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TOM TAT

Phrong phap tir riéng phirc 1a nt trong cac phong phapdugc sr dung phan tich it 6n
dinh flutter dia két ciu chu tac ding aia cac trc khidong. Trong bai bao nay, amn phrong
phap ti riéng phirc xay drg thuit toan va ctrong trinh tinh in 9 flutter va \an toc flutter aia
cdu dim chiu tac ding aia gi6, & dung pHin mém MATLAB. Tac ding aia gio lén éu vVam
Cbng, ot cay du lon dy klen xay drng tai Viét Nam,duoc nghién au trén quarndiém 6n dinh
flutter v6i cAc chugn vi ubn va chugn vi xoan.

Tir khéa: mit 6n dinh flutter, plrong phap trriéng phirc, md plong , daodong aia ciu.

1. MO PAU

Cacanh hrong aia ti trong gio 1én cac cong trinkig khau do 1on, nha caoang, thap vé
tuyén truyén hinh ngay candugc quan tdm nghiénio. O Viét Nam cac nghiéniw vé tac
dung aia gi6 lén céng trinh con it. Trénétlyisi sau & sup d6 cia ciu Tacoma Narowat M
vao rim 1940 do rit 6n dinh flutter, hén trong khidong hoc va khidan Hi da duoc quan tam
nghién &u nhiéu hon. Biac biét, mit 6n dinh flutter (hay cortugc goi 1a méit 6n dinh Wn xadin
do luc khi dong) duoc quan tam nghiénta dbi véi cac du day ving, day véng kiu do lon.
Mat on dinh flutter 1a ndt trong nhiing lo nai chinh khi thét ké va xay dmng cu c6 khu do
|6n. Khac i daodong cong trinh gay radh dong dat ,trong bai todn dadong cbng trinh gay ra
bai tai trong gi6, phai xét dén ar tuong tac gita két ciu va ngai luc.

Trong hai thp ki cubi cia thé ki 20, #t nhiéu ciu day ving va éu day véng khu do Ion d¢a
dugc xay dmg thanh céng trén éhgivi. CAc cay 8u vsi chidu dai nhp siéu én vsi két ciu
thanh ninh € 14 xu hréng chinh é@a cac nghiéntm va s phat trén cia ky thuit ciu duong
trong cac thp ki tsi. Tuy nhién cac & cau cang dai, cang inh € déi dién véi rat nhiéu kho
khan, dic biét 1a cac tac dng dong hrc hoc, dong dat va cacing xir khi dong. Thre t chi ra rd
rang 1a cacau co chéu dai nhip l6n rat nhay cam voi cacanh hrong khidong va daaiong gay
ra boi gio.

Trong nhing rim gin day, not sb luong I6n cac éu day ing da duoc xay ding i Viét
Nam (éu My Thuan, ciu Binh, du Bai Chay, 8u Cin Tho, ciu bic qua sdng Hanaa Pha M,
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cau Cao Lanh, &u Rach Miéu, ...). Nhéu ciu moi dang chdn bi xay drng nhr ciu Nhit Tan,
cdu Vam @ng,...Viét Nam |a ndt dat nudc chu anh hréng nhéu caa gi6 va b&o. Dd6 viéc
nghién &u mat én dinh flutter Gia ciu day nlip 6n 1a bai toan an phii quan tam nghiénw.

Trong khang hon hai mroi nam tro lai day viéc nghién éu vé daodong aia cdng trinh
dudi tac ding aia gi6 da c6 nhéu tién bo. Trong Enh wrc nghién é¢u anh hrong aia ec khi
dong 1&én céng trinh ¥c xacdinh cac Bing $ flutter 1a ét quan tong. Cac phong phéap thi
nghiém trong Aim gi6 va K thuat dong krc hoc chit long tinh toan la cacudng nghién ¢u
chinh & xacdinh céc Bing $ flutter va khang gi6 cho cong trinh.

