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Nang cao van toc gio toi han cho cau nhip 1o bing cach lip cac tim mong
lén cac day cap vé mot phia clia dm cau
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Tom tit:

Viéc niang cao van toc gid téi han cho ciu nhip 16n bang phwong phap khi dong nhin dwgc sw quan tim ciaa nhiéu
nha nghién ctru. Khac véi bién phap co hoc, bién phap khi dong dwogc thuc hién voi su thay dm lwe glo tac dung len
ciu, tir dé nang cao 6n dinh khl dong cia ciu twong wng. bé thay déi lwe gio tac dung lén ciu, co thé lap cac tAm
mong vao mot phla cua dam ciu hoiac vao diy cap. Bai bao nay tap trung trinh bay viéc niang cao 6n dinh khi dong
ciia dim ciu khi lap cac tim mong vao day cap, co xét dén viéc b tri vé phia thuwong lwu va ha luu so véi huwdng gio.
S6 lwgng cac tAm mong lap trén mot nhanh day ciing dwgc khao sat. Phwong phap bwéc lap hiéu chlnh (RSBS) dwgc
str dung dé tinh toan van toc gi6 flutter téi han. Cac Kkét qua mo phoéng so cho thay, viéc lap cac tAm mong vé phia
ha luu luong gi6 cho hiéu qua ré rét. Hi€u qua nang cao vian tdc gi6 tdi han sé€ ting l1én khi 50 lwgng cac tim mong
trén mét nhanh diy ting. Hwéng nghién ciru ciia bai bao 6 thé ap dung cho cdc cau trong thye té tai Viét Nam va
cAc tinh toan c¢6 thé mé rong cho truwong hop mé hinh toan ciu.
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Abstract:

Improving the critical flutter wind speed for long-span bridges through aerodynamic methods has attracted significant
research interest. Unlike mechanical methods, aerodynamic solutions aim to modify the wind forces acting on the
bridge, thereby enhancing its aerodynamic stability. These modifications can be achieved by installing flaps either
on the bridge deck or on the hangers. This article focuses on improving the aerodynamic stability of the bridge deck
by installing flaps on the hangers, considering installation on the upstream and downstream sides relative to the
wind direction. The number of flaps installed on a suspender is also investigated. The revised step-by-step method
is used to calculate the critical flutter wind speed. Numerical simulation results show that installing the flaps on the
downstream side of the wind flow yields a significant improvement. The efficiency of enhancing the critical flutter
wind speed increases as the number of flaps on the suspender increases. The computational approach presented in
this article can be extended to full-bridge models. The research direction of the paper can be applied to bridges in
practice in Vietnam.
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1. Dt van de

Bén canh bién phap co hoc, viéc st dung cac bi¢n phap khi
dong dé nang cao van tbe gi06 t61 han da dugc thyc hién trong
nhiéu nghién ctru. Ban dau, bién phap khi dong bang cach lip
cac tAm mong dugc ap dung trong ly thuyet canh [1, 2], sau do
dugc mod rong ap dung cho truong hop dam cau chiu tac dung
cua gio. Trong nghién ciru cua D.C.D. Arco va cs (1999) [3],
cac tac gia dé xuat bd tri cc tam mong ndi cimg vao dam cau
hodc day cép, cac két qua md phdng so dugc thuc hién voi cau
Great Belt. Viéc b tri cac tim mong ¢ hai bén dam cau da duoc
d& cap va tién hanh mé phong s6 voi mo hinh mit cit [4, 5]
va mo hinh toan cau [6, 7). Trong nghién ctru cua P.D. Huynh
va cs (2013) [8], cac tac gia tiép tuc phat tr1en hudng nghién
ctru bd tri cac tam mong ¢ hai bén dam cau, cac két qua mo
phong s0 cling nhu thyc nghiém cho thay hi¢u qua véi ca hign
twong dao dong udn xodn véi ludng gio thodi déu (flutter) va
dao dong véi ludng gio rdi (buffeting). Trong nghién ctru cua
T. Huynh va cs (2001) [9], cac tac gia dua ra giai phap bd tri
cac tm mong ¢ phia dudi dim cau, bién phap diéu khién 1a
chu dong. Mot s6 nghién ctru da cho thay su hiéu qua khi lap
cac tim mong ndi cimg vao dam cau, sy hiéu qua nang cao 6n
dinh khi dong s€ tang Ién khi bé tri d6 1éch tim tang [10, 11].

