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[bookmark: _Toc387241472]INTRODUCTION
[bookmark: _Toc387241473]Background 
SLR Consulting Ltd (SLR) was commissioned by Bridgend Borough County Council in March 2014 to carry out ground investigation and geotechnical assessment for the construction of a proposed household waste recycling centre (HWRC) at Sturmi Way, Pyle, Bridgend, CF33 6BN, hereafter referred to as the “Site”. The site location is shown in Drawing 001.
Bridgend County Council is proposing the development of an HWRC with the construction of a raised tipping area in the south. The majority of the site will be developed with hardstanding, access roads and parking. SLR have conducted site investigation and associated lab testing with specific attention to guidance on the design of retaining structures and hardstanding access roads and parking.
SLR undertook the site investigation on 10th March 2014, comprising one day trial pitting with detailed logging, field testing and the collection of samples for lab analysis.
This report presents the findings of the trial pitting investigation and follow up lab investigations.
[bookmark: _Toc387241474]Proposed Development
[bookmark: _Ref387174390]The proposed HWRC development is described in detail in the Bridgend HWRC Feasibility report[footnoteRef:1]; the final design is termed Site 3 Option 9 detailed in section 5.4.3 of the WRAP report. The proposed HWRC site design is shown in Drawing 002.  The site includes access roads with a queuing area and parking spaces; the site is then divided into a low level public area with skips on a flat concrete surface with cars parked at the same level with a ramp continuing into the public upper area. The public upper area is set approximately 1.7-1.8m above the yard area with a 1.1m fence/concrete wall at the edge that allows skips to be set below the fence level.  [1:  SLR Consulting Ltd. HWRC Feasibility Report prepared for WRAP. March 2013] 

[bookmark: _Toc387241475]Objectives
This report presents basic site information and ground investigation to characterise the ground conditions beneath the site and allow guidance on the design of retaining structures and hardstanding access roads and parking. Ground and lab analysis will determine the allowable bearing capacity and geotechnical parameters to inform the design
[bookmark: _Toc387241476]Scope of Work
The scope of work for this assessment was devised by SLR, it included:
Preliminary risk assessment (desk study);
Preparation of a detailed Health & Safety Plan;
Provision of service utility plans and completion of a site service trace using electromagnetic methods and ground probing radar;
One day trial pitting using a wheeled backhoe excavator (JCB 3CX or similar); 
Detailed logging of trial pits by an experience SLR Engineer to BS5930+A2 and collection selected soil samples;
Field screening tests on soil samples for volatile organic vapours;
Selected soils samples for geotechnical and environmental laboratory analysis. 
[bookmark: _Toc387241477]SITE DETAILS, SETTING AND HISTORY
[bookmark: _Toc387241478]	Site Description
Table 1 summarises the property details. Information has been derived from OS mapping, previous site investigations and aerial photography.
[bookmark: _Ref386706243][bookmark: _Toc387173267]Table 1
Site Location
	Address
	Sturmi Way, Pyle, Bridgend, CF33 6BN.

	Grid reference
	283417, 181979

	Site Description
	The site is located within Village Farm Industrial Estate. The site is clear and relatively level with small mounds of material within a yard area. There is a two storey office block with associated parking separate from the yard. The site is 66m x 52m square measuring 4059sqm. 

	Current Usage
	The site is currently unoccupied with a cleared yard. 

	Recent Site Activities
	The site has been used as a yard area for Veolia Water and therefore has been cleared and has a stoned surface,

	Surrounding Land Use
	The surrounding land is all industrial units with the nearest residential property approximately 400m to the north. The adjacent site is also vacant and is available for use by the Council.


[bookmark: _Toc387241479]Physical Site Setting
A summary of the main physical features of the Site are given in Table 2, below. Information has been obtained from EA and BGS mapping. 
[bookmark: _Ref386706920][bookmark: _Toc387173268]Table 2
Site Physical Features
	Geography and Geology
	Gradient
	The Site is generally flat.

	
	Elevation
	Approximately 37m AOD.

	
	Made Ground
	Although not indicated on the geology maps, there is likely to be a veneer of shallow Made Ground across the entire site

	
	Superficial Drift Geology
	Underlain by superficial geology comprising Devensian Diamicton Till.

