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1.0 Introduction 

1.1 Scope and Objective of the Report 

(1) Peter Brett Associates LLP (PBA) has been commissioned by Persimmon Homes (Thames 
Valley) Limited (the Client) to prepare a Geotechnical Design Report for the southern section of 
the Lyminster Bypass.  The geotechnical design elements of the scheme include overbridges to 
West Coastway Railway Line and Toddington Lane, associated approach embankments and a 
pedestrian subway (denoted the Allotment Underpass) through the southern approach 
embankment to the rail bridge.  The proposed bypass forms part of the enabling infrastructure for 
the proposed Hampton Park housing development, Littlehampton. 

(2) Previously a desk study and subsequent intrusive ground investigations were carried out for the 
Hampton Park development by Idom Merebrook in February 2014 and April 2015; the results of 
which are presented in separate reports (IM, 2014 and 2015). 

(3) Subsequently an intrusive ground investigation was carried out to provide specific information on 
the ground conditions, including concentrations of potential contaminants, to inform the design of 
the foundations and other geotechnical elements of the enabling infrastructure.  The fieldwork 
and laboratory testing were carried out by CC Ground Investigation Ltd (CCGI) acting under the 
technical direction of Peter Brett Associates LLP.  The factual results of the investigation are 
presented in a separate report prepared by CCGI (CC, 2016). 

(4) Subsequently a Ground Investigation Report for the enabling infrastructure was prepared by PBA  
in general accordance with the requirements of BS EN 1997-2 (2007).  The Ground Investigation 
Report (PBA, 2016) presents an assessment of the ground conditions, together with suggested 
characteristic values of geotechnical parameters for use in the design of the geotechnical 
elements of the scheme.  The report also presents comments on the ground conditions in 
relation to the design and construction of the geotechnical elements of the proposed 
development.  In addition, the report presents an assessment of the risks associated with any 
existing contamination in the ground to human health, the environment and the proposed 
structures. 

(5) This Geotechnical Design Report has been prepared in general accordance with the 
requirements of BS EN 1997-1 (2004) and HD 22/08 (HA, 2008) and covers the proposed 
southern section of the Lyminster Bypass between but not including the Southern Bypass 
Roundabout to the north and the A259 Worthing Road Roundabout to the south (denoted the 
Site in this report).  This Geotechnical Design Report presents a description of the project, 
summarises the characteristic values recommended in the Ground Investigation Report (PBA, 
2016) and presents the design analysis for the proposed geotechnical elements of the scheme. 

(6) The comments and opinions in this report are based on an engineering and scientific appraisal of 
historical maps, plans and aerial photographs in our possession, together with information on the 
ground conditions encountered within the exploratory holes and the results of field and laboratory 
testing carried out for ground investigations.  There may be, however, developments or 
conditions pertaining to the Site which were not disclosed by the historical data or the 
investigation and which therefore could not be taken into account.  In particular groundwater 
conditions may vary due to seasonal, climatic, tidal and man-made effects. 

1.2 Description of Project (including Site Descript ion) 

(1) The Site is located at National Grid Reference TQ 031 039, about 1.8 km north of Littlehampton 
town centre.  The location of the Site is shown on a Site Location Plan presented as Figure 1 , 
whilst the layout and extent of the Site is shown on a Site Layout Plan presented as Figure 2  of 
this report. 
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(2) The Site is situated on a low ridge aligned east to west between the seafront about 2.5 km to the 
south and the valley of the Black Ditch about 0.5 km to the north of the Site. 

(3) In the area of the Site, the West Coastway Railway Line and Toddington Lane are aligned 
approximately east to west running along the low ridge.  The West Coastway Railway Line is at 
about 5.8 m OD and runs in shallow cutting between about 1.5 and 2.0 m below surrounding 
ground level.  Toddington Lane comprises an at-grade two-lane two-way single carriageway with 
a narrow grass verge to either side; carriageway levels in the area of the Site are about 
6.8 m OD. 

(4) The proposed overbridges are aligned approximately north to south and comprise semi-integral 
bridges with single clear spans of 29.5 m for the rail bridge and 17.0 m for the road bridge.  The 
wing walls will be monolithic with the abutments to support the continuation of the containment 
parapets.  Proposed carriageway levels on the overbridges are about 13.9 m OD with a minimum 
clearance of 5.3 m to the road bridge and 13.4 m OD with a minimum clearance of 5.2 m to the 
rail bridge. 

(5) To the north of the road bridge, between the road and rail bridges and to the southeast of the rail 
bridge, the road will be supported on reinforced soil embankments with modular concrete facing 
panels.  To the southwest of the rail bridge the road will be supported on conventional 
earthworks with side slopes of 1 vertical in 3 horizontal. 

(6) The Allotment Underpass is aligned approximately east to west and comprises multiple precast 
reinforced concrete box units with precast reinforced concrete headwalls and wingwall at the 
west end.  At the east end the underpass will pass through the concrete facing panels to the 
reinforced soil embankment. 

(7) Drawings showing the general arrangement of the proposed overbridges and underpass are 
included in Appendix 8  of this report. 

1.3 Geotechnical Category of Project 

(1) A review of the proposed scheme and project risks has been carried out to determine the 
geotechnical classification of the project and thus the requirement for geotechnical certification.  
On the basis of this review, the proposed scheme has been classified as a Geotechnical 
Category 2 Project, that is a project including conventional types of earthworks, structures and 
foundations with no abnormal risks or unusual or exceptionally difficult ground conditions. 

1.4 Ground Summary 

1.4.1 Topography 

(1) Natural ground levels in the area of the Site are about 7.5 to 8.0 m OD with a gentle gradient at 
about 1 vertical in 125 horizontal to the north towards the valley of the Black Ditch. 

1.4.2 Ground Conditions 

(1) The ground conditions in the area of the Site, as revealed by the ground investigation (CC, 
2016), comprise topsoil/subsoil overlying a sequence of Aeolian Deposits, Raised Beach 
Deposits and the White Chalk with the Grey Chalk and Upper Greensand present at depth.  
These ground conditions are in general agreement with the published geological information and 
known history of the Site. 

(2) Based on the information from the ground investigations, the ground conditions encountered in 
the area of the Site are summarised in the following table.  It must be noted that permission to 
access the land on the central part of the Site was not obtained and hence no information on the 
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2.3.3 Settlement 

(1) Construction of the proposed embankment will result in a net loading and settlement of the 
ground.  Assuming the embankment imposes an additional load on the ground of 115 kPa over a 
nominal width of 20 m and length of 50 m, long term settlements determined using conventional 
consolidation theory are of the order of 15 and 25 mm at the edge and in the centre of the loaded 
area, respectively.  Given that any excess groundwater pressures are expected to rapidly 
dissipate the settlement will largely occur during the construction works. 

(2) Long term differential settlements following construction of the proposed embankments are 
determined to be less than 1 vertical in 1000 horizontal.  The carriageways are designed to the 
UK standard minimum cross fall of 2.5% (2.5 vertical in 100 horizontal) and longitudinal gradient 
of 0.5% (1 vertical in 200 horizontal).  Given that the long term differential settlements are 
significantly less than the cross falls and longitudinal gradients of the proposed carriageways 
they are not considered to be of concern to the proposed works. 

(3) Results of the analyses are presented on the settlement calculations presented in Appendix 1  of 
this report. 

2.3.4 Drainage Requirements 

(1) Embankment drainage will be required to limit long term absorption of water, which otherwise 
would tend to increase the pore pressure in the fill and reduce the factor of safety against slope 
failure, perhaps ultimately resulting in failure of the slope. 

(2) Given the fill material to be used to construct the embankment is expected to comprise selected 
granular fill and the depth to groundwater on the Site, a coarse granular starter layer at the base 
of the embankment to limit water absorption by capillary action from the founding soils is not 
deemed necessary.  Similarly, a drainage channel along the bottom of the side slopes is not 
deemed necessary.  On this basis, drainage requirements will be limited to the vegetation of the 
side slopes to limit water absorption from precipitation and run off on these slopes.  In addition, 
conventional drainage channels are to be installed to collect run off from the carriageway. 



