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1.0 Labelled drawings:
These are shown in the Appendices
Drawing 1 – Main roof structure 
Drawing 2 – Eaves detailing and roof covering 
Drawing 3 – Ground floor construction
Drawing 4 – First floor construction

2.0 Roof structure:
Overview of roof structure:
The use of trussed roofs has been around since the 1960s when they first became popular. Traditional roofs are all timber and modern cut roofs use steel as well as timber, in this example, a trussed timber roof is used. A W shaped truss is used for the design as it is a symmetrical double pitch roof. The timbers for the frame would be 80 x 40 mm and would be butt-jointed and held together by special plates called cam plates. The roof trusses can cover a 10-15m span. Tanalised timber would be used to guard against rot and insect attack and preserve the wood for as long as possible. 
The other alternative to this structure would be to use a cut roof. This would involve using timbers that are larger than a trussed roof, they would still be butt-jointed but would be held together by nails. These timbers would have less of a span than a trussed roof and would be manufactured in situ and not brought in pre manufactured elsewhere, this being the main difference. A drawing illustrating the main roof structure is shown in Appendix 4.
https://fet.uwe.ac.uk/conweb/house_ages/elements/section5.htm (university of west of England. Bristol)

	Advantages of a Trussed roof V Cut roof
	Advantages of a cut roof V trussed roof 

	Trussed roofs can cover a larger span so there is less bearing on internal walls and so less structural support is required compared with that of a cut roof. Sometimes, no internal support is required from loadbearing partitions or purlins. On a cut roof, these are always required.
	A cut roof has storage space advantages in comparison to a trussed roof. It allows for more storage or a room to be built by insulating the rafters, using membranes and floor joists instead of ceiling joists. Using a trussed roof means you cannot have storage space for anything more than light storage and space is severely limited due to the nature of the timbers.

	Using a trussed roof is a more economical use of material as there is minimal waste on site compared with using a cut roof. Up to 40% less timber could be used which would make the build cheaper because of less material costs. As trusses use relatively small timber sections, this reduces cost and there is also the advantage of not having to dispose of the waste material.
	On a cut roof, there is no need for binders and braces to produce a strong, rigid roof structure. However, they are vital on a trussed roof and so there will be extra costs involved.



	As well as the reduction in materials, trussed roofs are relatively inexpensive compared with a cut roof because less on site and skilled labour is required, however to load the trusses a crane is required. This is because the trusses are manufactured as standard using specialist machinery which produce the trusses cheaper because they are produced on mass.
	There are fewer restrictions to internal build for example internal partitions can be built before the roof has been loaded by the tile and so this makes the project more flexible. On a trussed roof in comparison, the roof must be loaded before any internal partitions are in place.

	The trussed roof method is more lightweight because smaller timbers are used on site. There will be less pressure on the walls and will therefore require less structural support. Using a trussed roof in comparison to a cut roof offers good value for money.

	Delivery, handling and storage of any product can affect the quality and safety. Using the cut roof method, material can be stored easily and safely because it arrives in lengths of wood. By using the cut roof method, any rafters can usually be delivered without any major knocks. In comparison, when using a trussed roof, every time it moves, it weakens and can easily be damaged.

	Trussed rafters can be designed with very shallow pitches so you can change the roof to suit different house designs and sizes and so they are more versatile in the build. In comparison with a cut roof, they are easier as there would be less work in confined spaces for workers to construct the roof.
	A cut roof can be changed on site depending on building regulations and planning permission. A trussed roof cannot be adapted if changes are made to any of the specifications so there is very little flexibility in the design once it is ordered. 

	The construction is a lot faster than using a trussed roof. In most cases, the roof can be erected in a day but a cut roof could take around 5 days. More equipment like scaffold would be needed for a cut roof and more labour time goes in to the build because the trusses are cut and erected on site. In saving time, the build would be cheaper if using a trussed roof. 

	


	Because trussed roofs are manufactured in factory conditions, there would be strict quality control procedures in place and the trusses would be built to the same standard each time. However on a cut roof, the quality would depend on the skills of the worker and if different workers are used, the same standards might not apply on the construction.  
	



Conclusion:
The advantages of using the truss roof method clearly outweigh any of those for using a cut roof. The main reason to use a cut roof is to be able to use it as additional space to use and this has not been specified in the plans.  

