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Buffeting response analysis of long-span bridge based on

mode shapes of orthogonal DOF

DONG Rui"?, GE Yao-jun’, YANG Yong-xin*, WEI Jian-gang'
(1. College of Civil Engineering, Fuzhou University, Fuzhou 350108, Fujian, China; 2. State Key Laboratory of
Disaster Reduction in Civil Engineering., Tongji University, Shanghai 200092, China)

Abstract: In order to analyze buffeting response of long-span bridge subject to gust wind, and
solve the problem of complexity of traditional buffeting analysis method in which the generalized
mode-shape is corresponding to one special state of the structure in space, a method based on
mode shapes of orthogonal DOF (degree of freedom) was proposed in this paper. Based on
dynamics of structure and wind tunnel experiment, this paper derived bridge’s buffeting response
in form of mode-shapes of orthogonal DOF. Every mode-shape of orthogonal DOF could be
expressed by one DOF of structure. According to the principle of conservation of energy, the
generalized mode-shapes were instead by mode shapes of orthogonal DOF which simplified the
buffeting analysis, and the concern dynamic responses could be obtained easily. Finally, the
above method was used to calculate buffeting responses of a three span suspension bridge with
main span of 800 m. The results show that the buffeting responses of long-span bridges are large
and cannot be ignored in design. 1 tab, 3 figs, 20 refs.

Key words: bridge engineering; buffeting response; generalized mode shape; mode shape of or-

Wi B :2015-12-18

ESWMAB :ERKARFAESTH (51508107) 5 B B A5 BT E AR 8 A7 Mk T 1 92 30 = T ORI H (KLWRTBMC14-03) 5 1 3% T2 44
) Bl g 2 [ R o 5 9206 S PO A 00 H (201502) 5 ) 1 B 96 K 5 TR 42 4 o N S B0 3 O CR AT H (2014ZDK001)

EHEB A :E  BLA982) . B AN A8 R 2 B BF T 51 L R U K % T2 1+ . E-mail : dongruifzu@126. com.,



% 3 52

Bl R TR EIRA 0 KI5 M R E A IR0 2 5 b 57

thogonal DOF'; conservation of energy

0 351 §

PHIR & KBS M R 451 1) FERER P A Z
— B2 R BRI A R R R T DL R R £ A
ZER A RRAE I A . LR TR R 48K
FR o HAT R BHIR 32 2 ik B AR XU i ik sl i 1
s —MIRIEBENLIR SN . BIRPHIRAS 25 15 B I 70 5 Pk
TRAE 5 M R 25 4 1) B8 K S IR L {ELJ2 Bl 4 22 15
JEE R84 R 5 4 DI 8 32 /) o 3R Wi L 5 0
2 5 R A R 557 IR JF P R AT N AT A%
APEFEFENE . X TR BE RN R, N AR UESS 1
AIBETT 2 4 o 20025 R AHIR MR B o

R 5 FEAT A 1Y BRI 30 J B ALIR 3 3 L 4
¥ 3l 327 AU 2R DL S RS AT R R AR AR A 2
—FIER E A0 TAE . 20 142 60 424%, Davenport
BRI gl A B K A R A
8y R 1 335 H, 9 @ 37 T Davenport £4g 158
BRI, Davenport HR AR HU% B pHR ) L i 2
W& E T R . T8I A8 T Bk Sl KU R SE H T
Fr g #2113 22 , Davenport if %5 [& T 3h 5 94 10 %
Wi, Scanlan $HR I H AR [F 0% 18 T B #O0 Fdt
P& 1 0 52w, ) e 4 b 2 TR e,
Davenport # B Fl Scanlan #5525 F T #F 2 £ R 11
SR AHE LS, 7R LAl B JS ok A A SR AT T R,
K JH Scanlan #5274 4b B 7 ¥ 7. R A% B3 T 9
f) Davenport 4L BEEHR 7 0 BB A
B BRIy 8 00T R Gk 5 i 2 80y T
i KGRI PR A . AT R BB R BRI
BEA b ARk %0 AT

