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Wind resistance of downward movable scaffolding system in strong wind environment
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Abstract: To clarify the safety performance of downward movable scaffolding systems ( MSSs) in strong wind
environment, this paper takes a downward mobile scaffolding system with span of 50 m (MSS50) in the southeast
coastal area as the research object to systematically investigate its flutter, vortex, and buffeting performance by
aero-elastic model wind tunnel test and numerical calculation. Results show that vertical displacement and torsion
angle were critical factors of MSS in fixing and moving conditions respectively. In the fixing condition, MSS50 could
meet the operation requirements of 8-level strong wind (20.7 m/s) and resist 14-level wind (46.1 m/s). In the
moving condition, the main structure could meet the operation requirements of 8-level strong wind in the case of
proper measures. The multi-modal coupling frequency domain buffeting calculation method and the equivalent static
gust wind load method in Wind-resistant Design Specification for Highway Bridges could be used to calculate the
buffeting response of MSS with acceptable accuracy. The multi-modal coupling frequency domain buffeting
calculation method has higher accuracy than the equivalent static gust wind load method and is recommended to
calculate the buffeting response of MSS.
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Fig.1 Elevation layout of MSS50 (m)
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Tab.1 Basic wind speed and design reference wind speed in different return periods at bridge site

I a HARH/ (m - s71) B AR (m - s71) BT HERE (m - ™) Tt T BBt K/ (m - s7")
10 39.8 39.8 52.89 —
20 40.9 40.9 54.36 —
30 41.4 41.4 55.02 —
50 41.9 41.9 55.68 —
100 42.4 424 56.35 49.59
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Tab.2 Material parameters used in finite element model

PHREE R HMARR/1010Pa MEL/NEA HREE/(10°kg - m™®)  BIELBK R 107°C POYE A=
1 Q3458 20.60 0.31 7.85 12 B oN il pdi
9 Q235B 20.60 0.31 7.85 12 B GRS
ik C40 3.25 0.20 2.40 10 Bri
F3 MSS50 TITABHMEEFRTEE T EIRE SIHE
Tab.3 Main vibration modes and frequencies of finite element model of MSS50
TH A%/ He
—prig R — B B — B B
I(AHY) 3.394 1 4.224 8 2.119°5 3.565 0 4.123 8 4.629 1
I FFAE) 3.599 1 3.8157 3.262 1 3.387 3 1.809 5 1.864 6
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Tab.4 Geometric dimensions of aero-elastic model of MSS50

m
SR RO K B D T R e FRRKE Xy HMELHT I JBE
ST 77.000 17.760 63.200 2.200 58.600
BRI 2.406 0.555 1.975 0.069 1.831
LAY SR 2.390 0.560 1.990 0.070 1.850
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Tab.5 Mass per unit length and mass moment per unit length of aero-elastic model of MSS50

MR B m,,/ (kg - mT!) B TR AR,/ (kg - m® - m™")

SR — — — —
AT FFHE T AT FFEE T
SEHHE 9 155.91 7 284.58 421 569.00 66 575.60
BRI 8.94 7.11 0.40 0.06
ARSI A 8.60 7.07 0.42 0.63
F 6 MSS50 BaERSHER — I BT FIH IR
Tab.6  First-order vertical bending and torsional frequency of aero-elastic model of MSS50
— BB @,/ He — AR ©,/ He

ELEAN — — — —
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Tab.7 Conditions of aero-elastic model wind tunnel test of MSS50
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Fig.4 Measuring points arrangement of MSS50 aero-elastic model
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Tab.8 Test results of buffeting performance of MSS50
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Fig.10 Layout of segment model of MSS50 in wind tunnel
MSS50 7£ 0° R A B 25 T80 19 i R =43 01 &
BOLER 9, BRI iR HAt AR B2 B R =00 ) RECK
PG, 2 0SR20, H S HRHEK AR 5)
PR SE H = 7.67 m,

R9 MSS50 #BRN=DHBEHETLZE(0°)

Tab.9  Aerostatic force coefficients of MSS50 and its change rate at 0° wind attack angle
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Tab.10 Dynamic characteristics of MSS50 equivalent model
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Fig.12  Comparison of buffeting response of MSS50 at 0° wind attack angle (fixing condition)
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Fig.13  Comparison of buffeting response of MSS50 at 0° wind attack angle ( moving condition)
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