TAP CHi KHOA HOC TRUONG DAl HOC MO TP.HCM - SO 5 (1) 2010 49

PILU K’HI]?EN BI PONG CUA KET CAU
DUNG THIET BI NOI GIUA HAI CONG TRINH

Nguyén Trong Phuéc *
Nguyén Huy An**

ai bdo nay trinh bay mét gidi phép diéu khién bi dong két cdu bing cdach dimg thiét

bi noi giita hai két cau gan nhau. Thiét bi noi la mo hinh cua mot hé dan hoi dimg de

lién két hai cong trinh. M6 hinh cua toan hé gém ¢6 hai két cau, thiét bi néi dwoc thiét lap.

Phan tich dong luc hoc cua hé chiu tac dong cua gia t6¢ nén ciia dong dat dwoc thue hién dé

ddnh gia sw hiéu qua ciia thiét bi. Két qua sé cho thdy ring sw hiéu quda khi sie dung thiét bi

noi co thé lam giam chuyén vi so voi két cau dung doc lap.

T khoa: Piéu khién bi dong, Gia toc nén, Két cau doi

1. Gié6i thi¢u

Bai toan diéu khién két cau khi chiu
tac dong cua dong dat dang 1a dé tai c6 tinh
thot su, ngay cang thu hut sy quan tam cia
cac nha nghién ctru. C6 nhiéu két qua tich
cuc trong van dé diéu khién két cau khi chiu
dong dat, gi6.... Trong s6 do, mot vai giai
phap diéu khién két cau khi hai cong trinh
gan nhau dugc quan tim nhiéu trong thoi
gian rat gan ddy. C6 nhiéu nghién ctru da
dugc trinh bay boi Christenson R. E.[3, 4],
bat dau tir ¥ tudng diéu khién, da thiét 1ap
md hinh cho moét s6 truong hop hé ro1 rac,
va 6ng con 1am mét vai thi nghiém dé kiém
chung két qua khi str dung hé ndi hai két cau
gan nhau. Tuy nhién, ciing con nhiéu han
ché cac mo hinh phan tich, sy hiéu qua ung
voi cac yéu to dau vao khac nhau [1, 5]....

Bai bao nay phat trién y tudng tir [3, 4]
bang viéc gan thém thiét bi bén ngoai hai hé
két cAu gan nhau. M6 hinh phan tich toan
hé chiu dong dat duoc thiét 1ap dé danh gia
su hidu qua thiét bi. Phuong phap Newmark
dugc st dung dé tich phan phuong trinh

chuyén dong cua hé khi chiu gia toc nén cua
hai tran déng dat. Su anh hudng cac dic tinh
cta thiét bi dén hiéu qua diéu khién ciing
duoc nghién ciru bang phan tich so.
2. Co s6 1y thuyét
2.1. Phurong trinh chuyén dong

Phuong trinh chuyén dong cua hé két
cAu nhiéu bac tu do chiu tac dung tai trong
dong duoc thiét 1ap nhu sau

(1

Trong do M, C, K lan lwot la cac ma tran
khéi luong, can, va do cing cua hé; cac véc
to lan luot 1a cac véc to gia tdc, van tdc,
chuyén vi ctia hé; 1a véc to tai trong ngoai.
Trong trudng hop hé chiu gia toc nén dong
dat thi tai trong duogc tinh b1 phuong trinh
sau [2, 6]

P(t) (2)
Vi 1a gia tbe nén coa dong dat.

2.2 M6 hinh phdn tich

* B Mén Strc Bén Két CAu, Khoa K§ Thuat Xay Dung, Trudng Pai hoc Bach Khoa TPHCM
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M6 hinh két ndi toan hé théng duoc
trinh bay trong phin nay gém cé 2 cong
trinh, mdi cong trinh dugc xem nhu la mét
két cau 1 béc tw do, véi khéi luong m; va
m,, do cimg k; va k, va hé sd can ¢; va ¢,
twong Ung véi mdi cong trinh; va thiét b
ndi duoc thé hién 1a mét 16 xo dd cimg ks
va giam chin c; dit vao lién két gitra 2 khéi
luong nhu hinh 1. Hé théng nay dugc mo
hinh nhu hé hai bac tu do trén hinh 2. Hé
chiu gia téc nén cia dong dat 1a

Hinh 1. So dd toan hé
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Cac ma tran tinh chat, véc to tai trong
cua hé nay duogc thiét lap va két qua duoc
trinh bay nhu sau:

