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A. EXECUTIVE SUMMARY 
 

The project had three aims: 

 

• To test the feasibility of utilising an innovative skeletal timber framing system for housing 

through a demonstration building  

• To evaluate the potential for enhancing the system through plastic fibre reinforcement  

• To promote environmental systems and technology in the building to increase the uptake 

of environmentally responsible design in the wider community 

 

These aims have been achieved through the design and construction of a building on the 

Gold Coast. The enhanced timber frame using fibre reinforced plastics was carried out and 

the limitations of the approach for Australian conditions established. Environmental 

monitoring showed that the framing system was successful in achieving a desired 

performance. The timber framing system has proved feasible for use in the general 

community. 

 

The project has been a source of inspiration and education to many industry, professional, 

student and community bodies through public broadcasts, promotions, publications and 

conferences on the subject matter from the project. The project has won a number of prizes 

and has had considerable media exposure. In particular local, State and National 

Government initiatives to improve the sustainability of buildings have utilised the project as a 

case study in environmental design. 

 

The timber industry can fully capitalise on the research outcomes from this building. Timber 

is an important environmental material and as yet its potential is not fully realised by the 

building industry. This is an opportunity that can be exploited, as it could form an important 

plank in the demonstration of timber as a sustainable material. This is a powerful tool both for 

marketing and for demonstration of the eco credentials of the material. 
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B.  THE PROJECT OBJECTIVES 
 

• To test the feasibility of utilising an innovative skeletal timber framing system for housing 

through a demonstration building. 

 

• To evaluate the potential for enhancing the system through plastic fibre reinforcement.  

 

• To promote environmental systems and technology in the building to increase the uptake 

of environmentally responsible design in the wider community. 

 
 
C. BACKGROUND 
 
Environmental Limits and Environmental Homes 
Flavine and Lenssen (1994), suggest that there has been a change in thinking regarding the 

need to conserve energy. The main argument they put forward is that our present energy 

usage is not sustainable. In the coming century, environmental limits will more and more 

shape the decisions we make about the use and design of the built environment. 

Furthermore, it is clear that there is a shift in the dominant social paradigm toward a greater 

concern for the environment and indeed this ethic has been inculcated in building design and 

construction thinking (RIAI 1995). The paradox is that whilst this ethic may prevail in theory 

the uptake of such sustainable technologies in practice is slow (Lavery 1999). There are 

many reasons. One important problem is the lack of demonstration projects that are 

particularly orientated to warm climates (Hyde 1996). This project directly addresses that 

problem. 

 

Since the oil crisis there have been many attempts to build prototype homes that save 

energy. Most have been in temperate climate and have addressed the autonomy issues, i.e. 

how to build a house that maximises the energy resources available on the site (Vale and 

Vale 1995, Meers 1994, Roaf 1994). These types of buildings often compromise the form of 

the building, i.e. a solar house is easily recognised by large areas of glass equator facing 

and/or lifestyle, the normal behaviour of occupants has to adapt to the energy dictates of the 

house. Another principle problem with these houses is that whilst many save on operational 

energy there is little consideration for the embodied energy, energy used in manufacture of 

the components and building (Lawson 1997, Treloar 1995). Other directions for 

environmental houses focus on the ecological issues. The approach by Pearson (1994) is 
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typical. He argues for a house made mainly of organic material, to avoid modem chemical 

pollutants through a "healthy, harmonious and ecologically sound" home. 

 

Of the warm climate environmental homes; few are found in Australia. Most are found in the 

cooler climates of Adelaide (Tanner 1997) and Sydney (Mobbs 1997). In the northern states 

notable examples are Solar 1 at Coolum (Hyde 2000) and the author’s house at Montville 

(Hyde unpublished). The warm climate prototypes, which bring together the energy 

autonomy of Vale and Vale (1995) and the ecological approach of Pearson (1994) and 

located in a suburban setting are lacking. It is in this location the prototype was built and 

where it is arguably the most needed. 

