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TOM TAT

Bai bdo phan tich hiéu qua giam chan ciia hé can két hop gom c6 can chit long
VFD (Viscous Fluid Damper) bé tri trong két cau va can luu bién tir MRD (Magneto-
Rheological Damper) bé tri néi giiva hai két cau dwdi tac dung ciia gia toc nén déng dat.
Hé can chat léng VFD dwoc mé phong béi quan hé liec can va vin toc chuyén dong ciia
hé, cé thé la tuyén tinh hodc phi tuyén. Hé can lieu bién tir MRD dwoc mé phéng béi cdc
[0 xo va can nhot, trong do luc can sinh ra la mot ham phu thugc vao dién thé. Két ciu
dwoc mo hinh nhw hai hé co hitu han bdc tw do déng lire hoc. Phwong trinh chuyén dong
clia hé chiu gia toc nén dwoc thiét lap va glal bang phirong phap Newmark. Mot chiwong
trinh may tinh kha phu’c tap d‘u’oc viét bang ngén ngir MAT. LAB daé phan tich phan ung
dong ciia hé két cdu. Két qua sé tir phan vng dong gom cé luc cat, gia téc va nang hrong
tieu tan cho thcfy hiéu qua viéc két hop hai hé can.

Tir khéa: Hé can luu bién tir, Hé can chat long, gia tdc nén.

ABSTRACT.

This paper studies dynamic reduction of combining damper consisting of Viscous
Fluid Damper, VFD, which set inside individual structure and Magneto Rheological
Damper, MRD, which set between two structures under ground motion. The MRD is
simulated by springs, dashpot with damping force depending on displacement, velocity
and voltage of equipment. The VFD is also expressed by the relation of damping force
and velocity. The governing equation of motion of a structure is derived and solved by
step by step procedures of Newmark method. A program is also established base on
MATLAB language to analyse dynamic response of the structures. The result obtained
from the numerical study is drawn effective of combining damper.

Keywords: Magneto-Rheological Damper, Viscous Fluid Damper, Ground Acceleration.
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cho thay hiéu qua giam chan khi lién két
cac cong trinh véi nhau bang cac thiét
bi giam chén. Khéng chan cho ting két
ciu riéng biét cho két qua giam dap ing
dudi tai trong dong dat cua cac tang rat
tot (MartzneZ-Rodrzgo [5], Cho [6], Ying
[10]). Do vay viéc két hop hai phu:cmg
phap khang chan cho cac két cu lién
dugc tap trung phan tich va khao sat
trong bai bao nay.

Hé can MR 1a thiét bi tiéu tan nang
lugng thong minh st dung chat luu
MR (viét tit cua thuit nglt Magneto-
Rheological, tam dich 1a luu bién tir). Chat
luu MR ra doi ndm 1948 tai cuc tiéu chuan
Hoa Ky, c6 dang 1a cac hat sit troi lo lung
trong dung moi dic biét, va co thé chuyén
tir 1ong sang ran khi c¢6 luc tir di qua tir
d6 sinh ra giéi han dan hoi cho chit luu,
gia tri nay phu thudc vao do tir hda cac
hat trong chat luu (San-Wan Cho 2004 [6],
Spencer 1997 [8]).

H¢ can VFD (Viscous fluid damper)
1a hé can chat long nhét duge phat minh
cach day ca thé ky, tuy nhién dén nim 1990
moi dua vao ap dung cho cac cong trinh
dan dung. Hién nay, ddy la hé can thong
dung nhét duge st dung trong nhiéu cong
trinh dan dung cling nhu cong nghiép.

Dua vao y tudng nay, bai bao tap
trung phan tich hiéu qua giam chén cia hé
két cAu dang thap d6i v6i hai loai hé can
dugc st dung 1a VFD va MRD. Trong do,
hai két cAu c6 sd tang khac nhau nhung
chiéu cao ting bang nhau dugc ndi véi
nhau bang hé MRD, dong thdi hé VFD
cling duoc lap dat bén trong ting két cau.
Phuong trinh chuyén dong cua ca hé khi
chiu gia téc nén cua dong dat dugc thiét
lap. Bai toan dong luc hoc va didu khlen
duoc giai bang phuong phap tich phan so
trong tirng bude thoi gian va 13p trong moi
budc thoi gian. Gia toc nén cting dugc lya
chon nhiing tran dong dat v6i phd tan so
tuong d6i gan voi tan so riéng cua két cau.
Diéu khac biét trong bai bdo ndy ung xir
cua cac h¢ can duoc phan tich tudong minh

bang phuong phap s6 va l1ap trinh bang
ngon nglr Matlap. Sy hi¢u qua cia hé can
trong bai bdo dugc danh gia theo phuong
phap ning luong tiéu tan cua hé két ciu.

