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1 ZMFREEERPHHHEXR

S FRABER TR, 7TH S HET Theodorsen FMH2 MR SR AERD. 4551, 4
BEG LA PO SEEPOESR (—BEHRE)  HRERX N
[1 + F(k) ZG(k)]
-7 2 += b

[ kHY = - 20F(k), kA = ZF(k), k5 =

kAS = Tr[ﬂigu *ﬂz%@] KH; = - x| 2F(k) - Uczﬁ]

(la~h)

[4d = - 5;6(k),
Hep, A7 H! RERSH, k RITBIR, F(k), G(k) & Theodorsen X IISLH S BER, BT
HIFER N
P = AR + Yo(B)] + Vi (W) (Yu(h) = Jo(k)]
(3,Ck) + Yo(k) 1?2 + [Y (k) - 3] )
G(k) = - Y, (k) Yo(k) + J,(k)Jo(k)

(k) + Yo(k) 1 + [Y1(k) = Jo(k)T?
__tJ_'—tEFfJO1J] j]%—% Bessel Eﬁ,‘{o,yl j]%:% Bessel &ﬁ, k%j’ﬁ‘mﬁiﬁ.

M (D) PALIRRLITXREN:

(2)

(3)

HY =-4A}, Hy =-4A; -5, Hf =-445 + 7,

k 16
‘H.: =—4A4* + E, Hl‘ = kH; —%;, - kHz* = H‘;t + %E, (4a”h)
* * k G * *
LA] =kA3—%Z+%,A4 =—kA2—%(1—F),

ERH, F, G R Theodorsen MEHI LIS B, HEXR IR (M), %0 < I/k < = B,
05<Fs<l,-02<C<0, IMATUNENMWERFESL, LA 1.

I—F—FFT FRLL, % 17k — o B, 2 SUER B IR LA
08— BRI T HRFBHXR:
o 08 AY ~ kAS,
w04 HY ~ kH?, (5a,b,c)
L I R e R 3 Al ~— kA,
0036 To0 5o 6 o 300 CA[4INAH TRARX
* HY = - kH;. (6)

M1 F5-cREK
{B2, i (4b, d)F(5c) BT LATR 3]

Hy =- iy -5
- kHz* - kAl* = - k(H; + Al* ). (7)

H, RIEE— R, HITBERE U/(nB) = 2n/k BBUENSTF 0 B 20 Z 8], 7T LA, X (6)
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RR—ABEMELHER, HRAXKAD, U LXRHFAEE TFEHRELROFR HER
L T YT B AL,

2 HREEP R R HR B LR R

EUSH(NERNFH) BETXGS, 2X BB AR NG E UK E-OEA. H
F, MR G TEWE BT SXGRE=ER 1. R0 B RMIFX R R
BB RHN A p. b, a, ﬂ']’ﬁ'}ﬁ%3/\7fﬁﬂ‘)ﬁﬂﬁi§titﬁ(5cmﬂan N-wied)

Lo = SoU Bk &y By o s om; B s B opng 2],

Bi
U +
Bi

{p, = 7,0023[1;13,* + kP; BPia+ KP; B+ sz + kK2P¢ B]

h ]
U+ KAT e+ BA B+kA5‘p—+k2A6 b

UZBZ[kAl + kAz U

M = 50

(8a,b,c)
AF, k= Bw/URFTWIAE; A, P H (i = 1,2,-,6) REALENENEHRSFE, EIMR
BREMERE T RNV BEEERENERNSI RN . —BUDE, X Bk F R T RER
REFERHFTEME#HTIRRE . B35, XF P WBJLEROMT, M PP,
HS ,He ,As ,Ag IERBE TR A iz shat B EC R m , X o X B i 20k 3. T EREHIHE
Hig, X RERAK.
TEXHER (7] fEERE TETRASERE RERLWHIERESHER, B
D = (1/2)pV2(¢) Ao Cp(B(t),8),
L = (172)pV*(t) BC,(B(1),0), (9a,b,c)
= (1/2)oV2%(1) B*Cy(B(1) ,0),
KRB INPTGHEEC, = G(B(¢),0) (v = D,L, M) NI RREBASHEFNEH, E
iTeT LAl MR X I B8 ). o RESEE, A, RVRERERERR T AMRY, B
RVTBERIMIFERE, v, B XE, B(¢) BB ZUA. AWEE — A KEREH#
B2, TSR 12 1Bk PR E R RIAR

. 24 A
Pl = BkCD’ P; = sz[RO(CD -C) + CpU],
* A * A !
Py BkZCD P =-B_k(CD—CL),
Ar =-LChy A7 = L(R,Ch + CigD),
k = kB
{ ) (10a~1)
A; = ksz’ AS == ICMs
HY =-—1(Co+ C), H = 5L Ro(Co + C) + Cigll),
* * 2
LH3 = kZCL H5 = - ICL,