1% 58 18 25 40 DR Wi 107 20 A7 3 8 SR T SO
BRI 20 A ) SR Y X B o 45 7 78 25 [A] vh
) —Fp e AR A e Rk e R 2. 7ESLBR
AR S TR OG0 0 T8 AN S I A T A
A S Bl o R T SR 4 AR AR AN Bl BE T ) (A
W i) Al ) SRS D 1 S B S i Ry . a0 SRR LA
giky) XPRBIE ARk 1 3h 1 Ir RS A g n AT
B B IRBE 20 4 2 AR J7 {8 3tb 4R 45 45 44 T 5¢
L H HBE 1B Bl e R 45 T R i Rty R AR K fiE
/T S S e E -y L o DR < v 1 i A D B
1 B AT BROC AR 7 AR H 7 6 K A5, OF H AR
Gy RIR NP R A, BT, A SO DL i
S5k 3 ) 27 BRI 186 Sy S Al . A BE S 4E

U SR T SR BV S $HR il # Rk n A
MS7 H R R R AR L AL T o A A [ B
A o A RHL B AT TOVE AR S R A B
e s A E B 800 m By =B B R Bl R 1
IR T7 X LR HIR R B AT T 3T

1 ETHIRBEEUEHTE

X2 H B ERRLMES . R D' Alembert
J 3R S5 R0 Bl g T FE AT LA SR GE S B E ) JBELJE g L
YRR S T3 F A T3 1) ~F-F o B

M{ +Cj +Kq=F (D

K ML C.K 3 53| g 2546 14 J5t i BHL e TR 32 66 B 5
a4 G F 53 5| R S50 0 5 SO0 F | BE 0 3 RE R
NI E

R A 45 4 3l ) 2 iR B & Ik, S5 0 1 s S
] 5 q ] N R 4 R i 2 R 4R 2 AR A 1 JE 20

q=dé& (2)
o @
X .o= s EE R )T A3 ]
Piete e D
PR B B A — 2] 53 S0l 3% 75 45 A0 7E 45 ) P A — S
STERT A e X Poae B I S LT 2,000 I 55 ) 19 25

B  Mooac A A R AR T I B0, 55 T 4540 50 3 B2
BaE=1{6 (0,8 (), AR (o}t oy 3R B AR AR
Mt
B ORAKX DR
M®E +CPE +KPE=F (3)
OBy Iy )i, SEBR FIE 25 RGEm) J)
Al R AE R AR BT R R TR ISR
) PR Aok @' 157
Q"' MPE + D' CPE + D' KPE=D'F (4)
A M=@"M®,C=@"Co (5% [H e M iF 3¢ FH
JE) K=@"'K® 5331 %2 [ B BEAR RE5H 1T U
i PHJE RIRI B B F = @' F SR 254 1) S5 55 )
i, TR WO RR N
ME +CE+KE=F (5
GO P Ry X (4) iy g 1) B AR & B 4R AU T
YERY Dyl i, O e i <P E 5 B B Thrais . 4l
FHA BR B TT 75 6 AR TR v i 23 ) 25 M 647 3l g 4%
Bt 38 H B AT LU 6 A B S Y 3
FR,.q= (X, Y, Z.RotX,RotY ,RotZ) , Bl 3 A3



58 KZXFFHRARAFR

2016 4

FOEERT 3 56l Bl B 8 T 3078 8 — e
DU BEAL BB A W IESS K n A B B Qs s
Q) IR X T RANLEMAFAEM T RFR q=(Q1 s
0.} b SN M5 Fom P E Z A7 AL 5 R
Fo XN R A PR e AL A
HE BRI R (P s PO RIR B FS Py ey
P} ) Ak Sy VB E L SRR 2 T F0 Ak
JIHEA B4R AL b T sy Zh Wi \We Wi FIWe 23505
JEE B Y JE 5C

W, = Mé = @"M®E = @"Mj = Zq)g,MQJ
ji=1

We=C =@'Coé = 0'CGj = >, CO,
= (6)

Wi = K¢ = @'KO¢ — 0'Kg = > @y KQ,
i=1 '

P = @ FD, P,
M4 BE B S 18 R A5 W W W =W, )

2P, MO, + D@, 0, +
j=1 j=1

DIDLKQ, = > W, P, (7
i=1 ’ j=1 ’