Trong ndi dung bai bao nay, cac tac gia dé xudt mot
hudng tiép can khac, d6 1a b tri cac tim mong vao hé day
cap nhung chi b tri vé mot phia. Viéc bé tri vé mot phia s&
lam giam s6 luong cac tAm mong phai lap trén cau. Vi tri bd
tri ctia cac tim mong & phia thuong luu va ha luu ciia ludng
gi6 ciing duoc dé cap. Phuong phap tinh toan dugc sir dung
la phuong phap budc 1ap hiéu chinh (Revised step-by-step
method - RSBS) [12]. Cac két qua tinh toan s& duoc ap dung
mé phong sb cho cau Great Belt.

2. M hinh tinh toan

Xét mo hinh mat cat dam cau véi hai bac tw do [13, 14].
Dam cau ¢6 khdi lwong va momen quan tinh khdi trén mot don
vidailamval DJ cung chéng ubn va chéng xo0dn ctia ddm cau
1an luot 1a k, vak,. D6 can uon va do can xoan lan lugtla ¢, va
c,. Céc chuyen vi ctia ddm cau theo phuong uén va xoén la h va
a. B6 tri cac tAm mong 1én day cap & phia thuong luu (hinh 1)
va ha luu (hinh 2) cua ludng gio. Cac tAm mong co bé rong B,
khdi lugng m , s0 lugng cac tAm mong bd tri trén mot nhanh
day 1a n. Khoang cach tir tim mong dén khi tim dam cau 1a e.

H¢ day cap
Céc tAm
Gio mong
—> s
— Dam cau
—_—
—

Hinh 1. B tri cac tAm méng Ién day cap & phia thweng Iwu caa
ludng gié (mé hinh A).
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H¢ day cap

Céac tAm

Gid m(’)ng
—_—
— Dam cau
—_—

Hinh 2. B6 tri cac tAm moéng lén day cap & phia ha lwu cta ludng
gi6 (mé hinh B).

Dé thiét 1ap hé phuong trinh chuyén dong cua dim cau
dudi tac dung cua gio khi lap cac tam mong, trong bai bao
nay st dung phuong phap Lagrange.

D6i v6i mo hinh A, hé phuong trinh chuyén dong c6 dang

(m+m )h+chh+kh L,+nL, (1)

[l+mfe2]é2 =—k,o~c,a+M, +nM, —neL, (1b)

D6i voi md hinh B, hé phuong trinh chuyén dong c6 dang

(m+mf)}.l.+ch/z+khh =L,+nL, (22)

[l+m/.ez]0'é =-k,a—-c,a+M,+nM, +neL, (2b)
trong do: L, va M_ 1a lyc nang va momen do gio tac dung lén
dam cau. Phuorng trinh ctia L,vaM duge trinh bay trong mot
s6 nghién ciru trudce day [13 14]. "Céc hé s6 luc gio thong
thuong dugc xdc dinh bang thyc nghiém. Déi véi cau Great
Belt, cac hé s6 nay dugc tinh Xap xi da thirc nhu nghién clru cia
N.V. Khang va cs (2016) [15]. Luc nang va momen khi dong
tac dung 1én mot tim mong dwoc ky hiéu 1a L, va M, va dugc
tinh toan nhu nghién ctru ctia U. Starossek (1992) [16].

3. Phuang phap budce 1ap hiéu chinh

Dé tinh toan van tdc gio6 flutter té1 han, c6 ba phuong
phap manh la phan tich tri riéng phtc [13, 14], ky hiéu
s6 phirc [16] va budc lap hiéu chinh RSBS [12]. Trong
ndi dung bai bao nay su dung phuong phap budc lap hi¢u
chinh do wu diém c6 the khao sat dugc tan sb flutter va do
can Loga trén toan mién van toc gi6. So dd phuong phap
RSBS duogc trinh bay nhu ¢ hinh 3.

Step 1: Chuyén vi xoén

a =aye ™ sinot

(62 =¢r/1-27)

Cac thanh phan két hop H,; H,
xem nhw dao dong cwdng birc
Step 2: Dao dong uén Tim o,
r
Céc thanh phan két hop 4; 4,
xem nhw dao ddng tw do

Step 3: Dao dong xoéan —_— O —

Hinh 3. So dd phwong phap Revised step-by-step method. Step: Buérc.
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St dung phuong phap budce lap RSBS, ta xdy dung
dugc hai phuong trinh dai s6 phi tuyén tuong tmg voi ba an
so 1a van toc gio U, do can Loga g, va tan so flutter o,. Vi
mdi gia tri van toc gio U ta tim duoc J,va w, tuong ung

4. Két qua va ban luan

Xét mit cit cau Great Belt voi cac thong s6 cho nhu trén
bang 1. Van toc gio flutter td1 han khi khong lap céc tam
mong 1a 40,1 m/s [15].

Bang 1. Cac théng s6 clia cau Great Belt [15].