D¢ xacdinh van toc flutter dia ciu, c6 hai plrong phép dii tich hay ding: pioong phap tr
riéng phirc [1, 2] va plxong phap béc (step-by-step) [3-8]. Bai bao nay trindybviéc 4p d1ng
phuong phap trriéng phirc [1, 2] dé tinh toan 8 mét 6n dinh flutter @ia cu day ving co chéu
dai nhip lon. Bé minh hya thijit toanda tén hanh tinh toanan toc flutter ia ciu Vam Gng,
mot cau day ving € dugc xay drng i Viét Nam.

2. THUAT TOAN TRI RIENG PHUC TiNH TOAN T AN SO FLUTTER H E DAO PONG
UON XOAN 2 BAC TU DO

Cac phrong trinh daatong wn xoin aia mé hinh 2 &c tr do c6 tit duoc viét nhr sau [1,
2] (hinh 1)

mh()+ G H Y+ K )= L (1)
lat)+c,at)+k,a(t)y=M, (2)

trongdd: h 1a chuyn vi udn, a 1a chuyn vi xoan, m, G,, k lan luot 1a khbi lugng, ke s5 can
vado cirng trong tng Wi chuyén vi un. |,c_,k_ lan leot 1A momen quéan tinh Kh hé sb can

a’'a

vado cang trongang Wi chuyén vi xoan, L, , M 1a lec nang va momen %a khidong.

Céac thanh pin luc khi dong L,,M_ co tié dugc xacdinh théng qua ham dn hoan
Theodorsen h cac tham&flutter aia Scanlan theo i tan s [1, 2]. Cac irc khidong bicu
dien theo tac gi Scanlan co thdugc ap ding Wi cac phrong trinh flutter cho cacathg mit cat
ngang khac nhau phvao cac thamdsflutter dugc xacdinh king thec nghém. Theo Scanlan
[1], cac thanh pin lyc khidong tac ding lén nét don vi chiéu dai @ia dim ¢ ding nhr sau:

1 . .h v\ BO . - h]
L :E,OUZB{KHl(K)UJf KHL(K)+ K H(Ra+ KR | @

_l 2R?2 * D \ E 2 2 _h
M, =2 "B [KA(K)U +KA(K -+ K A(a+ K A(RZ | @
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Hinh 1.M6 hinh tinh toan.

Trongddé tadwa vao khai rim tin s6 thu gn K xacdinh ki cong thic

_Bw
K= U (5)

trongdé: B la chiu ngang aa dim, w la tn & vong. Nehiém hé phueong trinh (1), (2)dwoc
tim dudi dang
h=h, €, ho C (6)
a=a,e, a,0C (7)
Viéc xacdinh éin & phic w= ) +iw, cho ta bit tinh ctit daodong aia he. Daodong
caa cm 1a #t dan khi «, >0 haic phat tan khie, <0. Trong tuong hop @ la mot 5 thuc
(purely real), ngta 1a @, = 0, w= «j, daodong aia im < 1a daodong diéu hoa vain &
dugc goi 1a tin & flutter i han. Van tic flutter i han khi d6 dugc tinh theo céng trc [1, 2]

U:B_a{

o =K (8)

~ Quéa trinh timén < flutter ti han va \an tc flutter ©i han dugc thuc hign nhr sau. Tiroc
hét thé cac cong thc luc khidong (3), (4) vao & phaong trinh daaiong (1), (2) ta thudluoc

m[h+zzhwhh+aﬁh}=§puza{ KH ( K)U£+ KH( K)%+ K H(Ka+ K H( K)Eh}

9
[av2t,a+eia]=L 2BZ[KA{(K)UH+ <8 1) B 2 A (K K mwﬂ
(10)

V61
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:ﬁ' :ﬁ' :—Cn : = G
“ m’w‘f B 2ma41'z" 2w

a

Thay (6), (7) vao plnong trinh (9) tatuoc

Ba,iw

(a7 +2¢, o o), =5 pU7B] Kt e ki, BRI i
(11)

Tur d6 suy ra

{m(—a}z + 20w+ of) —%pU ZB( KHl*iU—w+ K? H;%H h,

—%pUZB(KH;BU—"‘ﬁ KZH;jaO:O

. 2 w .
Nhan hai ¢ phuong trinh trén i va dat =——; X=—, chlyié#n
K =B—w,ta nkn duogc
U
- 1 1 - * * - * * —
2| 1At ~(iH; +H3) = (iH,+H,)Ba,=0 (12)

