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[bookmark: _Toc97472415]Introduction 
This assignment will compromise of a case study in which an office building will be annotated, with various building elements being determined. A primary structure which is foreseen as appropriate will be selected, with all the primary structural elements of the building being annotated. The assignment will conclude with a system of enclosure that is considered appropriate for the building in conjunction with the primary structural system. 
[bookmark: _Toc97472416]Part 1 
1.0 [bookmark: _Toc97472417]Review of the Brief 
The brief consists of a package of drawings which compromises of a ground, first and second floor plans and a range of elevations at approximately 1:500 scale. It is vital that the key elements of the brief are understood to assist with design conventions. To determine appropriate structural choices, the key details that are required have been listed within the table below: 

[bookmark: _Toc97472418]1.1 Project Brief – Considerations 
	Scope: 
	· The scope of works compromises of the construction of a three-storey office block. 

	Location Factors: 
	· The location of the build is situated within Swansea, (SA1). The area could pose some risk which are listed within the potential risk factors section. 

	Constraints: 
	· SA1 contains a range of new developments which may require party wall agreements. 

	Key Assumptions: 
	· The correct surveys will be commissioned within the feasibility stage to determine ground conditions and other required aspects. 

	Potential Risk Factors: 
	· The location of SA1 was heavily bombed in the war due to the dockland areas. This could result in potential unexploded ordnances being present. UXO Survey would be necessary. 
· There is a high possibility the ground could contain contaminants from commencement of the Lower Swansea Valley Works in 1961. Adherence to BS 10175 & BS ISO 10381-3 would need to be of consideration (Contaminated Land) (BSI, 2017). 
A Preliminary Desk Study would need to be commissioned to identify all the issues the site holds, which help assist with the design considerations. 
 





[bookmark: _Toc97472419]2.0 Basic Structure Considerations 
The basic structure that has been selected which is foreseen as suitable to the brief is a steel framed system. The way in which framed buildings transfer the load is through the structural frame itself. The steel frame supports the external elements of the building envelope which compromises of the weatherproof walling, the roof structure and also supports the internal elements such as the internal walls and floor loadings (Cotgrave, 2014). The building footprint itself is essential a rectangle which has a contributary factor to the selection of a skeleton frame design. 

The skeleton frame design consists of a series of rectangular frames which are placed at right angles in parallel to one another. 

The below overlay portrays the skeleton frame design suitable for the building, with specific details being identified. These details are also shown on various other drawings throughout the report:
(Note – All CAD Files and PDF output drawings will be submitted with this report). 
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[bookmark: _Toc97472420]2.1 Foundation Type / Details 
With the basic structure of choice being a steel structural frame, this means that the dead and live loads would be transferred through its columns, in which the columns are situated at different areas of the building. A typical load-bearing wall structure which is a building such as a domestic house construction transfers its load in a linear manner, in which a strip foundation can accommodate. The fact that the columns transfer the buildings load requires the need for pile foundations. The pile foundation depth depends on the load bearings calculations but does require suitable load-bearing strata (Greeno's, 2020). In accordance with the bore hole samples acquired for the site, which are listed within appendix 1, the strata becomes a stiff gravelly boulder clay at around 9m. This strata demonstrates a good bearing layer for foundations, therefore the foundations would have to be at least 8m deep. 
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Snapshot of Appendix 1 portraying the stiff boulder clay lies at around 8m deep. 

The below drawing demonstrates the construction detail for the pile foundations:
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[bookmark: _Toc97472421]2.2 Floor Considerations
The flooring element within the building has various functional requirements. The building is multi-level therefore those requirements will vary from a single storey building. The flooring system needs to provide strength and stability, with the ground floor having its load supported by the solid ground beneath, in which will be in the form of a concrete slab. The upper floors are where the considerations need to be met as the floor will need to take the dead loads which includes the load of the floor itself, as well as the loadings imposed by people and furniture etc.

[bookmark: _Toc97472422]2.21 Upper Floor Considerations 
A flooring system which is considered appropriate for the upper floors within this building would be a cold rolled steel deck. Cold rolled steel decks are a common way of constructing upper floors within steel framed structures. The flooring structure itself is covered in concrete to attain aspects such as a good fire rating. The steel sheets which form part of the structure have various pro’s, the main one being they are very lightweight which helps achieve ease of construction. Within a cold rolled steel deck, there is no floor slab formwork required, as the decking aspect of the structure is effectively the formwork. As the decking acts as the formwork, structurally it is strong enough to support both the dead and live loads during the concrete works. The way in which the structural aspect of the deck is achieved is by fixing the decking into place before the commencement of the concrete works. The main reasoning behind this being a common method of flooring system within a steel frame, is when this system is used, the least amount of in-situ concrete is required in comparison with other methods. 

