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Comparsion of Mode Superposition Method and Mode Acceleration
Method in Dynamic Analysis of Suspension Bridges under Wind Loads
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Kim, Tae Nam

ABSTRACT

A method of stochastic dynamic analysis of suspension bridge subjected to random wind
loads has been developed in this paper. Example analyses are carried out by mode superposi
tion method(MSM), mode acceleration method(MAM) and advanced mode acceleration method({AMA
M) in frequency domain for the Nam-Hae Bridge.

In this study the statistical characterics of random wind loads are assumed to be Gaus
sian stationary zero mean processes. The considered structural response quanties are disp
lacements, shear forces and bending moments. The mean extreme responses are approximately
calculated by three times of standard deviations.

The followings are the conclusions from this study.

1. Numerical results which obtained by three methods of computer program developed in this
paper agree reasonably well when the numbers of modes increase.

2. AMAM is simple, accurate, economic and reliable method compared with the MSM and the
MAM,
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714 A EE B9 YL 2= Mode Superposition Method(MSM), Mode Acceleration Me
thod(MAM) £} Advanced Mode Acceleration Method(AMAM)&} 3 7FX] ol &3] 2 ASS ¥E&E
Aoz sz} T} MAMO) thslol A= Thomson(1972)3}, Craig(1981)°'7} -1 9448 gt
3 2483, 2 ¥ gwe HFROYOS olRoAE Yot AWH oA} I3 westn BA
E 3 (deterninistic) WYo] ITXAL}, ollw TEIJdo] AR J|= oL} MR} BEEAKL
ime domain)ofA ] @ <l Zojr}.

2 479 HeyS AWM RE(frequency domain)ollA] MaM P2 ¥E&EF 53 f¥YPL 2
Ak }" E MM P TS Reste] i€ (Advanced) MAM(AMAM) 3idel J3id, 33] 3

FE £(1- 27) & "}‘8"5}"‘] AFE Y AZE UF €Y + A2, E B d 2&
A FHY Yol © + & 43 ¥ L F3lod dF3ax vk
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2. EX spectrum
BRG] i, j F FHoAMY 4 MU YAE 1Y §55 spectrund oz} Zo] Aty
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Suii(w) = Su(w) expl - 2—_U- IXi - X511 (1)
8

Swv;(w) = Sy(w) expl - S [X; - X;l 1 (2)
2xU

Xi, X ¢ BAFL,JY X & 3HE

Suv;{w) : cross spectrum of longitudinal wind velocity fluctuatios at node i and j
Swivj{w) : cross spectrum of vertical wind velocity fluctuations at node i and j
Su(w) : spectrum of longitudinal wind velocity fluctuations

Sy(w) : spectrum of vertical wind velocity fluctuations

3. TH spectrum
738 o) Z}L-3}= active force?] power spectral density function2 T}zl Zo] & 4 2l
t}.

1
Seipi(w) = [ PUBLICL( @0)1? Suslw) + [ > PUBLIC’ te( @0)]* Swini(w)

1 1
e [ pUBL:]? Cif @o) C 1e( @o) Suwi(w) + - [pUBLi1? Cul @0) C 1e( @o) Swius{w) (3)

4. HEHEBHY Mol Y RE) MY
4.1 Mode Superposition Method (MSM)

o] FHkL coupled equation F}FHFo &]3] uncoupled equation® B WH¥sl T upyo
2 gury o g tig3 gr}

M (w(£)} + [C] (1)) + [K] {v(t)} = (P(1)} (4)
{(Vi=10¢'14{Y} , [¢]1 : Nxn A4 modal matrix (n < N) (5)
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N: A B9E4, n: EYEE BRES

{Y} : generalized modal coordinate vector
{V} : independent displacement vector
{Pa(t)}

Nl )} + 20 & don) {Yal(t)} + [WB]{Ya(t)) = (6)

[ M ]
[1] ; diagonal generalized mass matrix
20 €nlln]l[M])=20¢nllwl]
; diagonal generalized damping matrix
[Ke 12DV K1 [¢') = [ W) [ M ] =1 6%

