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Abstract 
The paper discusses the implications of natural disasters due to extreme wind events on urban habitat 

construction and introduces Action-C26, a joint effort among European academic institutions under the 
European Cooperation in Science and Technology (COST) program. With several activities, Action-C26 
aims at assessing the risk for catastrophic events in urban areas. In this context, a proposed framework for 
risk-based decision making is presented and used to physically model the case of a typhoon. Furthermore, 
critical components of such models are discussed in detail, including particularly the case of a full-scale 
study that involves wind and structural monitoring of a low building. Typical results from this study are pre-
sented and their integration with the risk assessment model is discussed. 
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1. Introduction 

 
Increased public concern regarding global environ-

mental change in the past decade made researchers from 
various disciplines to become aware of their social 
responsibility. Unfortunately, the scientific community 
realized in a rather tragic way the severity of the situa-
tion in the aftermath of several catastrophic natural 
disasters occurred in the recent past. Some of the most 
fatal and costly of these events were the result of 
extreme wind incidents. Hurricanes, typhoons and torna-
does were reported and tracked around the globe. The 
social and economic impact associated to these natural 
disasters initiated a drastic response from a number of 
political and academic institutions.  

 
2. European Cooperation in Science and 

Technology (COST) 
 
The European Cooperation in Science and Technol-

ogy (COST) is a joint European research initiative with 
36 participating countries. This program has as main 
objective to advance scientific technical research in the 
European domain and support cooperation among 
participating countries. Moreover the access to institu-
tions from non-members countries encourages an 
international research interaction between Europe and 
other scientifically developed regions. The COST pro-
gram consists of nine key domains but Transport & 

Urban Development (TUD) is of particular interest 
given that is dedicated to research activities related to 
transport systems and infrastructures, urban land use and 
development, architecture and design, as well as other 
civil engineering issues. Among the several activities 
within the TUD domain is Action-C26 entitled “Urban 
Habitat Constructions under Catastrophic Events”. The 
main objective of the Action-C26 is to advance research 
related to the behaviour of constructions under catastro-
phic events (i.e. earthquakes, fire, wind etc.). The princi-
ple behind this Action is that urban habitat constructions 
can be exposed to unforeseen extreme loading events 
such as severe weather conditions and natural or 
man-made hazards. The response of constructions to 
such extreme conditions is a major concern and 
Action-C26 participating members have as main focus 
to increase the knowledge from the carried out research 
on this particular matter. There are four distinct techni-
cal working groups within the action assigned to study 
the following subjects: fire resistance (Working Group 
1), earthquake resistance (Working Group 2), impact 
and explosion resistance (Working Group 3) and risk 
assessment for catastrophic scenarios in urban areas 
(Working Group 4). The first three working groups have 
been assigned specific catastrophic scenarios whereas 
the fourth group aims at developing a common method-
ology for decision making based on risk assessment that 
would be also applicable as a procedural guideline to the 
other groups. The suggested methodology can be 
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applied to any natural catastrophic events and a case 
study of extreme wind events such as hurricanes, 
typhoons and tornadoes is demonstrated briefly herein. 

 
3. Framework for Risk-Based Decision 

Making 
 
The process of risk-based decision making using an 

engineering modelling approach includes the following 
five fundamental stages (Faber, 2008): preferences (aim 
and purpose), consequences (states of marginal utility), 
uncertainties (aleatory and epistemic), temporal and 
spatial variations/dependencies and options for decision 
making. An unexpected catastrophic event will have a 
number of consequences that are generated as the 
system changes and as the society reacts to the new 
system conditions. The uncertainties involved in such 
events reflect directly on the process of decision making 
and need to be considered. A generic risk assessment 
Bayesian framework proposed by Nishijima and Faber 
(2007) considers the exposure, the vulnerability and the 
robustness to generate risk indicators for the risk-based 
decision making. The Bayesian approach allows real- 
time updating of the model using information extracted 
during the development of, say a typhoon event. In more 
detail, there are three separate phases involved in such 

risk management frameworks: before, during and after. 
The first phase uses information available prior to the 
event, whereas the other two phases incorporate more 
precise knowledge derived for the specific event. A 
graphical example of these three phases is presented in 
Fig. 1 where the different level of information is used to 
refine the risk management model. 

The physical modeling of the typhoon event in the 
proposed model involves five separate sub-models that 
interact with the previously mentioned information ex-
tracted during the typhoon phases (Fig. 2). The typhoon 
model is based on several sub-models related to occur-
rence, transition, wind field, surface friction and 
vulnerability. The initial development of these models is 
based on knowledge available prior to the catastrophic 
wind event and as the hazard starts to develop, the 
models are updated with additional information.  

 
4. Structural Failure and Prevention during 

Catastrophic Wind Events 
 
Urban habitat constructions (e.g. low-, medium- and 

high-rise buildings) are prone to excessive damage dur-
ing extreme wind events. Rapid climatic changes are 
sometimes accountable for some of these destructive 
natural phenomena. The proposed risk assessment and 

 
Fig. 1 Risk management model refinement during typhoon phases (after Nishijima and Faber, 2007). 

