Building materials and design

(Steve Burns.  All Seasons Permaculture Design Course, October 2012)
Choosing materials and using local resources
Snell (p 34) says that in traditional, self-sufficient cultures, there were only three questions that defined a good building material:

1. Is it easy to get?

2. Is it easy to use?

3. Does it do its job?

These questions naturally led to the use of locally abundant materials that could be simply processed, manufactured or applied.  Some materials or products that ‘fail’ these three questions are still worth using today (for instance, double glazed windows or photovoltaic cells) but may not be available for future generations in a low-carbon future.  Snell also suggests three questions that could be added to the above:

4. Does it pollute the indoor or outdoor environment?

5. Can it be replenished?

6. Does it create waste?
(You’ll notice that some of these resonate with permaculture principles)
Questions to guide you when selecting your materials:

· What is available? – include consideration of ‘non-traditional’ materials, including recycled or salvaged materials, natural materials or unpopular materials.  Even permies can be fashion victims!  Holmgren (2002) discusses the use of local materials under Principle 7 (pp 150-151).  Due to the high cost of transport in the pre-industrial, pre-oil world, people historically built using materials that were locally available.  This created local, vernacular architecture.    We don’t have to go back to this, but we might go forward in different directions, such as through the use of waste materials like tyres.  Michael Reynolds’ Earth ships are a great example of using the available.  
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Garbage Warrior trailer:


http://www.youtube.com/watch?v=2uF7MjdhZLQ
great YouTube clip of Earthship construction



http://www.youtube.com/watch?v=N2so9hyNWxc 

simple ‘survival’ earth ship design



http://www.youtube.com/watch?v=wTqSpx0Vgv4&feature=relmfu
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What will it cost?  What can I afford?  Can I change the cost by doing some things myself or sourcing it elsewhere?  (example – trusses from factory in Melbourne at half Ballarat price).  Are there materials you can take directly from your site, such as mud bricks or timber for construction?  Use of local materials was also due to relative cheapness, not just availability.  However, if you can obtain ‘free’ material which needs processing, remember to include your time as part of the cost.  Time includes both your processing time, and the time taken to collect sufficient material to make it useful.

Free materials includes that salvaged from the waste stream, such as the cladding on the building right, which were originally ‘packing sheets’ between which roof sections for industrial water tanks were delivered.  It took six years to collect enough material to clad the building.  Saving = ?
· How long will it last?  This question varies in relevance depending where you live.  Traditionally, tropical houses are built from short-life materials that are renewable (bamboo, fast growing tropical hardwoods, leaf thatching).  This suits the climate – high temperature and rainfall, high winds, high rates of rotting and damp – and may also align with a semi-nomadic lifestyle or farming system which sees a village move from one location to another at different times of the year, or over a cycle of years.  The materials rapidly return to the environment to feed the growth of the next set of houses.  In temperate climates, houses are often built from non or partially-renewable materials that are long-lasting (e.g. brick, stone, timber, steel).  Buildings are designed to resist extremes of cold and high thermal mass and insulation levels are only possible with substantial investment in the structure.  To justify this investment, the building should have a long life.  Build it well.
· Can it be recycled?  Re-used?  

If you have materials that cannot be re-used, are difficult to recycle, or have few lower-level uses, you should be confident that their (long) initial use period and high level of performance justify this trade-off.  Natural products like timber beams can be recycled many times over; especially if future use is planned for during current building processes.  If you bolt beams together, rather than using gang nail plates, the timber can be recycled easily.  

[image: image3.jpg]


For instance, many Oregon (Douglas Fir) beams out of Melbourne warehouses have found new life in other buildings.  Even challenging materials like concrete can be recycled if you have the will.  

  Right, the slab floor of an old garage is being cut up into 500 x 500 sections for re-use as pavers.  This is a higher value use than smashing it up and taking it to a concrete ‘recycler’ who would crush it for use as road base.  These pads have come in handy for many uses, including as base pads for scaffolding and water & vermin proof bases for stacks of timber.
A question related to recyclability is ease of maintenance or DIY replacement:
 
How easy is it to repair or maintain the material?  
 
Can you manufacture the material?

