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Abstract: Stay cables are important elements in cable-stayed bridge. When
the stay cable has a large length, it becomes sensitive to vibration problems,
causing material fatigue that reduces the durability and load-bearing capacity
of the structure. To reduce vibrations of the stay cables, various damping
devices are installed to enhance the damping performance, such as hydraulic
dampers. Determining the parameters of the hydraulic damping device is
essential to ensure effective vibration reduction. The paper presents the
establishment of an analytical model for evaluating the efficiency of reducing
stay cable vibrations using hydraulic dampers based on the finite element
method. Based on this model, appropriate damping parameters for the stay
cable are determined. The results of analysis are compared with experimental
field measurements at My Thuan 2 cable-stayed bridge.
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Phan tich hiéu qua giam dao déng day vang

c6 str dung thiet bi giam chan thuy lwc

Nguy&n Tudn Ngoc'!, Phung Ba Théng?, Tran Trung Hiéu3, Nguyén Trong
DPoéng*
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Nam, s& 18 Hoang Quéc Viét, Cau Gidy, Ha Noi, Viéet Nam

2Trwdng Pai hoc Cong nghé Giao thdéng van tai, 54 Triéu Khuc, Thanh Xuan,
Ha No6i 100000, Viét Nam

3Trweng Pai hoc Kién Truc Ha Noi, Km 10, Nguyén Trai, Thanh Xuan, Ha Noi
100000, Viét Nam

4Cong ty TNHH Freyssinet Viét Nam, 11 Tran Hwng Dao, Hoan Kiém, Ha Noi,
Viét Nam

Tém tat: Day vang la bo phan chiu lwc chi yéu trong cau day vang. Khi chiéu
dai day cap vang ting Ién, né tr& nén nhay cam véi cac van dé dao dong, gay
ra hién twong maéi vat liéu 1am gidm d6 bén va strc chiu tai ciia cong trinh. Dé
giam dao déng cho day vang, cac loai thiét bj giam chan dwoc I&p dat nham
bd sung thém, tdng d6 gidm chén, vi du nhw thiét bi gidm chan thay lwc. Viéc
xac dinh théng sb cla thiét bi gidm chén thay lwc la rat can thiét nham dam
bao hiéu qua gidm dao dong. Bai bao trinh bay viéc thiét lap mé hinh phan tich
hiéu qua gidm dao déng day vang cé s dung thiét bi gidm chén thiy lwc bang
phwong phap phan t& hiru han. Tl d6 xac dinh théng sb can phu hop cho day
vang. Két qua mo hinh phan tich dwoc so sanh véi gié tri do thi nghiém hién
trwdng tai cdu day vang My Thuan 2.

Tw khéa: day vang, dao ddng, thiét bi gidm chan, mé hinh phan tich, phan t&
hiru han.

1. Gi&i thiéu

Day cap vang dwoc ciu tao tir nhivng tao cap
cuwong db cao, cé vai tro 1a bd phan chiu lyc quan
trong clia cau day vang. Dbi véi ciu day vang co
nhip cang I&n thi chiéu dai day cang tang, dd manh
cang lén va nhay cam véi cac lyc tac dong bién
thién nhw hoat tai, tai trong gi6, dong dat... Mot sb
trwo'ng hop day cap vang da xay ra dao ddng manh
trén thé gi¢i va gay ra cac hw héng nhw tai cau
Tempozan (Nhat Ban), Fred Hartman (Hoa Ky),
Dongting (Trung Quéc), Dubrovnik (Croatia) [1],

[3].

M6t trong nhirng gidi phap dé giai quyét van
dé day cap vang dao déng manh 1a I&p dat thém

thiét bi c6 kha nang gidm dao dong. Bén canh d6
c6 thé cai tién bé mét ctia dng boc cap HPDE nham
tranh dao dong mua gi6é két hop va dao dong tién
trién. Bién phap cai tién bé mat dwoc st dung phd
bién & chau Au va chau My 1a cac gan xoan don
hodc déi. O Trung Quéc va Nhat Ban, cac ranh doc
ho&c phan nhé 1én va Idm dwoc st dung nhiéu hon
(Hinh 1) [2].