	
	Solid Geology
	Reference to BGS published data indicates the site is underlain by St Marys Well Bay Member of the Jurassic age Lias Group comprising interbedded limestone and mudstone. The nearest available BGS borehole records, located 0.4km to the east and southwest of the site confirm the shallow geology comprises interbedded granular and cohesive glacial deposits (silty gravel and soft to firm gravelly, clayey silt).


	
	Mining, and Ground Stability Hazards
	None listed

	Hydrology
	Surface Water
	No significant surface water features exist within 1km of the site.

	
	River Network
	Avon Cynffig flows from northeast to southwest over 1km to north/northwest of the site.

	
	Flood Risk
	The site is not within a fluvial indicative floodplain.

	
	Surface Water Abstractions
	None listed.

	Hydrogeology
	Aquifer
	The St Marys Well Bay Member is classified as a Secondary A aquifier, formerly classified as a minor aquifer.

	
	Groundwater Abstractions
	There are no potable groundwater abstractions within 500m of the site.

	
	Source Protection Zones
	There are no groundwater source protection zones within 500m of the Site.




SLR
[bookmark: _Toc387241480]SITE INSPECTION & TRIAL PIT INVESTIGATION 
[bookmark: _Toc387241481]Walkover Inspection
The site inspection was undertaken by SLR on 10th March 2014 and comprised a walkover and trial pit investigation to ascertain shallow ground conditions. 
[bookmark: _Toc387241482]Site Description
The site is broadly square in shape and occupies an area of 4059sqm. The site has been cleared and is covered by low-lying grassy vegetation with a number of mounds of waste material. There are two buildings to the west and east of the site, separated from the main yard. The physical characteristics of the Site as recorded during the Site walkover inspection are presented through the Site photographs in Appendix C. 
[bookmark: _Toc387241483]Scope of works
Trial pits were excavated at 5 locations on 10th March 2014 to between 0.45m and 4.5m, utilising a wheeled backhoe excavator. The trial pit locations were chosen by SLR and their respective locations are presented in Drawing 2.
The trial pitting was directed and supervised by a project engineer, who logged the ground conditions according to BS EN ISO 14688-1&2, and kept a record of the strata encountered, the pit side stability, ease of digging and recorded any unusual odours or staining. 
During investigations in-situ shear strengths were determined using a hand shear vane. Equivalent CBR values were collected by Mexecone probe and headspace testing was undertaken determine the presence of volatile organic vapours.
On completion, the trial pits were backfilled with their excavated spoil, and compacted with the digger bucket.

[bookmark: _Toc387241484]Summary of Ground Conditions
The ground conditions encountered during the investigation are detailed in trial pit logs provided in Appendix B.
Five trial pits were carried out across the site. The shallowest pit, TP1, excavated sandy gravel engineering fill overlying stained sand, this intersected a cavity containing reinforcing bar or pipework. The trail pit was complete at 0.45m below ground level (bgl) with water in cavity.
Only TP2 intersected shallow topsoil, down to 0.4m bgl; this was combined with engineering fill. Both TP3 and TP4 intersected vegetation over Made Ground comprising clay to gravel with coarse angular limestone engineering fill. The Made Ground was recorded to the base of both TP2 and TP4 at depths of 4.5m and 3.0m bgl respectively and to a depth of 1.45m bgl in TP3. In all but TP5 clayey sands were intersected at approximately 0.5m bgl with coarser material nearer the surface.
In TP2 slightly sandy clay underlies the Made Ground from 1.45m to 2.2m bgl. Beneath this a mottled, gravelly sand, becoming increasingly gravelly with depth extends to the base of the pit at 3.0m. The base of TP5, between 2.9m and 4.0m, recorded a similar material.
The upper portion of TP5, in the southeast of the site, excavated mottled orange and yellow silty clay with occasional engineering fill gravel. Underlying this, between 1.5 and 2.9m is a soft yellow-grey.
During excavations hand vane shear strength testing returned values of between 12 and 14kPa within the Made Ground. The highest value, 17kPa, was taken in the slightly sandy clay at 1.5m bgl in TP3. The lowest shear strength values, both at 11kPa, were collected from the clay horizons within TP5.
Head space measurements were taken in all but TP4 and returned 0ppm with the exception of 1ppm at a depth of 1.7m in TP5. 
Equivalent CBR tests were conducted in the Made Ground recorded in TP1, TP2 and TP3, these returned values of 4.5%, 7% and 3%. The weakest material, with an equivalent CBR of 0.5% was the uppermost clay interval at 0.4m in TP5. 
Groundwater 
[bookmark: _Toc339356137][bookmark: _Toc366435777]Waterstrikes were recorded at varying depths across the site with the deepest at 1.1m and 1.2m in TP2 and TP3, in the centre of the site. Excavations in TP1, TP4 and TP5 struck water between 0.4m and 0.6m. 
1.0 
2.0 [bookmark: _Toc387241485]Laboratory Testing
On completion of the fieldwork 7 recovered disturbed soil samples were submitted for geotechnical laboratory testing. The test schedule comprised the following:
pH and sulphate content by 2:1 aqueous;
Moisture Content;
Atterberg (plasticity) tests; and
Particle Size Distribution (PSD) analyses.
The results of these analyses are presented in Appendix B and are summarized in Table 3.