Some complex components or manufactured materials (e.g. multi-layer insulation batts, corrugated iron) are almost impossible for the average home-owner to manufacture.  A brick wall, on the other hand, can be repaired by someone with experience in bricklaying, although the bricks themselves are challenging to replace on a DIY basis: without a kiln, it’s a tough gig!  Timber cladding, though, can be both repaired and replaced.  A home-scale timber mill is a viable technology in a low-carbon future and skill in its use can be obtained reasonably quickly.  

· What level of embodied energy is held within the material?  Embodied energy is the total sum of energy required to mine/grow/harvest/manufacture/package/transport/store/sell an item.  Materials like aluminium, glass and concrete have high levels of embodied energy.  This doesn’t mean that they should be used, but, rather, that their use needs to be carefully considered.  One of the ASPDC 2009 students argued that concrete edging for permanent vegetable growing beds was a cost and performance-efficient choice because they created strong, long-lasting barriers that blocked the movement of water and plants (increasing water efficiency, stopping the spread of plants beyond desired limits).  His comparison included the environmental cost of red gum or treated pine sleepers, as well as their tendency to leak water and allow weeds to invade beds at joins.   Holmgren (2002) discusses embodied energy in the built environment on pages 45-46.
On a scale of 1- 10, what’s your rating of the embodied energy likely to be in the following materials?
	Bush poles
	
	Sawn timber
	

	Earth
	
	Stone
	

	Bricks
	
	Concrete
	

	Steel
	
	‘hebel’ bricks
	

	Glass
	
	Aluminium
	


 Just because something has high embodied energy doesn’t mean that you shouldn’t use it – however, make sure the use is a long-term one so that the benefits delivered massively outweigh the energy used in creating the material.

FYI, here are some comparisons to ponder (with embodied energy expressed in millions of joules per kilogram):

	Adobe with straw
	0.5
	Kiln-fired Brick
	2.5

	Aluminium , virgin 
	191.0
	Concrete, ready mix
	1.0

	Aluminium, recycled
	8.1
	Kiln-dried timber
	2.5

	Glass
	15.9
	Straw, baled
	0.2

	Steel, virgin
	32.0
	Insulation, polystyrene
	117.0

	Steel, recycled
	10.1
	Insulation, fibreglass
	30.3

	Paper
	36.4
	Insulation, cellulose
	3.3


[US figures, from Snell, p 42]
· What are the insulating properties of the material?  
Insulation can be considered as a three part question:

· What are the insulation properties of the external roofing and cladding materials?

· Do the structural components of the building have any inherent insulation qualities (e.g. monolithic concrete or earth walls)?

· What specific insulation materials are to be added to the building?
In a tropical climate, high ventilation and low insulation is desirable.  Air movement will have a cooling effect and heat built up in the home should be transferred out of the building as quickly as possible.  For those of us in a temperate climate, we need adjustable ventilation and high quality insulation.  Ventilation is desirable during hot weather, but in winter we want to ‘close up’ our buildings to retain heat within them.  This is achieved by minimising ventilation and having a well insulated building.

Heat transfers to or from a building in three ways: conduction, radiation and convection.
Conduction: transfer of heat through a substance.  Materials made up of small units, cells or short strands tend to resist the movement of heat through conduction.  
Radiation: movement of heat from a hot object, through the air, via emission of infrared radiation.  
Convection: movement of warm air to colder air zones.  Hot air rises, resulting in either heat being lost to or through the upper parts of a building, or the circulation of air (convection currents).  Convection heat transfer is reduced by eliminating opportunities for air to pass through open doors or windows or through thermal ‘gaps’ such as poorly sealed pipes and cables within stud walls, or spaces between other insulating materials.

The ability of a material to resist heat transfer is expressed in an R value.  The higher the value, the greater the resistance to heat transfer.  (R systems vary from country to country; be aware that the USA uses an R system with more numbers than ours, so don’t be fooled if a supplier advertises a product with a huge US R rating!)  In Ballarat, it is recommended to have ceiling insulation rated 4 – 4.5 and wall insulation rated 2 or above.  The higher the rating number, the cheaper the building will be to heat and cool, so perhaps it is worth exceeding those recommended ratings?  (Check your local council for building requirements in your area).
R ratings for some building materials:

