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This technical report will look at the construction of a timber-frame property as asked for and owned by Miss A Client.  The report will help give a better understanding of the construction of the house, using the ground floor, first floor, eaves and roof as examples.  It will look at the advantages of the current metal profile roof against a concrete tile roof to form a decision regarding which roof type to choose on the planned extension as well as looking at condensation issues with timber-frame and methods of ventilation.
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As seen in Fig. 1, the ground floor is built in a series of layers, each with their own individual task to maintain the integrity of the build.  The house sits on a raft foundation.  To allow this the ground is graded to a predetermined level in conjunction with the finished floor-level of the house.  For the sub-base, a level layer of compacted stone ranging from 20mm to dust is compacted thoroughly to give a good firm base leaving a bare strip around the perimeter.  The different sized particles ensure that all voids are filled to minimise any future movement.  
Before the concrete is poured, the area is shuttered and reinforced.  Due to the ununiform shape of a raft foundation, timber shuttering is constructed in order to form the rafts edge and maintain a good level.  The concrete will be reinforced with steel to ensure the concrete foundation acts as one and allows the weight of the building to be spread over its entire footprint.  (Greeno, 2008)
A course of blocks or common bricks form the internal wall up to damp proof course (DPC) level.  A 1200 gauge damp proof membrane (DPM) is laid on top of the concrete slab, wrapped snuggly over the internal concrete block and draped down onto the foot of the foundation.  This will be the main DPM for the building and ensures a full barrier along its base (Cotgrave, 2018).  A 100mm layer of foil backed PIR laid horizontal floor as well as a 25mm placed vertically against the internal wall provides an insulated layer below DPC level.  This will comply with the building regulations in part L which dictates the maximum u-value for a floor to be 0.15 W(m2 K).  A 600g DPM is laid over the PIR insulation to prevent the cement eroding the foil on the insulation boards, the plastic pipes used for the underfloor heating are secured using clips that insert into the PIR.  These will then be encapsulated in a sand and cement screed mixture providing the finished floor surface.  To build up to DPC the external brickwork is built on the DPC layer, leaving weepholes in the brickwork just below at 1500mm centres. (Building Regulations, 2010) This allows for a free passage of water out of the cavity area to the outside of the building and to ventilate the cavity space to help prevent condensation.  A 100mm wide DPC is bedded onto the brickwork to prevent any rising water penetrating.  Above these DPC layers the sub-structure of the building is built, the subsequent stack bonded brickwork with bed reinforcement each 450mm to give strength to an otherwise unbonded weak wall (ancon, 2020) and the produced off-site internal timber frame panels.  
The need for all access ramps to doorways in Approved Document M is conflicted against the guidance that there must be a minimum of 150mm between DPC level and the outside ground in Approved document C.  To combat this breach a U-shaped drainage channel with a grid top is butted between the path and the door to provide a safe route for any water to travel away from the building.

Fig 1
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1. Sand & cement render
2. Concrete block
3. Stack bonded face-brick
4. Reinforced bed-joint 
5. 50mm PIR Rigid cavity-bat
6. Weep-hole spaced 1500mm below the bottom of timber
7. Reinforced concrete raft foundation
8. MOT Type 1 sub-base
9. Timber-frame cassette insulated with 140mm fibre insulation
10. 50 x 25mm batten spaced at 400mm centres
11. 12.5mm Plasterboard and skim finish
12. 65mm sand and cement screed containing water underfloor heating pipes
13. 100mm PIR insulation pushed against a 25mm vertical PIR insulation around the perimeter
14. 1200 gauge Damp proof membrane
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The first floor is constructed using  c16 timber joists.  These are spaced at centres in determined in accordance with trada span tables (Trada Technology, 2020) referenced in Approved Document A (Building Regulations, 2010).  To give a good foundation the joists are laid on a head binder plate consisting of a horizontal 150x50mm timbers sitting on top of the timber-frame cassettes.  The joists sit on a bearing of 100mm on the 150mm head binder plates, with another timber the same dimensions as the joists running adjacent and fixed to the joists.  In between the joists 2 noggings are fitted snuggly ensuring a good base for the first-floor sole plate and timber-frame cassettes to sit on and also securely holding the joists in place (Cotgrave, 2018).  The joists will also be strengthened by noggings every 2 metres along their length (Building Regulations, 2010).  Tongue and groove timber nailed to the joists provide the finished floor for the first floor.  The joists tie the walls together by fixing the ends to the walls and securing to the parallel walls by lateral restraint straps fitted every 2000mm.
At the junction with the external walls, the timber stud internal walls are insulated with a wool fibre insulation covered with a 9.5mm OSB sheet with a waterproof breathable membrane stapled to it.   Wall ties screwed to the vertical studs are placed horizontally at 900mm centres every 450mm height in line with BS EN 845-1.  A 50mm PIR insulation board is secured to the timber-frame using a clip attached to the wall-ties pushing the board against the timber cassette.  This allows a 50mm free cavity of air to provide a barrier against water ingress and circulation of air to provide good conditions for the internal timber (Greeno, 2008).



