CONG NGHE

P-ISSN 1859-3585 | E-ISSN 2615-9619

THIET KE BO BIEU KHIEN CHO NHA CAO TANG
DUO1 TAC DUNG CUA DONG BAT

DESIGN CONTROLLER FOR HIGH-RISE BUILDING UNDER EARTHQUAKE EXCITATION

TOMTAT

Bai bao nghién ciu vé dao dong clia toa nha cao tang dudi tac dong cla dong
dat. Trong myc tiéu gidm rung dong cho toa nha, mot hé thdng giam rung duoc
thiét ké dua trén bo diéu khién thu dong Tuned Mass Damper (TMD) két hop vdi
mot thiét bi gidm chan chi dong. B diéu khién cho thiét bi giam chén chil dong
duoc thiét ké dua trén bo digu khién t6i bu tuyén tinh dang toan phuong (LQR).
Du6i tac dong cliadong dét, nhitng toa nha cao tang sé ¢ nhiing rung dong rét lon,
ddc biét tai cc tAng trén cao. Vi tri clia bd gidm chén chi dong cling duroc dé xuét
At tai céc tAng khac nhau nhdm nghién cu anh hirdng clia vi tri d6 voi hidu qua
giam dao dong clia toa nha. DE khao sat hiéu qua clia bd giam chan d& xudt, bai béo
phén tich dao dong clia toa nha cao tang dui nhitng truong hop dong dat khac
nhau. Két qua mo phdng da cho théy hiéu qua ctia bd gidm chan dé xuét trong viéc
gidm dao ddng cho toanha.

Tlrkhda: Toa nha; dao dong; dong dét; cigu khién; bo hap thy dao dong thu dong
TMD.

ABSTRACT

The paper investigated the vibration of a high-rise building under
earthquake excitation. A system which is combined an active device and Tuned
Mass Damper device (TMD), is designed to reduce the vibration of the building.
The control law of active device is proposed based on Linear-quadratic regulator
method (LQR). During the earthquakes excitation, the high-rise building will
vibrate with high amplitudes, especially in the top of building. The location of
the active device is also considered to analyzed the performance of the proposed
system in the vibration reduction of the building. In order to examine the
effectiveness of the system, the study analyzes the vibration of the high-rise
building under different earthquake cases. The numerical simulation results
show the good performance of the proposed system to restrain the vibration of
the building.
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1. GIOI THIEU
Ngay nay, tdc do dd thi héa trong nhitng ndm gan day
dang ting rat nhanh trén toan thé gigi, dieu nay dan dén s
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lvgng cac toa nha cao tang tai cac do thj cling tang 1én. Doi
V@i cac toa nha cao tang, khi c6 tac dong clia ngoai luc nhw
gio6, dong dat, sé xuat hién hién tvgng rung dong, dac biét
& cac tang trén cao. St rung ddng nay cé thé gay ra nhirng
thiét hai cho nguoi cling nhu chinh nhitng tda nha do. Gan
day, trén thé gidi da xay ra cac tran dong dat c6 bién do rat
Ién nhe & tha d6 Mexica City (1985), Kobe (1995), T&r Xuyén
(2008), Chile (2008), nhitng tran déng dat nay da gay ra
nhung thiét hai nghiém trong cho céc cong trinh xay dwng
trong do6 phai ké dén nhitng huv hai clia cac toa nha cao
tang. O bat ky dau trén thé gidi, khi thiét k&, xay dwng
nhitng toa nha cao tang, mot trong nhirng viéc quan trong
dau tién phai lam do la nghién clru xem toa nha dé cé thé
chiu dugc nhitng dao dong & cuong dd nao cho phép. Tu
dé, bai toan dat ra la lam cach nao dé gidm dao dong clia
toa nha cao tang dudi nhitng tac déng bat ngd cla ngoai
lwc co thé xay ra nhu gio, dong dat. C6 mot s phuong
phép, bai bao da dé cap t&i van dé nay. Lekshmi Suresh va
cac dong tac gia (2019) da chirng minh hiéu qua giam dao
dong clia hé thdng toa nha st dung nhiéu bd TMD (MTMD)
so V@i viéc sir dung mét bd TMD don 1é [1]. Luciara Silva
Vellar va cac dong tac gia (2019) da gidi thiéu mot phwong
phép téi vu théng sé cho bé da TMD (MTMD) duva trén
nghién ctru trén md hinh toéa nha 10 tang [2]. Cimellaro va
cac dong tac gia (2009) sir dung ly thuyét diéu khién toi wu
LQR dé thiét ké bo diéu khién kiém soat rung déng cho két
cdu kién tric clrng va dan hoi [3, 4].