Ma tran khéi luong, can, d6 cung 1a

M m, 0 C= ¢ te, —¢
0 m,| -, ¢, +c |

k[fth k] g
—k,  k +k,

Véc to tai trong dong dat do gia téc nén
gay ra dugc xac dinh boi

4

MBS hinh trén phu hop khi hé két cau chi
dao dong theo mot mode thap nhat, luc nay
ca hai két cau déu c6 thé xem nhu hé mot bac
tu do. Truong hop cac hé két cAu can diéu
khién c6 dang phan bd hay la dao déng véi
s6 modes dao dong nhiéu hon (thuong trong
nha cao tang khoang 5 modes thap nhat 1a
duoc quan tam va cac modes cao hon it anh
hudng dén két qud), co thé dung cac dang
dao dong riéng dé dua vé hé 2 bac tu do suy
rong, mo hinh dugc thé hién nhu trén Hinh
3. Cac dic tinh cling duoc thiét 1ap tuong tu
va két qua duoc trinh bay nhu sau:

Phuong trinh chuyén déng cia hé:

)
Trong do:

M, 0 ¢ 0 K 0
= 1 C= K=
M [0 Mj, [0 Cj’ [0 Kz](6)

|G | K@
© ‘M’ Y(’){Ym} @

Hinh 3. So d6 hé phén b

<>
| 2
" . r, B
El, El,
6 Gy
V) |
/R

Dung phuong phap chéng chit mode
[2, 6] dé khao sat chuyén dong ctia hé. Cach
thuc phan tich duoc thé hién trén hinh 4.
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\Z] V2 Vis
—— V2 — + Va2 + Va3
Vs V3, \%
y
v=¢Y v =47 v, =47, v, =0.Y,

Ung véi mode thit n, chuyén vi [7, | dugce

xac dinhboi [, ]=12, v, (1) (®)

Chuyén vitoan phén duoc tinh nhu sau:
N

M=lo +lo, I, +..+0,lr, =Y [s,Ir, 9

n=1

Ham dang ¢, duoc xac dinh bang phuong

phap Galerkin nhu sau:
b 9o - O,
o, =l 6.0 =" 7 Pl
by B - Ou

Cac ma tran:

M, =7, ol ()<, () (1)
Iy,

Gy =my J¢AT (x)dx (12)

0

B f©)= @7 (1 )x0, (b )x(cY, () + kY, () (13)

K= Jorep{ G av

C,=M,® Cd; (15)

Luc tac dong cua lién két 1én hé thi nhat
va th@ hai duoc xac dinh nhu sau:

BA(O)= [ 8] (e, = v2)+ ke, = v, ix (16)

hy

P:f(t): J—¢2T(C(V2 _V1)+kC(V2 -V ))dx (17

Phan tich cac gia tr1 P1 va P> va thay vao
phuong trinh chuyén dong, ta c6 thé viét lai
phuong trinh chuyén dong ciia hé nhu sau

MY(t)+C Y (t)+ K Y (t)=—Gv,(t) (18)

Trong do6:

|:C1_I)11XC
C, =

F,xc
P, xc

C,—P,xc

B, xk,.
e (19)
Kz_PszkC

0

_ K, _PnXkc
- Pz1Xkc

2.3. Phuong phap giai

Vi gia téc nén bién thién kha phuc tap,
la dai luong duoc ghi bing may do, khong
biét qui luat nén dé tim 15 giai cta bai toan,
Phuong phap Newmark duoc sit dung dé
tich phan phuong trinh chuyén dong. Y
tudng cua phuong phap la tur gia tr1 cua
nghiém d4 biét tai thoi diém  suy ra gia tri
cuano tai béng cac gia thiét khac nhau vé su
bién thién cia gia tbc. Pay 1a phuong phap
rat ndi tiéng dwoc dung rong rdi trong cac
phan mém phén tich két cdu nhu SAP2000,
ETABS, ... va cling rat tng quat dé giai bai
toan dong luc hoc két cau [2, 6]. Cac cong
thirc co ban dugc trinh bay nhu sau

V., =V, +(l=p)Atv, + Aty

va=v, +v,Ar+(;—ﬂ)Ar2vi - Ay, (20)

Mvi+1 + CViH + KVi+1 = P

i+l
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Voiy, B 1a cac thong s cia phuong phap
Newmark. Sy thay thé 2 phuong trinh dau
cua (20) vao phuong trinh thir 3 thu duoc hé
phuong trinh dai s6 tuyén tinh véi an sb la
gia tc tai thoi diém i+ 1a dudi dang

M, v, =Py (2 1)

Trong do khoi luong hiéu dung va tai
trong hiéu dung dugc xac dinh bdi

M, =M+ jA/C + SACK

P

eft

=P

i+

C[V,. +(1- }/)Atv,.]—
K|:Vi +v,At+ (; - ﬂ)Al‘zV,} (22)

Tinh lap cac phuong trinh (20), (21), va
(22) trong ting budc thot gian, nghiém cua
hé tai cac thoi diém roi rac duoc tim. Theo
danh gia cua cac tai liéu vé dong luc hoc két
cAu thi phuong phap nay t6 ra hiéu qua vé

d6 chinh xac va két qua thu duoc la xac dang
néu budc thdi gian duoc chon 1a phu hop.
Trong bai toan két ciu chiu tac dung cia gia
tdc nén dong dat bién thién theo thoi gian
thi phuong phap Newmark la phuong phap
duy nhit dé phan tich (mg xir ciia hé theo
thot gian [2]. Bai bao nay ap dung phuong
phap Newmark dé phan tich phan ing dong
cua hé.

