Modern and Traditional: Assignment 1                                    Tomos Morgan Williams 2015298
Case Study to:
Select and briefly describe a system of primary structure that      you consider appropriate for the building.
And
Select and describe a system of enclosure that you consider appropriate for the building, conducive to the primary structural system than you have selected in Task 1
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1.0 [bookmark: _Toc97580005][bookmark: _Toc97581318]Introduction

Within this illustrated written essay, I will be choosing and describing a system of primary structure for an office building.  This will include my choice of foundation, chosen for its suitability to the ground conditions and ability to appropriately bare the weight of the building structure.  I will also determine the use of best structural elements for the building and show, through overlays on plans, the suitable placement of these elements within the structure.  This will include columns, walls, beams, and floors, all chosen to optimise the integrity of the building.  This will also include choice of roof, imperative to keeping the building watertight.  

I will be identifying the most appropriate system of enclosure for the building, based on its capability to protect the internal structures from the elements, also taking into consideration ease and timing of installation of the system, contributing to overall cost effectiveness of the project.  

[bookmark: _Toc97580006][bookmark: _Toc97581319]2.0	Primary Structure

A structural steel frame would be an appropriate method for creating the buildings shell.  Walls, floors, roofs, and bracing members are the basic steel structure elements that may be configured to have a system that assists in structural stability based on the type or purpose of the building, the nature and intensity of the applied loads, and the design life required.  A structural framework system transmits all lateral and gravitational loads to the steel framework, which is then passed to the foundation (Anon, 2022).

[bookmark: _Toc97580007][bookmark: _Toc97581320]2.1	Foundation Type

The foundation type that I consider appropriate for this building would be pile foundations.  The foundations would need to go lower than 5 m below ground level to reach an appropriate load bearing strata as indicated in the borehole log for the site.  As such they would be classified as deep foundations.  Foundations sustain structures by transmitting their weight to layers of soil or rock with enough bearing capacity and acceptable settling characteristics.  Deep foundations are needed when the bearing capability of the surface soils is insufficient, and loads must be moved to deeper layers with better bearing capacity.  Pile foundations are classified as deep foundation.  They are formed out of long, slender columnar pieces made of steel or reinforced concrete, but can also be made of wood.  Pile foundations are used to transfer loads from superstructures to deeper, stronger, more compact, less compressible, and stiffer soil or rock, hence increasing the effective size of a foundation and resisting horizontal stresses.  They are typically used for huge structures and when the soil is insufficient to prevent excessive settling.  Piles can be used alone or in groups, with a reinforced concrete cap connecting them.  Pile caps give a more solid foundation by distributing the building's weight across a larger area.  They function similarly to piled raft foundations, with a concrete slab sitting on possibly moving soil atop a sequence of piles (Anon, 2022).

The number of piles in the group and their spacing dictate the shape and plan dimensions of the pile cap. Pile caps normally come in one of three styles:

· Triangular (for 3 piles).
· Hexagonal (for 6-7 piles).
· Rectangular (for all other number of piles) (Anon, 2022).





[bookmark: _Toc97580008][bookmark: _Toc97581321]2.2	Columns

Columns in braced frames are normally UC sections that are longitudinally attached at appropriate points, often every two or three floors in large structures.  Beam to column connections is made either to the flanges of the column or to the web of the column.  It may also be necessary to stiffen the columns locally at load transmission points, such as moment connections in beams.  Hollows in the shape of a square or a circle Sections are particularly efficient under compression because they are less prone to buckling than open sections.  Round and square sections are widely used as thin columns.  The main design challenge is the connection to the face of the column, which is typically in the form of welded fin plate with bolts to the beam web.  End plate connectors can be used with expanding anchors or proprietary fixes.  To increase compression and fire resistance in columns, concrete encasement and concrete infill can be employed.  Without reinforcement, in filling between the flanges of a H section column, for example, can increase its fire resistance by up to 60 minutes while preserving the sections outward dimensions.  By filling hollow areas with concrete, their fire resistance may be extended to up to 60 minutes without reinforcement and up to 120 minutes with reinforcement (ANON, 2021).

