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Tém tit

Dam cau nhip 16n rat nhay cam véi tac dung ciia
gio bdo. Mot trong cac phwrong phap ndng cao vdn
toc gié t6i han cho cau nhip Iom la ldp thém cdc
tdm méng vao hé dady cdp. Viéc lap thém cdc tam
mong ndy di tao ra cdc lye khi dong bé sung va
lam tang 6n dinh khi déng ciia dam cau. Trong bai
bdo nay trinh bay viéc tinh todn vin téc gié téi
han ciia mé hinh mdt cdt cau khi lcfp thém cdc tam
mong vao hé day cap trén co so phwong phdp
buede Iap hiéu chinh. B can Loga va tan sé flutter
duwoc khdo sdt trén toan mién vin téc gio. Cac két
qud tinh toan trong bai bdo la co so cho cac
nghién cieu tiép theo vé cdi tién cach lap ddt cia
bién phdp diéu khién khi dong.

Tir khéa: Vin toc gio" Slutter ’to'i han, cdu treo day
vong, mo hinh mat cat, cac tam mong, hé day cap,
phwong phap budc lap hiéu chinh.

Abstract

Long-span bridge decks are very sensitive to the
effects of wind. One of the methods to increase the
critical wind speed is to install flaps to create
additional aerodynamic forces. This paper
presents the calculation of the critical flutter wind
of a bridge deck section model with flaps fixed to
the hanger by using Revised Step-by-Step method.
The Logarithmic resistance and flutter frequency
are investigated over the entire wind speed range.
The calculation results in the paper are the
fundamental for further studies on improving the
installation of aerodynamic control method.

Keywords: Critical flutter wind speed,
suspension bridges, section model, flaps, hangers,
Revised Step-by-Step method.

1. Gi6i thiéu
Dam cau nhip 16n do két ciu thanh méanh nén nhay
cam voi tac dung cua gi6. Hién tuong mét 6n dinh uén

xodn xay ra khi gi6 théi vao dim cau dwoc goi 1 hién
tugng flutter. Sau sy kién cAu Tacoma Narrows cii sup
d6 dudi tac dung ciia van tdc gié khong qué 16n, hién
tugng flutter da nhan duogc nhiéu su quan tdm nghién
ctru. DA c6 rat nhiéu cong trinh nghién ctru vé hién
tugng flutter cling nhu cac bién phap nham nang cao
van tdc gio flutter t6i han cho cau nhip 16n.

Dé nang cao On dinh khi dong ctia dam céu, c6 hai
bién phép chinh la phuong phap co hoc va phuong
phap khi dong. Nguyén ly ctia phuong phap co hoc 1a
lép thém vao dim ciu mot hé phuy, nang lugng dao
dong ciia dam ciu s& chuyén thanh niang luong dao
dong cua hé phy, tir 46 lam tang tinh 6n dinh cua dim
cau. Mot sd dang hé phu lép thém c6 thé ké dén nhu
hé giam chan khdi lwong (TMD) [1-3], thing chira
chat long (TLD) [4], dng chat long dang chir U
(TLCD) [5-7],... Nguyén 1y cua phuong phap khi
dong 1a 1ap thém vao cac tim mong, tir d6 xuat hién
cac luc khi dong bd sung lam ting on dinh khi dong
clia dam cau. Céc tdm c6 thé duoc ndi khop hai bén
ctia dam cau [8-9], nbi khép mot bén ctia dam cau [10],
gén cimg vao dam cau [11] hodc gan vao day cap [11],
nbi khép vao phia dudi hodc phia trén dam cau [12-
14].

Trong [11], céc tac gia da d& xuat hai phuong an bd
tri gdn cimg cac tim mong, tuy nhién chi phuong an
gin climg cac tAim mong vao dam ciu 1a co cic cong
trinh nghién ctru trién khai tiép theo [15-17], trong khi
d6 phuong 4n gén clig cac tim mong vao hé day céap
mic du hiéu qua hon nhung chwa c6 cac cong trinh tiép
tuc nghién ciru phat trién. Trong ni dung bai béo nay
s& thiét 1ap hé phuong trinh chuyén dong ciia dam cau
va cc tim mong lip vao hé day cap cua ciu treo day
vong. Phuong phéap budc 1dp hiéu chinh RSBS [18] ap
dung cho truong hop cau khong lap thiét bi giam chén
s& duoc mo rong tinh toan van tdc flutter toi han khi lap
cac tim mong vao hé ddy cap mot cach twong minh. Hé
hai phuong trinh phi tuyén duoc thiét 1ap nhim xac
dinh d6 can Loga va tan sb flutter. Hai dai luong nay
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khong chi dugc khao sat tai vi tri téi han ma con dugc
nghién ctru trén toan mién véan toc gio (dudi t6i han va
trén td1 han).

