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Numerical and Experimental Study of the
Mechanism of Torsional Flutter for Open-Cross-
Section Composite Beams

ZHAN Qingliong, ZHOU Zhiyong, GE Yoojun
(State Key Laboratory for Disaster Reduction in Civil Engineering,
Tongji Univeristy, Shanghai 200092, China)

Abstract: Computational fluid dynamics and experimental
methods are utilized to study the flutter characteristic and
countermeasure mechanism of open-cross-section. The wind
tunnel test results show that the prototype section of one
suspension bridge tends to suffer flutter instability at
relatively low wind speeds. The flutter critical wind speed is
obtained by using the CFD approach, which conforms well
with wind tunnel test results. Numerical simulations show
that vortex shedding and drift from the lower surface of the
section at high wind speeds match with the torsional
displacement of the deck section. Vortex drifting produces the
same direction aerodynamic torque as the section movement
The same

direction, leading to a flutter divergence.

calculation is done with three sections added with different
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types of stabilization plates. The existence of stabilization
plate prohibits the development and movement of main
vortices, resulting in aerodynamic forces acting on the girder
related less to displacement, thus suppress the flutter.
Sectional and aerodynamics model wind tunnel tests are
conducted to prove the effectiveness of stabilization plates.
The results show that the lower stability plate is an effective
vibration suppression measure for the flutter of the open-

cross-section.

Key words: open-cross-section composite beam; vertical
stabilization plate; vortex shedding mechanism; aerodynamic

derivatives; bridge flutter
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Fig.1 Schematic diagram of open cross section (unit: m)

IR A A (R F RS: TI-1 XU SE 36 28 HEA T, 4n
B 2 B, B A UL 2 SR R i e BT8R P R
BRI, 8+ 3° RIA 18 0L T WK s 57 XU
N 37 me s IR T ALTEEOR. NI AR B X A
AR B AIR T PR A T BB B FA R, IR 410 BidIR S Rl
PRBEA T I SME AL

2 TEREARE

Fig.2 Sectional model of wind tunnel experiment
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Fig.3 Computational domain and mesh setup
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Fig.4 y* of the first layer mesh near wall
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Fig.6 Vortex contour of 4 moments during a torsional period of original section at U* =4

ct+5T/8

B7 REGEAKEINEAN 4 4 HRRE R (HEXE

dz+77T/8

* =10)

Fig.7 Vortex contour of 4 moments during a torsional period of original section at U* =10
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Fig.8 Three different arrangements of stabilizers
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Fig.9 Flutter derivatives A5 of four types of sections
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Fig.10 Vortex contour of 4 moments during a torsional period of the section with two lower stabilizer at U* =10
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Fig.11 Full bridge acrodynamic model wind tunnel test
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