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Abstract

In this study, a coupled probabilistic framework is developed to assess wind risk on apartment buildings by using the convolution
of wind hazard and fragility functions. In this framework, typhoon induced extreme wind is estimated by applying the developed
Monte Carlo simulation model to the climatological data of typhoons affecting Korean peninsular from 1951 to 2013. The Monte Carlo
simulation technique is also used to assess wind fragility function for 4 different damage states by comparing the probability
distributions of the window system’s resistance performance and wind load. Wind hazard and fragility functions are modeled by the
Weibull and lognormal probability distributions based on simulated wind speeds and failure probabilities. The modeled functions are
convoluted to obtain the wind risk for the different damage levels. The developed probabilistic framework clearly shows that wind
risk are influenced by various important characteristics of terrain and apartment building such as location of building, exposure
category, topographic condition, roof angle, height of building, etc. The risk model presented in this paper can be used as tools to
predict economic loss estimation and to establish wind risk mitigation plan for the existing building inventory.
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Table 1 The parameters of the Weibull distribution
and corresponding wind speed

Location |Latitude | Longitude a b Wind speed
(100 year)
Busan | 35.1°N | 129.0°E | 23.77 | 2.71 41.8m/s
Daejeon | 36.4°N | 127.4°E | 21.85 | 2.56 39.7m/s
Seoul | 37.6°N | 126.9°E | 20.91 | 2.67 37.1m/s
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Fig. 1 Probability density functions of wind speeds
obtained from typhoon simulation
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Fig. 2 Plan view of apartment
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Table 2 Description of baseline models

Baseline model No. | Story | Roof angle | Unit per story
1 5 0= 0° 4
2 12 0= 0° 4
3 15 0= 0° 4
4 5 0= 0° 8
5 12 0= 0° 8
6 15 0= 0° 8
7 5 6> 10° 4
8 12 6> 10° 4
9 15 0> 10° 4
10 5 0> 10° 8
11 12 6> 10° 8
12 15 6> 10° 8
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Fig. 3 Probability density function of topographic factors
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Table 3 Summary of wind load statistics

Category Mean COV PDF
K, | Components & Cladding 0.89 0.16 | Normal
GC, | Components & Cladding | Nominal | 0.12 | Normal
oo Enclosed 0.15 0.33 | Normal
; Partially Enclosed 0.46 0.33 | Normal
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Table 4 Definition of damage states

Damage state Dan'lag.e Failure of window system
(DS) description
DS1 Minor > One window system
DS2 Moderate > 10%
DS3 Severe > 20%
DS4 Destruction > 33%

Fo Alzdle] g dle FHde HrF g 71ERde
AA Za Azdl T T oE Fs A|2H Jige] BE
o9t (Ham et al., 2014a; Yun et al., 2015).
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Fig. 5 Effects of regional wind hazard on wind risk

Table 6 Lognormal cumulative distribution parameters
of baseline model 8(Damage State, DS1)

Damage state mp Cr

DS1 3.593 0.095

Damage state mpy Cr RMSE
DS1 3.539 0.095 0.15
DS2 3.673 0.084 0.05
DS3 3.711 0.081 0.05
DS4 3.745 0.081 0.67
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Table 8 Lognormal cumulative distribution parameters
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Damage state Topography factor mp Cr
1.00 3.593 0.095
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