 

Barriers to Uptake of Environmental Technology 
The project addresses a number of barriers to the wider use of environmental technology in 

the building industry. These barriers are the lack of: 

 

• a wide range of innovative environmental systems to address current architectural and 

engineering problems 

• demonstrations of the value of innovative environmental systems 

• the transfer of technology from overseas into the Australian market place 

 

These barriers can be overcome through the application of innovative systems in practice. 

This project primarily explores the transfer of technology from within and outside Australia to 

satisfy a commercial need for housing that is environmentally effective, climatically 

appropriate, minimises site damage and is energy efficient. One particular barrier to the use 

of environmental technology in urban locations is the economic availability of resources such 

as electricity and water. 

 

At present there are arguments that suggest that until the cost of these resources increase 

significantly, the economic viability of environmental technology is problematic due to long 

payback periods. Indeed, initial estimates of the cost of the environmental technology for the 

home to provide autonomy is in the order of $50,000. It is argued here, though, that through 

the increased emphasis on "user-pay" strategies for utilities e.g. the introduction of water 

meters, cost efficient integration of environmental technology can become effective.  

The resolution of this argument was a primary concern in the project. In addition, the building 

demonstrated the practical use of innovative timber structural and construction systems. 

From the literature, it appears this was the first use of a Glulam skeletal frame house and 

fibre-reinforced plastic (FRP, developed in the USA) in Australian timber construction. 
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Finally, the home has been used as a vehicle for education of students, building 

professionals and the wider community. The project's intent was to document all aspects of 

the construction and to carry out itemised costing of the project to provide hard evidence of 

commercial effectiveness of the systems. 

 

Developments leading to the prototype building  

Over the last ten years a number of research projects have led to the development of a 

timber skeletal framing system for housing and other small scale buildings [University of 

Queensland Foundation Grant 1990, Timber Research and Development Advisory Council 

(TRADAC) and the Plywood Association of Australia (PAA) support 1992-96 and ARC 

Collab. 1995B]. The theoretical and empirical testing of the system was completed in 1998, 

and opportunities arose through links with industry to build an infrastructure demonstration 

building as a way of applying the system. Design work started in 1998 and construction work 

in 1999. The intention was not only to provide an example of the application of innovative 

environmental technology developed from these earlier research projects but also to transfer 

innovative systems from other appropriate research initiatives.  

 

The prototype home therefore extended this earlier research and development and 

collaboration and also brought together other industry partners. In this way it provided a 

benchmark of environmental design and environmental technology, which could "trickle 

down" to other sectors of the building construction industry and promote the speedy uptake 

of innovation and change. 
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D. RESEARCH METHODS 

 
1. Project Management 
The management of the project involved both construction of the project, managed by the 

owner Dr Prosser, and research, managed by Dr Richard Hyde. This work was coordinated 

through a steering group of the key industry partners. In addition a number of subgroups 

were formed to assist with the design development. There were three distinct stages to the 

project. 

 

Stage 1: The conceptual design.  

Stage 2: The pre-construction detail design.  

Stage 3: Post construction evaluation. 

 

UNIQUEST, the commercial arm of the University was co-opted to assist with the running of 

a steering committee to assist with the issues concerning the wider commercialisation of the 

technologies developed. This also facilitated the connection with industry and assisted with 

intellectual property issues. At the post construction phase the steering committee was 

responsible for the evaluation of the technology, implementing the adoption strategy and 

disseminating the results to industry. 

 

2. Pre Construction 
At the design phase work took place to integrate the portal frame system into the building 

design and to achieve the optimum performance from the frames. 

 

The building system was designed to resist both vertical and lateral forces using heavy 

framing system rather than the conventional light stud framing system. The vertical forces 

included dead load of the structure and the live load related to occupancy.  The lateral forces 

are derived from wind loading.  The Gold Coast area is in wind Region B, an intermediate 

wind region. Although the building is within 1 km of the coast, it is sheltered by residential 

and low-rise apartment structures on all sides, so terrain category 3 was appropriate.  The 

wind load was applied using the design method given in Australian design standards, AS 

1720.1-Part 2.  This structure is not considered to be wind sensitive because of its geometry 

and expected first mode frequency that is greater than 1 Hz.  Thus, a dynamic analysis was 

not required.  However, the wind loading requires bi-directional load path continuity.  

