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TOM TAT

Cau day vang thudc loai cdu c6 nhip Ién, dd cing nhé va dé bi anh hwéng véi cac tai trong co tinh chét
chu ky. Day cap vang 1a két cdu mém theo phwong ngang va cé ty s6 can dao déng rat thap. Khi chiu cac kich
doéng cé tinh chét chu ky trong cac diéu kién nhat dinh, day cap vang co thé tich Iiy nang lwong va dao dong véi
bién do kha lon. Day cap vang thuwdng xuyén dao dong véi bién do Ién sé bj pha hoai do hién twong maéi gay ra.
Bai bao trinh bay co s& ly thuyét va phan tich s cho giai phap nang cao kha néng 6n dinh dao déng clia day cap
vang bang thiét bi can mé hinh dan nhét cé xét dén doé cirng cla day cap vang; xay dwng chwong trinh Cable-
BKDN dé tw déng héa cong tac thiét k& gidm chan déi véi day cap vang trén moi truong MATLAB. Két qua
nghién clru cho phép xac dinh cac théng sé t6i wu cla thiét bi can va vi tri gan thiét bi cdn hop ly nhét trén day
cép vang.

Tir khéa: day cap vang; thiét bi can; ty sé can; tAn s6 dao dong; md hinh dan-nhét.

ABSTRACT

Cable-stayed bridge is a long span bridge. It has small stiffness and is influenced easily by some cycle
load. Cable-stayed is flexible horizontal structure and has very small damping factor. When cable-stayed is
excited by some cycle load in specific condition, it can accumulate the energy and vibrate with larger amplitude.
Cable-stayed usually vibrate with larger amplitude, it will be destroyed by fatigue phenomenon. This paper
presents the theory and numerical analyze for enhancing the vibrating stability of cable-stayed by damper device
with visco-elastic model in consideration of the bending stiffness of cable-stayed. Making the program Cable-
BKDN to design automatically the damping damper for cable-stayed in Matlab environment. From the study
results, it is possible to determine optimal parameters of damping device and the best suitable location attached
damper device on cable-stayed.

Key words: Cable-stayed; damper device; damping ratio; vibration frequency; visco-elastic model.

cau ddy ving & nudc ta van con réat 16n trong thoi
gian t6i. Day cap vang 1a mét trong cac bd phan
quan trong va dic trung cta loai hinh két ciu cau
day vang. Cac day cap vang thuong rat dai, co
duong kinh nho c6 thé dugc xem 1a két cdu mém
déo theo phuong ngang va c6 ty s6 can rét thp.
Nhip ciu diy ving cang 16n thi ddy cap ving
cang dai, ty sb can cang thip, day cang dé dao
dong voi bién d6 16n dudi tac dung clia cac tai
trong cé tinh chu ky. Day cap vang thuong xuyén
dao dong véi bién d6 16n sé gay ra hién tugng
moéi bén trong diy cap ving. Dé khic phuc hién
tuong niy ta co nhiéu phuong phéap, trong do
phuong phap sir dung thiét bi giam chan gin vao
day cap ving & gan vi tri dau neo dugc sir dung

1. Pit vin dé

Két cau cau day vang dang duoc sir dung
rong rii trén thé gioi boi tinh thim my va kha
nang vuot nhip ciia né. Cau day ving khau d¢ 16n
dau tién duoc xdy dung & Viét Nam la cau My
Thuan (Vinh Long-ndm 2000) véi chiéu dai nhip
chinh 350m, tiép d6 1a hang loat cac du an xdy
dung cau ddy viang khac nhu: cau Kién (Hai
Phong) nhip chinh 200m, ciu Bii Chiy (Quéang
Ninh) mot mét phang day véi nhip chinh 435m,
cdu Can Tho (Can Tho) nhip chinh 550m, ciu
Tran Thi Ly (Pa Ning) ba mat phing day voi
nhip chinh 230m...Véi dia hinh c¢6 nhiéu hé
thong song 16n trén ca nudc, nhu cau xdy dung
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kha phd bién. Viéc gin cac thiét bi giam chéan s&
lam giam bién d¢ dao dong cua cap nho luc can
sinh ra trong thiét bi giam chan. Céc thiét bi giam
chdn nhu: Viscous Damper [1][2], Friction
Damper [3], High damping Rubber Damper
[4][5]... d4 duoc st dung nhim giam dao dong
ctia ddy cap vang mot cach rat hiéu qua.

