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Introduction

The aim of this project is to investigate the project proposal within the constraints of location (Appendix/Diagram 1), cost, time and 'buildability' (within regulations and standards) and give recommendations for Excavation works, Basement construction, Drainage solutions and Façade design.


Excavation Works to be carried out and Basement Construction Solutions
Excavation and Basement Construction 
The build will employ a 'top down' construction method (shown in Appendix/Diagram 6a/6b). The excavation area for the building structure is 30m x 30m to a depth of 11m. The access to this will be from the east elevation via a ramp with an area of 25m x 30m to a depth max. 11m. This is shown in Appendix/Diagram 2 and 3.
Stages of excavation works to site and basement construction -
· Clear and level site (use hardcore where necessary).
· Erect hoarding and gates to perimeter of site to protect site from unauthorised entry and passers-by from site activity.
· Perimeter of excavation to be piled (Appendix/Diagram 2 in red outline). These will be contiguous 'secant' steel reinforced (CFA) replacement piles (Appendix/Diagram 4), diameter 600mm with formulated ad mixes to waterproof the concrete and protect against sulphate attack. To the North, West and South elevations of the building this will be an element of the retaining basement wall. Ground anchors will be required to add support to the retaining wall as shown in Appendix/Diagram 5. A steel reinforced ring beam to then be formed to cap/connect the piles.
· Steel reinforced (CFA) replacement piles (main structural support) with Pre-cast support columns to be inserted. Formulated ad mixes used to waterproof the concrete and protect against sulphate attack. These will be plastic wrapped with a temporary concrete mix poured around. This will be removed after excavation down to the pile heads to reveal the pre-cast concrete layer.
· Ground floor excavated.

· Shuttering and steel reinforcement put in place.

· Ground floor slab laid with any openings such as stairwells accounted for. This will be abutted to the secant piles with steel reinforcement.
· Access ramp excavated to depth ready for side access to excavate beneath ground floor slab. Ramp will require temporary sheet steel piling to support vertical excavation.
· Soil excavated beneath ground floor slab by 30 tonne tracked excavator. Can be brought to ground level by second excavator or by articulated dumper via ramp.

· After next slab laid beneath ground floor slab (level -1) - Access ramp excavated to depth ready for side access to excavate beneath slab. Ramp will again require temporary sheet steel piling to support vertical excavation.

· Soil excavated beneath slab by 30 tonne tracked excavator. Can be brought to ground level by articulated dumper via ramp.

· Process repeated to depth of 11m for foundation raft slab. 

· Raft foundation design, depth and reinforcement of this to be structurally calculated. Abutments to structural pile foundations and secant piled wall to be adequately reinforced to cope with shear, compression and tension forces placed on it. Unlike previous floor slabs laid to shuttering this raft foundation will be laid onto hardcore, sand blinding and tanking membrane.
· East wall of steel reinforced shuttered concrete can now be constructed up from the raft foundation. Where abutted to the existing secant piled wall and floor slabs must be adequately reinforced to cope with shear, compression and tension forces placed on it.
· Whilst lower levels (beneath the ground floor slab) are being excavated and constructed the upper floors can be constructed. For each floor - 

· Columns will be constructed from steel reinforced concrete. 

· Shuttering placed.

· Steel reinforcement put in place. This must withstand all forces of potential shear and tension especially critical at abutments, joints and intersections.

· The slab poured. 
· Note that consideration given to temperature and curing time of concrete to specification. Also joints between pours must be designed to abut with maximum surface area. Control joints will also be required to design specification. Minimum of 50mm coverage of steel reinforcement.
Soil volume and transport calculation
*Assumption made that the site to be excavated to a depth of 11m and that there will be no area on site to store soil for backfill.
Footprint of building -

30m x 30m x 11m = 9900m3
Access area (ramp) -
Each area (shown on the ramp excavation plan Appendix/Diagram 3.) has a triangular volume plus a rectangular volume above to ground level. The depth of each section (and length for section G) has been calculated with the following formulas -

(degree pitch / 100) x (depth / length)
 and for 180o turn.. 


C = 2 πr
and 
C/2 = πr

Length = π x 2.25m = 3.53m
Where we know pitch for turns to be 8%, straight length 12%, we can calculate the height of the fall (x) for each section with the formula -
(Pitch / 100) = (x / Horizontal length)
A.


