s &
buéc thoi gian i+1 cd thé duoc tinh bang cac thong sé ¢ budc thoi gian i. Phuong
trinh chu dao tai budc thoi gian i+1 duoc viét lai thanh:
[M ]{U}i+1 +[C]{U }i+1 + (1+a)[K]{U }i+1 = {Fl}i+l +[Q]{P}|+l +6{[K]{U }i
[P}, +[C P, +@ra)[H]{P} = {F.} , ~p[Q] (U}  +a[H]{P}

i+l

(3.56)

Trong d6 o la tham sé tich phan sir dung trong hé phuong trinh truong cip doi. Hé
phuong trinh nay c6 thé duogc giai quyét theo phuong phap ciia Ghaemian va Gobara
(1999) [146]. Phuong trinh chuyén dong caa hé két cau xap xi thanh:

[MI{U}, =R}, +[QUP), ~[C]U}, -1+ a)[K]{U}’, , +a[K]{u}, (357)
Két hop hé (3.57), (3.56) va (3.55) c6 duoc:

MU} =[M]{G} +pat[Q]{F} -mt[C]{U} -(a+Dpatt[K]{U} (3.58)
Str dung dic trung duong chéo chinh cua ma tran khéi lugng, phuong trinh (3.58)

duoc hiéu chinh lai nhu sau:

[MI{U},,, =[M]{U}, , + pat[Q]{P) (359)

i+1

Thay (3.59) vao (3.56) dan dén:
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([6]+ pont? [Q] [M][Q]){F}, , +[C 1P}, + @+ a)[H]{P},,
={F.}i-p[Q] {U}, +a[H]{P}

Trong (3.60), vé phai da biét, gi tri ap suét tai thoi diém i+1 tinh duoc va sir dung

(3.60)

dé tim tiép gia tri chuyén vi twong tng. Véi « =0, phuong phap sé& c¢d diéu kién on
dinh. Phuong phap giai Ghaemian va Gobara (1999) c6 thé duogc tom tat lai nhu sau:

= U }  tinh duoc dua vao chuyén vi, van téc va ap suat da biét ¢ budc thoi
gian i. Hé s6 mil p & phuong trinh (3.57) ¢6 thé duoc tinh dya vao théng s &
budc thoi gian i trong phuong trinh (3.55)

i+1

= (U} dugc ding dé tinh toan {P/
{P}i ,1 thay vao phuong trinh (3.56) dé tinh toan {u }i 41 Va cac dao ham,

Trong luan an, gia tri 0.505 va 0.252 dugc st dung cho »va B. Chi tiét hon vé
phuong phap c6 thé tim thiy ¢ nghién ciu cia Bathe (1996) va Zienkiewicz (1977).
Su chinh x&c cua phuong phap phu thuéc budc thoi gian [147, 148]. Can cir cac
nghién ctu cua Ghaemmaghami (2010) thi budc thoi gian 0.005 s phi hop dé tinh
cho bai toan FSI, va budc thoi gian nay ciing duoc su dung trong luan an [69].
3.4.5 Heé sb can caa song chat léng theo Rayleigh
Khi dao dong tu do, co ché chuyén dong séng ¢ bé mat chét long hinh thanh

do luc can duoc tao tir cac tang bién nhét. Co ban hé sé can phu thudc chiéu cao muc
nuéc trong bé, van tdc dong hoc chit long va kich thuéc bé chira. Tir nhan xét nay,
gid tri va phuong phap tinh dic trung can nhét FSI can duoc nghién cau thém. Tuy
nhién do thiéu st cac théng sé dau vao lién quan nén, twong ty Ghaemmaghami va
cong su (2010) [69, 70], luan &n str dung hé sb can nhét Cr 6 dién cua Rayleigh:

[C¢ |=a[G]+b[H] (3.61)
V6i [G] &[H]co tir phuong trinh (3.51); a & b tinh bang phuong phép can Reyleigh.
Trong phuong trinh (3.61), hé s a dugc tinh duya trén tan sé co ban séng chat long,

dic trung cho thanh phan ddi luu ciia dap ung dao dong; con b dugc tinh dua vao tan
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s6 co ban song nhung dic trung cho thanh phan xung ciing cua bé. Ngoai ra, séng
chat long dao dong trong bé gay ra can la do tinh nhét, theo cac khao st caa Mikishev
va Dorozkin (1961) thi d6 can do song chua dén 0.5% [149], theo ACI1350.3-06 thi
d6 can nay cua song tir 0.5 dén 1%. Trong FEM, hé s can Reyleigh thuong tinh toan
Vi phuong phép tich phan tryc tiép timg budc. Hé sé can twong (ng ty s6 can 0.5-
5% thudong dugc &p dung cho hé két cau. Di vai tng xir séng chat long thi hé s6 can
0.5% dugc sir dung. Va cac thdng s6 nay dung trong luan an.
3.4.6 Vidu phan tich dao ddng bé chira c6 xét FSI

Phan tich bé chira chiu tai trong dong duoc thuc hién dé thiy anh huong cua
van dé thanh bé mém co6 xét FSI dén dic trung riéng va dap (ng dao dong hai mién
ran-long. Noi dung nay 1a mot phan nghién ciu caa Tuong va cong su (2019) [14].
3.4.6.1 Tan sé tw nhién bé thanh mém khi xét FSI

Xét bon bé chira T0.59x0.03(L =0.59m, h, =0.03m), T1.0x0.1, T3.0x0.2

,VaT6.0x0.5. Taco f_, coabé tuyét ddi cang tir Ioi giai giai tich theo phuong trinh
(2.27) duoc dbi chiéu voi 1oi giai FEM, két qua tai Bang 3. 1.

Bang 3. 1 Tan sé tw nhién cac bé chiza chdt long khong xét FSI

Tan s6 tu nhién caa bé f,,, (Hz)

T0.59x0.03 T1.0x0.1 T73.0x0.2 76.0x0.5
Giaitich FEM  Giaitich FEM  Giaitich FEM  Giaitich FEM
0.458 0.458 0.316 0.314 0.236 0.233 0.186 0.185

Khi xét FSI véi t, thay doi, f,, thay d6i theo. V&i bé cang cting (day) tan s6 cang

ting, dén mot gici han thi tan sé hoi tu. Ti nhan xét t, va f_, c6 mdi quan h¢ voi

nhau, luan an dé xuat hé sé nham phan biét thanh bé ciing va mém va dat tén 1a “hé
s6 tuong quan” xac dinh bai:
t3
W =Euu x5 (3.62)
hf

Trong d6 E,, 12 md dun dan hi vat liéu caa thanh bé. Tir cong thuc (3.63), khi t,,

tank

da 16n dan dén w >100thi bé nay duoc xem Ia cing, chi tiét & Bang 3. 2.
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Bang 3. 2 Quan hé tan sé riéng cua bé véi hé sé ing xi

Bé chita chit léng fank (H2)
T0.59x0.03 T1.00x0.10 T3.00x0.20 T6.00x0.50
Thanh bé tuyét doi cang 0.462 0.316 0.236 0.186
Thanh bé mém vai w >100 0.459 0.312 0.233 0.181
Sai s6 (%) 0.722 1.197 1.298 1.302
Quan hé giira y va tan sb tu nhién cua bé dugc thiét 1ap & d6 thi Hinh 3. 25.
100 100
4
£ 80 g 80
& &
& 60 &
g g 4
] 4 2
Z 40 < 40
T 20 T 20
0 *—o—o LA‘#“ 0 ~—t- 4_?7
0 01 02 03 04 05 0 005 01 015 02 025 0.3 0.35
Tan sb Tan s6 (Hz)
‘ —&— Flexible Tank ——Rigid Tank‘ —e— Flexible Tank —— Rigid Tank
(a) T0.59x0.03 (b) T1.00%0.10
100 100
= 80 - 80
E 1 g
o 60 s 60
§
< 40 EZ 40 X
o *» - }
=20 T 20 /
0 =< : 0 —1o o  —o—
0 005 01 015 02 025 0 0.05 0.1 0.15 0.2
Tan s6 (Hz) Tén sb (Hz)
—o— Flexibility Tank —— Rigid Tank —o—Flexible Tank ——Rigid Tank
(c) T3.00%x0.20 (d) T6.00x0.50

Hinh 3. 25 Quan hé giira hé sé twong quan va tan sé tw nhién

Hinh 3. 25 cho thay khi w >100 , f_, & |5i gidi FEM hoi tu gid trj bé tuyét di cang.

Vi vay  ~100 duoc d& xuat dé phan biét bé thanh mém & cing [14]. Vi t, anh

huong f

tank

nén khi thiét ké TLD can luu y, néu TLD dt mém thi f. , thay d6i va

mat hiéu qua giam chan.
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3.4.6.2 Pap irng dao dong mién chat léng khi xét FSI
Khao sat bé kich thusc 6mx1mx0.5mxt,, (Lxh,, xh, xt, )dudi tac dung

cua dao dong nén diéu hoa x = A xsin(wt) véi A, =0.05m. f_, theo giai tich Ia:

f o :i ”—gxtanh(hj :i ﬂxg'Slxtanh(E) =0.18582(Hz)
27\ L L 21 6 6

Tan s6 tinh bang phuong phap giai tich duoc so sanh 1oi giai FEM véi su hd tro cua
ANSYS (Hinh 3. 26), két qua tinh toan dugc thé hién & Bang 3. 3.

1 oL

’;:ﬂ\' A

=1
A‘H:
J\q

v v

Hinh 3. 26 M0 phong bé chat long 6mx1mx 0.5mxt, véi ANSYS

Bang 3. 3 So sanh dé chinh xac ciia FEM khi phan tich tdn so bé chira

Tan s6 bé chira (Hz)

FEM (t,=00tm)  Tuyét dbi cung (t, — o) Sai s6

0.18250 0.18582 0.1%

Phan tich trén mién tan s duoc thuc hién dé thay dap ung dao dong song trong bé
chta twong g vai tan s6 ngoai luc kich thich, két qua ¢ Hinh 3. 27. D6 thi chi ra

bién d6 séng chat 1ong » cuc dai khi tan sé kich thich ngoai luc bang 0.2 Hz.

1.8 ﬂ
E
o 1.2
o
0
2 |
Q-
A 06 - l/\
&
E |
0-0 T T T T T T T T T
0.00 0.10 020 . , 0.30 0.40 0.50

Tan s6 (Hz)

Hinh 3. 27 Phan tich ddap ing bién dg song trén mién tan sé
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Sau d6, tién hanh khao sat anh hudng t, co xét FSI dén 7 cuc dai tai mat thoang khi

bé dao dong dieu hoa x =0.05m-sin(0.5-7)t. Két qua ¢ Hinh 3. 28 va Hinh 3. 29.

Bién d6 séng (m)

Bién d6 dao dong (m)

0.04
0.03
0.02 -
0.01 -

0.00 ‘
001°° L0

-0.02
-0.03 A
-0.04 -

-0.05
Vi tri song trén mat thoang (m)

Bién do song bé TDC t=0.01 —— Bién d6 song bé t=0.001
—— Bién d9 song bé t=0.0015 ——Bién do song bé t=0.002

Hinh 3. 28 Pdp timg bién dj 1on nhdt cia song khi thanh bé day

0.30

0.20 -

0.10 -

-0.10 A

oo | = Se—
00/1.0 20 T80 77 5-

-0.20 — -
Vi tri trén médt thodng (m)

Bién d6 séng bé t=0.001
Bién d6 séng bé mém t=0.0005

Bién d6 séng bé tuyét dbi cimg t=0.01
Bién d6 séng bé t=0.0015

Hinh 3. 29 Anh hirong dg day thanh bé dén bién do dao déng séng

o

Tir d6 thi ¢ Hinh 3. 28 va Hinh 3. 29, c6 thé thay rang d6i véi cac bé chua c6 do day

du cimg thi bién d6 dao dong séng » & mat thoang gan nhu khong c6 su khac nhau

dang ké. Tuy nhién khi thanh bé da mém thi 7 thay doi dang ké.
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3.4.6.3 Pap tng dao ddng mién két cau thanh bé khi xét FSI

o

o
AR

Hinh 3. 30 Néi luc trong bé do dao déng séng chadt léng gay ra

Theo chuong 2, &p suat dong cua séng chat long tac dung 1én thanh bé Ia:

cosh ((Zn +1)7Z(ZL+h)J
p, = pX,0°sin ot —+Z

2 2
0| 72(2n+1)? cosh(2n+1)71h (@) — )

2
Lo (3.64)

M6 men duoc tinh bang cach lay tich phan cho ap suat chat long doc chiéu cao bé:

0
M, :—Zj p,zdz (3.65)
-h
Két qua phan tich mé men dugc vé lai qua d6 thi hinh (3.14) va (3.15).
-150 -100 -50 50 100 150 200 250

Thanh trai bé (m)

M6 men (N.m)
—1t=0.1 —1=0.001 t=0.0009 t=0.0008

Hinh 3. 31 Anh heong cia bé day dén dé 16n md men thanh bé trai
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-250 -200 -150 -100 -50 } 50 100 150

Thanh phai bé (m)

Mo men (Nm)

—1=0.1 ——1=0.001 t=0.0009 t=0.0008 ——1=0.0007 ——1t=0.0006 ——t=0.0005

Hinh 3. 32 Anh huong cua bé day dén dé 16n md men thanh phdi bé

Db thi & Hinh 3. 31 va Hinh 3. 32 cho thay, khi thanh bé tuyét dbi cing thi d6 Ién
ciia md men thanh bé gan bang nhau va md men Ién nhat & thanh bé trai xap xi 65Nm
va md men Ién nhat & thanh bé phai ~56Nm. Tuy nhién khi t, di mong thi mé men
thanh bé tang 1én dang ké, cu thé khi t, giam mot nira tir Imm — 0.5mm thi m6 men
noi lyc thanh bé trai tang tir 65Nm — 225Nm.
3.4.6.4 Nhan xet

Trong muyc nay, hé sb tuong quan  duoc dé xuit sir dung dé xac dinh pham
vi 4p dung cua cong thuc giai tich da phan tich & chuong 2 va thiét 1ap méi quan hé
giita bé duoc xem 1 tuyét ddi cang & mém.

Qua céc khao sat va phan tich trén, c6 thé khang dinh thanh bé mém khi xét
FSI déng vai trd quan trong trong phan tich dap ung dao dong bé chira chat long,
khong chi anh huéng dén mién chat long thong qua dap ting dao dong song (p,, va
7) ma con anh huong dén mién két ciu thdng qua noi luc xuat hién trong thanh bé.
Pic biét, khi FSI duoc ké dén trong cac két cau thanh bé ¢a mong thi f, . thay doi,

tank
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diéu nay quan trong khi thiét ké TLD vi nguyén ly hoat dong TLD dua vao tan s
[14].
3.5 FVM/FEM trong phan tich bé chira chat 1éng chiu dong dat

Co so ly thuyét caa FVM/FEM duoc trinh bay tai chuong 4 muc 4.3, hoic chi
tiét & nghién ctiru cua Malekghashemi va cong su (2015) [35]. Tai day, bé chira chat
long chiu dong dat duoc phan tich bang cach ung dung FVM/FEM. Trong d6, nhan
manh f_ va p,. Ké qua tinh toan tir day dwoc d6i chiéu véi nghién cau cua
Hashemi va cong su (2013) [73, 74] va dugc so sanh véi cac Tiéu Chuan thiét ké trén
thé giéi da duoc trinh bay & muc 3.3. Muc dich ctia phan ndy nham danh gia d6 chinh
xac cua FVM/FEM khi phan tich da truong va lay day lam nén tang dé tinh toan dap
mg dao dong cua két cau c6 sir dung TLD giam chan & chuong 4.

Vi du 4b: Khao sat lai bé cha 20x50x9.0m & vi du 4a, muc 3.3.4 bing
FVM/FEM véi su hd trg cia ANSYS; bé chira c6 t,, thay doi tir méng (0.01 m) dén
day (1.00 m); module Workbench két hgp Mechanical va CFX dugc dung dé tinh
toan hai van d@é: (1) f,, khi co xét FSI va khi khong xét FSI; (2) p,, tac dung Ién
thanh bé.

3.5.1 Tan sé tw nhién bé chira
Khi ung dung FEM dé phan tich f

tank

ank CO Xet FSI thi gia tri khac nhau voi t,

khéc nhau, chi tiét tai Bang 3. 4.

Bang 3. 4 Anh huong cia dé day thanh bé dén tan sé riéng cua bé

STT t,(m) Tansobékhixét FSI (Hz) Tan soé bé chira khdng xét FSI (Hz)

1 1.00 0.19936 0.19944
2 0.30 0.19651 0.19944
3 0.20 0.18921 0.19944
4 0.10 0.14003 0.19944
5 0.05 7.87e-2 0.19944
6 0.03 3.79%-2 0.19944
7 0.01 0.01688 0.09063
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Hinh dang mode cua bé chira twong (g véi cac chiéu day thanh bé t, dugc thé hién

¢ Bang 3. 5 trong truong hop co xét FSI va khong xét FSI.

