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Integrating Ventilated Facades in Hot
and Humid Climates

Matthias Haase and Alex Amato

ABSTRACT

There is a need for sustainable building design in Hong Kong. The Hong
Kong climate is sub-tropical with hot and humid weather from May to
September and temperate climate for the remaining 7 months period. A
mechanical ventilation and air conditioning (MVAC) system is usually
operated to get rid of the high peak cooling loads. One of the most
significant technologies for energy savings in an office building is the
facade. This work evaluates different ventilated facade designs in respect
to energy consumption savings. It further proposes a new type of airflow
window with a solar chimney to control the exhaust airflow. It could be
demonstrated that this facade design can play an important role in highly
glazed buildings. An important factor was the development of a climate
sensitive regulator that helps to take advantage of the hot and humid
climate.

Keywords: Double Skin Facade, Hot-and Humid Climate, Building
Simulation.

1. INTRODUCTION

There is a world-wide need for a sustainable development (Behling
€1996.). 52% of the total energy in Hong Kong is used by buildings. Office
and commercial buildings are using 37% total energy (emsd 2003). Several
ways of reducing energy consumption by applying energy efficient
technology in the built environment have been identified (Baker c2002.;
CEC 2002; Goulding et al. 1992; Krishan c2001.; Lee et al. 1998). Thus it is
important to develop buildings that consume less operational energy during
its life cycle. Especially in moderate to cold climate like Europe new
building concepts were tested. They took into account the outdoor
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conditions and tried to create a climatic responsive building (Givoni 1992;
Szokolay 1980; Wigginton 1996). Especially for the top-end market sector
of office buildings advanced facade technologies were developed
(Wigginton and Harris 2002). They tried to integrate more and more
building services into the facade system. This has the advantage of
reducing the space needed inside the building and reducing initial overall
costs. However, little work has been done on the behaviour of double-skin
facades (DSF) in hot and humid climates (Ding et al. 2005; Haase and
Amato 2005b).0One of the reasons might be that building types and climate
are different in Hong Kong (Lam 1995; Lam 1999; Li and Lam 2000) with
an urban environment that is dense and high-rise with usually 40 floors and
above (Close 1996).

The seasonal and daily climate in respect to mean temperature,
humidity and wind speed distribution in Hong Kong is different to the
moderate climate in Europe (Lam and Li 1996; Li and Lam 2000; Li et al.
2004). A new approach for DSF design has to take the climatic factors into
account to reduce the energy consumption in office buildings in a hot and
humid climate.
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Figure 1.1 Energy consumption in Hong Kong

1.1 ADVANCED FACADES

One promising development of advanced facade systems is the double-
skin fagade (DSF). Conduction through the window system can be
significantly reduced by making use of the air gap. The complexity of the
new concept and technology requires a careful and responsible planning.
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Heat transfer due to convection is the most complex one depending on the
temperature distribution in the gap, the air velocity and pressure field. To
predict the performance of a DSF is thus not trivial. The temperatures and
airflows result from many simultaneous thermal, optical and fluid flow
processes which interact and are highly dynamic (Chen and Van Der Kooi
1990; Garde-Bentaleb et al. 2002; Prianto and Depecker 2002; Qingyan
and Weiran 1998; Xu and Chen 2001; Zhang and Chen 2000). These
processes depend on geometric, thermophysical, optical, and aerodynamic
properties of the various components of the double-skin facade structure
and of the building itself (Hensen 2002). The temperature inside the offices,
the ambient temperature, wind speed, wind direction, transmitted and
absorbed solar radiation and angles of incidence govern the main driving
forces (Manz 2003; Reichrath and Davies 2002; Zhai et al. 2002). Many
types of DSFs have been developed since the first double layer was used
in the building envelope (Parkin 2004). Figure 3 gives an overview of the
main characteristics often used when describing the various features of
DSFs.

1.2 DOUBLE-SKIN FACADE CONCEPT

When looking at the various airflow concepts it is important to note that all
main types of DSFs can be combined with both types of ventilation and all
types of airflow concepts. This produces a great variety of DSFs. Figure 4
shows the different airflow concepts that can be applied to DSFs. More
recently, DSF have been developed that act as climate responsive
elements with hybrid ventilation (natural and mechanical) concepts with a
possibility to change the airflow concept due to different weather conditions
in different seasons (Heiselberg et al. 2001).
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Figure 1.2 Classification of DSFs
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1.3 DSF PERFORMANCE

The development of DSF technology involves several advantages by
improving the thermal, visual and acoustic comfort (Oesterle et al. 2001).
In moderate climates the air layer helps to insulate the building and thus
reduce the energy consumption for heating. This is more significant in cool
climates with strong winter periods (Balocco 2002; Park 2003).
Furthermore the buoyancy flow in the cavity itself may reduce solar heat
gain and additionally it can support the HVAC-system (heating, ventilation
and air-conditioning) and it can help to minimize the size of the system and
consequently the energy consumption of the building (Allocca et al. 2003;
Andersen 2003; Gratia and De Herde 2004a; Gratia and De Herde 2004b;
Gratia and De Herde 2004c; Gratia and De Herde 2004d; Saelens et al.
2003; Stec 2001; Stec and Paassen 2004).

Then, it creates a space for advanced sunshading devices. Positioned
into the cavity of the DSF it seems to reduce heat gain (von Grabe 2002).
In addition, natural daylight filtered into a building for lighting appears to
reduce the heat load for artificial lighting on air conditioning (Garcia-
Hansen et al. 2002; Grimme 1999). Thus, it is important to enhance the
use of natural daylighting in office buildings (Bodart and De Herde 2002;
Lam and Li 1998; Lam and Li 1999). This provides not only energy saving
potential but also acknowledges the growing awareness for natural daylight
and its effects on a healthy environment (Li and Lam 2001).

2. OBJECTIVES

The concentration of heat gain in the cavity might result in an increase of
thermal comfort next to the window area. Since a part of the cooling
ventilation is directed through the airflow window cavity a detailed analysis
is needed that will help to improve airflow rates and ventilation efficiency
(Haase and Amato 2005a). Finally, DSFs provide an additional layer that
helps to reduce the acoustic impact into the building (Oesterle et al. 2001).

