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There are numerous options for rooftops, making it difficult to choose the best one for a given undertaking. Given the provided roof structure and finish, i.e., the Roof structure is to be trussed rafters with a metal profile sheeting finish installed on OSB sheathing boards, the following specifications are provided. To gain a better comprehension of the materials utilised in this design, these components will be analysed, and their suitability and drawbacks will be highlighted. There are numerous materials that can be used to construct a house, but only one should be exploited for the roof. Since the Middle Ages, wood trusses have been used in construction, making them the preferred structural material for millennia. (Ecochoice, 2018) explains that while roof trusses have evolved over time, the fundamental principles of wood utilisation have not. The same characteristics that make wood ideal for roofing also make it ideal for other structurally demanding applications. Roof trusses, also known as Trussed Rafters, are the most common type of roof framework in the United Kingdom, providing a more flexible, faster-to-install, and more cost-effective engineered solution for roofs. 
[bookmark: _Toc133531255]Roof and Attic Conversion Analysis

According to Miles (2020), trussed rafters are the industry standard for residential roof construction. Trussed rafters are roof frames made of triangulated wood that are spaced closely apart.  Trussed rafters allowed for more creative upper-story layouts by dispensing with load-bearing walls. Understanding the basics of truss design and construction greatly simplifies the process of defining and assessing trusses. He further stated that the most difficult aspect of trussed rafters to grasp is their activity as a framework. Beams carry burdens through bending, whereas frameworks transport loads through direct force, such as extending or compressing. There is bending in the higher and lower chords because of the pressure from the roof and ceiling. Because of the existence of internal webs, the upper and lower chords' effective extent is reduced (Miles, 2020).	
The figure below depicts the Trussed Roof that has been specified for the project. 
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[bookmark: _Toc133529700]Figure 1: King Post Truss Roof (Author, 2023)
The above drawing depicts a King Post truss. The bottom chord of the truss serves as a tie beam, receiving the extremities of the primary timbers to prevent the wall from extending outwards due to thrust (Desai, 2017). Understanding the motion of a framework is the most essential aspect of trussed rafters. King post trusses are used when a large, heavy roof has to be supported. This roof is attractive to the eye in addition to serving its practical purpose. King Post Trussed roofs are not suitable for the job at hand since the timbers take up so much room in the attic. The removal of the timbers is necessary for the loft's conversion, although doing so may cause the roof to become unstable (Kingsmead Conversions, 2020). 
Attic trusses are the most economical solution to the problem of how to increase the square footage to a home (Donaldson Timber Engineering, n.d.). Attic trusses are designed to convert the unused area above a room into a habitable attic that may be utilised for a variety of purposes. We can optimise space or add necessary storage during the preconstruction stage with the help of architectural tools like Autodesk Revit and BIM. Attic trusses may be used to create a heated ceiling. Insulation is installed around the perimeter of the space in a heated roof design. This can be illustrated in the figure below. 
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[bookmark: _Toc133529701]Figure 2: Attic Trussed Roof (Author, 2023)
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According to HPD Construction (2021), a timber roof truss is a wood structural structure meant to span the area above a chamber and support a roof. 
Timber constructions, they stated, are resistant to the ravages of time and can guarantee a building's durability for decades. They don't need any additional reinforcement to endure snow, wind, and rain because of their robust composition and construction. Roof trusses made of timber are both inexpensive and straightforward to set up. Since they are all-natural, there is no need to spend any more money on repairs beyond the original outlay. Timber roof trusses are a simple design that eliminates the need for complex engineering. Their basic building blocks are triangles, squares, and rectangles, and they may be put together in a wide variety of shapes. They may be designed to be constructed even by those without technical training. Timber roof trusses have been widely employed for decades owing to its natural and long-lasting properties in various parts of the globe. They are both aesthetically pleasing and efficient in insulating the building from the elements. Prefabricated modules make it possible for anybody to put up timber roof trusses since no specific tools or knowledge are needed. Simple hand tools and basic carpentry skills are all that are needed for assembly.
However, due to the large number of pieces and the length of those parts, a substantial amount of room is needed for assembly and installation. Because of the many precautions that must be taken throughout the carpentry process to assure its stability, the project takes a long time to complete. Vulnerable to the assaults of various insects, moulds, fungus, and rot. Fungi, mould, and borer infestations all contribute to timber degradation. Timber trusses are especially vulnerable to damage from insects and other pests. The tendency of timber to both expand and shrink with time is one of the possible drawbacks of using this material. The extensive use of timber in building construction is likely to blame for the broad occurrence of this condition. It can withstand movement and diminution owing to the expansion and contraction of its cells, even though it is extraordinarily tough and durable. It will also increase in size if the temperature is allowed to vary to an excessive degree (HPD Construction, 2021).
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OSB sheathing board and metal profile finish are used in the construction of this roof. Oriented Strand Board is another name for OSB. Wax and synthetic glue are used to compress wood chipping layers into a single sheet. This product is constructed from of strands of wood that have been obtained from various trees which makes it also adaptable and long-lasting.  In construction, OSB is often used in the construction of subfloors, walls, floors, and patios. (Theos Timber, 2018). Metal roofing is replacing more traditional roofing materials including clay tiles, slate, and felt due to its adaptability, minimal maintenance, and longevity.
Metal roofing is well-suited for both commercial and residential buildings due to its adaptability and versatility in terms of colour, profile, and material (www.cladco.co.uk, n.d.). There is a wide selection of metal roofing alternatives, many of which claim of being the best. There are so many options for residential metal roofing that it's safe to assume they're all the same. As a result of the vast range of roofing needs, however, a large array of metal roofing materials are commercially accessible.
Steel is a long-lasting, high-quality metal with many useful features that will let your metal roof last for many years with little upkeep on your part. Although all three kind of steel have their use, only galvanised and galvalume steel are appropriate for roofing. The steel used to make galvanised products is coated with zinc. The zinc protects the steel's inner layers from rusting, which increases the life of the sheet. Galvanised steel sheet metal and roofing panels are the most common steel metal roofing materials available. Galvalume Steel is quite similar to galvanised steel, with the key difference being that the coating is made of zinc and aluminium instead of just zinc. Steel is protected from corrosion and rust when coated with aluminium zinc. Galvalume roofing is superior in durability and safety because of the aluminium it contains. Sheets must be installed with caution since the surface is easily marked (www.cladco.co.uk, n.d.).
[bookmark: _Toc133531258]Advantages and Disadvantages