3. Két qua s6

3.1 M6 hinh roi rac

Bai toan v&1 md hinh nhy hinh 2, cac dac
trung cua hé duogc cho trong bang 1. Thiét bi
ndi ¢o qéc dac trung la: d6 cung k3 =,5%1‘<1
va hé so can ¢3 = 5%c1. Hé chiu gia toc nén
cua tran dong dat Altadena c6 nhu do thi nhu
Hinh 5.

Khbi lugng m?

Khéi lugng m?

Khdi luong (m)

2.7612x107 kg

1.8401x107 kg

Do cing (k) 4.3629x107 N/m 4.4315x107 N/m
Ty s can (&) 2% 2%
Tan s6 dao dong riéng |0.200 Hz 0.247Hz

Bang 1. S6 1iéu mo ta dic tinh ctia hé

Thuc hién phan tich b, bao gém co
gdn hé diéu khién va khong gin hé diéu
khién. Qua trinh tinh toan kha phirc tap do
dac thu ctua bai toan dong luc hoc va gia
tdc nén. Cac chuong trinh dugc viét bang
ngdn ngit MATLAB dé giai quyét bai toan
trén. Phuong phap Newmark duogc ap dung
dé tich phan truc tiép phuong trinh chuyén
dong cua hé bao gdm co va khong co 1ap
thiét bi ndi. Budc thoi gian phan tich duoc
chon cung voi bude ghi cia gia téc nén 1a
0.02s, so vo1 chu ky dao dong tu nhién cua
hé 1a vai gidy, khoang tir 4-5s thi két qua da
tin cay. Két qua chuyén v1 khi hé chiu dong
dat duoc trinh bay trén hinh 6.

Trong bai toan dong luc hoc két cdu chiu
tac dung cua gia tbc nén dong dat, chuyén
vi va cac dai luong ung xu cta hé déu phu
thudc vao thoi gian. Pé danh gia két qua thi
gia tri 1on nhét cta chuyén vi dugc quan tam
va tat nhién noi luc va (mg suit ciing s& ty
16 theo chuyén vi nén c6 thé dung chuyén vi
16n nhit dé danh gia phan (mg cua hé. So
luoc két qua, chuyén vi 1on nhit ctia m1 va
m2 la 3.59c¢m va 3.88cm.

Trong truong hop khong dat két cau
ndi tic 1a mdi cong trinh dung doc lap va
déu chiu tac dung cia gia tbc nén nhu trén
thi chuyén vi 16n nhat turong Gng 13 3.979%cm
va 4.316cm. So sanh két qua va danh gia su
hiéu qua cta phan ng c6 thé nhan xét ring
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hé no1 ¢o6 tac dung lam giam phan ung cta

hé khoang 12%.

Tiép tuc thay doi gia tri cac thong sb

so vo1 do cung cua két cau co ban thi ket qua

thu duoc cling tuong tu nhu thi du nay. Mot

cua hé ndi nhu ting do cung tir 5% lén 10%

Hinh 5. Gia téc nén cia tran dong dat Altadena, budc thoi gian 12 0.02s

GIA TOC (cmis2)

Hinh 6. D4 thi chuyén vi ctia m; va m, tirc 1 cta cong trinh 1 va 2
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s6 két qua sb duoc trinh bay trong [7].

T T T
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3.2 M6 hinh hé lién tuc ¢6 dac trung la (Ns/m)va (N/m). Chiéu cao
Bai toan vé1 mo hinh nhu hinh 3, cac dic g%télen kkeg }10 :,hl hM?t 50 dac trung clia he
trung cua hé duoc cho trong bang 2. Hé ndi 4 dugc khao sat chi tiét trong [7].