Tl nhitng nghién clru trée day, dén nay, chuwa cé bat ky
mot nghién clru nao str dung bd giam chan thu déng TMD
két hop véi mot bo diéu khién chd dong duoc thiét ké dua
trén bd diéu khién t6i wvu tuyén tinh dang toan phuwong
(LQR). Bai bao sé& dé xuat mot mé hinh gidm dao dong cho
tda nha cao tang dudi tac déng clia dong dat bang viéc st
dung két hop gilra bd gidm gidn TMD két hop véi bd diéu
khién chi dong str dung luat diéu khién LQR. Vi tri clia bd
diéu khién chi dong duoc khao sat tai 3 vi tri: & ting thap
nhét, & tAng gitta va ¢ tang cao nhat cla tda nha. D& xem
xét sv hiéu qua clia phwong phap dé xuat, 3 truong hop
dong dat khac nhau duoc st dung lam dau vao cho toa nha
cao tang. Két qua moé phdng chi ra, viéc st dung mo hinh
dé xuat da c6 nhitng hiéu qua nhat dinh trong viéc giam
dao doéng ctia m6 hinh nha cao tang.

Website: https://tapchikhcn.haui.edu.vn



P-ISSN 1859-3585 | E-ISSN 2615-9619

SCIENCE - TECHNOLOGY

2. MO HINH TOA NHA

Xa(t) my(t)
Xp1(t) my, (1)
x;(t) m;(t)

m,(t)

my(t)

Hinh 1. M@ hinh toanha

Trong nghién cttu nay, mé hinh toéa nha cao tang bao
gém n tang (hinh 1). M6 hinh dwgc xdy dung v6i gid dinh
rang chi c6 cac rung dong ngang, b qua céc rung dong
theo phuong thing ditng. M6 hinh toa nha 1a mé hinh tuyén
tinh voi phrong trinh vi phan chuyén dong dang ma tran
nhuv sau:

MX(t) + CX(t) +Kx(t) = -M{Z}X (1) 1)
Trong dé:
m, 0
M= m, @
| 0 m, |
[c,+c, -, ]

-, c+c, —C

C = -G C+CG, Gy (3)
_Cn—i Cn—i + Cn _Cn
(. _Cn Cn .
[k +k,  —k, ]
—«, k+k, Xk,
K= _ki k1 +ki+1 _ki+1 (4)

X(t) =[x, (t) -~ x(t) - x (1] (5)
L= - 1 6)
Cac ma tran M, C, K lan luot la cac ma tran khéi lvgng,
ma tran can va ma tran do cing. x(t) x,(t) 1a véc to chuyén vi
tvong doi cla toa nha so véi mét dat va x,(t) la chuyén vi
tuyét doi clia mat dat. Toa nha co khdi lugng mdi tang 1a
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m;, do cirng k, hé s6 can c; va chuyén vi tvong doi so voi
mat dat clia tang thi i 1a x,. B6 TMD c6 cac thong s6 lan luot
la chuyén vi tvong doi x4(t) khéi lvgng my, hé s6 can ¢, va
do cling k.
3. MO HINH TOA NHA KET HOP VOI BO TMD

B6 TMD hay con goi la bo hdp thu dao dong thu dong
duoc 1ap dit ¢ tang trén clng cla toa nha nhu hinh 2 ¢
thé mé ta nhu la mot khéi lvgng m, dugc gén vao tda nha
thong qua 1o xo c6 dd cirng ky va giam chan c6 hé s6 c,.
Muc dich ctia viéc st dung bo hap thu dao dong thu dong
la dé hap thu mot phan nang lvgng clia toa nha khi xay ra
dong dat hoac gi6 manh gitp gidm dao ddng cla toa nha.
Hinh 2 1a hinh minh hoa toa nha c6 1&p thém bd TMD.

Hinh 2. M hinh toa nha cao tang két hop véi b TMD

Phurong trinh vi phan chuyén déng clia toa nha két hop
vGi bd TMD cling chinh la phuong trinh (1) tuy nhién cac
ma tran hé sé M, C, K va véc to chuyén vi x(t) c6 sv thay doi
nhu sau:

m, 0
M= m (7)
mn
0 m, |
g+, 0]
Gt G
C= _CI Cl_’—CI+l _.Cf+l (8)
<y GG G
G GG G
i 0 4 |
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kK 0]
ko ok
K= _K k1+K+1 _.K.+1
K Ktk K
* ke
L 0 ]

(10)

X()=[X,(t) - X(t) - Xa(t) X4(t)]
4. MO HINH TOA NHA KET HOP VO1 BO TMD VA BO PIEU
KHIEN CHU BONG
4.1. M6 hinh dé xuét

Pé xudt moét bd diéu khién chi dong két hop véi TMD,
mé hinh clia hé théng duoc dién ta nhu hinh 3.