 

The framing system used in this structure is generally described as a set of parallel two story 

portal frames with semi-rigid connections that are in-filled with light-frame shear panels.  This 
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form of construction was synergistic with the overall concept of providing an open space with 

“non intrusive” structural members, since the semi-rigid connections provide significant 

moment resistance as well as contributing to stiffness of the structural system. The roof is a 

bi-fold troughed system framed with common dimension framing lumber and nail-attached 

plywood sheathing.  The roof was also used as a collection system where rainwater was 

drained to a tank located in the garage area. 

 

The most interesting parts of the structural system are the portal frames as they are 

infrequently used in residential construction.  The connections in timber frames are often 

considered to be semi-rigid, that is, they are capable of transferring shear and axial forces 

and some percentage of maximum moment.  The orthotropic character of the wood also 

plays a role in the behavior of the frame. Leichti et al. (2000) have written on the subject of 

semi-rigid frames and the interactions between the frame geometry and the joint rigidity.  

Very high structural efficiencies (both strength and stiffness) can be achieved using these 

types of connections in spliced joints.  The system of portal frames with shearwalls shares 

some similarities to a post-beam structure, which is frequently used in residential and small 

commercial structures in North America and elsewhere in the world.   Post-beam structures 

are a three-dimensional load bearing construction of linear elements that are supplemented 

with curtain walls or shearwalls.  In post-beam structures, there is a distinction between the 

primary and secondary structural systems.  Also, post-beam frames are often braced in the 

plane of the frames because carpentry joints, which are assumed to have no rotational 

stiffness, cause the frame to behave as though it was pinned (Leichti et al. 2002). 

 

The column-beam connections in a moment resisting frame are responsible for the lateral 

force resistance of the frame. Common moment-resisting connections include glulam fixings 

using glued-in rods and Duebelkreis dowels to form the semi rigid joints.  

 

EC5 rules provide design tools for moment-resisting portal frame optimisation. The 

calculation of the deflection of the frame in service included the joint rigidity.  The rotational 

stiffness of the joint is a function of the stiffness coefficient, flexural rigidity of the columns 

and beam, height of the structure, and length of the beam span.   By assuming the joints in 

the portal frame were semi-rigid, there was an opportunity for moment redistribution in the 

structure.  It is possible to design the systems so that the joints do not dictate the sizes of the 

members; when the design gets beyond this condition, the efficiency of the timber is 

improved. By incorporating representative semi-rigid joints into a frame model, it was 

possible to simulate load responses with an acceptable degree of accuracy using a 

commercial analysis package, such as SPACEGASS ver 8. 
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The size of the frames was determined by the structural and construction criteria. 250mm by 

65mm Tasmania Oak laminated beams were used. The width was dictated by the thickness 

of wall framing to avoid additional cutting and material wastage with the fit-out.  

 

The soil condition at the site is sandy.  The semi-rigid frames in the subject structure had 

continuous columns that extended from the reinforced concrete foundation to the roof eave.  

Beams were bolted at approximately 600 mm above the foundation and support the ground 

and first floor living spaces.  The bolted joint connection had two bolts laid out in a square 

pattern.  The columns were 250 by 65 mm glulam made of a mixed species of hardwood 

while the beams were similar.  The columns were fixed to the concrete pad foundation so 

that the connection was considered to be a pinned connection at the base.  The floor joists 

were a combination of three types of timber members (engineered timber I-profiles, solid 

sawn pine and recycled solid hardwood). The framing of the rafters was similar to the 

columns.  Additional steel props were added to the floor to reduce deflection. The portals 

provide bracing in the north-south axis whilst traditional bracing plywood was used in the 

east-west axis. The plywood bracing was constructed in accordance with the TRADAC 

guidelines for house construction. An additional portal was used in the east-west direction at 

the front of the house to increase the wall apertures for ventilation. Bracing walls on the front 

elevation would have reduced the area open for ventilation. Since one of the main objectives 

of this house was to design for maximum cooling and solar heating the design of the 

northerly façade in this way was crucial. (Leichti et al. 2002). 