Bang 3. 5Tan sé va ham dang bé chiza khi ¢ xét va khdng xét FSI

Tan S6 Tw Nhién Bé Chira Chat Léng (Hz)

t, (m) Co xét FSI Khéng xét FSI

1.0
f=0.19936 hz f=0.19944 hz

0.30
f=0.19651 Hz f=0.19944Hz

0.10

f=0.14003 Hz

15.000

f=0.19944 Hz
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0.03

f=0.038 Hz f=0.19944 Hz

0.01 --- Suy Bién Hinh Hoc ---

1000 3000

f=0.01688 Hz

Bang 3. 5 thé hién quan hé giira t va f,,, , trong trudng hop c6 va khong xét FSI voi
h, =9.0m. Khi khong xét FSI, f,,,, khong ddi cho dén Itc thanh bé bi suy bién hinh
hoc tai do day t, =0.1m. Khi xét FSI, mdi t, khac nhau s& c6 f,,,, khac nhau. Pay
1a diém mAau chét trong viéc giai phuong trinh truong cap d6i (3.54). B thi Hinh 3.

33 duéi day thé hien méi quan hé & Bang 3. 5 gitra t, va fi, .
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1.0

0.8

0.6

Do day thanh bé (m)

0.00 0.02 004 006 008 010 012 024 016 018 0.20
Tén sb tu nhién (Hz)

No FSI (Hz) FSI (Hz)
Hinh 3. 33 Anh hurong cia Viée xét twong tac FSI dén tan sé riéng cia bé

Hinh 3. 33 cho thay trong thyc té t, anh hudng rat 16n dén f,,, fiCO Xét FSI s&
nho hon fyy, khi khong xét FSI d6i véi bé cd thanh mém. Nhung khi thanh bé du
day, FSI s& khong anh huéng dén f,,, , day cling la khang dinh cta Xing va cong su
(1997, 2007) [60, 65]. Nhu vay co thé thay, FSI rat quan trong khi thiét ké bé nhung
lai thuong bi bo qua bang gia thiét thanh bé tuyét ddi cimg. Su thay ddi f,, s& anh
huong kha nang 1am viéc TLD khi bé chira dong vai tro thiét bi giam chan dang chat
long, day 1a diém can luu y khi thiét ké TLD c6 thé tich 1on cho cac cong trinh siéu
cao tang. Ngoai ra, @6 thi Hinh 3. 33 cho thay khi t, xap xi 1.0 m thi f,,,, c6 xét FSI
va khong xét 1a nhu nhau, t, ~1.0m c6 thé dugc dung dé phan biét bé thanh mém va
thanh cang. Muc tiép theo s& khao sét ap luc dong tac dung Ién bé p,, véi t, ~1.0m.
3.5.2 Ap lwe dong ciia song chat léng Ién thanh bé

Pé danh gia phuong phap FVM/FEM, muyc nay so sanh dap @ng bé chiu dong
dat Elcentro c6 xét FSI, ap luc dong cua song dugc tinh toan bang FVM/FEM sau d6
so sanh vai cac Tiéu Chuan Xay Dung da trinh bay & muc 3.3 thong qua do thi Hinh

3. 34; ngoai ra con di chiéu véi cac nghién cau di trudce tai do thi Hinh 3. 35.
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I
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Chiéu cao h; (m)
w
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—4+—Bé thanh mém t=1.0 m

Bé tuyét déi cirng
0 T T T T T
0 5 10 15 20 25 30 35 40

Ap lyc dong p,, (kPa)
Hinh 3. 34 Anh huong FSI dén pw tac dung 1én thanh bé

T

Hinh 3. 34 cho thay p,,tinh theo cac Tiéu Chuan pho bién nho hon két qua cé dugc
tir luan an (38.19 kPa), trir ACI (38.12 kPa). Dic biét van dé FSI hai chiéu gitra thanh
bé-song, chua duoc tiéu chuan nao xem xét. Pay 1a mot trong nhitng kién nghi khac
cua luan an di vai cac Tiéu Chuan thiét ké. Thém vao do6, cac Tiéu Chuan ciing chua

du doan dung vi tri 16n nhat caa &p luc dong phan b doc theo thanh bé.

--__1“‘:':_1‘_"2--9-_.______
T —~ \;"'-.____-H‘ﬁ
N “‘\
\ !
, X ;«A
/
A Duc Tuong ‘/ ,e/ A
o v
6 | —— Rigid Tank x //:f" A
— — — Hashem etal. (2013) )
o Kohetal (1998) //
% Fa
« Dogangun and Livaglu (2004) '
9 | | ! |

0 10 20 30 40
Hinh 3. 35 So sanh két qud &p luc 18n thanh bé véi Hashemi (2013) [74]
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Hinh 3. 35 cho thay su hop Iy cia FVM/FEM trong tinh todn p,, so véi cac nghién
ctu di trugc. Ngoai ra, dé xét anh huong cua t, dén p,,, luan an tién hanh khao sat

bé véi t, thay doi tir 0.75 m dén 1.5 m c6 xét FSI, két qua thé hign & Hinh 3. 36.

10 *

8
—_
g
<« O
O
o
&
3}
B 4
=
@)
2
— -+ Tuyét déi cing c6 xét FSI
0 Tuyét doi cirng khong xét FSI

0 5 10 15 20 25
Ap Iyc dong p,, (kPa)

45

Hinh 3. 36 Anh hurong dé day thanh bé dén ap luc dong khi co xét FSI
Tur d6 thi & Hinh 3. 36 thay dugc rang: Khi bé chiu dong dat, p, 1&n thanh bé tuyét
d6i ciing khong xét FSI 1a 19.2 kPa; xap xi véi p,, co xét FSI 1a 23.5 kPa. Gia tri nay
chwa dén % so véi p,, 16n nhat cta bé chira cd thanh day 0.95m c6 xét FSI (43.3 kPa),
chirng té ¢6 su chénh léch rat 16n giita cac gia tri p,, tac dung Ién bé chtra. Sy chénh
léch nay phu thudc vao do ciing cua bé; d6 thi Hinh 3. 37, Hinh 3. 38 lan luot thé hién

do 16n p,, 18n bé thanh mém (<1.0 m) va cting (>1.0 m).
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Hinh 3. 38 Ap luc dong cua séng I1&n bé thanh cing cd xét FSI
Tur Hinh 3. 37 va Hinh 3. 38, c6 thé thiy ton tai mot “ngudng” d day t, nhét dinh
dé phan biét thanh bé Ia ctirg hay mém. Hinh 3. 37 cho thay khi t, nho hon “ngudng”
do day nay thi p,, giam néu do day bé giam. Hinh 3. 38 cho thay nguoc lai, khi t,
vuot qua “ngudng” do day nay, p,, giam néu do day bé tang.

3.6 Tom tit chuwong 3
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Trong chuong 3, méi quan hé giita dao dong séng chat long va thanh bé mém
cO xét FSI da duoc thiét 1ap bang 10i giai giai tich va FEM. Qua d6 chi ra sy khac
nhau chinh yéu ciia mé hinh toan giira bé ¢ thanh tuyét dbi ciing va bé thanh mém.
Céc thong sé dac trung chinh cia bé trong trudng hop thanh bé t, mém dugc phan
tichlaf,., 7 va p,. Cac dic trung khac cia bé déu dugc tinh toan théng qua cac
thong s6 nay nhu Sun (1991) da trinh bay [150].

Viéc phan tich, thiét ké bé chaa chat long thanh mém bing cac Tiéu Chuan
khac nhau duoc 1am rd qua vi du cu thé, két qua thé hién & @6 thi Hinh 3. 34. Khéng
chi f_, bianh huong boi t, thanh mém c6 xét FSI ma p,, cling thay doi khi t, thay
d6i, nhu & do thi Hinh 3. 36. Pay ciing 1a khang dinh trong nghién ctiu cua Zhou va
Liu (2006) tai [151], Zhang va Wan (2018) [8] hoac Kabiri va cong su (2019) [115],
theo d6 céc tac gia khang dinh p,, ctia song tac dung Ién bé chira thanh mém chiu tai
trong dong can phai ké dén anh huéng cua f,, . Ngoai ra, gia tri p,, s& giam khi thanh
bé qua ciing hoic qua mém nhu ¢ do thi Hinh 3. 37 va Hinh 3. 38. Ngoai ra, trong
vling giao thoa giira t, mém va cting sé ton tai p,, I6n nhét, day 1a huéng mo cho cac
nghién ctu tiép theo trong twong lai. Nhan xét nay co tinh mai so véi nghién ciu di
trudc chi ding lai & khang dinh p,, giam khi do cung thanh bé tang [152].

Do cing (hoic mém) ciia bé chira phu thugc hai yéu té: (1) 1a do day t,, va (2)
12 module dan hoi cua vat lidu thanh bé. Tuy nhién dbi vai cac vat liéu thuong dung
trong thyc té, (bé téng, thép ...) mdi loai c6 module dan hdi gan nhu khong ddi nén
luan an khong xét nhiéu dén vat lidu cdu tao bé ma chi tap trung t . Cac vi du s6 cho

thay sw anh huéng rat 16n cia t, dang mém (méng) dén ., khi xét FSI, két qua thé

tank
hién & d6 thi Hinh 3. 25 va Hinh 3. 33 hoic Bang 3. 5. Piéu nay ciing da dugc khang
dinh boi Zhang va cong su (2018), cac tac gia da chi ra rang véi cung kich thudc bé
nhung néu cac thanh bé co do cing khac nhau thi f_, ciling s& khac nhau [8]. Mé

rong hon, chinh sy thay doi f,_, s& lam cho bé chtra chat long khi déng vai trd nhu
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TLD khéng thé kich hoat. Pay 1a diém luu y vai cac k¥ su thiét ké bé chtra ndi chung
va thiét ké TLD ndi riéng.

Tur nhitng nhan xét va két luan trén, c6 thé thay rang hién tuong FSI khdng thé
bé qua bang cach xem thanh bé 1a tuyét d6i cing. Thay vao dé, can phai xem xét t,,
va f_ trong viéc thiét ké bé chaa chét Iéng chiu tii trong dong ndi chung va TLD
noi riéng. Két qua tinh toan trong chuong nay 1a nén tang dé ap dung cho viéc phan
tich dap tng cua két cau can diéu khién dao dong khi ¢ va khéng st dung thiét bi
giam chan chat long & chuong 4. Ngoai ra, trong chuong 3 da dé xuat hé sé tuong
quan y gilp phan biét hai loai bé mém & ctng. Pay ciing sé 13 huéng ma cé thé

nghién ctru thém trong tuong lai.
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CHUONG 4
PAP UNG DAO PONG KHUNG VOI TLD CO XET

TUONG TAC CHAT LONG - THANH BE

4.1  Giéi thiéu chung

O Viét Nam hién nay, cac nghién ctu vé thiét bi giam chan bi dong TMD,
TLD c6 thé ké dén cac cong trinh caa Anh va cong su (2007-2016) [153-158] hoic
Phuéc va cong su (2018, 2019) [41, 42]. Khi bé nuéc déng vai tro 1a thiét bi giam
chan, TLD duoc gin vao két ciu dé thay dbi dic trung dong luc hoc va sau d6 tiéu
tan nang lugng dao dong cua co hé.

Trong chuong nay thiét bi giam chan dang chét long da tan MTLD duoc thiét
ké dé giam chan cho két cau, quy trinh thiét ké-kiém tra thiét bi duoc dé xuat dya trén
nén tang két hop giira hai phuwong phap khéi lugng thu gon-FVM/FEM. Ngoai ra, mot
trong nhimg diém noi bat cua chuong 1a xem xét tng Xt dong cua két cau ¢ sir dung
TLD voi tw thay doi va co xét FSI. Pay 1a van dé quan trong, vi hién nay cac TLD c6
thé tich ngay cang Ién nén FSI véi bé thanh mém khéng thé bo qua khi xem xét sy
lam viéc cua thiét bi. Tir nhitng nhan xét trén, chuong 4 duoc bd cuc nhu sau:

= Muyc 4.1 gidi thiéu téng quan.

= Muyc 4.2 trinh bay céc nghién ciru thuc hién gan day trong viéc sir dung TLD
dé giam chan va cd xét FSI.

= Muyc 4.3 trinh bay phuong phap FVM/FEM mé phong co hé thanh hai mién
riéng biét va giai quyét diéu kién bién tai mit tuong tac chat long-thanh bé.

= Muc 4.4 @& xuat quy trinh thiét ké MTLD.

= Muyc 4.5 phan tich kha nang khang chan cia MTLD cho cong trinh duéi tac
dung cua dao dong diéu hoa, tai trong nén kich thich va dao dong tu do két
hop so sanh vai thi nghiém trén ban lic.

= Muc 4.6 phan tich hiéu qua giam chan TLD khi cong trinh chiu dong dat va

anh huong FSI 1én TLD thanh mém véi ty tir méng (mém) dén day (ctng).
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4.2 Céc nghién ciru vé giam chan két cau sir dung TLD c6 xét FSI

Mot trong nhitng nghién ctru dau tién vé kha ning diéu khién dao dong cua
TLD c6 xét FSI thuc hién béi Yamamoto va Kawahara (1999), céc tac gia phan tich
g xir dong cua thap truyén hinh Yokohama Marine véi TLD. Phuong phap phan
tich dao dong soéng la Arbitrary Lagrange-Eulerian ALE; con véi két cAu can diéu
khién dao dong, phuong phap Newmark-p duoc st dung [159]. Két qua chi ra rang,
phuong phép trén phi hop dé phan tich tng xir dong két cau c6 TLD, va TLD gidp
giam 30% dao dong, tuy nhién nghién ciru chua chi ra tim quan trong cua FSI khi
thiét ké TLD. Sau d6, Zheng va cac cong su (2003) sir dung phwong phap cua
Yamamoto va Kawahara (1999) phan tich kha ning diéu khién dao dong két cau véi
TLD hinh tru [77]. Nghién ctu thuc hién khao sat sy bién dang thanh bé do s6ng chat
long gay ra bang phuong phap ALE, két qua phan tich md hinh hai chiéu cé so séanh
véGi nghién ctu di truge. Theo do, nghién ciu cho thay séng chat 16ng gan tuong tu
nhau trong trudng hop cd xét va khéng xét FSI, tuy nhién bién dang thanh bé khi xét
FSI I6n hon nhiéu so véi khi khdng xét. Zheng va cong su (2003) da néu 1én sy can
thiét phai xét FSI khi thiét ké bé chira dong vai tro nhu thiét bi giam chan chat long.

Nhitng nim gan day, nho kha nang ciia may tinh, cac bai toan md phong dong
thoi két cau-chat 1ong c6 xét FSI duoc nghién ctu nhiéu hon. C6 thé ké dén cac cong
bé cua Gradinscak (2009, 2013) nhu ¢ Hinh 4. 1 [78, 160]. Trong d6, dao dong chat

long bén trong bé thanh mém dugc phan tich va ¢ xét dén FSI.

Hinh 4. 1 TLD kich thuéc 1.6x0.4x0.4m3véi thanh bé thép day 1mm
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Eswaran (2017) dé xuat phuong phéap sd c6 xét FSI két hop dbi chiéu thi nghiém dé
khao séat khung thép ba ting nhu Hinh 4.2. Khung chiu tai trong dong khi sir dung
MTLD Iam thiét bi giam chan. Két cau can diéu khién dao dong vai hé bé chira (khong
c6 nude bén trong) duogc phén tich dap tng trén mién thoi gian bang phuong phap
Runge — Krutta, trong khi d6 phuong trinh bai toan & mién chat long tinh bang phuong
phap sai phan hiru han dya trén giai thuat o —transformation [80]. Pong thoi thi

nghiém duoc tién hanh dé danh gia lai do chinh xé&c ctia phuong phap.

1. Camera quan st chat long; 2. Qua nang gia ¢ nén; 3. Motor tao dao dong khung; 4. Qua nang phu tro;
5. Két cau can diéu khién; 6. TLD; 7. Gia tc ké; 8. May tinh diéu khién; 9. Bo chuyén ddi ngudn dién

Hinh 4. 2 Thiét Igp thi nghiém véi khung ba tang c6 MTLD

Ashasi (2017) da phan tich kha ning diéu khién dao dong cua bé chira chat
long cho khung nhiéu tang c6 xét FSI. Trong nghién ctu ndy, phuong phap RTHS
dugc st dung, voi bé chtra chat long duoc thi nghiém trén ban lic dé tim lyc quén
tinh cua TLD theo thoi gian t. Ngoai ra, giai thuat o —transformation dwgc ap dung
dé giai quyét bai toan twong tac trong thiét bi. Sau khi c6 dugc ap luc song chat long
Ién thanh bé va luc quan tinh f(t) caa TLD theo thai gian thi mé phong khung chiu
luc quéan tinh f(t) nay cung luc véi viéc cho khung chiu tai trong dong [36].