Fixing Method:
The method of construction within this floor is the following:
1) The steel sheets are fixed to the steel floor beams, the location of where the steel sheets are fixed can vary but in most cases are fixed to the top of the beam.
2) After the steel sheet has been fixed, a reinforcement mat is laid over the metal sheet decking. This is supported by spacers which are usually in the form of concrete blocks, the rationale behind this is to ensure that the reinforcement mesh lays on top of the deck. The reinforcement mesh requires to be on the top of the metal deck for when the concrete is poured. 
3) The finish level in which the concrete is required to be is then gauged out using tubes, to which the concrete is poured. The concrete itself is referred to as lytag, which is concrete but with the aggregate compound being very small pieces. This allows the concrete to be pumped easily which is a huge advantage within multi-level steel framed buildings as it prevents the need for components to be craned. This is one of the main factors as to why this flooring system is used within multi-level steel framed buildings and is seen to be most suitable for this construction (Cotgrave, 2014). 
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Description automatically generated]This flooring system also has a provision in between the metal deck which allows for services to be accommodated. The below detail shows an indicative overview of the flooring system: 
 Reinforced Mesh.                


Concrete which provides 
upper section of the floor.	

Metal Deck which acts as formwork to the concrete.






Provision in place for services to potentially be accommodated.	







Image Reference: (ComFlor, 2012). 


[bookmark: _Toc97472424]2.3 Structural Elements – Columns and Beams
[image: Table

Description automatically generated]The structural elements themselves compromise of columns and beams. Dependent upon the type of structure, the way in which columns and beams are laid out can vary. Although the layout can vary, the application of the columns and beams remains the same within a steel framed structure. The main application within a steel beam is to resist bending moments as well as resisting shear forces which the building may incur. Dependent upon the span the steel beams are situated in, the depth and size of that beam varies. The table below indicates the typical values, taking into consideration the span and what the depth / size the steel beam would need to be to accommodate that span: 

Table reference: (Info, n.d.). 
The table above indicates various types of beams which dependent upon the flooring system used, will vary. The two categories for beams are primary and secondary, primary beams are the beams in which span between the columns, and secondary beams support the floor in which they span between the primary beams. The beam which would be selected within this building would have to accommodate the flooring selection choice, which determines the necessity for a composite beam. The metal decking is fixed in parallel to the composite beam, which is then accompanied by a concrete pour. The typical floor depth which in this case has been measured from floor-floor height for an office is dependent upon the type of office, but ranges from 3.6m-4.2m as the table demonstrates below:
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The composite beam selection proves sufficient as a suitable span for the office block could be achieved as well as being able to achieve a sufficient ceiling height due to the beams not requiring a significant depth (Info, n.d.). 
	The application of columns within buildings are to carry the loads in aspects such as compression and transfer the loads into the different aspects of the building dependent upon where the load is coming from. The columns transfer the loads into aspects of the building such as the foundations. The column connection within this building has been identified within a drawing within section 2.31 of the report. The column sizes are also a factor dependant upon various calculations such as stresses, strains, wind loads etc. The typical connection detail for a column is every two stories within larger buildings. The building is a three-storey office block in which buildings 3-5 storeys usually have 254 x 254 sized columns (Info, n.d.). The columns themselves need to be fire protected due to the poor fire rating steel as a material poses. The columns can be fireproofed by concrete encasement or infilling the columns hollow section with concrete. There are various other ways in which this can be done but is all dependent upon the building design, and what fire requirements are required by following the correct legislations and standards. 

[bookmark: _Toc97472425]2.31 Accommodation of Wind Loads
The building itself needs to accommodate for wind loads. Accommodating for wind loads would require a consideration for each element of the building, from the foundations to the structure itself. 
The foundation load calculation would have to consider wind loading in which BS EN 1991-1-4+A1:2010 Wind Actions would have to be complied with (BSI, 2010). 

The structure is a three-storey building in which the frame itself is considered as a low-rise frame. Although the structure itself will have to accommodate for wind loads, the extent of that is significantly less than a high-rise structure where wind loads would be far greater. The columns and beams within the structural frame would be prefabricated prior to erection in which the members would be designed for the ultimate limit state (ULS). The ultimate limit state is the design of the members (columns and beams) in which it incorporates factors such as the safety of the structure and the user itself and limits the stress those members experience (Buildings, 2022). Once the ULS has been determined, the connections of the beams to the columns needs to be sufficient to accommodate movement in which would be the wind loads. The connection detail of the columns to beam has been listed below, the reasoning behind the bolted connection results in the joints being semi-ridged to allow for the wind loadings which gives the structure the ability to move (Insitute, 2000). The connection is referred to as a moment connection, transferring the bending moment forces (caused by wind load), between the two members (Engineering, 2022). 
The drawing also illustrates the connection of the columns, as the building is three storeys they would be supplied in sections and erected upon delivery:
[image: ]



