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TOM TAT: Béi bdo giGi thiéu mé hinh tinh todn dé thiét ldp phuwong trinh chuyén déng
cho két cau sir dung hé can ma sdt duoc didu khién bi dong (FD: ﬁzctron dissipators), tir do
diea ra thudt todn giai phu’cmg trinh chuyén dong @é tim ddp vmg ctia két cdu dua trén phzrcmg
phdp Time-Newmark. Cdc vi du 56 drge phan tich dyea trén mé hinh tinh todn nkéam danh gic
su hiéu qua ve giam ddp img cua két cdu véi cde logi tdi trong khdc nhau, ciing nhu la phan
tich cdc yéu té anh huong dén hiéu qua giam chdn ciia FD. Cdc két ludn so bo vé uu va khuyét
diém ciia FD ciing duoc dwa ra o cudi bai bao.

Keywords: Friction dissipators; Structural control; Passive Control: Earthquake
Engineering

1.GIOI THIEU

Véi uu diém vé gia thanh ré va d& diéu khién [1], FD thich hop giam chan cho céng trinh
thap tang va chiu tai trong déng dat & mirc do trung binh. Nhung dé dénh gid dac diém cta FD,
ta can phai ¢6 mét mé hinh tinh toan va thuét giai tim dap ung dung dé tir d6 dua ra cach xéc
dinh lyc didu khién sao cho FD lam viéc hiéu qua. Do vay, viéc xdy dung mo hinh tinh toan va
thudt giai dé tim dap tmg 12 vAn dé cin thiét va quan trong trude khi danh gia mirc d6 hiéu qua
cua FD.

2. MO HINH TINH TOAN CUA KET CAU

Xét két cdu n tang dugc trang bi n FD nhu sau: (0).

Céc ky higu: m; va m) lan luot la khéi luong ciia két cAu va ctia hé gidng & tAng thi j;
X; (1) va & (7) 1an luot 12 chuyén vi cia két cAu va ciia hé giang so v6i dét nén 6 ting thi j;
P, (t) va %, (¢) 1a lvc tac dong va gia toc nén cita tai trong déng dét bién thién theo thoi gian.

Véi gia thiét san tuyét dbi clmg, ta quy khéi lugng méi ting thanh khéi lugng tap trung
myj, céc khéi lwong nay duoc lién két v6i nhau bang cac 10 xo kj va hé can C_] Hé giang chira
FD dugc quy thanh khéi luong tap trung mj’ dit trén rnj va chung lién ket v6i nhau bang luc
ma sat Fj, luc ma st nay chinh la luc ma sit trong hé can duoc lap dit & méi tang.
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Hinh 1.So db két cdu khung nhiéu ting dugc trang bi FD theo mé hinh sin tuyét ddi cimg [4].
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Hinh 2. Mb hinh co hoc cua két cau.

Trang 79



Science & Technology Development, Vol 11, No.05- 2008

o
L el by B gy |\
AT v 5 - Riemal 3@,
———— G ..._._.........__ = )Q‘ -'___Xg'-.
R A . i
= }(; U A— k) Gy
R ol .. 4
e HE5) ofici iy i 7

Hinh 3. So db luc tic déng vao céc khéi luong téch réi.

Khi két cdu chju déng dit, phuong trinh chuyén dong ctia két ciu nhu sau:
M X° + (Css +C ) X* +Cle x¢ -i-(K‘s +K%® )._x‘ +K%xd = ~MPri, <R+ P

(1a)
ad yd ac) . da od de\T da od ddy. s
Y Gl +(C ‘) X5+ CY % +(K °) X +K*x=-M%Yr.x, +F (1b)
m 0 0 0 & +e g 0 0
0 m 0 0 -, ¢, +c, . 0
t 5: LS, 2 e = 2 ~h e I A
rong d6: e M 0 0 - o0 C 0 ) S va
0 0 0 my 0 0 =gy oy
k+k, -k, 0 0
- k i (- . R
K* = gz kz.-f- 4 o i lan luot 12 cdc ma tran khdi luong, ma trén can va
. . ==/ N
0 0 =ky ky
ma trin do cimg ctia két ciu.
X X X
s xz s i?_ r 38 2 A s . I A 2 i A 4
X’=¢ S X={ frva¥k’= lan luot 1a cac vécto dap umg vé chuyén vi, vén toc
Xy Xy Xy

va gia toc clia két cau.