12 / 100 = x / 25.5m



100x = 306m



x = 3.06m

B, D and F.
8 / 100 = x / 3.53m




100x = 28.24m




x = 0.28m

C and E.

12 / 100 = x / 21m



100x = 252m




x = 2.52m

For Ramp G. we need to calculate the ramp length given 11m less the falls calculated from the above sections (11m - 3.06m - 3(0.28m) - 2(2.52m) = 1.22m)




12 / 100 = 1.22m / Length




12 x Length = 122m




Length = 10.17m

With the calculated dimensions the volume of soil for each area will be -



A. (25.5m x 3.06m x 4.5m) / 2 = 175.57m3
B. ((9m x 0.56m x  4.5m) / 2) + (9m x 4.5m x 3.06m) = 135.27m3
C. ((21m x 2.52m x 4.5m) / 2) + (21m x 4.5m x 3.62m) = 461.16m3
D. ((9m x 0.56m x 4.5m) / 2) + (9m x 4.5m x 6.14m) = 260.01m3
E. ((21m x 2.52m x 4.5m) / 2) + (21m x 4.5m x 6.7m) = 752.22m3
F. ((9m x 0.56m x 4.5m) / 2) + (9m x 4.5m x 9.22m) = 384.75m3
G. ((10.17m x 1.22 x 4.5m) / 2) + (10.17m x 4.5m x 9.78m) = 476.50m3
H. 15.3m x 4.5m x 11m = 757.35m3
I. 30m x 7m x 11m = 2310m3
Total volume for access area = 5712.83m3

Total volume for site excavation = 15612.83m3
Using the bulking factor table (Appendix/Table1) - 8m (sand, gravel, soft clay, made ground) of our excavation will have a bulking factor of 5 - 20%. 3m (dense clay) that of 20 - 40%. A safe estimate for this excavation will be 25%.

With a volume of 15612.83m3 the bulking factor brings this to 19516.04m3 (about 19500m3).

A cubic metre of soil will weigh between 1.2 - 1.7 metric tonnes, a conservative mid-point at 1.5 metric tonnes. An 8 wheel tipper truck will carry 20 tonnes or 13.33m3. From the soil volume calculated previously at 19500m3 this equates to approx 1460 tipper loads.
Transport of the soil can be optimised by calculating the transport cycle and choosing the correct plant.
For the majority of the excavation (upper two floors) the hydraulic excavators will be loading the tipper trucks, as the excavation progresses lower the articulated dumper and then loading shovel will be used. Both have a load capacity of 0.8m3. Time taken for each load is 40 seconds. The tipper trucks specified will carry 13.33m3 and take 3 mins to unload/tip.
 Loading time = (13.33m3/0.8m3) x 40 seconds = 666 seconds = 11 mins
The soil is to be transported 5 miles away through a city centre. Working on an average speed of *30mph..

Journey time = 5miles/30mph = 1/6 hrs = 10 mins.

One transport cycle 
= Loading time + 2 way journey + tipping time




= 11 mins + 20 mins + 3 mins = 34 mins.

Cycle time/Loading time = 3.09

The optimum amount of Tipper trucks will be 3.

*The average of 30mph is an estimate. Further investigation will be carried out to obtain a 'real-world' figure taking into account traffic desity and time of day.
Plant Machinery Required
· 3 x Tipper Truck - 8 wheel, 20 tonne, 13-15m3 capacity
· Wheeled Loader - 9 tonne, 0.8m3 Bucket capacity
· 2 x Articulated Dumper Truck - 4 wheel, 9 tonne, 4m3 Skip (bucket) capacity
· 2 x Excavator - 30 tonne, tracked with 0.8m3 capacity general purpose bucket (heaped load) and grading bucket.
· Supporting Static Tower Crane

· Continuous Flight Auger (CFA) Pile auger Rig (50 tonne)
· 60m KCB Concrete Pump

· Diesel Generator Bank
· Air Compressors

· Ventilation System

All vehicles must comply with exhaust emission standards and weight regulations.
Temporary drainage equipment
· Multi-stage Wellpointing system -

· At least 2 x Diesel powered high pressure centrifugal pumps, one at each ground level 

· Number of wellpoints to be specified by dewatering specialist
· Swing pipes, header pipes and run-off pipework

· Sump dewatering -
· At least one Diesel powered high pressure centrifugal pump

· Sump drain collection point/s with suitable pipework and filters

Safety protections
· Site to have hoarding barrier around perimeter and lockable gates to prevent unwanted access.