OSB's excellent durability, especially in comparison to plywood, is one of its major advantages. Because of this, it has gradually replaced plywood as the material of choice for many construction projects. OSB also has the benefit of being uniform on both sides. OSB, unlike plywood, is intentionally produced without defects like knots and gaps. OSB panels, which may be as long as 24 feet, can cover a far larger area than plywood panels, which are normally no more than 10 feet in length. OSB often comes from small, quick-growing trees. This not only maximises the use of wood fibres from each tree, but also provides for a high degree of sustainability (Handyman's World Editorial Team, 2021). Unless you use waterproof OSB, the edges of it can swell by up to 15% when exposed to high amounts of moisture, which can of course be problematic. One of the greatest issues that people have with OSB is that it does not have an attractive appearance and is difficult to clean and sanitize. You should not use this material to finish your walls. The other disadvantage of OSB is that it is extremely heavy and therefore difficult to install, particularly when large panels are involved.
Steel roofs are resistant to rust and corrosion, lightweight, and simple to install. It is one of the most reasonably priced metal roofing materials available in a broad range of colours. It can be recycled and is simple to maintain once installed; unlike other types of roofing panels, steel does not require extensive maintenance beyond removing foliage and debris. It’s expected to continue serving its purpose for an extensive amount of years to come. This makes it very Durable, especially since hail, animals walking on it, or debris cannot easily dent it. Alternatively, steel roofs can become damaged if debris and animal droppings are not regularly removed. If not installed appropriately, steel roofing panels may not last as long as more expensive metal roofing panels (www.cladco.co.uk, n.d.).
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Here you will find the section detailing of different areas in the building. 
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[bookmark: _Toc133529702]Figure 3: Window details
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[bookmark: _Toc133529703]Figure 4: Window detail in Timber Frame
Figures 3 and 4 above is a cross section and forward-facing detailing drawing of a window in the timber frame expressed in the project. In Figure 4 specifically it is on the Ground floor just before the timber wall joist. 
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[bookmark: _Toc133529704]Figure 5: Eaves Detailing
With the Attic Roof truss in mind, Figure 5 depicts the Eaves detail of the Roof suggested. 
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[bookmark: _Toc133529705]Figure 6: Foundation detailing at groundfloor
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The term "off-site construction" refers to a method of constructing in which individual parts of a structure are planned, designed, manufactured, and sent in advance of their eventual assembly (Smith, 2016). Parliament UK (2018) states that In the construction business, the terms "modern techniques of construction" and "smart construction" are often used to refer to production methods that go beyond off-site manufacturing and make use of digital technology and Building Information Modelling (BIM). Off-site manufacturing and on-site assembly characterise the production of columns, floor slabs, and beams. Precast concrete is also included here. Wall and ceiling panels of a two-dimensional panelled building are designed and built off-site before being sent to the construction site for assembly. Plant rooms and lavatory pods are only two examples of the construction components that are assembled in a factory rather than on-site. Transportation and utility infrastructure projects may also benefit from these methods. 
	Off-site fabrication is a significant advantage when it comes to producing constructions and infrastructure of higher quality. Off-site construction saves time and money. Unlike traditional brick-by-brick construction, factory prefabrication permits substantially greater automation. This means that the most complex mechanical and technical components can be prefabricated and transported to a construction site, eliminating the need to coordinate employees from numerous subcontractors who are required to create kitchens and restrooms on-site (Miles, 2020). By utilising off-site methods, construction costs can be kept to a minimum. In place of centralised systems, modern structures may employ decentralised systems. Thanks to enhanced insulation and demand-controlled ventilation systems in each unit, electric convection and infrared radiators in each room may supplant central heating systems. As the manufacturer manages most of the work, the developer can complete more in less time. Utilising off-site methods improves the security of construction personnel. Effectively transferring construction work from the job site to the factory requires a manufacturing-like environment. Since construction is conducted in a controlled environment off-site, labourers are shielded from the elements while remaining firmly grounded (Miles, 2020). 
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According to Miles (2020), Offsite Construction can be divided into the following Categories: 
[image: ]
· Subassemblies are constructed off-site in factories and brought to building sites for final assembly. Examples include prefabricated door sets and prefabricated roof trusses.[bookmark: _Toc133529706]Figure 7: An Example of Prefrabricated Roof Trusses