Cac ma trin dic trung cta hé gidng (M%9,C%, K%, x¢ %9 va %) ciing x4c dinh twong
tu nhur cdc ma tran dic trung cua keét cau.
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T 4 3
C™ 4+ C® 4 C* 4 (C"“) —C™  Cic ma trin vé d6 cimg cia hé gidng (K*, K® K*

va K%) ciing x4c dinh tuong ty nhu ma trén can.

1 2 A

1 F2 \ 2 A . ” I . r 5
o , F=¢ "¢ va P=!"2\ 13n luot 1a cic vécto don vi, vécto lyc ma sat va

1 Fy B

vécto tai trong tic dong.
uj : hé s6 ma st dong ciia thiét bi can ma sat dugc lip dit & tang thir j.

3.THUAT TOAN GIAI PHUONG TRINH CHUYEN DPONG

— FD lam viéc dudi 2 trang thai:

e Trang thai “dinh” khi: Fooj = HN; (2a)
Khi d6, ta c6 quan hé sau: X' = v ¥ =, )'id (2b)
e Trang théi “truot” khi: = uN, (3a)

s[(Fj )M = Frax,j néu (Fj )i 2 Foy
SI(F})"” = ~Finas néu (FJ )i+1 < —Fax,j

Céc chi s6 dudi st va sl chi trang théi cua FD, st la “dinh” va sl la “truot”.

Tir (2a) va (3a) chi khi nao FD & trang thai “trwot” thi méi lam tiéu tan ning lugng cia tai
trong tac dong. Péi véi FD duoc diéu khién bi dong thi F, = const, gid tri F, . nay phu

va lyc ma sat lic nay duoc xdc dinh: (3b)

thudc vao thiét bj can ma sat (tic 1a phy thude vao hé s6 ma sat dong u j va luc kep Nj) theo
quan hé sau: F..,=HN, 4)

Theo (4): luc ma sat 1on nhat s (khi FD xdy ra trang thai “truot”) ma ta thiét 1ap trude

trong mdi hé can la co thé thay dbi dugc qua viéc thay dbi gia trj luc kep Nj.
— Viéc tim dap Gmg cua két cdu (x*,x* va X*) tir phuong trinh chuyén dong la phu thude
vao tai trong tac dong (P(t), gia tdc nén xg (t)) va trang thai cua FD, do d6, bai toan mang

tinh phi tuyén. Phuong phép s6 dé giai bai todn ny nhu sau:
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* Chia thoi gian t thanh cdc budc thoi gian ti (¢, =1.At, 1 la budc thoi gian thi i va At 1a
mbi bude thoi gian).
 Quan hé gifta chuyén vi va véan téc vao gia téc duoc ldy theo phuong phiap Time —
Newmark nhu sau [3]:
; o i[5 2 AL X . s . A
X, =X +[x,. +x,.+,]—2- va X, =X +x[..At+[2x,. +x,.+,:|?- (5)
* Dap ting cia két cdu & 1 bude thdi gian dién hinh duoc tinh theo luu dd & 0.

@U(jc THOT GIAN THU i)

-

-

(
s s(d) . e.5(d) _
Tinh st+sl 'xi+1 'ia st+sl'xi+] - (5)

R . ey a S . r-2 as
Gid tri st+siNi+]  Qugc gid sit trudce (dé tinh Idip)

o

(
Vong lgp 1: Tinh sr+si%i+1 = (6)
*
stbi+1 duge tinh lap

o * SAI , ws® s
gan SFF;‘"} H.S'fE"'] @ gan,j'['hﬂ'xf"'] _St‘hj'l'xf'f'j
A

PDUNG
Vong lap 2: Tinh  Fi ;= (7)