R, €, /B, = Cy, 3C,/30 150 = Cpp(¥ = D, L, M). Ry REBHHEBISZH .0
POKBER . ZRIERSIBRFTAT RE oU2B/2 5 pU?B*/2, TIA R B Scanlan 2 F
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i1(1/2) pU*(2B) Bi(1/2) pU*(2B%), B ik, EFI FILART B iR 2 OSSR, BH R I 12 B 3
Witk FHAREX T, PRBHRFBMWHERRE, TR AR LYW, B EBK
(7107 e LB R, 7177 12 55 Hed% 7 1) 0 iR S H07E Scanlan ARSR T 9 RIEA N

f * ! 1 '
AT = Chs A7 = Ja(RoCu+ Chl), 47 = 73Ci.
» 2 * ,
A5 =_ICM, H] =—_(CD+ CL),
! (11a~h)
Hy = kB[RO( Cp+ Cp) + CuU],
« 1 2
A =- 3G B = FCu.

X B BB RUE) 5 ek 7 1) B SR , B B8 M X 1 A R S SUH T vk B 1) TR o 3R
B, B, ERAEMRF BN EBRSBOREXE. BRER (1), THERRHEK
MEXREA:

Al = kA, H} = Cp/k + kHY

* R R U ’ (128~d)
A7 = kAT P+ 2kBC’"" Hi = H 7 - 5,500,

—#%, 0 < 1/k < 20/(2%), T Cp WA F 05 1.5 20, Bt H' 5 Hy ZEIKXRARE R
M HBIX R, SRS FHEATS . HE,Y C, 8/, H 5 Hy ZEMEHLFIXE
A R sk R, 7E X TR R 1 O R R A R R RS Y

3 FARASRARIB R B A I SR B IR F T A

HRAE MR F R B X R R (12a ~ d) WA, & 30K FIF Messina ¥ 88 K87 Ml Hoga
Kusten K BF 45 Br LAY (O AR SBOME R AT SR SRR AT I S 0 MR R, B
FSFABENE 1 ik 2.

3.1 Messina Straits #f

®1 Messina Straits #7 i) 8 1 5 3

Wil U/(aB)

X 0 1 2.5 5 9.75 14.25 19.25 24.25
H: 0 -0.240 -0.360 -0.320 -0.560 -0.768 - 1.360 - 1.500
Al 0 0.018 0.000 0.04 0.140 0.200 0.2% 0.440
H 0 0.000 -0.167 -0.434 -0.840 -1.35%0 -2.000 -2.360
A; 0 -0.007 -0.030 -0.073 -0.158 -0.263 -0.340 -0.4%0
H 0 -0.044 -0.220 -0.440 ~1.100 -2.220 -3.780 -6.300
As 0 0.000 0.000 0.060 0.200 0.500 0.860 1.800

* €, =0.09,C, =-0.07,Cy = 0.017,C, = 0.65,Cp = 0.0025,Cy = 0.16
3.1.1 BiEX(122)89 5 %

ALRAMMRIET . —RER P AT BEEAAR(122) 9, BHNER A7 5K
T A RCEHRTHE, WE 2, —RAR 1P A BEERAR(122) P, BHHER
Ay 5F19PH A7 WERE#THE, WE 3.
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B4 HY (= H'/k- Cy/K*) i+ E1E

53LER L8
3.1.2 BiEX(12b) 897 ik
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1 e A7 -
1 a4 S e
v Ay i SEAl i
v
f",
5,5‘7," -
::::j-::‘ £ ol
.
R SED R
Ul nB)
3 Ay (= A /k) tHESTMERM LR
uﬁ{g_, R Al arid
° gy
o
0
~0- Hy %8
1 ~o- H3y9R
1 --A- H:ﬂﬁ{i‘l o)
20 PR T R
Ul(nB)

B5 H'(= Cp/k+ HY k) itH{E

SR ER LR

FEMUFR(120) WRIE. XHEA C) = 0.09, NN R KT R MIHE . Hh HY
) SEM AR AR AR (12b) TR By AR, 5 SEMIE A Ho A4S SR DL 45 B Hy' S de
RA12b) XHE W H 5 H BSSIE A LSS R LA 5.

3.1.3 X FX(12) 89 %

BB HIE UCw/(2B) KK/, d1 3CHR
[12] 454 SCHR(7] AT HE 4840 Cuy 55 U/ B 19T
BURAEEME. Fi, HaEsFTR12), % °
Wi A, 5 AT BERHE UCwy/(2B) IR,
BIHFKNR b, b = k(A - kA5 /4) , XARF
ERBT Ay 5 Ay XK. 446X (122) , 1 F
Al 5 A7 BREHEXRR  ATLHERTH Ay 5 A ZIE]

WAEHELELT b FXRK.