Beon AMSE AR {Qr -2 Q) R N AR H

Hi B2 E A 4R 2L 5 4 AL AR AR Y X
{Ql9...’Q”}:{Qng,...’@Q”g;} (8)
P O RAKXDF

ZQ—QFJMQQjé. + ZQE/CQQjé +
i=1 =1

i)d%,K& = i}cDEJP,- (9

TR0 56 T A FEL 2 A 1 4 9 T 58 P
ST SR g ( Qs -2 Q) ) » T JE AR — A Q.
P SR TR — 2 4 R T, A S A 57 B
SEH RS [ B Q, B B R T
YR L Wi 2 AR F 3 R
i}(pg]M(pQJ = O'M®, = M
o) co, — oc, — C
n (10)
> @O Ko, = oM, = K

2@, P, = @,;F =F
=1

TS 5 4 30 1 W IO 0 SR A £ S 4% 4 B
A i i & SR L D T oA . 2 CL0) ZE M3 AT

KA q B FRR, TR RN
ME + C: + Ke = i}(bg]P, (1D
A O R L) B Sk F F 70 37 P 8 114 25 [R] 25 44
S G TR RS R S5 BROGTT5 H . 25 0 iR
R H R 2 FOE g5 b 56 F R 4 BRI —, B
M=®"'M®=I; 5 #i & K IH —, B @ 1 4
Do = 1o FELER B S0 B 3158 rp SR S o
H— B PR BB o o . D) A A [R] B A e
M 15
IE+M'CE+M'KE =M Ecpg]P, (12)
KA M 'C=A. =diag (2w » 28, @, -
M 'K=A,=diag(wi w50 5 AR
X5} BELJE e A0 R AR R B b, ¢ A w0 )
Fyas (A1 4R S 0 B 4R TR L A EPH. e IR R ARG ES

idlal e
AR 408 41 2 1) 1 22 1

M = ®@"'Md (13)

"hode
AT © ro_
M, = E D:m,D; =
k=1

Mhode
Dm@ =
2 ' D= 12 g (1D

‘ 0 1]
24 28 by 4R R A o6 TR R BE 0 — P M =
M = I, FREMshJ et — 2l

E+AETAE=TID QP = > 0P, (15)
FI 25 WA 3 97 97 TR REAL N nes 3T

M7 YRR PR R R R Y aE B o R
() + 20wl (1) + & (1) =

2¢;£)JP] 1= 1,2, s npoae (16)
=

A F = @uF = > @, P) 5 i iR X R )

SUH ALY BV A A S £ AR T I 20 s @,
WL q (TG 1 2 A S B 5 R
L@y HLLIQ: -0, ) HTE R F5 19 4 T 2 57 4R
RIRH A B A R

2 BT Ihar i BY R 4549 30 1 I

St F 3 T ST P78 A ) 23 R 25 4 3l 1 2 (15) L=
(16) , A] LU F FA R A5 %, 2 Aoy X TR . 24
23 [A) 5 R0 45 E B AR B0 S B T o AN TET AN



% 3 52

Bl R TR EIRA 0 KI5 M R E A IR0 2 5 b 09

JIE AR B B B AN O B S 0, HE 2
SRRl LLZ S, TR S A m R ECH R R
n—m/]\c,
2.1 BHEKkAE

oy 385K i SR FH AL ey A AR 0 SR i =X (16)
&) = fj Z(DT P, (e i ?sin(wpy)

WDpi

(t—ode = —EJ @} P, (1) -

wp; i=1

e —w; (I

gln(w[)')(l‘i'[)d'[' (17)

Ko =w; V1= HA RS RS IR
P s o R IR ) AL A

KAt %WJ%MJJTHT%IUFVF.W%QHH
F%y g 157 A Al m) AR 31 3 (8) 1 ﬂfﬁ*”%ﬁﬂﬁ?ﬂc
2.2 SuERER

2 () 25K Bl W) IO 1) R 3R A o T i — I i)
b Sy B AR EAE L0 ¢ ] B #EAT B R T AR
BOR o X Tt ml s AR 4k 25 (A 25 4 . Gl >R O
SR SR B ey o A RS C15) Dy A, DU [ 1
TE CHEAT 5 Tk 37 3% 7Y (19 25 18] 45 44 30 7 Wi g 1147 A9

TS ST T 2R 4 L A

tar = | s (18)