e

DUNG
| Vonglgp 3: Tinh_y%%,= () |
DUNG
wd — sud 5 sacl* .
gin i =%t
DUNG

| Xétlai trang thdi clia FD theo (2) va (3) |

@U(’ic THOT GIAN THU E+D

Hinh 4.Luru d6 thuét todn tim dap tmg ciia két céu sir dung FD
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S5 db de ss db
G - sr+s!(c +C )'sr+5 i+l +sr+sf C *st+sl |+1 +s!+sl (K + K ) “st+sl :+I
= | (M7 (6)
st+s5l i+l R ch + Ms 5 x { )+ F.. _ P
st+s|' *st+sl Xr+l st+sl i+l st4sl Ti+l  st+sl Ti+l

il dd xd de oS da o d
SfF =t M 'sr-H:Ix +5‘f [(C ) :|'sr+sfx +ﬂ C 'S£+slx + (7)

T
de s da d dd . 52
+s,{(K ) ].ﬁﬂ_,x s, M¥p

de i -5 da
sl (C ) '.\-r+s1‘xi+l ;IC .sf+s.'xl+l+

d Y ! 8
stH] sl {(M‘”) :1 4 T P , ( )
s {(K c) :|-s:+srxf+l ¥, K%, a%hita M*“L.2; (t!+l)_sf Fia
ea va ef 14n luot la céc sai s6 vé gia tdc va lyc ma sét trong m&i 1an tinh 13p.
o Két qué bai toan 1a chinh xdc khi ldy:
T, PGA N
At =—E : £, =—s : g = ﬁ—s 9)
200 10 10

trong do: TF 1a chu ky dao dong tu nhién cta két cAu, PGA l1a dinh gia toc nén cua tai
trong dong dat.
4.vi DU TINH TOAN

4.1.Hé mot bac ty do

S5 liew vé dic tnmg két chw  k=29.991(kN/cm), m=5000kg,
¢=0.1225(kN.s/cm) (ti s6 can cia vat li¢u & ldy bing 5%), do cimg ciia hé gidng chira
VFD: k' =25.9747(kN /cm)

4.1.1.Ddp 1rng ciia hé vdi dao dng tw do

Véi x(O) = x'(O) =10cm, x(O) = J'C'(O) =0, P(t) =0va X, (t) =(. Tong thoi gian
phén tich 1a 2.5s, voi budc thoi gian At = 0.001s va Fpe = 20kN.

p-
g | MU = I Tt i N—
e ety I - - chuyen\nketcau khi co FD, x
H;"‘*ﬁé’ 3 ‘ — chuyen i he giang chua FD, x' ‘ ‘
: - —— - chuyen vi ket cau khi khong co FD
A e il . i g = e
0.5 1 1.5 2 25
Thoi gian (s)

Hinh 5.Dap tmg véi dao dong tu do
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Nhan xét: Khi xdy ra trang théi “truot”, chu ky dao dong ciia két chu c6 sit dung FD Ia 16n
hon so véi khi khéng duoc diéu khién hay ndi cach khac, FD da 1am cho két cau dao dong
chdm lai. Sau khi “dinh” (ttrc 1a x = x”) thi chu ky dao ddng clia hé 1a hang so.

4.1.2.Ddp iing ciia hé véi tii trong diéu hoa
x(0)=x'(0)=0, x(0)=#(0)=0, P()=150.5in(16.4) (kN,s) va X, (¢)=0. Téng
thoi gian phan tich 14 2.5s, véi budc thoi gian At = 0.001s v Fmax = 60kN.
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Thoi gian (s)
Hinh 6. Dap mg vé niing luong (a) va chuyén vi (b) véi tai didu hoa
Nhdn xét: Theo biéu dé dép (mg vé nang lugng (0a), duong tidu tin ning luong ctia FD c6
hinh dang khé giong v6i dudng ning lugng tich liy cua tai trong, diéu d6 da cho ta cach thirc
sirdung F, trong FD. Sy giam dap tmg cua két cAu sir dung FD déi véi tai trong diéu hoa la
khong 16n, do d6, hé can FD khéng thich hop dé giam dap tmg voi tai trong gid.
4.2.Hé nhiéu bic ti do