Hinh 1. Thiét bj giam chdn Viscous damper bé tri tai
Arthur Ravenel Jr. Bridge (USA)

Hinh 2. Thiét bi giam chdn cao su (High damping

Rubber Damper) bé tri bén trong ong dan hiréng
Noi dung cta bai bao trinh bay co s¢ ly
thuyét va phuong phap phan tich s6 khao sat dao
dong ctia day cap vang co gin thiét bi giam chan
nhét ¢ xét dén d6 clng cia thiét bi can (Visco-
Elastic model) va d¢ cimg chéng uén EJ cta day
cap vang. Xay dung chuong trinh Cable-BKDN
dé ty dong hoa cong tac thiét ké thiét bi giam

chan cho day cap ving trén méi truong Matlab.

2. Phwong trinh vi phan dao dgng cia hé day
cap ving - thiét bi can

Day cap vang dugc gan cb dinh tai hai dau
day chiu lyc cing “S”, ¢6 chidu dai “L”, thiét bi
giam chan ngoai dugc gan tai vi tri cach dau cb
dinh ctua day cap mot doan “1”. Lyc can phat
sinh trong thiét bi giam chin dwgc moé phong
thong qua hé s6 can nhét “c” va do climg “k” ctia
thiét bi can. M6 hinh phan tich hé cap vang-thiét

bi can nhu Hinh 3.

| L-1

N %Cg;ﬁk m, L, EJ %

Hinh 3. M6 hinh day cdp ving — thiét bi can

v

Trong dé: m-khoi lwong ciia cdp vang trén
mot don vi chiéu dai; EJ-do cung ch(fng uén ciia
day.

Tw [6] va [7], phwong trinh vi phan dao
dong cua hé co dang:

du d'u u
m.— + EJ. —S. =faxz,t 5z—-1 (1
o’ dz' 9’ I @

Trong dé: u(x,t)-ham chuyén vi cia cdp;

5-ham delta dirac; f{x,t)-lwc can trong thiét can.

u It
ot

fa,t =c +kau Lt (2)

Ap dung phuong phép tach bién cua
Fourier két hop voi diéu kién bién tai cac vi tri
neo cap va diéu kién can bang luc tai vi tri gin
thiét bi can, ta thiét 18p dugc phuong trinh tan sd
cua day cap vang nhu phuong trinh (3):

| m
, jcotg[(l—t).L.\E.n]
no -1
+cotg(L.\/7.lL.77 3)

c . k
= i+
Jms nAm.S

Trong d6: ni -tan s6 dao dong cia day &
mode dao dong thu i. Dt k 1a tri riéng c6 dang
phuec:

ki =0 + ]gbl = —§i —I—j.,’l _gl? n, /wil (4)

Véi 1%-tan s6 dao dong co ban cua day
cap vang khi chua gan thiét bi can; 6i,i -1a phan
thuc va phan o cuta tri riéng thu i; -ty sO can
mode thu i cua day cép vang.

2
E= 1+ ©

2
g.
i

w|3

Thay (4),(5) vao phuong trinh (3) va tach
riéng phan thuc va phan 4o ta dwoc hé gdbm hai
phuong trinh (6),(7):
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_Sin[Zﬂ'.(l—II_).O']_
[A.(o-z —¢2)—1]. Mll
sin(2r.—.o)
4L
L M, ]
sinh[27r.(1—l).¢] sin(27z.l.¢)
+2.A.0.9. L, L
Ml MZ
O
20— 7 =0 (6)
_sinh[27r.(1—||_).¢]_
2 2 Ml
[1—A.(a —¢ )]. |
sin(2;z.r¢)
+—
L M, J
Sin[272'.(1—l).0'] Sin(Zﬂ'.l.O')
+2.A.0.9. L + L
Ml MZ
+2.D. 2¢ ~—20=0 (7)

o +¢

Trong d6: A,®,0-cac thong sb khong thi
nguyén phu thudc vao cic thong s6 ban dau ciia
hé day cap vang va thiét bj can, cac théng sd
A,® va ® dugc xac dinh theo phuong trinh (8);
M1,M; 1a céc tham sb xac dinh theo phuong trinh
(9).,(20).