· CCTV security monitoring.

· Flood Lighting to site.

· Hazard warning signs at entrance and within site.

· Barriers in place to protect from falling into excavated level below.

· Potential danger from contaminated land - this site is listed as a contaminated area and 'made ground' from potentially dangerous substances/materials from an Industrial past. Regular soil testing must be undertaken to establish whether contaminants are present. Note.. This site is adjacent to the location of the historic 'Contagious Diseases' hospital. i.e. possible organic contaminants.
· Ventilation to lower ground excavations.

· Personal Protection Equipment (PPE) for all site workers and visitors.
· Vehicles to have a turn-round area and reversing alarms.
Permanent and temporary drainage systems
Temporary drainage 
This will be required for site prior to and during works. Rainwater and groundwater will have to be drained from site so as not to hinder the construction process. As the site excavation becomes deeper it will fall below the groundwater level and so will require further drainage. I would recommend the following measures -

· As described previously the excavation site perimeter for the build and the access area is to be walled with contiguous secant steel reinforced concrete piles. The concrete mix will have a specified admix to reduce water permeability. The piles will not be completely waterproof but will retain much of the external surface and groundwater.

· Installation of a Wellpoint system before excavation commences. This can be used to reduce the water table in and around the excavation area. Under high positive pressure the well heads are 'water jetted'/bored to the required depth. At this site the test bores showed the water table to be just over 5m deep with the excavation required to at least 11m with the drain below that. For this reason multi-stage wellpointing will be used. The first stage of wellpoints used to lower groundwater levels down to 6m. When the excavation has reached a 6m depth the second stage of wellpoints will be installed at that lower level capable of lowering groundwater levels down to 12m.  The water will be pumped by a high pressure centrifugal diesel pump. This can be seen in Appendix/Diagram 8a.
· During the excavation a sump trench or trenches will be made and maintained to gather surface and ground water excess. The sump trench can be gravel filled to reduce solids from entering the water. A mesh will also be used at pump collection head/drain. The water will be pumped by a high pressure centrifugal diesel pump at ground level. This must be capable of pumping from a depth of 12m. This can be seen in Appendix/Diagram 8b.
· The water run-off from the wellpoint system and sump pump will be directed to a suitable groundwater drain and filtered to collect any solids.
Permanent drainage 
Solutions for the basement need to be addressed, considering the lowest point is 11m below ground level, approx 6m below the recorded ground water table. Although this structure may be classed as a requiring Grade B protection (for car parking or plant rooms) under BS 8102:2009 due to its risk of flooding Grade C protection will be appropriate. NHBC state "Where ‘Grade 3 protection’ (see Clause D7(a)) is required, and the below ground wall retains more than 600mm, measured from the lowest finished floor level, the waterproofing design should include a combination of two of the Types of waterproofing systems", (Nhbc.co.uk, 2020).  A combined waterproofing system is advised for this situation and is detailed in Appendix/Diagram 7.
The following measures to be carried out -
· Cap the pile heads with an epoxy mortar.

· Lay a tanking membrane on top of the sand blinding to sit underneath the raft foundation.

· Cut a sump trench/channel in the slab.
· Shotcrete the rounded pile surface to smooth out to a more uniform flat surface.

· Apply a cementitious waterproofing slurry to the shotcrete, sump trench and top of raft slab.

· Fit a drainage layer and waterproof membrane to wall and floor slab.

· Lay the floor screed and construct steel reinforced concrete wall.

· Fit a primary and secondary pump capable of pumping to a height of at least 12m.