Thay (6), (7) vao plrong trinh (10) tatwoc

(e + 24, e afa) = o0 7 KA ka B g ALY
(13)
Tu phaong trinh trén suy ra
1., w1
- Bl KA—+K'A—=|h+
B KA A S
. 1 ) .Biw ;.- B
I(—af+2(awg|w+a)a)—§szB KA ==+ KA | |ag =0
Nhan hai ¢ pheong trinh trén i 2 vadat y, ! % =% taduoc
sza)Z 3 | pB4l w ’ ¥
(A 22z e (A 0 s
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Hé phrong trinh (12) va (14) la & h¢ hai phrong trinhdai s6 tuyén tinh than nrit véi
cacan h, va a,. Bé h¢ phuong trinhdai s6 tuyén tinh (12) va (14) c6 nghin khoéng &m
thuong (daodong win va daaiong xain c6 biéndd khac khéng) thitinh thrc ma tan hé sb phai
triét tiéu

2ym(—1+i Zh%+%j—(iHl*+H*4) iH, +H",
=0 (15)
~(in +A,) 2, (—1+i2(h%+%j—(iA;+A;)

Khai trién dinh thrc trén ta nin dugc hé thuc sau

_i2ym'2‘;_2ym'§8 —i 8yeryl+| 8ynyil-yj)_16yny{2(ayw+ M_| M
X X X X X X X

2y -i 2 L0 +4M”;le —H A +HH A, +2y, Hl—zy'lf’?“ -i 4’/'5”;sz4

X2
+H,A +H,A+H,A-iHA-iHA-HA=0
(16)
Téach phrong trinh (16) thanh hai ph thyc vaao, tadugc hai phrong trinh riéng kit. Phan
thuc aia phrong trinh (16) c6 shg
. . . o . . 1
[4me| +2)H, + 2 A +(H4A3_ HlAZ_ H A+ HZAl)j| +(4ylzayw1_|1+ e A;?

. s\ 1 1 1
+(_4ymyl _4ymyly3)_1q/myIZhZayw_ %Vf,Hr a/mAa)F"' 0-X_3+ 4’%)’272 C

4

Nhan hai ¢ pheong trinh trén i vadit

4ymyl
R =V, R=0

S 7R
RZ_ 1 yf) Mh(ayw 2ym H4 2y| A3

Vo o 1 .
={, T H 4,
R3 ym ' hyl'62

1 . 1 . 1
R,=1+—H, + A+
2 2% Ay,

(H.A=- H A= HA+ HA)
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ta thudugc phrong trinhdai s6 phi tuyén
RX'+RX+ RBRX+ RX¥ R=0 17
Phin a0 caa phrong trinh (16) c6 ghg
[Zy, H, +2y, A, +(H*4A2+ H,A,- H,A- H;AA)}
(81 = o= W VHi = ol )
H(21EH; - 2o+ (S C+ Ho G} 5= €

3
Nhan hai ¢ pheong trinh trén i

vadat
4ymyl

I0 zzzhyf)-l_zzayw
:—EH; _i
2ym 2y|

. 1 .
1, =2, -%n-ﬁi—:% G A

I1 2

1 ,.. 1. 1 - M- R
Iy = 2y Hy+ 2y, A+ Ay, (H4A2+ HlAS_ H A - HzAA)

ta thuduoc phrong trinhdai sb phi tuyén
X2+ 1,X2+1,X +1,=0 (18)

Cac nghtm cia cac B (17), (18)dugc ky hiéu lan luot 12 X, va X;. Nghiém chungdau
tién aia he hai phrong trinh nay wong tng Wi tan £ ma i d6 hién tuong flutter xiy ra. Dya
trén cac cong trc trén, ching toda xay drmg mot phan mem xacdinh tn s flutter cia chm
cau trong maéi teong Matlab.