This study tried to find out if is possible to design an energy efficient
DSF system for warm and humid climate. First, the amount of heat gain
through the buildings envelope should be reduced by designing a
ventilated DSF. Then, are several control strategies in respect to DSFs.
The first is to control the shading system. The second strategy is to control
the airflow direction. The third strategy is to control the HVAC system.
Thus, the DSF should be optimised in respect to its control strategy.

3. DSF SIMULATION

The heat transfer through the buildings envelope depends on solar
radiation, conduction and convection on the airflow through the double-skin
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gap. The convection in the cavity depends on the airflow. Several possible
calculation models have been developed to simulate the thermal behaviour
of DSF (Manz 2003; Saelens et al. 2003; Stec and Paassen 2004). One
problem is to use dynamic building simulation with hourly weather data on
the one hand but also to take the effects of airflow in the cavity into
account. The airflow affects the heat transfer but is also influenced by
external wind conditions (and the pressure it creates on the building
envelope).

Three models were used to compare their performance. The first
model is a curtain wall system which acts as a base case for comparison.
The second model is a natural ventilated external air curtain. A cavity depth
of 600mm was chosen. Both glass layers were selected as single clear
glass (8mm). An internal shading device was positioned in the cavity. The
third model is a mechanical ventilated internal air curtain with a cavity depth
of 240mm.
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Figure 1.3 Three facade systems

3.1 BASE CASE MODEL

The model room was simulated with 6.6m width and 8m deep. The fagade
was facing South and a schedule was used to simulate the office use
(working hours from 8am to 8pm). The model consists of a single glazed
curtain wall (CW) system. The window to wall ratio is WWR=44%. A
section is shown in Figure 5.
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For this study a combined thermal and airflow simulation was chosen.
TRNSYS and TRNFLOW (coupled with COMIS) were used to model an
office room with DSF.

A simple DSF can be described as naturally ventilated external (EAC)
which does require a control strategy for solar control and HVAC. The other
possibility which is used in HK is a mechanically ventilated internal air
curtains (IAC). For simulation purposes the two DSF were simulated and
then a switch has been tested by opening windows to allow for supply air
and exhaust air.

The switch is controlled by measuring enthalpy in the cavity which
allows controlling the exhaust airflow.

The aim of both control strategies was together with the optimisation of the
shading device to reduce solar heat gain and thus reducing the peak
cooling load of the building.

3.2 EXTERNAL AIR CURTAIN

The design proposal includes a double-skin facade with 600mm cavity with
one-storey double-skin fagade. The double-skin facade is open on bottom
and top to the outside allowing a naturally ventilated cavity as shown in
Figure 6. A shading device is positioned in the cavity and solar controlled
(DSF1). The internal window is closed. The second case is with an open
able internal window and controlled by enthalpy difference between room
and cavity. A regulator indicates the times of the year when the enthalpy of
the air in the room is exceeding the enthalpy of the air in the cavity (DSF2)
and the window opened.

3.2 INTERNAL AIR CURTAIN

The windows are connected to an additional second layer of glazing placed
on the inside of the window to create a DSF. A section is shown in Figure
7. The mullion’s depth of around 240mm is needed for structural purposes
and leaves space for the shading device which can be opened and closed
automatically. At the same time the mullion can be used to introduce a
second glass layer on the inside. It is open to the room at the bottom and
has a ventilation slot on the top of the window. Air is vented through the
airflow window from the room back to the MVAC system (AFW1).

The cavity of the double-skin is connected to the interior, air handling
unit respectively allowing used air from the room to be forced through the
gap and back to the air handling unit. Solar heat gain through the external
glass layer is counting towards the total cooling load of the room. A
regulator indicates the times of the year when the enthalpy of the air in the
window gap is exceeding the enthalpy of the outside air (AFW2). The
regulator will then exhaust the air which is expected to result in reduction of
cooling load.
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3.3 CONTROL STRATEGY

There are several control strategies in respect to DSFs which are
summarized in Table 2. The first is to control the shading system. The
second strategy is to control the airflow direction (from internal to external
or vice versa). Both strategies involve climatic indicators. In the first case a
sensor is used to detect the amount of solar radiation on the facade and to
shade the window accordingly. It was switched down when the amount of
incident solar radiation on the vertical facade exceeded 200W/sgm
(switched up below 150W/sgm).

The second strategy is more complex. In temperate climates where
natural ventilation is a cooling strategy the internal facade consists of open
able windows. This allows the occupant to control airflow according to
individual comfort (Saelens et al. 2003).

Table 1.1 List of control strategies.

control
Case Airflow Solar HVAC
Strategy strategy strategy

BCO no - no - yes cooling above 24°C
BC1 no - yes 200-150  yes cooling above 24°C
BC2 no - yes 200-150  yes cooling above 26°C
BC3 no - yes 150-100 yes cooling above 24°C
BC4 no - yes 100 -50 yes cooling above 24°C
BC5 no - yes 50-0 yes cooling above 24°C
DSFO no - no - yes cooling above 24°C
DSF1 no - yes 200-150  yes cooling above 24°C
DSF2 no - yes 200-150  vyes cooling above 26°C
DSF3 no - yes 150-100  vyes cooling above 24°C
DSF4 no - yes 100 -50 yes cooling above 24°C
DSF5 no - yes 50-0 yes cooling above 24°C
DSF6 yes hr>hc no - yes cooling above 24°C
DSF7 yes hr>hc yes 200-150 yes cooling above 24°C
DSF8 yes hr>hc yes 200-150 vyes cooling above 26°C
DSF9 yes hr>hc yes 150-100 vyes cooling above 24°C
DSF10 vyes hr>hc yes 100-50 yes cooling above 24°C
DSF11 yes hr>hc yes 50-0 yes cooling above 24°C
AFW1 no - yes 200-150  yes cooling above 24°C
AFW2 yes hc>he yes 200-150 vyes cooling above 24°C

The third strategy is to control the HVAC system. The set point
temperature determines the room temperature at which the HVAC system
starts cooling and is very sensitive to changes (Lam and Hui 1996). Here,
different set point temperatures were chosen with infinite cooling power. A
heating system was not used.
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In hot and humid climates natural ventilation can be applied to
increase thermal comfort throughout the year. But especially in sub-tropical
climates this effect is rather small. For Hong Kong thermal comfort
improvements of natural ventilation are 20% for the whole year and during
the three hottest months (June, July, and August) 10% (Haase and Amato
2005c).

