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1.0 [bookmark: _Toc102560561]Introduction 

It is understood the site will be developed into a two-storey student accommodation with retail units on the ground floor level of the building. A commercial landscape with on-site car parking will be corporate on to development. The topography of the site is to be known as flat consisting of a Beach Marine Deposit such as shingle, sand, silt, and clays.
Drawings corporate within the report are formed from AutoCad.

[bookmark: _Toc102560562]2.0 Excavation
500mm of soil to be excavated to be replaced by 500mm of 6ft structural stone fill. This will provide a stone mat for the piling rig. The bearing capacity is required to be checked prior piling.

[bookmark: _Toc102560563]3.0 Foundation
Given the variability of the made ground properties of the Beach Marine Deposits shown on BGS 1:50 000 scale superficial deposit which consists of shingle, sand, silt, and clays. It is recommended for the proposed building foundation to be precast concrete driven piles for the SA1 Student Accommodation development. This will be a grouped triangular friction piles which is recommended from the superficial deposit and the borehole information available for that area.
(Steff Ground investigation)
[bookmark: _Toc102560564]3.1 Description
Precast Concrete piles are manufactured off-site in standard lengths around 15m. Self-erecting hydraulic piling rigs with hydraulic hammers drive the piles into the ground until the required resistance or depth is reached. To meet the required depth for efficient bearing capacity, piles can be jointed using a Multijoint (Mechanical interlocking joint) or a UNIjoint (for compressive loading). A friction pile will be used instead of a load bearing pile. Friction piles work by transferring loads from the structure to the soil through the shear stresses along the side of the piles which will bear capacity.  They’re best used in situation such as the site we have in SA1, when hard underlayers or bedrock are too deep to efficiently reach. The piles can be manufacture in four standard sizes from 190mm2 to 400m2 if required, ranging from 4-15 metres long. Sustainably, precast piles will use 100% certified and responsibly sourced concrete in accordance with BES6001 and will contain 25% Pulverised Fuel Ash replacement which will reduce 18% less CO2 per m3. We would recommend to corporate use sulphate resistance cement due to the marine environment prevent any corrosion to piles installed. 
[bookmark: _Hlk96262939](TECHNIQUE SHEET DRIVEN PRECAST PILING)

[bookmark: _Toc102562090]Appendix A- Technical Capabilities – Driven Precast Piles
[image: Table

Description automatically generated]
(TECHNIQUE SHEET DRIVEN PRECAST PILING)

[bookmark: _Toc102562091]Appendix B- Drawing of a friction pile and how it is works.
[image: Diagram

Description automatically generated with medium confidence]Load

Pile Cap





The load of SA1 student accommodation will transmits the load to the individual steel columns which is passed on to the pile caps and piles underneath. The “pile transmits load to surrounding soil via friction between surface of pile and soil which in effect lowers bulb of pressure”. 





“Deep layer of weak subsoil such as clay or silt”








(Chudley and Greeno's building construction handbook, Pg.272)


3.1.1 pile size[image: A picture containing table

Description automatically generated]
[bookmark: _Toc102562092]Appendix C- Pile Size
The precast concrete pile will be 250mmx250xx. These driven precast piles will be driven down between 23-29.5m into the underlying strata. It will be confirmed with the piling rig operator at what depth each pile has needed to hit to reach an efficient load bearing capacity.


3.1.2 Grouping of piles
The 250mm x 250mm piles will be grouped in triples. For steel columns a minimum of three piles is allowed to be implemented. This is the method that will be used, drilling in a triangular pattern with 1 metre centre distance between each of the three.
(Pile group | Group capacity of piles in cohesionless soil and cohesive soil)

[bookmark: _Toc102560565]3.1.3 Pile Cap 
[bookmark: _Toc102562093]Appendix D- Pile cap size
[image: ]The pile cap is concrete mat structure, it is placed in the required place for supporting the framework of the structure. Longitudinal section of reinforcement will be placed in the pile cap between the piles.
(Pile group | Group capacity of piles in cohesionless soil and cohesive soil)
Dimension of the pile cap are shown in appendix D.