Cong trinh 1 Cong trinh 2
Chiéu cao cong trinh (4, ) 20 m 20 m
Khbi lugng phan bb (72, ) 300 kg/m 200 kg/m
D6 cling cong trinh (ET), 9 10° kg.m’ 7 10’ kg.m’

Bang 2. S6 liéu mé ta ddc tinh ctia h¢
Cac ham dang cta cong trinh dugc xac
dinh b1 phuong trinh sau:

5 (x) (sinb,h, —sinh b,h, )x (sin b,x — sinh b,x)
Ax)=a,,
* "M 4 (cosb,h, +coshb,h, )x (cosb,x — cosh b, x)
Hai cong trinh ¢6 cling chiéu cao : ¢/ = ¢! = ¢’
Xét voi 5 mode dao dong diu tién va chuin héa cac ham dang tng véi cac mode
dao dong chinh tai dinh cua cong trinh (¢’ (hk ): 1), c6 thé mo ta cac ham dang cia cong

trinh nhu sau:

¢'(x)=0.367x(sin(0.0938x)—sinh(0.0938x))—0.5(cos(0.0938x)— cosh(0.0938x))
#* (x)=—0.5092x (sin(0.2347x)—sinh(0.2347x))+0.5(cos(0.2347x )— cosh(0.2347x))
¢’ (x)=0.4996% (sin(0.3927x) — sinh(0.3927x)) — 0.5(cos(0.3927x) — cosh(0.3927x))
¢* (x) =—0.5%(sin(0.5498x )—sinh(0.5498x))+0.5(cos(0.5498x)— cosh(0.5498x))

¢’ (x) = 0.5x(sin(0.7069x)—sinh(0.7069x))— 0.5(cos(0.7069x)— cosh(0.7069x))
Va xac dinh duogc: )
1.0000 1.0000 1.0000 1.0000 1.0000
0.7255 0.700 -0.3951-0.6430-0.600
0.4611-0.5895-0.4735 0.3265 0.7003.
0.2299-0.6835 0.5261 0.3156 -0.696
10.0639-0.3011 0.6044 -0.7538 0.659

o
I

[1.0000 1.0000 1.0000 1.0000 1.0000]
0.7255 0.700 -0.3951 -0.6430 -0.6004
®,=|0.4611-0.5895 -0.4735 0.3265 0.7003
0.2299 -0.6835 0.5261 0.3156 -0.6963
10.0639 -0.3011 0.6044 -0.7538 0.6596)
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Va tuong tu cho cac ham dang cho cac
mode dao dong tiép theo cua hé. Keét qua
trinh bay chi tiét trong [7].

Hé chiu gia toc nén cua trin dong dat Al-
tadena nhu trong thi du trudc nhu dd thi nhu
Hinh 5. Két qua phan tng cta hé gdm c6
chuyén vi ciia ca hai két cau theo thoi gian
duoc mo ta trong hinh 7 va hinh 8. Chuyén
vi 1on nhét ciia cong trinh 1 1a 3.255¢m va

cong trinh 2 1a 3.22cm trong truong hop co
hé ndi.

Clng tuong tu nhu thi du trén, dé danh
gia su hiéu qua cua hé ndi, bai toan mdi cong
trinh doc 1ap chiu dong dat duoc giai lai va
két qua 1a chuyén vi 1én nhat coa cong trinh
1la 3.4402cm, va cong trinh 2 1a 3.3822cm.

Hinh 7. Chuyén vi theo thoi gian ctia cong trinh 1

CHUYEN VI CUA CONG TRINH 1

CHUYEN VI (cm)

-4 L L I

0 5 10 15

1
20 25 30 35 40

THOI GIAN (s)

Hinh 8. Chuyen vi ctia cong trinh 2

CHUYEN VI CUA CONG TRINH 2

CHUYEN VI (cm)
o

20 25 30 35 40

THOI GIAN (s)
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So sanh két qua chuyén vi cua cic cong
trinh trong truong hop lién két cac cong
trinh va cac cong trinh doc lap voi nhau: khi
cac cong trinh chiu tac dong cia tran dong
dat Altadena: trudong hop lién két cac cong
trinh c6 kha nang giam 5.383% va 4.796%
chuyén vi 16n nhat doi véi cong trinh 1, 2.

Khi d6 ctng thiét bi ndi ting 1én thi su
hiéu qua cling cai thién dang ké. Mét so tinh
huong su hiéu qua nay co6 thé 1én dén 18%.

4. Két luan

Tir cac két qua khao sat mot giai phap
glam chan bang cach lién két cac cong trinh

gan nhau, cac nhan xét duoc thé hién nhu
sau:

- Bai toan diéu khién két cau chiu tac
dung cua tai trong dong 1a van dé c6 tinh
thot su. Do vay, cong viéc dugc thuc hién
trong bai bao nay la co6 y nghia.
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The passive control of coupled buidings using
single coupling link

Abstract. This paper presents the passive con-
trol of coupled buildings using single coupling
link in order to connect two buildings. The link is
modeled by elastic systems with mass, damping
and stiffness properties. The analytical model of
structures is formulated by finite element meth-
od and dynamic equilibrium of forces. Dynamic
analysis of structures due to ground accelera-
tion using Newmark method and modal super-
position method is carried out. The reduced re-
sponse of coupling buildings shows the effect of
this solution.

Keywords: Ground acceleration,
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