0.55
Weatherboard
0.51
Brick veneer
0.53
Cavity brick

0.44
Solid brick (230 mm thick) 

0.23
Solid concrete (100 mm thick 

0.30
Solid concrete (200 mm thick) 

0.78
Aerated concrete (100 mm block)

1.54
Aerated concrete (200 mm block)

0.40
Mud brick (300 mm block)

Estimated R values of common wall construction types from Sustainability Energy Authority Victoria Info Fact sheet.
Common roofing materials like zincalume and colorbond have very poor insulation qualities.  They transfer heat readily and so need additional insulation material to be installed.  Reflective foil is usually installed immediately under the roof, both to prevent water damage caused by condensation, and also as a first line of insulation ‘defence’.   The colour of roofing materials makes a difference.  Light colours reflect more radiant heat.  In one example, a white concrete tile roof had a maximum temperature rise of 11.7 deg C within the roof, compared to 39.4 deg C for a red concrete tile roof (Snell, p 70).
Cladding materials form the outer ‘skin’ of a building and include fired brick, mud brick, timber weatherboards and zincalume or colorbond.   Some structural materials, such as strawbale, brick or stone also form the external skin of the building.  These surfaces can be given an extra protective layer of paint or plaster.   The R rating of a wall is the sum of the r ratings of each of its layers.
Thermal bridging
If a wall includes a low R rated material than runs in cross-section all the way through the wall, such as a timber stud, it cannot achieve an R rating greater than that of the lowest rated material.  There is little point installing super efficient insulation batts if your stud frame is continuous from front to back face of the wall.  In some cold climates, houses have internal and external studs which do not meet, so that the studs are isolated from each other and do not conduct heat from inside to outside faces of the wall.
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Insulation material
Conductive heat transfer is usually reduced by ‘bulk fill’ insulation (batts made of glass fibre, polyester fibre or sheep wool, or loose-fill material such as cellulose fibre pumped into cavities).  
Radiation is reduced by reflective foil.  Foil needs an air gap on the reflective side.  For instance, reflective foil with the reflective side in contact with external cladding or roof material will not be effective.  House wrap which is silver on the inside but dull on the outside reflects radiant heat back into the building: it works better in winter at keeping the house warm.  Insulation materials and combinations of them have different R ratings for summer and winter, or for heat movement in different directions.  [for more detailed information, search for “R-values for Timber Framed Building Elements” from the Forest and Wood Products Research and Development Corporation (2nd Ed, June 2007)].  
Alternatives to timber-frame and brick veneer in temperate climates

The housing industry is a massive production line, responding to public demand for quick builds and greatest size for relatively lowest cost.  The best houses in Australia may have been built in the 1950’s and 60’s?  Alternatives to common approaches include:

· Pole houses on steep slopes (cheaper earthworks, no slab but vulnerable to fire)
· Suspended floor on stumps vs. slab floors 
· Rammed or poured earth for floors and walls

· Mud bricks, stone, bricks, concrete blocks, pre-formed slabs

· Log cabins

· Strawbales

· Earth-covered homes

All of the above can be the subject of extensive research.  The modern Western building industry is driven by the need to keep costs down and produce completed houses quickly, rather than the need to produce quality buildings that will last a long time.  The fact that something is ‘industry practice’ doesn’t mean that there isn’t a better way to do it.  There are many things you can do yourself.  In times past, most people built their own homes.  Techniques suited to people with low or moderate skills and almost no resources (e.g. earth bag construction) are unlikely to ever be part of mainstream building, but are still viable in the right circumstances.
URL for Cal Earth – home of earthbag construction:








http://calearth.org/
Design of Functional Buildings
Mollison discusses housing design in the Permaculture Designers Manual as follows:

· Humid climates pp 261 – 266

· Drylands pp 359 – 368

· Cool climates pp 414-416

Designing for Energy Efficiency in Temperate Climates

There are five key components to consider when designing for energy efficiency in temperate climates:
1. Orientation

2. Glazing

3. Thermal mass

4. Insulation

5. Ventilation 

Comfortable inside-building temperatures for people are closer to summer highs than winter lows in temperate climates.  This means that energy efficiency in temperate climates is often about increasing and maintaining a heated temperature, rather than cooling.  Your building (and whole property) should be designed for the extremes of weather that you will encounter.    This has implications beyond the house; for instance, for road construction, amount and location of undercover storage and design for comfortable access from vehicles during wet weather.
Orientation