[bookmark: _Ref386717676][bookmark: _Toc387173269]Table 3
Geotechnical Laboratory Test Results
	BH No.
	Depth (m)
	Type
	Description
	Moisture Content (%)
	PL (%)
	LL (%)
	PI (%)
	% passing 425µm sieve
	Particle Size Distribution
	Chemical

	
	
	
	
	
	
	
	
	
	Clay (%)
	Silt (%)
	Sand (%)
	Gravel (%)
	pH
	SO4 (g/l)

	TP1
	1.0
	B
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	7.6
	0.08

	TP2
	0.5
	B
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	7.4
	0.73

	TP2
	1.8
	B
	Brown grey gravelly clayey very silty SAND
	-
	-
	-
	-
	-
	10.6
	32.9
	48.5
	8.0
	-
	-

	TP3
	0.2
	B
	Brown and grey brown clayey silty GRAVEL and SAND
	-
	-
	-
	-
	-
	7.4
	16.6
	38.8
	37.2
	-
	-

	TP3
	1.5
	B
	Grey mottled brown silty CLAY with rare fine sand, gypsum and rootlets
	42
	40
	21
	19
	100
	-
	-
	-
	-
	-
	-

	TP4
	1.8
	B
	Brown mottled grey and orange fine sandy very gravelly silty CLAY with rare gypsum. Gravel is fine to medium
	17
	25
	15
	10
	50
	-
	-
	-
	-
	7.4
	0.02

	TP5
	3.0
	B
	Dark grey silty ashy sandy GRAVEL
	-
	-
	-
	-
	-
	1.4
	9.4
	18.1
	71.2
	7.4
	0.03




3.0 [bookmark: _Toc339356138][bookmark: _Toc366435778][bookmark: _Toc387241486]Discussion of Results
3.1 [bookmark: _Toc366435779][bookmark: _Toc387241487]Ground Conditions
The trial pits recorded varying depths of Made Ground across the site, down to a maximum of 4.5m bgl. Material below 1.5m bgl is considered to be reworked site material. The Made Ground varies from gravelly sand to sandy gravelly clay. Gravel comprises brick and concrete fragments together with sandstone and limestone clasts - consistent with Engineering Fill. 
In-situ, natural deposits comprise an upper layer of soft yellow grey clay. Very low hand shear vane results are recorded in this material, ranging from 11kPa to a maximum of 17kPa. These very low values are considered to be an underestimate of the true shear strength of the material; however, they do indicate soft clayey material. This material is present along the southern edge of the site (in the vicinity of the retaining wall structure) to a maximum depth of 2.9m bgl.
Laboratory tests on the clay horizon in TP3 and gravelly silty clay horizon in TP4 returned low to intermediate plasticity material. Both samples plotted above the ‘A-line’ and display clay like behaviour. 
CBR values vary from 0.5% to 7% in the upper 0.4m of material. These values are consistent with the observations from the trial pits and lab results, suggesting soft deposits across much of the site. CBR values over 3% are suitable for the proposed road surface design; however the material at TP5 will require excavation and the addition of materials to increase the CBR prior to development.
The pH tests record consistent results across the trial pits with near neutral pH of between 7.4 and 7.6. Soil testing to determine soluble sulphate content returned generally low values with 3 out of the 4 tests <0.08g/l 2:1 WS SO4; however, a moderately high value of 0.73 g/L was returned from TP2. This needs to be taken into account when selecting the concrete qualities for construction. Based on BRE guidelines[footnoteRef:2] the site is classified as an ACEC (aggressive chemical environment for concrete) AC-1s.  [2:  BRE Construction Division. Special Digest 1: Concrete in Aggressive Ground. Third edition 2005 ] 