3.PHAN TICH M AT ON PINH FLUTTER C UA CAU VAM C ONG

Theo tai léu [10], ciu Vam Ging (hinh 2) @ kién dugc xay drng cach Bn pha vam
Cbng hién hitu khaing 1km ¢ phia h leu, thube phrong Thsi Thuan, quin Thét Nét, TP
HCM, ndi tuyén qubc 16 80 tr Lo Té di Rach i (Kién Giang) Wi qubc 16 54 thibc tinh Bdng
Thép. Gu dai khang 2,9 km, Bn lan xe o gi¢i, hai lan xe thd @, tong von dau tr trén 200
triéu USD.
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Hinh 2.Hinhanh ciu Vam Ging.

D¢ tinh toan un tc flutter wia ciu day ving Vam @ng, chling t6i & dung cac thamé
hinh hyc va cac Bing $ vat liéu caa daim cau theo tai lgu [10]:

m=27.67x10kg /m,1=1905x10kgnt /m, f, =0.235Hz, f, =0.506Hz ,
3, =0.0377,8, =0.0377 ,B=25.8np= 1.2%g /n

Tur d6 thi cia cac A, H trong tai léu [10] ta c6 th thiét lap bang cac thamdflutter phu

thuoc vao U / fB (bang 1). Tr d6 & dang c6 cac Bu dd cac tham & khi dong aia ciu Vam
Cbng (hinh 3).

Cha y #ing cong tirc lrc khidong aia ciu Vam Gng trong [10] c6 dng

L, :%pUZB{KH;(K)Uﬂ+ KH;(K)EJE+ K® H3(K)a + K? H*4(K)Eh} (19)

M, :ngUZE{K/AI(K)Uh+ KA(o+ K A(Ka+ K A( mg} (20)

Do d6, dé ¢ thé &p ding cong tkic (4) khi tinh ta phi chia cacA cho B.

T nghiém cia cac phrong trinh thre bac bbn (17) va plrong trinhao bac ba (18), ta ¢
thé biéu dién cac gia frcaa U / fB dudi dang bing nhr bang 1.

Bang 1.Cac tham & flutter cia ciu Vam Ging.

U/ fB 0 0,843 2,167 3,414 4,897 6,082 7,548 8,781
P{ 0 0,619 1,246 2,626 2,734 2,769 3,441 3,798

U/ fB | 10,146 11,414 12,778 14,155 15,420 16,800 17,955 ,335B9
A 4,386 4,923 5,318 5,914 6,397 7,099 7,492 8,167
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U/fB | 20,566 | 21,767 | 23,143 24,63
A 8,444 9,298 9,845 10,5
u/fB 0 0,941 2,316 3,595 4,969 6,297 7,57p 8,873
A 0 0,144 -0,746 | -0,702 0,726 2,108 2,528 2,309
U/fB | 11,487 | 14,162| 15421 18,02 19,273 20,761 22,067 ,3923
A 3,236 3,383 3,898 4,434 4,372 3,983 3,749 3,267
U/fB | 24,653
A 2,713
U/ B 0 0,954 2,232 3,500 4,960 6,319 7,628 8,905
A 0 0,337 0,787 3,720 5,367 7,524 10,262 13,503
U/fB | 10,226 | 11,514| 12,782 14,11 15,451 16,658 17,933 ,1699
A 17,750 | 21,791 | 26,732 32,35 39,049 44,929 51,144 ,63%9
U/fB | 20638 | 21,791| 23,163
A 69,651 | 78,541 | 90,643
U/ B 0 0,971 1,973 3,553 4,940 6,266 8,806 10,226
A, 0 -0,144 0,025 | -0,535| -1,066 -1,165 -1,110 -1,074
U/fB | 11,530 | 12,907 | 14,054 1542 16,677 18,021 19,220 ,5920
A -1,051 | -0,989 | -0,935| -0,900 -1,014  -1,079 -0,880 ,910
U/fB | 21,822 | 23,163| 24,392
A, 0,709 | -0,593 | -0,535
U/ B 0 0,904 2,292 3,463 4,786 6,165 7,510 8,789
H, 0 0,116 | -1,599 | -1,872| -4,714 -7,676 -10,2p3  -12,64
U/fB | 10,136 | 11,454| 14,059 15,41 16,655 17,964 19,268 ,6320
H, -15,035| -18,475| -24,479 -27,12 30,747  -34,372 2B | -40,469
U/fB | 21917 | 23,162 25
H, -43,652 | -46,730| -51,708
u/fB 0 1,014 2,297 3,575 4,844 6,358 7,73p 9,109
H, 0 2,100 | -2,328| -4,770| -0,240, 3,138 5,56[7 8,503
U/fB | 11,321 | 12,928| 14,235 15,61 16,962 18,228 19,469 ,7620
H, 17,411 | 24,207 | 29,787 38,67 45934 54,032 64,004 ,2802
U/fB | 22,019 | 23,340 25
H, 83,086 | 92,108| 103,877
U/ fB 0 2,005 3,772 4,923 6,454 8,842 10,296 12,792
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H; 0 0,526 -4,946 -11,175 -25,419 41,725 -63,022 404
U/fB | 15369 | 18,048| 19,428 20,75 22,096 23,290 25