For the DSF with EAC a comparison between room enthalpy and
cavity enthalpy was done. The window was opened when the room
enthalpy was higher then in the cavity. For the DSF with IAC the window
was opened when the cavity enthalpy was higher then outside in order to
exhaust the air.

4. RESULTS

Simulations were done for the whole year. The results shown in Figure 8
give the annual cooling load per area for the different control strategies.

It can be seen from Figure 8 that the base case uses between 128
and 155kWh/sgm. This is an improvement between BC2 and BCO of 18%
due to the increase in set point temperature (from 24 to 26°C) and the
introduction of a solar control that lowers the shading device when the solar
radiation is more than 200W/sgm and lifts it when solar radiation is falling
below 150W/sqm. Further reductions in cooling load are possible by further
reducing the amount of solar radiation on the facade before the shading
device is lowered (BC3, BC4). Interestingly, a further reduction to 50W/sgqm
(BC5) increases the cooling load slightly (from 145kWh/sqm for BC4 to
146kWh/sgm for BC5, or 0.53%).

The EAC uses between 81 and 120kWh/sgm cooling load which is
less than all base cases. Again, there is an improvement between DSFO
and DSF2 of 30% due to the increase in set point temperature (from 24 to
26°C) and the introduction of that solar control. Further reductions in
cooling load are possible by further reducing the amount of solar radiation
on the facade to 100W/sgm (DSF3, DSF4). Interestingly, a further
reduction to 50W/sgm (DSF5) increases the cooling load slightly (from
114kWh/sgm for DSF4 to 115kWh/sgm for DSF5, or 0.92%).

The DSF with additional airflow control (DSF6 to DSF11) are
significantly reducing cooling load compared to DSF without this control.
There is an improvement between DSF6 and DSF8 of 31% due to the
increase in set point temperature (from 24 to 26°C) and the introduction of
that solar control. Further reductions in cooling load are possible by further
reducing the amount of solar radiation on the facade to 100W/sgm (DSF9,
DSF10). Interestingly, a further reduction to 50W/sgm (DSF11) increases
the cooling load slightly (from 95.7kWh/sgm for DSF10 to 96.8kWh/sqgm for
DSF11, or 1.17%).

The IAC without airflow control increases the cooling load to
161kWh/sgm (AFW1). Only the introduction of an airflow control ensures
that cooling load can be reduced to 99.5kWh/sqm (AFW2) which is 38%
compared to AFW1.
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Figure 1.3 Cooling energy for different facade systems and different control strategies (as
described in Table 1.1).

5. CONCLUSIONS

It is possible to design an energy efficient DSF system. The amount of heat
gain through the buildings envelope can be reduced by designing a
ventilated DSF that is optimised in respect to its control strategy.

For the base case curtain wall system solar control and HVAC control
can be applied. The results for BCO, BC1 and BC3 show the effectiveness
of the applied control strategy.

The DSF uses natural ventilation in the cavity to reject heat gain. The
system provides a possibility to reduce annual cooling loads of an office
room. The performance of the EAC can further be optimized by using the
appropriate control strategy.

The IAC does not reduce the cooling load of the office room unless an
enthalpy based control is used that extracts air in order reduce the cooling
load of an office room. This system is giving the best results for the solar
control strategy of lowering the shading device at 200W/sgm and lifting it at
150W/sgm. Further reductions are possible if the solar control strategy is
more stringent and uses 100W/sgm for lowering the shading device.
Further reducing the amount of solar radiation to control the shading device
does not reduce cooling load.

While a reduction of radiation is met by using controlled solar shading
devices, there are constraints from maximizing the use of daylight. Further
research is planned to optimize the amount of daylight and thus reduce
internal heat gain.

An EAC system has the potential of reducing cooling load even
without applying control strategies (comparing DSFO with BCO provides 6%
reduction in annual cooling load). For IAC the importance of an airflow
control based on enthalpy of the air became obvious.



215 CIB World Building Congress 2007

6. REFERENCES

Allocca, C., Chen, Q. Y., and Glicksman, L. R. (2003). "Design analysis of
single-sided natural ventilation." Energy and Buildings, 35(8), 785-795.
Andersen, K. T. (2003). "Theory for natural ventilation by thermal buoyancy

in one zone with uniform temperature.” Building and Environment, 38(11),
1281-1289.
Baker, N. (c2002.). Daylight design of buildings, James & James,, London

Balocco, C. (2002). "A simple model to study ventilated facades energy
performance.” Energy and Buildings, 34(5), 469-475.

Behling, S. (c1996.). Sol power : the evolution of solar architecture,

Prestel,,

Munich :.

Bodart, M., and De Herde, A. (2002). "Global energy savings in offices
buildings by the use of daylighting." Energy and Buildings, 34(5), 421-

429.

CEC. (2002). "COMMUNICATION FROM THE COMMISSION ON IMPACT
ASSESSMENT." http://europa.eu.int/eur-
lex/en/com/cnc/2002/com2002_0276en01.pdf. Accessed in

Chen, Q., and Van Der Kooi, J. (1990). "A methodology for indoor airflow
computations and energy analysis for a displacement ventilation system."
Energy and Buildings, 14(4), 259-271.

Close, J. (1996). "Optimising daylighting in high-rise commercial
developments in SE Asia and the use of computer programmes as a
design tool." Renewable Energy, 8(1-5), 206-209.

Ding, W., Hasemi, Y., and Yamada, T. (2005). "Natural ventilation
performance of a double-skin facade with a solar chimney." Energy and
Buildings, 37(4), 411-418.

emsd. (2003). "Hong Kong Energy End-use data (1991-2001)." EMSD,
Hong Kong.

