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2. Co s& thiét ké TLD

Co ché hoat dong cua thiét bi TLD tuong tu thiét bi Tuned Mass Damper-TMD (Fujino
va Pacheno, 1988). C6 thé don gian héa TLD thanh TMD nhu sau:

Két Cau Can Diéu Khién DD Thiét Bj Diéu Khién Dao Dong

|

k, k,
ml m2

X X,

Hinh 2. M6 hinh don gian cua TLD

Gia thiét két cau chinh c6 khéi luong m, va d6 ctng k, nhu Hinh 2. Thiét bi khang chén
c6 khbi lwong va d6 cang m,, k,. Cho khéi lwong m, chiu tac dong diéu hoa F e, tathu dugc
hé hai phuong trinh dong luc hoc:

m J’1+k1yl+k2(y2_y1):E,€iw (1)

sz;z"'kz()’z_yl):O (2)

Gia thiét bién d6 dao dong cua hé co6 dang:

Y, =X =y, =—a’ X, (3)
y, = X,e” =y, =0’ X,e™ (4)
Thay (3), (4) vao (1), (2) ta thu dugc:

X, = Fy(k, ~m,a")/

':(kl +k, —m@”)(k, —mza)z)—kj] (5)

X, =kF,/
[y + ke, =my 0" (b = my0”) = K |

(6)

St dung khang chan nhiam 1am bién do dao dong két cau chinh X , bang 0, hay:

k, —m,@’ =0 (7)
Do do:
@ =k, /m, (8)
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Phuong trinh (8) cho thay tin s6 cua thiét bi tiéu tan ning luong bang tan s luc kich
thich. Trong truong hop thiét bi khang chan dugc dung dé giam dao dong cho hé két ciu thi
can diéu khién sao cho tan s tu nhién cta hé bﬁng tan s6 tu nhién cua thiét bi. Tac la:
(kl /ml )1/2 =(k2 /mz)l/2 (9)

Thiét bj khang chin duoc thiét ké thoa (9) thi xdy ra hién tuong cong hudng. Pit:
0, =k, 1k (10)
o’ =k Im,0° =k /m, (11)

13 tan s6 dao dong tu nhién cia két cau va thiét bi khang chan. Sau d6 chia (5) va (6) cho
s, dé dugc hé phuong trinh:

X1/5st=[1—(a)/a)2)2}/

{[1+kz/kl—(a)/a)l)z}[l—(a)/a)z)z]—kz/kl} (12
X,18,=1/

[kt -0 Ti-toraf i) 19
Khi X,=0 va o=, tir (13) thu dugc:

X, =—k 1 k,8, =—F, xk, (14)
kX, =—F, (15)

trong d6 kX, = - F, la lyc dan héi tac dung 1én hé két cau thong qua sy dao dong cua thiét bi
m.,,. Luc nay c6 do lo"r} bé’mg ngoai }uc F, tac dong Ién cong trinh nhung ¢ chiéu nguogc lai nén
giup cong trinh trd ve vi tri can bang.

Viy tan s6 TLD can duoc thiét ké bang tan s ty nhién ctia cong trinh. Ngoai ra, bang
cac thuc nghiém Fujino va Pacheno (1988) chi ra rang khi khéi lwong thiét bi bang khoang
1% khéi lugng cong trinh thi phat huy tac dung cuc dai ciia TLD. Day chinh 13 hai muc tiéu
dé thiét ké TLD trong cac vi du sau (tin s6 va khdi lwong TLD).