H, |-158,565 -227,931| 271,947 | -317,519 -363,847 -413,634 -485/91
U/ fB 0 0,986 2,375 3,736 5,378 7,791 10,086 11,705
H, 0 0,293 | -1173| -2,575 -4,806 -6,134 -7,5711  -8,657
U/fB | 13045 | 14457| 15674 16,74 18,044 19331 20,829 ,1322
H, -9,496 | -10,513| -11,171 -11,864 -13,608 -13,946 485, -15,823
U/fB | 23,442 | 24,506

H, | -16,287| -17,227

107 4
< | o2

o
0 10 s 15 20 25 0 5 10 U 15 20 25
100

«<m 50
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10 15
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20 25
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Hinh 3.Biéu do cac tham & khi dong (A, H ,i=1, 2,3,4) cia ciu Vam &ng.
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Bang 2.Nghiém cac plrong trinh thrc vaao theoU / fB trong twong hyp mét cit cau Vam Ging.

U/ fB X, X
0 -2,1480 | -1,000 2,1480| 1,000(¢ = -1,4656 1,4656
1 -2,1460 | -1,0022 | 2,1461| 11,0027 -13,9850 | -1,3454 1,5743
2 -2,1438 | -1,0071| 2,1445| 1,006 -2,6932 | -0,7529 1,7799
3 -2,1334 | -1,0139| 2,1344| 1,013} -2,4646 | -0,5887 1,8327
4 -2,1234 | -1,0228 | 2,1250| 11,0224 -2,3776 | -0,3711 1,9611
5 -2,1156 | -1,0341| 2,1183| 11,0334 -2,3515 | -0,2260 2,0804
6 -2,1055 | -1,0414| 2,1092| 1,040§ -2,3423 | -0,1620 2,1413
7 -2,0932 | -1,0464| 2,0980| 1,045 -2,3209 | -0,1285 2,1620
8 -2,0793 | -1,0515| 2,0851| 1,050] -2,2871 | -0,1065 2,1595
9 -2,0639 | -1,0573| 2,0708| 1,055 -2,2557 | -0,0910 2,1506
10 -2,0445 | -1,0633| 2,0523| 11,0613 -2,2555 | -0,0801 2,1621
11 -2,0247 | -1,0000| 2,0339| 1,0674 -2,2461 | -0,0686 2,1668
12 -2,0033 | -1,0768| 2,0138| 1,073§ -2,2319 | -0,0600 2,1635
13 -1,9800 | -1,0835| 1,9918| 1,0799 -2,2168 | -0,0537 2,1567
14 -1,9556 | -1,6912| 1,9688| 11,0877 -2,2129 | -0,0486 2,1585
15 -1,9268 | -1,0987| 1,9411| 1,094] -2,2110 | -0,0450 2,1605
16 -1,8991 | -1,1059| 1,9148| 1,100¢ -2,2080 | -0,0410 2,1617
17 -1,8728 | -1,1157| 1,8904| 1,109¢ -2,2032 | -0,0373 2,1613
18 -1,8447 | -1,1321| 1,8644| 1,124§ -2,1949 | -0,0343 2,1571
19 -1,8050 | -1,1390| 1,8260| 1,130¢( -2,1911 | -0,0322 2,1551
20 -1,7712 | -1,1504 | 1,7940| 1,141( -2,1804 | -0,0303 2,1469
21 -1,7343 | -1,1649| 1,7594| 1,153§ -2,1733 | -0,0285 2,1419
22 -1,6879 | -1,1752| 1,7150| 1,1624 -2,1709 | -0,0269 2,1407
23 -1,6460 | -1,1856| 1,6756| 11,1707 -2,1592 | -0,0254 2,1306