Fig 2
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1. Sand and cement render finish
2. Concrete block
3. Frame Tie
4. 50mm PIR cavity-bat insulation
5. Insulation disc
6. 9.5mm OSB 
7. Breathable waterproof membrane
8. Timber-frame cassette insulated with 140mm fibre insulation
9. Vapour layer
10. 12.5mm Plasterboard
11. Sole plate
12.  Tongue & groove flooring
13. Timber joist with 100mm bearing
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The timber-frame cassettes for the first floor are fitted and a wall-plate fixed along the top.  This will provide the base for the trusses to sit and be secured to. The trusses are fixed as described on page 10 before getting trimmed on the rafter ends vertically and horizontally to accept the facia and soffit.  A 9.5mm OSB board is nailed to the top of the rafters and a vapour control layer VCL fixed to the OSB.  Rock-bars are fixed at 600mm centres running adjacent to the rafters, the aluminium sheets are fixed onto the rock-bars providing the finished roof surface. (Euroclad, 2020)

The blockwork continues just past the soffit.  The fascia and soffit act as a barrier to prevent the rafter ends from coming into contact with the elements.  The soffit board is vented along it’s length.  Wool insulation is laid horizontally along the ceiling joists in the loft space whilst maintaining a clear 50mm air gap along the top of the rafter as required in Approved Document F (Building Regulations, 2010).  This will allow air to circulate through soffit vents, around the roof space ensuring the timbers are well ventilated to protect against rot (Cotgrave, 2018). 



Fig 3 
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1. OSB Board
2. VPL
3. Aluminium profile roofing sheet
4. Rock-bars
5. Guttering
6. Cut Rafter ends
7. Soffit
8. Batten 50 x 25mm
9. Rafter
10. Wool Insulation
11. Wall Plate
12. 12.5mm Plasterboard
13. Batten fixed vertically
14. Insulated timber-frame cassette
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The roof is a trussed system.  The trusses are prepared off-site then brought to the build and lifted onto the roof.  Constructing the trusses off-site ensures a uniform size and faster construction time.  A timber 150mmx50mm known as a wall-plate is fixed on top of the first-floor cassette and additionally fixed using lateral restraint straps (Greeno, 2008), minimum 1000mm long at 2000mm centres (Building Regulations, 2010), the trusses each secured to wall plate and centred in accordance with the Trada span tables (Trada Technology, 2020), would be braced diagonally on the underside of the rafters on both sides to give stability.  They are also braced with timbers running adjacent to the trusses every 2 metres and strengthened and tied to the gable walls with lateral restraint straps a minimum of 1200mm in length and covering a minimum of 3 trusses (Building Regulations, 2010).  This system ensures a strong roof acting as 1, securely fixed to the walls of the building, strengthening them in turn by acting as a tie.

Fig 4.
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1. Fixing plate
2. Rafter
3. Strut
4. 100x25mm Bracing
5. Tie
6. Wall-plate
7. Timber-frame cassette
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An alternative roof covering for a house could have been concrete tile.  Concrete tiles are readily available, cheap, fast and wouldn’t be seen as a specialist job and if any maintenance is required, they would generally be a cheaper fix.  Concrete tiles would be a heavier option though and would be used as a cold roof construction type.  A cold roof is a roof insulated below the top of rafter, this would likely mean that the loft space floor would be insulated with a thick 270mm+ of fibre wool making it difficult to used.  The metal profile of the other hand as well as being a cold roof can also be fitted as a warm roof with the insulation fixed above the rafter, leaving a more usable space inside the loft.  However, it is a specialist job with maintenance likely requiring scaffolding.  The roof would be lighter that the tiles providing less of a load on the internal walls.
Any future modifications made to the roof would be made easier with a concrete tile such as an extension or adding a roof-light.

[bookmark: _Toc62244730]Causes of condensation and effects on building 

Condensation is caused in buildings either by lack of insulation or by poor airflow.  When a building is poorly insulated the fabric of the building is cold due to the outside air cooling the perimeter of the building.  The water vapour contained in the warmer air inside the building is attracted to the cold surface and condenses into water liquid on contact.  The dew point is the point at which water condenses.  If a timber-frame isn’t insulated adequately the dew point could potentially occur in the timber fabric resulting in rot which could have hazardous affects to the structural integrity of the building (Cotgrave, 2018)


[bookmark: _Toc62244731]Methods of ventilation to reduce condensation

Ventilation is controlled in several ways ensuring a flow of air throughout the building.  Weep vents are bedded at 1500 centres below the lowest timber (NHBC, 2019), Trickle vents are fitted on each window and door to provide a flow of air that can be opened or shut as needed and extractor fans to mechanically circulate air in unvented rooms or rooms of high moisture such as bathroom and kitchen.
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Timber-framed is a popular method of construction with many advantages such as time efficiency and its use of off-site construction techniques however due to the large amount of timber and the UK’s wet environment, it is essential that the building is built with adequate ventilation.  This will ensure the full lifespan of the building and reduce any maintenance during its life.

The proposed extension must be built while maintaining the current building’s ventilation any work that affects the current airflow could severely jeopardise the structural integrity of the timber-frame and shorten its lifespan
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