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Dear ICE Members and Friends, 
 
Good Day to all of you! We, the ICE Singapore Committee Members, proudly present to you November 
2017 issue of our quarterly newsletter. This issue of the newsletter will provide short summaries of our 
past events which include August’s technical presentation by Huesker on the use of geosynthetics in the 
construction of slope embankments, Tuas Terminal Phase 1 site visit and a technical sharing on the 
Singapore Deep Tunnel Sewerage System (DTSS) Phase 2.  
 
The Institution of Civil Engineers (ICE) celebrates its 200th anniversary in 2018 and will be organising 
signature events across the globe, including the ICE Bicentenary Hong Kong Innovation Summit to be 
held on 12 January 2018. This flagship event will be graced by The Hon Mrs Carrie Lam Cheng Yuet-
ngor, GBM, GBS (The Chief Executive of HKSAR and Honorary Fellow of ICE), Professor Lord Robert 
Mair (incoming ICE President) and Sir Kirby Laing (Professor of Civil Engineering at the University of 
Cambridge). More details including registration can be found from the ICE website 
(https://www.ice.org.uk/events/ice-bicentenary-hong-kong-innovation-summit). 
 
We are also pleased to announce that the incoming ICE President, Professor Lord Robert Mair will be 
giving a Presidential Address on the 19 January 2018 in Singapore in a joint ICE-GEOSS event.  More 
Details on the Presidential Address and the joint event in collaboration with GEOSS will be provided to 
the community when the dates draw closer. 
 
Following the successful professional review and written exercise for the Singapore’s candidates in Oct 
2017, we are pleased to announced that next year review date in Singapore has been confirmed to be 
in September. More details of the review process and date is available here from the ICE website 
(https://www.ice.org.uk/my-ice/membership-documents/key-membership-dates#ProfessionalReview). 

For candidates seeking professional review, it is about time to start your preparation…😊 
 
Till then and we will keep in touch with our forth-coming Newsletter and events. Feel free to contact us 
through our Facebook page or our email address singapore.ice2015@gmail.com if you have any queries 
related to ICE Singapore Chapter or any suggestion for our forth coming events. Please follow us on our 
Facebook page https://www.facebook.com/singapore.ice/ for updates on ICE Singapore Chapter as well. 
 
 
 
 
 
 
                                                                                                         ICE Singapore Committee Members 
 
 
 
 
 
 
 
 
 



              November 2017 Quarterly Newsletter
   ` 

Page 2 
 

 
 
 
 
 
ICE Singapore August 2017 Event – Regeneration of a Former Quarry at Nuneaton, UK 
On 24th August 2017, Douglas Sutherland from Huesker Asia Pacific gave a presentation on the use of 
geosynthetic for the construction of an embankment slope at a former quarry at Nuneaton, UK.   
 
The presentation covered the type of geosynthetic products, the design methodologies, and the project 
examples from mainly embankment, slope protection, retaining structures across some of the European 
countries in which Huesker had worked in. 

 
Interesting learning points from the presentation included: 
 

 How an existing quarry was transformed into a residential project; 

 How the footprint of the residential area was enlarged by the use of geosynthetic to retain the 35m 
embankment slope; 

 Construction stages with photographs showing the construction progress from the bottom of slope 
to crest of slope. 

 
For more information of the project, please refer to the attached paper. 
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Site Visit – Tuas Terminal Phase 1 

On 23th September 2017, the ICE sub-committee in Singapore organized a technical site visit to the MPA 
Tuas Terminal Phase 1, a component of Singapore’s Next Generation Port Vision. When completed, the 
20 deep-water berths in Phase 1 will be able to handle about 20 million twenty-foot equivalent units (TEUs) 
per annum. When all phases are completed, the entire terminal will have a total capacity of up to 65 million 
TEUs. 

The DIAP-Daelim Joint Venture has been appointed by Marine and Port Authority (MPA) of Singapore to 
carry out land reclamation and related works which include constructing wharf structure, reclaiming 294 
hectares of land, dredging the Tuas basin and Temasek Fairway.  

The permanent wharf will be formed by multiple permanent reinforced concrete structure called caisson. 
The caissons designed for the Tuas Terminal Phase 1 is one of the largest in the world. Each of the caisson 
is 28-meter-tall and is equivalent to height of a 10-storey HDB block. A total of 222 of such caisson are 
required for the permanent wharf structure. All the participants had the opportunity to visit the caisson 
casting yard and appreciate the construction of caisson. The site visit ended with a tour to the on-going 
land reclamation works at site and backfill of the caissons. 