Garcia-Hansen, V., Esteves, A., and Pattini, A. (2002). "Passive solar
systems for heating, daylighting and ventilation for rooms without an
equator-facing facade." Renewable Energy, 26(1), 91-111.

Garde-Bentaleb, F., Miranville, F., Boyer, H., and Depecker, P. (2002).
"Bringing scientific knowledge from research to the professional fields:

the
case of the thermal and airflow design of buildings in tropical climates."
Energy and Buildings, 34(5), 511-521.

Givoni, B. (1992). "Comfort, Climate Analysis and Building Design
Guidelines." Energy and Buildings, 18(1), 11-23.

Goulding, J. R., Lewis, J. O., and Steemers, T. C. (1992). Energy

conscious
design : a primer for architects, Commission of the European
Communities,, London :.

Gratia, E., and De Herde, A. (2004a). "Is day natural ventilation still

possible
in office buildings with a double-skin facade?" Building and Environment,


http://europa.eu.int/EUR-LEX/EN/COM/CNC/2002/COM2002_0276EN01.PDF
http://europa.eu.int/EUR-LEX/EN/COM/CNC/2002/COM2002_0276EN01.PDF

CIB World Building Congress 2007 216

39(4), 399-409.

Gratia, E., and De Herde, A. (2004b). "Natural cooling strategies efficiency
in an office building with a double-skin facade." Energy and Buildings,
36(11), 1139-1152.

Gratia, E., and De Herde, A. (2004c). "Natural ventilation in a double-skin
facade." Energy and Buildings, 36(2), 137-146.

Gratia, E., and De Herde, A. (2004d). "Optimal operation of a south double-
skin facade." Energy and Buildings, 36(1), 41-60.

Grimme, F.-W. a. L., M. (1999). "Energy Efficiency in Tropical Office
Buildings. Latest Developments in Daylight Guidance Systems. Modern
Glazings - Efficient for Cooling and Daylighting. Development of Energy
Efficiency Policy for Buildings and Research Activities after 1970 in the
field of Low Energy." Conferencia Internacional de Energia Renovable y
Educacion Energética, Havanna, Kuba.

Haase, M., and Amato, A. (2005a). "DEVELOPMENT OF A DOUBLE-SKIN
FACADE SYSTEM THAT COMBINES AIRFLOW WINDOWS WITH
SOLAR CHIMNEYS." Sustainable Building 2005, Tokyo, Japan.

Haase, M., and Amato, A. (2005b). "Double-skin facades in Hong Kong."
5th International Postgraduate Research Conference, Salford, U.K.

Haase, M., and Amato, A. (2005c). "Fundamentals for climate responsive
envelopes." Glass in Buildings 2, Bath, UK.

Heiselberg, P., Svidt, K., and Nielsen, P. V. (2001). "Characteristics of
airflow from open windows." Building and Environment, 36(7), 859-869.

Hensen, J., Bartak, M., Drkal, F. (2002). "Modeling and simulation of a
double-skin facade system / Discussion." ASHRAE Transactions, 108,
1251.

Krishan, A. E. (c2001.). Climate responsive architecture : a design
handbook for energy efficient buildings, Tata McGraw-Hill,, New Delhi :.

Lam, J. C. (1995). "Building envelope loads and commercial sector
electricity use in Hong Kong." Energy, 20(3), 189-194.

Lam, J. C. (1999). "Climatic influences on the energy performance of air-
conditioned buildings." Energy Conversion and Management, 40(1), 39-
49.

Lam, J. C., and Hui, S. C. M. (1996). "Sensitivity analysis of energy
performance of office buildings." Building and Environment, 31(1), 27-39.
Lam, J. C,, and Li, D. H. W. (1998). "Daylighting and energy analysis for

air-
conditioned office buildings." Energy, 23(2), 79-89.

Lam, J. C., and Li, D. H. W. (1999). "An analysis of daylighting and solar
heat for cooling-dominated office buildings." Solar Energy, 65(4), 251-

262.

Lee, E. S., DiBartolomeo, D. L., and Selkowitz, S. (1998). "Thermal and
Daylighting performance of an automated venetian blind and lighting
system in a full-scale private office.” Energy and Buildings, 29(1), 47-63.

Li, D. H. W., and Lam, J. C. (2000). "An analysis of climatic parameters and
sky condition classification." Building and Environment, 36(4), 435-445.

Li, D. H. W., and Lam, J. C. (2001). "Evaluation of lighting performance in
office buildings with daylighting controls." Energy and Buildings, 33(8),



217 CIB World Building Congress 2007

793-803.

Manz, H. (2003). "Numerical simulation of heat transfer by natural
convection in cavities of facade elements." Energy and Buildings, 35(3),
305-311.

Oesterle, E., Lieb, R.-D., Lutz, G., and Heusler, B. (2001). Double-skin
facades : integrated planning : building physics, construction,

aerophysics,
air-conditioning, economic viability, Prestel,, Munich :.

Park, C.-S. (2003). "Occupant-Responsive optimal control of smart facade
systems,” PhD thesis, Georgia Institute of Technology.

Parkin, S. (2004). "A description of a ventilated double-skin facade
classification." International Conference on Building Envelope Systems &
Technology, Sydney, Australia.

Prianto, E., and Depecker, P. (2002). "Characteristic of airflow as the effect
of balcony, opening design and internal division on indoor velocity - A
case study of traditional dwelling in urban living quarter in tropical humid
region." Energy and Buildings, 34(4), 401-409.

Qingyan, C., and Weiran, X. (1998). "A zero-equation turbulence model for
indoor airflow simulation.” Energy and Buildings, 28(2), 137-144.

Reichrath, S., and Davies, T. W. (2002). "Using CFD to model the internal
climate of greenhouses: past, present and future." Agronomie, 22(1), 3-
19.

Saelens, D., Carmeliet, J., and Hens, H. (2003). "Energy performance
assessment of multiple skin facades." International Journal of
HVAC&Research, 9(2), 167-186.

