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functions by genetic algorithm
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Tab.1 Calculation parameters for the parameter

F6 10SHMRERHMSHE

Tab. 6 Parameter values of 10-parameter indicial function

identification of indicial functions S o o D1 Oria
SR WA a 13.8989  —4.2994  —1.7141 24.4948
MB /() 3 a —5.0492 1.3573 3.9328  —23.5432
Cr 2.035 as 2.7531 2.7184  —1.2799 15.4572
Cu 0.692 a,  —12.6573 —3.5744 1.1747 12.3969
@ LR SRR as 2.4809 4.0583  —2.0200 —11.8466
dERE —0.1 d, 0.1000 4.6890 2.0102 0.1000
F2 MEREFEHTIANHESHAH d, 3.8254 7.2029 0.1000 0.1044
Tab.2 The number of exponential terms and parameters d, 8.0776 3.9350 0.1536 31.0332
of indicial function d, 0.1172 0.1218 0.9509 32.7425
8 B I 5 SRR d; 2.1721 0.1000 0.1634 18.7991
2 4
3 RT RBEMRIBHSHE
4 8 Tab.7 Parameter values of 12-parameter indicial function
0 10 ZHUE i P Pl Pria
6 12 a 6.8586  —0.7316 5.0573 —3.2840
/N 1000 38 45 FE B 1000, F 4% 185 5 5% a; 3.2840 3.0021 2.5559  16.5865
SRR 5 R T A B I T R A 8T T a; —2.2521 —2.5215 —10.7790  —0.5189
o min. T RCRAE B R % 3T A B T 4.6, a, 1.9035 3.3848  —2.1531  —3.7927
§.10 15 125 5 R 56 B 0 2 B 1 2 as —2.7972  —11.8120 1.1148 4.3512
as —5.6554 8.9652  —2.3340 0.9412
R3 ASHMBEEHNSHE d, 0.1000 4.8477 12.8758 8.3912
Tab.3 Parameter values of 4-parameter indicial function d, 7.2997 0.1000 0.1000 26.4326
SR oL @ Dra Prte d, 4.1747 0.1314 40.1192 0.6339
a, —53.2281 24216  —1.4251 0.9988 d, 1.9363 4.3130 0.2287 0.1530
a, 54.5700  —1.9534 1.0257 12.6946 d- 4.0666 5.7159 0.7678 0.1000
d, 0.1036 0.1000 3.1173 0.1000 ds 0.1409 6.4195 2.8153 0.4953
d, 0.1000 0.1470 0.1000  524.2852
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Tab.4 Parameter values of 6-parameter indicial function

ZHUE Pri Pwi Pla PMa
a, —52.8510 7.8480  —15.0621 73.9003
a, —1.0090 —7.3541 —2.7601 16.5469
a; 54.2044  —0.4020 15.9870  —15.6002
d, 0.1033 0.1000 0.1061 292.5224
d, 20.2863 0.1101 12.5000 0.1000
d, 0.1000 7.7424 0.1000 0.1068

x5 SSHMBKRHHMSHE

Tab.5 Parameter values of 8-parameter indicial function

ZHUH Pri Pwi Pla PMa
a; —8.3060 2.6677 5.9891  —23.7146
a, 10.2607 0.8856 —6.9981 26.9154
a, 9.5265 —1.2161 —1.2567 24.6662
a, —10.7374  —2.1913 2.3224  —10.8419
d, 0.1269 0.1000 0.4230 0.1044
d, 2.1343 2.8170 0.3462 32.3293
ds 0.1000 3.5221 2.4529 0.1000
d, 2.3251 0.1367 0.1005 18.5027

A+ B BR R B S B AR A A 50 (22) ~(25) BT 3R
IR S E A (A . 80 R ER S B0 LA
2R 5 il 2, BV T ) T 4R A 0 0L B

H A (26) ~(29) AT A, S 5806 o 7 3502 L
P 20 B4 5 B0k 1 0 AT LA L I H Y S HY
Sk —XoF, AL O A Bk 1) T 2 iR T A 4k 4
il 75 [R5 — A BT op SR 4 0T 1 2 B 4 5 5
B S PRI 22 5 KR 3K R 22 i ) T A1 S i £k 1R
AR AT e A5G b 55 1 B0 5 /N i I8 — 20 i i 5 4
LA R 2 . ST Ik, AR S0 8 Al B iR 3 8o il 4
il 76 2 37 1 FE1JE Hh 30ORE (o AT AR LU b 2% Ay 45 2H i
P FEOIUA R .