Xét két cu khung 3 ting cia toa nha miu [5]. Céc dic diém dong luc hoc ciia két céu
duoc cho nhu sau:

o m=m,=m,=478x10°(kg); k, =k, =k, =1393(N/m); £=0.02%
o m =m,=m =350(kg); ki =k, =k;=432(N/m); &'=0%
Liy At=0.001, &, =0.0001 (m/s2) va g =1N.
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4.2.1.Ddp tkng cia hé vdi tai trong xung

MOt tai trong xung tac dong vao ting 2 ctia két ciu P I:O Fod ) O] P ) dugc md
ta nhu bén, tong thoi gian phén tich 1a 2.5s.
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Hinh 7.Tai trong xung hinh sin tic dong vao ting 2

| - Chuyen Vi lon nhat |
7 Chuyen vi tuong doi lon nhat
Gia toc lon nhat

Tang
[pS ]
o=
c
o
O
1)
8
=}
3
b= |
-
Q
2

0 20 40 60 80 100
Do giam (%)

Hinh 8.D% g;am dap {mg 16n nhat véi tai trong xung khi sir dung
o =[468;468;508](kN)

— | |
2 RE N l
| | i ]

0 20 40 60 80 100
Do giam (%)

Il
e |
[y
X
wh

Hinh 9. D6 gidm dép (mg 16n nhét khi sit dung F2,,.,
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Nhgn xét: Véi céc cong trinh chju tai trong xung, viée giam céc dap tmg 16n nhit (nhu
chuyén vi 16n nhat, gia toc 16n nhat, lyc cit 1én nhat,...) 1a rat quan trong doi voi do bén va su
on dinh ciia cong trinh. Tuy nhién, d§ giam dap img 16n nhét cta két cdu sir dung FD 12 khong
16m (0), ngay khi ta tang lwc ma sat trong FD 1én gép 5 lan (0) thi hiéu qua cung khong tang lén
dang k€. Dieu nay dugc giai thich nhu sau: ning lugng tiéu tan ciia FD ciia mot chu ky chi ti 1&
thudn v6i chuyén vi, trong khi nang lugng tiéu tin ciia vét liéu thi ti 1& véi binh phuong cua
chuyén vi. Hon nita, do dic diém ctia FD 1a dan tiéu tin ning lugng qua timg chu ky nén né
khong hiéu qua dé tiéu tén nang lwong tirc thoi cua dap (mg 16n nhat. Vi vay, hé can FD khong
hi¢u qua nhiéu doi voi tai trong xung.

4.2.2.Ddnh gid cdc yéu to dnh huwéng dén sw hiéu qud vé giam ddp ieng ciia két cdu siv
dung FD dbi véi cong trinh chiu tdi trong djpng dat:

Tai trong dong dat ElCentro duoc str dung dé phan tich bai toan d mé ta & phan trén.

Yéu té vé luc sat trong FD:

pé dginh gid anh huong ciia Fmax trong FD dén sur hiéu qua giam chén, ta s dung tham sd
di€u khién r dugc dinh nghia nhu sau: rj = Fmax,j / Wj, trong do, Wj 1a trong luong cia moi
tang.

Do giam dap ung (%)

0.1 02 03
Tham so dieu khien r
(a) P9 giam dép tmg vé chuyén vi 16n nhét

Do giam dap ung (%)

0.1 0.2 0.3
Tham so dieu khien r
(b) D6 giam dép ting vé chuyén vi trung binh
Hinh 10.D giam dép (g ciia két cdu vai tham s6 r thay ddi
Nhén xét: V6i cung tai trong téc déng, khi r nho (tirc Fmax con nho) thi d§ giam dap tmg
ciing chua nhiéu do sir tiéu tén ning lugng cia FD ti 1é véi Fmax. Khi r tang thi do giam dap
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Do giam dap ung (%)

{mg ciing tang theo va ting dén mot gia trj t6i uu, nhung khi qua gia trj dinh nay thi dé-gi?am
dap (mg giam theo (0), do luc nay luc ma sat trong FD qué l6n dan dén trang thai cua FD luén

“dinh” nén it xdy ra qua trinh tiéu tin ning luong va khi

Yéu té vé s6 lwong FD:

nay FD gan giéng nhu mot hé gidng.