Do kha nang gidm chéan ban than trong cap
rAt thAp (chi khoang 0,01-0,2%), cac thiét bj giam
chén bd sung thwdng dwoc dung dé hd trg gidm
thiéu dao déng. Cac thiét bi gidm chéan bao gém
gidm chan thdy lwc (Hydraulic Dampers), gidm
chan ma sat (Friction Dampers), gidm chan cao su
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(HDR), gidm chat khéi lwogng (Tuned Mass
Dampers-TMDs). Trong cac thiét bi gidm chan,
gidm chan thdy lwc cé khd ndng tiéu tan ning
lwong hiéu qua, dd bén cao, dé I&p dat va bao tri
nén dwoc dung nhiéu trong cac cong trinh cau, vi
du nhw ciu My Thuan 2 (Hinh 2).

Viéc nghién ctru ly thuyét bai toan dao déng
cla day vang c6 s dung thiét bj gidm chan dwoc
trinh bay trong cac tai liéu [4-7]. Trong d6, Le Xuan
Luu va cdng s xay dung dwéng cong giam chén
phd quat [4]. Nguy&n Duy Thao xét dén anh hwéng
cla dd clrng chdng uén téi dao dong day vang [5].

Hinh 1. Cai tién bé mét gidm dao déng day vang

Nguyen & nnk

Ngoai ra, viéc sir dung phwong phap phan t&r hiru
han dé& phan tich dao déng day vang duwogc trinh
bay tai [8-10]. V&i muc dich kiém tra hiéu qua giam
dao déng day vang cua thiét bj gidam chan, cac thi
nghiém hién trwdng dwoc tién hanh va trinh bay tai
[11,12]. Bai bao trinh bay md hinh bing phwong
phap phan t& hiru han va cong thirc giai tich dé
phan tich dao déng day vang co6 st dung thiét bi
gidm chan thidy lwc bang phwong phap phan to
hiru han, so sanh véi két qua ly thuyét théng qua
viéc gidi phwong trinh dao ham riéng va két qua do
thwc té tai mot cong trinh ciu & Viét Nam.

Hinh 2. L&p d&t bo giam chan cho day vang

L,

Hinh 3. So d6 tinh toan day vang co6 st dung thiét bi gidm chén thiy lyc

Bai toan day vang gan thiét bj giam chan thay
lwc dao ddng tw do tat dan da dwoc trinh bay chi
tiét trong nhiéu tai liéu. Vi vay, phan nay chi trinh
bay tém tat lai co s& ly thuyét da dwoc néu tai [7].

Hinh 3 mé t& so dd tinh toan bao gébm day cap vang
c6 lién két cb dinh & hai dau, chiu lwc cang H (N),
chiéu dai L (m), thiét bi gidam chan dwoc gan cb
dinh tai vi tri cach d4u day khoang l, (m). Lwc can
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clia thiét bi gidm chén thay lwc trong mé hinh dwoc
mo ta thdng qua hé sb can ¢ (Ns/m). Day cap vang
c6 khéi lwong trén don vi chiéu dai 1a m (kg/m).
Phwong trinh vi phan dao déng cua hé cé dang:
2 2
oo g B(xl) (1)
Dat u(x,t) 14 ham dich chuyén ngang clia day
cap; 0 la ham Dirac. S&r dung phwong phap tach
bién:
u(x,t)=X(x)T(t) (2)
Thay (2) vao (1), ta cé:

d°T

—+n2T=0 (3)

a2 |

va

d’X m

Ly n2X= <x< 4

52 H g X0, OsxsL, x# (4)
Tw (3) ta co:

T(t)=e"" (5)

Va twr (4), ta cé:

( Asinn Tx 0=x=l
X(x):i \/; ’

m
Bsinn\rﬁ (L-x), lp=xsL
S dung cac diéu kién bién tai cac diém neo
day vang:
X( X(
A= (1 (1

= B=
) 7
sinr]\/glo sinn\/@(L-lo) "

Céc diéu kién can bang lyc tai diém lap d&t
gidm chén:

(6)

Nguyen & nnk

H au au _au(l) 8
N N T (8)
Ta co:
m m icX(l)
Acos \/il +Bcos \/i L-lg)=-— 9
nJglo n H( 0) R 9)

Sau mét sb bién ddi, chung ta co:
cot(arr)+cot(arm(1-r))+i6=0 (10)

P - 2 _ _c
trong do, i la don vi o, i“=-1, r=lp/L, e-ﬁ,

=r:‘—?=$ \/E C6 thé thay, voi méi gia tri Iy xac dinh,
cac hé sb can c, khdi lwong m, lwc cang H da biét
thi xac dinh dwoc r va 6. Phuong trinh (10) c6 thé
gidi dwoc bang cac cong cu toan hoc phd bién nhw
Matlab. Nghiém a clta phwong trinh (10) ciing la
sb phtrc, bao gdbm phan thyc va phan do. Ty sb
gidm chan dwoc xac dinh theo a nhw sau:

_ Im(a) (1)

JRe(a)2+Im(a)?

Vi du tinh toan: Xét trurng hop chiéu dai day
cap L=120m, thiét bj gidm chén thay lwc dwoc l1ap
dat tai vi tri cach dau neo ly=6m, ti s6 r=ly/L=0,05.
S dung Matlab giai phwong trinh (10) ta thu dworc
dwerng cong ty s6 gidm chén € theo 6 dwoc trinh
bay tai Hinh 4. K& qua thu dwoc gia tri
=0,0266 tai 6=7. Pwong cong nay cho thay

grrllax ]
néu gia tri 8 (hoac hé so6 can c twong &ng) qua nhoé
ho&c qua I&n thi hiéu qua gidm chan déu thap. Vi
vay, viéc xac dinh gia tri hé sb can ¢ phu hop dé
dat dwoc hiéu qua giam dao dong.

0,030 T T

X7
A Y0,026616
0,025 \

0,020 -
0,015 |-
0,010 -

0,005

T T T T T

0 | | 1 |
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50 60 70 80 90 100

Hinh 4. Biéu d6 dwdng cong ty sé gidm chéan € theo 0

3. M6 hinh phan tte hiru han phan tich dao déng

day vang cé sir dung thiét bi giam chan thay
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lwc

Viéc st dung md hinh phan t& hiru han dé
phan tich dao déng day vang gan thiét bi gidm chan
dwoc mo ta chi tiét trong tai liéu tham khdo FHWA-
HRT-14-049 phat hanh thang 8 nam 2014 ctia Hoa
Ky [8]. Trong d6 phan mém phan tich phan t& hiru
han SAP2000 dugc st dung v&i kha nang phan
tich lich st thoi gian dao déng cua day vang co
hodc khéng cé gan thiét bi gidm chén chiu tai trong
gi6. Pay ciing 1a phdn mém dwoc st dung rong rai
trong viéc tinh toan két cau néi chung. Phan t&r ddm
(beam) dwoc st dung d& mod ta day vang, diém
quan trong la st dung ky thuat phan tich P-delta
dé ké toi hiéu tng cla lwc cang trong day. Thong
sb lwc céng rat quan trong vi né anh huéng truc
tiép dén tan s6 dao dong day vang. Ngoai ra, nhiéu
chwong trinh phan mém phan tich phan tlr hiru han
khac ciing cé nhirng tinh ndng twong tw cé thé
dwoc sir dung dé giai bai toan dao déng day cap
nhw Ansys [13] sé dwgc st dung trong nghién clru
nay. Viéc xay dwng md hinh dao dong day vang cé
st dung thiét bj giam chan bang phan t& hiru han
st dung phan mém Ansys nhu sau. Day vang
dwoc chia thanh 500 phan tlr dang ddm Beam188,
c6 tiét dién quy doi bang tiét dién day vang. Do
cng chdng udn cta phan t&r ddm dwoc chuong
trinh tw ddng xét dén dwa theo kich thuéc tiét dién
la bé rong va chiéu cao. Tuy nhién, do d&c diém
céu tao bd day vang hinh thanh tir cac tao cap don
|é dwoc dat chung trong 6ng boc cap nén gia tri dd
cing chdng ubn nay duoc coi la nhd va khé xac
dinh trong thuc té. Lwc cang ban dau trong cap day
vang dugc dwa vao trong mé hinh thédng qua wng