; diagonal generalized stiffness matrix

[M ] =081 M 9]
[C]=1[¢1[C] [¢]

{Pa(t)} = [¢°1" {P(t)} : generalized force vector

[ &% 1 : diagonal natural circular frequency matrix
£, ¢ nHA] 2L =9 damping ratio
#12] Al( 5)2 B¥ response spectrun olzfe} o] & 4= gl
[Savn(@)] = [¢"] [Svava(w)] [¢° 1" (7)
ol (6)4]¢] @'H-& Fourier transformdle] Fr(w)ol thdted AHelstd cie A& der)
- o Fun(0) * 2i€n 0 @ Fro(@) + & Fualw) = LMn— Fm(o) nel,2,3... (8)
_ Fen(w) _
FYH(U) - Uzn Ma [l + 216n (U / Un) - (0 / Wn)zl h H"(w) FPH(U) (9)
FYI‘(Q) = HI.(U) FPI'(W) (10)
_ 1
Holo) = N T+ 2i8n (0 7 o) = (07 o) (11)
* _ 1
Hlo) = T 2iE, (07 o) - (07 o] (12)
[Svam(@)] = [Ha'(@)] [Sewrn(@)1[ Ho(w)] (13)
[Seaen(@)] = [¢°17 [Seirs(w)] [97] (14)

A= FASHA e 81F frequencyol thsto] HERUO TN J84 o & o) x|
HERY U2 A LE EEH A} 3ulE 2sto] ol Lol ALY 4 gl

]

Uzv =/ _ms\“l\’l(w) dw (15)

Vaaxy = 30 (16)

4.2 Mode Acceleration Method (MAM)
o] ol (4)8 &F WAHAS (v(t)} of thdted ti2} Po) Felsla o] ZXE response
spectrum Sw(w)& AASHe Zo2N 2 AF S ol gk 4 A (4)8 HE8 A7|d 12

Ag deth

(i) = K1 {P(1)} - K1 IC] {v(e)} - (K1 [M] { v (1)) (17)
A 7| A
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K" [C] (v(t)} = 7] [¢ 17 [KI™ (61709 07 [CD 09" 14H(1))
=[] [Ka ) DG d (Yalt)} =280 £/ wn ] (Yalt)}
K M) v (6)) = [0'] D91 D™ [0 170007 M) [9°) (3{0))
=001 [Ka 19 DM D {Y(E) = [97 ] [ 1 7 &% 1 HYa(t)}
o] BAAo] the) S The 3 ol ML)
()} = K1 P8} - 20010 £/ w0 ] (8D} = (91 117 6 ] {Ya(t)} (18)

9 A2l P Fourier transformd}d ChEe) A& &L 4 Ytk

{Fu(0)} = K" {Fe(w)} - 2[¢° 1] £n/ wn ] {Fr(w)} - [9°1 [ 1 7 &% ] {Fy(w)}
= [K){Fp(w)} - 2[¢" 10 € 7 wn ) Holw) 109" 1"{Felw)}

S0 10 1 7 W% ) ) 1097 1T {Fe(0)) (19)
A7l [K] = K]

[Cal = - 20010 &0 / on 1L Halw) 10617

M) = [0 10 1 7 &% 10 Ha(w) 109’ 1" 2 509 olefe} go] zhghs] & 4 itk
{(Fu(0)} = [Kel{Fe(w)} + [CaJ{Fo(@)} + [Mu]{Fe(w)} (20)

e} Ao 2HE spectral density function ool w2} Sw(w)Zk& olefe] Az} Zo] R 4
Qlch.