[bookmark: _Toc102560566]3.2 Reasoning
Precast driven piles are the most effective due to the suitability and versatility for most ground conditions, predominantly suited with strata found at the SA1 student accommodation with made ground and soft alluvial deposits. The Contamination Risk Classification is low to medium risk. It is possible a pile could penetrate contaminated materials, alterations of a cast in concrete tapered end are available within the pile section which will meet Environment Agency guidelines. Noise disturbance can be kept to a minimum with piling techniques such as enclosed hydraulic hammers and rigs fitted with a ‘Junttan PM20 piling rig’ which creates a high noise suppression for the piling.
(TECHNIQUE SHEET DRIVEN PRECAST PILING)

The piles are not load bearing meaning they will not hit bedrock. The method used will be friction piles which is an effective and feasible way to transfer loads when strata are becoming economically unfeasible to continue some grounds to reach bedrock for a load bearing pile. 

[bookmark: _Toc102560567]3.2.1 Strengths
· No spoil generated on site
· Speed of installation
· Piling unaffected by ground water 
· Ready for immediate follow-on construction 
· Pile cutter can be used to reduce wastage 
· Suitable for small to large complex projects 
· Capable of accommodating simple compressive loads or complex combined loadings
	Borehole depth
· Dug hole 0-7.5m
· Concrete 7.5-8m
· Sand 8m-8.5m
· Shingle 8.5m-10m
· Clay and sand 10m-16m
· Sand 16m-18m
· Clay and Peat 18m-20m
· Stone and Clay 20m-23m
· Grey Sandstone 23m-25m
· Grey Rock 25m-29.5m
· Sand and stone 29.5m-34.5m
· Grey rock (very ragged) 34.5m-37m
· Permanent rock (core of) 37m-39m
· Coal and Shale 39m-40.5m
· Fine clay 40.5m-42m
· Rock 42m-42.5
· Fine-clay, shale, and coal 42.5m 45m
· Rock 45m-48m


 (TECHNIQUE SHEET DRIVEN PRECAST PILING)

[bookmark: _Toc102560568]3.2.2 Borehole information available
[bookmark: _Hlk96079632]The borehole is located on reference SS69SE12 and called DAN-Y-GRAIG, SWANSEA, ENGINE SHEDS. It was bored in 1900 to the depth of 48m. This borehole was chosen due to borehole sheets being clear to read and been bored to greater depth to the rest of the boreholes in the area.
Reference: SS69SE12
Name: DAN-Y-GRAIG, SWANSEA. ENGINE SHEDS 
Length (m): 48.160000
Date: 1900
Easting: 266960
Northing: 193140
Record: Scan

(British Geological Survey)
[bookmark: _Toc102562094][image: ]Appendix E- borehole location
(British Geological Survey)

[bookmark: _Toc102560569]3.2.3 pile depth required due to borehole information available
We recommended in the region of 23-29.5m required depth for the precast piles. The grey sandstone to grey rock area should give efficient bearing capacity on each pile compared to strata between 1-23m. This area consisting of sand, shingle, clays, and peat. It would be checked by the piling rig operator when piling. The machine will indicate on each pile when it reaches its efficient bearing capacity. 
[bookmark: _Hlk96095056]The pile will not hit bedrock. 23-29.5m was the chosen depth to transfer the load bearing of the column/building down the shaft of the pile into the underlying strata. Also, the ground before 23m is poor with combination of sand, shingle, clays, and peat. Coming down this far will allow the loads to transfer to better grounds such as grey sandstone and grey rock.

Suitable Circumstances?
· Large structures with excessive loads
· Sandy, silty, clay soil properties (also easy to drive through these soils)
· More feasible than load bearing piles

[bookmark: _Toc102560570]3.3.3 Why group the piles and use a pile cap?
Grouping the piles will allow the load of the columns to transmit to the slab. The slab load will act on the pile cap which will distribute the load to each of the friction pile of the group of three. The steel columns will support the structure of the building. It is vitally important that load of the building transmit all the way back down to the pile caps and piles to prevent any subsidence.
[bookmark: _Hlk96267610](Pile group | Group capacity of piles in cohesionless soil and cohesive soil)

Driven group piles will settle significantly different from that of a “single pile at the same average load level due to group effects”. The ultimate load of the supported group of piles perhaps not be “equal to the sum of the ultimate load which can be carried by each pile within the group, and therefore consideration must be given to the pile group efficiency”.
(Tall building foundation design)

























[bookmark: _Toc102560571][image: ]4.0 piling layout 
[bookmark: _Toc102560572]4.1 Pile cap layout 
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[bookmark: _Toc102560573]5.0 Structural report
[bookmark: _Toc102560574]5.1 Description
The structure for the proposed SA1 Student Accommodation is to be constructed from structural steel members. The structural framing system for the 2-storey building will consist of steel columns, and beam which will be joined together. These elements of the building are attached to beam foundation which are sat on driven piles and pile caps.