Lyminster Bypass (South), Littlehampton 
Geotechnical Design Report (rev 02) 

File Reference: j:\35944 north littlehampton\3 - geo\05 reports etc\#r002 gdr\r002 
gdr r2.doc 

Date : May 2018
Page : 8

 
 

3.0 Highway Structures 

3.1 Details of Highway Structure Types 

(1) The proposed highway structures included in this section comprise: 

i) Toddington Lane Overbridge 

ii) West Coastway Railway Line Overbridge 

iii) Allotment Underpass 

3.2 Bridge Structures 

(1) The proposed overbridges comprise semi-integral bridges with single clear spans of 29.5 m for 
the rail bridge and 17.0 m for the road bridge.  The wing walls will be monolithic with the 
abutments to support the continuation of the containment parapets.  The general arrangements 
of the proposed structures are shown on Drawings 35944/1501/001  and 35944/1502/001 
included in Appendix 8  of this report. 

(2) The natural ground conditions in the vicinity of the proposed bridge structures, as revealed by the 
ground investigation (CC, 2016), comprise topsoil/subsoil overlying a sequence of Aeolian 
Deposits, Raised Beach Deposits and the White Chalk.  As noted in Section 1.4.2 , no 
information on the ground conditions in the central part of the Site is currently available and 
further intrusive ground investigation works will need to be carried out to verify the actual ground 
conditions in this part of the Site. 

(3) The proposed bridge structures will be founded on single monolithic spread foundation to each 
abutment and associated wing walls.  Founding level will be at 5.60 m OD for the rail bridge and 
4.95 m OD for the road bridge, that is at about the interface of the Aeolian Deposits and the 
underlying Raised Beach Deposits.  Locally Aeolian Deposits may be present below formation 
level; however, any such deposits are expected to be of limited extent and thickness and may be 
neglected in the design of the proposed bridge structure.  In this regard, any soft or loose soil 
encountered at foundation level will be removed and replaced with well compacted engineered 
fill with similar properties to the surrounding ground.  Given the potential for solution features to 
be present all foundations are designed assuming a loss of ground support over a plan 
dimension of 3.0 m to allow for any future development of solution features. 

(4) This section outlines the design calculations carried out to assess the stability of the proposed 
bridge structures.  The design calculations are presented in Appendix 2  of this report together 
with copies of the Form C: Highway Structure Summary Information sheets for each structure. 

(5) These calculations are based on the ground conditions identified in the Ground Investigation 
Report (PBA, 2016) and the geometry of the proposed structures.  The design calculations 
presented are limited to the consideration of the bearing and sliding resistance and settlement of 
the founding soils to the proposed bridge structures. 

3.2.1 Bearing and Sliding Resistance 

(1) The bearing and sliding resistances of the proposed bridge structures have been determined 
using the design procedures recommended in BS 8004 (2015).  Given the limited thickness of 
the Raised Beach Deposits relative to the plan dimensions of the proposed foundations, the 
presence of this material has been neglected and the bearing and sliding resistances have been 
determined assuming the structure is founded directly on the underlying structureless chalk.  
Given the lower design parameters selected for the structureless chalk, this assumption is 
deemed to be conservative. 
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(3) Results of the analyses are presented on the settlement calculations presented in Appendix 2  of 
this report. 

3.3 Underpass Structure 

(4) The proposed underpass structure comprises proprietary multiple pre-cast reinforced concrete 
box units with pre-cast reinforced concrete headwalls and wing wall at the west end.  At the east 
end the underpass will pass through the concrete facing panels to the reinforced soil 
embankment.  Details of the proposed structure are given on Drawing 35944/1503/ 001  included 
in Appendix 8  of this report. 

(5) The natural ground conditions in the vicinity of the proposed underpass structure, as revealed by 
the ground investigation (CC, 2016), comprise topsoil/subsoil overlying a sequence of Aeolian 
Deposits, Raised Beach Deposits and the White Chalk.  The proposed underpass extension will 
be founded on the Aeolian Deposits at an elevation of about 6.9 m OD. 

(6) This section will outline the design calculations to be carried out to assess the stability of the 
proposed underpass structure.  It should be noted that the final detailed design of the proprietary 
pre-cast structure will be carried out at a later date as part of a design and build contract to be 
commissioned by the selected main contractor for the scheme.  The selected main contractor will 
appoint a sub-contractor to design and manufacture to be the pre-cast units.  The sub-
contractor’s design will be reviewed by PBA and the stability of the proposed underpass structure 
will be assessed at this time.  This analysis will be included when available in a revised version of 
this report. 
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5.0 Drainage 

5.1 Details of Drainage 

(1) The drainage to the proposed works is limited to the installation of drainage channels to collect 
run-off from the carriageway. 
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6.0 Pavement Design, Subgrade and Capping 

6.1 Details of Pavements 

(1) The proposed scheme will result in pavement being formed on the proposed fill to the approach 
embankments, the proposed backfill to the proposed overbridges and the existing near-surface 
soils. 

6.1.1 Pavements on Engineered Fill Materials 

(1) As noted in Section 2.3  of this report, the fill material to be used to form the embankments will 
be determined in agreement with the appointed contractor for the works and for the purposes of 
design analyses it has been assumed that the fill material will comprise Class 6I/6J selected 
granular fill.  As noted in Section 3.2  of this report, the back fill to the proposed structures will 
comprise Class 6N/6P selected granular fill.  These selected granular fill will be placed and 
compacted in accordance with the requirements of the Specification for Highway Works (HA, 
2017). 

(2) The proposed fill to the embankments and backfill to the proposed overbridges will form a 
suitable formation for the proposed pavements.  Design CBR values have been selected from 
consideration of the long term equilibrium values proposed by IAN 73/06 (HA, 2009).  On this 
basis, the design CBR value of the proposed fill materials has been taken to be 15 per cent. 

6.1.2 Pavements on Existing Natural Ground 

(1) The near-surface Aeolian Deposits comprise soft/firm sandy CLAY/SILT.  As part of the ground 
investigations for the Hampton Park development (IM, 2014 and 2015), CBR values typically in 
the range 0.25 to 0.75% were determined for the Aeolian Deposits; these values were 
determined by laboratory testing of unsoaked samples of the as-received material compacted 
using a 2.5 kg rammer; the tests were carried out without any surcharge load.  As part of the 
ground investigation for the proposed works (CCGI, 2016), CBR values typically greater than 5% 
were determined for the Aeolian Deposits; these values were determined on the in-situ soils 
using a dynamic cone penetrometer.  For comparison, determined values of plasticity index of 
the Aeolian Deposits are typically in the range 15 to 25 for which IAN 73/06 (HA, 2009) indicates 
long term equilibrium CBR values would be expected to be in the range 4 to 5%. 

(2) It is expected that the discrepancy between the laboratory determined CBR values and expected 
long term equilibrium CBR values is attributable to the absence of a surcharge applied to the test 
specimen as part of the laboratory tests.  On this basis, the low CBR values determined as part 
of the ground investigations for the Hampton Park development (IM, 2014 and 2015) are not 
considered to be representative of the long term equilibrium CBR value of the Aeolian Deposits 
and a design CBR value of 3% is recommended for these deposits. 

(3) Notwithstanding the recommended design CBR value, to allow for the possible presence of 
locally loose or poorly consolidated ground which may be associated with infilled solution 
features in the White Chalk, pavements on the existing natural ground are to be design for a 
lower CBR value of 0.5%. 

6.2 Pavement Design 

(1) Pavement design has been carried out in accordance with the requirements of IAN 73/06 (HA, 
2009) and the pavement design is presented on Drawing 35944/2001/004  included in 
Appendix 8  of this report. 
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(2) In accordance with the requirements of IAN 73/06 (HA, 2009), the Contractor is to determine the 
in-situ CBR value using a dynamic cone penetrometer before foundation construction starts to 
verify that the value is equal to or greater than the design CBR value.  Any redesign of the 
pavement is to be confirmed following receipt of Contractor's CBR values. 
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7.0 Assessment of Potential Contamination 

7.1 Assessed Geoenvironmental Risk 

(1) A detailed assessment of potential contamination is presented in the Ground Investigation 
Report prepared for this scheme (PBA, 2016).  The assessment indicates that any potential 
contaminants in the ground or groundwater are unlikely in by themselves to represent a particular 
risk to human health, controlled waters or ecology and wildlife, associated with the proposed 
scheme.  On this basis, no specific remediation and/or mitigation measures will be required to 
limit the potential risks associated with land contamination. 