Tuong va cac cong su (2019) di chi ra hiéu qua khang chan caa bé nudc mai
dong vai tro nhu thiét bi giam chan chat long bang cach mé phong cong trinh va TLD
lam viéc ddng thoi, trong d6 co ké dén diéu kién bién giita chat long va thanh bé. Két

qua chi ra rang TLD c6 kha ning giam chan rat hiéu qua. Tuy nhién nghién ctu chi
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dirng lai & md hinh khung phang, su tuong tic dugc xét dén 1a FSI mot chiéu [14].
Gan day nhat, c6 cong b cua Abdollahzadeh (2020) vé phan tich dao dong khung
trén mién tan s va séng chat long bén trong bé chtra thanh mém bang phuong phap
Smoothed Particle Hydrodynamics-SPH. Trong do, khung thép str dung TLD xét FSI
khi co hé chiu dao dong diéu hoa va dao dong tu do, két qua tir phuong phap sé duoc
dbi chiéu vai 1oi giai giai tich [44]. Ngoai ra, con cd cac nghién ctu khac tinh toan
phan tng két ciu chiu tai trong dong c6 xét tuong tac da trudng nhu cac bai toan hd
chua, tuabin gio, dap thuy dién, kénh (mang) din nuéc trén cao, dé (k&) chan séng
v.v... dién hinh 13 [35, 36, 69-71, 79, 120, 122, 123, 135, 136, 161-168].

Tur nhitng nghién cau di trude, chuong 4 tap trung viéc diéu khién dao dong

bang hé bé chtra chat long da tin MTLD trong tuong tac da truong két cau-TLD-
thanh bé mém bang FEM véi mé hinh 3D. Thém vao d6, két qua nghién ctru duoc so
sanh ddi chiéu véi thi nghiém dé danh gid kha nang giam chan cua thiét bi trong
truong hop chiu tai trong dong, tir day dua ra cac kién nghi cho ky su thiét ké. Khong
nhitng vy, anh huong caa thanh bé mém dén hiéu qua 1am viéc cua TLD c6 thanh
bé mém ciing duoc xét trong chuong nay.
4.3 FVM/FEM phan tich dao dong két cau véi MTLD

Phuong phap roi rac hai mién ran-long gan day dugc sir dung rat nhiéu trong
cac nghién ctu phan tich TLD hoic céc dang TLD cai tién dé diéu khién dao dong,
phuong phap nay véi su hd tro cia ANSYS duoc xem la mot trong nhiing cong cu
manh mé& nhat dé giai quyét phuong trinh diéu kién bién tai mat tuong tac [35, 79,
162, 163, 166, 169].

Pé phan tich dap ung két ciu theo thoi gian ¢ sir dung MTLD, luan an lya

chon phuong phap FVM/FEM chia co hé ra thanh hai mién riéng biét: (1) mién két
c4u bén dudi TLD can diéu khién dao dong va (2) mién chat long bén trong TLD.
Trong mién chat long, sir dung phuong phap FVM tinh toan dao dong song dé co gia
tri chuyén vi va ap luc song theo thoi gian. Sau d6 dua luc ndy tuong tac nguoc Ve
khung, khi 4y ngoai luc tac dung Ién két ciu gom tai trong kich thich bén ngoai, luc

quéan tinh caia chat long va sy dao dong cua thanh bé tai mat twong tac. Phan tich dao
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dong khung duoc thyc hién bang FEM. Qua trinh nay lap lai lién tuc cho dén khi thoa
man diéu kién hoi tu, diéu kién hoi tu duoc 1am ré & muc 4.3.3 hoic tham khao [170].
Luu d6 tinh toan ¢ Hinh 4. 3, trong ¢6 Module Mechanical mé phong mién ran (két
cau) va Module CFX cho mién chét long. Phuong phap nay gan day dugc Dou va
cong su (2020) sir dung dé tinh toan giam chan cho két cdu dan khoan c6 sir dung 1-
TLD. Két qua tinh toan cho thiy su dong nhét cao véi thi nghiém trén ban lic [169].

~ N

Mechanical APDL CFX Solver

Thiét Idp va khdi ddng tinh toan trudng cap ddi
- Butic thdi gian tinh todn
- DI liéu truyén gilia hal mién tinh taan
- Bng bd hé luti tudng Ec
- Thigt I3p digu kién ban dau

!

——[Bét ddu vong 13p truling cip dﬁij
i

——[Bétdau vong I3p méi mign tinh toé@

1
Bat diu tinh todn
Chia sé butic lap hé d&i va budc lap mign tinh todn
i i
Tinh toan
- Truy@n difligu gitfa cac Solver & buidc tinh hién tai
- APDL: Phudng trinh ddng luc hoc két ciu
+ Nhdn: Lyt tlr CFX
+ Truyén: Chuyén vi kit cau
- OPX: Phutng trinh Navier - Stoke
+ Nhan: Chuy®n v nit tir APDL
+ Truyén: Luc do dao ddng sdng chat Idng
Panh gia hdi tu
cho mdi Solver

kKhong | Budc tinh dGi
héi tu ?

P ~ ) .
Budc tinh dai Khéng
hoi tu ?

P thai gian Khéng

md phong ?

Khéng DU thdi gian

md phong ?

Hinh 4. 3 Luu d6 md phong sw lam viée dong thoi cia hai mién ran-long
Quy trinh tinh toan cuia FVM/FEM gan nhu tuong ty RTHS 14 phuong phap
ban thi nghiém (Hinh 4. 4). Ban chat RTHS ciing phan chia co hé ra thanh hai bo
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phan: (1) két cAu can diéu khién dao dong (2) TLD duoc thi nghiém trén ban lic dé
do duoc gia tri &p luc cua séng theo thoi gian [31, 36, 81, 82, 85, 171-176]. Sau d6
gié tri &p luc séng sé dugc mé phong trén may theo thaoi gian thuc va tro thanh ngoai
luc tc dung I8n két cau. Tom lai, két cdu can diéu khién dao dong chiu ngoai luc kich

thich cung vai gia tri ap luc dong cua TLD do duoc tur thi nghiém.
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Hinh 4. 4 Quy trinh phan tich két cdu siz dung TLD bang RTHS

4.3.1 FVM phan tich mién chat léng c6 xét FSI

Dao d6ng cia mién chat long duoc diéu khién boi phuong trinh chi dao
Navier-Stokes, c6 kha nhiéu phuong phap dugc dé xuat dé giai quyét phuong trinh
trén mién thoi gian. Didu ndy gap khong it kho khian do van dé phi tuyén manh mé
ctia song chat long khi dao dong. Harlow va Welch (1965) da dé xuat phuong phap
Marker-And-Cell (MAC) la mot trong nhiing phuong phap s dau tién dé dinh vi
chuyén dong caa phan tir thé tich chat 1ong [177]. Sau d6 duoc Hirt va Nichols (1981)
phét trién vai giai thuat Volume-Of-Fluid (VOF), xac dinh tuong dbi chinh xéac dao
dong séng trong miat cat ngang bé chira bang cach tinh hé sé ty luong thé tich cho
mai trudng vat lidu trong timg 6 tinh toan da dugc chia lugi [178]. Phuong phap nay
dugc quan tam rat nhiéu trong vai thap nién vira, va cac phuong phap sé duoc phat
trién dé giai quyét phuong trinh Navier-Stokes, dac biét phuong phap thé tich hitu
han FVM. Eymard va cong sy (2000) cho thdy FVM c6 nhiéu uu diém va day la
phuong phap bao toan cuc bg tirng phan do cach tiép can ciia phuong phéap 1a “can
bang”, su can bang cuc bd dugc tinh todn trén ting 6 ludi duoc roi rac hda co tén
“thé tich diéu khién” (control volume) nhu ¢ Hinh 4. 5 [179].
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Phan tir

Bé mat thé tich diéu khién
Hinh 4. 5 Phan tir thé tich diéu khién
D& dang nhan thdy duoc tat ca cac nat phan tir déu duoc bao quanh bai tap
hop cac bé mit nham xac dinh phan tir thé tich diéu khién. Tat ca cac bién s va dic
trung cua chat long déu duoc chia tai cac ndt phan tir ndy. Module CFX caa ANSYS
dua trén nén tang FVM dugc st dung dé phan tich su 1am viéc cua chat long bén
trong TLD. Pé 1am 6 cac budc tinh todn cia luu d6 trén phuong trinh chu dao Navier-
Stokes diéu khién dao dong song chat long. Phuong trinh Navier-Stokes ¢ dang bao
toan khdi lugng va mé men dong luong duoc viét lai nhu sau [45]:
V-v=0 4.1)

%(pV)-ﬁ-V-(pVV)=—Vp+V[lu(VV+VVT):|+F (4.2)

Trong d6 V 14 trudng van toc; p va u lan luot 1a khdi lugng riéng va d6 nhét, p 1a
&p suat con F 12 lyc thé tich. Phuong trinh (4.1) 1a diéu kién bién lién tuc cua chat
long; phuong trinh (4.2) 1a diéu kién bao toan md men dong luong. Vé tréai (4.2) dac
trung cho thanh phan quén tinh séng chét long, ba dai luong & vé phai lan luot 12
gradient 4p suat, luc nhét va ngoai luc 18n chat long. Khéng chi giai phuong trinh bao
toan khdi lugng va md men dong lugng, can giai thém phuong trinh bb trg cho hé s6
ty lugng thé tich C ctia mdi pha (nuéc hoic khi) [144]. Phuong trinh cua C ¢6 cling

dang vai phuong trinh bao toan khéi lugng:

£+V-VC=O (4.3)
ot
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C c6 gia tri 1 “1” khi phan ti chat long day, triét tiéu bang “0” khi phan ti rdng va
c6 gi tri trung binh “0.5” khi phan tir nam trén bé mat giita pha long va pha khi (Hinh
4. 6). Cac dic trung vat ly cua khéi lugng riéng tron 1an 2 pha 1a p va do nhét u
dugc md ta nhu ham s cua dic trung pha va hé s6 ty lwong thé tich C, tinh bang ty
sb cua thé tich chat long trén tong thé tich phan tir chat long trong 6 ludi duoc roi rac:
p=Cp +(1-C)p,
pu=Cu +(1-C)u,
Trong d6 L va A 14 2 pha chat 1ong va khi.

(4.4)

Pha nirie
Ca=0
Cw=1

Hinh 4. 6 Hé sé ty lirong thé tich C cua bé chiza T0.2x0.3m

Sau khi phuong trinh Navier-Stokes dugc giai quyét s& cd gi tri chuyén vi,
van toc, gia téc 1an ap luc séng tir d6 co duoc luc quéan tinh trong bé theo thoi gian.
Chi tiét giai phuong trinh (4.1) va (4.2) tai [180]. Két qua ciia phuong trinh Navier-
Stokes la diéu kién dau vao cho bai toan phan tich két cau can diéu khién dao dong.
FVM vé6i module CFX di duoc sir dung dé phan tich bé chira chat long o vi du 3a
T0.2x0.3m muc 2.2.2 hoac ¢ vi du 4a T 20mx50m muc 3.3.4, trong d6 anh huong
thanh bé duoc bo qua va bai todn chi ¢ phan tir chat 1ong véi hai pha khi va nuéc.
Vi vay tai day luan an khdng b sung thém vi du minh hoa
4.3.2 FEM phan tich két cau can diéu khién dao dong

Pé phan tich phan ung dong cua hé két ciu thi phuong phap Newmark duoc
st dyng, chi tiét duoc trinh bay cu thé bai Ray and Joseph (2003) [181]. Bai toan
dong luc hoc trén ting budc thoi gian dugc tinh toan, véi ngoai luc tac dong 1a chuyén
vi nén caa két cau va lyc quan tinh cua song chat long bén trong TLD tai dinh céng
trinh. Phuong trinh vi phan chuyén dong cho bai toan dong luc hoc phi tuyén cé thé

dugc viét dudi dang tong quat:

113



M x+f (X, X) = g(X,t) (4.5)

X(t,) = Xy, X(t,) = Xo (4.6)
Trong do:
= x,X,x lavecto chuyén vi, van tc va gia toc
= M la ma tran khéi luong cua hé
= f(x,x) dic trung cho ndi luc két cdu, d6 1a ham cua chuyén vi va van tdc
= g(X,t)1a ngoai luc tac dong 18n két ciu, nd duoc mo ta 1a ham cua chuyén vi
Trong trudng hop bai toan dong luc hoc tuyén tinh thi:
f(x,X) = Cx+ KX (4.7
g(xt) =F(t) (4.8)
Voi
= C, K lama tran can va ma tran khéi luong cua hé
= F(t) la ham doc 1ap voi bién x

Thay f, g, F vao (4.5), phuong trinh dong luc hoc cho trudong hop tuyén tinh 1a:

M X+ C x+ Kx = F(t) (4.9)

X(ty) = X, X(t,) = Xo (4.10)
Pé giai phuong trinh vi phan (4.5) va (4.9), cac phuong phap sb duoc dé xuat 1a Euler,
Euler cai tién, chudi Taylor, Runge Kutta, sai phan hitu han, Houbolt — HHT, Wilson
va phuong phap Newmark. Phuong phap Newmark duoc lya chon trong luan an dé
phan tich két cau chiu tai trong dong theo thoi gian, chi tiét phuong phép ung dung
cho FEM tham khao tai liéu cia Bathe (2006) muc 9.2.3 [182]. Trong d6, van toc va

chuyén vi caa nut dugce tinh toan nhu sau:

Ko =X, +[ (1=8)%, + 6%, | (4.11)

X . =X +AX + K% - ajx + axm} (At) (4.12)
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Véi svae 1a hang sé chi mic @6 gia toc tai cudi khoang thoi gian At tham gia vao
phuong trinh van téc va chuyén vi. s vaa duogc chon dé dat o chinh xac mong mudn
va thoa dic trung 6n dinh. Khi d6 (4.11) va (4.12) s& la:

xnﬂ = : 2 (Xn+1_xn)_ixn _(i_ljxn (413)
a(At) aAt 2a

X =i(><n+1—xn)+(l—éjxn +(1—ijmxxn (4.14)
aAt o 2a

Thé (4.13) va (4.14) vao (4.9) thu duoc phuong trinh:

MX, ., +CX_,+Kx , =F, (4.15)

n+1 n+1

X, €O thé co loi giai dudi dang sau:
-1
Xpag = 1 >M + o C+K F.+ %anrian{i—ljxn M
a( At) aAt a( At) aAt 2a

J{i X, +(§_ 1}'(” +(i—1jmxnjc} (4.16)
aAt a 2

Thé (4.16) vao (4.13) va (4.14) dé tim x

., VA %, . Cac budc tiép theo dugc tinh véi

cung mot quy trinh nhu trén cho budc thoi gian (n+2). Trong phuong phap Newmark
thi tiy vao phuong phéap giai tudng minh (explicit) hay ngam an (implicit) ma 1oi giai
c6 can diéu kién 6n dinh hay khong, theo Bathe (2006) loi giai 6n dinh khi:
At_ 11
T, 2v2J6-2a

trong d6 T, la chu ky dao dong tu nhién nho nhat cua hé.

(4.17)

4.3.3 Giai quyét phuwong trinh diéu kién bién tai mit twong tic

FVM/FEM la tén goi phuong phap dé xuat bai Malekghasemi [35] ban chat 1a
su két hop cua hai phuong phap: (1) FVM dé tim dao dong song tai timg budc thoi
gian trén mién chat long va (2) FEM dé tinh gia tri bién dang két cau trén mién rin.
Sau khi c6 két qua &p luc song tir FVM tai cac nat phan te, s& ap dat luc 18n cac nat

ciia mién rin lam diéu kién ngoai luc tac dung. Khi d6 FEM duoc dung dé giai bai
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toan trén mién ran va co két qua 1a bién dang thanh bé; day sé& la ngoai luc dé lam
thdng s6 dau vao cho mién chét long & budc thoi gian tiép theo nhu Hinh 4. 7.

Mién cht Iong

Truyén
Truyén W Chuyén vi

Mién két cAu

Mién cht Iang

e — ‘ .
Truyén iing suét
wen 777/ T T T ‘
Mién két cau

Hinh 4. 7 Su truyén luc tai mét twong tac ran-long
Ap suit chat 16ng va bién dang thanh bé duoc “truyén di liéu” vao nhau tai mat trong
tac cua thanh udt bé, day ciing chinh 1a diéu kién bién caa FSI. Sau khi cac mién chat
long va ran dugc phan tich bang CFD va FEM, hé phuong trinh truong cip doi s&
duogc st dung dé “truyén dit liéu” gitra hai mién tai mdi budc thoi gian nhu Hinh 4.
7. Quy trinh ¢ tién hanh lién tuc nhu vay trén timg budc thoi gian cho dén khi két
thlic viéc phan tich dao dong nhu & Hinh 4. 8 khi diéu kién hoi tu dat dugc. Tai bé
mit tuong tac gitra hai mién ran long, phuong trinh dong hoc co ban (diéu kién bién)
duoc ap dung nhu sau:

T, N, =7,-N, @18)
d, =d, |

Trong d6 7, va r, 1a ang suat twong (ng tai n{t trén mién chat long va thanh bé nhu ¢
Hinh 3. 1. n,va n 14 vecto chi huéng don vi twong &g hai mién chét long-két cau.
d,va d. lan luot 12 bién dang ciia hai mién ran-long. Mién w6t cia bé va bién cua
mién chat long (Hinh 4. 7) tai mat FSI s& thu-nhan truong &p suét-truong bién dang;
dé giam sai s6 do su thu-nhan nay, cac ludi phan tir trén mat FSI duoc chia cing kich
thudc. Trong hé phuong trinh truong cap doi, budc thoi gian 0,01 gidy dugc chon
cho phan tich trén mién chat long bang phuong phap FVM vai CFX Ian trong mién
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két cau v&i FEM. ANSY'S véi nam (5) 1an ghép ndi ma tran véi hai muoi lam (25)
lan 13p téi da trén mién chat long tai mdi budc thai gian At duoc sir dung dé dam bao
d6 chinh xac cia FVM/FEM. Chi khi mién chat long va mién két cdu hoi tu ciing mot
budc hoic dat dén s6 1an Iap t6i da, hé phuong trinh trudng cip doi sé tién hanh voi

budéc thoi gian ké tiép nhu ¢ Hinh 4. 8.