 

3. Post Construction Evaluation 
The post construction work involved measurement of a range of environmental phenomena 

and the performance of the technology over time in a longitudinal study over three years.  
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E. DESIGN INTEGRATION OF ENVIRONMENTAL TECHNOLOGY 

 
1. The innovative skeletal timber framing system 
 

Feasibility work 

 

The feasibility work on the use of the portal frame systems was the responsibility of the 

structural engineer. Principles for the design of this type of integration were established in 

earlier projects  

 

Prototype 

The skeletal frame system was integrated into the prototype design. The demonstrated 

advantages of the skeletal system were as follows: 

  

• Construction is rapid, with the frame being erected in 5 hours 

• The design is climate responsive. The framing system maximises open space thus 

facilitating summer cooling and winter heating, reducing operational energy use 

• Site impact is minimised, through minimising foundations and site disturbance 

• Construction systems are environmentally friendly with low embodied energy 

• Cost assessment (comparing the prototype home and a similar size masonry home). 

 
Recycled timber 

 

The use of the framing system was cost neutral (there was no additional cost to the project in 

terms of material cost, but saved construction time. The reduction of waste was a major 

benefit from the environmentally sustainable design (ESD) point of view.  

 

This was assessed at the construction stage. The builder was asked to do a non-conforming 

tender for a bearing wall and beam alternative to the portal frame structure. The results of 

this demonstrated that the portal frame system was cost neutral, similar costs were found for 

using the portal frame as the bearing wall and beam system. 
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Other timber systems 

 

The ESD nature of the project generated a priority to minimise the use of new materials and 

select materials that could be reused or recycled. A large amount of recycled timber was 

used.  

 

Recycled timbers were used for floorboards and structural timber. The floorboards were cut 

down from larger pieces of timber. These were excellent as they were extremely stable 

dimensionally with no shrinking or warping. The structural timber raised a number of issues, 

as follows: 

 

1. The timber was not denailed or size selected prior to deliver, which meant that 

recycling for reuse was needed on site. This added to the construction time and 

cost 

 

2. The timber came with other material such as nails and fixings, which disrupted 

the carpenters tools and hindered progress 

 

3. The variation in dimensions and sizing caused construction problems and 

additional time in integration in the building 

 

4. The weight difference between the hardwood recycled timber and the softwood 

engineered products is large. The carpenters preferred the engineered products. 

The greater weight affects the costing of projects using recycled timbers. 

 

The lessons learnt from this were that further research is needed to establish standards for 

use of recycled timber. The saving in embodied energy from using the material could be out 

weighted by the costs of recycling. A simple set of guidelines is needed to address this.  

 
Timber windows and doors 

 

Timber windows and doors composed of plantation timber were used because of their low 

embodied energy.  

Two window systems were used 

1. Louvres in timber frames 

2. Casement windows  

Life cycle costing on these components revealed a number of advantages. (Davidson 2000) 
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• The pre-treated windows using an impregnating stain reduced ongoing maintenance and 

improved buildability. 

 

• The louvres used a friction fit system, which cut down infiltration and improved air 

tightness, reducing energy consumption. 

 

• The louvres could be interchanged with glass and timber allowing the lighting quality to 

be tuned to the user needs in the space. The pop up windows used timber louvres to the 

north to reduce glare and clear glass to the south to maximise light to the atrium. 

 

• The use of casement windows with mullions and transoms reduced the size of the glass 

panes for ease of replacement. 

 

Two types of door system were used. 

 

1. French doors 

2. Sliding doors 

 

The French doors were designed in a similar way to the casement windows. A large sliding 

door was used in the breezeway to allow through ventilation. With large glass panels, an 

environmental penalty is incurred when using large glazed areas. Laminated glass is needed 

for these areas, which doubles or trebles the embodied energy. Using small pane sizes and 

timber mullions and transoms, the glass area was reduced and also the embodied energy. 

 
 
2. Enhancing the framing system through fibre reinforcement 
 

The framing system was computer modelled. Prof Keith Crews and Daryl Vaughn, of the 

Gardner Vaughn Group carried out this work. The substitution of fibre reinforcing in the main 

framing members was examined theoretically. 