[bookmark: _Toc97580009][bookmark: _Toc97581322]2.3	Beams

Cellular beams are beams with small, uniform apertures spaced along their length.  Either three plates or rolled pieces are used to construct the beams.  Openings or cells are often circular, making them perfect for circular ducts, although they can also be elongated, rectangular, or hexagonal.  At high shear locations, such as supports or either side of point loads along the beam, cells may need to be filled in to make a solid web.  Cellular beams can be used as long span secondary beams that directly support the floor slab, or as long span primary beams that are aligned parallel to the span of the slab and support additional cellular beams or traditional rolled section secondary beams.  Secondary beams are commonly spaced three to four meters apart, with primary beams on a 6m, 7.5m, or 9 m column grids supporting them.  The decking slab can be created using the design tables provided by the manufacturer or software (Ugorgji, 2020).
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Description automatically generated]  (Ugorgji, 2020)
[bookmark: _Toc97580010][bookmark: _Toc97581323]2.4	Floor

The type of floor slab that would be appropriate is a composite slab comprised of lightly reinforced concrete cast on profiled steel decking.  The slabs are frequently strengthened with an upper layer of mesh and, in certain circumstances, additional bars in the troughs usually for longer periods of fire resistance and heavy loads.  Another approach is to use fibre reinforcement.  Trapezoidal decking can support spans of up to 4.5 m and 80 mm deep.  Deep decking profiles more than 200 mm deep are also available, allowing for 6 m or longer spans without the requirement for propping during construction (ANON, 2021).
                           [image: ] (Anon, 2020)

When time is of the essence, composite slabs are a viable option.  Decking bundles are hauled into position on the steel structure in preparation for hand distribution.  The number of crane lifts required is greatly decreased when compared to the precast alternative.  The ability to organise decking components into bundles reduces delivery time and costs.  Once constructed, the decking provides extra benefits such as a working platform and a product storage space.  If appropriately orientated and secured to the steel beams, it can avoid lateral torsional buckling.  The decking ribs, in their final state, operate as void formers in the slab, decreasing the weight of the floor structure and giving other benefits.  Anchors designed to fit into the decking profile can also be used to suspend services from the soffit of the composite slab.  There are many methods for controlling the concrete level during construction.  Essentially, either the concrete depth or the top surface may be maintained. The weight of concrete will vary depending on which of these choices is employed, thus it is vital that the designer successfully communicates with the building team.  When an exposed soffit is required to display thermal mass, a thermally transparent suspended ceiling can be used.  The additional soffit surface area created by the decking as opposed to a flat concrete face might be useful (ANON, 2021).



[bookmark: _Toc97580011][bookmark: _Toc97581324]2.5	Internal Walls

The internal walls will be a mix of moveable panel wall systems and metal stud work partitioning for an adaptable workspace.  Movable walls, also known as operable walls, demountable walls, or sliding walls, are floor to ceiling barriers or panels that may be moved to modify spatial layouts.  The goal of moveable walls is to divide a large room into several smaller sections with minimum effort.  They can divide a school hall into many multipurpose spaces for concurrent physical activity or separate a huge conference venue into smaller lecture rooms.  When not in use, the dividers are folded, shifted, or concealed in order to save space.  Some movable walls are fixed in place.  They are retracted in place when not in use.  Others are only temporary and are removed, relocated, and replaced when needed in other regions.  Movable walls are classified into two types, modular and unitised (Anon, 2022). 

[bookmark: _Toc97580012][bookmark: _Toc97581325]2.6	Flat Roof Construction

I would consider an inverted roof to be appropriate for the building.  The major thermal insulation layer is positioned not only above the roof structure but also above the waterproofing in an inverted roof construction, resulting in a temperature comparable to that of the interior of the building for the waterproofing, structural deck, and support structure.  There is no need for a vapour control layer.  This flat roof is commonly found on government buildings, hotels, residential complexes, and hospitals.  It is perfect for intensively frequented rooftops like car park decks, patios, and roof gardens.  Thermal insulation should be resistant to water absorption, thick enough to handle the stresses placed on it, and have overlapping or interlocking connections to reduce thermal bridging.  A water flow reducing layer (WFRL) should be put over the insulation layer to help the flow of water to drainage outlets and to regulate the movement of water and guard against dirt and grit penetrating the seams between insulation boards (Bauder, 2022).


[image: Timeline

Description automatically generated with medium confidence]1. Surfacing / Ballast (e.g., paving or pebbles) 
2. Water Flow Reducing Layer 
3. Inverted Roof Insulation Boards (e.g., extruded or expanded polystyrene) 
4. Waterproofing System 
5. Structural Deck (e.g., concrete)


(Bauder, 2022)       
[bookmark: _Toc97580013]
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[bookmark: _Toc97581326]3.0	System of Enclosure

An appropriate system of enclosure for the building would be light steel infill panels with brick cladding system and some largely glazed sections.