Ta phén tich dap ting cua cdc két cAu c6 s6 lugng FD dugc b tri nhu sau (0):

e

LDt

@z (A) 26crss R 220 v (C) (572237 ]

n

Hé can ma sat

Hinh 11.Cac trudng hop phén tich

Truong hop:

(A): khi khong diu khién

(B): 1 FD dt & tang I

(C): 2 FD dit o ting I va Il
(D): 2 FD dat & tang I va 111
(E): 3 FD dit & tang I, 1T va III

— Db giam dép mg & cac trudng hop (B), (C), (D) va (E) dugc so sanh v6i trudng hop (A).
) e— - , — — e

Truong hop Truong hop

c D E B c D

- Ting3 -

— - — ==

Truong hop

Hinh 12.D giam dap (g vdi céc truong hop st dung FD khac nhau

. -Chuye_na lon nhat |

\ I Gia toc lon nhat
Luc cat lon nhat

\ ' Chuyen vi trung binh |

I Gia toc trung binh
L- Luc cat trung binh

Trang 87



Science & Technology Development, Vol 11, No.05- 2008

Nhdn xét: Do giam dép Gng ti 18 thuan véi s luong FD dugce str dung. Déi voi trudng hop
(C) va (D) (cing str dung 2 FD) thi nhin chung d6 giam la gan nhu nhau nhung & céc tang cé
su dung FD, d§ giam dap tmg 1a 16n hon céc tang khong sir dung FD.

Yéu té vé phé gia téc nén cua tai trong déng dat:
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Hinh 13. Phé gia tbc nén cua 4 trn dong dat
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Hinh 14. D$ giam dép tmg ctia két cdu véi 4 phd gia tdc nén khéc nhau
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B Chuyen vi lon nhat

B Chuyen vi tuong doi lon nhat
= Gia toc lon nhat

[77 7] uc cat lon nhat

[ Chuyen vi trung binh

[E227] Chuyen vi tuong doi trung binh
I Gia toc trung binh '
B L uc cat trung binh

Nhn xét: (Két qua dép img duoc tinh véi r tdi wu d6i véi timg trin dong dAt) FD hiéu qua
Vo1 céac trdn dong dat co pho nhu Oa va b, con dbi véi cac tran dong dat c6 dang nhw 0d (co
dang tuong ty nhu tai trong xung) thi FD hiéu qua khong nhiéu.

5.KET LUAN

'Do khi le'lrr} viéc, FD ludn chuyén déi gifta 2 trang thai “dinh” va “truot” nén bai todn 13 phi
tuyén (phi tuyén do FD va tai trong dau vao). Dya trén phuong phap Time-Newmark, viéc tim
nghiém ctia phuong trinh chuyén dong ciia két chu sir dung FD trd nén don gian hon.

~ Hiéu qua cua FD voi tai trong gid hay tai xung la kém hon so véi tai trong dong dat. Trong

sO céc yeu t0 anh hudng dén hiéu qua giam chén cia FD thi yéu t& vé& su phit hop Fx va pho
gia toc nén 1a dong vai trd quan trong. Hon nira, hé can ma sat cho két qua vé su giam dép tng
vé chuyén vi 12 tot hon so vdi gia toc.

Péi v6i Viét Nam, khi cac cdng trinh xay dung khong cao va chiu cic trén dia chén khong
16n [2] thi viéc sir dung FD hop 1y hon ca.

ASSESSMENT OF THE EFFICIENCY OF FRICTION DISSIPATORS
FOR SEISMIC PROTECTION OF BUILDING

Pham Nhan Hoa ©, Chu Quoc Thang®
(1)HCM city University of Technology
(2)International University, VNU-HCM

ABSTRACT: This paper presents a reliable and accurate numerical model of the lateral
dynamic behavior of buildings protected with passive controlled friction dissipators. The
algorithm based on Newmark's method is developed for solving numerically this problem. On
this model, the numerical examples aims analysis of the elements which affect a vibrating
reduction of a building equipped the friction dissipator subjected seismic loading. Finally, this
paper also provides preliminary conclusions about the advantages and disadvantages for

[riction dissipators.
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