 

The findings from this work suggested that fibre reinforcing led to sizing reductions in the 

main skeletal members. From the engineering perspective, these reductions were only small 

and seemed insignificant. Yet these reductions were architecturally significant. In housing, 

large skeletal members appear out of scale and visually obtrusive. The reduced sections 
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using fibre reinforcing are therefore more important from an architectural standpoint than the 

engineering standpoint. Furthermore, in this design the connection system design was the 

governing factor in the member design. A steel dowel system with epoxy joints was used. An 

alternative to this using fibre reinforced joint was explored but the timeframe of the project 

precluded development work but this offered potential for optimising the advantages of the 

fibre reinforcement in the members and the connection system. 

 

The lessons learnt from this were that more lead-time is needed to take technical systems 

from the prototype stage to commercial realisation. 

 

 

3.  Resolution of architectural and engineering design issues that have been 
generated in the demonstration home 
 

The benefits of the demonstration project as a way of testing systems and reducing the 

barriers to the wider use of timber technology was evident from the research approach. Also, 

from the interest shown by the industry partners, this vehicle for research development and 

promotion was much valued. It remains to be seen in the concluding part of the work whether 

these benefits can speed the uptake of these technologies. It is clear also that without a 

holistic approach, as found with the ESD framework used to design this building, the social 

relevance is lost. It is clear society’s interest in environmental issues is increasing and that 

technical systems that can demonstrate positive environmental performance that is cost 

neutral to a project will have appeal. The need for multidisciplinary teams to develop the kind 

of systems that fit both the environmental and functional requirements is further evident. 

 

The following strategies were used in the building: 

 

• Spatial organisation that provide thermal delight (sense of pleasure from the 

environment), environmental connectivity whilst meeting user needs and lifestyle choices. 

• Small building footprint to minimise the site utilisation and minimise impact on existing 

vegetation. 

• North orientation and shading to maximise breeze in summer, provide solar access in 

winter and solar exclusion in summer. 

• Light weight, north eastern orientated building skin to provide rapid heat gain in winter. 

• Ground connected mass construction to lower story to provide "cool pools" for daytime 

living in summer and "warm pools" for evenings in winter  
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• Pavilion plan form with open section to provide cross ventilation for summer cooling. 

• Servant spaces to buffer served space from westerly sun and heat gain. 

• Use of breezeway and water feature to promote ventilation and evaporative cooling 

between pavilions through the venturi effect. 

• The use of an atrium space to promote the convective cooling of internal spaces in 

summer calm conditions and to provide light to deep plan spaces. 

• Utilisation of a skeletal frame system that has low embodied energy, is factory-made, 

prefabricated to high quality, provides moment joints to resist racking loads and gives 

internal planning flexibility and maximises openings for ventilation. 

• Utilisation of smart window technology to reduce glare and solar gain to interior spaces. 

• Utilisation of materials that have minimum off gassing and effects on human health. 

• Provision of storage and hydraulic systems for rainwater and waste-water recycling and 

site irrigation, thus minimising mains water usage.  

• Utilisation of a water feature to provide white noise and feeling of calm in the home. 

• Cool colour scheme and landscaping to promote psychological comfort. 

• Installation of grid connected photo voltaic system to export power to the grid during the 

day and import power at night. 

• Selection of energy efficient appliances that minimise power utilisation. 
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F. INNOVATION 
 

The essence of the collaboration was not to develop inventions in environmental technology 

but to apply existing inventions in a building context in an innovative way. The level of 

uncertainty here rests with the extent to which the integration meets the stakeholder needs 

and that it meets environmental, occupancy and performance criteria. 

 

The level of innovation rests with the market acceptance of the integration. This provides a 

viable way for manufactures to develop new systems i.e. small innovations that have direct 

market impact and immediate financial returns. All the main industrial partners formed a 

design group to investigate this integration. From these meetings each industrial partner 

identified a particular innovative proposal for the use of environmental technology. These 

have been integrated into a building design for a specific site in the northern suburbs of 

Brisbane, and a preliminary design was developed and costed. This was used as a vehicle to 

attract further industry partners. The some of the main innovative systems that were 

developed are as follows: 

 

1. Broadbeach Chiropractic: Design strategies for creating a "healthy" home, concern for 

air quality, sustainable development through reduction of site damage due to cut and fill; 

rehabilitation of site damage on sloping sites, integration of landscape and building design, 

maintenance of biodiversity and landscape buffers to adjacent properties. 