Hinh 1. M6 hinh két ciu
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2.COSOLY THUYET

2.1. M6 hinh két ciu

Xét hai két cau nha c6 s tang khac
nhau, dugc md hinh véi sb béc tu do dong
luc hoc khac nhau, duoc thé hién nhu trén
Hinh 1. Cac dam duogc xem nhu cting tuyét
d6i va chi c6 chuyén vi theo phuong ngang
dugc xem xét. Cac thong s6 khac nhu khoi
lugng, dJ ciing, can cua tung két cau cling
dugc thé hién chi tiét nhu trén Hinh 1.
Thiét bi MR dugc bd tri tai hai san trén
cung cua cong trinh 2, thiét bi VFD duoc
bd tri bén trong timg két cAu 1 va két cau 2.

Phuong trinh chuyén dong c6 dang
nhu sau (Chopra 2007 [1])

Mu+Cu+ Ku=-Mrug- f, +Df,,.

(1)

Trong d6: M, C, K lan luot 1a
cac ma tran khoi lugng, can, do cung
cia két cdu; D 1a ma trAn thé hién vi
tri diém ddt; fo, =[[0], o fonfi ] 1
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véc to luc diéu khién cua hé can MRD; to don vi; u, 1a gia tdc nén cua dong dat
S =[ Sisseos Finems Soioes f;’n]VéC to luc diéu theo thoi gian. Cac ma tran M, C, K dugc
khién ctia hé can VFD; r = [1,1,..,1]T la véc  dinh nghia va c6 kich thude nhu sau:

[M] - [o] ] o] K] [o]

(n+mn+m)  (n+m,n) (n+m,n+m)  (n+m,n) (n+myn+m)  (n+m,n)
M = C = K =
(2n+m,2n+m) [02 ] [M2 ] (2n+m,2n+m) [02 ] [Cz ] (2n+m,2n+m) [02] [K2 ] (2)
(nyn+m) (n,n) (n,n+m) (n,n) (nyn+m) (nyn)

véi cac ma tran tinh chit cta két cAu thir nhat duoc thiét 1ap badi

mll
my,
M = (3)
(n+m,n+m) mmm_l,l
L
[k, +k, —k,
_k21 k21 +k31 _k3l
o) ) (4)
_kn+m—l,l knﬂn—l,l +kn+m,l _kn+m,1
_kn+m,1 kn+m,1
_C“ +Cy —Cy |
—Cy Cy+Cy Gy
c = (5)
(remnem) _Cn+m—1,1 cn+m—1,1 +cn+m,1 _cn+m,1
L _cn+m,1 cn+m,l i
2.2. H¢ can luu bién tir dung dé tinh luc hé can MR. Luc do hé

M6 hinh Bouc-Wen hiéu chinh can MR sinh ra dugc xac dinh theo cong
do Spencer (1997) [8] dé xuét duogc st thlrc sau:

Fon = Uk (x—x,) (6)

v&i bién tién hoa z dugce dinh nghia boi

%z—le.C—&|(Z)|Z|H —B(;C—!.J)Izln +A, (X—yj (7)
g;z(colq){az+c0;c+k0(x—y)} (8)
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Trong do, k,1a do cung cta b phén khi
nén (accumulator) k, la do cung ung voi Van
toc 16n; c,vac,la hc sO can tmg véi van toc
nho va lorn X, la chuyen dich ban dau cia 16
X0 k,; cac thong s0yBnA lacac thong 5O
hinh dang cua chu trinh tré du:(_yc hiéu chinh

U=n(U-V)

2.3. H¢ can chit 16ng

tur thuc nghlem Céc thong s6 c,c,a,la cac
thong sO phu thugc vao dién é&p ra lenh dugc
xac dinh nhu sau: ¢,= ¢, +¢c,U; ¢, = c,, +
c,Usa,=a,+a, U V(n dlen ap cung cap
cho bd dlcu khlcn du’crc tinh thong qua bd loc
bac mot nhu sau:

)

Luc sinh ra ctia hé can VFD la mot ham s6 phu thude vao van toc dugc cho bdi

F, =C.[v[".sign(v)

Trong d6, C 13 hé s6 can; v 1a van tdc
ctia hé can; tham sd « dai dién cho mébi
quan hé giita lyc va van toc. Trong cong
thize [10] néu « = 1 hé can 1a tuyén tinh
(linear damper), néu a # I hé can 1a phi

(10)

tuyén (nonlinear damper). H¢ nay co6 cac
tham s6 dac trung dugc phan tich nhu sau:

D¢ phan tich anh huong ctia cac tham
s0 dén luc cua h¢ can VFD, chuyén vi va
van toc cua hé can dugc gid dinh boi

d= A.sin((ot)

(11)

v=d= A.o.cos(ot)

thé vao cong thuc (9):
F,, =C.|v[" .sign(v)=

Chon A=60mm, f= / =0.1 va
C=100kNs/mm, quan h¢ luc — chuyen vi
khi thay d6i gia tri o tir 0:1 duoc thé hién
nhu trén Hinh 2. Tuong tu, liy a = 0.2

Hinh 2. Quan hé lic-chuyén vi theo
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C.|A.o).cos(oot)|a .sign(A.co.cos(o)t))

(12)
quan hé luc — chuyén vi khi thay doi gia

tri C tir 100:1000 duge thé hién nhu trén
Hinh. 3.

Hinh 3. Quan hé luc-chuyén vi theo C
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Két qua cho thay khi tang gia tri C va o thi
luc sinh ra cua thiét bi can VFD ciing dong
thoi tdng theo. Trong khi doi vai tung hé can

i

Do vay, trong qué trinh thiét ké
cong trinh ¢6 st dung hé can VFD can
lua chon hé s6 C va a phu hop véi muc
tiéu thiét ké.

2.4. Phwong phap gidi va thudt todn

Trong moi bude thoi gian luc diéu

sign(v)

ludn c6 mot gia tri luc thiét két ¢d dinh theo
catalogue cia nha san xuat, do do gia tri C va
o phai c6 quan hé ti I¢ nghich 1a

F,

(13)

khién trong h¢ can MRD duoc tinh theo
[6] va luc diéu khién trong hé can VFD
dugc tinh theo [10], cdc phuong trinh
[7], [8], [9] duoc giai bang phuong phap
Runge Kutta bac 4. So d6 khdi trong bai
toan nay dugc trinh bay trén Hinh 4.

Hinh 4. So @6 khoi ciia thuit toan giai bai toan

Ue

Runge

L
Kutta bac 4| .o
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(Chuyén vi, van L&)

3. KET QUA SO

Khao sat hai két cdu 16 tang va 8
tang khoi lwong mdi ting nhu nhau, do
ctmg, chiéu cao mdi tang 1a nhu nhau véi
gia tri ctia khdi luong 1a m = 1. 6x105 kg va
do cu’ng k.= 3)(108 N/m Tan s6 riéng thap
nhit cua ket ciu 16 tang 1a 0,6558 Hz va
cta két cau 8 tang 1a 1,2718 Hz. Gia tdc
nén duoc chon 1a Elcentro nhu trén hinh
4 ¢6 cac tan sd xap xi sau khi phan tich

Hinh 5. Gia toc nén Elcentro

GIATOC NEN

Gia Toc (m/s2)
o N

o

A~
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Thoi gian (s)

o
3,1

pho Fourier 1 2,027 Hz va cac dinh khéac
xap xi 1,8 Hz dén 2,6 Hz nhu trén Hinh 5.
Khao sat s6 duoc thue hién trong 4 trudong
hop nhu sau:
- Két céu tach roi - khong lap hé can
(Uncontrol)
- Két cau co lap hé can MRD (MRD)
- Két cau co lap hé can MRD két hop
hé can VFD (MRDVFD)