L=V —1,
LA 7 B4 v T 5 e B 1 40 8L 25 e
jjé‘”ew de = Ji e AE(D) = e g |-

(i) | st = ik (w) (19)
(i) 24 AT A5 o Ry e B o A
f"X)é(t)e*W dt =— wE(w) (20)
XF 2 C15) WA i 4 e L 2 4 45
(— o' T+ iwA, + A)DE(w) = Eq);,;ﬁ](w) 2D
ji=1
A H(w) =— o’ I+iwA. + A, » 456 (055 i 14
356 R RSO [ L X T3 3 1Y 45 44 3 7 e

E(w) = Hﬂ(w)Zq)ij(w) =

ZH () D P, () (22)

Xfﬂﬁmﬁ%ﬂl@m%m%mﬂn, LR
it L A PR A s 1 ) R 3 4
E(&; () = EE(w)E (w) =

E[ 2 H' (w)@éjf’, (w)( i H' (w)@éi), () )1] _
=t =1
E[ 72 ]EH71 (a))@(—g/ﬁj (a))PI (w)@Q; (Hl (w)) * T:| _

H' () (2] D04 E@ (0P ()@, ) (H ' () "

(23)

ngg (C()) - H7l (CL)) M

2 E«pg Sep (@ @y ) (H ' () " (24)

i=1 j=

L A E F2R AMGIEE; (H ' (0) "h H ' (w)

A SLHE A B
SR A A% (1] 45 b i R A B 1) B 3 3% % BE DL )
A8 BT SR AT 45 ) H B2 B 2 2383 4 18
{SQth ’.“’SQ,,,Q“, }:
{@Ql 55’5]@(—51 ""9@Q”Sg’5]@(—5”} (25)
S S AR 2% Y 5Bl 0 W L ) B O 25 R R
{O-EIIQ” yoee ’o-émQ”j } =
{Jj So,0,, dews - ’J; So,0, d“’} (26
3 ETHIRENAEESFRRER
= M Kz 53 4
AT T A ) 4 AT R B L Bl ) AR
VEFTR 19 3l g iz o I8 ) AR BB 20 23 B ad 7
FB M RB I X BL IR AR B Sy B AT

A 25 Hh B ST AR AR R R M R XU R e 43
Hrad A2, S T T B, AL A AR B B R
F R R B F A A 1 o B S Z A T
WEREW BN nuse s AW EA 6 AAHE
AT A B ERX,.Y, Z.RotX,RotY,RotZ) &q,
W 1Ca), f{ 2 N i A Y
Briml BBy D, % ml g F- ) L Ffge Xl It 07 4R
MBI HR%EY,Z Ml RotX X 3 A4~ J7 [ L A A 28 5
X, RotY #l RotZ % 3 75 ) b @ WU far 2 AR/, 1155
th Z AR iR TR 1) R B U Rk w oy

] B S 25 XU 5 0 () T o (o) 43 53] g A A5 T 22 1] )
kB R s Ay poa 4350 0 32 52 Y I ) A ) A0 B
%%,

R FIAE SR 5% 1 (9 AR 804 S 3 X5 1R 1) - 349 X
7 28, U5 45 4 22 18] AR EL 3 gl 7 AR Y OIS DL R K
G A PHIR T o 35 XA AT LSRR
D7 WEAR D 0 e DR » e Ak 5 IR 2 ) T 2K P 3 X |
B A BRI E REE SR . B Fok



60 KZXFFHRARAFR

2016 4

RotY

RotZ

~
z V) 0

/< RotX
X

(a) TRAHERER
Utu(r) — M

— ( D

[ 2 ’

(b) TR0 )5 i R B B RS

B1 REA B K Ty AR

Fig. 1 Freedoms and wind forces in nodes of bridge deck

F 18 A~ Bz 5017 Scanlan T35 8 7Y
1 J . Ba 4
L.=+pU 2B)(KH{ ﬁlJrKH{ UK H et

K'H; %+KH§' %H{ZH; £)

1 1 Ba, o p-
D.=5pU 2B (KP; EAKP; T8RP at

L3

K'P; L4 KP: %JerPg" u

)

M, = LolP (2B) (KA/ LKA %+K2A; ot

K2A; %JrKA; %H{ZAJ %)

27
AL Do M AP PEITE ERBAKE By
H T B AT AU RS B RGHE  p A AR

o v e gk e B, N
W B jﬂf%ﬁfﬁ;K:%jﬂi‘ﬁ%ﬁ%;wﬁéﬁ@

WRENBAR % H (Pl JAS 435 BR800 ¥ 3
S K eR L 55 0 BRI I LA A TR RO S A
5%, 38 H T B ok KU R 4R .