A video on construction and installation of the 1st caisson at Tuas Terminal Port Phase 1 can be accessed 
at Youtube channel. 
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Technical Sharing - The Singapore Deep Tunnel Sewerage System (DTSS) Phase 2 
The Water-Energy Waste Nexus 

On 4th October 2017, a technical presentation was held in AECOM Singapore office by Mr. Geoffrey Piggott, 
Program Director B&V + AECOM Joint Venture and Dr. Ganeshan Vallipuram, Vice President Geotechnical 
Southeast Asia AECOM Singapore on the S$6.5B Deep Tunnel Sewerage System Phase 2, a project 
currently implemented by the Public Utilities Board, Singapore’s national water agency. It was the first joint 
event for the Institution of Civil Engineers (ICE) Singapore and AECOM Singapore.  

During the event, both speakers mentioned that the project involves 50km of deep tunnels (up to 6m in 
diameter) built up to 70m below ground and 50km of pipe-jacked link sewers (up to 3m in diameter) to 
serve the western half of Singapore. 

The deep gravity flow tunnels will terminate at the state-of-the-art Tuas Water Reclamation Plant (TWRP) 
which will have an initial capacity of 800,000 m3 per day and will produce NEWater and industrial grade 
treated water for recycling. The TWRP will be located on the same site as the Singapore National 
Environment Agency’s (NEA) proposed S$3B, 5,800 tons per day Integrated Waste Management Facility 
(IWMF) and will share synergies with it. 
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REDEVELOPMENT OF A FORMER QUARRY, NUNEATON, UK: INCORPORATING A 35M HIGH 
GEOSYNTHETIC REINFORCED SLOPE 
 
Paul Thurlwell1, Niall Corney2 & Graham Joseph Horgan3 
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2 Capita Symonds (Formerly Huesker Ltd.)  (e-mail: niall.corney@capita.co.uk) 
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Abstract: The earthworks phase of the redevelopment of a former quarry site at Tuttle Hill, Nuneaton, 
Warwickshire is described. The quarry was formerly used for the extraction of sandstone and diorite, until quarrying 
operations ceased in the late 1990's. The 16 hectare site comprises a "Main Void" which is partially flooded and a 
smaller "Shallow Void", with both voids being surrounded by spoil heaps from the previous quarrying operations.  

In order to facilitate the redevelopment of the site for residential housing, it was proposed that the Shallow Void be 
in-filled to provide a development platform, whilst the Main Void was to be left as an open body of water. In order to 
maximise the residential platform area a 35m high reinforced soil embankment was proposed along the boundary 
between the Shallow Void and Main Void. 

Following the completion of the reclamation earthworks the water within the Main Void will be allowed to recover 
to its natural level. This process is anticipated to cause additional inundation settlement of the backfill and a two year 
monitoring period will be implemented, during which vertical and horizontal movement will be monitored.  

Geotechnical instrumentation was installed within the reinforced soil embankment and in the engineered fills 
supporting the development platform as part of the continuing monitoring of the structure. The vertical settlement 
instrumentation, (magnetic extensometers, surface settlement markers), were installed post construction whilst the 
vibrating wire piezometers were installed during construction. Detailed design and construction issues relating to the 
35m high reinforced soil slope will be presented 

 
Keywords: Reinforced slope, geosynthetic, quarry, instrumentation, geogrid reinforcement, settlement 
 

INTRODUCTION 
 
Midland Quarry is located in the Tuttle Hill area of Nuneaton, Warwickshire. The 16 hectare site was formerly 

used in the extraction of two rock types: a hard quartzite of the Hartshill Sandstone formation and a Greenstone 
Diorite which forms an igneous intrusion within the quarry. The quarry ceased operation in the late 1990’s and the site 
remained derelict until the current regeneration project commenced. 

At the commencement of the regeneration project, the quarry site comprised a "Main Void" which was partially 
flooded and a smaller "Shallow Void", Figure 1. Both voids were surrounded by spoil heaps remaining from the 
previous quarrying operations. These spoil heaps were formed from the in-situ overburden which had been removed to 
facilitate the progressive expansion of the quarried rock faces during its operational life. 

The proposed regeneration of this site for residential housing required the in-filling of the Shallow Void to create a 
development platform suitable for the construction of roads, drainage and housing. To maximise the area available for 
development a 35m high reinforced soil embankment was proposed between the two voids, enabling the filling of the 
smaller void with engineered fills behind the reinforced soil block. Water within the Main Void would be allowed to 
recharge from the existing level of +56m to +80m. 