Placing your house so that it ‘faces’ the sun means that you will have the benefit of sunshine warming your house as it comes in through your windows.  Because this happens without any active or mechanical assistance, it is known as ‘passive’ solar design.  Whatever hemisphere you are in, your house in a temperate zone should be oriented toward the equator (solar rather than polar).  Greatest efficiency occurs when the house is a compact rectangle, with the roof ridge line running east-west.  When allocating rooms within the house, put bedrooms in the east, so they are warmed by the rising sun.  Living rooms to the west will be warmest in late afternoon and early evening, when they are more likely to be occupied.
In the summer, the sun rises higher in the sky at midday than it does in winter.  In Ballarat, the midday sun on the winter solstice (June 21) only rises about 29 deg above the horizon, whereas on the summer solstice (December 21), it is about 76 deg above the horizon.  These different summer and winter sun angles are important for determining how wide your eaves should be.  Ideally, eaves are wide enough to block sun entering in summer, and narrow enough to allow entry of winter sun.
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Glazing
In temperate Australia, windows should predominantly be on the North, to allow light and heat to enter the building.  Place some windows on the East and South.  Ideally, have no windows that look West; so avoiding the harshest Summer sun.  Light coming through solar windows is direct and can seem harsh; light through polar windows is being reflected back into the building and is more diffuse (better for artists, I’m told!).
Double-glazing massively increases the efficiency of your building.  It also helps block sound, which can be an issue for some urban sites.  Because of its huge take-up in recent years, double-glazing is now very much cheaper than it was in the past.  In some cold northern hemisphere countries (e.g. Canada) triple-glazing is the minimum legal requirement.
Thermal Mass

All materials have the ability to store heat, but some hold more heat per unit of mass than others.  A thermal mass is anything that is used to collect and hold heat.  A large thermal mass changes temperate slowly so has the effect of stabilising temperate – preventing spikes of temperate over a 24 hour period, for instance.  Thermal mass thus works to both heat and cool a building, depending on the time and season.  A brick or concrete floor that catches sun during the day will start cool and slowly heat up, releasing its heat after the sun goes down, just when you need it.  Thermal mass is most commonly held in the floor of a building, although some construction techniques using solid brick, rammed earth, mud brick or large fireplace systems also use the thermal mass of the walls to advantage.  For the floor to work most effectively as thermal mass, it should be exposed to direct sunlight.  (If you cover it with mats or carpets, they will insulate the floor).
Insulation
See notes on pp 3 -4 (above).  Australian houses have traditionally been very poorly insulated, so one of the challenges of the next several decades will be retrofitting our existing housing stock with suitable insulation.  Roof insulation is usually relatively straightforward to install.  Removing weatherboards to install wall insulation is a major job.  If you are renovating a house, take advantage of any opportunity you have (e.g. replacing plaster in a room) to also improve the energy efficiency of the house by installing insulation.
Ventilation
Rather than installing a reverse cycle air conditioner, why not place your windows carefully to allow air movement through your house?  We mostly want air movement on hot days when the wind is blowing from the North.  Since we already have windows on that side, we need only to make sure that they are able to be opened (!) – and provide windows toward the lee of the building (preferably higher, so that they allow warm air to escape and create a slight vacuum that draws air through the building).  Convection is now working for us, rather than against us.  Consider door placement in terms of prevailing winds – can you place your doors in places such that opening them will facilitate the flow of air through the building (e.g. on a hot summer afternoon)?
In summer, keep windows closed in the morning to retain cool overnight air.  Open windows and enjoy cooler breezes late in the day.  
You can influence ventilation by the placement of trees, shrubs and water bodies in relation to prevailing wind and your building.  For example, air passing over a body of water cools.  A shrub within 3 m of a building can divert air up and over the building, reducing ventilation, whereas a shrub 6 m from the building will usually cause air to rise up over it, then drop to the ground near the building and so increase ventilation.

Depending on your construction materials, you may have vents installed into walls, ceiling and/or roof.  Research to determine whether there is any advantage in being able to close or seal these vents (especially during winter).

Specific elements that could be included in your temperate climate building:
Attached glasshouses/greenhouses  
Anyone who has visited Melliodora (Holmgren property in Hepburn) will have noticed the attached greenhouse which extends the growing season as well as providing a source of warm air during winter.  To avoid overheating in summer, be sure to include openable shutters or windows – and perhaps a vent in the roof (see photo).