BHR 71 Fy R A3 901E 1E 1) Davenport £}
IR T 1A A

1 . u (1)
LI,Z?‘OUZB[ZCLXM

U
u(t)
U

+(CL+Cp) xl,wa(f) }

1 ’ w (1)
Dy =5 ol B 2Cox, 5+ ot 17 |
1)

U
(

1 ., . ult) | w
M, = pU B’ [szxMu 0 +(/MXMHVT]

(28)

KLy Dy M, 530 M ERAE ERBAKE EW
PHRFJ7 BHRBE 1 R F 15 CL . Co . Cy 43 5]
R A A B 1T (4 T L B D R XU R B %
KB By O =k 0, =90 o, = 10,
X~ X~ X X Xt \XMujﬂ%fjJTE'F?Vﬂ PR, B TR
85T M 1 JLART R4 IR LI A s G T AR AR, =43 )
BN B T 9030 H 7 KR 5 3R

WERLTREBEER -0 LIRS 0=
(h,p.a)=(Bh,Bp,a), %t W /E 75 2 A R 85
A MER S 5 Foo (L s Do s M, s
F,& (L, ,D,,M,), ¥%=27) 2O ALET 1l 7
PR AL 1Y 25 (Rl 2544 2y 0 7 2 (13) 1%

IEDOFAEDOFAED=O F() « dx (29
K55« i, KR 58 B b B X T 2 AR O
B F(o » dx={F, (O dx .+ F, (Ode, T H
o R AT R T E S ERRKE,

XFFE29) B 20 300 o K i Y A A B 4k B 1 40—

W= el et 20 == () ()

dr B |ds B

é<s>,é<t>:d5:<U

7 E>2 HON!
I (ODFAEDFAEQ) =
(%)2[I§(S)JrAré(s)JrAwg(s)] (30)
Xof b R B A e L B AR 3 DL 49— T D
s K= 2 3 1

B

2 [+oo
<Q> J CUE) + AL +AE))e M ds =

2
(%) (— K*I+iKA. + A E(K) (3D

A Ac=diag(Ki.- K ).
Xt 29 W A7 3, 7T LA 4y fif o B iR
Pl
D'F() » dx=®"F,.(t) + dx+®"F,(t) « dx (32)
RGO H, BB LIRIR A
@'F,.(t) » dx=Bh"L,, + dx+Bp'D,. *+ dx+

@M.+ dr=—poU 2B)K(H} G +

HiG,+H: G, +P' G,+P;G,+
P:G,+A G,+A; G, +A: G, E(s)+

LU (ZBOK* (Hi G, +H; G+

H: G,,+P;G,+P;G,+P;G,+
A; Gm +A4x Ga/, +A6X Ga/, }E(\) (33)



% 3 52

Bl R TR EIRA 0 KI5 M R E A IR0 2 5 b 61

~l *l
:_thj :Glzh :J <hlh> . dx;G;,a :J <h[a) * dx;G,I,) ==
l 1A [
J (h'p) - dx;G,, :J (pp) + dx;G,, :j (p"a) -
0 0 0
l [
dx;G,, :j (p"h) - dx;G,, :J (a"h) «» dx;G, =
0 0

l 1
f (@'a) - dx;G,, :J (a'p) - dx.
0 0

Bh'L, + dx.Bp™D,. « dx.a"M,. * dx B#ES T
FEAAE AL LA BR'L,. » dx B4 i St .
1

dx = h"BL,. + dx = —-pU" (2B*) -

.
Bh'L.. 5

[KLCH] J;hTh . dx - H; J;hTa «dx o+
H: J:th e do J(o) + K [(H; J;hTa Cdx+
H; thTh . dx + H; j;th - d0Je) | =
AU 2BOKH] Gy + H: G +