Xy(t)

Xan(t) ma(t)
Xp- l(t) my,. l(t)
xi(t) m;(t)
Xi1(®) m;.1(t)

L
x() my(t)
x(t) my(t)

Xg(t)
Hinh 3. M6 hinh toanha két hop véi bd TMD va b diéu khién chd dong

Phurong trinh vi phan chuyén dong cltia hé duwoc dwa ra
nhuv sau:

MX (1) +Cx(t) +Kx(t) = —M{L X, (1) +fu(t) (12)
Trong dé:
1 -1 0
f= . (12)
0 1
u(t)=fo - y(t) - o] (13)

BO diéu khién cht dong & day sé duoc I&p gilta cac tang
véi nhau dé digu khién lvc. Khi lvc diéu khién u; duoc ap
dung cho tang thtt i thi luc diéu khién cho tang thi i-1 ¢o
cung do 16n nheng theo hwéng ngugc lai. Do do, ma tran
hé s6 f cla lvc diéu khién va véc to lvc diéu khién sé co
dang nhu phuong trinh trén.

66 | Tap chi KHOA HOC VA CONG NGHE @ Tap 56 - S6 5 (10/2020)

4.2. Thiét ké bo diéu khién

Trong nghién cu nay, ching tdi st dung luat diéu

khién dwa trén phrong phap LQR.

Phurong trinh (11) co thé viét lai theo dang phuong trinh

(9)  khéng gian trang théi.

X(t) = AX(t) +Bu(t) + GX, (1) (14)
X(t)!
X(t) = 15
® Lk(tf} 1)
0 I
A= (N+D)x(n+1) (N+D)x(n+1) 16
{ MK -M7C } (16)
0
B — (n+1)x(n+1) 17
{ M } (7
0
G — |: (n+1)x(n+1):| (18)
_l(n+1)x(n+1)

Trong bai bao nay, | lamatran don viva O lamatran s6 0.
Gia tdc tuyét déi clia toa nha cé thé dwgc tinh nhuw sau:

Y. (1) =X(0)+ {1 %, (1)

Y. =[-MK —MC]X(t)+MHu(t) (19)
Ya(t) = CX(t) + D u(t)

Cy =[-MK —M7C] 20)
D, =M

Trong nghién ctru nay, cac déi tvong dwoc digu khién la

dap (ng gia t6c cua tda nha va dap (ng dich chuyén ctia b
TMD, do d6 ham muc tiéu tai thoi diém do nhuw sau:

1= [Tyl Oy, )+ Iru(t) + XQX() dt

. (21)
= j ) [XTQX(1)+u" (HRu(t) +2X" (H)Su(t) [dt
Q = C;FSCSS + QX (22)
S = C;FSDSS (23)
R=Ir+D.D, (24)
0 o
0
Q = d, (25)
0
_0 0_
Lwc diéu khién:
u(t) = —FX(t) (26)
F=R%S" +BP) 27)

Trong do, P la nghiém ctia phuong trinh dai s6 Ricatti.
P(A-BRS")+(A—BRS")"P-PBR'B'P-SRS" =0 (28)
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5. KET QUA MO PHONG
5.1. Théng s6 cila mo hinh

Thoéng s6 toa nha dwgc tham khao dva trén tai liéu cla
cac tac gid Thuan Xuan Nguyen, Nanako Miura, Akira Sone
(2019) [5] va duoc dua ratrong bang 1.

Bang 1. Thdng 6 cla toanha

Thong s6 Ky hiéu Giatri
Chiéu cao mdi ting H 4,0m
Chu ki dao dong riéng clia toa nha T 5,85
S6tang n 60
Phan t6 can nhét { 0,01
Knhai ltong mdi tang m, 2,0.10%g

Thoéng s6 clia bd TMD st dung trong nghién ctiu nay
dva trén phwong phap cta Den Hartog. Khéi lwgng cla
TMD la 5% téng khoi lvgng cla toa nha. Bang 2 dua ra
thong s6 cliabd TMD.