2. Phuong phap nghién ciru

2.1. M6 hinh tinh todn

Dbi voi cau nhip 16n, dao dong flutter ciia dim
cau thong thudng dugc xét dudi dang mo hinh mat
cit [19, 20]. M6 hinh mit cét ciia dim ciu duoc trinh
bay nhu trén Hinh 1. Dam cau c6 khdi lugng trén
mot don vi dai m, momen quan tinh khéi trén mot
don vi dai 7, bé rong dam cau la B. Dam cau c6 hai
chuyén vi tuong tmg voi dao dong udn 1a 4 va dao
dong xodn 1a a. P9 cling chéng ubn va do cing
chéng xodn cta dim cau 1an luot 13 &y va ke, duoc
xéc dinh théng qua tan sé dao dong udn w, va tan sb
dao dong x04n e PO can udn va do can xodn cua
dam cau 1a ¢, va co dugc xac dinh thong qua d¢ can
Lehr ubn &, va do can Lehr xodn . Lap vao hai bén
hé day cap cac tim mong c6 bé rong By, khdi lugng
my, sO lugng cac tim mong trén mot nhanh day cap
1a n.

H¢ day cap

Cactam Cactam

Gid mong mong
—_—

A A
—_— Dam cau
_—

Hinh 1. M6 hinh mdt cit dam céu lip cdc tém mong

vao hé day cap

Lf1 LfQ
Mf Mf2
) l hfl l hf?
Gio
—_—
— ¢‘ o
—_— < h )
PN

Hinh 2. Cic chuyén vi va cdc thanh phén lyc khi

dpng tic dung lén dim céu, tim méng phia thwong

Str dung phuong phép Lagrange II, phuong trinh
chuyén dong ctia hé¢ mé ta nhu trén Hinh 1 ¢6 dang:
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(m+2m )h=—kh-ch+I,+ 0
an1 +nlL 12
[1+2me’|é = ~ka-ca+M, +
| 2)

nM, +nM, + n(—Lf1 + Lf2)e
v6i Ly va Mo 1an lugt 12 luc nang ma momen xo04n do
gid tac dung lén dam céu; Lp, My, Ly, My lan luot 1a
lyc nang va momen xodn do gi6 tac dung 1én cac tim
mong phia thugng luu va phia ha luu ciia ludng gio; e
1a khoang cach theo phurong ngang tir tim ciia cac tim
mong dén tim cua dam ciu. Cac thanh phan lyc khi
dong dugc biéu dién nhu trén Hinh 2.

Phuong trinh lyc gi6 tac dung 1én dam cau [19,
20]:

L, = %pUQB [KH;‘ g + KH, % +

4

3
. o h
KH,a+ K°H —}

1 . h . Ba
M ==pUB*| KA — + KA' == +
a 2p |: 14|U 2 U

Y Q)
K*Aa+ K°A, —}
‘ B

v6i U la van tde cua ludng giod; p 1a khéi luong riéng
cta khong khi; 4", H (i =1, 2, 3, 4) 1a cac tham s6
khi dong phy thudc vao tan sd thu gon K va dugc xac
dinh bang thyc nghiém trong thi nghiém ham gi6 vai
ting mat cit cau cu thé.

Tén sd thu gon K dugc xac dinh:

K=—= ()

v6i wr 13 tin sb dao dong flutter cua dim cau.

Céc tAim mong khi ldp cimg vao dim ciu s& chuyén
vi cling véi dao dong ubn xoan cia dam cau. Tuy
nhién, khi lap cac tim mong vao hé day cap, cac tim
mong s& khong co chuyén vi xodn ma chi cé chuyén
vi 1én xudng theo phuong dimg ciung véi dao dong
ubn ctia dam cau. Do d6 phwong trinh lyc gi6 tac dung
1én cac tim mong khong co sy xudt hién cua thanh
phan chuyén vi xoin.