Budc thoi gian bét dau

\ Cap nhat chia Iwoi 2 mién

\

\ Phan tich trén mién ran
\ A
\

\

\

Chuyén vi Luc
v

Dao vong lap o i — — — Vong lap ]
|
\
\
\
\
|

Phan tich trén mién chét léng

Khéng

S 1an 13p
max

L Budrc thoi gian ké tiép

Hinh 4. 8 Quy trinh phan tich FSI-2 chiéu bing FVM/FEM
Pé danh gia su hoi tu cua viéc truyén dit liu & mat tuong tac, mdi budc 1ap
can duoc tinh toan lai so véi budc 13p lién trudc. Piéu kién hoi tu 1a su thay doi trong
tat ca cac gia tri truyén dit liéu giira hai 1an lap ké tiép duoc giam nho hon gié tri dung
sai cho phép (con goi la muc tiéu hoi tu) [165, 183]. Gia tri muc ti€u hoi tu mac dinh
trong ANSYS la 1e-2, tuy nhién hoan toan cé thé thay doi cho phu hop véi timng bai

toan. Su hoi tu dugc xac dinh nhu sau:

g* _ |Og (g/gtoler) (419)
log (10.0/ &, )

Trong d6 ¢, 1a gia tri muyc tiéu hoi tu. & 1a gié tri thay ddi chuan tai mat tiép xuc,

toler

duoc xac dinh nhu sau:

117



E =

10w (4.20)

Véi g, la vecto dit ligu méi tir truong vat ly khac, ¢, la vecto dit ligu ap dung Ién

Prew — (Dpre

truong tuong tac & budc lap trude. Gia tri ¢ o thoi diém hién tai duge xac dinh boi:

Y= (Dpre ta ((onew - @pre ) (421)

A 11

Trong d6 « la hé sé “ching” (relaxation factor), dy la hang sé ding trong phuong
phap lap. Hé sé nay gilp cho qué trinh giai lip duoc nhanh chong hoi tu, va gan nhu
chi c6 thé chon hiéu qua bang phuong phap thir va sai [45]. Theo co s& ly thuyét cua
ANSYS (2011) [170], diéu kién hoi tu dé dung vong lap 1

g <0 (4.22)
4.4  Quy trinh thiét ké MTLD

Quy trinh nay tuong ty nhu & muc 2.4.3. Piém khac 1a tai day sy diéu chinh
tan s6 va khdi luong caia MTLD don gian bang cach thay d6i chiéu cao nudc trong
bé, sau d6 FVM/FEM duoc ung dung dé phan tich kha ning diéu khién dao dong cua
thiét bi. Viéc phan tich nay chinh xac hon nhung t6n nhiéu thoi gian tinh toan hon do
c6 ké dén sy 1am viéc caa mién chét long trong bé chira ma khong can phai quy doi
nhu & muyc 2.4. Viéc t6i vu thiét ké MTLD hau nhu chi dya trén hai phuong trinh
(4.23) va (4.24) bén dudi. Theo hiéu biét con han ché cua tac gia thi ngoai phuong
phap thir va sai, dén nay hau nhu chua c6 phuong phép thiét ké TLD/MTLD c6 xét
dén sy phi tuyén cua song chat long va FSI dong thoi. Minh chiing cho diéu nay, c6
thé tham khao thém nghién ciu cia Chang trang 68-71 [184] hoac Chang va cong su
[23] ciing nhu nghién ciu cia Malekghasemi trang 50-51 [34] dé thay quy trinh thiét
ké va lya chon céc thong s chinh cho thiét bi MTLD.

Quy trinh thiét ké nay tinh toan dap ung khdng chi dao dong khung theo thoi
gian, ma con dap ung caa séng chat long bén trong bé chtra. Do d6 tén rat nhiéu tai
nguyén tinh toan vi vay chi nén sir dung khi da hoan thanh viéc chon so bd s6 lugng
bé, kich thudc bé, chiéu cao nudc va cac dic trung khac cia MTLD nhu trinh bay &
chuong 2 truéc khi thyc hién viéc thiét ké thiét bi vai FVM/FEM. Pay ciing chinh 12
dé xuét cua Tuong va Huynh (2020) trong viéc thiét ké giam chan véi MTLD [185].
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4.4.1 Luwa chen khdi lwgng MTLD
Trong thiét ké MTLD, tuong tw MTMD, ty s6 cua khéi lugng chat 1ong m,
trén két ciu m, bang 1-5%. C6 thé noi day gan nhu 14 thong s6 quan trong bac nhat

cia MTLD vi anh huéng nhiéu nhat dén kha nang giam chan cua thiét bi [82].

M 150 (4.23)
m

S

4.4.2 Lwa chen dai tan s hoat dong ciaa MTLD
f, trong bé chira dugc diéu chinh sao cho bang véi tan sé dao dong tu nhién
clia cong trinh bén dudi f,. Sau d6 lya chon s6 lugng s6 lugng bé chra sao cho:
0.8< % <1.2 (4.24)

S

Phuong trinh (4.24) tuong duong diéu kién AR =0-0.2.
4.4.3 Pic trung can cia két cau khung

Ty sb can & 1a dai luong thé hién sy tat dan ctia dao dong két cau khi két cau
dao dong tu do, dé xac dinh duoc ty s6 can &thi can phai co cac thi nghiém chinh xéac
va dang tin cay. Céc thi nghiém nay s& duoc trinh bay cu thé hon & chuong 5. Sy can
anh hudng 16n dén viéc phan tich két ciu chiu tai trong dong nén can duoc tinh toan
hop 1y. Va do chinh xéac cua két qua mé phong sé phu thudc rat nhiéu vao hé sé nay.
Mdi mode dao dong cua két cau co ty sé can khac nhau, trong luan an sir dung ly
thuyét can dé& xuat bai Reyleigh. Pay 1a 1y thuyét can duoc sir dung nhiéu nhat do
tinh don gian va hiéu qua. Theo [186], ma tran hé s can tinh theo Rayleigh c6 dang:

C=a-M+p-K (4.25)

Trong do:

C,M, K lan luogt 12 ma tran can, khdi lugng va d6 ciing

a, B lan lugt 12 hé s ty 1é twong tng hé s6 can khéi luong va do cing
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\ &i & Total

| B -damping

Damping ratio, §

o -damping

1 2
Hinh 4. 9 Quan hé tan sé - ty s6 cdn trong can Reyleigh
Trong cong thic can Rayleigh, trinh bay tai nghién ctu cta Yue va cong su (2018)
hoac Liaghat va cong su (2014), khéi luong anh hudng 16n dén hiéu qua can ¢ tan sé
thap hon va do cang s& anh hudng ddi voi tan s6 cao hon. Vithé o va A 1a hai thudc
tinh dai di¢n cho tan sb thap hon va tan s6 cao hon. Ty sb can & & mdi tan sé f; 1a

khéc nhau, do d6 hai gia trj azva S thay doi. Gia sir, trong khoang tan s6 tr f, — f,

s& ¢6 ty s Can twong Ung & — &;, khi doava B s& duge tinh nhu sau[83, 135]:

2 a)j —a)i é
{“}: G911 {} (4.26)
B o -l —— — ||
. .

] 1
Tuy nhién, dé don gian, c6 thé coi ty s6 can nhu 1 hang sé trén mat pham vi tan sé

hogc giira hai tan s6 ty nhién lién tiép, tuc 12 & = &, = &. Llc nay (4.26) tro thanh:

{a}= 2 {w‘a’j} (4.27)
Bl o+to | 1

Ngoai phuong phap tinh hé s can cia Rayleigh, con co6 phuong phap caa Ong va
cong su (2017) [131].
T6m lai, quy trinh thiét ké MTLD c6 thé tom tat bang luu d6 & Hinh 4. 10.

Luu d6 ndy gom hai phan: (1) thiét ké co so lua chon so bd MTLD cho hé két cu va
phan tich kha nang giam chan thiét bi va (2) ung dung FVM/FEM ¢ kiém tra danh

gia su 1am viéc cua thiét bi mot cach chinh xac khi c6 ké dén FSI ddi voi TLD/MTLD.
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Bat dau thiét ké
TLD/MTLD

Tinh tan sd khung f., khdi
lwong khung

-%m=1-5

i‘ Dua véo 2 didu kién
-AR=02

Pidu kién chon

Chon TLD trung tam

Chon kich thudc, hus TLD Khong dat

Chon s6 lwong TLD

Khéng dat Lumped Mass Method
phan tich kha nang TLD/MTLD

2 diéu kién:
- f.dbi khong dang ké
- Téng s6 TLD hiéu qua
khéng tang

Diéu kién

Téi wu b bé, kich thudc

FVM/FEM co xét FSI
phan tich phan tng khung,

}

Thi nghiém kiém tra

Quy trinh phan tich
FSI 2 chidu

Dat

Két thuc thiét ké TLD/MTLD

Hinh 4. 10 Quy trinh thiét ké MTLD

45 FVM/FEM phan tich kha ning giam chan cia MTLD

Xeét lai khung thép ¢ muc 2.4.3.4 (Hinh 4. 11), khung chiu dao dong tu do va
chiu tai trong dong. Co hé véi chat long bén trong MTLD duoc xét FSI bang
FVM/FEM. bac trung vat liéu duoc liét ké tai Bang 4. 1.
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Hinh 4. 11 Phan tich phan ing dong khung thép sir dung MTLD gidm chan

Bang 4. 1 Ddc trung cua khung thép 1 tang va MTLD si dung

STT Pic trung vat liéu Ky hiéu Gia tri

Khung thép

1 | Chiéu cao khung h, 1.10m

2 | Budc cot b, 0.52m

3 | Do day san h, 5.0 mm

4 | buong kinh cot d, 10.0 mm

5 | Khéi lugng riéng thép P 7850 kg /m®

6 | Module dan hdi thép E, 210 GPa

7 | Hé sd poisson thép v, 0.3
Pic trung bé chira MTLD

8 | Bé&rong mdi TLD B 0.15m

9 | Chiéu dai mdi TLD L 0.10m

10 | Khéi lugng riéng vat liéu mica cua TLD P 1000 kg /m®

11 | Module dan hoi mica E,, 2.7 GPa

12 | H¢ s6 Poisson caa mica Oni 0.27

13 | Khéi lugng riéng cua nudc Ps 1000 kg /m?
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Ap dung quy trinh thiét ké & Hinh 4. 10 véi hai diéu kién: (1) téng khéi luong
nudce tir 1-5% dé khong lam thay déi lon f, va (2) MTLD c6 AR xoay quanh f_,
hi¢u qua s& cao nhat khi s6 bé la 1é véi bé trung tam c6 f. , ~ f,. Bén canh do, tinh
6n dinh MTLD dugc nang cao nho hé bé da tan. Tir nhan xét trén véi quy trinh thiét
ké & muc 4.4, két qua thiét ké 5TLD (Hinh 4. 12) kich thudc 0.15x0.1x0.1(m) véi

chiéu cao muc nuée dugce liét ké ¢ Bang 4. 2.

Hinh 4. 12 H¢ bé chita 0.15m x 0.10m x 0.10m (DXRxC)

Bang 4. 2 Tan sé tw nhién khung thép va MTLD duwoc thiét ké

Mikhung Tkhung MTLD frip hrio Mrion/Miame
STT
(kg) (Hz) (kg) (Hz) (mm) (%)
1 0.269 1.99829 18.0 1.21
2 0.284 2.04231 19.0 1.27
3 22.3 2.08 0.299 2.08398 20.0 1.34
4 0.314 2.12345 21.0 1.41
5 0.329 2.16083 22.0 1.48

Tt cac phuong trinh (2.43), (2.44), (2.45), (2.46) va (2.47), tinh toan dugc cac dac
trung cia MTLD, bao gdm tan s6 trung tam f,, dai bang tan hoat ddng AR, budc tin

s0 8 va tham s6 diéu chinh Ay, dugc trinh bay & Bang 4. 3.
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Bang 4. 3 Cac thong so ddc trung riéng cia MTLD

f1 n fo Chiéu cao chat 16ng trong
MTLD AR B Ay .
(Hz) (Hz) (Hz) moi TLD

1 2.085 2.085 2.085 0.000 N/A 0.03 hi=2cm

2 1.999 2.085 2.042 0.042 0.086 0.05 h;=1.8.cm;h,=2cm

3 1.999 2.085 2.042 0.042 0.043 0.05 h:=1.8 cm; h2=2.2 cm; hs=
2cm

4 1.999 2.043 2.021 0.022 0.015 0.06 h:=1.8 cm; h2=2.2 cm; hs=
2cm; hy=1.9cm

5 1.999 2.125 2.062 0.061 0.031 0.04 hi=1.8cm; ho=2.2cm; hs=

2cm; hy=1.9cm; hs=2.1cm

Pé thiy kha ning giam chan MTLD, phan tich khung thép khi c6 va khong sir dung
MTLD khi khung dao dong tu do, chiu tai trong diéu hoa va dao dong nén kich thich.
4.5.1 Khung dao d¢ng tw do

Tan s6 tu nhién ctia khung tinh duoc 1a f, = 2.0843Hz, f, =2.086Hz . Tir hai
tan s6 nay két hop véi ty s6 can & =0.5% (xac dinh tir thi nghiém, s& trinh bay chi
tiét & chuong 5), ta c6 o = 0.0655069 va 4 = 0.00038164 theo phuong trinh (4.27).

Graph
| anmation [ - B | [0 D | 2oFrames v 2Sec (futo)
B

0.000 0.500 1.000 {m) A "K
[ EEaaaa—— S| ¥

0.250 0.750

Hinh 4. 13 Két qua tan sé khung 1 tang theo ANSYS
Két qua khung dao dong tu do duoc thé hién ¢ Hinh 4. 14 va Hinh 4. 15.
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Hinh 4. 14 Sy tat dan dao dong khung

khi khong su dung TLD

a1
o

e
£ 30
5
£ 10
3
joR
2-10 0
Q.
e
-30
-50 .
Time [s]
Ansys EXpeI’iment

Hinh 4. 15 So sdnh sw tdt dan dao dong
voi 0-TLD gitta ANSYS va thi nghiém

Ttr d6 thi & Hinh 4. 15 cho thay két qua mo phong sé phu hop véi thi nghiém. Piéu

nay khang dinh sy chinh xac cua thong s6

dau vao & =0.5%. Pay la co s¢ dé phan

tich kha ning diéu khién dao dong ctia MTLD trong cac muc tiép theo.

4.5.2 MTLD diéu khién dao dong khung khi chiu tai trong diéu hoa

Pé phan tich kha niang giam chan caa MTLD, két cu chiu tai trong dao dong

diéu hoa x =0.5mm-sin (27 -2.0843t)co

tan sd ngoai luc kich thich bang tan sé tu

nhién caa khung, muc dich dé tao ra sy cong huong. Chuyén vi dinh khung trong

truong hop khong st dung TLD duoc thé h

ién & Hinh 4. 16 c6 so sanh vai thi nghiém.
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Hinh 4. 16 Chuyén vi dinh khung khi cong hwéng véi 0-TLD

Pb thi & Hinh 4. 16 cho thay hién tuong

thich nén diéu hoa, gia tri chuyén vi dinh

cong huong xay ra khi két cau chiu kich

dat cuc dai 1a £45mm. Dé giam chan thi
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MTLD ¢ Bang 4. 2 va Bang 4. 3 lan luot dugc sir dung. FVM/FEM thuc hién phan
tich chuyén vi dinh khung, két qua dugc thé hién & Hinh 4. 17.