H G)E) + LU 2BOK (H; G+

Hf G, + H(;* G;,/, )5(5) (34)
X2 (33) M B it 46 L 5% A4k 3 DL B 40— Dk

B K= 0 G B

pU* (2B)K

@'F, - dx=iK >

AE(K)+
2 2 2
#B@(K) (35)
iﬁ: I:F‘ : A= H]K G/,/, + Hf_; G/,a + st G/'P JF P]vx G/,/, +
P;G,+ P;G, + A'G, +A; G, +A;G,; B=
H;G, + H'G, + H; G, + P;G, + PG, +
PG, +A; G, +A G, +As G, .
K B2 H g EHE I AT LLRIR R
@'F, - dx=Bh'L, - dx+Bp'D, « dx+
UB?, . .
a'M, -+ dx=E55702C0y BT+
ZCI)XDHPT+2CA\/IXM”aT julCx,t) »
U? B? ] T
dx+E5 - (CLt-Cody, BT+
C})anpT—l—waXMwaT}w(x,t) < dx (36)

LB X8 3% C36) 002 B 0 L 20—
BB K— 2 0 G B L 2 R

[OL;TBM{Cbu[u(I,K) « dx ]+ Cp [ w(x . K)

2 2
ax)) =T B e, - doute 0+

(Cp + do)w(z, K) ] (37)
K :C,=2Cy, h"+2Coy, p"+2Cuy, @' ;C=
(CL+Cody, k" +Coy, p'+Cuy, @' sulx . K)=
Lulx , K)o LK Tw(a, K) = [w(a,
K)oovw(a, K] C, o dx={Cpyday s e

s U (‘Tn
nod

“bun_ e =
dI”n(»(lv }T o

Bl 31 .35 A GO AL 29, A A
N — YT IRIR K LR N

iK‘O<2B1)K .

(—KIH+iKA . FAOEK) = 3

A§<K>+%Bé<m+f‘% :
[(C, * d)u(x, K)+(C,, *+ dO)Ww(x,K) ]
(38)
L LivEs

[—thtiK(A(.—‘O(ZB#A)ﬂL

(Ak—(ZB”KZBHg(m% :

2
[(C * d)ulz, KD+ (Cy, * dx)w(zx,K)]
(39)
'
4 E = — K'I + iK (AC—L]? )KA> +

4 2
(A= T ) R T 2

E(K)zg—UE (G, » dou(x KD+
(G, *» doOw(z, K] (40)
R 3 (24) 4 TR0 AR s 11 Ty 38 136 2 13 4 g T LA

2

) E '[(C, *» dx)S8. (C,, * dx)T+

&
o
&%

(Cy, * dx)8S,. (Cp » d) "+ (Cp + dX)S, *
(G » d)" (G, + A0S, (G = dODJETH T
(41
280 S S 20K w w0 Ty 1) Y ik Bl X3 A
ww J7 [a] i Bk 3l B3
2D B g S B4 T 2 8 36 1) I 780 408 s 1) 2 5633
WERRE T (hy paa) J7 1) _F W) R Y By 356 33 5% i
%R R0 e 1 (%) 7 25 AT R R
S+ S, S,.)=(BhiS.Bh", BpS:Bp" ., aS:a") -

(67 s 6} 6.) = (J (8, (K) - dK,
0



62 KZXFFHRARAFR

2016 4

oo oo
J SW(I<>-<HK,J S.(K) + dK)) (42)

DAL B A 35 T N7 91 78 A K B R R 8 KU ERCRL AR
M N BTt . A ERHES A AW B FRAT
5y 0 B 335 W ik S Bk BOE 5K A5 52 2% 10 IR 43
M ik FRTE B0 A T L 45 5 B0 5 A1, dy T o 5 A
HEAT T AR U 75 52 2% W BHIR 43 BT 25 5 Bl 45 4
TR U P A AN AR