· [image: ]Panelized systems are factory-made portions of walls, floors, or ceilings installed on-site. These panels may be purchased pre-assembled with plumbing and electrical components already in place. A experienced construction crew quickly assembles them on-site.[bookmark: _Toc133529707]Figure 8: Example of Panelized Construction


· [image: ]Modules are the building blocks of modular goods. The "modules" are built on top of one another to form the final structure. The heating and cooling systems are integrated within the modules and are ready to plug in. It's also possible to add in things like windows and doors. Modular solutions may shorten the time needed to design and build anything from scratch on-site. Measured in volume, these components may be sent to a location and assembled there, making them suitable for use in retrofits or new builds using conventional methods. The sanitary necessities, including the tile set, are included in the bathroom module. It is completely functional upon arrival at the construction site.[bookmark: _Toc133529708]Figure 9: An Example of Module Offsite Construction

Additionally:
Prefabricated risers, services lines, and trench heating are just a few examples of the multi-service modules that may be packed or skid-mounted as pre-assembled pieces for offsite construction that greatly eases installation and improves quality control.
Robot Builders: Even though they can’t be categorized as Offsite Construction, using Robots to construct homes is another conventional method that saves time.  The School of Electrical Engineering at Korea University has developed a system called the Robotics and Crane based Automated Construction System, which gives the type of crane typically used in high-rise construction some degree of autonomy. That said, it does hint to the idea of an autonomous crane being custom designed to work with a certain modular building design.
[bookmark: _Toc133531262]Conclusion

	In conclusion, numerous components of this undertaking could be constructed off-site. If the roof and trusses are constructed off-site, they can be assembled more quickly and with fewer errors that could result in water or rain-related leaks. Roof Trusses provides a robust structure in a brief amount of time that distributes the house's weight equitably.
Since trusses are constructed from shorter lengths of wood and off-site, they are very cost-effective. They are computer-designed and factory-assembled, which ensures quality control and precision. Keeping this in consideration an attic Truss is the optimal solution for meeting the client's requirements. 
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