Tai didu hoa - 1 TLD Tai diéu hoa - 3 TLD
9 45
g
é 6
E
=3
-
ﬁ(g 0
=]
=
©-3
-6
-9 -4.5
Thoi gian (s) Thoi gian (s)
°°°°°°°°° Thuc nghiém ANSYS ++++++++ Thyc nghiém ANSYS
Tai diéu hoa - 5 TLD Kha ning giam chin MTLD
3 9
e2
)
<=1
£
=
g
>
2-1
QO
-2
-3
Thoi gian (s) Thoi gian (s)
--------- Thuc nghiém ANSYS ——1TLD ——3TLD ——5TLD

Hinh 4. 17 Hiéu qua giam chan MTLD khi khung chiu dao dong nén diéu hoa
Pé thi & Hinh 4. 17 cho thay thiét bi MTLD gilp giam mot cach dang ké su dao dong
cua khung, lan luot giup khung giam 83% (45.0mm con 7.4mm), 93.8% (tir 45mm
con 2.75mm) va 95.5% (45mm con 2.0mm) trong trudng hop sir dung lan luot 1, 3
va 5 bé chaa chat 16ng. Ngoai ra FVM/FEM (Hinh 4. 18) con cho thay su chinh xéc
gitta md phong sé va thi nghiém trong phan tich pha dao dong ciing nhu bién d6 cuc

dai dinh khung khi khung chiu tai diéu hoa c6 str dung MTLD dé giam chan.
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Hinh 4. 18 Dao dong song khi sir dung STLD tai 3.3s va 15.2s

4.5.3 MTLD diéu khién dao ddng khung khi chiu tai trong nén kich thich

Dao dong nén kich thich dugc tao ra voi do thi gia téc theo thoi gian duoc thé
hién nhu Hinh 4.15, 12 dix liéu nén & chuong 2, Hinh 2. 32. O day sir dung lai dé phan
tich khung va so sanh phuong phap khéi lugng thu gon véi FVM/FEM. Dit liéu nén
nay duoc lya chon vi hai nguyén nhan: (1) khi khung chiu dao dong nay thi chuyén
vi dinh khung dat cyc dai 45.0mm va (2) dit liéu nay phi hop véi kha ning tao chuyén
dong cua ban lic dugc ché tao tai Trudng Pai Hoc Su Pham Ky Thuat Tp.HCM.

15

0.5

Gia toc (m/s?)

Thoi gian (s)

Hinh 4. 19 Di liéu dao dong nén kich thich trén ban lic
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Két qua phan tich chuyén vi dinh khung theo thoi gian khi khong st dung thiét bi
giam chan va s dung MTLD véi 1,3,5 TLD duoc thé hién & Hinh 4. 20
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Hinh 4. 20 Hiéu quda giam chan MTLD khi khung chiu dao déng nén kich thich

Db thi & Hinh 4. 20 chi ra rang chuyén vi dinh cyuc dai ctia khung v6i 0-TLD khi md

phong s6 dat gia tri cuc dai bang 43.89 mm tai gidy thtr 39.3 s, trong khi d6 gia tri

16n nhéat do duoc tir thi nghiém 13 47.3 mm & 26.45 s. Ngoai ra, trong 6 s dau tién khi

sir dung thiét bi giam chdn, MTLD khéng gitp cho khung giam dao dong. Tuy nhién

ké tir gidy tht 6 tro di, thiét bi giup giam chuyén vi dinh cuc dai cia khung lan luot
60%, 73% va 78.4% con 17.16 mm (t=39.44 s) v6i 1 TLD, 11.83 mm (t=38.65 s) v4i
3 TLD va 9.45 mm (t=39.15 s) v6i 5 TLDs. Sy twong thich gitta mo phong s6 va thi

nghiém duoc thé hién ¢ Hinh 4. 21
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Hinh 4. 21 Séng chdt léng & 4.5s va 17.2s khi chiu dao déng nén kich thich
Hiéu qua giam chdn MTLD phan tich bang phuong phap FVM/FEM dugc thé hién ¢
d6 thi Hinh 4. 22 trong truong hop khong st dung TLD va st dung 1,3,5 TLD.

45

Chuyén vi dinh (mm)
o

Thoi gian (s)
—NoTLD ——1TLD ——3TLD 5TLD

Hinh 4. 22 Hiéu qua giam chan ciia MTLD khi phdn tich bang FVM/FEM
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4.5.4 Nhan xét két qua

Két qua phan tich bang FVM/FEM khung chiu tai trong dong cho thay kha
nang diéu khién dao dong cia MTLD Ia rat tét, khi s6 luong TLD cang nhiéu thi hiéu
qua thiét bi cang tang. Tuy nhién, tuong tu nhu ¢ chwong 2, dén mot sb luong bé nhat
dinh két qua giam chan cua thiét bi 12 hoi tu. Trong truong hop nay sb luong 5TLD
dugc xem la ti wu. Ngoai ra, van con c6 su sai khac gitta md phong s6 va thi nghiém
dic biét khi khung chiu dao dong nén kich thich (Hinh 4. 20). Sy sai khéac nay do
nhiéu nguyén nhan, tuy nhién gia tri chuyén vi dinh cuc dai chénh léch khong nhiéu
(<10% giira 43.89mm va 47.3mm) nén c6 thé chap nhan dugc trong thuc té thiét ké.

MTLD gitp giam dén 95% (45mm con 2mm) chuyén vi dinh trong truong hop
cong trinh chiu tai trong dao dong diéu hoa (46 thi & Hinh 4. 17), két luan nay phu
hop va&i nghién ctu cua Bhattacharjee va cong su (2013) [113]. MTLD giup giam
78.3% chuyén vi dinh khung khi cong trinh chiu dao dong nén kich thich, két luan
nay phu hop nghién ciru da thuc hién bai Ashasi va cong su (2014) [96]. Ngoai ra,
MTLD chi dugc kich hoat 1am viéc ké tir gidy thi 6 tro di theo két qua mé phong so.
4.6  Anh hwéng cia thanh bé mém khi xét FSI dén hiéu qua TLD

Muc nay la mét trong nhitng noi dung da dugc nghién ciru bdi Tuong va cong
su (2019) [14]. Néi dung chinh caa muc 12 xem xét su 1am viéc cua TLD thanh mém
c6 xét FSI nham muc dich khéng bo qua su dan hoi cua thanh bé, c6 thé dan dén thay
d6i dic trung dong luc hoc bé chira chat long, dic biét 1a tan sé rieng TLD. Khi do,
TLD s& khdng 1am viéc theo thiét ké va mat tac dung giam chan. Ngoai ra, véi cac
TLD c6 kich thudc 1on nhu ¢ cac toa nha Gama & Indonesia, Comcast hay The Vista
& Hoa Ky véi cac bé nude 1én dén hon 1.5 triéu lit thi khdng thé gia thiét thanh bé
tuyét dbi cing.

Pé thay anh huong cua thanh bé mém dén sy 1am viéc cua TLD, khung 8 tang
(Hinh 4. 23) chiu tai trong dong dugc phén tich trong truong hop khéng sir dung va
c6 sir dung thiét bi giam chan, véi t, tir méng dén day. Phuong phap md phong thuc

hién tuong tu nghién ctu cua Ong va cong su (2017) [131].
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Hinh 4. 23 Khung phang sit dung bé nurde mdi nhue thiét bi TLD

Quy trinh thiét k& TLD c6 thé tham khao tai nghién ciru cua Tuong va cong sy (2019)
[14] hoic nghién ctru cta Banerji va cong su (2000) [27]. Két qua tinh toan TLD va

dic diém cua khung duoc thé hién ¢ Bang 4. 4 va Bang 4. 5.

Bang 4. 4 Ddc trung riéng khung 8 tang va TLD si dung

STT Pic trung vat liéu Ky hiéu Gia tri
Khung thép

1 | Chiéu cao khung h, 3x8=24 m
2 | Budc cot b, 3.0m
3 | Kich thugc cot b. x h, 0.3mx0.5m
4 | Kich thuéc dam b,xh,  0.3mx0.5m
5 | Khéi lugng riéng thép P 7800 kg /m®
6 | Module dan hdi thép E, 210 GPa
7 | Hé sd poisson thép v, 0.3
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Pic trung thiét bi TLD bang thép
8 | Chiéu dai mdi TLD L 2.0m
9 | Chiéu cao nuéc h, 0.14m
10 | Tansd TLD f, frio 0.291 Hz

Bang 4. 5Tan sé tw nhién cua khung 8 tdng

Model Mode2 Mode3 Mode4
Tansd (Hz) 0.2985  0.89582 1.5681  2.3326

4.6.1 Khung chiu tai diéu hoa

Pé phan tich dap ung diéu hoa két ciu, cho khung thép chiu tai trong tap trung
& dinh trai nhu sau F = F;sin(wt)trong 6 F, =1000N , tan s6 cua lyc kich thich
dugc chon phan tich tir 0 — 1Hz twong duong ©=0-> 27 (rad /s). Két qua phan tich
dap ng chuyén vi dinh phai cua khung trén mién tan sé khi khéng sir dung TLD
giam chan duoc thé hién & Hinh 4. 24. C6 thé nhan thiy dap tng chuyén vi dinh
khung dat cuc dai tai tan sé tw nhién f, = 0.29Hzva f, = 0.89Hz . Diéu nay hoan toan
hop Iy khi so sénh tan sé cua tai trong gay cong husng khung véi tan s dao dong tu

nhién cuaa khung tai Bang 4. 5.
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0.0

Hinh 4. 24 Chuyén vi dinh khung 8 tang khi khong c6 TLD
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Khi sit dung TLD lam thiét bi giam chan (ky hiéu T0.003 tuwong ung bé co6
t, =0.003m), dap tmg dao dong khung giam dang ké. Tuy nhién véi t, khac nhau,
chuyén vi dinh khung c6 sy chénh léch nhau. Két qua thé hién qua d thi & Hinh 4.
25 va Hinh 4. 26.
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Hinh 4. 25 Chuyén vi dinh khung 8 tang khi c6 TLD véi thanh bé cing

Tur Hinh 4. 25, c6 thé thay do day caa thanh bé t, 1a khac nhau nhung tan sé ngoai
lyc gay cong hudng va dap ang chuyén vi dinh khung 13 twong duwong nhau. Diéu nay
ching té, ton tai mot “ngudng” t, cua bé chira dé TLD c6 thé xem la tuyét ddi cang,
va mdi mot bé chira c6 mot “ngudng” t, khac nhau phu thuoc vao chiéu cao chét long,
d6 day thanh bé... nhu da trinh bay & Chuong 3. Pay 1a mot trong nhiing nét méi cua
luan &n, ¥ nghia cua diéu do6 1, khi do day TLD Ién hon “ngudng” t, thi kha ning
diéu khién dao dong cua thiét bi 1a nhu nhau va ciing chinh 12 kha nang cta TLD c6
thanh bé tuyét doi cang. Tuy nhién t khong phai 1a mét hang sb ¢ dinh ma c6 thé
thay doi, phu thudc vao do Ién cia ngoai luc tac dong vao co hé nhu két luan cua
Tudng va cong su [9]. Piéu nay hoan toan phu hop vai cac nghién ctiiu gan day cua
Ching-Ching Yu va cong su [187].
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Hinh 4. 26 Chuyén vi dinh khung 8 tang khi c6 TLD véi thanh bé mém
Khi t, nhé hon “ngudng” cang thi tac dung caa TLD giam dan, va dén mot gisi han
nhat dinh (t, <1.5mm) thi TLD mat hoan toan tac dung, diéu nay thé hién qua do thi
Hinh 4. 26. Hon thé nita, cht long bén trong bé thanh mong dao dong tra thanh ngoai
luc gay ra chuyén vi dinh khung ¢6 TLD Ién hon so véi khi khéng st dung TLD dé
giam chan. Vi vay ky su thiét ké can phai luu ¥ van dé d6 day thanh bé khi thiét ké
thiét bi giam chan chét long.
4.6.2 Khung chiu dong dat Elcentro

Tuong tu nhu khi chiu dap Gng dao dong diéu hoa, d6i véi trudong hop khung
chiu tai trong dong dat Elcentro, chuyén vi dinh khung giam di déng ké trong truong
hop sir dung thiét bi giam chan. Khi c6 TLD, chuyén vi cuc dai dinh khung 1a 0.573m,
tuy nhién khi c6 sir dung TLD v&i thanh bé xem nhu cing thi chuyén vi dinh khung
12 0.23m thé hién qua db thi Hinh 4. 27.
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Hinh 4. 27 Hiéu qua giam chan TLD thanh ciing khi khung chiu déng dat
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Hinh 4. 28 Hiéu qua giam chan TLD thanh mém khi khung chiu déng ddt
Tuong tu trudng hop khung chiu tai diéu hoa, doi voi TLD c6 thanh mong

u qua giam chan cua thiét bi s& bi anh huong r

4t nhi

hi¢
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ang di
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ong dat Elcentro nhu d6 thi ¢ Hinh 4. 28.

khi khung 8 tang chiu tai trong d
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Dé thay r6 hon kha ning ciia TLD ciing nhw anh huong cua t,dén dap tng dao dong

cua khung, mé men trong cot dugc tinh toan va trinh bay & d thi Hinh 4. 29.
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Hinh 4. 29 Momen khung véi TLD c¢6 dé day khac nhau
Tir d6 thi Hinh 4. 29, c6 thé thay mé men trong khung duoc giam di dang ké 1én dén
50% cho cot trai va 75% cho cot phai khi sir dung TLD lam thiét bi giam chan. Tuy
nhién véi cing mot TLD nhung d6 day thanh bé khac nhau thi kha nang giam chan
cua thiét bi cling khac nhau, sy chénh léch c6 thé tir 10-15%.

4.7  ToOm tat chwong 4

FVM/FEM duoc st dung dé phan tich hiéu qua giam chan két cau véi MTLD
trong truong hop khung thép chiu dao dong diéu hoa va chiu dao dong nén kich thich.
Khung thép duoc mo phong ba chiéu xét FSI véi két qua tinh toan c6 sy dong nhat
so véi thi nghiém trén ban lic. Di véi truong hop khung chiu tai diéu hoa, két qua
phan tich chuyén vi dinh gan nhu khong sai 1éch so vai thi nghiém (d6 thi & Hinh 4.
16, Hinh 4. 17 va Hinh 4. 18). Péi véi truong hop chiu dao dong nén kich thich, c6
su khac nhau nhung chuyén vi cuc dai dinh khung gita md phong va thi nghiém 1a
xap xi nhau (Hinh 4. 20 va Hinh 4. 22). Diéu niy c6 y nghia trong thuc tién thiét ké.

TLD duoc tng dung phé bién va rong rai trén thé gisi cho cac cong trinh ngay

cang cao tang, dén thoi diém hién tai (2020) da c6 cong trinh The Vista, Hoa Ky cao
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101 tang (365m) v6i TLD 1én dén 1.5 triéu lit nudc da duoc dua vao sit dung. Vi
thé tich nudc 16n 1am viéc nhu thiét bi giam chan, hién tugng FSI khéng thé bi bo
qua khi thiét ké. FSI dong vai trd quan trong trong viéc thiét ké TLD dac biét d6i véi
cac bé c6 thanh mong phai dugc xét dén mot cach can than vi ¢6 thé 1am mat di kha
nang giam chan cua TLD (Hinh 4. 25 va Hinh 4. 27). Khi d6 day thanh bé con nam
trong mot gigi han nao d6 thi TLD van phét huy tac dung giam chan nhung khi thanh
bé di mong thi diéu nay khong con ding nira (Hinh 4. 26 va Hinh 4. 28) nhu khang
dinh cua Tudng va cong su (2019) [14]. Ngoai ra, FSI con phai dugc xem xét di véi
bé thanh mém vi khi dao dong song chat long da I6n 1am &p lyc tac dung 1én thanh
bé ciing nhu bién dang bé 16n s& dan dén thanh bé bi pha hoai [77]. Su pha hoai nay
da ting xay ra voi thiét ké bé chtra xem thanh bé tuyét ddi cang ¢ chuong 3 [119,
121, 188].

Viéc thiét ké MTLD c6 thé st dung quy trinh ¢ Hinh 4. 10. Quy trinh nay giup
thiét ké lya chon nhanh céc théng sé chinh cua thiét bi bang phuong phéap khéi lugng
thu gon, sau d6 thuc hién bai toan kiém tra mot cach chinh xéc su dap tmg dao dong
két cau va chat long bén trong TLD c6 xét FSI bang FVM/FEM. Cac noi dung trén
da duoc cong b trong nghién ctiru gan dy ciia Tuong va Huynh (2020) [185].

137



CHUONG 5
THI NGHIEM PIEU KHIEN DAO PONG KET CAU

TREN BAN LAC TU CHE TAO

Trong chuwong nay, mot s6 nghién ctru da thyc hién trude day vé phuong phap
thi nghiém kiém tra dong luc hoc két cau duoc trinh bay tom tat hoic dé cap, tir d6
lam co s& dé thiét 1ap mé hinh thi nghiém. Muc dich khong chi dé tim hiéu tng xu
dong cua két cau khi str dung MTLD nhu thiét bi giam chan va d6i chiéu véi két qua
mb phong & cic chuong trudc, ma con dé phét trién cho cac hudng nghién ciu s&
thuc hién trong tuong lai.