Nguyen & nnk

bién cta phan t&r dam Beam188. Thiét bi giam
chén thiy lwc dwoc mé hinh héa bang phan to
Combin14 trong phan mém Ansys. Phan tl nay
bao gdbm mét 16 xo cé dd cirng k mac song song
voi thanh phén can c. Thwc hién phan tich theo
thoi gian (Transient analysis), tai thoi diém du, dat
lwc phan bd déu trén day vang dé tao do Iéch ban
dau cta day vang so v&i vi tri can bang. Sau do,
loai bo Iwc tac déng, day vang sé dao déng theo
thoi gian. Do tac déng clia phan tir Combin14, bién
dod dao ddng sé giam dan theo thoi gian (dao déng
tét dén).

Dé kiém nghiém hiéu qua cla viéc st dung
phan mém Ansys trong bai toan phan tich dao
déng day vang co st dung thiét bj gidam chan,
nghién clru nay xay dwng bai toan véi cac théng
sb da néu trong muc 2 va so sanh véi 16 giai
phwong trinh vi phan (10). V&i 8=7, cac théng sb
c,H,m dwgc Iwa chon phu hop trong dé
¢ = 165354 Ns/m, m = 93kg/m, H = 6000kN. Két
qua thu dwoc biéu dd dao ddng cuia diém gitra day
theo thoi gian. Trong d6 bién d& dwong dau tién
a;=0,0279m; bién dd6 dwong ther muaoi
aq o= 0,0053m, sb chu ky n=9. P6 gidm 16-ga

5= 1 In (0.0279
9 0.0053

)=0,184. St dung méi quan hé gitra ti
s6 gidm chan va dod gidm l6-ga, §2=%=O,0292.
Nhuw vay, sai léch gilra &, tinh theo phwong phap
moé phéng sb va Smax theo phuong phap giai
phwong trinh dao ham riéng 1a khodng 9%. D6 thi
dao dong tat dan cua day vang theo thoi gian dwoc
trinh bay trén Hinh 5.
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Hinh 5. Biéu db dao déng ctia day cap vang c6 st dung bd gidm chan thiy lyc
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4. Ap dung mé hinh phan tich giam dao déng
cap day vang cau My Thuan 2

Pé danh gia hiéu qua gidm dao dong cla
thiét bi giam chan thdy lwc, cdng tac thi nghiém
hién trwdng dwoc tién hanh va dwoc trinh bay
trong cac tai liéu tham khao [14-16]. Muc nay trinh
bay viéc ap dung mé hinh phan tich giam dao dong
cap day vang vai sb liéu ctia ciu My Thuan 2. Xét
day vang s 16 ciu My Thuan 2 c6 céc théng sb:
s6 lwong tao cap 69, dién tich tiét dién
A = 69*150 = 10350 (mm?). Do c4u tao day vang
tr 69 tao cap riéng & nén dd cing chéng ubn
chung clia day vang kho xac dinh chinh xac nén
dwgc coi la nhd co gia tri 1= 8,9 €% (m#*). Khéi
lwong don vi m=95,41 (k;g). Chiéu dai day cap
L=188,6(m), vi tri 1ap gidm chan 1,=5,24m. Luc

Nguyen & nnk

cang trong day H=6162 (kN) (theo hd so thiét ké).
Do clrng thiét bi gidm chan bang k = 450 kN/m. Xét
cac gia tri hé sb can clha thiét bj gidm chén
c= 10; 80;110; 250; 500 kN.s/m.