3. Sw twong tac chat 16ng va thanh bé

TLD duoc thiét ké dé cong hudng xay ra, tuy nhién mot mit hién twong nay giup phat
huy tac dung cua thiét bi, mit khac chinh hién twong nay lam thay doi dic trung riéng cta
TLD thong qua su tuong tac chat long va thanh bé (Ptc Tudng, 2010). Phuong trinh ma tran
truong cap do6i biéu hién su twong tac chat 16ng-thanh bé c6 dang (Vin Hai, 2008):
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trong do M/,, Kf 1a cAc ma tran khéi luong va ma tran dg cing cua chat long; M, K la cac

ma tran khoi luong va ma tran do cimg ctia thanh bé; S 1 ma tran twong tac giita chat 1ong va
thanh bé; q 1a ma tran nut chuyén vi caa thanh; p 1a ap suit dong luc hoc chat long va dugc
khai trién theo chudi Fourier sau:

N _
P(x,z,0)= ) N, (x,2,2)P,(!) (17)
=
voi N, la ham dang, I_’/(U 13 4p suét chit 10ng tai nut theo thoi gian.

Giai phwong trinh (16) thu duwoc ham dang cling nhu tan sé tu nhién cta bé chira co ké dén
tuong tac chat 1ong - thanh bé.
4. Vidu

Phén tich cong trinh bang thép chiu tac dung cia tai trong diéu hoa va chiu anh huéng
ciia dong dat El Centro khi st dung bé nuéc mai nhu thiét bj giam chan. Phuong phap sd
Newmark dugc dung dé phan tich dao dong ctia cong trinh trén mién thoi gian. Qui mé cong
trinh g6m mot nhip va cao 15 tﬁng, moi téng cao 5Sm véi céac dac trung sau: dam cot tiét dién
bx h=0.6m x 0.8m, vat liéu thép c6 module dan hdi £ =2.1 x 10" N/m?, khéi luong riéng
p, = 7800kg / m’ va hé s6 poisson v = 0.3. Tan s6 dao dong tu nhién co ban cua hé khi chua
st dung thiét bi gidm chan TLD 1a f = 0.70873Hz. Tir nghién ctru clia Sun (1992), co ché
hoat dong ctua TLD tuong ty nhu TMD (Tuned Mass Damper) va thiét ké bé chat 16ng can
thoa cac diéu kién sau:

= Khéi lwong cua TLD xdp xi 1/100 hé.
= Tan s6 dao dong tu nhién ctia sdng chat 10ng gan bang tan sb riéng cta cong trinh.
= Hé sd tiéu tan ning luong dat cuc dai.

Vi hién tuong séng v dugce bo qua va chat 1ong sir dung cho TLD 13 nude, nén ning
lwong tiéu tan trong bé xem nhu hing sé. Trong lugng ciia TLD lya chon P, = % — 6685N .
Mait khac, trong luong TLD xac dinh béi:

P, =7y xgx bxh=9810 x bx h (18)

Ngoai ra:
1 |z h,
S zg b—tgtanh[ bt]J
~ f. =0.70873(Hz) (19)
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Nhu vy bai toan thiét ké con hai an s6 1a bé rong TLD b, va chicu cao myc nudc 4. Giai
hé hai phuong trinh trén thu dugc nghiém gan ding b,=1.2mvah=0.5m. Khi do tan s6 dao
dong TLD la: £, = 0.749Hz.

TLD

Dau tién phan tich hé két cau dudi téc dung cla tdi trong diéu hoa P = P sinwt = 1000
sinet(N) trén mién tan sb tir 0 — 1.2Hz dé tir d6 xac dinh dép ng cuia cong trinh. Két qua
phan tich dugc thé hién trén Hinh 2, ta thay khi khong sir dung TLD thi bién d6 dao dong cuc
dai ctia dinh khung (0.072m) dat dugc khi tan s6 luc kich thich bang tan sd riéng cua hé (xp
xi 0.71Hz). Mit khac, cong trinh sir dung TLD thi dap tmg dao dong dinh khung giam dén 3.6
1an (0.02m) va su cong huong xay ra ¢ tan sb khac (0.94Hz). Ngoai ra, bién d6 dao dong cia
bé dat cuc dai & mot tan s6 khic véi tan so ty nhién cta hé, diéu nay s& duoc giai thich khi
phan tich Vi du 2.