Stec, W., van Paassen, A. H. C. (2001). "Controlled double facades and
HVAC." 7th Clima 2000 World Congress, Napoli (1).

Stec, W. J., and Paassen, A. H. C. v. (2004). "Symbiosis of the double skin
facade with the HVAC system." Energy and Buildings, In Press,

Corrected
Proof.

Szokolay, S. V. S. V. (1980). Environmental science handbook for
architects and builders, Construction Press, Lancaster.

von Grabe, J. (2002). "A prediction tool for the temperature field of double
facades." Energy and Buildings, 34(9), 891-899.

Wigginton, M. (1996). Glass in architecture, Phaidon Press,, London.

Wigginton, M., Battle, and McCarthy. (2000). "Environmental Second Skin
Systems."

http://www.battlemccarthy.demon.co.uk/research/doubleskin/mainpage.htm

Accessed in 10 Nov 2006

Wigginton, M., and Harris, J. (2002). "Intelligent skins." Butterworth-
Heinemann, Oxford, ix, 176 p. .

Xu, W., and Chen, Q. (2001). "A two-layer turbulence model for simulating
indoor airflow: Part Il. Applications." Energy and Buildings, 33(6), 627-
639.

Zhai, Z., Chen, Q., Haves, P., and Klems, J. H. (2002). "On approaches to
couple energy simulation and computational fluid dynamics programs.”


http://www.battlemccarthy.demon.co.uk/RESEARCH/DOUBLESKIN/MAINPAGE.HTM

CIB World Building Congress 2007 218

Building and Environment, 37(8-9), 857-864.

Zhang, W., and Chen, Q. (2000). "Large eddy simulation of indoor airflow
with a filtered dynamic subgrid scale model." International Journal of Heat
and Mass Transfer, 43(17), 3219-3231.



	Organising Committee
	Review Committee
	Peer Review Process

	Welcoming Addresses
	Sponsors
	Copyright / Disclaimer
	Assistance
	Search
	Contents
	Building Economics (W055)
	The Application of Life Cycle Costing for Building Retrofit
	Managing Mega Construction Projects - Learning from Two Case Studies: London Underground’s Jubilee Line Extension and BAA’s Heathrow Terminal 5
	Improving the Design Process
	Innovations in Tunnel Construction and the Associated Economical Consequences for Supplier, Contractor and the Client
	The Implications of Incomplete Contracting for Construction Management
	The Price of Risk in Construction Projects: Choosing of an Appropriate Research Methodology
	Poor Quality Costs in Medium-Sized Construction Companies: What can be Learned from  other Industries

	Performance Concept in Building (W060)
	Risk Management in PPP Maintenance Projects of Communal Street Networks
	Risk Management in Different Forms of Contract and Collaboration – Case of Sweden
	Client Involvement in Performance based Briefing in Public Private Partnerships Procurement and the use of ICT: Dutch Best Practice
	Risk Management: A Bottom-up Approach to Ascertain Responsibility
	Portuguese Thermal Code’s Evolution and its Contribution to the Sustainable Construction
	Decentralized Energy Generation and Waste (Water) Treatment in Residential Districts: The ‘Sustainable Implant’
	Why Insulate? The Arguments for Sustainability
	Autonomy or Heteronomy of Essential Services in the Built Environment?
	Dynamic Model of Energy Saving Projects Market
	Ecology of the Building Geometry - Environmental Performance of Different Building Shapes
	Solar Energy Conversion with Flexible Photovoltaic Modules Integrated Into Single Ply Roofing Membranes
	Smart Materials: Self-Regulating Envelopes
	Integrating Ventilated Façades in Hot and Humid Climates
	Holistic Enterprise Risk Management - Risk Coverage and Risk Control

	Organisation and Management of Construction (W065)
	Complexity of Megaprojects
	Stakeholder Perceptions of Contractor Time, Cost and Quality Management on Building Projects
	Effective Financial Incentive Mechanisms: An Australian Case Study
	Hunters and Farmers? The HRM Implications of ‘Product-Service’ in Construction
	Generic Axiomatic Requirement Management Model (GARM-M) – Accelerated Target Oriented Handling of Total Service Contracts
	Supply Chain Systems Engineering in Construction
	The Evaluation of the Delays in the Portuguese Construction
	Whither Partnering? A Trade-off Analysis using a Hong Kong Case Study
	A Method to Evaluate and Manage Client Requirements in Housing Projects
	Ethics and Authenticity of Leadership in the Construction Industry
	Strategic Cooperation Networks for Life-Cycle Service Provisions in Building Construction
	Workforce Issues in the Knowledge Age
	Implementing Innovation: Transforming Practices and Technologies in Construction Work
	A Locus for Dynamic Competitiveness in Construction
	Measuring Performance in Construction Projects: The Case of the Swedish “Best Practice tool”
	Evaluation of Individual Characteristics in Partnering Projects
	Human based Value Creating Cooperation in Construction Projects
	Culture in Construction: Characteristics and Paradigms
	The Roots to Conflicting Interests among Different Partners in a DBFM Consortium
	The Design of the Organisation of a Building Process of an Underground Multimodal Station with a Case-Study of Station Amsterdam Zuid/ WTC, a PPP-Project
	The Harmony Model: A Case Study on New Contractors Approach
	Internal Logistics at the Building Site
	Strategic Purchasing ‘from Project-Related Collaboration to Sustainable Strategic Collaboration’
	Procurement Policy and the Adoption of Integrated Contracts for Civil Works by Local Authorities: A Case Study for the Netherlands
	What Makes a Leader in Construction? An Analysis of Leaders in the UK Construction Industry
	Integrated Solutions in Construction: Combining Products and Services in the PFI Context
	Constructing Strategy: Practitioners, Practices and Practice
	Living Building Concept for Adding Value in an Unpredictable Future
	Project Risk Management in Oman: A Survey of Risk Practices in the Construction Industry
	Value Creation by Process-Oriented Project Management
	Development of Construction Process Optimal Designed Decision
	The Crossover of Burnout and Engagement
	Evidence-based Design for Health Facilities: Benefit Realisation and Assessment of the Business Case
	Improving the Skills and Competencies of Knowledge Management ‘Specialists’ throughTargeted Education and Training
	Construction Clients and Industry Innovations: an Understanding of their Roles and Impact