Day vang dwoc md hinh ndm ngang twong
tw hinh 2, khéng xét dén géc nghiéng cua day va
dd véng ban dau. Thuwc hién mé phéng dao dong
tat dan, két qua thu duoc 1a biéu dd dao déng theo
thoi gian (s). Két qué mé phaéng Hinh 6 va Bang 1
cho thay dd gidm loga Sm phong= 0,0515 (5,15%)
twong &ng v&i hé sb canc = 110 kN.s/m. Két qua
do d6 gidm 16-ga tai cau dy,; nghiem=2,29% [14,15].
Sai s6 giira két qua mé phéng va két qua do hién
trwong la -2.7%. Hinh 7 minh hoa cong tac thi
nghiém hién trwdng tai cau My Thuan 2 [14].

0,006

A o - " P
0,004 f'v Fall & Il \ / A
I i\ Fi [a\) P\l ;’& \ s
A { ! 1w [N N ™\
/ | i VIR | | I o
oy i y q % \.1‘ W f I
0,002 f A [ i Al /- | 4 '\ I7
7% Iy 7\ { 7 :
g [\ I\ /N 4% 1IN 4N
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g \ f \ I [ Fi ] 1 i \ ¥l \ |
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2 | i { F i ) i I i i
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Hinh 6. K&t qua mé phdng dao dong tat dan theo thdi gian day cap vang cau My Thuan 2.

Bang 1. Tdng hop két quéd mé phdng dao dong tat dan
Hé sb ¢ (kN.s/m) 10 80 110 250 500
515 5,22 3,8

D6 giam I6-ga (%) 1,4 45

Hinh 7. Hinh anh thi nghiém hién truéng do dd gidm chén day vang [14]
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5. Két luan

Day cap vang la bd phan két ciu chiu luc
quan trong clia cau day vang. Dé gidm dao dong
cta day, bd gidm chan dwoc 13p d&t nham cung
cap cho day d6 giam chan bd sung tir 3% dén 4%
hoac cao hon. Bai bao da trinh bay viéc 1ap mé
hinh phan tich dao dong tat dan cta day ving c6
st dung thiét bi gidm chén, so sanh véi & gidi theo
phwong trinh dao ham riéng dao dong va két qua
thi nghiém hién trwong. Mot sé két qua thu duwoc
nhw sau:

+ Xay dwng dwoc mé hinh bang phwong
phap phan ti hitu han dé phan tich dao déng cla
day vang c6 st dung thiét bj gidm chan thay lwc.
Két qua mé hinh phan tich twong déi phu hop véi
|0 gidi gidi tich. Da khao sat dwgc anh hwéng cua
thong s6 d6 can c cua thiét bi gidm chan déi véi
coéng tac gidm dao déng cuia day cap vang. Néu
lwa chon théng sb ¢ qua Ién hodc qua bé cé thé
khién viéc gidm dao déng kém hiéu qua.

+ So sanh véi thi nghiém hién triedng do thuc
té, két qua mé hinh dao déng tat dan cua day vang
c6 sai sb trong khoang dwdi 10%.

Mot sb han ché va ndi dung nghién ctru tiép
theo:

+ Xét dén anh hwéng ctia dd cirng chéng udn
cua day vang trong bai toan phan tich dao déng.

+ Anh hwéng cta géc nghiéng day vang, do
véng ban dau do trong lwong va lwc cdng trong day
vang.

+ M&i xét dén dang dao déng dau tién cla
day vang do st dung lwc phan bé déu. Trong thuc
té khi do dao déng day vang, lwc tac dong tap trung
(dung day thirng kéo giat tao xung) nén dao déng
do dwoc cla day l1a téng hop cta nhiéu dang dao
dong.
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