(2) Notwithstanding this assessment, appropriate protective clothing and equipment are to be worn 
by site workers; and good standards of hygiene adopted to prevent prolonged skin contact, 
inhalation and ingestion of soils during construction.  In addition, the methods of working are to 
be selected to limit the potential for air-borne dust to arise associated with the excavation and 
disturbance of the soils present on the Site. 

7.2 Management of Unexpected Sources of Contaminati on 

(3) There is a possibility that unexpected sources of contamination may be encountered during the 
site clearance or ground works.  Should visual and olfactory examination of any unusual solid 
materials or liquids encountered during the construction works identify areas of contamination 
specific management procedures will be adopted.  These procedures will allow for the short-term 
storage of the suspected material in stockpiles and/or storage tanks while verification testing for 
potential contamination is carried out.  The storage area will be contained to ensure that 
contamination does not migrate and affect other areas of the site. 

(4) Once the nature, location and extent of the unexpected contamination have been identified 
appropriate remediation or mitigation measures will be adopted.  Although these cannot be 
identified at this time the main emphasis will be on methods of isolating or treating the affected 
materials.  If such measures are unlikely to be practical or effective in mitigating the risk from the 
identified contamination, consideration will be given to excavating and removing the 
contaminated material from site for disposal or treatment at a suitably licensed facility. 

(5) Where remediation or mitigation of unexpected contaminants is required, an implementation and 
verification process will be established to identify the remediation activities required and to 
confirm that the remediation has been undertaken correctly.  As part of this process, remediation 
objectives will be identified and remediation criteria selected for measuring compliance against 
these objectives in consultation with the Local Authority and other statutory consultees. 
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8.0 Ground Treatment Including Treatment of any 
Underground Voids etc 

8.1 Details of Ground Treatment 

(1) The assessment of potential geological hazards presents in Section 1.4.3  of this report 
assessed the potential for natural solution features or mining cavities to be present on the Site to 
be Low . 

(2) To mitigate the risk of any natural solution features and mining cavities, the formation to all works 
is to be inspected by a qualified and experienced geotechnical engineer prior to constructing the 
works.  Particular care is to be given to identifying any features that may be indicative of the 
presence of any solution features and mining cavities, such as: 

i) Voids in the ground. 

ii) Collapsed ground that may appear as depressions or hollows at the ground surface. 

iii) Different ground conditions to those expected, e.g. areas of infill or disturbed ground. 

iv) Rapid changes of soil colour or soil type over short horizontal distances 

v) Vertical interfaces between different soils types. 

(3) Should inspection of the formation identify any potential solution features or mining cavities they 
will be investigated by appropriate intrusive ground investigation techniques.  If the presence of 
solution features or mining cavities is confirmed appropriate techniques will be adopted to infill 
any voids and stabilise any soft or loose infill materials.  The method of treatment cannot be 
identified at this time but may include techniques such as: 

i) Placement of two layers of geogrid reinforcement laid perpendicular to each other to form a 
reinforced soil foundation to the geotechnical feature. 

ii) Excavation of all soft and loose material from the feature and backfilling of the feature with a 
granular material, sealed over by a layer of clay or lean-mix concrete. 

iii) Use of infill and/or compaction grouting to fill any voids and/or compact any soft or loose 
material within the feature with a reinforced concrete cap. 

iv) Any combination of these techniques. 

(4) In addition to the works to stabilise any solution features or mining cavities.  Any soft, loose or 
damaged areas present in the formation are to be removed and replaced with well compacted 
engineered fill with similar properties to the surrounding ground.  The formation is then to be 
rolled to re-compact any soils disturbed during excavation. 

(5) The requirements to investigate and treat any natural solution features or mining cavities are 
presented in Appendix 6/11  of the specification for the works in included in Appendix 6  of this 
report. 
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9.0 Specification Appendices 
(1) Series 600 and related specification appendices are included in Appendix 6  of this report. 
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10.0 Instrumentation and Monitoring 

10.1 Details of Instrumentation and Monitoring 

(1) The design calculations for the proposed overbridge presented in Section 3.0  of this report 
predict settlements to be of the order of 15 to 20 mm.  Given that any excess groundwater 
pressures are expected to rapidly dissipate the settlement will largely occur during the 
construction works.  Notwithstanding this assessment, it is proposed to carry out precision 
levelling of the proposed monolithic abutments and wing walls at weekly intervals for a period of 
four weeks to demonstrate that long-term settlements are effectively complete. 

(2) The requirements for precision monitoring are presented in Appendix 6/12  of the specification 
for the works in included in Appendix 6  of this report. 
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11.0 Geotechnical Risk Register 
(1) Based on a review of available information and the results of the ground investigations, a 

geotechnical risk register has been prepared to identify and rate the potential risks to the project 
for each of the principal geotechnical hazards identified for the proposed scheme.  The main aim 
of the risk register is to allow for planning to prevent the risks occurring or to mitigate their 
consequences.  The risk register is included as Appendix 7 . 

(2) The risk register gives a description of the activity and potential geotechnical hazard, the 
consequence should the hazard occur and mitigation measures and actions to be taken to limit 
the impact of the hazard on the proposed scheme.  The risk register also includes an 
assessment of the likelihood of occurrence and the impact on the project should the hazard 
occur. 

(3) Rating of the risk has been carried out so that greater effort can be spent in planning the 
prevention and mitigation of those risks considered more serious in terms of the likelihood of their 
occurrence and their impact on the project if they do occur.  

(4) In relation to each risk there should be set out a simple action plan for the prevention/mitigation 
of the relevant risk.  Any action plan should be drawn up applying the principles of "SMART", that 
is actions should be Specific, Measurable, Agreed, Realistic and Time-bounded.  A statement of 
the objective of the relevant action should be given as this will enable subsequent reviews of the 
risk register to consider whether any further action is necessary to achieve the objective. 

(5) Responsibility for the management of each risk should be allocated to a particular party or 
organisation as indicated on the risk register. 

(6) A review of the proposed scheme and project risks, as given in the geotechnical risk register, has 
been carried out to determine the geotechnical classification of the project and thus the 
requirement for geotechnical certification.  On the basis of this review, the proposed scheme has 
been classified as a Geotechnical Category 2 Project, that is a project including conventional 
types of earthworks, structures and foundations with no abnormal risks or unusual or 
exceptionally difficult ground conditions. 

(7) It should be noted that both the geotechnical risk register and the geotechnical category of the 
scheme are considered as live and can be changed and updated as more information becomes 
available.  The designated category of the scheme and the geotechnical risk register should be 
reviewed as more information becomes available. 
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Existing Conditions

Proposed Works

Details of the proposed earthworks are given on the following drawings:
PBA Drawings 35944/2001/001 Proposed Road Alignment and Contours

Ground Conditions (Ref: PBA Report 35944/3500/r01/rev0, Dec 2016)
Description

Firm orange brown sandy CLAY/SILT
Medium dense brown clayey SAND with a little gravel
Off white clayey/sandy SILT with some gravel size fragments

Notes

Groundwater Conditions (Ref: PBA Report 35944/3500/r01/rev0, Dec 2016)

Ground Properties (Ref: PBA Report 35944/3500/r01/rev0, Dec 2016)
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m OD(1)

Aeolian Deposits

-8.0

Strata

(1) Natural ground levels in the area of the Site are between about 7.5 and 8.0 m OD

White Chalk

20.0

(kN/m3)

The principal earthwork elements of the scheme comprise approach embankments to the proposed road and rail
bridges. The proposed approach embankments are to be constructed above existing ground level with the
approach embankment to the southwest of the rail bridge constructed using conventional earth fill with side
slopes of 1 vertical in 3 horizontal.  Other approach embankmnets are to be constructed using reinforced soil with 
a modular concrete facing system.