[Sw(w)] = [Kal[Seips(w)1[Ka)" + [Kal[Seirj(w)1[Cal™ + [Kal[Spips(w)]1[Ma]" + [Cal*[Seirs (@) ] [Ka]"
+ [Ca) [Spips(@)1[Ca]" + [Cal*[Spirs(@)1[Ma™ + [MaJ*[Spips(@)[Ka]" + [Ma)*[Spipi(w)][Ca)”

+ [Ma"[Spips(w) ] [Ma]" (21)
o] ¥2] 2}¥-& mode superposition method ¢} Z2 WHoz FFHExY ME ¥EF 7|
x| & Alabiict

4.3 Advanced Mode Acceleration Method (AMAM)

ol TR Qe MM 4] ARAJL ol B3sha, §3] fFE Z2ae] glojM 1
ol sty ARSI H4E B & WM SRS AU S ¢ 4 ek oy
DHE F5 stee AdxolA AZ7HA] AHEE |2 MM H Y] +3LE A staA} gk $d
704" (Advanced) Mode Acceleration Method (AMAM) 2.2¢] ZA) AJj: EE) HERL] dvirl
2 U= BiESH, BROL REHS A7 & she] gog A st=Flo] Fo3)tl
o714, dutyow s1Fe] Frlo vt A3 A2 EHFIE 2t FREL F$ BEFEH
RN vl uvlaste] RO BH AN AP BEET0] AujFed WEHel Hrl: Al
Fojste) Eohd BRAH REHS 2ANA BiEHY ZR R FE3H= o] EIRE Ao
Tl olet 22 Apdol ZABI] aMAMe] FA] fEE vhee A 2l e (18)4] e2 2y
(v(t)} = [KI" {P(U)} - 20810 €n / @0 ] {Yalt)} - [8a] [ 1/ 6% ] {Ya(t)}

=IKI? P()) + [dal [-20 60/ wn ] (Ya(t)} - [170%] {Yalt)}] (22)
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T MM ol o] ERAFERS YBAL A (6)22 BY thed Brh
a()} + 2 [€a1[0n] (Ya(t)} + [W%] (Ya(t)} = [M]™ {Pa(t)) n=1,2,3---
= M [a]” {P(t)} (23)
9ol A& Wastd ozl Az} et
1 - [€.] 1
T a0} ¢ 2= (D) + ()} = o
o] Alg thA Helstd olelie} i

M [al” {P(1)} (24)

S 20 €/ ] (1)) - [ 17 R ] {u(I=0a(t)) - [1 7 W% 1DMI™ [9]7 {P(H)}  (25)
214& (22)0] tidste] Aalshad Wghat Ripfol 2AH I BiEH Doz ¥A H $9E t}
=9 A& d=ch
W)} = K1 {P()} + [9a] [{Ya(t)} - [1 / &% 1M [9a)7 {P(t)} ]

= [ga] (Ya(t)} + [ [KI" = [gall &% 17" [Mad™ [ga]" 1 {P(1)} (26)
Vilsona4t B ERAIAM 9149 715498 Bel F9o0 olx] AEM EHIMNY 34 &
=tk 3o 1Y 4 r}

$d, LK - (el [0 17" M 061" 1 = [ KMwn)] (27)
22 Fod AL v o] k3] Yel d 4 gl

{v(t)} = [¢ad {Yal(t)} + [ KMwn)] {P(t)} (28)
1218 &H& Fourier transform 38 ThEzt Zo] & 4 Qlch

{ Fo(@) } = [¢n) { Fraw) } + [ KMawn)] { Fp(w) } (29)

of Mol Fun(o) = Hu(w) Frlv) = Ho(0) 160)7 Fol0) o BANG TiY 3] Hel s Theel 4
& 98 + Qrh |
{CFu(@) = (9] [ o) 1 [al" (Fol0)} + [ Kun)] { Fulo) )

= [0gn] [ Hul©) 1 D817 + [ K¥(an)1] { Fe(o) ) (30)

A7, [[¢a] [ Halw) 1 [8a]" + [ K*@n)] 1 = [Aal@,@n)]

22 oy th3t #ol A & 4 Sl

{ Fo(@) } = [Aalw,@n)] { Fe(w) } (31)
919l A2} spectral density function 2] Aojol 2J3jA] ME spectrum Sw(w) & Tha3} Zo)
TRt Heog §x Hrh

[Sw(9)] = [Aa(w,n)] [Seips(@)] [Aa(w,@0)]" (32)
oA 3to] EEE spectrumo] Axt S o] F P MsMollM e} o] AA ¥ 4 gich. §19) A
2 MAMOll A AREE]E (21) A2} w]mste] & of oiwhs] Zhegt Ae] Hrl

