
 

Abstract—Building Information Modeling (BIM) spans the 
whole programming-to-operation time-span about a building 
life cycle. BIM allow for better integration of design processes, 
allowing data feedback with performance analysis stage and 
design stage that is equivalent to having a team of analyst 
consultants assessing your design. 

Due to the importance of the wind environment in the 
performance of BIM, this study using computational fluid 
dynamics (CFD) done by Ecotect Analysis software simulating, 
studied the building layout of Shezi Island in Taiwan, and 
drafted out urban design guideline based on analysis of urban 
ventilation design generated by building layout and its effect on 
building wind environment. The results can feedback to the 
planner and designer to modify the layout of buildings to have a 
more comfortable and energy saving new town. 

This research based on methods of the simulations obtained 
numerical predictions of flow characteristics around the 
buildings for studying the wind field of the Shezi Island 
performed. The dimensions of calculation domain were 771 m 
long, 624 m wide and 150 m high. Result of simulations showed 
that the layout characterized by street block type in the open 
space generated change of wind environment, high wind velocity, 
and therefore affected the residents' activities and psychological 
feelings. 
Index Terms—Urban of open space, Ecotect Analysis, Shezi 
Island, Building layout, wind environment 

I. INTRODUCTION 

n recent years, Building Information Modeling (BIM), the 
system widely used in the building industry, can maximize 
the information exchange and synchronizing function of 

sustainable city.  
Building Information Modeling (BIM) spans the whole 

programming-to-operation time-span about a building life 
cycle. The resulting BIM become shared knowledge 
resources to support decision-making about a building life 
cycle from earliest programming, through planning and 
conceptual design stages, through performance analysis and 
construction, through its operation and maintenance, eventual 
demolition as shown in Fig. 1. 

It connects the information and digital model at the 
beginning of design to reduce the possible loss in the 
transmission process, as well as improve the accuracy to 
reduce waste of manpower and material resources. It covers  
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a wide range of all kinds of materials and is connected to the 
cloud database instead of keeping related materials in 
respective units; therefore conducive to end-users’ search and 
application of accessible tools.[1] [2] 

 

 
Fig.1. Lifecycle of Building Information Modeling(BIM) 

BIM is a relatively recent switch in design and 
documentation methodology in the design and construction 
industries. BIM is information about the entire building and 
a complete set of design document stored in an integrated 
database. 

Since BIM data are machine readable and exchangeable, 
it becomes practical to use the data they carry in many other 
ways: For wind, energy, lighting, acoustic or other analyses - 
not as post factor checking if an almost finished design is 
well-done, but rather to provide feedback while designing, 
informing the designer of the effects of changes or to explore 
the relative effect on alternatives. BIM allow for better 
integration of design processes, allowing data feedback with   
performance analysis stage and design stage that is equivalent 
to having a team of analyst consultants assessing your design. 

Taiwan recently also began to try to import construction 
and management engineering BIM technology to improve 
performance and reduce energy consumption, such as the 
MRT traffic engineering, planning of new towns.  

Due to the importance of the wind environment in the 
performance of BIM which concerns about the energy 
reduction and amenity living environment, this study using 
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Autodesk Ecotect Analysis software CFD to simulate 
buildings layout wind environment of Taipei Shezi Island 
new town. The results can feedback to the planner and 
designer to change the layout of buildings to have a more 
comfortable and energy saving new town. 

Wind flow has a substantial effect in the comfort of 
pedestrians, the environmental conditions within public 
spaces and around building entrance and the activities that 
might occur there. Wind tunnel tests during the design 
development process are often critical－ particularly where 
proposed buildings are significantly taller than their 
neighbors. [3]  

At the present stage, Taipei Shezi Island is positioned to 
develop into an eco-city friendly both to environment and 
humanity. Traditional eco-building performance analyses 

were based on research papers of questionnaires, observation 
and interviews and lacks scientific objective evaluation. This 
study started from a different point of view of the ecological 
city, using computational fluid dynamics (CFD) method 
facilitated by Ecotect Analysis software to simulate city 
building layout. The goal of this investigation is to conduct 
the digital computerized analysis in conjunction with the 
wind comfort level standard to predict the pedestrian wind 
comfort level around Shezi Island. 