This glasshouse can be closed off from the house, but large quantities of warm air can also be allowed into the house by simply opening the sliding doors in the kitchen.
Clerestory windows

In A Pattern Language, Christopher Alexander proposes that every room should have light from more than one direction.  Clerestory windows (mounted in a line parallel to the ridge line in a roof that has different levels, as in the photograph above) allow light to be directed down into rooms in the centre of the building.  During summer, clerestory windows may benefit from external covers to reduce heat gain, and adjustable louvers or shutters to allow hot air to be released.
Plantings

Plants – trees, shrubs and ground covers - play a major part in mitigating temperature extremes in and around buildings.  Plants provide shade, break or direct the flow of wind and change temperature through the cooling effect of their transpiration.  The air temperature under a mature elm, for instance, can be several degrees below that of unshaded areas adjacent to the tree.  Deciduous trees provide shade in summer but allow light in during winter.  Grapes grown over pergolas do the same – with the added benefit of grapes! 
If a site is subject to frost, plantings can also be used to direct frost away from a house and toward plants (e.g. gooseberries) that like to be chilled.  Think of frost as a slow moving liquid layer about 300 mm high that drops vertically from the sky.  It will ‘pool’ if it encounters a down-slope blockage or semi-circle, but can be directed around a curved garden bed or hedge.






For an effective wind break, plantings need to be at least five rows ‘thick’ and made up of both trees and shrubs.  Just planting trees will eventually result in wind blowing through the ‘break’ as the trees mature and their foliage mass is well above ground level.  The impact of a wind break is determined by its mature height and distance from buildings.   Windbreaks can be designed for different purposes, including to eliminate wind, reduce velocity or act as a firebreak, etc.  A solid barrier like a wall has the potential to create turbulence when air that has been pushed up by the barrier falls back to earth.  A windbreak of mixed trees and shrubs usually lets some wind through and creates less turbulence.  Generally speaking, wind velocity is reduced  for a distance of 5-10 times the height of the wind break in front and 15-30 times in the lee.  Soil moisture is also increased by up to 20 per cent for as much as 25 times the height of the break.  Short wind breaks create eddies around their edges, so make them 10-12 times as long as the height. (Webster, p 98).
External structures

Fencing, trellises and pergolas can be used to modify wind and frost movement, block summer sun, allow winter sun access, etc.  Dams and water bodies have several important attributes: they reflect light, stabilise temperature (water is slow to change temperature, hence people place water-filled drums under benches in greenhouses) and provide a barrier to fire.  When placing outbuildings (workshops, wood sheds, garages, chicken houses) and farm infrastructure (stock yards, cattle races, netted enclosures for poultry or fruit trees, dams, roads), be aware of how they will impact your home in terms of shading, changing wind direction, providing cooling or heating effects.  Every decision you make in planning the arrangement of your property will involve trade-offs between different priorities.  You will always have to make choices and there is no perfect design or decision.  For instance, ease of access might be more important than a shading effect, so you suffer some winter shade in exchange for being able to stay dry as you move from vehicle to home.
Insulate windows

· Double glaze.  Timber frames have a better thermal performance than aluminium, but require painting and maintenance which can be a challenge if the window is hard to access (e.g. second storey).  Hybrid timber frames with aluminium external cladding are available but are currently expensive.  
· Install box pelmets to stop convection draughts.  Trap the air between the curtain and the window.
· Install heavy drapes to form an insulation barrier which will disrupt radiation heat loss or gain.
Trombe walls
Trombe walls are a specific structure for collecting external heat and warming the building during winter.  A large thermal mass is installed just inside a wall of glass.  Cool air is drawn in at the base of the wall and heated in the space between the wall and the glass.  Hot air rises and the convection currents thus created push warm air out into the room.









Wet/mud room

Whatever the size of your property, if you are doing a lot of outside and garden work all year round, you will be getting wet and/or dirty.  A wet or mud room is a small room directly off your back door which is sometimes fitted with a sink for washing hands (or vegetables) and used to store coats and boots.  Dirty clothing can be removed there before entering the house.  Ideally, the mud room has an external door as well, so that it also works as an airlock between house and outside.  Imagine entering the mud room on a cold rainy day.  By the time you’ve removed your outer layer and washed up a bit, the temperature in the mud room, which initially dropped as you entered through the external door, has lifted so there is little impact as you open the ‘internal’ back door to go through to the house.  The reverse scenario applies in summer, when the internal cool temperature of the house is protected by the wet room airlock.
Super-insulated lightweight construction for shady sites

If you have an incredibly shaded site, where little sunlight reaches your building, high thermal mass will remain permanently cool or cold (think a Scottish castle!).  To avoid this, instead of investing in thermal mass, you should construct a lightweight building that is super-insulated.  Energy expended in your heating is thus used to maximum advantage.