Strata

Aeolian Deposits

Calculations
SOUTHWEST APPROACH EMBANKMENT

SLOPE STABILITY ASSESSMENT

Project No 35944 3500 mdh

Project Title LYMINSTER BYPASS (SOUTH), LITTLEHAMPTON

5.1

Cat2 21/02/2018

3.0

Base Level

In the area of the Site, the West Coastway Railway Line and Toddington Lane are aligned approximately east to
west running along a low ridge between the seafront about 2.5 km to the south and the valley of the Black Ditch
about 0.5 km to the north.

Raised Beach Deposits

20.0

(2) To allow for effects of surface vegetation, a 0.5 m thick surface layer of Embankment Fill is assumed to have 
an increased cohesion of 3 kPa

Raised Beach Deposits

(1) Properties of Engineered Fill to be used to construct the embankments have been selected on the basis that 
the material comprises Selected Granular Fill (Class 6I/6J) that is placed and compacted in accordance with the 
requirements of the Specification for Highway Works.

39--

(3) Given that any excess groundwater pressures are expected to rapidly dissipate, design for both short and 
long term loading conditions has been carried out using effective stress strength parameters.

White Chalk 18.0 33

J:\35944 North Littlehampton\3 - Geo\04 Data\Eng+Calcs\slope stability\[slope stability r0.xls]Design

10-

Effective
Angle φp.k'
(degrees)

27

(kPa)

0-(3)

Cohesion c'kStrength
suk (kPa)

Design groundwater level is taken to be 1.0 m OD.

Embankment Fill (proposed)(1)(2) 19.5 - - 36

Unit Wt γk

Bulk Shear Friction
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External Slip Surfaces

Assumptions

Method of Analysis

Partial Factors(3) (Ref: BS EN 1997-1:2004,Table A.NA.4)
Resistance Factors Com1 Com2 Load Factors Com1 Com2
Friction Angle, γφ' 1.00 1.25 Permanent, γG 1.35 1.00 unfavourable
Eff Cohesion, γc' 1.00 1.25 1.00 1.00 favourable
Undrained Shear, γsu 1.00 1.40 Variable, γQ 1.50 1.30 unfavourable

0.00 0.00 favourable
Results of Analysis

Run

Chainage 380 0.45 0.56

Summary
Results of analysis indicate

Sheet 02 of 03

4. The side slopes to the embankment to be constructed no steeper than 1 vertical in 3 horizontal.

7. To allow for the traffic and pedestrian loading surcharges of 20 and 5 kPa will be applied in the area of the 
proposed carriageway and pavement in accordance with Cl 5.8.2.1 (b) of BS 5400 Part 2.

1. Consider circular modes of failure to identify critical failures using GGU Stability v10.56.

5. A surface cover of grass and herbs will be established on the embankment side slopes to provide a 
continuous ground cover and an extensive fibrous and branching root system.  
6. Drainage channels to collect run off from the carriageway, and vegetation to the side slopes will be sufficient to 
limit water absorption from precipitation and run off on these slopes and thereby prevent any increase in the pore 
pressures in the fill.

2. The pavement to be constructed using selected granular materials with an effective friction angle of 36 
degrees or greater.

3. Given that any excess groundwater pressures are expected to rapidly dissipate, design for both short and long 
term loading conditions is carried out using effective stress strength parameters.

3. The fill materials to be placed and compacted in accordance with an engineering specification.

2. Consider design loads cases and partial factors for Combination 1 and 2 situations.

3500 mdh Cat2

1. The formation to be compacted and any soft or damaged areas excavated and replaced with acceptable 
material having the same characteristics and strength as the surrounding material.

21/02/2018Project No 35944

Calculations
SOUTHWEST APPROACH EMBANKMENT

SLOPE STABILITY ASSESSMENT

Project Title LYMINSTER BYPASS (SOUTH), LITTLEHAMPTON

J:\35944 North Littlehampton\3 - Geo\04 Data\Eng+Calcs\slope stability\[slope stability r0.xls]Design

(1) Proposed embankment slopes constructed in accordance with the assumptions listed above has adequate 
resistance with regard to potential slope instability.

Note 1) It should be noted that GGU stability presents the results of the stability analysis as utilisation factors 
defined as the ratio of the destabilising and stabilising effects, as such a utilisation factor less than unity is 
considered satisfactory.

Com1 Com2
Maximum Utilisation Factor(1)

From inspection, the critical slope has been identified to be Ch380  as it is the highest embankment slope within 
the area of the scheme.

Drained circ r0

Slope Condition
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DESIGN INPUT DATA

Ground Conditions
(Ref: PBA Report 35944/3500/R01 rev0, December 2016)

Description

Firm slightly sandy CLAY or SILT
Soft to firm sandy CLAY/SILT with a little gravel
Medium dense clayey SAND with a little gravel 
Structureless CHALK (Grade Dc)
Intact CHALK (Grades C2 to C4)

Note: Ground level taken to be 7.75 m OD

Groundwater Conditions
(Ref: PBA Report 35944/3500/R01 rev0, December 2016)

Ground water level, zw 1.00 m OD

Foundation Details
Breadth 20.0 m O'burden Pressure 0 kPa
Length 50.0 m Applied Pressure 114.6 kPa
Depth 0.25 m Limiting Stress Change 10 %

Correction Factors Status List
(Ref: CIRIA SP27, Fig 13) 1 Flexible 
Foundation Stiffness 0 ermedia 

0 Stiff  
Centre Edge Corner

total 1.00 1.00 1.00
short term 1.00 1.00 1.00
long term 1.00 1.00 1.00

Estimated Ground Movements
Centre Edge Corner Differential, 1/n

total 23 mm 15 mm 9 mm 1871
short term 23 mm 15 mm 9 mm 1872
long term 0 mm 0 mm 0 mm 1870530

Estimated Subgrade Modulus
Centre Edge Corner

total 5 MPa/m 4 MPa/m 3 MPa/m
short term 5 MPa/m 4 MPa/m 3 MPa/m
long term 4917 MPa/m 7781 MPa/m 3216 MPa/m
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Calculations
SOUTHWEST APPROACH EMBANKMENT

SETTLEMENT ANALYSIS

Project Title LYMINSTER BYPASS (SOUTH), LITTLEHAMPTON

Project No 35944 3500 mdh Cat2 21/02/2018

Strata Base Level
m OD

Topsoil/Subsoil 7.50
Aeolian Deposits 5.10

Raised Beach Deps 3.00
White Chalk -0.70
White Chalk -8.00

Flexible

J:\35944 North Littlehampton\3 - Geo\04 Data\Eng+Calcs\slope stability\[settlement17a.xls]Calculations
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ESTIMATED GROUND MOVEMENT

Design Parameters
(Ref: PBA Report 35944/3500/R01 rev0, December 2016)

