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1.0 Executive Summary
This technical report will outline the construction build details for a detached two storey timber frame domestic dwelling along with annotated drawings of the build and what it will feature. There will also be focus on creating roof space to allow for an attic room for the client and what sort of limitations the chosen roof structure may pose, there will also be discussion on an alternative roof structure. This report will feature discussion on ‘Offsite construction’ and how it could be utilised for this certain build. There will be mention of building regulations approved documents and relevant measurements documented.
1.1 Contamination
The dwelling will be placed on level but reclaimed land that was previously used for agricultural purposes. Set out in the Approved Document C is guidance on how this contaminated land can be identified and cleared ready for the building to be constructed. This is a crucial process for the ease of construction and longevity of the new building. As the site has been identified as being used for agricultural purposes it would be beneficial to carry out relevant ground investigation surveys to determine if any chemicals present would attach to the foundations of the building and deter over a period of time. Relevant hazard assessments will need to be carried out and gases such as methane and radon will need to be monitored, if certain gases are present in the soil it may need ventilation or removal.
1.2 Foundation
As identified by the ground investigations the building will utilise a raft foundation, this can be taken advantage of when the soil strata is unpredictable and may contain pockets of compressible soil, it is also very useful for spreading the load of the structure over a large area to put less bearing on the soil. The raft foundation is also very cost effective and quicker to use than traditional footings, there is also less need for substantial excavation. The timber frame can be lifted from the raft foundation by blocks to keep the timber away from the ground conditions and for levelling reasons.
1.3 Damp Proof Course
To conform to the building regulations Approved Document C the building will feature a 150mm from ground level continuous with the floor polyethylene damp proof course which will prevent the passage of moisture. This is an essential part of the build and will prevent any moisture from seeping into the structure and rising up the walls to cause rot, this can be detrimental to the longevity and durability of the build as well as human health. 
1.4 Brickwork & Blockwork
The external walls will need to be built to conform to the Approved Document C. Dependant on the level of exposure to elements, the building may need to utilise external cladding and this build will feature block and brickwork external walls. As the stack bonded brickwork will feature sufficient sealing from the mortar there will be no need to render finish, although the blockwork will feature a smooth render finish with a bell bead to help direct water flow away from the building. The render will be utilised to prevent moisture from penetrating the external walls, the finished product should be at least 20mm thick and smooth for this build as requested. The cavity wall will be 50mm wide and bridged with wall ties, a cavity tray should be provided in order to prevent moisture penetrating the inner leaf.

1.5 Structure
To adhere to the relevant building regulations in approved document A, all cavity walls will be at least 50mm wide. The wall ties will have a horizontal spacing of 900mm and a vertical spacing of 450mm (2.5 ties per square metre) spaced no more than 300mm apart. The inner wall is to be 140mm thick. There will be an internally battened service zone featured which will be 50mm wide, there will be 200mm worth of insulation. The trussed rafter roof will be spaced 600mm apart unless design deems otherwise and will still conform to building regulations and will be fixed from factory with standardised connections such as girder truss shoes, joist hangers or simply fixed with camplates. These will be mainly fixed from factory to ensure best connection and prevent installation mistakes. The metal sheeting will be fixed using supplied screws from manufacturer and will be correctly spaced.
1.6 Insulation
Given that Wales is in a very severe exposure zone for driving rain, it is essential and a requirement to insulate the dwelling respectfully. Damp proof courses will be provided to direct moisture to the outside, this would be provided at ground level and any area where the downward flow of moisture would be interrupted at an obstruction, for example a lintel. An insulated C16 timber frame is to be utilised with an additional insulated board contained within the internally battened service zone to improve the thermal performance. There is a requirement to achieve a certain U value and this can be achieved with the use of different insulation methods, manufacturers will display specific values to determine what will be right for this build. The dwelling will also feature a cavity fire barrier to create a fire break in case of a fire to slow down spread to other parts of the building, material could be mineral wool polythene sleeve.
