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Impact Damage Probability Model of
Building Roofs Impacted by Plate-Like
Debris

HUANG Peng, LAN Xinyue

(State Key Laboratory of Disaster Reduction in Civil Engineering,
Tongji University, Shanghai 200092, China)

Abstract: The impact of windborne debris on buildings
is one of the most important causes of envelope
destruction in strong wind. To build an impact damage
probability model considering multiple factors for
different type of building envelopes, an impact damage
probability model of plate-like debris based on the three-
dimensional plate-like debris trajectory considering
Magnus effect is proposed. Compared with the commonly
used models, this model additionally considers the effects
of parameters of debris including different sources, initial
conditions and relative positions of buildings at different
wind speeds and in different wind directions. An impact
damage estimation of a low-rise building roof considering

multiple factors is given using the wind speeds of 15 m-
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s'~45 m-s’, the wind directions of 0° ~90°, and the
upstream building heights of 8.0 m~12.5 m to verify the
availability of the model. The calculation method of this
model is simple and can be applied to the vulnerability

analysis of building roofs.

Keywords: windborne  debris; impact damage

probability model; plate-like debris; building roof;

strong wind
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Fig. 1 Forces on plate-like debris
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Tab.1 Parameters of debris in simulation
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Tab. 2 Aerodynamic coefficient of tilted angle

y/(*) R, R, R,
0 0. 845 0. 485 0.298
15 0.853 0.507 0. 285
30 0.892 0. 546 0. 301
45 0.983 0.591 0. 406
60 1.057 0.722 0.576
75 1. 055 0.853 0.754
90 1. 000 1. 000 1. 000
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Fig. 2 Contour graphs of drag coefficient and lift coefficient of debris"® at a wind speed of 7Tm-s™
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Fig. 3 Comparison of simulated plate-like debris trajectories with test data
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Tab.3 Comparison of simulated ground impact longitudinal position of a 1.2mx2.4mx12.7mm plate-like de-

bris to test data
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Fig. 4 Take-off probability of debris at different

wind speeds
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