Strata Unit mv E Stress Stress Stress Stress
top base Wt m2/MN MPa Initial Inc Layer Total Inc Layer Total Inc Layer Total
0.0 0.25 TS 18.5 2.3
0.25 0.85 AD 20.0 12 10.6 114.6 1.3 23.3 57.3 1.0 14.7 28.6 0.7 8.9
0.85 1.45 AD 20.0 12 22.6 114.5 2.0 22.0 57.3 1.4 13.7 28.6 0.9 8.2
1.45 2.05 AD 20.0 12 34.6 114.4 2.5 20.0 57.2 1.7 12.3 28.6 1.0 7.3
2.05 2.65 AD 20.0 12 46.6 114.1 2.9 17.4 57.1 1.9 10.6 28.6 1.1 6.2
2.65 3.15 BD 20.0 15 57.6 113.7 2.1 14.5 56.9 1.3 8.8 28.6 0.8 5.1
3.15 3.65 BD 18.0 15 67.1 113.2 2.2 12.5 56.6 1.4 7.4 28.6 0.8 4.4
3.65 4.20 BD 18.0 15 76.6 112.4 2.5 10.3 56.2 1.5 6.1 28.6 0.9 3.6
4.20 4.75 BD 18.0 15 86.5 111.5 2.6 7.7 55.8 1.6 4.5 28.5 0.9 2.7
4.75 5.35 WC 8.0 75 93.8 110.3 0.6 5.1 55.2 0.3 3.0 28.5 0.2 1.8
5.35 6.0 WC 8.0 75 98.8 108.7 0.6 4.5 54.4 0.4 2.6 28.4 0.2 1.6
6.0 6.5 WC 8.0 75 103.4 107.1 0.5 3.9 53.7 0.3 2.2 28.3 0.2 1.4
6.5 7.0 WC 8.0 75 107.4 105.5 0.5 3.4 52.9 0.3 1.9 28.3 0.2 1.2
7.0 7.5 WC 8.0 75 111.4 103.9 0.5 2.9 52.1 0.3 1.7 28.2 0.2 1.0
7.5 8.0 WC 8.0 75 115.4 102.2 0.5 2.4 51.3 0.3 1.4 28.1 0.2 0.9
8.0 8.45 WC 8.0 75 119.2 100.5 0.4 1.9 50.5 0.3 1.1 28.0 0.2 0.7
8.45 9.0 WC 8.0 300 123.0 98.7 0.1 1.5 49.7 0.1 0.8 27.9 0.0 0.5
9.0 9.5 WC 8.0 300 127.0 96.8 0.1 1.4 48.8 0.1 0.8 27.7 0.0 0.5
9.5 10.0 WC 8.0 300 131.0 94.9 0.1 1.2 47.8 0.1 0.7 27.6 0.0 0.5
10.0 10.5 WC 8.0 300 135.0 92.9 0.1 1.1 46.9 0.1 0.6 27.5 0.0 0.4
10.5 11.0 WC 8.0 300 139.0 91.0 0.1 1.0 46.0 0.1 0.6 27.3 0.0 0.4
11.0 11.5 WC 8.0 300 143.0 89.0 0.1 0.9 45.1 0.1 0.5 27.1 0.0 0.3
11.5 12.0 WC 8.0 300 147.0 87.1 0.1 0.8 44.2 0.1 0.4 27.0 0.0 0.3
12.0 12.5 WC 8.0 300 151.0 85.1 0.1 0.7 43.3 0.1 0.4 26.8 0.0 0.2
12.5 13.0 WC 8.0 300 155.0 83.2 0.1 0.5 42.4 0.1 0.3 26.6 0.0 0.2
13.0 13.5 WC 8.0 300 159.0 81.3 0.1 0.4 41.5 0.1 0.2 26.4 0.0 0.2
13.5 14.0 WC 8.0 300 163.0 79.5 0.1 0.3 40.7 0.1 0.2 26.2 0.0 0.1
14.0 14.5 WC 8.0 300 167.0 77.6 0.1 0.2 39.8 0.1 0.1 26.0 0.0 0.1
14.5 15.0 WC 8.0 300 171.2 75.8 0.1 0.1 39.0 0.1 0.1 25.8 0.0 0.0
15.0

Note
Values in blue denote input data
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Calculations
SOUTHWEST APPROACH EMBANKMENT

SETTLEMENT ANALYSIS

Project Title LYMINSTER BYPASS (SOUTH), LITTLEHAMPTON

Project No 35944 3500 mdh Cat2 21/02/2018

Strata Base Level Design Parameters Bulk Density Comments
m OD mv (m

2/MN) E (MPa) kN/m3 

- - -Topsoil/Subsoil
Aeolian Deposits

7.50
5.10 - 12 20.0

- 15 20.0Raised Beach Deps
White Chalk

3.00
-0.70 - 75 18.0

18.0White Chalk -8.00 - 300

Depth, m bgl Settlement Comments

J:\35944 North Littlehampton\3 - Geo\04 Data\Eng+Calcs\slope stability\[settlement17a.xls]Calculations

Settlement Settlement
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DESIGN CALCULATIONS

Stress Distribution
For uniform vertical loading of a rectangular area on a semi-infinte mass
Ref: Poulos and Davies (1974) Elastic Solutions for Soil and Rock Mechanics, Section 3.4

Vertical Stress Increase δσv = p/2π[atan(l.b/zR3)+l.b.z/R3(1/R1
2+1/R2

2)]
(beneath the corner of the rectangle) where p = applied pressure

l = length fo rectangle
b = breadth of rectangle
z = depth below applied load

R1 = (l2+z2)0.5

R2 = (b2+z2)0.5

R3 = (l2+b2+z2)0.5

Layer Settlement
for cohesive soils δi = mv.∆H.δσv mv = coefficient of volume comressibility
Ref: CIRIA SP27 Settlement of Clays, Section 4.2.1 E = elastic modulus

∆H = layer thickness
for granular soil δi = 2.3.σv0.∆Hlog[(σv0+δσv)/σv0]/ σv0 = initial vertial stress
Ref: Based on DeBeer and Martens, 1957 δσv = vertical stress increase

Sheet 03 of 03
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Cat2 21/02/2018Project No 35944 3500 mdh

Calculations
SOUTHWEST APPROACH EMBANKMENT

SETTLEMENT ANALYSIS

Project Title LYMINSTER BYPASS (SOUTH), LITTLEHAMPTON
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APPENDIX 2 
Highways Structures Design 

Calculations 
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DESIGN INPUT DATA

Ground Conditions
(Ref: PBA Report 35944/3500/R01 rev0, December 2016)

Description

Firm slightly sandy CLAY or SILT
Soft to firm sandy CLAY/SILT with a little gravel
Medium dense clayey SAND with a little gravel 
Structureless CHALK (Grade Dc)
Intact CHALK (Grades C2 to C4)

Note: Ground level taken to be 6.80 m OD

Groundwater Conditions
(Ref: PBA Report 35944/3500/R01 rev0, December 2016)

Ground water level, zw 1.00 m OD
Unit Wt, γw 10 kN/m3 

Ground Properties (assume bearing on White Chalk(1))
Undrained Conditions Drained Conditions
Bulk Unit Wt, γk 18.0 kN/m3 Bulk Unit Wt, γk 18.0 kN/m3 

Undrained Shear, suk kPa Friction Angle, φ'k 33 degrees
Friction Angle, φ'cv.k 33 degrees
Eff Cohesion, c'k 10.0 kPa

Foundation Properties
Unit Wt, γc 24 kN/m3 

Status List
Design Code BS EN 1997-1Yes 1 Yes

BS 8004 No 0 No

Partial Factors (for BS EN-1997-1)
Resistance Factors Com1 Com2 Load Factors Com1 Com2
Friction Angle, γφ' 1.0 1.25 Permanent, γG 1.35 1.00 unfavourable
Eff Cohesion, γc' 1.0 1.25 1.00 1.00 favourable
Undrained Shear, γsu 1.0 1.4 Variable, γQ 1.50 1.30 unfavourable
UCS, γqu 1.0 1.4 0.00 0.00 favourable

Factors of Safety (for BS 8004)
Vertical 2.5
Horizontal 2.5

Note
Values in blue denote input data
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1) Given the limited thickness of the Raised Beach Deposits relative to the plan dimensions of the proposed 
foundations, the presence of this material has been neglected and the bearing and sliding resistances have been 
determined assuming the structure is founded directly on the underlying structureless chalk.  Given the lower 
design parameters selected for the structureless chalk, this assumption is deemed to be conservative.

m OD
Topsoil/Subsoil

White Chalk
Raised Beach Deps

Aeolian Deposits

 

Strata Base Level

Project No 35944 Cat23500 mdh

Calculations
WEST COASTWAY RAILWAY LINE OVERBRIDGE (Traffic Load Group Gr5)

ESTIMATED BEARING RESISTANCE - SPREAD FOUNDATIONS

Project Title LYMINSTER BYPASS (SOUTH), LITTLEHAMPTON

-8.00

6.90

-0.70
2.50
5.00

21/02/2018

J:\35944 North Littlehampton\3 - Geo\04 Data\Eng+Calcs\wcrl bridge\[bearcap-ec7-17a .xls]Calculations (Chalk)
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DIMENSIONS AND ACTIONS

Status List
Foundation Type Foundation type Pad 0 Strip

Foundation weight included in actions Yes 1 Pad
Status List

1 Yes
Foundation Dimensions 0 No

Foundation width, B 14.0 m Depth to base, zb 1.85 m
Foundation length, L 20.0 m Base inclination, α 0 radians