4 —EERNTEL

DA 1 JEE B 800 m (1 =5 B AR ], X bk Ak
T 7RI A R 5 R AT R i B 23 T 3 A R AT
W, BRWFMEASEANR 1 R, RITEEE
A FRERICIE L B R A AT BROTARE L 225 73
B A R TS O RS L L 1 BrBEZS A 2 Js

x1 BEHREXSY

Tab.1 Basic parameters of suspension bridge

N 5 /m MIJE/(MPa + m ™) &R/ I 0/
FRTESE/m
uliz3 b 5 3 e % (kg*m™ 1) |((kg+*m?)*»m 1)
36.9 240 800 3.0X10° 2.5X107 1.5X10° 15 000 1.5X10°
=<zl e m M, g 0.35
W mﬂumm el Nﬂﬂ & g 30
= 0.
(a) S-V-1(0.230 Hz) (b) S-V-1(0.205 Hz) S 0.25
‘ £ 0.20
E0.15
0.10
(c) S-L-1(0.202 Hz) E 0.05
M A . . . . . ) )
ot il I il ' ] _0700 500 —300 —100 100 300 500 700
' 3 4 1 A4 4R/
(e) S-T-1(0.591 Hz) (f) A-T-1(0.936 Hz) (@) ' 1 £ 5 W SIRMS &
7E:S-symmetric,%f #X;A-asymmetric, % 5t #K; V-vertical, ' 25;L-1ateral ] 25
T-torsional 3 %% . £035
.30
B2 BRERF-IES 5 0.25
21 0.20
Fig. 2 First modes of suspension bridge in three directions g 8'15
PR TE 3, U Bk T 0% H A A B 1 20.10
N . N — ¥ BT e Kb 37 0.05
BHZME . FRNE S =000 RO R T B8R 'jg 0

FHVE IR VLR = 3% W 1 1 B A% 78 IR 36 1) %
-, R BK Y 5 BB 2 =50 m, M 1 R RS K
JEHE BA M =, = 0. 01 m, XU I 45 BN o=
0. 10, 715 K B Us, = 60 m/s, 25 8% JE L p=
1. 225 kg/m’ ;X 8 T 99 >k H] Sears BR X Liep-
mann i {3835 20T 5 25 4 25 B A S 1Y BEL @ B e R
o BEFF BT R TTHHLE ) (JTG/T D60-01-—2004)
IR0, 005 [l it 25 5§ K S 1 1 i Jik 2l RUAE TS 7K
ikl RS, () 3 F Kaimal 3§77 5 8 fig ik 8l K
¥ S... ()% Lumley-Panofsky & 1F X352 ; 58 X
JRHEAN % F8E A TR A3 Coe GO i3
DRI 23 [0 R 5P SR FH R T A T 200 L KU A 56
REORA="7, BhRm S 1 B 450 N 0. 002~
2.5 Hz, i BgE A 0. 002 Hz, % JEZ5H# 1R 50
B4 7 e HEAS S 1 BA A 3] 32 R 2 1) KO R
% 77 1 B AL R 1 RMS {E a8l 3 B 7R . H
3 ATLA S BR 2 AR 2 T A 0 1) 437 A% AR X DN
SRR e AR T 25 (B 5 K R 0. 034 m i) 88 ] 57 #%
VR %% 85 R HBE IR ) 7 AR O 22 1 43 ) 3k 3

0700 =500 —300 —100 100 300 500 700
3 B2 b 1) A FR/m
(b) KFALH e RMSE

~0.501

@ 0.40}
g
¥ 030
E
E9.201
)

&g 10k
#

= 0 I e L L L | T y
—700 —500 —300 —100 100 300 500 700
3= B2 4 1) A BR/m
(c) HL¥: L% i RMS{H

B3 RRF R REHRAL A B RMS {8
Fig. 3 RMS value of the buffeting displacement

responses in three directions

0.337 mA 0. 480°, 7 25 ¥ 1% i S RE Z W
5 & i

CO AR H 22 S 45 4 3l T 27 S AU 18 . M RE
AR B R ) SCHR B 3G B IR i 23 A
RIBNEET n AL A o B AR A TE 5, IR XS
HF et P MPLBLIEAT T P40 A 3 3 R e A . adl



%3

F AL F R TR IRA 6 KI5 A R R A 5T 63

A A B S A o A B B 9 R L g
FHE RSSO A BB A RHIR R B

(2) DI F 85 800 m [ K 85 5 B2 o 915 It
PR SCT7 86X B IR w3 A7 7 20 b S5 SRR
FY T R 5 JEE AT % 2 SR W 38 /0« HL AR iy o K 7
LR B R AN RE 22