Bang 2. Thdng 6 clia b TMD

Thong s6 Ky hiéu Giatri

Khdi lrong my 6,0x10°kg
Hé sd can Gy 1,6544%10° Ns/m
Dg cling ky 6,3867x10° N/m

5.2. Két qua md phéng

Hinh 4 dwa ra do thi gia t6c ghi nhan dwgc cla 3 tran
dong dat & Nhat Ban bao gom: séng NS Konohana (4a,
dong dat Great East 2011); Séng NS Tomakomai (4b, dong
dat Tokachi 2003); s6ng NS Kumamoto (4c, dong dat
Kumamoto 2016).

0.15

0

Gia toc [m/szl
- =)
[=]
(=] (4]

o 50 100 150 200 250 300
Thoi gian [s]

3)

Gia toc [m/e?]

o 50 100 150 200 250 300
Thoi gian [s]

b)

Website: https://tapchikhcn.haui.edu.vn

Gia toc [m/sz]
o
T

) 50 100 150 200 250 300
Thoi gian [s]

)
Hinh 4. Gia tdc clia dong dat
Hinh 5 1a két qua mo phong cla lwc digu khién theo voi

thong s6 dau vao la théng s6 cua 3 tran dong dat
Konohana, Tomakomai va Kumamoto. V&i cac bo diéu
khién dugc dat & tang 1, tang 30 va tang 60 clia tda nha.

_, x10°
15
1k
05
Z
o O
=
—
-05
1
15
> . . . s L
0o 50 100 150 200 250 300
Thoi gian [s]
x10°
aF
3}
2k ]
= 1 ]
Qo
S o 1
1 -4
2+ 1
3F
a4 L A N . L
o 50 100 150 200 250 300
Thoi gian [s]
- —
6 N N . N .
o] 50 100 150 200 250 300
Thoi gian [s]
n
Tang 1
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= 10%

-
-
T —
SR

gow,% M f'l ’h

50 100 M‘in[s] 200 250 300
wVW (T S —
111

Thoi gian [s]

o 50 100 150 200 250 300
Thoi gian [s]

Tang 60

Hinh 5. D6 thi lc digu khién

Céc do thi biéu dién sv thay d6i luc dieu khién theo thoi
gian. Nhin vao so do co6 thé thdy, khi dat bo diéu khién &
tang 1, ting 30 hay tang 60 thi hinh dang do thj thay doi
lyc diéu khién cé sy twong dong véi nhau va trong déng
véi sv thay déi clia thong s6 dau vao la gia tdc dong dat &
hinh 5. Tuy nhién, hinh dang db thi lvc khac nhau khi théng
sO dau vao la cac tran dong dat khac nhau. Ta cé thé thay
sy giong nhau do la lwc digu khién khi bo diéu khién dat &
tang 60 sé& la I6n nhat, ti€p dén la tAng 30 va khi dat & tang
1 la nhé nhét. Diéu nay ciing c6 thé thay duoc qua do thi &
hinh 5 va qua s6 liéu vé lyc diéu khién I6n nhat trong moi
so do & bang 3.

Bang 3. Giatri lyc digu khién 1on nhéat

o 50 100 150 200 250 300
Thoi gian [s]

Tang 30

R '~
i
B {i

N

Luc(N)
M o

Thoi gian [s]

=107

H hlhi‘w”wﬁf I uwww@

05

Luc(N]
o
[=] (4]
—_-LE—
T e

Thoi gian [s]

Bon v tinh: kN
Konohana Tomakomai Kumamoto
Tang 1 1784 4066 7342
Tang 30 2461 5392 14517
Tang 60

1.5

——— TMD + Bo DK chu dong

Giatoc tuyet doi (]

o 50 100 150 200 250 300
Thoi gian [s]

——Knong co TMD
———Co TMD
———TMD + Bo DK chu dong.

[TATRTIT.
”;M%WE

Gia toc tuyet doi [nvs’ ]

o 50 100 150 200 250 300
Thoi gian [s]
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o
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Co TMD
——— TMD + Bo DK chu dong

Gia toc tuyet doi [m/?l

o 50 100 150 200 250 300
Thoi gian [s]
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Knong co TMD
Co TMD
TMD + Bo DK chu dong

‘ \ il Wil ,“:
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05

Gia toc tuyet doi [m/s‘" ]
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—— TMD + Bo DK chu dong

Gia toc tuyet doi [/

o 50 100 150 200 250 300
Thoi gian [s]