Actions (Load on base)

Traffic Load Com1 (Vmax, Hmax) Com1 (Mmax) Com2 SLS
Group Vd Hd Md Vd Hd Md Vd Hd Md Vd Hd Md

Gr1a 65556 6762 63013 55428 4981 69905 49252 6121 52967 49070 4996 49419
Gr2 64198 7123 64605 54070 5342 71498 48095 6395 54201 47978 5264 50126
Gr5 66161 6713 64628 56032 4932 71520 49767 6071 54311 49560 4960 50846
Gr6 63118 6960 58611 52989 5180 65504 47174 6231 49003 47071 5143 45095

Design Value of Actions Traffic Load Group Gr5 Com1VH Com1M Com 2

Design Action Vd = kN
Hd = kN
Md = kNm

Direction of H and M, θ  (from direction of L) 90 90 90 degrees

Effective Foundation Dimensions Com1VH Com1M Com 2
Eccentricity

in direction of B edB = Md.sin(θ)/Vd 0.98 1.28 1.09 m
in direction of L edL = Md.cos(θ)/Vd 0.00 0.00 0.00 m

Effective width B' = B-2.edB 12.05 11.45 11.82 m
Effective length L' = L-2.edL 20.00 20.00 20.00 m

Note Denotes point of load application inside centre third of foundation
Denotes point of load application outside centre third of foundation

Note
Values in blue denote input data
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LYMINSTER BYPASS (SOUTH), LITTLEHAMPTON

ESTIMATED BEARING RESISTANCE - SPREAD FOUNDATIONS

Project Title

3500 mdh 21/02/2018Cat2

Calculations
WEST COASTWAY RAILWAY LINE OVERBRIDGE (Traffic Load Group Gr5)

35944Project No

J:\35944 North Littlehampton\3 - Geo\04 Data\Eng+Calcs\wcrl bridge\[bearcap-ec7-17a .xls]Calculations (Chalk)

49767
6071

54311

Two sets for Combination 1 were analysed as the load factor for the soil behind the abutment is 
1.35 for the maximum vertical load as it is unfavourable, and 0.95 for the maximum bending 
moment as it is favourable.

56032
4932

71520

66161
6713

64628
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DRAINED CONDITIONS

Bearing Resistance Com1VH Com1M Com 2
Unit resistance Rd/A' = c'.Nc.bc.sc.ic + q.Nq.bq.sq.iq + 0.5.γ'.B'.Nγ.bγ.sγ.iγ 

Friction angle φ'd = tan-1(tanφ'k/γφ') 33.0 33.0 27.5 degrees
Effective cohesion c'd = c'k/γc' 10.0 10.0 8.0 kPa

Bearing factor Nc = (Nq - 1).cotφ' 38.6 38.6 24.8
Nq = eπtanφ'.tan2(45+φ'/2) 26.1 26.1 13.9
Nγ = 2.(Nq - 1).tanφ' 32.6 32.6 13.4

Base inclination bc = bq -(1 - bq)/(Nc.tanφ') 1.00 1.00 1.00
factor bq = (1 - α.tanφ')2 1.00 1.00 1.00

bγ = bq 1.00 1.00 1.00
Shape factor sc = (sq.Nq - 1)/(Nq - 1) 1.34 1.32 1.29

sq = 1 + (B'/L').sinφ' 1.33 1.31 1.27
sγ = 1 - 0.3(B'/L') 0.82 0.83 0.82

Load inclination ic = iq - (1 - iq)/(Nc.tanφ') 0.84 0.86 0.81
factor iq = [1 - H/(V +A'.c'.cotφ')]m 0.85 0.87 0.82

iγ = [1 - H/(V +A'.c'.cotφ')]m+1 0.77 0.80 0.73
m = (2 + B'/L')/(1+ B'/L') 1.62 1.64 1.63

Eff unit weight of formation γd = 8.0 8.0 8.0 kN/m3 

Effective pressure at base q = zb.γk-(zb-zw).gw 24.8 24.8 24.8 kPa
Unit bearing resistance Rd/A' = 2153 2162 945 kPa
Bearing resistance Rd = kN 
Reduced bearing resistance Rd = kN 
Design Action Vd = kN
Load Factor Rd/Vd = 7.6 8.6 4.4
Utilisation Factor Vd/Rd = 0.13 0.12 0.23

Sliding Resistance Com1VH Com1M Com 2
Sliding resistance RH;d = Vd.tan(δd)
Base friction ratio δd/φ'cv.d = 1.00 1.00 1.00
Design action Vd = kN
Friction angle φ'cv.d = tan-1(tanφ'cv.k/γφ') 33.0 27.5 degrees
Sliding resistance RH;d = kN
Reduced Sliding Resistance RH;d = kN
Design Action Hd = 6713 4932 6071 kN
Load Factor Rd/Hd = 6.2 7.2 4.1
Utilisation Factor Hd/Rd = 0.16 0.14 0.24

Note
Values in blue denote input data
Values highlighted acceptable
Values highlighted unacceptable

Sheet 03 of 03

Bearing and sliding resistances have been reduced to allow for a loss of ground support over a 
plan dimension of 3.0 m to allow for any future development of solution features

503500 479804 216667

41705 35264

33.0

49767

mdhProject No 35944

4976756032

Calculations
WEST COASTWAY RAILWAY LINE OVERBRIDGE (Traffic Load Group Gr5)

ESTIMATED BEARING RESISTANCE - SPREAD FOUNDATIONS

Project Title LYMINSTER BYPASS (SOUTH), LITTLEHAMPTON

223346495089

56032

Cat2 21/02/2018

518719

66161

3500

36388
25082

J:\35944 North Littlehampton\3 - Geo\04 Data\Eng+Calcs\wcrl bridge\[bearcap-ec7-17a .xls]Calculations (Chalk)

42965 25855

66161
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DESIGN INPUT DATA

Ground Conditions
(Ref: PBA Report 35944/3500/R01 rev0, December 2016)

Description

Firm slightly sandy CLAY or SILT
Soft to firm sandy CLAY/SILT with a little gravel
Medium dense clayey SAND with a little gravel 
Structureless CHALK (Grade Dc)
Intact CHALK (Grades C2 to C4)

Note: Ground level taken to be 6.80 m OD

Groundwater Conditions
(Ref: PBA Report 35944/3500/R01 rev0, December 2016)

Ground water level, zw 1.00 m OD

Foundation Details
Breadth 12.0 m O'burden Pressure 0 kPa
Length 20.0 m Applied Pressure 210 kPa
Depth 1.85 m Limiting Stress Change 10 %

Correction Factors Status List
(Ref: CIRIA SP27, Fig 13) 0 Flexible 
Foundation Stiffness 0 ermedia 

1 Stiff  
Centre Edge Corner

total 0.87 1.32 1.75
short term 0.85 1.16 1.35
long term 0.88 1.45 2.10

Estimated Ground Movements
Centre Edge Corner Differential, 1/n

total 16 mm 16 mm 13 mm 4098
short term 16 mm 14 mm 10 mm 2123
long term 0 mm 2 mm 3 mm 4407

Estimated Subgrade Modulus
Centre Edge Corner

total 13 MPa/m 7 MPa/m 4 MPa/m
short term 13 MPa/m 8 MPa/m 5 MPa/m
long term 569 MPa/m 54 MPa/m 17 MPa/m
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Calculations
WEST COASTWAY RAILWAY LINE OVERBRIDGE

SETTLEMENT ANALYSIS

Project Title LYMINSTER BYPASS (SOUTH), LITTLEHAMPTON

Project No 35944 3500 mdh Cat2 21/02/2018

Strata Base Level
m OD

Topsoil/Subsoil 6.90
Aeolian Deposits 5.00

Raised Beach Deps 2.50
White Chalk -0.70
White Chalk -8.00

Stiff

J:\35944 North Littlehampton\3 - Geo\04 Data\Eng+Calcs\wcrl bridge\[settlement17a.xls]Calculations
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ESTIMATED GROUND MOVEMENT

Design Parameters
(Ref: PBA Report 35944/3500/R01 rev0, December 2016)