Reversing the traditional Australian brick veneer?
Bricks have great thermal mass and could be used as heat stores to moderate daily fluctuations of temperature within a building – except that we put them on the outside where we take no advantage of this quality!  If we put the bricks on the inside of our houses, and then put the timber frame, insulation and basic cladding with few thermal properties (e.g. colorbond) on the outside of the bricks, our houses would be much more efficient.  Putting up colorbond is also easier than plastering.  You could render your internal brick walls if you prefer that look, or just enjoy the colour and texture of the bricks.
Designing against termites

Termites live in colonies which can number a million individuals and have many different stages of development.  Termites need to remain moist and warm, so they are a more significant problem in areas with tropical climates, however all parts of mainland Australia have microclimates that are moist and warm.  To maintain moist conditions and avoid predators, termites will construct mud tunnels up the face of a building/slab/post before disappearing into the structure of the building .  If you have timber or soil in contact with your building, they may be able to gain immediate access.  Poorly constructed slabs can crack and allow unseen access under a building.  Termites prefer to eat cellulose (wood, grass, paper) but will also eat wiring cables, plastic, rubber and sealants.  There are about 15 different species which are economically important in Victoria and damage has been estimated to be in excess of $200 million per annum (Hume City Council, 2004)
In 2005, the CSIRO called for the immediate declaration of all municipalities as regions where homes, buildings and structures are subject to termite infestation.   At that time, 30 of the 78 Victorian municipalities (including Ballarat) were not ‘termite declared’.  I rang four Ballarat-based pest control companies and they all agreed that termites are a problem right across Ballarat.  Say no more.  They seem to like forested areas (e.g. Mt Clear and Mt Helen), but attacks have occurred in all areas around the city.
Importantly, termite damage is usually NOT covered by home insurance policies.
How to reduce or eliminate termites?

Physical barriers: stainless steel mesh, graded granite stone and metal shielding are the main approaches and are applied around the perimeter of the building.  Mesh gaps are too small to allow termites in.  Granite stones are too heavy for them to move and the spaces between them too small to allow passage.  Ant caps won’t stop termites, but will force them to build a visible bridge over the cap, so you’ll be able to see them.
Chemical barriers are sprayed into the soil under and around the house.  They used to be highly effective because they were deadly toxic to everything (termites and humans).  They have been made safer in recent years.  Unfortunately, they are now less effective and are not regarded as a permanent system.  Many permies wouldn’t want to use them, because of concern about the long-term impact of chemicals, and since they don’t seem to work very well anyway, why would you?
Designing them out – a more ‘permaculture’ response!
· Remove tree stumps, logs and excavated tree roots from building site

· Remove timber off cuts, building debris and timber formwork from the site
· If you have an ‘underfloor’, make sure you can access it to inspect and check for termite activity

· Don’t store timber under your house

· Ensure good drainage around and underneath the building

· Ensure good ventilation under buildings that are off the ground

· Keep garden beds away from the side of a building

· Garden beds next to a building should be below the damp-proof course

· Don’t store timber against a building

· Don’t store firewood against a building

· Inspect building foundations once a year for mud tunnels or potential access points
· Use durable or treated timbers

Naturally termite resistant Australian hardwoods include:

	Red bloodwood
	Spotted gum
	White mahogany

	New England Blackbutt
	Forest red gum
	Coast grey box

	Southern mahogany
	River red gum
	Grey gum

	Gympie messmate
	Jarrah
	Grey box

	Stringybark
	Grey ironbark
	Blackbutt

	Forest red gum
	Brush box
	Turpentine

	Cypress (Australian)
	Tallow wood
	


The timber industry and some pest controllers recommend chemically treated timber (e.g. treated pine) for landscaping use.  I’m ambivalent about treated pine; do your research and make your own choices (!).