Pl 3 2 T A S 0 1 A AU 0 (1 5 R B R
RSB R AARE NS R SHRBAE. HE 3
X 4 S HO BR SR B A S TR L BR T B T 5L
H! 5 AT LA R B B0 22 A0 JAth B 4 5 50 40
B IR R W 5 % T 6 S B BR eR B G 1 T | B
P FECH, H 5 AT LE R BRI, L 5 e 5 54



1002 & 3 T

%37 %

LG BB s X T 8 5 10 S 5 BR B B0, & 1Y
TH I, BRI 5 50A S 1 005 A S BRI, b Bk 2 %
B 0045 R B3 g 5 12 2 B0 BR pR R Y U ASOR B
A, B AT B S B0 PL5 G B AR o

£i L i 4 280 BR R 8O0 S 28 IR 5 K0RY
P I R RY |, DRI AN BB R T 4 2 5 BR: vR) R0 A

0.5

0.1

EWTTE A O BT I B . B B BR RECS RO R
1 58, BRSO PR B B T A R, R 6 2
B8 HE 10 280 BR pR O I, BR T A B 4k
RO LS KT BE AN A1 A BR300
YIRS o 12 Z K0 IR ek RO BT AT BRAR 5 RO U
S E H 5

ol > W ol . o RB > Wk
—ASERE o —ASEHE 0.8 — a4zl &
-0.5} — 6B ML 0.1} — 6B M4 0.6 —6BHIA
._-1o} .. 02t .
T st T s} 3 T 04y
ol —8B¥mA oql —8BEBEC 02 —8BH A
T —103%E T 102EEE . 0 —10Z8WE&
250 —RBEHA 05 —12BEIMA i — 125454
300246 s 10121416 18 06024 6 § 1012 14 16 18 06 s 10 12
U/(fB) U/(fB) U/(fB)
(@) (b) ©
0.5 1.0 0
o AR5 09 = L o A
041 — 484 0.8+ —43EHE -0.02 —ASHE
03L —6SHHAE 07 —6SHME ~0.04}F —6SH A
0.6}
Wo02t N~ 05¢ ~ -0.06
04 B 2 a
0.1 el PTIPN 03t —8SHHl g -0.08F —8ZHula % 0
ol e 931 — 105K A gl —10BEBE e
—BHRE 0.1} —R2ZHHE : —1R2ZEWE
Ol 6 % 10 12 % 2 46 st0nzmaieis 203 4 6 8 1012 1416 18
U/(fB) U/(fB) U/(fB)
@ (e) ®
0 010~
—o1k 0.08 -— 43 %S
' 0.0 | OB EE
—02F = W WO —8Z Rl A
i —4BHA < 0.04 1025 E
-03} —63HME —1R2Z5E
— 8B HRE 0.02 -
-0.4F —10SHWy ok
—123HE
OS24 6 s 10 12 "% 2 4 6 § 10 12
U/(fB) U/(fB)
(2 (h)
B3 @ifkSFEEHESIKEGMAE

Fig. 3 Fitted- and tested-flutter derivatives
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Tab.8 Calculation parameters of time-domain flutter

analysis
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Fig. 6 Relationship between damping ratio and circular

frequency
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Fig. 7 Critical wind speeds and frequencies of flutter
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Tab.9 Errors of flutter critical wind speeds relative to

wind tunnel test results
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Precision investigation on the self-excited aerodynamic force model of
bridge decks simulated by indicial functions

WU Chang-qing', ZHANG Zhi-tian®
(1.College of Civil Engineering and Architecture, Hunan Institute of Science and Technology, Yueyang 414006, China;
2.School of Civil Engineering and Architecture, Hainan University, Haikou 570228, China)

Abstract: This paper introduces a method of using indicial functions (IFs) to simulate the time-domain expressions of self-excited
aerodynamic loads of bridge decks, and studies the precision of this simulation. A modern genetic optimization algorithm is pro-
posed to identify the parameters of IF's based on the tested flutter derivatives. During the simulation process, the equivalent relation
between flutter derivatives and IFs parameters is first established. Then, the genetic optimization algorithm is implemented to iden-
tify all the IFs parameters using the MATLAB software. Based on the obtained IFs parameters, the fitted flutter derivatives are
calculated according to the relation expression between IFs parameters and flutter derivatives. Finally, the simulation precision is
evaluated by comparing the fitted and tested flutter derivatives. Numerical results indicate that the genetic optimization algorithm
has high computational efficiency and is not affected by the number or range of parameters. The number of IFs parameters greatly
influences the fitting precision of the flutter derivative. When the number of IFs parameters is small, the fitting precision is not ideal
for complex flutter derivative curves. As the number of IFs parameters increases, the fitting precision significantly improves. The
difference in fitting precision directly affects the critical wind speed of flutter obtained by the subsequent time-domain flutter analy-
sis. Therefore, it is necessary to carefully select the number of IFs parameters based on the properties of flutter derivative curves.
This allows for the simulation of a high-precision time-domain self-excited aerodynamic loads model, which can accurately evaluate

the flutter stability of long-span bridges.
Key words: bridges; flutter; time-domain; indicial functions; genetic optimization
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