 

 
Figure 1: Schematic Site Plan 
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DESIGN EVOLUTION 

 
The design process from feasibility to final design has involved a number of Consulting Engineering organisations 

at each stage, together with collaboration with geosynthetic manufacturers to realise a cost effective solution and 
enable the regeneration of the quarry. 

 
Pre-Tender 

The initial feasibility studies for the site were undertaken by JMP Consulting / White Young Green for the client 
Redrow Homes. The aims of the study were to investigate the most appropriate methods for creation of the 
development plateau, investigation of the formation for the proposed embankment, analysis of the available fill 
materials present on site including an assessment of their engineering properties, estimation of likely settlements and 
timescales, compaction trials, and hydrological assessment. 

The use of a reinforced soil embankment along the edge of the Shallow Void was deemed to be the most 
appropriate and cost effective solution for the creation of a sufficiently large development plateau, whilst enabling the 
re-use of site available fill materials. The base of the embankment would be located on the floor of the Shallow Void 
at +57m, with the development plateau at +95m. A 5m wide berm would be created at +82m to allow for inspection 
and maintenance of the upper slope. The face of the proposed embankment was set at 45˚.  

The formation to the embankment was investigated using rotary open hole drilling through the bedrock which was 
geophysically logged using an optical and acoustic televiewer, and sonic formation density sondes. The processed 
optical televiewer logs showed the extent of fractures and veins within the rock mass to conclude that the quarry base 
would act as a suitable formation to the reinforced earth embankment. Due to uncertainties in the quality of the rock at 
the edge of the water filled Main Void and the requirement to provide a safe working zone to the front of the slope the 
toe of the embankment was set back 5m from the edge of the Main Void. Towards the rear of the Shallow Void 
engineered and end tipped fill had been placed between 2002 and 2003 to a depth of greater than 15m. Investigations 
of the material showed that a significant proportion of the material would have to be excavated and re-engineered to 
provide a suitable material which would not undergo significant settlement. 

The available fill materials within the quarry were assessed for strength, compaction, and acceptability and deemed 
acceptable following processing. A source of waste ‘Foundry Sand’ was available from another Redrow Homes site 
and was also deemed acceptable for re-use.  

The proposed rise in water level within the Main Void from the current level of +56m to +80m would be achieved 
by a natural recharge due to groundwater combined with surface water. The potential rise in water level combined 
with possible pollutants in the quarry had the potential to impact on the resources in the sandstone aquifer. Monitoring 
of boreholes within the quarry and within the nearby Judkins Quarry indicated poor hydraulic connectivity and no 
consistent groundwater gradient between boreholes. A previous cessation of pumping within the quarry had seen the 
water level rise from +27m to +64m in 5 years without a noticeable rise in groundwater within the Judkins Quarry. 

The estate roads within the proposed development would be adopted by Warwickshire County Council, (WCC) 
under a Section 38 Agreement. Following consultation with a number of geosynthetics manufacturers JMP utilised 
Huesker Ltd’s feasibility designs for the various stages of construction and operation as the basis for the Technical 
Approval documentation including the Approval In Principle (AIP). High tenacity polyester geogrids were selected as 
the basis of the construction as they would satisfy the project requirement of less than 0.5% post construction strain 
and a total strain of less than 5%. The AIP illustrative design was checked for compliance to BS 8006 1995 Code of 
Practice for Strengthened/reinforced soils and other fills, and HA 68/94 Design of Highway Embankments using 
Reinforced Soil and Soil Nailing Techniques. 

 

  
Figure 2: Disused Quarry 
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Tender Design  
 
Following WCC Technical Approval ARUP progressed the design and specification of the scheme to Tender 

stage. The scope of the construction works were to comprise excavation of loose fill from the Shallow Void, blasting 
of overhanging rock, preparation and processing of on-site fill materials, construction of the reinforced soil 
embankment, and placement of fill behind the embankment to create a plateau for house construction. 