What is clear is that subterranean termites eat wood.  If you have wood in your building, you’re at risk.  
(This could be an example of where local wisdom “We don’t have termites in Ballarat” might NOT hold true)
For more information from a conventional builder perspective, go to
www.timber.net.au/index.php/termite-management-for-builders.html
Designing against catastrophes

Catastrophes take many forms.  While the peak of an event may be short-lived, impacts can be long term.  It may take years for infrastructure to be fully restored (e.g. post-bushfire townships), and sometimes (e.g. earthquakes, landslips) the landscape itself is changed and a return to previous arrangements is not possible.
While some specific recommendations in relation to particular forms of catastrophe follow, please also consider the following:

· Assume that you are cut off from external support (e.g. no CFA trucks or SES are coming); what preparations have you made to deal with different sorts of catastrophes?  Do you have the required equipment? Skill to use it? Back-ups if systems fail?
· Does your household include babies, children, elderly people or people with disabilities?  How can you care for them during a catastrophe?
· Can your home function if power is cut off?  Would do you lose if electricity stops: water? Heat?  Do you have a generator?  Is it fuelled up?  When did you last start it? How much fuel do you have?
· How long would your supplies of essentials (food, medicine, etc) last if you were cut off from the outside world?
· Do you have tools and equipment to start clean up? (e.g. chainsaw, boat, plastic bags)
· Do you have important documents (birth & marriage certificates, passports, titles, insurance certificates, etc) safely and accessibly stored?

· Do you have a bushfire plan? Flood plan? Hurricane plan? (OK, we don’t get too many hurricanes around Ballarat.... ()
There are Australian standards that are used to define acceptable ‘building’ responses to specific risks, including wind (AS 1170.2 or AS 4055), snow and ice (AS 1170.3) and earthquake (AS 1170.4).

Bushfire design:
In addition to the excellent practical advice in “The Complete Australian Bushfire Book”, students are referred to the relevant sections of the National Construction Code (previously Building Code of Australia).

· House shape.  A simple squat profile reduces wind turbulence and deflect a fire over the house.  Uncluttered external wall shapes aids this.  Nooks and corners create wind eddies that can help trap burning embers.
· A concrete slab foundation eliminates sub-floor spot fires

· Raised floors (decks) constructed of non-flammable materials (brick, concrete, stone)  Steel can weaken or collapse if subject to sustained heat.  Existing timber subfloors should be bricked in, or enclosed.  At very least, metal flywire will stop embers entering the sub floor space.
· Most houses lost during bushfires start burning in the roof – preventing embers entering the roof space through eaves or ventilation points is most important.  Flames will find their way in through tiny gaps and set fire to the layer of dust in the roof.  
· Vents and cracks should be covered with metal flywire or filled with fire resistant gap mastic (e.g. Nullifire M701, Epoxanweld)

· Internal linings should be non-flammable to hinder spread of fire
· Insulate wall cavities and space between wall and roof cavities
· Fascias, barge boards and eaves are safest if metal
· All exterior doors should be solid core and be fitted with draught stripping to stop sparks getting in under or over the door

· Internal doors that are draught-proofed allow individual rooms to be sealed off

· Metal flyscreen should be fitted to all windows and flywire doors

· Chimneys and fireplaces need internal dampers & spark arresters, and metal flywire over the top
· Metal electricity meter box

· Select furnishings with fire in mind – non flammable or slow-to-burn materials.  Synthetic materials often burn rapidly and give off toxic gases.

· Run septic lines in the fire-ward side of the house to provide a green area as a grassfire barrier

Additional strategies in very high risk areas:

· Window shutters that cover window frames and fit snugly

· No skylights

· External fire fighting cupboard on lee-ward side of house (fire fighting equipment & survival kits)

· Extra tap in laundry to which a hose is permanently attached

Floods & Tsunamis
Select a location above known flood peaks and outside areas that are subject to inundation during flood.  Consider future impact of climate change and give yourself a margin of error.  Don’t think that a site is suitable just because development has been allowed by local government.  Many blocks in Ballarat East that were left vacant for 150 years because locals know they flood during very wet years have been built on during the 2000-2010 drought.  Coastal areas that had been blocked from development by one government have now been approved by another.  Did the science of climate change or the vulnerability of the site change because a new minister was in charge?  I think not – caveat emptor!
If you are building in an area where flooding might occur, consider building on ‘stilts’ as is the approach in many Queensland flood plain areas.  As well as keeping some of your precious items above the water level, you are allowing the water (and debris) to move past your property as quickly as possible.  Create places where flood waters can be held, such as the lake and wetlands area at Lake Gardens.  

