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M43 motorway Tisza-bridge
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Flutter instability investigation:
construction phase (cantilever stage)
final phase



Mode shapes




Szelhatasok

Kvazi-statikus allapot
- erotényezo
Dinamikus vizsgalat
- atviteli fliggvény
aeroelasztikus hatasok
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Flutter analysis

o , = Middle-span cross section
| = 2 DOF

mh+c,h+kh= % pUzB[KHl* (K)g +KH, (K)7+ K’H;(K)x+K’H, %

Sd+ca0':+kaa=% pUZBZ(KA;“(K)3+IQA;‘(K)%+K2A;‘(K)04+ KZA:%

Instability criteria
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Wind tunnel investigation

scale 1:100
forced 2 DOF model
semi-finite and infinite models

angles of attack: -6°, 0°, +6°

— ___/

small turbulent intensity (IUSO,S%fv
separation of inertial forces, ,,no-wind” measures
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Wind tunnel investigation

= motion frequency f=1,0; 1,5; 2,0; 2,5; 3,0 Hz

= wind speed U=5; 10; 15; 20 m/s

= model width B=295 mm (scale 1:100)

= measuring by 6 dynamometers

= oscillation a=0° + 10° +6,-6 * 4°

h= £+ 30mm

= sampling rate 100 Hz
highly non- stoad
stationar quasi-steady
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Flutter derivatives
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Polynomial fitting of 3 order

1 o B (o B& . h
L=7 pUzB(KHl (K)U+KH2(K)7+ K’H;(K)a+K’H, E]
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Polynomial fitting of 4t order



Verification

Fitted values " " Fitted values " « Cp
=—-KH, H, =KH3 -
—e—H4*s —e—H1%s
-KxH2* KxH3*-Cd/K
Fitted values * * Fitted values * *
A4 - _K142 Al = I(A?,
4,50 8,00
4,00 7,00
3,50 6,00
3,00 5,00
2,50 —e—A4’s 4,00 —o—ATl’s
2,00 -KxA2* 3’00 KxA3*
1,50 )
1,00 2,00
0,50 1,00
0,00 K 0,00 K
0,00 0,50 1,00 1,50 0,00 0,50 1,00 1,50




Force coeffs. - derivatives

Limit state values
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Flutter condition

Damping factor: 3,5%

o fp £y P U ederit | Ocri Uoerit
L s | [Us) . [1/s] | [m/s]
6| | 059 | 347* |12.87
0 | 055 | 280 | 1,00 | 220 | 3.46B | 47,9
6 0,62 | 1440T | 56,12
6| . 0,04 | 1528 * | 3,84’
0 | 233 | 247 | %99 | 245 [1530B | 226
6 485 | 1430T | 435

Affinity in the cross-terms: ®A,,®A,, ®H,,PH,




Max. wind speed

Lack of wind map for Hungary - middle-Germany
10 min average wind velocity

20-30 oscillations for instability = duration of 5 sec
p=0,02 annual probability of exceedence

maximum wind speed 35,5 m/s

safety against flutter instability (U, U,..,)* = (47,9/35,5)* = 1,82



Conclusion

Enough safety against flutter instability

More measures in the highly non-stationary domain,
at low reduced velocities

Acceptable set-up, but a special test rig could be
designed

More verification during the wind tunnel test
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