Azﬂz.E—Jz; o k.L;G): C

S.L

ﬂ? \/m.S

M, = cosh®[7.(1—- lL).¢] —cos?[z.(1—- I—L).a] 9)

(8)

M, =Coshz[zz.I—L.¢]—C052[7r.lL.a] (10)

3. Xay dung chwong trinh Cable-BKDN trén
méi treong MatLab

H¢ phuong trinh (6),(7) 1a hé phuong trinh
phi tuyén. Chuong trinh Cable-BKDN dugc xay
dung dé ty dong hoa viéc giai lap hé phuong
trinh phi tuyén trén méi truong MATLAB.
Thuat toan cia chuong trinh dugc thé hién nhu
hinh Hinh 4.
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Giai hg phuong trinh

=it 1 Nghigm:=Nghigm+o.

Tinh todn cac thong sb
ctia loai biéu dd tuong ting

Luu ket qua
dang file Text

Hinh 4. So d6 thudt todn chicong trinh Cable-BKPN

4. Mt s6 két qua phan tich s6 bing chwong
trinh Cable-BKDN

Kha ning 6n dinh dao dong cia day cap
ving duoc danh gia thong qua ty s6 can “&”.
Chuong trinh Cable-BKDN cho phép danh gia
anh hudng cia cic thong sb cua thiét bi can
(thiét bi giam chén) dén ty sb can cua day cap
vang nhu sau.

4.1. Anh hwéng ciia hé sé cin nhét “c” ciia
thiét bi giam chin dén ty sé cin

He¢ s6 can nhot “c” cua thiét bi giam chan
anh huong dén ty sb can ciia diy cap vang thong
qua hé s6 © = ¢/(m.S)?°. Khao sat sy bién thién
clia ty s6 can thir nhat “€,” twong tng véi su thay
d6i ctia ®@=[0+100], cac vi tri lap dat thiét bi giam
chan 1/L=0,02; 0,03; 0,04; 0,05 va 0,1. Két qua
khao sat duoc thé hién trong Hinh.5.

Két qua khao sat Hinh 5 cho thdy: ban dau
ty s6 can thir nhit cua day cap ving “&” ting
cung véi sy tang cua ©. Tuy nhién sau khi “&,”
dat dén gia tri cuc dai thi “&;” giam dan theo su
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tang cua ©. Tir két qua phan tich nay c6 thé xac
dinh dugc hé sd can nhét tdi wu cua thiét bi can
nham dat duoc ty s6 can 16n nhat cho day cap
vang.
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Hinh 5. Ty 56 can “&” — Théng s6 ©

Tién hanh phan tich anh huong cua hé sb
can nhét “c” ddi voi cac ty s can ¢ mode dao
dong thir i, két qua phan tich thé hién ¢ Hinh 6.

0.014 -

0.012 [4h A

0.01

0.008 -

0006 ff -+ 4 -4 --

0.004 {----

0.002

Hinh 6. 7y 56 can “&” — Théong s6 ©

Tir két qua phan tich Hinh 6 cho thay: tmg
véi cac mode dao ddng khac nhau thi hé s6 can
nhét tdi wu 1a khac nhau. Diéu nay ching té tmg
v6éi mot hé s6 can nhét “c” nhat dinh cta thiét bi
can (thiét bj giam chin) no6 chi phat huy t6t hiéu
qua giam chan déi véi mot mode dao dong nhét
dinh.

Két qua so sanh hiéu qua giam dao dong
ctia thiét bi giam chén theo mé hinh dan nhét va
thiét bi giam chan cao su [5] duoc thé hién &
Bang 1.

Bdng 1. So sanh ty s6 can theo cic md hinh

0,02 ‘ 091 ‘ 0,52 ‘74,50%|

Vi tri Ty sb can cua ddy cap ving
gén thiét bi can theo cac mo hinh can &1(%)
I/L ban-Nhét | HDRD [5] | Chéch 1éch
0,10 3,47 2,74 26,72 %
0,05 2,01 1,32 52,07 %
0,04 1,67 1,05 58,86 %
0,03 1,30 0,78 66,09 %

Tir két qua & Bang 1 cho thdy: hiéu qua
giam dao dong ciia thiét bi giam chin theo md
hinh dan nhét 16n hon so voi thiét bi giam chin
cao su HDRD [5]. Tuy nhién, giam chan cao su
lai ¢6 wu diém vé mat my quan (do thiét bi giam
chan dugc bé tri bén trong éng din hudng cap)
va chi phi duy tu bao tri thiét bj it hon.

