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1.0 Introduction

The main purpose of this study is to develop an understanding of the use of timber frame construction that has been requested by the client for one of their properties. This paper will focus on the design aspects of the property including drawings of the ground construction, 2nd floor construction and the roof structure. The client has provided us with exactly what plans they are looking for, but regarding the roof structure they would like an alternative to roof truss rafters. I will be examining the advantages and disadvantages to have a roof trussed rafters so the client will be able to make the correct decision for themselves.  have provided an alternative roof design that may be better suited for their property and what benefits this could have for the client. 
The aim of this study is to clarify several aspects of the property so the client will have a better understanding of what will be required for the construction of the property. As previously mentioned, these drawings will set out things such as ventilation, insulation and measurements when required.
This study provided an important opportunity to the understanding of off-site construction and evaluate any positives and negatives this could bring to the workplace. Towards the end of the study, I will be discussing off-site construction and the different types that are possible as there are four main categories which are more suitable than others depending on the construction site.

2.0 Ground Floor construction

The ground construction has been advised to have a raft foundation. For this request I recommend having a 450mm thick raft that will be effective to hold the strength of the building and will support British standards BS 648 (Schedule of weights of building materials). To prevent moisture to the inside of the building I have included dpc to prevent water flooding cavities from outside to inside and needs to be a minimum of 150mm above surfaces and linked with solid floors. (NHBC Standards, 2020). It has also been enquired for underfloor heating which I have added to the design. It is not required to have planning permission for underfloor heating but Part L in building regulations need to be followed which relates to fuel and power. In the design below, I have set out to have a screed above the underfloor heating. This will need to follow British Standards BS 8204 and BT 8203. I have included a double insulation into the design for extra support insulation of which will be 100mm and 40mm insulation with a vapour control layer in between to restrict movement of moist air. Regarding the U-Values for the property external walls with cavity insulation will need to be 0.30W/m2.k in order to follow Building regulations Part L. (Kingspan, Great Britan, n.d.)
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Figure 1: Representing design of raft








3.0 Second Floor Construction

The drawing for first floor is providing us with a section view to illustrate how the external wall of the property will align with the timber construction on the first floor. On the outside of the timber studs will be the VCL with an air barrier to protect the building from poor performance. A nogging will be installed to ensure there is support to the framework of the timber construction and the studs will then be spaced out at approximately 400mm. The insulation between the joists will be off acoustic batts. This will help improve noise cancellations between first and second floor and improvements on the heat or vibration. 
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Figure 2: Illustrating second floor design including windows

In the drawing above, shows the layout of the installation a window. The windows would need to be fixed and sealed to timber frame wall panel with special profile sill externally. It would be recommended to have this sitting on bed reinforcement to provide increased stability. British standard BS 5628-1 should be followed when relating to brick ties to suit safety design with ties required to be stainless steel. 

4.0 Roof Construction

The drawings below detail the roofing construction including the eaves detailing and how it will link with the second floor. As seen below, the VCL will follow through to the soffit with then insulation on top to prevent heating from the property to leave the household. On the eaves, there will be vents for condensation on the bottom and side of the eaves. This will help air through the roofing sheets and combat moisture into the property and reduce effects to the timber construction. (Roofing megastore, n.d). Following British Standards BS 5268-2, the trusses rafters will be spaced out at 400mm to provide extra support in the stability of the roof with purlin there to align them together. There will be OSB sheathing to sit above these with a waterproofing membrane in-between the OSB and metal profile sheeting to suppress the rainfall and wet conditions effecting the timber frame roof. The best recommended water proofing membrane would be Klober Permo air as it is very endurable to different weather conditions as we experience in this country. 
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Figure 3: Showing details of the eaves and securing the roof truss rafters.

The roof structure has been requested to be a trussed rafters including metal profile sheeting installed on OSB Sheathing. With trussed rafters, there are numerous different designs that can be used such as standard fink truss, raised tie truss or scissor truss. From investigating the planning application provided, I can gather that the likely truss to be used for north section of the house would be a raised tie truss. This will create space for the installation of the window on 2nd floor. On the planning application, it is also showing a potential attic conversion due to the installation of windows on the roof. I feel the best type of truss for this conversion is a stubbed eaves. As the client is looking for a pitch roofed with rafted and with it being a new build, the U-Value must be a minimum of 0.11W/m2K to be aligned with Building Regulations in Wales. (Kingspan, Great Britain, n.d.)

5.0 Advantages and Disadvantages of Trussed Rafters

5.1 The benefits of Trussed Rafters: (The Constructor, 2016)

· Versatility
Trussed rafters can be suited to a large variety of roof structures and majority of different architecture styles. They have now tried and tested for a lengthy period and have extremely efficient with the installation. They still have their sense of traditional build but can be used for the modern designs.

· Economical
With the build of trussed rafters compared to other forms of roofing, they use approximately 40% less timber framework. This will allow the client to be able to use these financials in other sections of the house and will be a more cost-efficient way to build the property. 

· Prefabricated
Prefabrication means that the roofing structure can be built off-site instead of on the construction site of the property. This will allow for more space on site to proceed with over works undergoing. This also ensures that the company providing the work will be fully qualified in building trussed rafters so when it is delivered, it can be installed immediately. It provides less strain on the building contractor as it is one less thing to worry about during construction.