Tang 60

Hinh 6. D0 thi gia tdc tuyét d6i clia tang 60

Cac db thi trong hinh 6 biéu dién gia téc tuyét déi theo
thoi gian cla tang s6 60 trong 3 truong hop la tdéa nha
khong lap dit bd TMD, toa nha c6 1ap bd TMD va tda nha
I4p c& TMD va thém mét bd diéu khién chi déng. Vai
thong s6 dau vao lan lvot la 3 tran dong dat theo thi tu
Konohana, Tomakomai va Kumamoto va bd diéu khién
dat 6 tang so 1, tang 30 va tang 60. Pudng mau xanh lam
la gia t6c tuyét déi khi khi khong 1&p bd TMD, & treong
hop nay ta thdy duong mau xanh lam la I6n hon réat nhiéu
S0 vGi 2 dudng kia & hau nhu tat c& cac thoi diém dién ra
déng dat. Diéu nay cé thé thay hiéu qua gidm dao dong
trong 2 trvong hgp cé TMD va TMD + bd diéu khién chd
dong la rat nhiéu. Tuy nhién voi 2 trudng hop nay thi sy
khéc biét vé gia téc la khdng nhiéu, nhu trén hinh ching
ta thdy duong mau xanh la cay va duong dé gan nhu
tuong dong nhau, nhwng & hau hét cac vi tri thi duong dé
mau dé cé gia tri thap hon nghta la viéc st dung thém bd
diéu khién la cé hiéu qua hon trong viéc giam dao dong
chung ctia toa nha.

Bang 4 dwara s0 liéu gia toc tuyét doi lén nhat trong cac
tredng hop khéng 1&p bd TMD, ¢6 bd TMD va trudng hop
lap bd TMD + bd didu khién chd déng. Trong do truong
hop c6 thém bo diéu khién thi s6 liéu bao gbm 3 vi tri dat
b6 diéu khién khac nhau. Trong 3 tran déng dat thi gia toc
tuyét déi I6n nhat déu nam & tang 60. Cling qua bang s6
liéu c6 thé thay hau nhu bién dd gia toc tuyét ddi I¢n nhat
khi khong c6 bo TMD, ti€p dén la cé TMD va cé TMD va bd
diéu khién chl dong la nho nhét. Trong do6, 2 trvdng hop
c6 TMD la c6 gié tri gia toc tuyét déi Ién nhat xap xi nhau va
nho hon kha nhiéu khi khéng c6 TMD.
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Béng 4. Gid tri gia toc tuyét ddi lon nhat
Pon vi tinh; m/s?

Konohana Tomakomai | Kumamoto
Khong c6 TMD 1,0716(60) | 2,1303(60) | 7,4536(60)
C6 TMD 05016 (60) | 15449(60) | 6,9508(60)
T™MD+Bo | Tangl | 05007(60) | 15431(60) | 69238 (60)
ditukhién | Tang30 | 05009(60) | 15449(60) | 6,7324(60)
chidong | tange0 | 05021(60) | 1,5042(60) | 6,6254(60)

6. KET LUAN

Trong nghién ctu nay, nhém tac gid da thyc hién tinh
toan va mé phong dé danh gia hiéu qua giam dao dong ctia
mot tda nha cao tang c6 bd TMD va toa nha co 1ap dat bd
TMD va thém mot bd diéu khién chil dong st dung phuong
phap diéu khién tdi vu LQR. Cac két qua moé phong duwoc
minh hoa bang cac do thi cho thay hiéu qua ré rét trong viéc
gidm dao dong cla toa nha trong 2 trudng hop nay so voi
treong hop khong 1ap dat gi ca. Tuy nhién, trong tredng hop
c6 1&p thém mot bd diéu khién thi hiéu qua giam dao dong
toa nha la khong dang ké so voi truong hop chico bé TMD.
Ngoai ra, trong tredng hop Iap thém maot bo diéu khién chi
dong két hop véi TMD thi bd diéu khién nay lap dat & tang 1
s& ¢0 lyc dieu khién nhd nhéat va nhd hon nhiéu so véi khi lap
& tang 30 va 60 ma hiéu qua giam dao dong la t6t hon.
Nghia la néu c6 thém mot bd diéu khién chi dong thi 1ap &
tang 1 la tét nhat. C6 duoc diéu nay la do tang 1 la noi ti€p
xUc véi mat dat nén khi tang 1 c¢6 bién d6 dao dong nho hon
thi cling kéo theo cac tang phia trén nho hon.

Véi nhirng két luan trén thi nhém tac gia dé xuat huvéng
nghién ctu tiép theo do la cai thién luat dieu khién, hoac
thiét ké thém nhiéu bo giam chan chi dong dat & cac tang
khac nhau.
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