 

2. PAA, TRADAC and Forest and Wood Products Research and Development 

Corporation: Application of skeletal timber frame system, low-profile flooring system to 

provide a passive low energy building structure and hypar roof forms to accept integration of 

environmental technology. 

 

3. Wood Science and Technology Institute: Use of fibre-reinforced plastics to increase 

strength and stiffness of framing members and reduce cost. 

 

4. James Hardie Building Products: Lightweight single-skin system that promotes passive 

heating in winter and provides minimum thermal mass in summer. 

 

5. WBM Consulting Engineers: Development of environmentally innovative hydraulic and 

electrical systems: earth and landscape integrated water storage and grey water system and 

grid tied modular photovoltaic systems to reduce capital cost and facilitate retrofit as cell 

efficiency increases. 
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During the course of the research these systems were tested through the feasibility of 

integrating them in the project. Some were more successful than others for example 

problems were found with the use of fibre-reinforced plastics whilst the use of a grey water 

system was implemented without difficulty. In addition other partners joined the project as a 

result over 34 individual industry representatives were represented in the project  
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G. PERFORMANCE MONITORING 
 

The final significant part of the study is centred on the environmental monitoring of the 

buildings in use. The project seeks support for a demonstration work and home building 

which will promote this type of housing and the appropriate environmental technology to a 

variety of potential stakeholders; industry, students and the wider community. Further more 

valuable information on life cycle costing, the viability of building autonomy, and the use of 

appropriate environmental technology will be obtained which will assist industry in articulating 

arguments for the wider use of this kind of technology in the market place. 
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I. TECHNOLOGY TRANSFER 
 

Media 

 

1999  

Courier Mail, October 26, 1999, ‘Green peace,’pp.6-7. 

ABC TV News, item, December 10, 1999 

Channel 10 News, item, December 10, 1999 

• ABC radio, Feature story, Friday 21 Jan, 2000 

• Courier Mail, January 26, 2000, ‘The Heats no drag at Mermaid Beach,’p20 

• University News, February 29, ‘Designers tame ‘Land from hell,’ p13. 

 

2000 

• Channel 7 ‘World Around Us,’ Frank Warwick, 24 March 2000 

• Channel 10, ‘Totally Wild,’ children’s program 

• James Hardies, Customer News Link, Healthy Home show cases eco-design, March 

2000. 

• Featured on ‘Our house’ March 23, 2000 

• Visits from Director General of Housing, 14 June 2000, Minister for the Environment, 

August.  

• National and State Award for Excellence Energy Aware Housing Awards, judged by the 

MBA and Dept. of Mines and Energy. 

 

2001 

• Sustainable Energy Association, National Building Award 

• Urban Design Award, Gold Coast Council. 

• Case Study on the Australian Building Energy Council Web site.  

• Case Study in the ‘Good Design Guide for Housing,’ funded by Australian Greenhouse 

Office. Ed.  Jeff Reardon, UTS. 

• Channel 10, Totally Wild presentation of Healthy Home project. 

 

2002 

 Channel 9. Engineering sustainability, Gold Coast Conference. 

 

Web sites 
http://csdesign.epsa.uq.edu.au 
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http://www.greenhouse.gov.au/yourhome/technical/fs74b.htm 

http://www.abec.com.au 

 

New site under construction 

http://www.itee.uq.edu.au/~uqmatsim/prosser/iehome.html 

 

HYDE, R.A., et al (2000), Duality database, 1.1, Web based, URL, 

http://www.csdesign.epsa.uq.edu.au/index2.php?dir=115 

 

HYDE, R,A., et al (2000), Duality database, 1.2, Web based, URL,  

http://www.csdesign.epsa.uq.edu.au/index2.php?dir=115 

 

Brochures 
HYDE, R.A (Ed) (2002) Innovative Engineered Wood, The Culture of Flimsiness that is 
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