3.1.4 XFX(12d)8H# R

0.6

b
0.4 1
0.2 4
0.0 1
A‘*&\.;Nha e -
=0.2 1
041
=0.6 -
0 5 10 15 20 25
Ul(nB)

B 6 UCy/ B REHTRE BT i %

H1EL 6 AT, b B 4r ok o 5 A 4 AT W R — AN AE L. 3K TE SR Tk X i
B, hTHFR(120) , X BAUA il AF TR A BJLAER XA A Y
bEAMTEEE, A 7. ATLAEH, % Ry/B = 0.25, RITRAAL A J 065 1 A i AR,
HTREATHY b = - 0.14 B, A THEES SEMMEY) & 15 LL BT, WA 8.

b — /N R —RE , 1 0K TR TR A T 1 AT 0L R AR, BPAS Ro/B = 0.25,
% UC,y/(2B) = - a, o BURRIBOBER, Sy /) @S AR 12(d) iR H By L FS



234 #% b3}

SR Hy BT, mE 9. EABIREN, Y e = - 0.78, H, MItRESINEYMS
BEe, WA 10.

2.0 2.0

-0 A o . 0
154 o A;EMHE 1.5 1 72' :1 ;gg
=4 Ay(b=-0.10) & Ab=-0.14) .
;; 101 -9 A%(b=—0.15) o § 1.0 1 ! o
B sl o A=-020) B s o
% .o é o o
0.0 = S 001 O8B g _
200=§- ‘:“‘ﬁi’%f-’:g;;:;;ﬁ A T g —r
-05 R -0.5 1 L
0 S 10 15 20 25 o s 10 15 20 25
Ul nB) Ul nB)
B7 NL#b EKHTA OITNE M8 b=0.148 4, ITNESTNEMILE
0.05&1
Fa -
[ "0
-0.6F &\1:3: 0
.. : {ﬁ:- ‘ D
~12b T
L o-HisMtE B 9--. g
s o HiuMg “a
| 8 Hita=-00) ol
-24 e
0 5 10 is 20 25
Ul(nB)
B9 NL# o MKEHETH, HITHME B10 o =-0.78 H, RINE
SXMEMILR
3.2 Hoga Kusten ¢
®2a Hoga Kusten $F i) iR 53
Widw Us(nB)

X 3.2 5.44 1.2 8.2 10.65 12.44 1435 14.65 158 16.74 18.05 20.00

H -0.22 -0.7% -1.38 -2.13 -2.8 -3.5% -44 -533 -55% -55% -64 -1.4

Ar 0.10 030 04 06 08 1.20 1.5 1.5 1.6 1.6 1.9 219
%*2b Hoga Kusten ¥F (iR G 3

Wi U/(aB)

S 1.74 2,40 3.14 400 48 579 68 729 7.79 832 9.4 10.00
H;  -0.060 -0.110 -0.125 -0.083 -0.060 -0.025 0.020 0.09 0.080 0.075 -0.017 0.000
A7 -0.010 -0.015 -0.013 -0.018 -0.030 -0.050 -0.067 -0.080 -0.080 -0.080 -0.084 -0.089
HS  -0.167 -0.167 -0.200 -0.370 -0.630 -0.900 -1.330 -1.500 -1.730 -2.130 -2.600 -3.000
Af 0.020 0.066 0.140 0.178 0.266 0.370 0.517 0.600 0.670 0.790 0.934 1.000

F ¢ =01, =-0.36,Cy =0.013,C, = 4.3,Cy = L.11
3.2.1 BiEX(12a)89 EAK

M&E 2b H Ay RBIRAA(120) NP, BHAER A7 5 2aHH A7 HEREHRTH
BB 1R 2aPH A HBERRAR(122) B, 81 A MERSE 2P A7 HTRIEH
FrEeEE, W 12; N ERE, ELENTREELEA, THEESTMEY & 18 LT,
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S5RMERIL SRAE 8
R e RS L A 10F = 4w N S
ogf v AU N IUR R . A‘}rgtfg z N
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Ul(nB) Ul(nB)
15 A5 (= 4(A; - (- 0.156)/k)/k) M6 A, (= A7 k/4 - 0.156/k)
A3 (S X MY b B Mt NESKMENILER

3.2.2 EiEX(12b)# EAH

XER Cp = 0.1, NN REELETHARMME . 8 H OZWEHEAARX(2D)
RS Hy 350 E BT B, 25 R A 130 Hy RS BEERA (12b) it B HY 3
SHLME b, SR LA 14.
3.2.3 (£ FX(12) EAMGHR

F13.1.3 /NRES R, W RR TN A, 5 A BERBE UCy/(2B) IR/, B
HANE b, b = k(A - kA5 /4). BRHERHA,b = - 0. 156 BT HLEAE. BHISH, 5
HTH A HEWEETR(12c) BHE A ESHTWERM LS E 16 4 T HLMA AF
B (12¢) it A7 WESHTNENLE . ULEitERES, RyB = 0.25, BMIRER
B R UL TR
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HMBAFR (12a,b,c) AEIKE, H 5 Hy EEIRN(R)#FTHESEE, B FHEE
BEARTBBALE, XMFE 2a M1F 2b R IEE, i, X B8 Hoga Kusten B 2 KB
RFEX(124)EFHERNRIE. 4R, QR ABEDENE, FRERLUETH.