5.1 Phuong phap thi nghiém

Thi nghiém dong vai trod rat quan trong trong viéc danh gia Gng xt cua hé két
cau khi chiu c4c tai trong dong nhur dong dat hay chay nd. Néu thi nghiém duoc thuc
hién chuan xac, cac két qua dat dugc tir d6 co thé 1am cho cac md hinh sé dang tin
cay hon. C4c thi nghiém ciing s& cho thay duoc cac thdng sé dic trung giup du doan
dugc Gng xtr cia mot ¢ong trinh that khi trai qua céc tinh hudng tuong tu. Chinh tir
d6 sé& giup cho k¥ su co phuong an tiét kiém hon dé thiét ké cong trinh. C6 rat nhiéu
phuong phap thuc nghiém kiém tra dong luc hoc két cau nhu phuong phap gia dong,
mé hinh thu nho ty Ié véi dao dong trén ban lic, ban thi nghiém két hop mé phong
V.V... mdi phurong phap déu c6 uu nhuogc diém riéng [173].

Pé thi nghiém kiém tra kha nang diéu khién dao dong cua thiét bi giam chan
dang chét long MTLD thi can phai c6 ban lac tao dao dong nén. Két cau bén trén ban
lic duoc cho (1) dao dong tu do (2) chiu dao dong nén diéu hoa tai tan s cong huong
va (3) chiu dao dong nén kich thich trong trudong hop khéng va co su dung thiét bi
MTLD. Tir d6 xac dinh duoc chuyén vi dinh, ty s6 can va tan sé dao dong riéng cua
khung, ngoai ra con xac dinh duoc chiéu cao séng chat long bén trong bé khi dao

dong. Pay 1a nhitng thdng sb can thiét dé danh gia hiéu qua giam chan. Két qua thi
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nghiém dugc so sanh vai két qua md phong tir cac phan mém SAP 2000 hoic ANSYS
dé thay duoc su phi hop giita thuc té va phuong phap sd.

Ban lic duoc tac gia ché tao tai Khoa Xay Dyng, Truong Pai Hoc Su Pham
K§ Thuat Tp.HCM (Hinh 5. 1). Thiét bi st dung ning luong dién véi giao dién tiéng
Viét rat tién loi cling nhu tiét kiém khi tién hanh thi nghiém, ngoai ra thiét bi khéng
phu thudc hdng san xuat khi can nang cap hay thay doi phan cang, 13 nhugc diém caa
cac ban lic dugc cung cap boi cac hiang nudc ngoai. Ban lac tao chuyén vi nén véi
bién d6 dao dong duoc diéu chinh bang cach ting giam khoang léch tdm giira dau
thanh truyén véi truc khuyu (Hinh 5. 2). Kha ning mang tai cia ban lic 12 300kg, gia
lap duoc nhiéu dang dao dong vai gia téc cuc dai dén 1.5 m/s2. Bién do dao dong cua
ban 1a +5cm. Viéce thay di toc do quay cua dong co sé& 1am cho chuyén vi nén 1a diéu

hoa hay tao kich thich nén theo dit liéu xac dinh trudc.

Hinh 5. 1 Ban lac tw ché tao

5.2  Co sé ly thuyét ché tao ban lac
Dao dong ctia ban lac 1a dya trén sy di chuyén cia tay quay con truot nhu Hinh
5. 2 chi tiét vé& cac bo phan ban lic thé hién ¢ Hinh 5. 3. Nguyén Iy hoat dong cua
thiét bi nay 1a khi dong co quay tai vi tri A 1am cho truc khuyu 1, quay, I, quay dan
dén thanh truyén dong 1, quay véi dau mot dau thanh truyén B quay quanh vi tri can

bang dau C con lai s& truot trén tryc x va mang theo ban lic. Khi toc do dong co thay
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d6i thi tbc d6 ban lic ciing thay doi theo, tir d6 tao ra dao dong diéu hoa hoic dao

dong nén kich thich.

s
(| _1r'—~|—~u+ lJ’ g

= =

L - .s . o 5]

Hinh 5. 2Nguyén Iy hoat dong cua dong co tay quay con trugt véi (1): truc khuyu,
(2) thanh truyén, (3) con trirot mang ban ldic

Tir cc dir liéu dong dat cling nhu dao dong diéu hoa thudng xuyén thi nghiém
cho cong trinh, chon cac giatri 1,1, ; riéng o, la tan s6 dao dong vong phu thudc vao
nang suat téc do cua dong co, thong sé can tim 1a gia tdc va van téc tai dau C (chinh
1a dao dong cua ban Iac tai chan caa céng trinh) can phai xac dinh duoc nham muc
dich khi diéu chinh o thi s& c6 duoc gia téc, van téc tai C. Tur Hinh 5. 2, xac dinh

duoc vi tri ban lac C theo cong thic:

X. = l,cosg, +1,cose, (5.1)
t -
trongd6 { 1 at)=a(t) =@, = arcsin SN * ¢
|, sing, +e=1,sing, 1,

Ve =V (t) =—l, (sin g, +cosg, tan g, )

) cos(gol+(p2) |,cos’p, (5.2)
cos, I ,C08°p,

Xe =% (@) =% (e, (t))=

ac =3¢ (t) =—lao

Tir hé phuong trinh (5.2) ¢6 thé thay duoc rang dé co dugc van tdc, gia téc cua C thi
chi can liy dao ham x_ theo t. Trén day la bai toan cho trudc gia tri goc quay o

dong co, tim gia tc cua con trugt hay ban lic.
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&1l

1. Bing co 2.5Kw
2. B truyén dai
3. True khuyu

4. Thanh Truyén
5. Khung ban lic
6. Ban lic

7. Bu long lip md hinh thi nghiém
&. Khung cd dinh

9. Con trurgt bi

10. Thanh inret bi

11 Bu léng siét chit

12. Bin mii hin xudng bé tong

13. Bién tin

Hinh 5. 3 Céc bg phdn chinh cua ban ldac
Pong co dugc ldp ¢b dinh vao méng may thi cdng tir trude, su ¢d dinh hoan toan vao
nén bén dudi may la rat quan trong vi khi hoat dong néu may bi rung s& anh huong
rat nhidu dén thiét bi do. Chi tiét co khi lip dat dong co thé hién qua Hinh 5. 4.
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A 13p md hinh thi nghiém

trén ban 13,3 b6 M12 x 30 I3p
bt cing dai . . .
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Then bing 10-6-54 chu vi ngoai 980mm
dé |3p banh dai lén

6 T 5 T C 43 3 T T T

Hinh 5. 4 Chi tiét co khi ldp dat thiét bj
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5.3  Thiét lap md hinh thi nghi¢m

Nhu dugc trinh bay & chuong 2 va chuong 4, két ciu duoc thi nghiém trong
luan an 1a khung khong gian chiu uén mot ting duoc lién két ngam vai nén bén dudi.
Chiéu cao cta khung 1a 1100mm, budc cot cua khung theo ca hai phuong X va Y déu
14 520mm. Tam san bang thép co kich thudc 13 650mm x 650mm va c6 do day 5.0mm.
Lién két cang giita dau cot va san thdng qua bén bulong nhu ¢ Hinh 5. 5. Thém vao
d6, dé chong xoay cho khung thi mot thanh thép hop (5cm x 5¢cm) ¢6 kha ning truot
doc truc va cé dinh theo truc con lai dugc han tir day tam san xudng nén bén dudi.
Ngoai ra thanh thép hop nay con gilp cho tim san ting cuong do cing trong mat
phang (san tuyét dbi cang). Chi tiét nay rat quan trong ddi véi viéc giir cho khung
dugc 6n dinh trong toan bo qué trinh thi nghiém.

] | ' ' eformed Shage MODAL - Mede -1 GABKIR, 1= 20573 [=l e &

Hinh 5. 5 Khung thép duoc thi nghiém gidm chan bang MTLD

Bdn cot thép 1a thép tron co gan véi cuong do chiu kéo f, = 365MPa va duong kinh
10mm. Két qua md phong sb gitp xac dinh duoc khbi lwong hiru hiéu trong cac mode
dao dong, theo d6 thi khdi lwgng hiru hiéu cta hai mode dau tién theo phuong X 1a
87.73% va theo phuong Y 1a 7.68%. N6i cach khac, khéi lwong hitu hiéu ¢ hai ham
dang dau cua khung phang dong gop 95.5% toan bo khdi lugng hitu hiéu cua khung.
Do d6 thiét bj giam chan MTLD chi can duoc thiét ké dé khdng ché chuyén vi doi
VGi tan sb co ban cua khung nhu & nghién cau cua Ashasi (2014) [96]. Khéi lugng
cua khung thép do duogc la 22.3 kg véi cac dac trung da dugc trinh bay ¢ Bang 4. 1.
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Ban lic c6 thé tao ra dao dong nén diéu hoa hoic dao dong nén kich thich véi
c4c tan s6 dao dong khac nhau. Nhu duoc chi ra & Hinh 5. 6, dé do duoc dap tng
chuyén vi dinh khung, cam bién KEYENCE ma hiéu san xuat LB-01 dugc st dung
dé truyén tin hiéu di va KEYENCE mé hiéu san xuat LB-60 dung dé nhan tin hiéu
vé. Thém vao d6, mot cam bién gia téc KEYENCE FS-N11N-FV32 két ndi voi hé
thdng thu nhan di liéu dugc ung dung dé ghi lai gia téc hanh trinh caa ban lic theo
thoi gian. Bo thu nhan dit lidu dugc két ndi véi thiét bi loc sb liéu, xir Iy nhidu va loc
tin hiéu dé c6 duoc cac gia tri thu vé tét nhat tir dap ung dao dong cua khung. Tin

hiéu chuyén vi dinh khung dugc lay mdi 0.05 gidy theo thoi gian thuc.

& -

(c)
Hinh 5. 6 Thiét Iap thi nghiém véi (a) cam bien chuyen vi, (b) cam bién gia toc va
(c) hép bien tan

C6 ba quy trinh thi nghiém ddi voi khung thép dao dong trén ban lic bao gdbm: (1)
khung dao dong tu do dé xac dinh duoc ty s6 can cua khung ciing nhu sy tit dan dao
dong khung (2) khung chiu dao dong nén diéu hoa tai tan s6 cong huong va (3) khung
chiu dao d¢ong nén kich thich. Ca ba quy trinh déu dugc thi nghiém trong truong hop

c6 va khong st dung MTLD.
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Hinh 5. 7 Kich thwéc hinh hoc va chiéu chuyén dgng khung thi nghiém
Toan bo dir liéu truyén vé may tinh s& duoc chuong trinh phan tich dao dong xu Iy

két qua thuc nghiém nhu Hinh 5. 8.

DHEL KHIE ACC T —

® KICH THICH BIEU HOA KICH THICH BPONG BAT
BIEN PO GIA TOC PH =
o |
o |

EEDSECE O

KHA1 BONG BAN LAC DUNG BAN LAC
©P6 THI KHOANG CACH | |OBO THI GIA TOC
TAN SO BAN LAC 0.071117 [l Hz |

DO GGC BAN LAC XC)A MAN HINH VE

VE TT/KC VE TT/GTBL VE TT/GTD [t 0 2

Hinh 5. 8 Giao dién chuong trinh diéu khién ban lac

144



5.4  Tién hanh thi nghi¢m va két qua
5.4.1 Phan tich tan sé dao ddng riéng

Trong muc nay sé trinh bay phuwong phap thi nghiém xac dinh tan sé riéng cua
khung (Hinh 5. 9) sau d6 d6i chiéu véi két qua md phong tir SAP2000 va ANSYS.
Két qua khung c6 chu ky T = 0.486 (s), tng Véi tan sé f= 2.058 (Hz).

——'l‘ | l [Load Case Data - Linear Mol Histary
y |
. 1 CootCars Hooe Wl Losd Case Trpe
1 [DACEONGTATOMN —  SetDettiane | || _ModShom. | || [Feve Wiy =] pean. |
| bl Coruhens Aradyes Type T Hokoey Typn
& Zena kil Condtions - St bom Undtesied St  Liew & Madd
1 3 I d I Horkess T Divect Indegration
| ot Losd o 1 e sk ehied 1 st
| Teanaent
|| MudsLosd Cace
| Percdic
1| s o fom e WODAL =
Lo Agplnd
LosdType  LosdName  Furehon  SesleFachr
LosdPamer w[FORCE  =l[O0TATORN =][1
- A
Moty |
¥ _Daea |
I Show Advinced Losd Parsnstes
|| Teve Stepi D
Hureb f Qus Tis Seege ]
Oufind Trom S S 3
{| [ Ceber Parsiomiens

if

Madal Dismirg Corstark 2 500K A3 ModiyShow. |

Hinh 5. 9 Khung thép thi nghiém va tan sé khung tiz SAP2000

Pé xac dinh ty s can cua khung va xac dinh tan s riéng tir thi nghiém, khung thép
duoc kéo ra khoi vi tri can bang khoang 50mm sau d6 cho dao dong tu do dé do
chuyén vi dinh khung, trinh ty thuc hién nay tuong tu nhu phuong phéap cua Pabarja
va cong sy (2019) [189]. Tur chuyén vi dinh khung do duoc xac dinh tan s riéng cua
khung bang cach tinh do giam loga trung binh &, , ty s6 can &, va sau d6 la chu ky
dao dong c6 can r, bang cac cong thic tir (5.3) dén (5.6). V6i m 1a s chu ky dao
dong trong mot khoang thoi gian t. Chi tiét ciia phuong phap c6 thé tham khao cac
nghién cau cua Rao (1995, 2011) [108, 190].

RN b (54)

wegns) e R

e f, = 1fd = 69
d ~ Sth

Trong d6 t, .t 1a thoi diém cudi cua chu ky dau tién va chu ky m
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Thi nghiém két cau chiju dao dong tu do duoc tién hanh, chuyén vi dinh khung dugc
do v&i mdi timg budc thoi gian 0.05s. Sau khi do chuyén vi dinh khung theo thoi
gian, tu (5.3) xac dinh &, sau d6 tir (5.4) xac dinh ty sb can &, =0.5%), day chinh
la ty s6 can da dung mo phong khung & chuong 2 va chuong 4. &, =0.5% dugc
ding dé phan tich khung chiu dao dong ty do trén ANSYS va d6i chiéu véi thi
nghiém, két qua chuyén vi dinh tir méd phong va thi nghiém thé hién & Hinh 5. 10.

60

40

Chuyén vi dinh (mm)

Ansys e Experiment

Hinh 5. 10 Chuyén vi dinh khung dao déng tw do so sanh ANSYS
Hinh 5. 10 cho thay két qua mé phong khung chiu dao dong ty do giira thi nghiém va
ANSYS la do ddng nhat cao, do do ty s6 can &, =0.5%a hop ly. Xét cac chu ky
lién tuc cua dao dong khi chuyén vi dinh giam tir 50mm xudng dudi 30mm (8 chu
ky), bang cach ap dung cong thirc (5.5) xac dinh tan s6 c6 can f, va cong thuc (5.6)
, tinh dwoc tan sé riéng caa khung f, = 2.05Hz.

Nhu vdy, qua cic budc tinh toan bén trén cho thay két qua tan so giira
SAP2000 va thi nghiém déu cho ra ciing gia tri. Ngoai ra, chuyén vi dinh khung khi
dao dong ty do gitta md phong ANSYS va thi nghiém cho thay su phi hop trong két
qua do. Piéu nay ching té ban I4c tu ché tao va cac cam bién dang tin cay.