1.7 Breather Membrane and Vapour Control Layer
The purpose of both of these materials is to prevent condensation, condensation in an enclosed area can cause a number of issues such as insulation loss and insufficient thermal performance due to the dwelling absorbing the moisture. It is important for a dwelling or structure to breathe as moisture can be generated not just from outside the building but especially from the inside, appliances such as a kettle will produce water vapour, even occupants breathing will generate moisture. If moisture is trapped in the structure this can cause respiratory problems for the occupants as well as structural damage to the timber frame as well as the joints and rafters of the dwelling. To prevent condensation there are two essential methods to take advantage of on a new build, the use of a ‘breather membrane’ installed to the outside of the insulation, This will allow the water vapour to escape the dwelling without the need for ventilation like previous builds where there would be an open ventilation space between the insulation and the roof, further improving thermal performance with this method. The breather membrane will also repel rain water from entering the building.
The installation of a ‘Vapour Control Layer’ will benefit the dwelling in reducing the vapour transfer throughout the structure for internal vapour instances such as previously mentioned, breathing or even running a bath. This will prevent the condensation from forming and continue to allow the dwelling to breathe, again improving the thermal performance, durability and occupancy health. Both methods when used and sealed properly will help minimise the risk of condensation and will help eliminate rot in the dwelling. The Vapour Control Layer can be seen featured in the eaves drawing…

2.0 Thermal performance of the building fabric
There is a requirement to consider thermal performance of any dwelling, thermal performance is measured in terms of the dwellings heat loss throughout and is known in the construction industry as a U-value or thermal transmittance. This is the rate of transfer of heat through a structure divided by the difference of temperature across the structure. There are ways to calculate the different U values for parts of the structure but you are to aim for the lowest U value and adhere to the building regulations requirements, this can also be effected by workmanship and poor installation, for example if insulation is not installed correctly with gaps. Thermal transmittance will take heat loss due to conduction, convection and radiation and when calculating the U value for the dwelling, the direction of heat flow must be considered. 
Insulation products have developed with technology over many years, there is now a need to consider more technological advances in new build dwellings not just now but for the longevity of the dwelling. This means that should any fabrics deter over time or possibly a change of legislation for dwellings to become more carbon neutral, the process of retro fitting or upgrading the dwellings can be achieved much more proficiently. This also should be considered at design stage to allow for these adjustments to be made. The specification of insulation products are often based on the minimum requirement under the Building Regulations Approved Document Part L, this is very useful for the contractor as they can pick a material based on the needs of the dwelling and how it is designed while conforming to the building regulations. An example of the U value for a new build dwelling can be the roof element, this needs to be a maximum U value of 0.13 W/m².K1. This can be achieved with a selection of insulation materials and the thickness of that material, in the roof of this build the client wishes to utilise the attic area so the thickness cannot impede the amount of room in the attic. There are a few options to consider all with their own advantages and disadvantages, materials such as mineral wool or sheep’s wool, or even the use of foam boards can be utilised for improving acoustic insulation as well. 
3.0 Limitations of current roof structure
The client has opted to utilise a trussed rafter roof structure for this dwelling, this is a widely used prefabricated roof structure in the UK and are defined as triangulated timber frameworks. This type of roof allowed architects much more freedom with the layout and design of the upper floor and attic space by avoiding the need for internal load bearing walls. While there are advantages to this structure, it does come with its limitations. A possible limitation of a trussed rafter is the implication of altering the truss in any way from the engineer’s original design, this can be more involving and costly to the client. The truss is joined with a connector plate on a jig in a factory for maximum robustness and connection, if this was to be altered on site it would be very challenging and take more materials and time to do so. Truss rafters are also designed with economy of materials as a fundamental principle with a small margin for additional loading and may not be drilled to accommodate services. The need for bracing is essential on a truss rafter roof as they have poor robustness about their weaker axis.





3.1 Alternative roof structure 
Given the client’s needs it would suggest a raised tie truss alternative roof structure could be utilised, raised tie trusses are supported partway up from the lower end of the rafters unlike others where they are supported from the ceiling tie to the bottom chord. This also gives much more headroom for the attic room to be utilised for a bedroom area. The raised tie allows there to be more headroom without raising the external height of the dwelling, this allows the design to be cost effective and not protrude the maximum height for a dwelling. The raised tie can also add aesthetic components to their design and allow more light into the home dependant on their needs, a suggestion of a Velux skylight window could be added.