4.2. Anh hwong ciia dp cieng “k” ciia thiét bi
gidm chén dén 1y sé cin

Do cimg “k” cua thiét bi giam chan anh
hudong dén ty sd can cia diy cap ving thong qua
hé s6 ® = k.L/(n.S). Khao sat sy bién thién cta
ty s6 can thir nhat “&” twong Gmg voi sy thay doi
ciia @ =[0+100], thong s6 ®=2; 3; 5; 7 va 10.
Két qua khao sat dugc thé hién trong Hinh.7
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Hinh 7. 7y 56 can “é&” — Théng sé @

Két qua phan tich Hinh 7 cho thdy: do
cling cua thiét bi giam chan cang 16n thi s& cang
lam suy giam ty s6 can cua diy cap ving (suy
giam hiéu qua giam chén cua thiét bi). Piéu nay
duogc giai thich nhu sau: khi d§ cung “k” cua
thiét bi can ting 1én, day cap ving bi khoa cimg
tai vi tri ge“in thiét bi can; thiét bi can khong hép
thu va chuyén hoa dugc ning luong dao dong
cua day cap vang va nhu vay s€ khong phat huy
duoc hiéu qua giam chin cua thiét bi.

4.3. Anh hwéng ciia dp cirng chéng uon EJ
ciia ddy cap ving dén ty $6 cdn

Ty sb can cua ddy cap ving ngoai viéc
phu thudc vao cac thong s cia thiét giam chin
con phu thudc vao do cing chéng udn EJ, luc
cang S va chiéu dai L cua day cap vang. Thong
s6 khong tht nguyén A xéac dinh theo phuwong
trinh (8) dugc dé xuat nhiam khao sat anh huéng
ciia d6 cing EJ dbi voi ty sb can cua diy cap
vang. Nghién ctru sy bién thién cua ty sé can thu
nhét “&” khi A thay dbi tir [0+0,2] tmg v6i vi tri
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gan thiét bi I/L= 0,02; 0,03; 0,04 va 0,05. Két
qua khao sat dugc thé hién ¢ Hinh 8.

i T

L= 0.03
[| —— =004 | __
—s—/L=10.05

g, (%)
=

0 i i i i i i i i j

Finished 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
A
Hinh 8. Si gia tang Ty s6 can “&” theo A

Tir két qua & Hinh 8 cho thay: khi xét dén
d6 cimg chdng uén EJ cua day cap sé lam gia
tang ty sd can cua dy cap vang 1én 17,5%. Gia
tri nay la dang ke khi xét dén kha nang han ché
dao dong va on dinh khi ddng cua day cap vang.

4.4, Anh hwong ciia vi tri gdn thiét bi cin

@

——0

@

i i i i T
0 0.08 01 0.15 02 028 03 035 04
/L

Hinh 9. Ty 56 can “&” — Vi tri gdn thiét bi can

Khio sat sy bién thién cia ty so can thu
nhit (dao dong mode 1) cua ddy cap ving tuong
g v6i cac vi tri lap dit thiét bj giam chén I/L =
0+0,4; tham s6 O thay doi trong pham vi 5+8;
két qua khao sat dugc thé hién trong Hinh 9.

Két qua khao sat Hinh 9 cho thay: Khi ty
sd I/L cang ting nghia 1a cang dua vi tri thiét bi
giam chdn gan vé phia giita diy thi ty sé can
cang tang Ién (hi¢u qua gidm dao dong cho day
cap vang cang tot hon) va dat gia tri 16n nhét tai
0,4. Tuy nhién, v6i gia tri nay doi hoi phai dua
thiét bi can 1én rat cao so v6i mit cau, do do rat
kho khin cho viéc thiét ké, 1ap dit ciing nhu duy
tu va bao tri thiét bi dong thoi anh hudng dén
kién tric my quan ciia cau. Thong thuong thiét
bi giam chin dugc lip dat tai vi tri L =
0,02+0,05.