5. MfE A MRl M

5.1 T —it BB

o Yoo WrjasE wsle BF BEEe] 15.5, 25.5, 35.5 m/sec ¢l HA-Lo) o]o] 2]}
o £WREE BRHE spectrun. B A4tsto] AH® H|igolA Mode Superposition Method(MSM), M
ode Acceleration Method(MAM)%! Advanced Mode Acceleration Method(AMAM)2] 37Fx] JEkoll £]3)
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A By A st
2 dFolA o} 8% A2 Hcin #EtEE A2l gz} Pol Agslgch

EHE A4 Cula) = 0.0 8 A4 Colae) = 0.1

3 A4 : Cula) = 0.4, Culae) = 0.143, C 1(ao) = 0.057

25 A4 Zo= 0.003 deck 0] : Z = 25 p

271 "UE  : p = 0.0001276 (t.sec’/m') FF HF : A = 40 o

Z R 20 tiyt EEUA Alade] dojM i HEL Alcte]E ARE ARgsigden ¥
24 Ho 7|zl FEAAY] 38 (30)E 3l ZAMHLE Astdch $£xH 2 AFS
Fusigolet ¥ 4 e AR Yo A BRE VAT KR A F dXslz = A ¥
A & 4 9k £ dFolAE 2% ERILE 7 R9Tol HEs $EEF Bmite A
F YgoZ= MsM, MAME AMAMS] Al ZEA] bgoll &J3ts] ol HSIZE Mgkl Y momES

}

a5

Fetgch. 2 kel dlolA A M APo2E 1742 BLEoN 10719 RS 2
SIES 3lo] Axt FIMIA JHEA 2 +EAE S st

5.2 Al 71| Jigkoll 2t KR L

A8 ROE 48 27102 45 Mot MaMoll ¥ BRE M2 3 dxsls Ag ¢ £
AT, MAMS} AMAMOll 2%t RERE BAEE E9E 4o A gol M2 H Ux e o 4 9
th 4 RE 35.5 n/sec o ¢ WY AAE 2, 6, 9, 120 AR oN Y= Y
4ol wiel 10718 BR9ES AHY Z9E YUY U2E BT ol WEL OAE Al
¥-1,2,3,40] Yehicl. o714 o3k thg Ao g A4t slych

Mo 32 32

error(%) = LIOVI-OV# x 100 (= 110}
Vo : 10 7]8] BT & ARRE 2t
Vi . i 78] RecE Al23 7}
ol Az ¥E ¢ gl%Eo] MSMoll &% FHEcrh MAMT AMAMoll &3} Az}t 4 HmEEs WA

d':
w2 HEHE o] WHE BRI USS ¢ 4 AUdrh ol T2 Al A Y 2y
E AxlolMz H ¥ 4 olgivh & vl aaMoll M= 9], A= H BRRE Ao glo]
A BF 12708 E9ERtE AR 1071y ESEE AHgste ALY FE o £
o ATt MsMoll M= BE 6-7712 RYEEF AN Stojolrt HIZA 22 ol #EHES & £ A
ot ols} 2 Al tiE RE2Z otefelM T uhazixd & Hdy 4 glch

6. B B

HERH TS AMESte EAY AMES Ux BER 278 £33 A%5S AEK SR
A MSM, MAMEL AMAMS] 371R] HEEE AHESte Bl 3ttt B3] BEE SiKolM MAM ol 7t
t B8 FaldE A A0 M el 2 BRlM ARk EHol AMAslded 1 44
= BE BITS Sl dFstalch. ME #ie RBEL=Es ZE BB &3 Ao He, A
Syl H RPUES RSN BEy BT A BELZE 1719 Ee=oA 1074y B
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Z dxjsta Qe
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error (%)

error (%)

error (%)

error (%)

O-MsM, O-MAM, *-AMAM
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Fig.1 Convergence of displacement at node 2. (U=35.5)
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Fig.2 Convergence of displacement at node 6. (U=35.5)
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Fig. 3 Convergence of displacement at node 9. (U=35.5)
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Fig.4 Convergence of displacement at node 12. (U=35.5)
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