4.0 [bookmark: _Toc366435780][bookmark: _Toc387241488]Geotechnical Recommendations
Gravity retaining walls will be installed at the southern end of the site to form an elevated platform that will be accessed by the public. This will include a canopy to provide weather protection. Elsewhere the site will comprise hardstanding and platform areas for vehicular access.
The proposed canopy and retaining wall designs are outlined in Drawings 003 and 004.
4.1 [bookmark: _Ref387152598][bookmark: _Toc387241489]Elevated Area
In order to install the proposed raised platform and canopy in the southern area of the site the bearing capacity of the ground needs to be taken into consideration. Structural recommendations have been made based on the ground conditions outlined in the geotechnical investigations.
[bookmark: _Ref387174403]Based on the load exerted by the proposed structures the design method presented in BRE470 (working platforms)[footnoteRef:3] has been used to improve the load bearing capacity that can be achieved by replacing the upper portion of the site with granular material incorporating a geogrid. Structural interpretation indicates a foundation with 500mm of stone over a geogrid reinforcement textile will provide an improved load bearing capacity. It is recommended the geogrid contains a geotextile to prevent migration of fines. [3: BRE 470: Working platforms for tracked plant: good practice guide to the design, installation, maintenance and repair of ground-supported working platforms. H. Skinner 2004
] 

The upper 500mm of material should be excavated and replaced with suitable granular material as specified proposed in BRE4703 material. Any softer areas within the ground material will need to be additionally excavated and replaced with suitable backfill.
Whilst the installation of a granular layer will improve the bearing capacity of the site, retaining wall units with relatively large base areas will be required to provide adequate load spreading. Base areas up to 2.6m wide will be necessary where canopy column loads are also accommodated. 
Whilst the above recommendations will ensure an adequate bearing capacity is achieved, the site may be subject to relatively large magnitude settlement. However, minor settlement is not considered to be critical to the proposed development. Minor cracking associated with the subsiding of structures may occur and this may require ongoing maintenance and monitoring.
[bookmark: _Toc387241490]Canopy
The proposed canopy over the upper public area has been designed to be supported by columns with concrete footings incorporated in the retaining wall base. These locations represent the worst case for submitted bearing stresses to the ground. Structural modelling has designed the foundation as described in 6.1 to incorporate these.
In addition to the side columns the proposed plan includes two end columns not incorporated into the retaining wall. Structural analysis has designed two isolated pad foundations to support these. The columns are outlined in Drawing 003 and are to be constructed following these guidelines.
[bookmark: _Toc387241491]Hardstanding and Parking areas
Outside the elevated area design CBR values are required to allow parking area construction to be specified.
Where the CBR value is less than 1%, as in TP5 where a CBR of 0.5% was recorded, it is recommended an additional 500mm should be excavated and replaced with decent capping stone. During construction additional Plate bearing testing should be conducted at the base of excavations and after the installation of capping stone to ensure appropriate CBR values are achieved.
4.2 [bookmark: _Toc366435783][bookmark: _Toc387241492]General
In addition to the above recommendations it is recommended that all design and construction works be carried out on site in accordance with recognised engineering codes of practice including BS 8004 (1986: Code of Practice for Foundations) and BS 6031 (1981: Code of Practice for Earthworks).


[bookmark: _Toc387241493]CLOSURE
This report has been prepared by SLR Consulting Limited with all reasonable skill, care and diligence, and taking account of the manpower and resources devoted to it by agreement with the client.  
Information reported herein is based on the interpretation of data collected from various sources which has been accepted in good faith as being accurate and valid.  
This report is for the exclusive use of Bridgend Borough County Council; no warranties or guarantees are expressed or should be inferred by any third parties.  This report may not be relied upon by other parties without written consent from SLR.
SLR disclaims any responsibility to the client and others in respect of any matters outside the agreed scope of the work.
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