[bookmark: _Toc102560575]5.1.1 STRUCTURAL ELEMENTS
1. Beams and girders: members carrying lateral loads in bending and shear. 
2. Ties: members carrying axial loads in tension. 
3. Struts, columns: members carrying axial loads in compression. These members are often subjected to bending as well as compression. 
4. Trusses and lattice girders: framed members carrying lateral loads. These are composed of struts and ties.
5. Purlins: beam members carrying roof sheeting. 
6. Sheeting rails: beam members supporting wall cladding. 
7. Bracing: diagonal struts and ties that, with columns and roof trusses, form vertical and horizontal trusses to resist wind loads and hence provided the stability of the building.
(Lam, 2017)
[bookmark: _Toc102562095]Appendix F- Steel components examples
[bookmark: _Toc102560576][image: See the source image]
5.1.2 Standard Steel Sections 
Standard cross Structural steel section and common bar lengths is 12 or 15m. Billets are hot rolled steel to form “bars, flats, plates, angles, tees, channels, I section and hollow sections” (Martin, 2017). Thickness ranges from “of 6, 8, 10, 12,5, 15 mm and then in 5 mm increments” (Martin, 2017). Thickness varies due to “Universal beams, columns and channels, sections are identified by the nominal size” (Martin, 2017) by ‘depth × breadth × mass per unit length × shape. Stock plate widths are ranging from 1,1,25, 1,5, 2, 2,5 and 3 m, with them coming in lengths of 2, 2,5, 3, 4, 5, 6, 10 and 12 m. This is to reduce the amount of waste and cutting to the correct size.

[bookmark: _Toc102560577]5.1.3 Design standard for Steel
BS EN 1993 – Eurocode 3: Design of steel structures is the standard that covers steel structures. The Eurocode covers “both bolted and welded joints, and the possible slenderness of construction” (BSI). Eurocode includes new methods of design with semi-rigid joints and methods for cold formed steelwork from the existing British Standard.
BS EN 1993 covers below relevant specific British Standard to the Eurocode 3.
· BS EN 1993-1-1- General rules and rules for buildings. Replaces BS 449-2, BS 5400-3 and 
· BS 5950-1
· BS EN 1993-1-2- General rules. Structural fire design. Replaces BS 5950-8
· BS EN 1993-1-3- General rules. Supplementary rules for cold-formed members and sheeting. 
· Replaces BS 5950-5, BS 5950-6 and BS 5950-9
· BS EN 1993-1-4- General rules. Supplementary rules for stainless steels
· BS EN 1993-1-5- Plated structural elements. Replaces BS 449-2, BS 5400-3 and BS 5950-1
· BS EN 1993-1-7- Plated structures subject to out of plane loading
· BS EN 1993-1-8- Design of joints. Replaces BS 449-2, BS 4604-1, BS 4604-2, BS 5400-3 
· and BS 5950-1
· BS EN 1993-1-9- Fatigue. Replaces BS 5400-10 and BS 7608
· BS EN 1993-1-10- Material toughness and through-thickness properties. Replaces BS 449-2, 
· BS 5400-3 and BS 5950-1
· BS EN 1993-1-11- Design of structures with tension components
· BS EN 1993-1-12- Additional rules for the extension of EN 1993 up to steel grades S 700
(BSI)
[bookmark: _Toc102560578]5.1.4 Fire protection 
The structural steelwork needs fire protection due to it performing badly in fires and being a multi-storey building. It is recorded that at 550C that the yield stress falls by approximately “0.7 of its value at normal temperatures; that is, it has reached its working stress and failure occurs under working loads” (Lam, 2014). All steelwork of the frame will be fire protected with an intumescent paint sprayed on to it. The Welsh edition approved document B indicates the statutory requirements for fire protection.
(Lam, 2014)
[bookmark: _Toc102562096]Appendix G- Fire proofing steel
[image: See the source image]

[bookmark: _Toc102560579]5.1.5 Floor slab system
[bookmark: _Hlk97904339]A steel composite decking will be placed on storey 1 & 2. This composite decking base will transmit the loads from the columns down to the foundations on each of the floors. The composite slab consists of “profiled steel decking with an in-situ reinforced concrete topping” (Rackham et al., 2009). The two materials together work compositely providing sufficient shear bond and a permanent formwork for the concrete. Composite concrete slab is commonly used with steel columns in commercial builds due to the “speed of construction and general structural economy that can be achieved” (Rackham et al., 2009).
[bookmark: _Toc102562097]Appendix H- Concrete composite decking
[image: See the source image]