Chuyén vi theo phuong dung cua cac tim mong
phia thuong luu ludng gio:

hf1 =h—eca 6)
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Chuyén vi theo phuong ding ciia cac tim mong
phia ha luu ludng gi6:

hf2 =h+ea 7

Phuong trinh lyc gi6 tac dung 1én mot tim mong
lap vao day cap ¢ phia thuong luu ludng gio:

h h
' 4—](’1141 13 8®)

L
L, =5 pUB, | K H,

hy, by
LKA 9)
YU

M, —pUsz K A g

Phuong trinh lyc gio tic dung 1én mot tim méng
lap vao day cap ¢ phia ha luu ludng gio:

1, .
Ly, = pUB, | K H,

(10)

(11)

Céc tham sb khi dong Hy", Hu'", Ai®, As”, Hid'

Hy', A", Ag2" phu thude vao tan sé thu gon:
K - Bfa)F

f U

(12)

Trong trudng hop cac tdm dugce xem 1a mong, cac
tham sb khi dong trén co thé duoc xac dinh theo cac
ham giai tich nhu trong [19, 21].

2.2. Tinh todn vin toc gié téi han bang phwong
phap bwoc lap hiéu chinh

Phuong phéap budce 1dp hiéu chinh RSBS (Revised
Step-by-Step) da dugc Gido su M. Matsumoto va cac
cong su dua ra trong [18]. Pay la phuong phap manh
dung dé tinh vén toc gio flutter t¢i han cla dam ciu khi
khong lap thiét bi giam chan. Phuong phap nay di dugc
mé rong dé tinh toan van tdc gi6 t6i han khi dam cau
lip TMDs [2] va truong hop cac tim mong gén khop
vao phia dudi dam cau [13].

Trong ndi dung bai bao nay, phuong phap RSBS
s€ dugc st dung dé tinh toan van tde gi6 flutter t61 han
khi ldp cac tim mong vao day cap. Trinh ty tinh toan
duoc cu thé theo nhiing budc sau:

Bude 1: Gia thiét phuong trinh dao dong xodn co
dang:

o= aegffsma)t

(& 4/\/1_5)

Bucc 2: Thay (13) vao phuong trinh (1), ta xac
dinh dugc ti s6 bién d6 (ho / ) va do léch pha gitra
dao dong udn va dao dong xodn We.

(13)

Bude 3: Biéu dién lai phuong trinh (2) dudi dang
chuén:

G+28 0,0+ 0 (1447 )a=0 (14)

Cén ch ¥ rang, giita d6 can Lehr va d6 can Loga
cua dao dong flutter co6 mbi lién hé:

S, =21, [\1-¢2 =220 (15)
va
1+g;2=1/(1—§;) (16)

Twr phuong trinh (2) va (14), ta suy ra hai phuong
trinh (17) va (18) xac dinh d6 can Loga & va tan sb
flutter wr. Hé hai phuong trinh phi tuyén (17), (18)
v6i ba an sb 1a van tde gi6 U, 36 can Loga oF va tan
s6 flutter wp. Cho U bién thién véi sb gia AU=0,1m/s,
v6i mdi gia tri ctia vén toc gio U, ta s& ¢ hai phuong
trinh phi tuyén twong tmg hai an s6 Jr va wr. St dung
ham fsolve trong Matlab, ta s€ xac dinh duogc 2 dai
luong nay, tir 46 vé& duoc do thi biéu dién sy bién thién
theo van tdc gié turong Gmg.

3. Vi du tinh toan
Xét md hinh ciu Great Belt c6 cac thong s6 nhu

trong Bang 1 [2].

Bing 1. Cic théng sé ciia cdu Great Belt

Ky hi¢u Tri s6 Pon vi
B 31 m
m 17,8x103 kg/m
I 2,173x108 kgm?/m
P 1,225 kg/m3
n 0,62 rad/s
e 1,17 rad/s
& 0
2 0
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Céc tham sb khi dong cta cau Great Belt duoc
biéu dién duéi dang ham xap xi da thic thong qua
cac gia tri thuc nghiém nhu trong [2]. Vén tbc gi6
flutter toi han khi khong lap cac thiét bi giam chén
1a 40,1m/s [2].

Lap cac tim mong vao day cap, voi 2 trudng hop
n =1, n=2. Khoang cach theo phuong ngang cua hai
hé day cap B. = 27m, d6 1éch tam e = B,/2 = 13,5m.
Céc tam duoc xét ¢6 bé rong 0,18 [11], 1am bang thép
va ¢ khéi lugng riéng 1a 7850kg/m?>.

4. Két qua va thao luin

Trong muc nay s€ khao sat hiéu qua nang cao van
tdc gi6 toi han véi sé lugng khac nhau cia cic tim
trén cac nhanh day.