Hinh 6. Phén tich phé Elcentro

PHO NANG LUONG
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S
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Ti 50 can doi véi cc dang 1,2 1a ¢
=(,= 5%, doi véi cac dang dao dong cao
hon ti s6 can dugc tinh theo phuong phap
Rayleigh (Chopra [1]). Cac théng s md
phong duoc ldy nhu sau. Théng s6 MR
damper (Lé, Nguyén [4]): n =195 s", ¢ _
= 8106.2 kNs/m, c¢,, = 7807.9 kNs/m/V,
C,, = 50.3 kNs/m, ¢, = 48.7 kNs/m/V, a,
= 8.7 kN/m, o, = 6.4 kN/m, y = 496m’°,
B =496m? A_=810.5, n=2, k, = 0.0054
kN/m, x; = 0.18m, k = 0.0087 kN/m.
Thong s6 VFD damper: a =1, C =7x10"6
kNs/m, C =1x10"7 kNs/m.

3.1. Pap ung két cau

Céc gia tri dap tng chuyén vi, luc cit
va gia téc dugc phan tich phan tich 16 dudi
dang biéu d6 cho thy hiéu qua cua viéc
lap dat hé can. Két qua cho thay: Ung véi

truong hop MRD hiéu qua giam lyc cat tot
nhat tir ting 1 dén tang 8 cho két cau 1 va
tur tﬁng 1 d&én tﬁng 4 cho két cau 2, con tai
céc tang dinh hiéu qua giam lyc cat khong
dang ké; Ung véi truong hop MRVFD
hiéu qua giam luc cat déu trén tat ca cac
tang cuia hai két cdu va dat gia tri khoang
40%. Hinh 10-12 da chi ra hi¢u qua giam
gia tri dap mg gia toc 16n nhat tuong ting
voi truong hop MRVFD, tuy nhién hiéu
qua khong déu va khac nhau tity theo tang.
Tir phan tich trén cho thdy trong truong
hop b6 tri mot dang hé can MRD cho hi¢u
qua giam dap ung kha tdt nhung khong
déu trén toan bo cac tang, do dé két hop
hai dang hé can tuong ing vo1 truong hop
MRVFD la can thiét dé nang cao hiéu qua
khang chan cho cac két cau lién ké.

Hinh 7. Pap ng chuyén vi ciia két ciu theo thoi gian
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Hinh 8. Chuyén vi 16n nhét cia két cAu theo ting
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Hinh 9. Luyec cit 16n nhit cia két cAu theo ting
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Hinh 10. P giam lue cit ciia két ciu
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Hinh 11. P4p ing gia téc ciia két cAu theo thoi gian
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Hinh 12. Gia tdc 16n nhit ciia két ciu theo ting
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Hinh 13. P§ giam gia toc cia két cAu
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Biang 1. Hi¢u qua giam dap vng 16m nhat cho két cau 1
Chuyén vi Van tde Gia tdc Luc cit
Truong hop 55
khao sat Max Do giam Max b6 giam Max iéi;n Max Do giam
(cm) (%) (cm/s) (%) (m/s2) g(o/) (KN) (%)
0
Uncontroled 12.27 0 54.1 0 5.6 0 3.54E+03 0

MRD 10.67 13.04 454 16.08 5.2 7.14 243E+03  31.36
MRVFD  7.52 38.71 41.29 23.68 3.63 35.11 2.06E+03  41.77
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Bang 2. Hi¢u qua giam dap vng 16 nhit cho két ciu 2

Chuyén Vi Van tdc Gia toc Luc cit
Truong hop
khao sat Max Do giam Max Do giam Max Do giam Max Do giam
(cm) (%) (cm/s) (%) (m/s2) (%) (KN) (%)
Uncontroled 4.69 0 40.69 0 7.61 0 2.56E+03 0
MRD 3.38 27.93 34.05 16.32 7.2 5.39 1.73E+03  32.42
MRVFD 2.73 41.79 28.06 31.04 5.85 23.13 1.42E+03  44.36

Céc gia tri chuyén vi, van téc, gia tbe
va lyc cat 1on nhat cua hai két cau tuong
g vé6i hai truong hop bd tri hé can duoc
thé hién trong Bang 1 va Bang 2. Trong
truong hop MRVFD céc gia tri dat duogc
déu cho két qua giam dap ung t6t hon va

E +E,+E;+E,=E,

Trong do, E, nang luong dong hoc
cua h¢; £, 1a nang luong ti€u tan do can
cua vat ligu; £ la nang luong ti€u tan do

gia tri gia toc cho két qua giam t6t nhat tir
7.14% tang 1én 35.11% cho két cau 1 va tir
5.39% tang 1én 23.13% cho két ciu 2.