· Environmentally friendly
As previously mentioned, they use 40% less timber for the construction of a trussed rafter, but also as they are built from timber instead of metal, this allows them to be more environmentally friendly as they are low-tech and energy efficient built.



5.2 Disadvantages of Timber roof trusses (Leach Trusses, 2021)

· Changing Shape and size
Depending on the conditions (British weather expected to rain), timber can change shape and size as if it gets too much water will lead to it expanding or changing shape. This can lead to causing damage to the building as it may not fit to the correct measurement it was previously designed for. To prevent this occurring, builders must consider strategies on how to protect this from happening by protecting the elements of the timber.

· Pests
As timber is a natural resource that many insects and pests are attracted to, this can be a potential risk to the timber structure. Pests can lead to the structure becoming significantly more fragile and potential risk of collapsing. It is recommended that pest inspections occur at the house occasionally to prevent the roofing structure being infected with pests.

6.0 Alternative to Roof trusses?

There are numerous different types of designs for roof trusses that the client can use for their attic that will vary depending on what their plans are for the roof for the property. Commonly for residential homes are the fink trusses that are shaped such as a ‘W’ which allows them to have a great load bearing capacity. The design for this also gives a small amount of space for storage on items such as a water tank or boiler. If the client is planning on using the attic space living space such as a bedroom, then the most suitable design would be an attic truss. This design will have vertical posts to square of the space in the centre so that it can be used as a room and is a similar design to Queens posts. Please see below the designs for Fink truss and Attic truss:
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Figure 4: Drawings showing the difference between a Fink truss and an Attic truss


7.0 Off-Site construction

Offsite construction is when part of the structure of the building is built away from the location of the construction site and then delivered when required. This will be built to the exact measurements to ensure that when delivered on site, it can be directly fitted to the exact position. This type of construction is getting increasingly popular across the UK as we are experiencing less space for storage on construction sites, especially in built up cities. Therefore, by being able to build partial of the project off site, prevents the need to extra storage space requirements. (IKO Polymeric, 2016)
Please see below the benefits of offsite construction:

· Speed
This allows contractors to prepare the dimensions prior to getting to that part of the construction so when ready it can be delivered. For example, if they have confirmed with the architect the type of truss and dimensions for the roofing then they can provide this to the prefabrication warehouse and they can start with the build of the roof prior to the site needing it, shortening the time of the project. This will also make it less weather dependable, as it will be built inside a warehouse rather than outside in the construction site. 

· Quality
Prefabrication offsite has a higher efficiency rate than on construction projects. This implies that there will be less rework carried out during the construction that leads to the project being complete on deadline. Prefabrication warehouses have approximately 70%-80% efficiency rate compared to roughly 30% on projects.

· Safety
Constructing offsite also increases the safety of the project as it provides less time spent on site building and less potential of injuries occurring on the site. For example, with the construction of the roof being off-site, this prevents accidents occurring from working at height which is the leading cause of accidents on construction sites.

· Environment
It has also found that in results of offsite construction that it is beneficial to the environment due to having less waste to landfill. This leads on from the quality being better and the cutting of materials being more precise therefore less waste get produced. It is more sustainable as well as majority of the time prefabrication for sites can be relocated and are not one time use materials. Offsite construction also reduces the amount of disruption to neighbouring areas to the construction project reducing the amount of noise and light pollution. 

7.1 Four main categories to Off-Site construction, they are:

· Modular
Modular systems are extremely big that have highly engineered parts of a building or can be the whole building itself. These buildings can be stacked on top of each other or side by side and will form a complete building. This can be fitted with all the electrical systems and plumbing systems prior to site so when they are connected, they are good to go. This makes them extremely efficient with the production of construction but majority of the time they are a very basic design. 

· Panelised
Panelised systems are based around walls, floors and ceilings that are manufactured in a factory then brought down to the construction site. For example, with reinforcement concrete walls, the reinforcement will be fixed together to the correct spacing so when dropped in, the formwork can be installed immediately.





· Volumetric
Volumetric systems are preassembled units which fit onto an existing building but can be also used for traditional construction works. Most commonly, these are used for bathroom pods and will have the assets included such as the shower or bath fitted. 

· Component
Component systems are parts of a building that are built off site in a factory for the improvement of construction on site, such as roof trusses. This will help the construction site as it will be brought fit to scale and allow the construction to then install insulation straight on to it.

8.0 Conclusion

This report set out to determine the best design approaches for the customer on the construction of their property. I have highlighted in the drawings above for the ground floor, second floor and roof construction the best design method that will provide the property with the most efficient performance for U-Values and cost efficiency. One of the more significant findings to emerge from this study is that the use of off-site construction and the numerous amounts of benefits that it can bring to the construction industry. Using off site construction will allow development of construction to progress continuously whilst other sections of the building are getting formed off site, such as the roof. It was also shown the alternatives they have when it comes to deciding the type of roof trusses needed for the construction as I shown two different designs which were a fink truss and attic truss. I believe an attic truss is the better suited design as it will allow the opportunity to convert the attic into another room but also provide the same stability. This report has extended our knowledge of timber frame construction work, and this now provides the client with a better understanding about the process involved with the construction of the property.
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