Thirty  Céc thong sb Ky higu  Gid tri Pon vi
1 B¢ rong dim cau B 31 m

2 Do léch tam e 13,5 m

3 Khéi lugng trén mot don vi dai m 17,8x10° kg/m

4 Momen quan tinh Kkhéi trén mot don vi dai [ 2,173x10°  kgm’/m
5 Tén s dao dong ubn o, 0,62 rad/s

6 Tén s dao dong xodn o, 1,17 rad/s

7 PG can Lehr ubn @ 0

8 Do can Lehr xofn & 0

B6 tri cac tim mong v6i bé rong B =0,1B nhu nghién ctru
cta D.C.D. Arco va cs (1999) [3]. Su hiu qua cuia viéc lap
cac tAm mong 1én day cap & phia thuong luu va ha luu ludng
gié dugc trinh bay trong muc tiép theo.

4.1. Cdc tdm méng lip lén ddy cdp phia thwong luu
luéng gié - mé hinh A

Xét Idp tim mong vai sb luong n=1. Su bién thién tin s6
flutter va d6 can Loga dugc thé hién nhu trén hinh 4 va 5.
Van tdc gi6 to1 han 1a 41,5 m/s. Hi€u qua nang cao van tbe
gi6 to1 han 1a 3,49%.

0,15 \

N
L 01T
‘_‘_I.I.
0,05
0
20 40 60 80
U [m/s]

Hinh 4. Bién thién tan sé flutter f, theo van téc gié U. Mé hinh A (n=1).

10 20 30 40 50 60 70 80
U [m/s]

Hinh 5. Bién thién dé can Loga 6. theo vén toc gié U. Mé hinh A (n=1).
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Tiép tuc xét lap tim mong véi sé luong n=2. Sy bién
thién tan s6 flutter va dd can Loga dugc thé hién nhu trén
hinh 6 va 7. Van tdc gi6 téi han 1a 42,1 m/s. Hiéu qua ning
cao van toc gid t6i han 12 4,99%.

0,15 \

T 01}
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0,05+t
0 . . .
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U [m/s]

Hinh 6. Bién thién tin sé flutter f. theo van téc gi6 U. M6 hinh A (n=2).

10 20 30 40 50 60 70 80
U [m/s]
Hinh 7. Bién thién d6 can Loga 6, theo vén téc gié U. M6 hinh A (n=2).

Nhu vay, co thé nhan théy réng, viée bd tri cac tAm mong
1én day cap vé€ phia thuong luu cta ludng gid 1a khong co
hiéu qua cao.

4.2. Cdc tdm mong lip lén day cdp phia ha lvu luong
gio - mo hinh B

Xét ldp tim mong vai s6 lugng n=1. Sy bién thién tan sb
flutter va do can Loga duoc thé hién nhu trén hinh 8 va 9.
Van tbc gi6 to1 han 1a 47,1 m/s. Hi€u qua nang cao van tde
gi06 t6i han 1a 17,46%.

0,15t
T 01
“_LI.
0,05+
0 . , .
20 40 60 80
U [m/s]

Hinh 8. Bién thién tan s flutter _theo van téc gié U. Mo hinh B (n=1).
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10 20 30 40 50 60 70 80
U [m/s]
Hinh 9. Bién thién dé can Loga &, theo vén téc gi6 U. Mo hinh B (n=1).

Tiép tuc xét lip tim mong vé6i sd luong n=2. Sy bién
thién tan sb flutter va do can Loga dugc thé hién nhu trén
hinh 10 va 11. Vén tbc gi6 téi han 1a 55,1 m/s. Hiéu qua
nang cao van toc gio t6i han 1a 37,41%.

0,15}
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T 01
~‘_l.l_
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Hinh 10. Bién thién tin sé flutter f. theo van téc gi6 U. M6 hinh B (n=2).

0,4

10 20 30 40 50 60 70 80
U [m/s]
Hinh 11. Bién thién dé can Loga &, theo vén téc gié U. M6 hinh B (n=2).

5. Két luan

Bai béo da trinh bay mot cach bd tri mdi nhdm nang cao
van toc gi6é flutter t6i han, d6 1a lip cac tim mong 1én day
cap vé mot phia cia dam cau. Céac két qua mé phong sé cho
thay viéc lap cac tim mong 1én day cap vé phia thuong luu
cuia ludng gi6 1a khong hiéu qua. Trong khi dé, 1ap cac tim
mong 1én cac day cap vé phia ha luu cta ludng gié dem lai
hiu qua rd rét. Viée lép cac thm mong vé mot bén s& 1a mot
giai phép hiru ich khi s6 lugng cac tim mong bd tri 1én day
cap khong qua nhiéu. Cac nghién ctru trong bai bao c6 thé
mo rong ap dung cho mé hinh toan cau.
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