Paving and hard surfacing reduces the capacity of the landscape to absorb water.  Well designed roadways will direct floodwaters gently along contour or across slopes; roads that cut straight down slope encourage erosion and undermining.  Bridges or culverts have limited capacity whereas floodways allow mass movement of water across them.  Place buildings and fencing to direct floodwater away from your house. 
Cyclones/hurricanes

The big issue with cyclones is the wind generated by the weather system.  They create a particular challenge

because of the massive updraughts that stress buildings, resulting in external cladding being blown off, or roofs removed.  Many people think the key structural issue with a roof is holding it up, whereas actually the issue is stopping it blowing away!  A roof can function like a sail, when strong winds are able to get underneath it.  All timber-framed buildings in Australia have cyclone clips attaching roof trusses to the top plate and stud walls, so that the roof should not be lifted by standard winds.  In cyclonic winds, such a system might still be inadequate, because the whole building might be lifted or slid sideways on its foundations.
In high wind areas, particularly those areas of the northern Australian coast subject to cyclones, additional requirements are that anchorage systems must be in place.  There are a range of commercial systems, but all 

· connect the roof to the footings through the walls via a chain of connections

· brace walls to prevent horizontal collapse due to wind forces

· ensure continuity of the system where each structural element is interlocked to its adjoining structural element throughout the building

Where there are a variety of connectors used, each individual connector must be capable of resisting the uplift force, because the ability of the system to resist the wind forces is directly related to its weakest link.

If you lived in an area subject to regular cyclones, you might consider constructing a cyclone shelter.  These are often partially underground and must be sited well above any floodwaters that could follow the torrential rain that often occurs with a cyclone front.

Earth movement – landslips, tremors and earthquakes

The National Construction Code states that the provisions for wind resistance discussed above are usually adequate for earthquake resistance.  Sites where additional measures might need to be taken would be those where the building is on soft sand.  Earthquake damage is often first seen at joins and sharp corners.  Shapes with inherent strength, like domes, are better than squares, which can be jolted sideways causing panel collapse (e.g. a house of cards).  One response to earthquake threat is to build a building that is so strong that the earthquake can’t destroy it; another response is to build inexpensive, lightweight buildings that are easy to replace.  Some designers have experimented with placing buildings on sets of springs or individual ‘rubber’ pads, rather than a monolithic slab.  Such buildings are designed to shake during an earthquake, absorbing the force of the earthquake, and then return to their original position.  The structure is built strong enough to take the sideways movement of the shaking without damage.
To avoid landslip, have your soil tested before building, to ensure that it is suitable for load bearing.  

Designing with the health and well-being of occupants in mind

Many people are concerned about health and well-being considerations related to buildings, including:

· long term impacts of chemical treatments and materials used in construction & furnishings (glues, resins, paints, fillers, coatings, plastic, varnishes, polish
· radiation and electro-magnetic fields (TV’s, microwaves, 
· gases (e.g. ozone [from photocopiers], radon [naturally occurring], carbon monoxide [from incomplete combustion of gas flames, wood, coal and vehicles], carbon dioxide [from bottled gas heaters], sulphur dioxide [from coal and wood smoke]) 

· volatile organic compounds (VOC’s) – formaldehyde, organochlorins (PCBs, PVC), ammonia, turpentine, acetone, chlorine

· dust and dust mites

· allergens

· other air-borne particles – asbestos, micro-organisms, metals, 

· lack of air movement / change over in tightly sealed homes

This is a complex area.  Each of the topics above could be the focus of considerable research so it is difficult to provide a summary.  It is worth noting that response to different factors seems to vary greatly from one individual to another.  It is also significant that although many concerns relate to modern materials and methods, there are natural materials which cause problems – for instance, there are people with an allergy to pinewood and some alternative health practitioners dowse for ‘earth energies’ and suggest not building on conjunctions of such flows.
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Solar elevation quick guide for Ballarat (Latitude: 37.55 o S Longitude: 143.85 o E)


At both the equinoxes, solar elevation equals 90 minus latitude.  [90 o – 37.55 o = 52.45 o]


At the winter solstice, solar elevation equals equinox elevation (52.45 o) minus the tilt of the earth (23.5o):  52.45 – 23.5 = 28.95 o.  At the summer solstice, solar elevation equals equinox elevation plus the tilt of the earth: 52.45 + 23.5 = 75.95 o.  If you know the latitude of any location on earth, you can now work out is maximum and minimum solar elevations!  Good onya!
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