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Introduction
Timber frame construction has been around for not only decades but also centuries, being the oldest known method of building across the America’s, Asia, and Europe. Despite suffering a fallback in the Victorian era, timber framing is making a comeback due to architects replicating traditional designs and exploring the versatility of timber as a construction material. According to Time for Timber, roughly 25% of all new builds in the UK are timber framed. A more sustainable option in the environmental crisis, the demand for timber framing has risen. The cost-reduction and off-site production of the timber frames has meant that it is now more cost effective and versatile than ever. 










Main Body
Timber frame constructions uses prefabricated external and internal stud walls, roof trusses, and floor joists to form the structural frame that allows the horizontal and vertical loads to be transferred to the foundations. The frame can then be clad in brickwork, wood, rendered, or tiled to act as decoration and weather protection. 
Timber frame construction is becoming increasingly more popular with self-builders, developers, and constructions companies as it boasts advantages that other framing or construction methods don’t have. The speed of assembly onsite and the pre-fabrication off-site reduces build time and costs. Timber frame construction is incredibly versatile in regard to design. It can be incorporated into extensions or entirely as a new build. There are choices from traditional or contemporary design, open plan, and leaving timber beams exposed as special features of the property. Timber frame prefabricated panels are also thermally efficient, meaning they are built to high standards of thermal performance and air tightness, with low U-values. This allows for reduced energy which in turn costs less to heat. Timber is also easier to make airtight as it does not hold heat as a solid masonry wall would, so the heat inside the rooms is less likely to escape. Timber framed homes also have a lower carbon footprint as timber is much more sustainable compared to other methods such as cavity walls. There is more room to fit insulation within a timber frame than other methods, without compromising on space or having incredibly thick external walls. The wood itself has better insulating properties than steel too. (Architects, 2021)
C16 timber is the most used timber in construction. It is incredibly cost effective and highly adaptive. C16 timber is kiln dried to remove most moisture from the wood prior to usage. A superior option of timber would be C24 timber which has higher profiles of strength, resilience, and lack of defects. C16 graded timber allows for a number of defects including grain deviates and wanes and an unlimited amount of defects that do not affect its strength, such as, blue sap stains.
Off-site construction is the term used to describe the completion of elements of a construction project that are built in a different location to where it will be permanently placed. Offsite construction allows companies to build the timber frame to specific requirements of design and thermal performance. It also allows for greater quality control in a controlled factory environment compared to a site where exposure to all elements is inevitable. The four main categories for offsite construction are 2-dimensional timber frame panels, 2-dimensional solid timber panels, 3-dimensional pods, and 3-dimensional modules. 2-dimensional timber frame panels are floor cassettes, wall panels or roof cassettes which measure up to 10 metres. 2D timber frame panels can be either open (structural skeleton), closed (sheeting) or enhanced (windows and doors). 2-dimensional solid timber panels are engineered timber products such as glue-laminated timber, nail-laminated timber, and Dowell- laminated timber. These panels are manufactured with high precision and can include pre-cut openings for windows and doors. 3-dimensonal pods are areas of a construction project with a high concentration of services such as bathrooms or kitchens. This helps reduce time, money and wastage as these units will be built entirely in a controlled environment, sheltered from the Great British weather! The last category is 3-dimensional modules which yields the greatest amount of pre-fabrication, where the space is completely enclosed and includes insulation, MEP services, internal finishes, windows, doors, built in furniture, and lightweight cladding. These volumetric modules are then stacked and joined to form larger spaces (A&Ds Materials Library, 2018).
In accordance with Part L of the Approved Documents appendix F, All insulation in the floors, walls, and roofs should be installed tightly to the building structure with no air gaps. Each insulation element should extend into the next, for example, the roof insulation should extend to the wall insulation to create insulation continuity to limit cold spots. Before the elements are concealed with further construction works, an onsite audit needs to take place to determine if the design details have been met and that the insulation layer is continuous and robust (2022 edition -For use in Wales).
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Description automatically generated]
The wall construction consists of an outer skin brick wall with 20mm of rendering. There will be a 50 mm cavity followed by the breather membrane with OSB sheathing. The C16 timber frame is 140mm and will contain 100mm of Kingspan kooltherm K112 follwed by the vapour control layer. To meet thermal performance requirements additional insulation (25 mm of PIR insulation, which has a thermal conductivity value of 0.023 W/mK) will be placed in the service void. Lastly an internal finish of Fermacell fibre board will give a higher specification compared to plasterboard with acoustic and fire resistance properties. The insulation layers will extend into the eaves of the roof and the foundations to ensure a continuous layer of insulation as required in appendix F of Part L in the Approved Documents. 
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Description automatically generated]The raft foundation will sit on a hard core base and will be a U shape so that a lean mix fill can be pour on to create a level and smooth surface. 100mm of moisture resistant insulation (such as Foamglas) will lay underneath the damp proof membrane (150 mm from ground level), in line with Part L of the Approved Document.  The underfloor heating pipework and foam edge insulation will be the next layer with a sole plate for the timber frame to rest on. The foam edge insulation allows for expansion and contraction due to the heat from the underfloor heating as well as maintaining the continuity of insulation. The screed will then be poured on top (60mm) and the floor finish will be laid on that as the finished surface.
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Description automatically generated with medium confidence]The specified roof construction is trussed rafters. Alterations made to trusses is likely to destroy the framework of the truss rendering it useless as supporting the loads applied. The overhang is designed to be trimmed when it is supported by a girder truss at a 90° angle but any other alterations (especially onsite) should be condemned. Any changes should be made beforehand and by a structural engineer. According to the NHBC handbook, due to the inherent weak axis longitudinal or diagonal bracing is required to provide robustness and stability. This then limits space in the attic, which, if converted into habitable space provides certain obstacles. 
 

Using a gable roof design that utilises rafters rather than trusses will enable the property to have a roof dormer, which will maximise any floor space in the attic and will allow for added light to reach the space. The dormer can span almost the entire roof width or form just a small section, depending on client specifications. 











Alternatively, instead of having a room in the roof, continue and create a third storey and have a flat roof which could feature a green roof rather than an incredibly noisy metal sheeting. The flat roof would still meet thermal requirements as it can be filled with Kingspan Rigid-R insulation which has a thermal conductivity value of 0.007 W/mK. These boards are thin so can be used where there is little space or there are planning height requirements. A 3-storey home with flat roof will not surpass 8 metres in height so will fit with many planning requirements.
 


Conclusion
Overall, The proposed timber frame property is well designed and meets requirements in a thermal capacity however, the roof design should be adapted to allow for maximised habitable space in the attic or to add an additional storey to the property and incorporate a flat, green roof. The majority of the construction can be done off-site with 3D modules and pods being designed and built in a controlled factory setting to be stacked and pieced together onsite. 
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