4.1. 56 lwong tim trén mét nhinh day n = 1

Dau tién, xét trudng hop bb tri mot tim mong trén
mot nhanh day (n = 1). Khao sat van toc gi6 U bién
thién trong khoang [5 + 80] m/s. St dung phuong
phap RSBS, ta v& dugc do thi biéu dién sy bién thién
ctia d6 can Loga va tan sb flutter f theo van tbc gio
nhu trén Hinh 3 va Hinh 4.

Trong do:

w, :27rff (19)

Van tdc gi6 flutter téi han dugc xac dinh Ia
U.=47,6m/s. Hiéu qua nang cao van toc gi6 téi han 1a
18,7%. Két qua nay 1a phi hop tbt voi hiu qua nang
cao van tbc gio téi han trong [11]1a 21%.

0.15\

N
E 0.1}
= 0.05f
0 A 1 1
20 40 60 80
U [m/s]

Hinh 3. Do thi biéu dién sw bién thién ciia fF theo U
voi n=1

20 40 60 80

U [m/s]
Hinh 4. Dé thi biéu dién sw bién thién ciia 5F theo U
voi n=1
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4.2. 86 lwgng tam trén mét nhanh day n =2

Xét truong hop sd luong cac tim trén mdi nhanh
day 1a n = 2. Tiép tuc str dung phuong phap budc lap
RSBS, ta xay dung duogc db thi biéu dién sy bién thién
clia d6 can Loga va tan s6 flutter theo van tdc gié nhu
trén Hinh 5 va Hinh 6.

0.15 \
N
T o1 !
q_l.l.

0.05

0 i i i
20 40 60 80
U [m/s]

Hinh 5. Do thi biéu dién sw bién thién ciia fr theo U
voin=2

20 40 60 80
U [m/s]
Hinh 6. Do thi biéu dién sw bién thién ciia 6r theo U
voin=2

Véin=2, van tdc gio flutter ti han dugc xac dinh
U., = 56m/s. Hiéu qua nang cao van tc gié tGi han 1a
39,7%. Nhan thay rang khi sb luong cac tim mong
trén cac nhanh day khac nhau, hiéu qua nang cao van
tc gi6 toi han thay ddi rd rét.

5. Két luan

Bai bao da trinh bay tinh toan van tdc gio flutter
t6i han khi 1ap cac tim mong vao hé day cap. Cac tim
mong cung cip cac luc khi dong bd sung lam ting on
dinh flutter cua ddm cAu. Mot sb van dé duogc giai
quyét nhu sau:

e Phuong trinh chuyén dong cua mat cit dim ciu
khi 1ip cac tim moéng vao hé day cap duogc thiét lap
theo phuong phép Lagrange II.

e Phuong phap RSBS dugc mo rong tir bai toan
dao dong flutter ciia dam cu khong 14p thiét bi giam

chén cho truong hop 1ap cac tAim mong vao hé day cap.

e Thiét 1ap hé hai phuong trinh phi tuyén mot cach
tuong minh dé xac dinh d can Loga va tan so flutter
theo cac gia tri clia van toc giob.

e Su bién thién ctia d6 can Loga va tan sb flutter
ciia ddm cau duoc xét trén toan bo mién vén tdc gio

(vi tri téi han, dudi t6i han va trén tdi han).

e Cac két qua tinh toan phu hop tot voi tai liéu
chuyén nganh cong b, do d6 cho thay su tin ciy cua
phuong phap tinh dé xuat.

o Su thay ddi van toc gi6 t&1 han theo $6 lwong cac
tAm mong trén mot nhanh day dwogc khao sat. Cac két
qua md phong cho thay viéc lp cac tim mong vao hé
day cap 1a mot bién phap hi€u qua, dac biét khi tang
) luong t?im, ¢ thé trién khai cho céc cong trinh
trong thuc té.

Mot s6 van dé van chua duoc giai quyét trong bai
béo d6 1a khao sat sy hidu qua ciia viéc lap cac tim
mong vao hé day cap khi thay ddi bé rong cua cic tam,
bd tri cac tAm chi vé& mot phia va xét sy thay ddi hiéu
qua nang cao van tdc gi6 flutter t&i han khi thong s6
clia dam cdu thay ddi (khao sat Robustness). Nhing
vén d¢ nay can duoc tiép tuc nghién ciru trong cac bai
béo tiép theo.
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