[bookmark: _Toc97472426]2.3 Location of Primary Structural Elements
[image: ]The marked-up plan below shows the location of the primary structural elements which includes the primary columns and beams. The span of the columns would be dependent upon the load after structural calculations have been undertaken however, the below gives an indication of the layout and identifies the skeleton steel framed structure as an overlay on the plans: 
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[bookmark: _Toc97472428]3.0 Roof Structure 
There are various types of roof structure which can accompany a steel framed building. In order to select an appropriate roof structure for a building, the buildings application and purposes needs to be identified. The buildings application and purpose is an office block, therefore maintaining an indoor temperature will be primarily the main focus. The appropriate roof structure for the building taking into consideration the frame, and its application and purpose will be a flat roof. A flat roof is classified as ‘flat’ if the pitch or fall doesn’t exceed 10° (Greeno's, 2020). Upon selection of the roof type, the correct standards and regulations require adhering to which includes Building Regulations: Part A Structural Safety (Goverment, 2017).

[bookmark: _Toc97472429]3.01 Warm Deck 
Due to the application of the building, a warm deck is considered the most suitable flat roof layout. A warm deck compromises of a ridged insulation (dependent upon U-Values and specification, can vary), which is placed below a waterproof covering but above the actual roof decking itself. This roof layout does not require ventilation therefore it is important there is a VCL (Vapour Control Layer) in situ to allow the roof members to remain at a temperature which is above the dewpoint (Greeno's, 2020). As a warm deck does not require ventilation, seeking guidance and complying with Building Regulations: Part F Ventilation is crucial (Goverment, 2017). Below shows a detail of how a warm deck is constructed:

[image: Diagram, engineering drawing
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Image Reference: 	(IKO, 2022)
[bookmark: _Toc97472430]3.1 System of Enclosure 
Likewise with the roof structure, a consideration when selecting the system of enclosure for the building is to identify the application and purpose of the building in order to select the most suitable system. The system of enclosure is effectively an external wall on a domestic building which needs to facilitate the same functional requirements and needs. A few considerations which need to be evaluated upon selection of the system include:
Strength and Stability: The system needs to be sufficient in regards to the frame. Within this case, the frame is a steel framed system in which the loads will be transferred through the frame itself, therefore the external walls won’t play a part in this transmission (load bearing walls). 
Weather Resistance: The system needs to be sufficient in weather resistance but also needs to have an element of natural lighting and ventilation (Cotgrave, 2014).
These are just a few considerations, the list is not exhaustive and throughout the design process, more considerations will accompany those.
There are various other aspects that need to be considered within the system of enclosure such as:
· Thermal and Sound Insulation
· Correct U-values attained
· Fire Resistance
· Ventilation
· Aesthetically pleasing

[bookmark: _Toc97472431]3.11 Cladding (Non-loadbearing) 
A suitable choice of an external enclosure for the building would be a non-load bearing cladding. The non-load bearing cladding is often referred to as preform which is preformed cladding panels, which are manufactured in accordance with the frame, incorporating aspects such as window and door openings. The exterior finish of the cladding can be chosen but a suitable selection of the exterior finish on the office block would be a brick finish. The main concept of the external enclosure is to keep the building weather tight but careful consideration is required when using non-loadbearing cladding as an allowance is required for differential movement which occurs between the frame itself and the panels. This factor is maintained by selecting the right fitting of the panels. 
The brick cladding panels are essentially brickwork, which is constructed within panels, which are supported with the correct supports and sealed by the cladding. A suitable fixing for these panels would be steel angle sections which are fixed to the steel framed structure itself. This would maintain the traditional look to the building which may be a factor in regards to getting the building planning permission but aesthetically, gives the building that ‘traditional’ look (Cotgrave, 2014). Below shows a detail of the brick clad panel, with the details and fixings of the anchor tie plates demonstrating how the differential movement is achieved: 
[image: ]
[bookmark: _Toc97472432]Conclusion 
As a conclusion, a primary structure has been selected which is considered appropriate for the building which includes a range of elements with justification behind the selection. Various drawings have also been produced, incorporating construction details, and assisting with the visual aspects of the components and elements selected. Due to the level of information received, some of the selections were based purely on assumptions and were selected purely as indicative overviews. 







[bookmark: _Toc97472433]Appendices 
[bookmark: _Toc97472434]Appendix 1 – Bore Hole Samples of Area
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