	Facilities Management and Maintenance (W070)
	A Facilities Management Resource Consumption Model
	Advances in ETICS Behaviour Analysis and Consequences for Planning Maintenance
	An Integrated Approach to the “Relife” of Office Buildings
	Public Private Partnership for Maintenance Activities – System Boundaries for a Life Cycle Oriented Economic Efficiency Analysis
	Building Condition Assessment: A Performance Evaluation Tool towards Sustainable Asset Management
	The Jerusalem Eco-Housing Project: Integrated Design Solutions
	Issues and Actions for Sustainable Renovation
	Integrated Plan Analysis (IPA) of Buildings
	The Ventilation Implication of a Combined Life Cycle Assessment (LCA), Life Cycle Costing (LCC) and Health Impact Assessment (HIA) Study for Public Housing in Hong Kong
	Sustainable Cities for a Sustainable Development: Building Renewal as a Mean of Increasing the Sustainability of the Existing City
	Performance Measurement to Communicate Strategy
	Diagnostic System for Monitoring and Revaluing of Building Constructions
	A Survey of Operation and Maintenance Budgetary Practices for Commercial Buildings in Hong Kong – Preliminary Findings
	Pervasive Technologies for Workspace Management at Nationwide Building Society
	Selection Framework for Domestic Subcontractors by Contractors in the Construction Industry

	Procurement Systems (W092)
	Rethinking the Contractors Trilogy: Identifying the Missing Dimension in the Traditional Construction Delivery System
	From Bureaucracy to Value-Based Procurement: The Client as Change Agent
	Introducing Innovative Procurement Methods for Supply Chain Integration – Implementing the Challenge
	Defining the Conditions of a Contractors’ Past Performance Measurement System for Dutch Construction Clients
	The Construction Contract as a Means for Improving the Contractors’ Performance
	PPP Process Model for Service Provision - PPP tender and Award Process Model

	Architectural Management (W096)
	Designing Risk on International Projects
	Why is Design Delivery always Behind Schedule? A Critical Review of the Design Planning Techniques Adopted for Real Estate Projects in São Paulo - Brazil
	A Comparative Study of Architects’ use of Briefing Documents Interim Report
	Designing in the Virtual World
	The Strategy of Building System Design based on the Influence of “Feng Shui” in Traditional Culture
	Managing Intellectual Capital Strategically: A Core Competence for Architectural Design Firms in the Turkish Construction Sector
	Towards Sustained Competitiveness in UK Construction: A Multi-Methodological Approach
	Building Information Management for AEC - The Recording and Integration of Concept and Detail Design Data using Ubiquitous Sources
	Design Process of a Temporary Light Weight Emergency Shelter with Integrated Climate Control
	Residential Window Selection Model for Different Climates of Turkey
	A Study of a Recreation Area for the Application of Ecological Engineering in Taiwan
	General Managers’ and Building Managers’ Different Evaluation of Building Value and Quality - As Built and Over Time
	Influence of Local Cultural Peculiarities on National and International Design Process and Results
	The Prototype of Land- Architecture in Taiwan: The Case of Yami-Aboriginal Housing in Lanyu Island
	Sustainable Briefing for Sustainable Buildings
	Using Digital Information for Hybrid Project Design
	The Capture and Reuse of Design Cost Information in Architecture
	Role of Cultural Capital towards the Development of a Sustainable Business Model for Design Firm Internationalisation
	Web Supported Process Management to Achieve Consistent International Project Team Integration and Performance
	Managing Design with the Effective use of Communication Media: The Relationship between Design Dialogues and Design Team Meetings
	Integrating Design and Construction from a ‘Lean Perspective’
	Intelligent Library and Tutoring System for EURASIA Project

	Intelligent and Responsive Buildings (W098)
	Design Strategy for the Integration of Climate-Responsive Building Elements in Dwellings
	The Climate Adaptive Skin: The Integral Solution to the Conflict between Comfort and Energy Performance
	Intelligent Buildings for Sustainable Construction
	Towards a Continuum of Computational Building Simulation Tools to Support the Design and Evaluation of Complex Built Environments
	Design of Intelligent Two-Storey Residential Buildings, Made of Ecologically-Safe Structures of Prefabricated Elements

	Safety and Health in Construction (W099)
	Keeping Older Workers in Construction: Project Brief
	Characteristics of Accidents on Construction Work in Thailand and Prevention Guide
	Evaluating Health and Safety Performance of Nigerian Construction Site
	Usability in the Workplace Case Study of Pamela Youde Eastern Hospital, Hong Kong
	The Effect of Awareness of and Compliance with the Duty to Manage Asbestos Regulations
	Analysis of Accidents on Building Construction Sites Reported in Uganda during 2001 - 2005
	Powered Aerial Access Platforms (PAAPs): Their use and Benefits
	Health and Safety (H&S) in Roofing
	Uptake of an OHS Code of Practice by Australian Construction Firms
	Dealing with Cost and Time in the Portuguese Construction Industry
	Developing the Management Practices and Cultural Values for the Deployment of Construction Quality Assessment Systems (CONQUAS): the MP&CV-AM approach
	A Review of Recent Legislative Developments in South Africa and Turkey
	Social Housing Building Stock Renewal Needs: A Case Study
	Evaluating the H&S Performance of Nigerian Contractors
	The Influence of Architectural Designers on Construction Ergonomics
	Safety and Quality in the Portuguese Construction industry