Solution of the vertical envelope
Recommendations for vertical façade materials, the following elements are shown in building concept Appendix/Diagram 11. -
· Walls - The wall panels are to be Kingspan Architectural Quadcore KS1000 100mm thick (to achieve U-value requirement (Wales) of less than 0.22W/m2K, Building Regs. Part L2A). These will be in matt dark grey, matt copper and gloss black.
· The panels will be oriented horizontally in 3m or 1.5m lengths. These will be fixed to Kingspan Structural Multibeam cold rolled galvanized steel channels affixed vertically to the concrete floor slab side (end) face with galvanized steel cleats. (Bearing width: Min 60mm intermediate, Min 130mm vertical joint) . This is detailed in Appendix/Diagram 9a/9b.
· The tower is also to have Kingspan Benchmark Thin Brick Façade System as a decorative feature to break up the (potentially monolithic) appearance of the façade. This will also blend the building morso in keeping with the surrounding buildings. This is shown in Appendix/Diagram 12.
· Kingspan also offer a raised decorative panel fixing system to be mounted with standard panels. This is shown in Appendix/Diagram 10.
· Panel joints to be sealed with Kingspan AWP filler and non-setting gun-grade, PremSeal BR or similar, site applied at the end of each panel where flashings pass over the joint.
· The corner units will be pre-formed (seamless), affixed in the same manner as straight panels.

· The top floor will be designed and fitted by a specialist commercial glazing sub-contractor due to its bespoke nature. Frames to be specified as powder coated aluminium.
· Windows and doors - Kingspan Flushglaze 4500 Integrated will be used. These will achieve a U-value rating of less than 2.2W/m2K (requirement for Wales Building Regs. part L2A) Frames to be specified as dark grey powder coated aluminium. This is shown in Appendix/Diagram 10.
Conclusions

This project, though quite typical in design has many challenging aspects to the design and implementation of the construction. The main considerations for this project were -


Location - The site is located near the seafront, exposed to salt air and high levels of precipitation and wind. The water table is high with an element of salt water. The site is large enough for the build but with little accommodation for excavated soil. These issues were solved with a high quality façade system, adequate dewatering systems (both externally and internally) and a strategy for transporting the soil off-site and for excavating the access. 

Time, cost and quality - The top-down construction technique offers savings in time employing a concrete frame design that is simple, 'tried and tested' and cost effective. Arguably a concrete frame structure is also more robust in areas if high precipitation and wind. 

Regulations - This building will easily achieve building regulations such as insulation, fire protection, energy use and BREEAM due to it's 'tried and tested' design with many similar projects for comparison. The façade system also enables changes (if necessary) to the overall look of the building to help through the planning stages pre-construction.
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Appendixes

Diagram 1 - Site Map and Location

Paxton St. Car Park adjacent to Swansea County Hall and Oystermouth Rd.
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(Google Maps, 2020)
Diagram 2 - Site Area and Access
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Diagram 3 - Ramp Design and Excavation
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Diagram 4 - Steel Reinforced Continuous Concrete Secant Piles
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Diagram 5 - Ground Anchor through Piled Wall
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Diagram 6a - Top Down Construction
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Diagram 6b - Top Down Construction
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Diagram 7 - Combined waterproofing design for secant piles
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Diagram 8a - Temporary Site Drainage - Wellpoint system
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Diagram 8b - Temporary Site Drainage - Sump pumping
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Diagram 9a - Fixing Kingspan panel with channel and cleat
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Diagram 9b - Fixing Kingspan panel with channel and cleat (plan view)
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Diagram 10 - Façade window detail side section(with decorative cladding)
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Diagram 11 - Conceptual Design and Façade
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Diagram 12 - Kingspan Benchmark Thin Brick Façade System
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(Kingspan | USA, 2020)

Table 1 - Bulking class and nominal bulking factor range with typical lithology characteristics -

	Class
	Typical class lithology
	Bulking factor (%)

	1
	Sand and/or gravel, very soft to soft clay or silt.
	5 to 20

	2
	Firm (and stiffer) clay and silt, mudstones that break-up easily during excavation, peat.
	20 to 40

	3
	Weaker rocks that are likely to break into a wide variety of particle sizes, sand to cobble or even boulder.
	40 to 55

	4
	Medium strong rocks (and stronger) that are likely to break into a variety of blocks sizes and block shapes.
	50 to 65

	5
	Strong (and stronger) rocks that form generally blocky material when excavated.
	>65

	6
	Not applicable, relates to non-geological deposits e.g. water bodies.
	N/A


(Earthwise.bgs.ac.uk, 2020)
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