 
 

 
Fig. 2 Representing the event of typhoon using the generic risk assessment framework  

(after Graf et al., 2008 and Nishijima and Faber, 2009). 
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decision making models need to be integrated and 
adjusted to the specific characteristics of both the struc-
ture and the wind event.  

 
4.1 Wind nature and climatology 

A motion of an air mass is well known as wind. Of 
greater interest for engineers are wind characteristics 
within the atmospheric boundary layer, which is actually 
extended up to a few kilometres over the surface of 
earth. Current wind building codes and standards (e.g. 
ASCE/SEI 2005) have adopted the so called power law 
or log law to describe the wind velocity profile within 
the boundary layer which for structural engineering 
applications is assumed to be extended only up to a few 
hundred meters above the ground.  

Primary circulations are fundamental air mass flows 
due to changes of radiation, rotation of the earth and 
complex water/land distribution. Secondary circulations 
are atmospheric flows due to thermal variation over the 
lower atmosphere. This category includes the tropical 
cyclones, which are also known as hurricanes and 
typhoons in different places of the earth. The classifica-
tion of the various types of tropical cyclones is based on 
maximum sustained winds. The lower intensity tropical 
depressions and tropical storms occur for wind speeds 
up to 17 m/s (39 mph) and 33 m/s (74 mph) respectively. 
For maximum sustained winds over 33 m/s the tropical 
cyclone is considered to be a hurricane (or typhoon, 
severe tropical cyclone). Local winds, which have 
negligible effect on primary and secondary circulations, 
are of smaller scale but in some cases, may be equally 
destructive. Tornados are the most catastrophic among 
local winds with Chinooks (North America) and thun-
derstorms to occur on a more frequent basis. Tornado’s 
tangential wind speeds can exceed in extreme cases  
108 m/s (250 mph). 

 
4.2 Structural damage and building codes 

Building codes are supposed to assist designers to 
make buildings resist high wind effects. In some cases, 
excessive damage is noticed during hurricane events, 
even if the recorded wind speeds were lower than the 
maximum recommended by the code design value 
(Kareem, 1984). Local, national and international build-
ing codes have been revised several times over the last 
few decades but the losses and damages due to wind are 
still considerably high (ABI, 2003, Munchener Ruck, 
2006). These facts indicate the necessity of advanced 
research in the area of extreme wind action and building 
interaction. 

The nature of extreme wind phenomena is very com-
plex and researchers must focus on the understanding of 
such events. If the design wind speed is not exceeded, 
could it be that the pressure coefficients or perhaps the 
exposure factors have been miscalculated? Alternatively, 
could it be that design parameters are appropriate but 
the buildings have been constructed poorly in terms of 
materials, connections and workmanship? Notwith-
standing the relevance of these questions, the structural 

response of structures subjected to extreme wind loads 
must be evaluated through model and full-scale studies 
in order to be able to consider safe and economical 
design parameters. Of particular interest is the case of 
low-rise buildings, since the effect of extreme wind 
effects is much more pronounced and severe compared 
to high-rise buildings. 

 
4.3 Load paths: structural aspects & research 

activity  
Extreme wind event risk management incorporates 

precise information regarding both the event and its 
effect on the distressed structure. This has been exam-
ined extensively through simulated wind tunnel studies 
but very limited full-scale efforts have been reported. 
The evaluation of load path, i.e. how the wind forces 
travel from the envelope to the foundation of a building 
is still an open question.  

 
4.3.1 Project description 

Lack of intensive full-scale research in the field of 
wind-structure interaction led to the project “Load Paths 
in Wood Buildings,” in which researchers from four 
Canadian Universities have assessed the application of 
environmental loads and their actual transferring 
through the buildings’ elements to their foundation. The 
objective of this project is to monitor the response of a 
light-frame wood structure subjected to high wind loads. 
The field facilities include three anemometers and a 
single-storey test-house constructed according to the 
needs of the particular research project (Fig. 3). The 
experimental building is equipped with wall and roof 
pressure taps and load cells were placed at key points 
inside the structural system (foundation and roof level). 
The unique characteristic of the building is the fact that 
it is completely isolated from the foundation and the 
only points of contact with the ground are the 3-D load 
cells. 

In parallel with the structural monitoring of this 
building, wind tunnel tests were conducted in the Build-
ing Aerodynamics Laboratory at Concordia University 

 
Fig. 3  Test house and meteorological tower location. 



200 T. STATHOPOULOS et al. 
 

 

and a finite element model of the test building was also 
developed. Having obtained both full-scale and wind 
tunnel results, the computer-based analysis provided the 
opportunity to compare and assess the data of each 
individual approach. Details regarding the wind tunnel 
and finite element models are presented by Zisis and 
Stathopoulos (2009). 