The reinforced soil embankment outlined within the AIP formed the basis of the ARUP design. The details of the 
site preparation, fill materials, compaction, and monitoring were further developed and formed the basis of the Site 
Reclamation Specification. The details of the 45˚ front face were further developed to utilise a geogrid ‘wrap around’ 
face with each layer of geogrid at 500mm vertical centres. Below water level and for 2m above the predicted 
maximum water level (+82m) the face comprised a minimum 1m thick armour layer comprising Class 6G gabion 
stone (250mm – 75mm). Above +82m the wraparound face would be constructed to retain a max 150mm thickness of 
topsoil which would be hydroseeded following completion, the seed mix containing a high proportion of fescues 
together with meadow grass and clover to give a low maintenance, drought resistant sward with a good tolerance to 
low soil fertility. The upper 3m of embankment would be constructed at a conventional unreinforced slope of 1:2 to 
allow for uninterrupted installation of road construction and services. 

 

 
 
Figure 3: Earthworks Section 
 
 
Table 1: Summary of Tender Design Fill Parameters 

 
 
 
 
 
 

 
The design of the reinforced earth embankment was undertaken using Oasys Slope software adopting the partial 

factors from BS8006 and investigating circular and non-circular failure mechanisms. Three water conditions were 
investigated comprising the condition at the end of construction, the water in the long term condition, and a rapid 
drawdown condition to +75m, Figure 5. Ultimate Limit State and Serviceability Limit State conditions were satisfied 
by using Fortrac geosynthetics with increasing strength and length with depth. 

Monitoring during construction, and for a period of 2 years following construction, was specified to include for:  
During construction 
i. Pneumatic piezometers at different levels within the reinforced soil slope and Shallow Void backfill. 
ii. Face target survey stations to be installed on the face and surface of the reinforced soil slope to monitor 

horizontal and vertical displacements during construction and post construction when positioned above 
the predicted long term water level. 

iii. Magnet extensometers to measure the amount of settlement occurring at various levels within the slope and 
backfill. 

Post construction 
i. Inclinometers to be installed along the front of the reinforced soil slope to measure any horizontal deflection 

of the structure. 
ii. Surface Settlement Markers to be installed across the whole of the backfilled area to measure the total amount 

of settlement that is occurring at the surface. 
iii. Standpipe piezometers in the main void to measure the rate of recovery of the main water level. 
iv. Extensometers installed within the reinforced soil slope to measure vertical settlement of the fill.  
v. Pneumatic piezometers at different levels within the reinforced soil slope and Shallow Void backfill. 
 

 
 

Stratum γb 
(kN/m3) 

φ´ 
(°) 

c´ 
(kN/m2) 

Class 6I 19.5 35 0 

Class 7A 19.5 26 0 
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Development on the plateau will commence once ongoing settlements are considered to have reached an 
acceptable level. It is anticipated that housing will be supported on raft foundations. The inevitable differential 
settlement across the interface with the quarry ‘highwall’ will be managed by breaking down the rock to create a 
benched profile and a smoother transition. 

Throughout the feasibility and tender design phases, concern was raised regarding the potential for inundation 
settlements due to the rising water within the quarry. ARUP specified an end product specification which limited the 
maximum air voids content of the compacted fill to less than 5%. This in conjunction with extensive site compaction 
trials would be expected to produce a well compacted material with creep coefficient estimated at between 0.5% and 
1% within the clay backfill (1). 

The Contract was awarded to C A Blackwell, (CAB), with the Contract Specification requiring the appointment of 
a ‘Design Contractor’ to execute the specialist detailed design of the reinforced soil embankment, including the 
interface with the existing rock faces. CAB employed P&S Consulting Engineers Ltd (PaSCoE) as their geotechnical 
designer for the reinforced soil embankment. PaSCoE utilised the pre-tender design information together with 
additional soil and material testing to rationalise the layout of geogrid reinforcement.  
 
 
Detailed Design 

 
The detailed design of the reinforced soil embankment was undertaken by PaSCoE based on the ARUP 

‘Specification for Specialist Subcontractor Design of the Reinforced Earth Slope’ which set out the basis for the tender 
design and the required process to be followed for the detailed design and checking.  

The PaSCoE analysis used the Oasys Slope software to provide a degree of continuity between tender design and 
preliminary design and was used to check the tender design for accuracy. The emphasis of the detailed design was to 
utilise the additional information on the properties of the fills and to better define the geosynthetic interaction and 
partial factors based on specific grades of Fortrac geogrid. A number of additional cross sections required analysis to 
rationalise the geogrid layout to minimise material and construction costs. 