3.2. Ning lwong ciia két ciu

Ning luong cta két cAu duoc tinh
nhu sau:

(14)

bién dang trong két cdu; E 1 nang luong
tieu tan cua h€ can; E, 1a nang lugng do
dong dat sinh ra.

Bang 2. Ti 1€ nang lugng

Ti 1¢ nang lugng

Truong hop
khao sat E, (%) E,+E, (%) E, (%)
Uncontroled 11.973 88.027
MRD 6.522 59.918 33.585
MRVFD 2.354 20.757 76.917

Trong trudong hop két cau tach roi
khong c6 hé can (Uncontrol), Hinh 13 cho
thay ning luong tiéu tan do can vat ligu
va do bién dang 88.027% diéu d6 dong
nghia véi sy tiéu tdn nang lugng cua hé la
do hu hong va pha hoai cuc bo trong két
cau. Trong trudng hop hai két cdu lién két
v6i nhau bang hé can MR , Hinh 14 cho
thay lic ndy mot phan ning luong tiéu
tan do sy lam vi¢c cua hé¢ can MR, nang
lugng ti€u tan do can vat li¢u va do bién
dang giam xubng 59.91%. Trong trudng

hop hai két ciu lién két v6i nhau bang hé
can MR két hop véi hé can VFD b tri
trong ting két cau (MRVFD), Hinh 15
cho thay lic nay niang luong tiéu ton phan
16m do su 1am viéce két hop cua hai hé can
MRD va VFD, nang lugng tiéu tan do
can vt liéu va do bién dang giam xudng
con 20.757%, hay néi cach khac khi két
hop cé hai hé can s€ cho hi€u qua tiéu tan
nang lugng t6t nhét so véi hai truong hop
MRD va Uncontrol.
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Hinh 14. Dap &ng nang luwgng véi trweong hgp Uncontrol

x 10° BUILDING 1 x 10° BUILDING 2
4| Uncontrol ; Has w"‘ ",, ‘__'v"‘v—r, al L'-—""""'\-" S
= ", ‘J‘,,']-fwf.,flll‘ v ' kn.*,..y
= ,Jiﬂ‘. Reonoe al ).l Sai so = 1.45¢-10%
= 3¢ i wis 88.027% )
2 CLTTR] LA
= 2 ‘f b 2r ‘
= " == == Nang luong dau vao
g 1 N i 1t J == = = Nang luong dau ra
o ot
o 5 10 15 20 25 o 5 10 15 20 25
Thoi gian(s) Thoi gian(s)
| == = = Can vat lieu+Bien dang Dong nang —--- Ngoai Iucl
\ r , - J&) N
Hinh 15. Dap ung nang luwgng véi trueong hop VFD
. .
x 10 BUILDING 1 x 10
VFD P A P T T e oA e S s ]
M H :"‘l,\'w\l""'w»,m.nld ) 4r A‘m i
= ! o Sai so = 0.0246%
= 3f ot {1 3t .
> [ ,r
5 o P
(=) == == Nang luong dau vao
=
< 'J == = = Nang luong dau ra
= 1| .
Lt
o 5 10 15 20 25
Thoi gian(s) Thoi gian(s)
| == =« = Can vat lieu+Bien dang Dong nang —-—-— He can MR ---- Ngoai Iucl

Hinh16. Dap ung nang lwgng vai treong hgp MRVFD
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4. KET LUAN ket hop hai h¢ can MRD va VFD bo tri cho

M5 hinh bai toan hai két cau ndi véi
nhau béi hé can MRD két hop véi hé can
VFD b4 tri trong ting két cdu chiu gia tdc
nén cia dong dat d3 duoc thiét 1ap va danh
gia sy hiéu qua giam chan cia hé can. Tur
d6 cho thay hiéu qua giam chan cua viéc

ket cau hen ké. Tur cac két qua s6 cho thay
rang khi b6 tri hé can co tac dung ti€u tan
nang lugng cling nhu glam chan khi két

cau chiu tai trong dong dét. Hiéu qua cua
su két hop hai hé can MRD va VED la t6t
hon so véi chi st dung mot loai hé can MR
b6 tri ngoai két cau.
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