5.4.2 Hiéu qua MTLD khi khung dao dong tw do

Pé kiém tra kha ning lam tit dan dao dong tu do khi sir dung thiét bi giam
chan chét long da tan, thi nghiém khung duoc tién hanh véi trudng hop c¢6 1TLD,
2TLD, 3TLD, 4TLD va 5TLD. Nhu di duoc trinh bay & chuong 4, chi tiét chiéu cao,
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tan s6, khdi lugng chat long trong MTLD c6 tai Bang 5. 1, két qua thi nghiém do dao
dong tat dan cua khung dugc thé hién ¢ Hinh 5. 11.
Bang 5. 1 Chi tiét MTLD si dung thi nghiém

MTLD TLD1 TLD2 TLD3 TLD4 TLD5

h, (mm) 18.0 19.0 20.0 21.0 22.0

f. o, (H2) 1.999 2.043 2.085 2.125 2.162
1:TLD

- 0.975 0.996 1.017 1.037 1.054

m., , (kg) 0.27 0.285 0.30 0.315 0.33

%(%) 1.21 1.28 1.35 1.41 1.48
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3TLD=900ml ——A4TLD=1200mI ——5TLD=1500ml

Hinh 5. 11 Dao dgng tat ddn khi khung dao déng tw do véi MTLD
Thi nghiém duoc tién hanh dé so sanh thoi gian tat dan chuyén vi dinh khung khi c6
va khong sir dung MTLD trong trudng hop khung thép dao dong tu do. MTLD lan
luot chtra chét long vai chiéu cao twong ung Bang 5. 1. Tuy nhién, tir Bang 5. 1 cho
thay tong khéi lugng MTLD, m, 5, chiém tir 1.35% — 6.73% m_ do d6 tong khoi
lwong ciia cong trinh thay d6i dan dén f_ ciling thay doi, cho nén dong thoi tién hanh
thém céac thi nghiém vai viéc quy doi thé tich nudc cua MTLD (M=1-5) vé khéi luong

qua nang tuong tng (16n nhat bang 1,5kg “=” 5TLD ¢ Bang 5. 1). Y nghia viéc nay
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la khi MTLD dat & dinh 1am khung nang hon, c6 thé lam thay doi f_nén dé so sanh

kha nang giam chuyén vi dinh thi thi nghiém duoc tién hanh hai lan: (1) khung “+”

MTLD va (2) khung “+” qua nang. Két qua chuyén vi dinh thé hién & Hinh 5. 12.
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Hinh 5. 12 Dao déng tat dan véi MTLD va qud ndng twong dwong
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Qua cic két qua trén, rit ra dwge két luin:
= Thiét bi giam chan chat 1ong da tin MTLD giup cho cong trinh tit dan dao
dong ty do rat nhanh chéng. MTLD giam 90% dao dong tir 50mm xudng con
5mm lan luot & gidy thir 37.7s, 13.3s, 7.4s va 4.9s vai cac khung c6 sir dung
0,1,3va 5TLD.
= Khi hé st dung cang nhiéu TLD thi khung tit din cang nhanh, nhung tir hé
3TLD dén hé 5TLD su khac nhau khong nhiéu, vi vay c6 thé két luan rang 5
TLD 1a ti uu d6i véi khung thép. Két lun nay ciing pht hop v6i két qua tinh
toan ¢ chuong 2.
5.4.3 Hiéu qua MTLD khi khung dao ddng diéu hoa
Dé chiing to hiéu qua giam chan cua hé, ban lic dugc sir dung tao kich thich
dao dong diéu hoa x = Asinw, t = 0.5-sin @, - t(mm) ngay tai tan so riéng f, dé taora
hién tuong cong huang. Chuyén vi dinh cia khung ti da 1én dén 4.5cm. Sau d6 1an
luot st dung thiét bi giam chan vai 1, 2, 3, 4 va 5 TLD. Theo co sé ly thuyét MTLD
da dugc trinh bay & chuong 2, tan sb cua bé trung tam f, la:

fn:i ”—gtanh 7Z'_h :i 7r><9.81tanh 7x0.02 _ 9 085Hz
27\ 2a 2a ) 2rx 0.1 0.1

Két qua chuyén vi dinh khi str dung thiét bi MTLD dugc thé hién & Hinh 5. 13. Két

qua nay da duoc sir dung dé ddi chiéu véi két qua md phong ¢ chuong 2 va 4.

Kha ning giam chin 1-TLD Kha niing gizm chin 2-TLD

N
(62

= W
o O

Chuyén vi dinh (mm)
o

15
30
o Thoi gian (s) _ ——w/o TLD ——2TLD
——w/o TLD 1TLD
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Kha niing khang chin 3-TLD Kha niing giam chin 4-TLD
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Hinh 5. 13 Hiéu quad MTLD khi khung chju dao déng nén diéu hoa

Tir d6 thi ¢ Hinh 5. 13 cho thdy MTLD gidp giam dén 93% chuyén vi dinh caa cong
trinh (45.0mm con 3.0mm). Cang nhiéu TLD thi kha nang giam chan cua thiét bi
cang tang 1én. Tuy nhién sé lugng TLD t6i vu xac dinh tr Hinh 5. 13 13 5 bé. Bén
canh d6, tir nhan xét m,,;, , chiémtir 1.35% — 6.73% m_ c0 thé lam thay doi f, nén
cling twong ty cach thi nghiém & khung dao dong tu do, thi nghiém da thay chat long
trong bé bang qua ning véi khdi luong twong duong gin chit vao khung dé thi
nghiém. Két qua chuyén vi dinh duoc thé hién & Hinh 5. 14.
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Hinh 5. 14 Khung dao déng diéu hoa véi quad ning twong dwong MTLD
Db thi Hinh 5. 14 cho thay khi khung mang thém khéi luong bang khéi luong cua
chat l6ng & tat ca sau truong hop (0-5TLD) thi cong huéng van xay ra ¢ f, ban dau.
Nhu vay su thay d6i khdi lugng nhu trén khong anh huong nhiéu dén f caa khung.
5.4.4 Hiéu qua MTLD khi khung chiu dae ddng nén kich thich

Tuong ty nhu thi nghiém véi tai diéu hoa, dé khao sat anh huong cia TLD khi
khung thép chiu dao dong nén kich thich, mét dit liéu dao dong nén theo thoi gian
nhu & Hinh 4. 19 duoc khai tao, trong d6 bién do cuc dai khi dao dong cuia ban lac 1a
+3.0mm. Thi nghiém tién hanh véi khung trong truong hop khéng va cé st dung
MTLD dé giam chan. Két qua thi nghiém thé hién tai Hinh 5. 15.
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Hinh 5. 15 Thi nghiém khung véi 0-TLD chju dao déng nén kich thich

Trong trudng hop khéng sir dung MTLD thi chuyén vi dinh cuc dai cua khung la

45.0mm, bang véi chuyén vi dinh 16n nhat trong truong hop dao dong diéu hoa khi

cong huong xay ra. Két qua thi nghiém khung voi MTLD duoc thé hién ¢ Hinh 5. 16.

45

30

[EEN
o1

Chyyén vi dinh (mm)
& =

w
o

-45

Thoi gian (s)
—NoTLD —1TLD ——3TLD ——5TLD

Hinh 5. 16 Thi nghiém khung véi MTLD chju dao déng nén kich thich

Tir d6 thi & Hinh 5. 16 cho thay khi sir dung MTLD diéu khién dao dong thi chuyén

vi dinh khung giam di dang ké dic biét trong truong hop sir dung 5TLD, chuyén vi
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dinh chi con 17mm (giam 63%) va trong trudng hop st dung 1TLD chuyén vi dinh
con 35mm (giam 22%). Kha nang diéu khién dao dong cua thiét bi phi hop véi két
luan caia Pandey (2019) [191]. Ngoai ra d6 thi ciing cho thay, MTLD chi phét huy tac
dung ké tr gidy thir 7 tro di d6i voi hé 5TLD va gidy tha 10 d6i véi hé 1TLD. Diéu
nay ciing minh chang cho két luan cang nhiéu TLD thi thiét bi giam chan s& cang on
dinh hon cua Sun (1991) [150].

Nhan xét két qua
- Thi nghiém dao dong ty do ctua khung dugc dung dé tinh ty sé can c6 dbi
chiéu két qua tinh toan véi phan mém mé phong va cho két qua ty sé can &,

hop 1y nhu cac nghién ctru di trudc [35, 131, 189, 191]. Pay ciing 1a thong
s dau vao cho phan mém mé phong SAP2000 va ANSYS 18.2

- MTLD gitp dao dong ty do tat dan nhanh chéng. Cang nhiéu bé chira thi
hiéu qua cang phat huy nhu da chi ra ¢ Hinh 5. 11.
- Pbi voi dao dong diéu hoa thi MTLD gilp giam dén 93% dao dong cua
khung khi hién tugng cong huang xay ra nhu ¢ do thi Hinh 5. 13.
- Db thi ¢ Hinh 5. 16 chi ra rang d6i véi tai trong dong dat, hé 5TLD gilp
chuyén vi dinh giam dén 63% bién d¢ dao dong.
- Tom lai, théng qua céc thi nghiém trinh bay bén trén, c6 thé két luan rang
kha nang giam chan cua thiét bi MTLD dugc danh gia 1a tét va cang nhiéu
TLD thi tinh 6n dinh cua thiét bj cang cao.
5.5  Tom tit chuwong 5
Kha ning diéu khién dao dong cua thiét bi MTLD dugc danh gia 1a rét tét,
khong chi trong trudng hop 1am tat rat nhanh chuyén vi dinh khi dao dong tu do, ma
con giam chan hiéu qua véi trudng hop cong trinh chiu tai trong dong
Thi nghiém khao sét hiéu qua giam chan caa MTLD (1— 5 bé) so voi STLD
khi khdi luong nuéc trong mdi bé xap xi 1 =1.3%, chiu tai trong diéu hda cé tan sb

kich thich bang tan sé cong hudng cia khung. Két qua cho thady MTLD c¢6 hiéu qua

153



cao hon dang ké so v6i STLD va chuyén vi dinh giam dén 93% khi sir dung 5TLD.
Tuy nhién, @6 thi & Hinh 5. 13 cho thiy c6 su hdi tu khi sir dung 4 va 5 TLD.

Khi chiu dao dong nén kich thich, MTLD gilp giam tir 22% dén 63% chuyén
vi dinh 16n nhat khi st dung 1 dén 5TLD. Gia tri nay ph hop véi két qua cua Ong
va cong su (2017) [131]

Ban lic dugc ché tao véi do chinh xac cé thé dung duoc trong nghién ctu véi
giao dién tiéng Viét va rat dé diéu khién. Tan sé kich thich ban lic co d6 chuan xac
cao, do d6 hién tugng cong huong khi tan sé khung bang tan sb ban lic rat dé dang
kiém soat.

Két qua thi nghiém & Chuong 5 da duoc céng bd trong nghién ctu gan day
cua Tuong va Huynh (2020) [185].
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CHUONG 6
KET LUAN VA HUONG NGHIEN CUU TIEP THEO

6.1 K&t Luan

Théng qua két qua nghién ciru dat dugc trong luan an, c6 thé rit ra mot sé két
luan nhu sau:

Kha ning tng dung cua TLD gan nhu khong bi gidi han cho moi loai cong
trinh véi quy md khéc nhau nho kha nang diéu chinh tan sé dé& dang bang cach hiéu
chinh kich thudc bé hoac chiéu cao myc nudc. Thém vao do, gia thanh TLD khong
dat so véi céc thiét bj cing tinh ning, lai c6 thé sir dung dugc cho cong trinh di dua
vao st dung [91, 192] nén TLD rat phu hop véi diéu kién kinh té, dia Iy cua Viét
Nam, 1a qudc gia it ¢6 hién twong dong dat xay ra. Vi vay, néu st dung céc thiét bi
chu dong hoac ban bi dong s€ gay lang phi nén TLD dugc xem nhu 1a mot giai phéap
hiéu qua vé mat kinh té. Cac van dé chinh duoc tap trung trong luan an la:

= Phan tich cé4c thong sé dic trung cta bé chaa chat long néi chung va thiét bi
TLD, MTLD ndi riéng.

= Lap trinh thiét ké MTLD bang cach xem xét MTLD nhu MTMD dé tinh toan
s6 lugng bé chira, bang tan sé phd hop va ty s6 khdi lugng téi wu cho MTLD.

Phuong phap quy d6i tir MTLD thanh MTMD dugc thuc hién va md phong

bang SAP2000 két hop thi nghiém kiém tra.

= Sy tuong tac chat long va thanh bé do tinh dan hoi va d6 day thanh bé anh
hudng dén cac dic trung co ban cia bé chira chat 1ong ndi chung va TLD néi
riéng nén can duoc khuyén céo cho k§ su thiét ké Iuu y khi tinh toan. Ngoai
ra, do chinh xac ctia phuong phap FVM/FEM trong bai toan phan tich bé chira
chiu tai trong dong cd xét FSI 1a nén tang cho md phong sb cua két cau sir
dung MTLD Iam thiét bi giam chan.

= Luan an chi ra sy thiéu s6t trong cac Tiéu Chuan Xay Dyung phd bién trén thé

giéi khi xem xét van dé thanh bé dan hoi trong thiét ké bé chira chit long. Do

155



6.2

day thanh 14 mot trong nhitng théng sé quan trong can luu y khi phan biét
thanh bé ciing va thanh bé mém.

Mo hinh tinh toan da truong trong khong gian ba chiéu co ké dén sy twong tac
dugc thiét 1ap nham phan tich dap tmg dao dong cua khung cho két qua hop
ly so vai thi nghiém. Pic biét trong trudng hop khung chiu dao dong diéu hoa
thi két qua chuyén vi dinh khung gitta thi nghiém va mé phong 1a twong duong
nhau. Cac nghién ciru vé MTLD dugc so sénh véi cac két qua cua céc tac gia
di truge chi ra hiéu qua giam chan cua thiét bi nay 1én dén 93% cho khung
chiu tai diéu hoa va 63% khi chiu dao dong nén kich thich.

Sy anh huong cua thanh bé mém c6 thé dan dén hién tugng cong huéng dao
dong giira song chat long va thanh bé, 1am gia ting ap luc song tac dung Ién
bé va quan trong nhat 1a thay doi dic trung caa TLD, lam TLD mat tac dung
giam chan.

Ban lic dung trong luan an duoc tac gia tu ché tao tai Phong Thi Nghiém
Khéng Chan cia Khoa Xay Dyng truc thuoc Truong Pai Hoc Su Pham Ky
Thuat Tp.HCM. Muc dich ban lic dé tao chuyén vi nén dao dong diéu hoa
hodc dong dat tac dung lén cong trinh. Mtc d6 chinh xac cua ban lic dugc
chang to qua cac thi nghiém va cé thé khang dinh su tin cay.

Kién nghi

Bén canh nhiing két qua dat duoc, van con c6 mot sd van dé can thém sy nghién cuau,

phét trién trong twong lai:

= Hé s6 ung xtr phan biét thanh bé mém va ciing c6 thé dugc nghién cau mo

rong muc dich ap dung cho nhiéu loai vat liéu bé véi nhiéu dang dao dong nén
kh&c nhau.

Ban lic duoc thi nghiém ¢ luan an 1a 1D, huéng nghién ctu tiép theo can sir
dung 2D dé c6 thé c6 két qua téng quat hon.

Phan dat nén bén dudi mong cling c6 su twong tac voi cong trinh vi vay hudng
nghién ciu méi 1a xem xét su tuong tac da truong co hé gom két cau-chat

long-thanh bé-nén maéng.

156



PHU LUC
A. Lap trinh Matlab h¢ MDOF véi MTMD
A.1 Phan tich dao dgng MDOF véi MTMD trén mién tan sé

clc;
clear all;
close all;
Nfloor=[50];
Ntmd=[1]% 5 11 21 31];
damping_ratio_TMD_a=[0.01]% 0.01 0.01 0.01 0.01];
delta _gamma_a=[0 0.001 0.001 0.001 0.001];
gamma_c_a=[0.979];
for IN=1l:max(size(NFfloor))
N_FloorNumber=Nfloor (iN)
for iINtmd=1l:max(size(Ntmd))
n_TMDNumber=Ntmd (iNtmd)
%central TMD
gamma_c=gamma_c_a(iN)
damping_ratio TMD=damping_ratio TMD_ a(iNtmd)
delta _gamma=delta _gamma_a(iNtmd)

M_bar=M_Normalize(N_FloorNumber,0,0);

K _bar=K _Normalize(N_FloorNumber,0,0);
[D,V]=eig(K bar,M bar);

V11=Vv(1,1);

%File name

%sl="Fforceexcited Freq res Amp_With control N5nl.txt";
sl="forceexcited Freq_res Amp With control N-;
s3=num2str(N_FloorNumber);

sl=[sl s3 "n"];

s3=int2str(n_TMDNumber);

sl=[sl s3 ".txt"];

%s2="Fforceexcited Freq_res Amp Without control N5n0.txt";
s2="forceexcited Freq_res_Amp_Without control N-";
s3=num2str(N_FloorNumber);
s2=[s2 s3 "n"];
s3=int2str(0);
s2=[s2 s3 ".txt"];
%tinh phi_mass
phi_mass=0.01*N_FloorNumber/n_TMDNumber ;
% Force excited (wind)
P_bar=[linspace(0.1,1,N_FloorNumber)
zeros(1,n_TMDNumber)]*-;

omega_ratio=0:0.0005:0.2;
%damping ratio of main structure
damping_ratio=0.01;
it n_TMDNumber ==

gamma_l=gamma_c-delta_gamma/2;

for j=1:1:n_TMDNumber
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r(J)=gamma_1;
end
end
if n_TMDNumber >1
gamma_l=gamma_c-delta_gamma/2;
for j=1:1:n_TMDNumber
r(J)=g-1)*delta_gamma/(n_TMDNumber-1)+gamma_1;
end
end
r=r*sqrt(VvV1l);
r_c=(phi_mass*damping_ratio TMD/damping_ratio)*r;
r_k=phi_mass*(r."2);
[M_bar,C_bar,K bar] =
MCK_Normalize(N_FloorNumber,n_TMDNumber ,phi_mass,r_c,r_k);

Phi_passive withcontrol=passivecontrol FreqRes(M_bar,C bar,K bar,o
mega_ratio,damping_ratio,P_bar,0);

dimwrite(sl, [Phi_passive _withcontrol(:,1:N_FloorNumber)],
"delimiter®, °"\t");

% %%-—--—--—- WITHOUT CONTROL---—---—- %%%
P _bar=[linspace(0.1,1,N_FloorNumber)]"-;
M_bar_withoutcontrol=M_Normalize(N_FloorNumber,0,0);
C_bar_withoutcontrol=C_Normalize(N_FloorNumber,0,0);
K_bar_withoutcontrol=K_Normalize(N_FloorNumber,0,0);