	Information and Knowledge Management in Building (W102)
	Using the French EPDs to Compare and to Choose Building Products
	Innovative Housing Projects for Low Income Groups in Urban Central Areas: An Approach of Information and Knowledge
	Knowledge Creation and Absorptive Capacity: Influences of Social Capital
	Knowledge Sharing and Reuse for Improving Construction Project Earned Value
	Technology and Knowledge Transfer for Capability Building in the Ghanaian Construction Industry
	The Construction of the Knowledge Base of Fuzzy Expert System in Building Pathology – From a Functional Access
	Towards a Sustainable Building Approach: Arenas of Enactment, Models of Diffusion and the Meaning of Demonstration Projects for Change
	FMEA Software to Enhance Innovation in Building
	Ready? Go the National E-Tendering Initiative – A Malaysian Experience
	Innovation Circles Stimulating Construction Knowledge Exchange
	Sharing Knowledge through the Construction Knowledge Exchange: A Demand-led Approach
	Successful Collaboration with the Client - A Comparative Study of Three Public Project Networks
	The Current Development of China’s Construction Management
	Open Residential Building in Iranian Context
	Knowledge Modelling for Performance Measurement of Built Environment

	Open Building Implementation (W104)
	Open Building within the Practice of Polish Architects
	Renovation and Alternation: An Efficient Way for the Existing Residential Building to Keep up with Social Life
	Development of an Adaptable Integrated Façade System for Housing in Taiwan
	Worlds of Difference: Constructing Urban Landscapes for Inhabitation
	Time as the Main Factor
	The Systemic Nature of the Construction Industry
	Urban Regeneration and Renewal: A Case Study of Gaziosmanpasa Municipality in Istanbul
	Feng Shui: An Alternative Framework for Complexity in Design
	Operable façade: An Open Building Approach for User Responsive Architecture
	Re-architecture of Industrial Heritage
	Study on the Development of Korean-Style Residential Open Building through the Remodelling of the Experimental Open Building of KICT
	A Study on the Amendment of Regulations for the Activation of Long life Span Multifamily Housing
	Teaching Architecture Students to Work with Distributed Design
	Space and Time to Dwell Santa Ursula through 50 years
	Designing for Diversity in South Africa: Opportunities for Inclusive Design through the Application of Open Building
	Partnering and the Problem Resolution Process in Practice
	Urban Harvest, and the Hidden Building Resources
	Participation Supported, Flexible and Appraisable Model - PSFAM in Urban Transformation
	Sustainable Building Design - case study for Rio de Janeiro - Brazil
	Sustainability as the Force that Tames an Exponentialoid

	Construction in Developing Countries (W107)
	Side Stepping Poor Infrastructure: Enabling Environments in Developing Countries
	Construction as a Driver for Sustainable Regional Development: Focussing on Practice and People
	Public Private Partnerships: The Provision of Social Infrastructure in Australia
	Joint Construction of Community Schools in Disadvantaged Areas
	The Challenge of Engaging South Africa’s Unemployed in Construction Sector Delivery
	International Technology and Knowledge Flows among Foreign and Local Contractors in Ghana
	Mapping the Australian Regulatory Environment: Implications for Construction Firms
	Developing a Systems Framework for Sustainable Infrastructure Technologies (SIT) in the Built Environment Focussing on Health Facilities: A Case for Cape Town
	Factors of Construction Time for Commercial and Residential Projects in India
	Improving Housing Quality as a Marketing Strategy
	Defining a Strategic National Agenda on the Theory of Construction for Development
	The Declining Role of the General Contractor in the Kenyan Construction Sector
	School Infrastructure Performance Indicator System (SIPIS)
	The South African Construction Micro Enterprise Development Challenge
	Student’s Perception of the Service Learning Component of the Construction Studies Programme at the University of Cape Town
	Developing a Systems Analytical Framework for the National Poverty Alleviation System (NPAS): The Community Based Public Works Programme (CBPWP) Case Study
	The Effect of Political Unrest on Construction Time for Food Grain Warehouses in Bangladesh
	Procurement Reform: A Research Agenda for Construction in Developing Countries
	Collaborative Teamwork in Construction: An Exploratory Study of the Role of Project Insurance

	Informal Settlements and Affordable Housing (W110)
	Community Participation in the Upgrading of Informal Settlement & Housing at the River Bank of Surabaya
	The Role of Urban Design in Developing Communities
	People-Planet-Profit-(re)searching for Sustainable Urban Development – How Students from Hogeschool Utrecht, Institute for the Built Environment work in the Tshwane Region of South Africa
	High- Rise Buildings – Needs and Impacts
	Adobe Technology - A Possible Solution to Urban Housing Problems in Ethiopia
	Reducing Construction Fall Accidents in the Maintenance Sector: An Industry-Based Survey from Hong Kong
	Nature and Performance of Portuguese Real Estate Investment Funds
	Low-Cost Housing: A Continuous Struggle (Overview, Research, Future)
	Opportunities for Clients’ Requirements Management in a New Form of Housing Provision in Brazil
	Ready-made Shacks: Learning from the Informal Sector to meet Housing Needs in South Africa
	Optimization of Building Materials and Designs towards Sustainable Building Construction in Urban Tanzania
	Ethics In Construction: Examples from Uganda
	Sustainable Construction Industry for Sustainable Environment: Trees for Shelter and Alternative Building Materials
	An Evaluation of Small Contractor Development Programme in Swaziland
	Harnessing the Informal and Formal SMME Construction Sectors to Resolve the South African Construction Skills Shortage
	Integrated Design and Production. Decision-making Tools for Optimal Industrialization ofHousing Construction

	Law and Dispute Resolution (W113)
	Teaching Law to Undergraduate Surveyors and Construction Managers: A Problem based Learning Approach
	Recent Developments in Letters of Intent
	The Contractor’s Quality Obligations: Different Concepts under English and German Contract Law
	Application of Public Participation Provisions in Environmental Regulation: Implementation of the Water Framework Directive in UK and Germany
	“What do you think of it so far?” The Views and Experiences of Specialist Contractors on Partnering in the UK
	Regulatory Systems for Building in Europe
	Teaching and Learning Ethics: The Construction Manager’s Perspective
	Tasks and Responsibilities for Building Control in Europe
	The Evolution of Adjudication Law in the Construction Industry in New South Wales
	Expert Evidence in Rights to Light Litigation: A Review of Judicial Attitudes to Current Practice in the UK
	Incentives in Construction Contracts: Should we Pay for Performance?
	Liability for Building Operations in Singapore: Sorry and then Safe?
	A Facility Manager’s Approach to Standardized Construction Contracts