Loai bo cac nghim am va Bng khéng. Ta thy phuong trinh thrc (17) ¢6 hai nhanh
nghiém, phrong trinhao (18) c6 ndt nhanh nghém (hinh 4).
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T T T T
2 K K 4
Intersectior
15
xi
x
1 4
Xr2
0.5F .
G 1 1 1 1
0 5 10 15 20

uiB
Hinh 4. D4 thi cac nghiém ciia hai phuong trinh thyc va 4o clia cau Vam Céng.

) Do chi mdt nhanh ctia nghiém phuong trinh thyc cit nghiém cta phuong trinh 4o, nén van
toc flutter t&1 han la duy nhat. Diém giao cta hai duong nghiém phuong trinh thuc va do dugc
xac dinh din ddng la giaodiém aia doan thing rdi hai diém (5; 2.1183) va (6; 2.1092' véi
doan thing rdi hai diém (5; 2.0804 va (6; 2.1413. Noi suy tuyén tinh ta timduoc tai vi tri
diém giao

% =5.54144X =% = 211337

w,
Tur d6 suy ra
U, =71.1765 (M /s)w, = 3.13086rad &

Trong tai léu [10], van toc flutter ©i han xacdinh king thrc nghém 1aU, >48.1m /s.

4. KET LUAN

Phrong phap phan tichitriéng phirc din dén viéc tim giao @a hai nhanh nghin thec va
a0 khi cho dinh thrc ma tan h¢ sb bang khéng. \ tri diém giao trong ang Wi vi tri daodong
la diéu hoa, phan tach thanh haiémidaodong tit dan va daadong phat tan. Trong bai bao nay,
ap ding phrong phap phan tichitriéng phirc xay drng mot chueong trinh tinh @n tbc flutter aia
cau dim s dung phin mém MATLAB.

Dé minh tpa thiit toan,da ap aing phrong phap trriéng phirc dé tinh toan 4n & mét 6n
dinh flutter @ia cu day ving Vam Gng, i tuyen quc 19 80 ir Lo Té di Rach S (Kién
Giang) i qubc 16 54 the tinh Dong Thap. Cacdt qua tinh toan phu ép 6t véi cac Kt qua
thuc nghém.

Loi cim on. Bai bao naydugc hoan thanhdi sy gilp da tai chinh ¢a Qu phat trén Khoa hc va Cong
nghé Quoc gia va Q& Nghién c¢ru ciabuc (DFG).
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ABSTRACT

FLUTTER INSTABILITY ANALYSIS OF BRIDGE DECK
USING COMPLEX EIGENVALUE METHOD

Nguyen Van Khanfy Tran Ngoc Al

'Hanoi University of Science and Technology, Hanoi

%\/iet Nam Maritime University, Haiphong

"Email: an9991hh@gmail.com

Complex eigenvalue method is one of the methodd tsenalysis flutter instability of
structures under the effect of the aerodynamicefarin this paper, complex eigenvalue method
is applied to build the program that calculatestéiufrequency and flutter velocity of bridge
deck under the effect of wind forces, using MATLABftware. The effect of wind on the Vam
Cong Bridge, a major bridge to be built in Vietnamas studied in view of flutter stability with
vertical displacement and torsional displacement.

Keywords: flutter instability, complex eigenvalue method,nmerical simulation, vibration of
bridge.
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