Strata Unit mv E Stress Stress Stress Stress
top base Wt m2/MN MPa Initial Inc Layer Total Inc Layer Total Inc Layer Total
0.0 1.8 AD 20.0 12 18.0
1.8 2.5 BD 20.0 15 43.0
2.5 3.0 BD 20.0 15 55.0 209.7 2.9 18.4 104.9 2.0 12.0 52.5 1.2 7.5
3.0 3.5 BD 20.0 15 65.0 208.8 3.1 15.6 104.5 2.1 10.0 52.5 1.3 6.3
3.5 4.0 BD 18.0 15 74.5 207.1 3.3 12.4 103.7 2.2 8.0 52.4 1.3 5.0
4.0 4.3 BD 18.0 15 81.7 205.2 2.0 9.1 102.9 1.3 5.8 52.3 0.8 3.7
4.3 5.0 WC 18.0 75 90.7 201.9 1.0 7.1 101.4 0.6 4.5 52.2 0.4 2.9
5.0 5.5 WC 18.0 75 101.5 196.7 0.7 6.1 99.1 0.5 3.8 52.0 0.3 2.5
5.5 5.8 WC 18.0 75 108.7 192.7 0.4 5.4 97.4 0.3 3.4 51.8 0.2 2.2
5.8 6.5 WC 8.0 75 114.2 187.1 1.0 4.9 95.0 0.6 3.1 51.5 0.4 2.1
6.5 7.0 WC 8.0 75 119.0 179.7 0.7 3.9 91.8 0.5 2.4 51.1 0.3 1.7
7.0 7.5 WC 8.0 75 123.0 173.1 0.7 3.2 89.0 0.4 2.0 50.7 0.3 1.4
7.5 8.0 WC 8.0 300 127.0 166.4 0.2 2.5 86.2 0.1 1.5 50.2 0.1 1.1
8.0 8.5 WC 8.0 300 131.0 159.6 0.2 2.3 83.3 0.1 1.4 49.6 0.1 1.0
8.5 9.0 WC 8.0 300 135.0 152.8 0.2 2.1 80.5 0.1 1.3 49.1 0.1 1.0
9.0 9.5 WC 8.0 300 139.0 146.1 0.2 1.9 77.7 0.1 1.2 48.4 0.1 0.9
9.5 10.0 WC 8.0 300 143.0 139.5 0.2 1.8 74.9 0.1 1.1 47.8 0.1 0.8
10.0 10.5 WC 8.0 300 147.0 133.1 0.2 1.6 72.3 0.1 1.0 47.1 0.1 0.8
10.5 11.0 WC 8.0 300 151.0 127.0 0.2 1.4 69.7 0.1 0.9 46.3 0.1 0.7
11.0 11.5 WC 8.0 300 155.0 121.1 0.1 1.3 67.2 0.1 0.8 45.5 0.1 0.6
11.5 12.0 WC 8.0 300 159.0 115.4 0.1 1.1 64.8 0.1 0.7 44.8 0.1 0.6
12.0 12.5 WC 8.0 300 163.0 110.0 0.1 1.0 62.5 0.1 0.6 43.9 0.1 0.5
12.5 13.0 WC 8.0 300 167.0 104.8 0.1 0.9 60.4 0.1 0.6 43.1 0.1 0.4
13.0 13.5 WC 8.0 300 171.0 99.9 0.1 0.7 58.3 0.1 0.5 42.3 0.1 0.4
13.5 14.0 WC 8.0 300 175.0 95.3 0.1 0.6 56.3 0.1 0.4 41.4 0.1 0.3
14.0 14.5 WC 8.0 300 179.0 90.8 0.1 0.5 54.3 0.1 0.3 40.6 0.1 0.2
14.5 15.0 WC 8.0 300 183.0 86.7 0.1 0.3 52.5 0.1 0.2 39.7 0.1 0.2
15.0 15.5 WC 8.0 300 187.0 82.7 0.1 0.2 50.7 0.1 0.1 38.9 0.1 0.1
15.5 16.0 WC 8.0 300 191.0 79.0 0.1 0.1 49.0 0.1 0.1 38.0 0.1 0.1
16.0

Note
Values in blue denote input data
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Calculations
ESTIMATED GROUND MOVEMENT

SETTLEMENT ANALYSIS

Project Title LYMINSTER BYPASS (SOUTH), LITTLEHAMPTON

Project No 35944 3500 mdh Cat2 21/02/2018

Strata Base Level Design Parameters Bulk Density Comments
m OD mv (m

2/MN) E (MPa) kN/m3 

- - -Topsoil/Subsoil
Aeolian Deposits

6.90
5.00 - 12 20.0

- 15 20.0Raised Beach Deps
White Chalk

2.50
-0.70 - 75 18.0

18.0White Chalk -8.00 - 300

Depth, m bgl Settlement Comments

J:\35944 North Littlehampton\3 - Geo\04 Data\Eng+Calcs\wcrl bridge\[settlement17a.xls]Calculations

Settlement Settlement



By Chkd Date

DESIGN CALCULATIONS

Stress Distribution
For uniform vertical loading of a rectangular area on a semi-infinte mass
Ref: Poulos and Davies (1974) Elastic Solutions for Soil and Rock Mechanics, Section 3.4

Vertical Stress Increase δσv = p/2π[atan(l.b/zR3)+l.b.z/R3(1/R1
2+1/R2

2)]
(beneath the corner of the rectangle) where p = applied pressure

l = length fo rectangle
b = breadth of rectangle
z = depth below applied load

R1 = (l2+z2)0.5

R2 = (b2+z2)0.5

R3 = (l2+b2+z2)0.5

Layer Settlement
for cohesive soils δi = mv.∆H.δσv mv = coefficient of volume comressibility
Ref: CIRIA SP27 Settlement of Clays, Section 4.2.1 E = elastic modulus

∆H = layer thickness
for granular soil δi = 2.3.σv0.∆Hlog[(σv0+δσv)/σv0]/ σv0 = initial vertial stress
Ref: Based on DeBeer and Martens, 1957 δσv = vertical stress increase
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Cat2 21/02/2018Project No 35944 3500 mdh

Calculations
WEST COASTWAY RAILWAY LINE OVERBRIDGE

SETTLEMENT ANALYSIS

Project Title LYMINSTER BYPASS (SOUTH), LITTLEHAMPTON









By Chkd Date

DESIGN INPUT DATA

Ground Conditions
(Ref: PBA Report 35944/3500/R01 rev0, December 2016)

Description

Firm slightly sandy CLAY or SILT
Soft to firm sandy CLAY/SILT with a little gravel
Medium dense clayey SAND with a little gravel 
Structureless CHALK (Grade Dc)
Intact CHALK (Grades C2 to C4)

Note: Ground level taken to be 6.80 m OD

Groundwater Conditions
(Ref: PBA Report 35944/3500/R01 rev0, December 2016)

Ground water level, zw 1.00 m OD
Unit Wt, γw 10 kN/m3 

Ground Properties (assume bearing on White Chalk(1))
Undrained Conditions Drained Conditions
Bulk Unit Wt, γk 18.0 kN/m3 Bulk Unit Wt, γk 18.0 kN/m3 

Undrained Shear, suk kPa Friction Angle, φ'k 33 degrees
Friction Angle, φ'cv.k 33 degrees
Eff Cohesion, c'k 10.0 kPa

Foundation Properties
Unit Wt, γc 24 kN/m3 

Status List
Design Code BS EN 1997-1Yes 1 Yes

BS 8004 No 0 No

Partial Factors (for BS EN-1997-1)
Resistance Factors Com1 Com2 Load Factors Com1 Com2
Friction Angle, γφ' 1.0 1.25 Permanent, γG 1.35 1.00 unfavourable
Eff Cohesion, γc' 1.0 1.25 1.00 1.00 favourable
Undrained Shear, γsu 1.0 1.4 Variable, γQ 1.50 1.30 unfavourable
UCS, γqu 1.0 1.4 0.00 0.00 favourable

Factors of Safety (for BS 8004)
Vertical 2.5
Horizontal 2.5

Note
Values in blue denote input data
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m OD
Topsoil/Subsoil

White Chalk

21/02/2018

Strata Base Level

Project No 35944 Cat23500 mdh

Calculations
TODDINGTON LANE OVERBRIDGE (Traffic Load Group Gr5)

ESTIMATED BEARING RESISTANCE - SPREAD FOUNDATIONS

Project Title LYMINSTER BYPASS (SOUTH), LITTLEHAMPTON

-8.00

7.05

-0.70
Raised Beach Deps 2.80

Aeolian Deposits 4.40
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1) Given the limited thickness of the Raised Beach Deposits relative to the plan dimensions of the proposed 
foundations, the presence of this material has been neglected and the bearing and sliding resistances have been 
determined assuming the structure is founded directly on the underlying structureless chalk.  Given the lower 
design parameters selected for the structureless chalk, this assumption is deemed to be conservative.