The risk management model discussed in section 3 
involves information related to the wind characteristics 
and the structural properties and response of habitat con-
struction. Data from the current project could be 
incorporated in such risk assessment studies. The risk 
identification factors introduced before and during the 
decision making process intend to assess basic parame-
ters, such as applied wind loads, material properties, 
system redundancies and ductilities and the like. The 
availability of full-scale real-time monitoring of such 
parameters allows a more precise and prompt input data 
generation, which consequently results into immediate 
and safer decision making. 

The full-scale facilities in conjunction with the 
model scale testing generated a vast amount of data. In 
the subsequent sections some representative compara-
tive results are presented. These results are grouped 
under two separate categories i.e. results related to 
upstream exposure characteristics and results related to 
wind-induced forces at the foundation of the house. 

 
4.3.2 Full-scale terrain data 

The basic exposure characteristics (power law expo-
nent, turbulence intensity and roughness length) were 
evaluated using the available field data. Wind data col-
lected from two anemometers (at 6.5 and 10.0-meter 
height) during October to December 2008 and April to 
June 2009 were analyzed and power law exponent, 
turbulence intensity and roughness length values were 
calculated and plotted with respect to direction (Figs. 4, 
5 and 6). The results are based on 10-minute averaged 
statistical values (mean and standard deviation) and 
were filtered to retain wind speeds over 10 km/h (at 
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Fig. 4  Power law exponent variation with respect to direction. 

 
N                                    E                                   S                                   W

0.0

0.2

0.4

0.6

0.8

1.0

0 30 60 90 120 150 180 210 240 270 300 330 360

Wind Direction (degrees)

Tu
rb

ul
en

ce
 In

te
ns

ity
 

Mean value Standard deviation

 
Fig. 5  Turbulence intensity variation with respect to direction. 
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Fig. 6  Roughness length variation with respect to direction. 
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6.5-meter height). The power law exponent ranges from 
0.05 to 0.50, the turbulence intensity from 20% to 50% 
and the roughness length from a few millimeters up to 
1.2 meters. It is quite interesting how these properties 
vary considering that the test house is located in a rela-
tively open area with only few low-rise buildings and 
medium height trees in the proximity – see Fig. 3. 
Consequently, generating the exposure characteristics in 
a simplified fashion (e.g. open, suburban etc.) for 
simulation studies is a rather generic approach that may 
compromise the testing accuracy. 

 
4.3.3 Force coefficients 

Data acquired from the foundation load cells were 
considered and the total uplift force was recorded and 
normalized in accordance to the approaching wind 
characteristics. Moreover data from the wind tunnel 
experiments were used to assess the equivalent total 
uplift force coefficient using: 

 

, ,
, = ∑ p i eff i

f z

c A
c

A
 (1)

 
where cp,i: instantaneous pressure coefficient, Aeff,i: ef-
fective pressure tap area (m2) and A: building area (m2). 

 
 
 
 

The full-scale force coefficient was based on field- 
recorded data, whereas the wind tunnel force coefficient 
was the result of the integration of the vertical 
component of all forces. The mean and peak uplift force 
coefficient comparison of the two experimental ap-
proaches is presented in Fig. 7. The field data were 
collected during May and June of 2009 and were filtered 
to retain only those for wind speeds over 8 m/sec. The 
mean values were based on a 10-minute average and the 
peaks on a 3-second gust. It should be mentioned that 
for this comparison two different sets of wind tunnel 
data were considered i.e. tests conducted under open 
(power law exponent equal to 0.16) and suburban 
upstream exposure conditions (power law exponent 
equal to 0.22). 

The effect of adequate upstream simulation in the 
wind tunnel experiments can be seen in both mean and 
peak uplift force coefficient comparisons. The two 
different wind tunnel tests (open and suburban) resulted 
into two discrete trends which for some critical wind 
directions differ up to 25% for the mean and 40% for the 
peak values. Results from both wind tunnel tests are 
within the range of the field data but seem to underesti-
mate the averaged (integration of different full-scale 
records) peak component, which can be partially justi-
fied by the lower level of turbulence. Higher fluctua-
tions of the wind direction should also be addressed and 
considered accountable for the above mentioned dis-
crepancies. 
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Fig. 7  Mean and peak force coefficient comparison (total uplift). 
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5. Conclusions 
 
The frequency of occurrence and the excessive 

losses reported during recent extreme wind events intro-
duced a particular interest on the assessment of such 
hazards and the development of efficient risk manage-
ment and decision making models. Action-C26, one of 
the key domains of Transport and Urban Development 
under the European COST program, is assigned to 
examine the effect of catastrophic events on urban habi-
tat constructions. A generic risk assessment framework 
proposed by Nishijima and Faber (2007) was discussed 
and evaluated for the case of a typhoon. The refinement 
of such model includes processes directly related to the 
specific characteristics of habitat construction e.g. low 
buildings. Field monitoring of extreme wind events and 
structural response of buildings are of great importance 
and of particular contributions on the development of 
precise and effective risk-based decision models.    
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