4 & W

BRE 11 5 14 PRARRHHEEEN A LARMO BN HESHULBERTS
BN, XADGESE T BT RLE S AR, RBik SR AW E (12a~ ) MXEK, WH, 1§
I AR UE B T SCAR(S, 7] BT L i £ AT R B BOR B R A B Y AT Rt E 5
Y. MR XMERERETRARFRENEMN LK. BRPEZEAHLXROHR, X
B BY FRATELBR0 B ER 2 50 , 8 IO B EY R, E B R MEN AR, F
B, X FRATMAR AL R EER RIS R E AN ERYE  TRERME THBETR.

(8 % X W]

(1]  Simiu Emil, Scanlan R H. X3¢ &5 # # B F—X TR [ M]. Xir 8, JUg0, #FH
#. L FHFKFE DR, 1992,173-175.

(2]  Scanlan R H, Tomko John J. Airfoil and bridge deck flutter derivatives[J]. Proc ASCE, 1971, 97
(EMS6) : 1717-1737.

[3] Scanlan R H, Jones N P, Singh L. Inter-relation among flutter derivatives[J] . Journal of Wind En-
gineering Industrial Aerodynamics ,1997,69/71:829-837.

[4] Matsumoto M, Nihara Y, Kobayashi Y, et al. Flutter mechanism and its stabilization of bluff bodies
[A).In: Proc 9th Internat Conf Wind Engineering[C]. New Delhi, 1995,827-838.

[5] XU Xu, CAO Zhi-yuan. New expressions of nonlinear aerodynamic forces in civil engineering[ A].
In: Proceedings of the 3nd Internat Conf on Nonlinear Mech (ICNM - [ )[C]. Shanghai : Shanghai
University Press, 1998:396-401.

(6] #WE, iz SFHMEMBEXEROEEHESII]. LTS ¥R, 1999,6(3): 228
234.

(7] #®E,¥&HE. FREMWSKEBRENVAE SELMSS HFEER[I]. MAKEMA%,2001,22
(12):1299-1308. .

(8] Jain A, Jones N P, Scanlan R H. Coupled flutter and buffeting analysis of long-span bridges(J]. J
Struct Eng,1996,122(7) : 716-725.

(9] Jain A, Jones N P,Scanlan R H. Fully coupled buffeting analysis of long span bridges[A].In: Proc
9th Internat Conf Wind Engineering[ C] . New Delhi, 1995,962-971.

[10] Brito J LV, Riera J D. Aerodynamic instability of cylinderical bluff bodies in non-homogeneous flow
[J]. Journal of Wind Engineering and Industrial Aerodymamics , 1995, 57(1): 81-96.

(11] Larose G L, Livesey F M. Performance of streamlined bridge decks in relation to the aerodynamics
of a flat plate[J] . Journal of Wind Engineering and Industrial Aerodynamics ,1997,69/71:851-860.

(12] Bohm V F. Berechnung nichtlinearer aerodynamisch erregter Schwingungen von Hangebrucken[J].
Der Stahlbau ,1969,38(heft7) : 207-215.



EUHRBIRIHECELXRNSHM(]) 237

Parametric Studies on the Relationships of
Flutter Derivatives of Slender Bridge ( I )

XU Xu
( Department of Civil Engineering, Shanghai University ,
Shanghai 200072, P. R. China)

Abstract: Based on the semi-analytical flutter derivatives of flexible structure provided by authors( XU
Xu, CAO Zhi-yuan. Linear and nonlinear aerodynamic theory of interaction between flexible long
structrure and wind, Applied Mathematical and Mechanics, 22(12): 1299-1308. ), the relationships of
the flutter derivatives of slender bridge were investigated, and then their intrinsic relations were vali-
dated, by the test data of flutter derivatives of two bridges. The changing of flutter derivatives with
the aerodynamic center, rotation speed and angles variation were also researched by parametric
method. The results not only prove the correctness of expressions of flutter derivatives given by au-
thor, but also indicate that some certain relations exist in them. Turthermore, the semi-analytical flut-
ter derivatives are showed to be applicable to the bridge with streamlined cross-section.

Key words: flutter derivative; slender bridge; parametric analysis