4.5. Sw thay doi vé tan sé ciia day cdp ving

Khi duoc gén thém thiét b can, tan sé dao

36

dong cua day cap vang sé thay ddi va phu thudc
vao cac thong s cua thiét vi can. Hinh 10 thé
hién sy thay ddi tan s6 dao dong mode thir i d6i
v6i thong sd “c” cua thiét bi. Két qua khao sat
cho thay: khi gin thém thiét bi giam chan su
thay d6i vé tan s ctia day 1a kha nho.

i i H H i N H H
0 10 20 30 40 50 60 70 80 90 100
e

Hinh 10. Si thay déi vé tan s6 Mode i — ©

4.6. Xac dinh ty sé cin lén nhit ciia ddy cdp
twong rng vdi cdc thong so ciia thiét bi can

002

0015
— 001 e
v

0.005

0.l
100

Hinh 11. Quan hé ba chiéu &-O-®

Ty s6 can 16n nhat cua dy cap ving phu
thudc vao céc thong sb6 cua thiét bi can nhu: hé
sb can nhot “c”, d6 ctng “k” va vi tri gén thiét bi
“l/L”. Bé danh gia dong thoi sy anh huéng cua
“c” va “k” dbi véi ty sd can cua day cap ving,
chuong trinh Cable-BKDN cho phép thé hién két
qua ba chiéu &-©-® nhu Hinh 11.

004
0o3

0oz

9l

0of .

100

Hinh 12. Quan hé ba chiéu &-©-I/L
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Sy anh huong dong thoi cua “c” va “I/L” dbi
Vv6i ty sb can ciia ddy duoc thé hién két qua ba
chiéu &-O-I/L nhu Hinh 12. Tir cac két qua khao
sat & Hinh 11 va 12 cho phép xac dinh duoc cac
thong s6 “c”, “k” tdi uu cua thiét can va vi tri
gan thiét bi “I/L” hop ly nhit trén day cap ving.

5. Két luan

thuyét va phan tich sd giai phap sir dung thiét bi
giam chan mo hinh dan nhét co xét dén do cimg
chbng uén EJ cua day. Panh gia anh huong cua
céc thong so thiét bi giam chan ddi véi ty sd can
cua day cap vang. Xay dung chuong trinh Cable-
BKDN dé tu dong hoa cong tac thiét ké giam
chan trén may tinh. Két qua nghién ctru cho phép

Véi muc tiéu nang cao kha ning 6n dinh dao
dong day cép vang, bai bdo da trinh bay co s¢ ly

[1]
(2]
(3]

[4]

5]

(6]

[7]

xac dinh cac théng sd va vi tri gan thiét bi giam
chan hop 1y nhat mang lai hiéu qua giam dao
dong toi uu nhat cho day cap vang.

TAI LIEU THAM KHAO

J. A. Main, N. P. Jones: “Free Vibrations of Taut Cable with Attached Damper. I: Linear Viscous
Damper ”, Journal of Engineering Mechanic/2002, Vol 128, No10, pp 1062-1071.

J. A. Main, N. P. Jones: “Free Vibrations of Taut Cable with Attached Damper. II: NonLinear
Damper”, Journal of Engineering Mechanic/2002, Vol 128, No10, pp 1072-1081.

Emmanuel Rigaud, Joel Pirret-Liaudet, Michel Berlin, Lucille Joly-Pottuz and Jean Michel
Martin 2010: “An orginal Dynamic tribotest to discraimine friction and viscous damping”
Tribology International, Vol.43, pp 320-329.

Yozo Fujino and Nam Hoang: “Design Formulas for Damping of a Stay Cable with a Damper”
Journal of Structure Engineering ASCE/2008, pp 269-278.

Nguyén Duy Thao: “Kiém soat dao déng ciia ddy Cap ving bang thiét bi can theo mé hinh High
Damping Rubber Damper c6 xét dén d6 cting chdng udn cua diy cap ving”, Tuyén tdp cong trinh
Hi nghi Co hoc toan quéc lan thir 9/2012, Tap 1: Pong luc hoc va diéu khién, trang 564-572.
Duy-Thao Nguyen and Van-My Nguyen: “Vibration control of Stayed-Cables using viscous
linear dampers in consideration of bending stiffness”; The 2011 World Congress on Advances in

Structural Engineering and Machanics (ASEM’11+), Seoul-Korea, 18-22 September 2011, pp
2673-2772

Elsa de Sa Caetano: “Cable Vibrations in Cable-Stayed Bridges”; Structural Engineering
Documents, 2007

(BBT nhdn bai: 26/07/2013, phdn bién xong: 09/08/2013)

37



	1. Đặt vấn đề
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