3.0 and 4.0 Ventilation
Overview of condensation and ventilation:
Condensation is caused by warm moist air reaching cold places. It is linked to thermal performance and occurs as the temperature reduces inside to outside through the building enclosure. Warm air rises up into the roof and finds its dew point (the temperature at which saturation and condensation occurs) and when a surface is cooler than the dew point temperature, condensation happens and can be seen as droplets usually on the underside of the roof layer. Warm air that carries moisture vapour can leak through building fabric and bypass the thermal insulation layer causing condensation. It can also occur in rooms such as bathrooms and kitchens from the cold window surfaces. 
When designing a building, BS5250 ‘Code of practice for control of condensation in buildings’ states that the following moisture sources should be taken into account: Water incorporated during the construction process (including precipitation), water vapour arising from the occupants and their activities and precipitation after construction.
Moisture can be generated internally by building occupants through basic activities such as perspiration, respiration, cooking, cleaning and washing or it can enter the building from external sources. If the building has not dried enough, moisture can also be present within the construction. 
The materials used in construction are vapour permeable or ‘breathable’ to an amount. The design lets moisture to move through the structure. For this reason, the airtight layer is often also vapour-tight with the aim of using ventilation to control the movement of moisture with suitable ventilation on the outside layers of the building fabric to remove the air out of the building. Older builds let more moisture escape but new builds have better insulation and thermal performance to reduce energy consumption and as roof spaces are colder, there is more chance of condensation. 
In a correctly constructed roof, condensation may occur on a temporary basis due to extremely cold weather, when people are keen to keep warmth in and cold out by limiting air exchange in the home but this does not cause problems as it short term.
The effects of condensation
Condensation can be very damaging to a building and its performance. Rot, metal corrosion and damage to fixtures and fittings can occur and it can result in mould growth and residual dampness in plaster and other finishes. When it builds up rafters and insulation, it can become wet and cause water staining to the ceiling or structural damage to the roof. Serious structural damage can be caused for example in timber rot, metal corrosion and damage to insulation and fittings. “Dimensional variation will occur in porous materials as they take up or, conversely, lose moisture through evaporation…. and if we do not allow the building to breathe we will have serious problems with condensation and the health of users will be affected.” (Emmitt, Stephen. Architectural Technology, Second Edition 2012. Wiley-Blackwell/ accessed online from UWTSD)
Interstitial condensation is the most serious form and the effects of the damage on materials will impact on the safety and performance of the building as well as impact someone’s health through respiratory problems. It causes the most problems in lightweight buildings where the condensation occurs within the material. This is why Building Regulation Part C, Clause 6.2c states that, “Roofs should be designed and constructed so that their structural and thermal performance are not adversely affected by interstitial condensation”.

Prevention of condensation
The simplest way of preventing condensation is to improve heating and ventilation generally and trying to prevent water vapour from reaching the roof space as much as possible by opening windows, installing window ventilation systems and changing living habits.
In the construction, BS 5250 offers minimum requirements for roof ventilation and how to create a well-sealed ceiling minimising air leakage to the roof space. It advises that “occupants often fail to use a building as intended…designers are advised to adopt fail-safe solutions”. The way the users live in the space determine condensation levels, therefore suitable ventilation methods should be used and good external air flow is also required for ventilation to work well. Section 8.4 covers roof design and states the building fabric should provide a weathertight envelope to minimise or prevent the ingress of moisture from external sources’. Membranes are the main prevention as they offer resistance to wind loads on a roof and provide a waterproof layer below the roof tiles, ensuring that water does not enter the batten cavity. Eaves, soffits, concealed tiles, ridge and top abutment ventilators as well as airbricks should also be used to carry any residual ventilation away and an effective vapour check such as a thin layer of plastic sheeting or metal foil can reduce the dew point gradient.
Using a non-breathable membrane acts as an additional barrier but does not help reduce moisture or vapour. A well-ventilated roof space is needed because it does not release vapours and moisture. 
Vapour permeable membranes allow water vapour to escape and offer a barrier to wind and rain, letting moisture out without letting it in. This is effective in reducing condensation levels if used with the right ventilation system.
Using air permeable membranes releases more moisture than vapour permeable membranes and are not considered by British Standard BS 5250 so if using these, they can be more risky but any type of membrane needs to be correctly fitted to act as it should. 
Some crucial points are: to tape down laps to prevent them flapping in windy conditions, tiles should not be cut near exposed membranes due to a build up of dust particles which block the permeable underlay.
Additional moisture control and insulation for timber frame builds are required, for example damp proof coursing, use of membranes, insulating cavities in external walls, vapour control layers for walls and floor washing




Bibliography for Roof Structure
· https://civiltoday.com/construction/building/302-advantages-and-disadvantages-of-pitched-roof
· https://www.homebuilding.co.uk/advice/roof-structures-explained
· http://www.ochiltimber.com/news/roof-trusses/benefits-of-using-trussed-rafters
· https://fet.uwe.ac.uk/conweb/house_ages/elements/section5.htm (university of west of England. Bristol)
· Lecture notes
Bibliography for Condensation and ventilation
· (Emmitt, Stephen. Architectural Technology, Second Edition 2012. Wiley-Blackwell/ accessed online from UWTSD)
· Lecture notes
· https://www.marley.co.uk/britishstandards/bs5250
· https://probuildermag.co.uk/features/use-correct-roof-ventilation-prevent-condensation
· https://www.proctorgroup.com/wufi
· https://rcimag.co.uk/sandtoft-blog/controlling-condensation-in-roof-spaces-part-1
· https://rcimag.co.uk/sandtoft-blog/controlling-condensation-in-roof-spaces-part-2
· http://nhbccampaigns.co.uk/landingpages/techzone/previous_versions/2006/Part6/section2/default.htm#D4
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