The earthwork has an unusually large retained height meaning that the vertical and horizontal stress on the geogrid 
would be relatively large, and beyond the capacity of ‘traditional’ geosynthetic materials used as embankment 
reinforcement. The stresses would be similar to those experienced in embankment basal reinforcement materials and 
consequently the Fortrac R range of geogrids were selected to perform the required function and also to satisfy the 
WCC requirement for BBA Certified products. Within the upper sections of embankment it was possible to decrease 
the required strength of the geogrids and the normal Fortrac range of PET geogrids were utilised. The interaction of 
the geosynthetic material with the fill is generally well known, however tests at such large vertical stresses had not 
been previously undertaken therefore a series of large shear box tests were carried out with vertical stresses up to 
800kN/m2. The coefficient of interaction was shown to be slightly less than measured at ‘typical’ vertical stresses, 
however for simplicity a linear relationship was adopted. 

 

 
 

Figure 4: Large Shear Box Test Results 
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A series of stability analyses were undertaken to investigate internal, external, and compound modes of failure 

under ultimate limit state and serviceability limit state conditions. As economies in fill and geogrid would be realised 
by a reduction in the length of the geogrid reinforcement the analysis focused on identifying locations where length 
could be minimised. As the length is reduced the critical failure mechanisms tend towards compound modes of failure 
as shown in Figure 5. 

 

 
 
Figure 5: Typical Compound Failure Mechanisms 
 

The analysis of the reinforced soil embankment had to satisfy a number of temporary and permanent conditions; 
during construction, during recharge of the quarry causing inundation of the engineered fills, in the long term static 
condition, and allowing for a rapid lowering of the water in the quarry. Due to the inconsistent groundwater gradient 
between boreholes it was necessary to undertake the analysis using the highest reasonable groundwater level taking 
cognisance of the 120 year design life of the embankment and the proposed land use; the chosen profile representing a 
pessimistic condition. Of particular concern was the post construction vertical and horizontal movement of the 
embankment materials. The vertical settlement had been addressed by the selection of end product compaction 
however the horizontal movement would be directly related to the total and post construction strain of the geosynthetic 
reinforcement. Movements are generally associated with serviceability conditions and are typically analysed based on  
post construction movement on the assumption that movement during construction will not be detrimental to the end 
use. For such a large height structure which would be subjected to inundation following completion it was considered 
prudent to minimise the total strains within the reinforcement in order to maintain the relative density of the fill. This 
was achieved by setting a 5% limit on the tensile strength of the Fortrac geogrids for serviceability calculations under 
working stresses. This proved to be the critical criteria for determining the layout of geogrids for the majority of the 
load cases. The resulting layout of reinforcement is shown in Figure 6. 

 

 
 
Figure 6: Typical Geogrid Layout 
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Of particular concern during the design process was the reinforced earth tie-in with the quarry faces to the North 

and South. The dip of the rock facilitated a relatively simple buttress tie-in to the South, however the dip of the rock to 
the North and orientation of the quarry face would result in significant drilling and blasting to remove sufficient rock 
to facilitate placement of the layers of geogrid. 

The quarry is also designated a Regionally Important Geological Site (RIGS) due to the presence of a large 
Lamprophyre (Igneous) Sill intruding into the Tuttle Hill member (grey & red brown Sandstone/Mudstone) and the 
unconformity between the Triassic Sandstone and the Cambrian strata on the North face of the Shallow Void. This is 
the only exposed occurrence of this feature in Warwickshire and as a requirement of planning, it had to be preserved. 

Following a detailed investigation into the possible effects of significant drilling and blasting on neighbouring 
properties, together with the RIGS requirements, a variation to the embankment layout was proposed by PaSCoE and 
accepted by WCC. This entailed increasing the face inclination of the embankment from 45° to 51° over a short length 
of slope and rotating the embankment section off axis by 35° to intersect the rock face in a near perpendicular 
alignment. This effectively eliminated all major drilling and blasting except for a number of rock overhangs which had 
to be removed due to health and safety concerns. 
 

 
 
Figure 7: Plan Layout of Embankment 
 
 
CONSTRUCTION 
 
Interface with Quarry and Foundation Preparation 

 
The design of the reinforced soil embankment required founding the structure on competent rock in the floor of the 

quarry. Due to previous operations this required removal of the loose fills and the reprofiling of the quarry faces to 
accommodate the uninterrupted design length of the geogrid. All rock excavated as part of the reprofiling was crushed 
to a maximum particle size of 250mm. Following screening all material with a particle size less than 75mm was set 
aside for use in the blended fill material and all remaining material was used as the Class 6G gabion stone armour 
layer to the face of the embankment.  