3.2 Advantages and Disadvantages of alternative roof structure
The advantages of a raised tie truss could be;
· Increased strength.
· Reduced weight from other more intrusive and complex roof structures.
· Improved resistance to wind.
· Manufacturing process much simpler.
· Easier to mass produce.
· Easier to install on site.
Disadvantages of a raised tie truss could include;
· Cost implications, typically more expensive to manufacture.
· The cost to repair a truss can also be expensive.
· Incorrect fitting or adjustments on site could prove detrimental to the build.
· Weathering and leaks can cause rot in the timber.
· As they are mass produced, could prove difficult to utilise for certain dwellings.





















4.0 Offsite Construction
The new build dwelling will be welsh timber frame construction grade C16, the timber frame will be built using an offsite construction method. Offsite construction refers to the manufacturing, planning, design, fabrication and assembly of certain building elements at a location other than the final installed location. These building elements are constructed in a factory using a range of materials and systems to mass produce parts of structures, for example the truss for a roof will be designed and fabricated, then assembled using a jig frame to dial in the correct measurements for the intended purpose. The factory will also feature quality assurance systems to ensure the structures and fixtures are manufactured to a high standard before being delivered and installed.
4.1 Four categories of Offsite Construction
All four systems can be produced in any typical construction material such as timber, concrete, steel or hybrid.
Panelised Systems
This system features components such as walls, ceilings or roofs that are constructed in a factory and assembled on site, the panels can be manufactured with the likes of mechanical and electrical services already routed so that the installers can connect on site for ease of use and to save time. This system can also include insulation being fitted in the factory for quality assurance and time saving reasons. This system is very efficient and can mass produce panels for builds ready to be delivered to site and installed without much correction by the installer. This can be utilised in the clients dwelling by manufacturing the wall panels and ceilings already fitted with their services and insulation ready to be installed on the site, the specifics of the client’s needs can be known to the manufacturer and they will be able to produce high quality components for their build as well as potentially saving cost and time.
Volumetric Systems
Also known as prefabricated building, this involves three dimensional units that are produced in a factory and partially assembled before being transported to the site location and fixed together. The units are typically non-structural pods such as bathrooms and can be moved into place with a crane when on site, but can take up a lot of room on the delivery truck compared to other methods. The time savings on site must justify the use of volumetric systems to be used. For bigger projects like student accommodation buildings, this method could be utilised for bathroom pods as there will be many pods than can be installed in the building. This could be potentially utilised by the client on their dwelling for the likes of the bathroom installation, the specifics and measurements can be sent to a manufacturer to produce but may prove difficult with more tailored specifications on one offs and could prove expensive.
Sub-Assemblies & Components Systems
Any building component that has been manufactured in a factory and transported to a construction site is considered to be a sub assembly. A sub assembly can consist of smaller components such as locks and door handles to larger components such as assembled roof trusses. This allows some of the more complex or trickier components to be created in a factory with more precision than on a construction site, this can be the likes of manufacturing I-Joists, stairs and doors. This is more likely to be a useful system that the project can utilise as joists can come tailored to the build as well as stairs and doors, but measurements and installation must be done correctly as it may differ on site.
Hybrid Systems
Hybrid construction can combine all three methods of construction together in order to complete a build. Building structures that are completely manufactured or prefabricated in a factory are both examples of hybrid systems, an example of this are pods, this can feature a whole section of a house like a bathroom full furnished with all fixings and services in place ready to be installed on site. Another huge advantage of hybrid systems can be the complete build of roof trusses that can be installed as well as joists. A lot of projects will adopt this system to streamline the build and lower costs and time on site, while also eliminating possible mistakes when installing. This would be a very useful system for the dwelling project as multiple components can be manufactured and installed onto the build, the specifications and measurements can be interpreted and parts produced so that installers can fit straight on site and save a lot of time and money.
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7.0 Appendix
Please note; relevant information is conveyed through annotations and assignment text in regards to building regulations etc.
Two Storey building drawing
Joist drawing 
Window Opening drawing
External & Internal Wall drawing
Roof drawing
Eaves Roof drawing
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