The case study of design plans of Shezi Island discussed 
the wind environmental impact created by building layout 
and open space, and other impacts including space continuity, 
environmental comfort, activity continuity and pedestrian 
system. In order to improve the quality of living environment, 
dwellers’ and users’ requirement on daily working and 
activity space must be taken into consideration.  

 
Fig. 2.  Location of Shezi Island and Distribution of measuring points. 
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Consequently, increasing researchers use computer 
software tools to analyze the physical processes around 
buildings. Hussein et al. [4] performed computational 
analysis to simulate the wind corrosion phenomenon of the 
Egyptian monuments situation with the countermeasures 
developed to protect the monuments. Gousseau et al. [5] 
carried out the airflow calculations to characterize the wind 
field near the buildings. To enhance the air quality and 
comfort level in the city, the predicted results were used to 
identify the potential regions for accumulation of air 
pollutants. Blocken et al. [6] also investigated the indoor and 
outdoor wind flow fields of Amsterdam stadium in the 
Netherlands, and examined the probable uncomfortable or 
even coma circumstances of the audience due to the carbon 
dioxide emissions generated from audience’s breathing. 

According to principles of relevant surveys on conform of 
open space, factors such as humidity, ventilation, and 
sunlight exposure were all closely related to wind 
environment. Of all the related factors, building layout was 
the most important one. Xiao Baoyi [7] defined wind 
environment as the change of wind flow that surrounds the 
building once it’s built. One of the most important indexes of 
change in wind environment was Pedestrian Level Wind 
(PLW). Hong Yi’An [8] illustrated that PLW usually referred 
to the wind environment at the height of pedestrians’ head 
that was about 1.5- 2 meters above the earth. Other factors 
such as wind characteristic, wind direction, wind velocity, the 
size of architecture itself, the geometrical shape and 
neighboring building complex etc, also exerted an impact on 
the wind flow around the building, hence, creating an instable 
turbulence flow field. The annoying Pedestrian Level Wind 
could directly influence the design of architecture and urban 
plan in the vicinity.  

Wind flow had a substantial effect in the comfort of 
pedestrians, the environmental conditions within open spaces 
and around building entrance and the activities that might 
occur there. Wind tunnel tests during the design development 
process were often critical － particularly where proposed 
buildings were significantly taller than their neighbors. 

II. SIMULATION OF STREET SET OF SHEZI ISLAND 

Shezi Island (Fig.2.), located [9] at the intersection of 
Keelung River and Tansui River in Taipei, was originally a 
flood plain. A big urban park is planned to be built in the 
northern part of it. Meanwhile, a livable, productive, and eco-
friendly community for Taipei will develop from here, 
making Shezi Island the green ecological foundation in the 
city of Taipei. Case of Shezi Island plan design will feature 
the one-side space of style (linear type) and with 40% 
building coverage ratio and 160% floor area ratio. This study 
based on the simulation and analysis of building wind 
environment done with the aid of computer. 

As the experiment location was simulated and the case of 
plan design to be analyzed, the Ecotect analysis software 
helped simulate and analyze the effect of the wind 
environment generated by building layouts. There were 10 
measuring points distributed (Fig.1.).Wind environment 
effects on space continuity, environmental comfort, activity 
continuity, and access, etc were studied on at respective 
heights of 1.5m, 5m, 10m, and 15m. Then according to the 
results of software simulation, further analysis and discussion 
on the plan design were carried out. 