In places the rock face profile had to be re-surveyed to determine if it could be retained to meet the existing design 
or whether reduced lengths of geogrid would be possible whilst maintaining the stability of the embankment. 
Following the detailed surveys of the re-profiled rock faces PaSCoE modified the layout of the embankment to work 
better with the rock contours, where practical, and modify the tie-in details between the reinforced soil embankment 
and the north rock face to practically eliminate any rock excavation 
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Figure 8. Base preparation and rock re-profiling              Figure 9. Re-profiling and processing of rockfill 
 
 
Fill Blending and Compaction Trials 

 
The intention was for the Class 6I1 fill material to the reinforced soil slope to comprise a blend of stoney cohesive 

material and imported ‘Foundry Sand’ from a nearby site owned by the Redrow Homes. Following grading analysis of 
the Foundry Sand and on site materials a blend of 3 parts Foundry Sand to 1 part Stoney Cohesive would satisfy the 
grading criteria for the Class 6I1 material. However following site compaction trials the project requirement of less 
than 5% air voids could not be achieved. This was attributed to the characteristics of the Foundry Sand which were 
found to behave similar to a silt material, particularly when wet of optimum. Further blending trials were undertaken 
by CAB under the supervision of ARUP and an optimum ratio of 1 part Foundry Sand to 1 part rock fill was 
determined. Although this blend required significantly more rockfill than had originally been anticipated CAB were 
able to win this rock from within the boundary of the existing quarry. 

Although the site trials had shown the 1:1 blend to be an acceptable material the insitu Nuclear Density Meter tests 
were showing a very heavily compacted material as being loose. CAB found the insitu testing to be particularly 
problematic and erroneous, and this was attributed to the significant quantity of rockfill in the blended material. 
Following additional testing on the fill ARUP revised the classification of the fill to the reinforced soil slope as Class 
6F1/6F2 and adopted a Method Compaction regime using the compaction layer thickness and number of passes from 
the DoT Specification for Highway Works. 

The Class 7A engineered fills behind the reinforced soil block comprised the site won stoney cohesive materials 
from the numerous stockpiles and quarry floor. These spoil heaps had been created from the overburden deposits 
removed from the bedrock before the quarrying face was advanced. Typically the material was weathered rock in the 
form of cohesive material with some stone content. This material was generally wet of optimum and was treated insitu 
by the addition of a small quantity of lime which was rotavated into the fill.  
 
 

      
 
 Figure 10: Fill zone placement and compaction               Figure 11: Installation of geogrid reinforcement 
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Instrumentation and Monitoring 
 

The Project Specification required that instrumentation be installed and monitored during construction of the 
reinforced soil embankment as detailed earlier. To install and protect the instrumentation would have required the 
instrumentation being placed within vertical pipes which would have extended through the depth of the reinforced soil 
block and through the cohesive backfill. The presence of the instrumentation would have created a situation where 
homogenous compaction of the fills would not have been possible, with potential pockets of loose fill being created 
around the instrumentation which could have resulted in collapse settlement during recharge of the groundwater. 
Consequently it was decided to delay the installation of the majority of the instrumentation until completion of the 
construction. This was considered possible as the blended rockfill in the Class 6F1/6F2 fill created a material with a 
relatively high permeability such that any increase in pore water pressures would be rapidly dissipated and settlement 
of the granular material would be significantly complete during the construction period. With respect to the Class 7A 
backfill the significant settlement would occur post construction and therefore little data would be lost by delaying the 
installation of the instrumentation.  

Instrumentation in the form of face targets were installed and a number of vibrating wire piezometers were 
installed at varying locations within the reinforced soil block and backfill with the conduits containing the cables 
exiting the block through the front face in a horizontal alignment to avoid damage due to the construction activities. 
Following construction the surface plates, inclinometers, piezometers, and magnetic extensometers will be installed 
and monitored for a period of at least 2 years. 
 
 
CONCLUSIONS 

 
The regeneration of a brownfield quarry site was achieved by the foresight of a housing developer and the use of 

site won fills and imported waste Foundry Sand from another brownfield housing development. The incorporation of 
these materials into a reinforced soil embankment provided the structure required to separate the two parts of the 
former quarry and create a sufficiently large plateau to make development of the site financially viable. The detailed 
design was engineered to be sympathetic to the existing rock face contours, whilst the use of geogrid reinforcement 
provided the flexibility to adapt the construction to the site and client requirements. The construction considerations 
and long term settlements within the engineered fills and between the infilled areas and the rock faces formed an 
important part of the design and construction. A monitoring period of two years is currently in progress with valuable 
data being recorded during this period which it is hoped can be presented in the future. 
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