Phi_without=withoutcontrol FregRes(M_bar_withoutcontrol ,C bar_with
outcontrol ,K_bar_withoutcontrol,omega ratio,damping_ratio,P_bar,0)

dimwrite(s2, [omega ratio® Phi_without], “delimiter”,
\LT);

plot(omega_ratio,
[Phi_without(:,N_FloorNumber),Phi_passive_withcontrol (:,N_FloorNum
ber)D;

hold on;

end

end

A.2 MDOF véi MTMD chiu tai diéu hoa

clc;
clear all;
close all;

%NFloor=[1];

%Ntmd=[1 5 11 21 31];

%damping_ratio_TMD_a=[0.059 0.027 0.019 0.019 0.019];
%delta gamma _a=[0.0 0.115 0.14 0.147 0.149];
%gamma_c_a=[0.985];

%peak frequency ratio=1.0;

Y%tspan=[0 200];

%omega F=2*pi1*2.0;
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%omega O=omega_T*1/peak frequency ratio;
%story=1;

Nfloor=[5];

Ntmd=[1 5 11 21 31];

damping_ratio_TMD_a=[0.079 0.032 0.03 0.03 0.03];
delta _gamma_a=[0.0 0.15 0.172 0.18 0.183];
gamma_c_a=[0.978];

peak_ frequency ratio=0.2845;

tspan=[0 200];

omega_f=2*pi*2.0;
omega_O=omega_T*1/peak frequency ratio;

story=5;

%NFloor=[10];

%Ntmd=[1 5 11 21 31];

%damping_ratio TMD_a=[0.075 0.01 0.011 0.01 0.01];
%delta _gamma_a=[0.0 0.187 0.204 0.218 0.222];
%gamma_c_a=[0.967];

%peak frequency_ ratio=0.1495;

%tspan=[0 200];

%omega_ F=2*pi*2.0;
%omega_O=omega_F*1/peak frequency ratio;
%story=10;

for IN=1l:max(size(NFfloor))

N_FloorNumber=Nfloor (iN)

for iINtmd=1:max(size(Ntmd))
n_TMDNumber=Ntmd (iNtmd)
%central TMD
gamma_c=gamma_c_a(iN)
damping_ratio_TMD=damping_ratio_TMD_a(iNtmd)
delta_gamma=delta_gamma_a(iNtmd)

M_bar=M_Normalize(N_FloorNumber,0,0);

K _bar=K _Normalize(N_FloorNumber,0,0);
[D,V]=eig(K_bar,M_bar);

V11=V(1,1);

%File name

sl="baseexcited_timeresponse With control N-;
s3=num2str(N_FloorNumber);

sl=[sl s3 "n"];

s3=i1nt2str(n_TMDNumber);

sl=[sl s3 ".txt"];

s2="baseexcited_timeresponse_ Without control N-;
s3=num2str (N_FloorNumber);

s2=[s2 s3 "n"];

s3=int2str(0);

s2=[s2 s3 ".txt"];

%tinh phi_mass
phi_mass=0.01*N_FloorNumber/n_TMDNumber;
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Z0=zeros(2*(N_FloorNumber+n_TMDNumber),1) ;%initial
condition
%damping ratio of main structure
damping_ratio=0.01;
if n_TMDNumber ==
gamma_l=gamma_c-delta_gamma/2;
for j=1:1:n_TMDNumber
r(j)=gamma_1;
end
end
if n_TMDNumber >1
gamma_l=gamma_c-delta_gamma/2;
for j=1:1:n_TMDNumber
r(J)=g-1)*delta_gamma/(n_TMDNumber-1)+gamma_1;
end
end
r=r*sqrt(VvV1l);
r_c=(phi_mass*damping_ratio TMD/damping_ratio)*r;
r_k=phi_mass*(r."2);
[M_bar,C_bar,K bar] =
MCK_Normal ize(N_FloorNumber,n_TMDNumber ,phi_mass,r_c,r_Kk);
% for base excited input
P_bar=diag(M_bar);
[T _with Z with]=o0ded45(@(t,y)
T _ode baseexcited(t,y,M bar,C bar,K bar,P_bar,omega 0,damping_rati
o,omega_f),tspan,zZ0);
dimwrite(sl, [T _with Z with(:,1:N_FloorNumber)],
"delimiter®, °"\t");

% %%----———- WITHOUT CONTROL---—————- %%%

%init

Z0=zeros(2*(N_FloorNumber+0),1);

M_bar =M_Normalize(N_FloorNumber,0,0);

% for base excited input

P_bar=diag(M_bar);

C_bar =C_Normalize(N_FloorNumber,0,0);

K _bar =K _Normalize(N_FloorNumber,0,0);

[T_without Z without]=0ded45(@(t,y)
f_ode_baseexcited(t,y,M_bar,C bar,K_bar,P_bar,omega 0O,damping_rati
o,omega_¥f),tspan,Z0);

dimwrite(s2, [T_without Z_without(:,1:N_FloorNumber)],
"delimiter®, °"\t");

plot(T_with, Z with(:,story), "color”, "blue”);

hold on;

plot(T_without, Z without(:,story), "color”,"red");

end
end

A.3 MDOF véi MTMD chiu ddng dat El Centro

clc;
clear all;
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close all;

Nfloor=[1];

Ntmd=[1 ] %5 11 21 31];

damping_ratio_TMD_a=[0.059 0.027 0.019 0.019 0.019];
delta_gamma_a=[0.0 0.115 0.14 0.147 0.149];
gamma_c_a=[0.985];

peak_ frequency ratio=1.0;

tspan=[0 40];

omega_f=2*pi*2.0;
omega_O=omega_f*1/peak_frequency_ ratio;

story=1;

% Nfloor=[5];

% Ntmd=[1 5 11 21 31];

% damping_ratio_TMD _a=[0.079 0.032 0.03 0.03 0.03];
% delta_gamma_a=[0.0 0.15 0.172 0.18 0.183];

% gamma_c_a=[0.978];

% peak Frequency ratio=0.2845;

% tspan=[0 40];

% omega F=2*pi*2.0;

% omega_O=omega_f*1/peak_ frequency_ratio;

% story=5;

%

% NFfloor=[10];

% Ntmd=[1 5 11 21 31];

% damping_ratio_TMD _a=[0.075 0.01 0.011 0.01 0.01];
% delta_gamma_a=[0.0 0.187 0.204 0.218 0.222];
% gamma_c_a=[0.967];

% peak Frequency ratio=0.1495;

% tspan=[0 40];

% omega_ F=2*pi*2.0;

% omega_O=omega_f*1/peak_frequency_ratio;

% story=10;

acceleration=load("elcentro.mat”);
acceleration_t=acceleration.t;
acceleration_Ag=acceleration.Ag;

for iN=1l:max(size(Nfloor))

N_FloorNumber=Nfloor (iN)

for INtmd=1:max(size(Ntmd))
n_TMDNumber=Ntmd (iNtmd)
%central TMD
gamma_c=gamma_c_a(iN)
damping_ratio_TMD=damping_ratio_TMD_a(iNtmd)
delta_gamma=delta_gamma_a(iNtmd)

M_bar=M_Normalize(N_FloorNumber,0,0);
K_bar=K_Normalize(N_FloorNumber,0,0);
[D,V]=eig(K_bar,M_bar);

V11=v(1,1);

%File name
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sl="ElCentrobaseexcited_timeresponse With control N-;
s3=num2str (N_FloorNumber);

sl=[sl s3 "n"];

s3=int2str(n_TMDNumber);

sl=[sl s3 "_.txt"];

s2="ElCentrobaseexcited_timeresponse_Without control N-;

s3=num2str(N_FloorNumber);

s2=[s2 s3 "n"];

s3=int2str(0);

s2=[s2 s3 ".txt"];

%tinh phi_mass

phi_mass=0.01*N_FloorNumber/n_TMDNumber;

Z0=zeros(2*(N_FloorNumber+n_TMDNumber),1);%initial
condition

%damping ratio of main structure

damping_ratio=0.01;

if n_TMDNumber ==

gamma_l=gamma_c-delta_gamma/2;
for j=1:1:n_TMDNumber
r(j)=gamma_1;
end
end
if n_TMDNumber >1
gamma_l=gamma_c-delta_gamma/2;
for j=1:1:n_TMDNumber
r(J)=-1)*delta_gamma/(n_TMDNumber-1)+gamma_1;
end

end

r=r*sqrt(VvV1l);

r_c=(phi_mass*damping_ratio TMD/damping_ratio)*r;

r_k=phi_mass*(r."2);

[M_bar,C_bar,K bar] =
MCK_Normal ize(N_FloorNumber,n_TMDNumber ,phi_mass,r_c,r_Kk);

% for base excited input

P_bar=diag(M_bar);

[T_with Z with]=o0ded45(@(t,y)
T_ode_ELCentrobaseexcited(t,y,M _bar,C bar,K_bar,P_bar,omega 0,damp
ing_ratio,omega_F,acceleration_t,acceleration_Ag),tspan,Z0);

dimwrite(sl, [T_with Z_with(:,1:N_FloorNumber)],
"delimiter®, °"\t");

% %%----———- WITHOUT CONTROL-----——-- %%%
%init

Z0=zeros(2*(N_FloorNumber+0),1);

M_bar =M_Normalize(N_FloorNumber,0,0);
% for base excited input
P_bar=diag(M_bar);

C_bar =C_Normalize(N_FloorNumber,0,0);
K_bar =K _Normalize(N_FloorNumber,0,0);
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[T_without Z_without]=0ded5(@(t,y)
T_ode_ELCentrobaseexcited(t,y,M_bar,C_bar,K_bar,P_bar,omega_0,damp
ing_ratio,omega_¥,acceleration_t,acceleration_Ag),tspan,Z0);

dimwrite(s2, [T_without Z_without(:,1:N_FloorNumber)],
"delimiter®, °“\t");

plot(T_with, Z with(:,story), “color®, "blue®);

hold on;

plot(T_without, Z without(:,story), "color”, "red");
end

end
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B. Chuong trinh diéu khién dao dong ban lic
B.1 Giao dién va théng sé dau vao
Giao dién chuong trinh duoc viét bang Tiéng Viét, rat than thién véi nguoi

Viét Nam. C4c théng sb can khai bao truge khi ban lac hoat dong bao gom:

= Dang dao do6ng nén (diéu hoa hoic dao dong nén kich thich)
» Bién do ban lic
= Pdi véi dao dong diéu hoa: Chon gia toc ban lic

Péi vai dao dong nén kich thich: nhap bang gia toc nén

@ KICH THICH BIEU HOA
| BIEN PO GIA TOC PH =

| BIEN BO BANLAC +

| KHO1 BONG BAN LAC

CACH
| TAN S0 BAN LAC
| DO GOC BAN LAC

V] TRI ZERO

| VETTRC VE TT/AGTEL

& KICH THICH BPIEU HOA

BIEN DO GIA TOC BH =

0.1

BIEN PO BAN LAC

KHOI BONG BAN LAC

PO THI KHOANG CACH

TAN 50 BAN LAC
| DO GOC BAN LAC
TRI ZERO

VET

T/AGTBL

KICH THICH BONG BAT

NHAP DU LIEU BONG DAT

KIEM TRA DU LIEU B_BA’
[ o]

GIATRIGIATOC: || 0 |

DIFNG BAN LAC

(oo I i |

XOAMANHINE VE

VE TT/GTD ] o 2

B.1 Giao dién phan mém

DHEL KHIEN SAN LAC CHON DONG DAT
rrvr A

KICH THICH BONG BAT

NHAP DU LIEU BONG BAT)

(GiaToc o so o
Gk triGiaToc: | o

X
DIUNG BAN LAC

.

XOAMAN HINH VE

BN £
) o

2

B.2 D0 tim v; tri can bang cia ban ldc
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W KICH THICH PIEU HOA |l KICH THICH BONG DAT
| BLEN BO GLA TOC il -
[ o2 |
[0
(o]

| BIENBOBANLAC: [ 03 [ o |

KROTPONG BAN LAC DUNG BAN LAC

{OBS THIKHOANG CACH
EIEE S
| VI TRIZERD EmE B2
[vETT®e ] o] o 0]

B.3 Chon gia toc dinh cho dao déng diéu hoa

TAN 50 BAN LAC

DO GOC BAN LAC

BIEN DO GIA Ec BH= W NHAP DU LIEU BONG DAT

| 0.1 mis2 MKIEM TRA DU LIEU B_DAT|

GIATOC PINHSO : | 3

GIA TRIGIATOC: § 017

BIEN PO BAN LAC = 3 mam

| kAT PONG BAN LAC

DIMNG BAN LAC

B0 THI KHOANG CACH g BO THI GIA TOC
TAN 50 BAN 0 Hz

) GOC BAN LAC XOAMAN HINH VE

VI TRI ZERD 15625 mm

VETT/RC [ VE TT/GTEL S VE TTGTD Jlin| o §54.2)
B.4 Lay dir liéu déng dat tir file GIATOCL.txt

DL KHEN BAN LA — 2 I
cocevie

1® KICH THICH BIEU HOA JI KICH THICH BONG BAT
BIEN DY) GLA TOC BH =

'

[0 |

BIEM DX BAN LAC +

'~ PO THI KEDANG CACH 8 BO THI GIA TOC

KHOUI PONG BAN LAC

B.5 Kiém tra cam bién chuyén v; va thuc hién rung ldc
B.1 Két qua phan tich, thong sé dau ra

Gia tri dau ra ciia chuong trinh gdm chuyén vi dinh khung thép va gia toc nén
ban lic. Ngoai ra chuwong trinh v& duoc cac do thi két qua chuyén vi, gia toc dinh, ban

lic theo thoi gian truc tiép trén giao dién hozc xuat dir liéu ra excel.
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* KICH THICH BIEU HOA

S|
BIEN PO GIA TOC PH= WNHAP DU LIEU BONG BAT
0.087 m/s2 BKIEM TRA DU LIEU B_DAT

(G 6cbivis6 | o
(it manoc: | o

V1 TRI ZERO

[VE TTRC

[ ®KICH THICH PIEV BOA §l  KICH THICH DONG DAT
BIEN BO GIA TOC PH = | NHAP DIY LIEU BONG DAT
0.052 w/s2 §IKIEM TRA DU LIEU B_DAT]

GIATOC BINH 50 : 8 0

GIATRIGIATOC: § o

BIEN BO BAN LAC + 03 m
EROT BONG BAN LAC DIING BAN LAC
/PO THI KEOANG CACH [C BO THI GIA TOC e I |
TAN 50 BAN LAC 2.0365 He k] : :
DO GOC BAN LAC KOAMANHDH VE
V1 TRl ZERO 0683 mim 3 A R PR TRV A R e T T R O e O e L OV PR e i T b P

[VE TIRe .l& mrorat Jve Troro o] o §eo

B.7 Chuyén vj dinh khung c6 3TLD chju tai diéu hoa 0.5mm xsin (27 x2.0977 xt)

“* KICH THICH EIEU HOA KICH THICH PONG BAT
) NHAP DI LIEU DONG BAT|

KIEM TRA DI LIEU B_DAT

GIATOCDINHSO: § o

GIATRIGIATOC: | o

BIEN BO BAN LAC + 03 mm
KHT1 BONG BAN LAC DI'NG BAN LAC ; : 1 18
LA | : 1
= B0 THI KHOANG CACH - B0 THI GIA TOC ; ' J . '.. Bt O T s SO e SO i O e O S o
| TANSOE. C 2.0115 PR (TN I U A A A S S A R S
DO GGC BAN LAC XOA MANHIHEVE § ot S8 S0 o B S S0 o R R A A S S
VI TR ZERD -0.78125 mim i : i

[vETTme [l Ve ToTEL I VE TTGTD ] 0 § 60

B.8 Chuyén vj dinh khung ¢6 5TLD chju tai diéu hoa 0.5mm xsin (27 x 2.0977 xt)
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BIEN BO GIA %c PH =

B.9 Két qua chuyén vi dinh khung chju tdi déng dat khong dung TLD

| KHO1BONG BAN LAC

BIEN BO BAN

KHOIBONG BAN LAC
PO THI KHOANG CACH
TAN SO BAN LAC
DO GOC BAN LAC

TRI ZERO
VE TT/KC VE TT/GTEL

NHAP DU LIEU BONG DAT)
KIEM TRA DU LIEU B_DAT|
GIATOC BINH SO : | 3

GIA TRIGIATOC: § 017

DUNG BAN LAC
- B0 THI GIA TOC
] Hz
XOA MAN HINH VE

16602 mm

VE TT/GTD gl o 42

BIEN B BAN LAC +

DITNG BAN LAC

PO THI KHOANG CACH g ' BO THI GIA TOC

TAN S0 BAN LAC
DO GOC BAN LAC

VI TR1 ZERO
TIRC VE TT/GTEL

0 Hz
XOAMAN HINH VE
1.5615 i

VETT/GTD ] o @542

B.10 Két qud chuyén vi dinh khung déng dat véi 5TLD
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