[bookmark: _Toc97580014][bookmark: _Toc97581327]3.1	Curtain Wall Glazing
Metallic lightweight cladding or glass cladding systems that are directly supported by a structural frame are referred to as curtain walling.  To enhance the illusion of a far more solid cladding system, a stone veneer or big tiled fascia may be added in some circumstances.  Curtain wall systems are made up of factory produced components that are either formed up into panels at the factory and then sent to the job site as interlocking units (unitised curtain walling) or delivered to the job site as components and erected on the building (stick curtain walling).  Because external access to the building elevations is necessary, such as from scaffolding or wall climbing work platforms, stick curtain walling is more typically utilised on low rise buildings and in relatively limited regions.  This technology is used on high rise structures because unitised curtain walling may be designed to be constructed without the need of the main crane.  A miniature crane positioned on the office level, or a hoist mounted on a temporary rail all around the building exterior can be utilised (ANON, 2021).

[bookmark: _Toc97580015][bookmark: _Toc97581328]3.2	Light Steel Infill Walls

There are two types of light steel walls: 

· Infill walls made of light steel that run between the floors or between the floor and the edge beam. 
· Panelised systems that are attached at distinct points and are located outside the slab edge (ANON, 2021). 

Because of the ease of installation and the possibility to offer cut to length C sections for the projects specific as built dimensions, light steel infill walls are becoming more popular.  One of the most significant developments in the last ten years has been the development of light steel infill walls.  Light steel infill walls are made up of C sections that span 2.4 to 5 metres between floors and are designed to withstand wind stresses on the building facade as well as the weight of the cladding system attached to them (ANON, 2021).

Light steel infill walls provide the following advantages:

· Rapid construction technique with a daily installation rate of over 50m2.
· Less materials handling on site than brick and blockwork.
· Tall barriers of up to 5 m and strong wind pressures of up to 2 kN/m2 are possible.
· Creating huge windows without wind posts is possible.
· Minimum material consumption (less than 5kg/m2 of steel in the facade) 
· No on-site waste when C sections are delivered cut to length
· It may be utilised in a variety of cladding systems.
· Can be removed and re-used in building additions, etc (ANON, 2021).
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Description automatically generated] (ANON, 2021)


The height of the wall and the wind forces operating on the facade determine the design of light steel infill walls.  C sections are typically 100 to 150mm deep, with steel thicknesses ranging from 1.2 to 1.6mm.  The C pieces are spaced 400 or 600mm apart, which is suitable with the interior plasterboard and exterior cladding attachments.  Pairs of C sections can be placed vertically next to the apertures, and occasionally above and below the holes, to create large openings.  Without modifying the section size, the steel thickness may be adjusted throughout the facade.  Wind pressures, for example, are stronger near the corners of structures and rise with height.  The types of cladding that are applied determine the deflection limitations that are stipulated in the design.  Individual C sections cut to length and put between the floors or edge beams are the most common light steel infill walls.  The C sections are connected to a U-shaped bottom track that is secured to the slab. The C sections slide in a U-shaped top track fastened to the underside of the edge beam or floor slab at the top of the wall, allowing relative movement without compressing the wall. In a concrete framed structure, a minimum of 20mm relative movement is recommended, whereas in a steel framed building, a minimum of 10mm is recommended.  To resist the weights passed across the window, pairs of C sections are frequently installed on either side of the aperture.  Powder-actuated pins attach the U rails to the concrete floor slab.  The construction procedure is quite quick, and no exterior scaffolding is required until the facade is affixed to the building.  The walls can also be prefabricated and erected as big panels, with the cladding often already connected (ANON, 2021).




[bookmark: _Toc97580016][bookmark: _Toc97581329]4.0	Conclusion

To conclude, there are many options that can be used for primary structure and primary enclosure when constructing an office building.  The options I have chosen and identified I feel are deemed best for this type and size of structure.  The foundations selected are appropriate and able to withstand and support the weight of the structure, minimising the risk of subsidence.  The other primary structure elements I have chosen, such as beams, columns and roof will all contribute to uphold the integrity of the structure, making a safe and secure building.  The internal wall locations will maximise the functionality of the office space.  The system of enclosure I have chosen will protect the building from outside elements such as rain and wind.  It will also maximise natural light into the building through the glazing panels.  The insulation provided will help to regulate temperature inside the office building, all contributing to lower running costs and a comfortable working environment.     
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