0.08 -
0.07
(08 oo
0.05

5
=
004 =
=

el 1|||ll

0.03
002 4T
0.01
0.00

00 02 04 06 08 10 12
Tan so (Hz)
[ =—Khéng ¢é TLD |

Hinh 2. Pap vng dao dong dinh cong trinh khi khong va co TLD

Trong phan tich dap tmg duoc tién hanh cho cong trinh trén chiu anh hudng dong dat
Elcentro. Két qua dugc thé hién trén Hinh 3 va 4 nhu sau.

0,30 i
ﬂ.:f‘ ¥ e e e AT T T
020 !

~0.15 (4

£0.10 - 3
=005 '

=000 -

E‘!}.ﬂf‘ B

=0.10 4 :

5015 sild LAALT 4. ![li i
“=0.20 41 LWL f
025 z -_ |
10,30 : ; |

Théi gian (s)

Hinh 3. So sanh chuyén vi dinh c¢ong trinh

CsTLD |
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D6 thi Hinh 4 cho thay chuyén vi dinh clia cong trinh di giam di ddng ké dén 80% khi
hé dao dong 6n dinh, momen ndi luc trong cOt giam 25%. biéu nay cho théy hi¢u qua kha tbt
ctia viée str dung TLD nhu giai phap khang chén cho céac cong trinh.

_r‘:l T
| |
i

_L'uu dig [I:Il)

500 lSI{I{I :EICIEI
Mz (KNm)

Hinh 4. So sanh momen Mz phia trai khung
5. Két luan

1. Kha ning khang chan cua TLD rat tét, diic biét khi khdi lugng cia thiét bi x4p xi khoang
1% khdi lwong cong trinh. Khi d6 dao dong dinh khung ctia cong trinh giam tir 50% dén 80%
(phu hop véi két luan cua Fujino et al., 1992). Diéu nay gitip momen ndi lyc xuét hién trong
khung giam di dang ké 25%

2. Noi luc trong khung khong khac nhau nhiéu giita viée sir dung TLD c6 thanh bé tuyét
d6i cing va thanh bé mém. Vi véy khi thiét ké thi nén chon TLD c6 thanh bé tuyét dbi cing
dé tranh 1am bién dang thanh do su twong tac giy ra.

3. Khi st dung TLD dé khang chan s& lam néi lyc phan phdi lai trong khung, vi vay
momen cuc dai trong ¢t doi khi khong nam tai vi tri chan cot ma lai & gitra khung. Co thé nhan
thiy rang khi cong trinh khong str dung TLD va chiu anh hudng dong dat Elcentro thi momen
ndi luc 16n nhat & chan cot, nhung khi sir dung TLD thi momen 16n nhét nam & gitra khung.

4. Tinh chat trong tac cta chit long-thanh bé dong vai tro quan trong trong viéc thiét ké
TLD nén phai dugc xét mot cach can than. Khi do day thanh con nam trong mét gi61 han nao
d6, tirc 1a tan s6 tw nhién TLD nam trong gidi han xac dinh thi TLD phat huy tac dung rat cao.
Ngoai ra, tinh twong tac ndy con phai dugc xem xét vi khi dao dong cta song chét 16ng du 16n
1am lyc tac dung 1én thanh bé 16n, dan dén thanh bé bi pha hoai. Piéu nay 13 thuong hay xay
ra d6i voi cac thiét ké xem nhu thanh bé 1a tuyét dbi ctng.

5. Viéc thiét ké TLD cin ban 14 don gian va khong ton nhiéu thoi gian. Hon nita, pham
vi 4p dung cua thiét bi hau nhu khong bi gidi han cho moi loai cong trinh nhd kha ning didu
chinh tan s rat d& dang thong qua viéc hiéu chinh cac dic trung va kich thude bé. Sy twong
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tac chat 1ong-thanh bé ciling c6 thé dugc dung nhu mot cong cu diéu khién tan sé dao dong
nhung can phai dugc xét can than dé phong tranh trudng hop thanh bé bi pha hoai do séng
chat 16ng dao dong khi cong hudng xay ra. Tir nhitng vu diém d6 ¢ thé khang dinh TLD phu
hop véi viée thiét ké khang chan ¢ Viét Nam.
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