() FEF TG Fa BTt v 3 R FH 45 200 XL 280
X RIS ARTE B FE AR SO A A R
Ao BT 3 LT SEORG T A T R A K B 2R
SR KA B SRR T — BRSO

S & Lk

References:

(1] ERA. KEEERFHIALMI Jbat: AR\ 1
#1,2011.
GE Yao-jun. Wind resistance of long span suspension
bridges[ M ]. Beijing: China Communications Press,
2011. (in Chinese)
[ 2] DAVENPORT A G. The response of slender, line-like
structures to a gusty wind[J]. Proceedings of the In-
stitution of Civil Engineering,1962,23(3) :389-408.
DAVENPORT A G. The action of wind on suspen-
sion bridges[ C]//LENC. Proceedings of the Interna-
tional Symposium on Suspension Bridges. Lisbon:
LENC,1966:79-100.
DAVENPORT A G. Buffeting of a suspension bridge
by storm winds| J]. Journal of the Structure Division,
1962,88(3) :233-270.
SCANLAN R H. The action of flexible bridge under
wind, I :flutter theory[ J]. Journal of Sound and Vi-
bration,1978,60(2) :187-199.
SCANLAN R H. The action of flexible bridge under
wind, [[ : buffeting theory[J]. Journal of Sound and
Vibration,1978,60(2) :201-211.
JONES N P,SCANLAN R H. Theory and full-bridge
modeling of wind response of cable-supported bridges
[J]. Journal of Bridge Engineering, 2001, 6 (6):
365-375.
JAIN A,JONES N P,SCANLAN R H. Coupled aero-

L6]

L7]

[8]
elastic and aerodynamic response analysis of long-span
bridges[J]. Journal of Wind Engineering and Industri-
al Aerodynamics,1996,60:69-80.

[9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

(19]

[20]

JAIN A,JONES N P,SCANLAN R H. Coupled flut-
ter and buffeting analysis of long-span bridges[]].
Journal of Structural Engineering, 1996, 122 (7).
716-725.

SIMIU E,SCANLAN R H. Wind effects on structures
[M]. 3rd ed. New York:John Wiley & Sons,1996.
CHEN X Z,KAREEM A,MATSUMOTO M. Multi-
mode coupled flutter and buffeting analysis of long
span bridges[ J . Journal of Wind Engineering and In-
dustrial Aerodynamics,2001,89(7/8):649-664.
CHEN X Z, MATSUMOTO M,KAREEM A. Aero-
dynamic coupling effects on flutter and buffeting of
bridges[ ] ]. Journal of Engineering Mechanics, 2000,
126(1):17-26.

TR R B AT R 5 B4R R RS AN Ak g BT
[D]. ki [ K .2001.

DING Quan-shun. Refinement of coupled flutter and
buffeting analysis for long-span bridges[ D]. Shang-
hai; Tongji University,2001. (in Chinese)

CLOUGH R W,PENZIEN ]. Dynamics of structures
[M]. 3rd ed. New York:Mc Graw-Hill Companies,1975.
CHOPRA A K. Dynamics of structures: theroy and
applications to earthquake engineering[ M ]. 3rd ed.
Upper Saddle River:Prentice Hall,2006.

OB RS BT B 2 B AR S B0 0 R SR 5
[DJ. ki [ K2, 2014,

DONG Rui. Multi-target equivalent static wind load-
ing of long-span bridges[ D]. Shanghai: Tongji Uni-
versity,2014. (in Chinese)

LIEPMANN H W. On the application of statistical
concepts to the buffeting problem [ J]. Journal of
Aeronautical Science,1952,19(12):793-800.

JTG/T D60-01—2004 , 23 B M B 5T Wit i #LE LS.
JTG/T D60-01—2004, Wind-resistant design specifi-
cation for highway bridges[ S]. (in Chinese)
KAIMAL J C, WYNGAARD ] C,IZUMI Y, et al.
Spectral characteristics of surface-layer turbulence
[J]. Quarterly Journal of the Royal Meteorological
Society,1972,98(417) :563-589.

LUMLEY ] L,PANOFSKY H A. The structure of
atmospheric turbulence[ M]. New Yrok: Interscience

Publishers,1964.