	Smart and Sustainable Built Environments (TG55)
	Geosynthetics: Some Sustainable Design Concepts for Developing Countries
	Ecological Sustainability in Construction: A Vision for 2025
	Innovation in Buildings: A Socio-Eco-Technical Approach
	Managing Building Projects through Enhanced Communication – An ICT Based Strategy for Small and Medium Enterprises
	Steel and Zinc as an Important Component of Sustainable Construction
	Possibilities of Indoor Air Pollution due to Conventional Construction Industry Practices
	The Building Material Selection Importance at the Building Design Process for its Sustainability
	The Construction Portuguese Industry seems to Ignore the Deconstruction Method
	Environmental Criteria and Indicators used in Environmental Assessment of Buildings
	Sustainability Assessment of Buildings: Would LEED Lead Brazil Anywhere?
	Sustainable Management of Construction Projects
	A Methodology for Predicting the Magnitude of Environmental Impacts Related to the Building Construction Process
	Energy Potential Mapping – A Systematic Approach to Sustainable Regional Planning based on Climate Change, Local Potentials and Exergy
	The Impact of the Spanish Built Environment on Climate Change and the Implication to Legal Frameworks
	Environmental Impact of Construction Products: Leaching Behaviour During Service Life
	Project Performance Measurement for Productivity Improvements
	Finding Complementary Lines for a Sustainable Development of Buildings in a Worsened Climate

	Industrialisation in Construction (TG57)
	Advantages and Limitations of Precast Concrete Construction in High-rise Buildings: Hong Kong Case Studies
	Innovative Sales Concept and Knowledge-Platform for Prefabricated Building Construction
	Strategy to Enhance use of ICT in Construction
	Applying Future Industrialised Processes to Construction
	Design of One-Storey Residential Houses, made of Prefabricated Elements, Intended for Building in South Africa
	Designing Communications on International Projects
	Reducing Construction Waste by Decisions within the Design Process
	A Systems Approach to Generate Integrated Design Solutions
	Industrializing the Construction Sector through Innovation – Tolerance Dilemma
	Investigation into the Feasibility of Hybrid Concrete Construction (HCC) in South Africa
	Re-Architecture: Reality or Utopia?
	Reusing and Recycling Construction Aggregates as Mitigation Measures to EnvironmentalDestruction - The Case of Dar es Salaam, Tanzania
	Development in Assembling Sandwich Facade Units
	Effect of Contract Programming on Project Performance in Nigeria

	Built Environment Complexity (TG62)
	The Exponentialoid of Resource Consumption
	A Decision making Tool based on Ontologies for Risks Evaluation and Systems Integration
	The Exponentialoid of Emissions Generation
	The Cyclical Nature of Construction Industry Employment and Higher Education Recruitment
	The Forces Behind the Exponentialoid Growth in Construction
	Defining the Force that Tames an Exponentialoid
	Complexity Theory and the Maintenance Paradigm
	Systems Dynamics, Sustainability and Construction Complexity
	Models and Metaphors: Some Applications of Complexity Theory for Design, Construction and Property Management
	Inflation, Profit and Building
	Comparison of Construction Materials and Techniques in New and Refurbished Housing Projects
	Principle Solutions with SILA
	The Human Factor in Building
	A Complexity-based Conceptual Framework for Whole Life Risk Assessment
	The Complexity of Issues Surrounding the Implementation of Continuing Professional Development for Construction Managers
	The Contractor’s Liability for Workmanship and Design: Is it a Matter of Competence or Status?
	A Preliminary Report on Applications of the Most Economically Advantageous Tender (MEAT) Award Mechanism
	The Impact of the Workplace Safety and Health Act 2006 on the Developer
	Project Contract Strategy Knowledge Base of Civil Engineers -the Time to Reflect

	Disasters and the Built Environment (TG63)
	A Tale of Two Floods: Reconstruction after Flood Damage in New Zealand
	Modular Building Solutions for Emergency in Developing Countries
	Construction for Development (but also for Security?)
	PRE-EMPT: Developing a Protocol for Built-in Resilience to Disasters
	Synergising Disaster Risk Management and Construction Research: A Multi-Disciplinary Initiative from the UK
	Regulatory Frameworks for Post-Disaster Reconstruction: Improving Resilience in the Process
	EURASIA: Role of Construction Education in Capacity Building for Facilities and Infrastructure Development within a Developing Country Setting
	Knowledge Sharing in Disaster Risk Management Strategies: Sri Lankan Post-Tsunami Context
	Improving Infrastructure to Reduce Future Vulnerabilities to Natural Disasters: Review of Infrastructure Development Associated With Post Tsunami Reconstruction in Sri Lanka
	Improvement of Basic Functions for Visualizing Schedule and 3D Object in 4D CAD System
	The use of E-commerce Applications in Construction: An Interpretative Model

	Miscellaneous
	Reusing and Recycling Construction Aggregates as Mitigation Measures to Environmental Destruction The Case of Dar es Salaam, Tanzania
	The Structure of the South African Building and Construction Industry; Preliminary Results
	Uniqueness, Complexity and Risks in Construction Projects: Implications for Small/Medium Scale Contractor Development Programmes of South Africa
	Success Factors of Women Entrepreneurs in Construction
	Use of Steel-making Co-Products and Marble and Granite Industry Waste in the Production of Low Impact Building Components
	Structural and Finishing Costs in Yemen
	The Challenges of Quantifying Construction Works for Project Control in Ghana
	Regional Construction Markets: The Example of Bremen, Germany
	Liberalisation of Construction and Related Engineering Services
	A Comprehensive Framework for Building Design Support
	An Integrated Emerging Contractor Development Model for the Construction Industry: Practical Implementation and Statistical Quantification
	The Importance of the Project Coordinator in Construction Management: The Entrepreneur’s Vision
	The Role of Women in Construction Industry Development: The UK Perspective


	Exit