III. COMPUTATIONAL ANALYSIS 

D.M. Hargreaves and N.G. Wright [10] had proposed the 
idea of inflow boundary condition. If a sustainable ABL 
couldn’t be produced spontaneously, the k turbulence model 
was adopted and the results of the model were reasonable and 
verifiable, while most CFD modeling in the field of ABL. 
This study calculated the fluid dynamical equations, as was 
suggested by B.E. Launder and D.B. Spalding [11], to 
stimulate the incompressible turbulent flow act, under the 
condition of turbulent flow field. 

With reference to the analysis of k-ε turbulence model 
done by P.J.Richards, R.P. Hoxey [12], in the application of 
wind engineering, at the height of 200 meters or lower than 
Atmospheric Boundary Layer, the governing equations were 
as followed: CFD solved the system of fluid dynamical 
equations (including momentum equation, continuity 
equation and state equation) based on a continuity equation 
of three-dimensional conservation of momentum: 
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Considered as the most popular, well-established and 
broadly tested turbulence model, a standard k-ε two-
equation turbulent model was adopted for turbulence 
closure, as follows: 
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Where the production term was expressed as 
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The turbulent viscosity, μt, was computed by combining k 
and ε as below: 
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The signs k and ε were the turbulent kinetic energy and 
the turbulent energy dissipation rate. The model constants Cμ, 
Cε1, Cε2, σk and σε were set as 0.09, 1.44, 1.92, 1.0 and 1.3. 
The selection of simulated area was established on the street 
block around the base to improve credibility of simulation. In 
the setting of simulated boundary calculating area, the size of 
boundary area set by J. Bouyera, C. Inard and M. Musy[13] 
was the parameter value. Therefore, the boundary area in case 
was 771m×624m×150m (Fig.3.). In the area for simulation 
calculation, the method of mean grid setting will be adopted 
to verify the digital simulation. 

The climatic condition in the study base took as the setting 
of climatic parameter the weather information provided by 
Choumei Elementary School, Taipei, Tanshui observation 
stations around Shezi Island from Taipei Campus Digital 
Meteorological Network and Central Meteorological 
Network. This survey also collected statistics of average wind 
speed, maximum instantaneous wind (month) and wind 
direction from 2005 to 2011 for the setting of parameters 
(TABLE I) [14]. 
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IV. RESULTS AND DISCUSSION 

A. Street open space 

The results of the CFD simulation were showed in 
TABLE II and TABLE III, it was clear to see that at the height 
of 1.5m, the wind flow of the street block went from northeast 
in winter. 

 As the street block type of layout had formed an area of 
open space, which was called street canyon, the air flow 
through both sides of the building and generated a channel 
effect. (TABLE II-e) Since the wind flew from a wide area to 
the narrow street, the area of its flowing passage diminishing, 
the wind speed at the end of the side of the building 
accelerated and formulated an area of high wind speed. In 

particular, when the wind velocity achieved the utmost, the 
wind velocity change became more obvious, developing the 
corner wind at the end of the lower part of the building wall. 
(TABLE II-f) 

In Test 8 at the windward side, in most periods of time the 
wind velocity was low due to the block of nearby building 
(TABLE II.-a~ TABLE II.-d) only with an evident increased 
when it achieved the maximum instantaneous wind velocity.  

At the measuring point of Test 9, in the middle of the open 
space between buildings, the air flow was averagely 
distributed and the change of wind velocity was small. 
However, in test 10 at the lee side, the building layout caused 
the air to flow through the side of the building and form a part 
channel effect at the far end of the open space. 

 

 

TABLE I  
 DISTRIBUTION OF MEASURING POINTS IN SHEZI ISLAND CASES. 