[bookmark: _Toc102560580]5.3.7. Sustainability 
Steel can be recyclable repeatedly without losing its properties and “saving natural resources and reducing construction waste in landfills, thus minimizing two major problems faced by the construction sector” (Simões et al., 2016). A steel structures that have been designed accurately are durable and can “last for years beyond its initial service life” (Simões et al., 2016). The “durability of steel, associated with the adaptability of steel structures, avoids the need for demolition and new construction” (Simões et al., 2016). 

[bookmark: _Toc102560581]6.0 Reasoning 

The design of a steel structure has been chosen over a concrete structure due to it being a simpler design regarding “member dimension, diameter of steel bar, and concrete grade must be determined” with concrete structure. The advantages of constructing in steel over concrete that it can be installed under all kinds of weather. Steel frame will be “fabricated off-site, the effect of weather on the progress of the project is minimal” (Tan, 2019). Concrete frames which are casted on site will be hindered by weather condition which will affect the progress of the project.
The construction of a steel structure is also easy because it only employs the welding or bolting process. Therefore, construction can be ﬁnished in a short time. Fabrication of concrete, however, takes a long time because of the casting and curing process involved. Both all-weather construction and ease of construction can efﬁciently reduce project duration, which is favourable for owners because they can generate proﬁt as early as possible.
(Steel structures design based on eurocode 3)

[bookmark: _Toc102560582]7.0 Benefits of composite construction

· Speed of construction 
A crane will be used to lift individual sheets on to the structure, sheets then can be installed by hand. Floors can be constructed quickly due to minimal steel reinforcement required with fibre reinforced concrete and large areas of the floors can be poured quickly. This could benefit the construction programme by reducing the installation period for the slabs and allow trades to begin on floors sooner. 
· Safe method of construction
The decking will protect workers below from falling objects due to covering the floor above them.
· Saving in weight 
Composite slab is a “stiffer and stronger than many other floor systems”, whilst being considerately lighter which will reduce loads on columns and foundation.
· Saving in transport
Reduce number of delivers required for the decking. A lorry can transport up to 1000m2 of pre-cut lengths of decking.
· Shallower construction
Reduce the height of the overall building compared to using non-composite construction due to “stiffness and bending resistance of composite beams means that shallower floors can be achieved”.
· Sustainability 
Steel is capable of being recycled repeatedly “without reducing its inherent properties”. This can be seen as a more sustainable solution than using a complete concrete slab, steel products could be re-used or recycled after demolition of the building.
· Easy installation of services 
The decking profile is grooved which can allow for dovetails to be fitted in the deck. Steel rods can be hanged from dovetails to attach cable trays and pipes for building services. 
(Composite Slabs and Beams using Steel Decking: Best Practice for Design and Construction, page. 2,3)

[bookmark: _Toc102560583]8.0 Advantages of steel in constructionSave cost
Easy for maintenance
Design Simplicity
Save Time
All Weather Construction
Recyclable
Advantages of Steel in Construction
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Appendix
https://kodiaksteelbuildings.com/wp-content/uploads/2018/06/Steel-building-system-Kodiak-Steel-Buildings.png
https://th.bing.com/th/id/R.904d9fbe319969a846b5ecbb4fa75ed4?rik=8Txnf2xQS1TUQA&riu=http%3a%2f%2fwww.swuksteeldecking.com%2fwp-content%2fuploads%2f2015%2f01%2fmetfloor_55_scale.jpg&ehk=48ORD9KWSQLeNYZperiWNMepP7ZxhBQ1ykBGP6TpxdI%3d&risl=&pid=ImgRaw&r=0&sres=1&sresct=1
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Specification From To

Practical Depth 3m Unlimited (72m longest to date)
Standard Pile Size 190mm? 235mm’ 275mm’ 350mm’ 400mm*
Typical Load Capacity 300kN 500kN 800kN 1200kN 1500kN

Note: piles are capable of carrying loads up to 25% more in optimum conditions

Pile Segment Length 4m 15m (1m increments)
Noise Profile at 10m 77-85db (rear of rig) 85-90db (front of rig)
Rig Height 12m 24m

Rig Weight 36,000kg 67,000kg

Rig Length 6.1m 9m

Rig Width 3m 4.7m
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