Season Spring Summer Autumn Winter survey period 
Average wind speed 0.6 0.5 0.6 0.6 2005-2011 
Wind direction Northeast Southeast East Northeast  

Maximum instantaneous wind(month) 

10.7 21 18.8 10.7 2005 
16.1 13 10.7 14.3 2006 
9.8 10.7 27.7 11.2 2007 
13 14.3 10.7 8.9 2008 
12.1 12.1 13.9 8.9 2009 
- - 8.9 8.5 2010 
7.6 11.6 11.2 13.9 2011 

Maximum Instantaneous Wind average 11.6 13.8 14.6 10.9 2005-2011 

     
Fig. 3.  parameters setting of simulation model 

TABLE II    
DIAGRAMS OF SIMULATION FROM MEASURING POINTS IN WINTER 

H H=1.5m H=5m H=10m H=15m 

 a b c d 

Average 
wind 

velocity-
height 
change 

in winter 
  

 Velocity  m/s   

e f g h 
 

Maximum 
instantaneous 

wind 
velocity-

height 
change 

in winter 
  

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00+
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TABLE III   
 DIAGRAMS OF DIGITAL SIMULATION FROM MEASURING POINTS IN AUTUMN 

 H=1.5m H=5m H=10m H=15m 

 a b c d 

Average wind 
velocity-

height change 
in winter 

  

 
Velocity  m/s   

e f g h 

 
Maximum 

instantaneous 
wind velocity-
height change 

in winter 

  

 
TABLE IV 

SIMULATION OF WIND VELOCITY IN STREET OPEN SPACE. 

Black D/H Section line Simulation of wind velocity flow field Simulation of wind velocity 

A 1.16 

 

B 1.24 
a-a’ Section digital simulation of street open space in winter 

A 0.87 

 
B 0.95 

b-b’ Section digital simulation of street open space in winter 

A 0.63 

 

B 0.79 
c-c’ Section digital simulation of street open space in winter  

A 1.16 

 
B 1.24 

d-d’ Section digital simulation of street open space in autumn 

A 0.87 

 
B 0.95 

e-e’ Section digital simulation of street open space in autumn 

A 0.63 

 
B 0.79 

f-f’ Section digital simulation of street open space in autumn 

Velocity  m/s  
 

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00+

a

a’

b

b’

c’

c

d

d’

e

e’

f

f’
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B. The proportion of open space area to street area and 
environmental comfort 

The results of simulation of wind environment in the case 
of street open space showed that most values of D/H were 
smaller than 1. In winter, the wind velocity at windward side 
of open space grew as the height of the building increase. 
(TABLE IV. a-a’, b-b’ section) Wind velocity in the area was 
high therefore reducing the comfort under the condition of 
short-term stay. Street of open space was affected by the 
building layout on each side which can generate a channel 
effect, higher wind velocity at the side of street, and wind 
circulations in the middle when wind velocity achieved the 
maximum in autumn.( TABLE IV c-c’ section). 

V. CONCLUSIONS 

This study adopted the method of wind simulation and 
proved that building layouts affected the flow field of open 
space which was main area for outdoor activities and rest. 
Wind speed of the monsoon and building layout had an 
influence on the wind environment of urban open space. 
Therefore the design of building complex should take into 
consideration the prevailing wind direction and avoid facing 
the windward side or an enclosed building compound for the 
sake of natural ventilation simulation could improve efficacy 
of advanced evaluation of urban design plan and hence, 
provided important references to quantifiable projects in the 
original plan as well as the principles and influence of the 
design plan. 

The result is that planners and designers taking advantage 
of BIM can develop and demonstrate design benefits and 
alternative possibility to avoid wrong decision and improve 
the quality of environment for sustainable city. 

It was found that wind simulation could produce useable 
graphic presentation on the site. Ecotect delivered output that 
can help the architect understood the condition of the site 
provided by Ecotect. The other purpose of the study was to 
investigate the incorporation of BIM and Ecotect and how 
they interact in the process. With the improvement of 
technology and simulating programs so will the developing 
of modeling and analyzing tools in architecture development. 
The integration of BIM does not make the design process 
infallible but opens of possibilities of conclusions that 
otherwise would not be possible. The results can feedback to 
the planner and designer to modify the layout of buildings to 
have a more comfortable and energy saving new town. 
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