By Chkd Date

DIMENSIONS AND ACTIONS

Status List
Foundation Type Foundation type Pad 0 Strip

Foundation weight included in actions Yes 1 Pad
Status List

1 Yes
Foundation Dimensions 0 No

Foundation width, B 14.0 m Depth to base, zb 1.85 m
Foundation length, L 20.0 m Base inclination, α 0 radians

Actions (Load on base)

Traffic Load Com1 (Vmax, Hmax) Com1 (Mmax) Com2 SLS
Group Vd Hd Md Vd Hd Md Vd Hd Md Vd Hd Md

Gr1a 67650 8982 47174 55787 6596 52945 50672 8130 42604 50490 6641 36945
Gr2 66437 9289 49794 54574 6903 55565 49638 8347 44643 49522 6868 38501
Gr5 68400 8919 49490 56537 6533 55261 51310 8065 44528 51103 6595 38980
Gr6 65793 9085 45889 53930 6699 51660 49090 8142 41172 48986 6718 35285

Design Value of Actions Traffic Load Group Gr5 Com1VH Com1M Com 2

Design Action Vd = kN
Hd = kN
Md = kNm

Direction of H and M, θ  (from direction of L) 90 90 90 degrees

Effective Foundation Dimensions Com1VH Com1M Com 2
Eccentricity

in direction of B edB = Md.sin(θ)/Vd 0.72 0.98 0.87 m
in direction of L edL = Md.cos(θ)/Vd 0.00 0.00 0.00 m

Effective width B' = B-2.edB 12.55 12.05 12.26 m
Effective length L' = L-2.edL 20.00 20.00 20.00 m

Note Denotes point of load application inside centre third of foundation
Denotes point of load application outside centre third of foundation

Note
Values in blue denote input data
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Project No

LYMINSTER BYPASS (SOUTH), LITTLEHAMPTON

ESTIMATED BEARING RESISTANCE - SPREAD FOUNDATIONS

Project Title

3500 mdh 21/02/2018Cat2

Calculations
TODDINGTON LANE OVERBRIDGE (Traffic Load Group Gr5)

35944
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51310
8065

44528

Two sets for Combination 1 were analysed as the load factor for the soil behind the abutment is 
1.35 for the maximum vertical load as it is unfavourable, and 0.95 for the maximum bending 
moment as it is favourable.

56537
6533

55261

68400
8919

49490
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DRAINED CONDITIONS

Bearing Resistance Com1VH Com1M Com 2
Unit resistance Rd/A' = c'.Nc.bc.sc.ic + q.Nq.bq.sq.iq + 0.5.γ'.B'.Nγ.bγ.sγ.iγ 

Friction angle φ'd = tan-1(tanφ'k/γφ') 33.0 33.0 27.5 degrees
Effective cohesion c'd = c'k/γc' 10.0 10.0 8.0 kPa

Bearing factor Nc = (Nq - 1).cotφ' 38.6 38.6 24.8
Nq = eπtanφ'.tan2(45+φ'/2) 26.1 26.1 13.9
Nγ = 2.(Nq - 1).tanφ' 32.6 32.6 13.4

Base inclination bc = bq -(1 - bq)/(Nc.tanφ') 1.00 1.00 1.00
factor bq = (1 - α.tanφ')2 1.00 1.00 1.00

bγ = bq 1.00 1.00 1.00
Shape factor sc = (sq.Nq - 1)/(Nq - 1) 1.36 1.34 1.30

sq = 1 + (B'/L').sinφ' 1.34 1.33 1.28
sγ = 1 - 0.3(B'/L') 0.81 0.82 0.82

Load inclination ic = iq - (1 - iq)/(Nc.tanφ') 0.80 0.82 0.76
factor iq = [1 - H/(V +A'.c'.cotφ')]m 0.81 0.83 0.77

iγ = [1 - H/(V +A'.c'.cotφ')]m+1 0.71 0.74 0.66
m = (2 + B'/L')/(1+ B'/L') 1.61 1.62 1.62

Eff unit weight of formation γd = 8.0 8.0 8.0 kN/m3 

Effective pressure at base q = zb.γk-(zb-zw).gw 24.8 24.8 24.8 kPa
Unit bearing resistance Rd/A' = 2063 2092 890 kPa
Bearing resistance Rd = kN 
Reduced bearing resistance Rd = kN 
Design Action Vd = kN
Load Factor Rd/Vd = 7.4 8.7 4.1
Utilisation Factor Vd/Rd = 0.14 0.12 0.24

Sliding Resistance Com1VH Com1M Com 2
Sliding resistance RH;d = Vd.tan(δd)
Base friction ratio δd/φ'cv.d = 1.00 1.00 1.00
Design action Vd = kN
Friction angle φ'cv.d = tan-1(tanφ'cv.k/γφ') 33.0 27.5 degrees
Sliding resistance RH;d = kN
Reduced Sliding Resistance RH;d = kN
Design Action Hd = 8919 6533 8065 kN
Load Factor Rd/Hd = 4.8 5.5 3.2
Utilisation Factor Hd/Rd = 0.21 0.18 0.31

Note
Values in blue denote input data
Values highlighted acceptable
Values highlighted unacceptable
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Bearing and sliding resistances have been reduced to allow for a loss of ground support over a 
plan dimension of 3.0 m to allow for any future development of solution features

503263 489097 212065

43169 35638

33.0

mdhProject No

5131056537

Calculations
TODDINGTON LANE OVERBRIDGE (Traffic Load Group Gr5)

ESTIMATED BEARING RESISTANCE - SPREAD FOUNDATIONS

Project Title LYMINSTER BYPASS (SOUTH), LITTLEHAMPTON

51310

218358503882

56537

Cat2 21/02/201835944 3500

44419
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2665736716
25889

517843

68400

68400
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DESIGN INPUT DATA

Ground Conditions
(Ref: PBA Report 35944/3500/R01 rev0, December 2016)

Description

Firm slightly sandy CLAY or SILT
Soft to firm sandy CLAY/SILT with a little gravel
Medium dense clayey SAND with a little gravel 
Structureless CHALK (Grade Dc)
Intact CHALK (Grades C2 to C4)

Note: Ground level taken to be 6.80 m OD

Groundwater Conditions
(Ref: PBA Report 35944/3500/R01 rev0, December 2016)

Ground water level, zw 1.00 m OD

Foundation Details
Breadth 12.0 m O'burden Pressure 0 kPa
Length 20.0 m Applied Pressure 210 kPa
Depth 1.85 m Limiting Stress Change 10 %

Correction Factors Status List
(Ref: CIRIA SP27, Fig 13) 0 Flexible 
Foundation Stiffness 0 ermedia 

1 Stiff  
Centre Edge Corner

total 0.87 1.32 1.75
short term 0.85 1.16 1.35
long term 0.88 1.45 2.10

Estimated Ground Movements
Centre Edge Corner Differential, 1/n

total 15 mm 15 mm 12 mm 5166
short term 14 mm 13 mm 9 mm 2466
long term 0 mm 2 mm 3 mm 4720

Estimated Subgrade Modulus
Centre Edge Corner

total 14 MPa/m 7 MPa/m 4 MPa/m
short term 15 MPa/m 8 MPa/m 6 MPa/m
long term 629 MPa/m 59 MPa/m 19 MPa/m
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Stiff

White Chalk -8.00

Raised Beach Deps 3.35
White Chalk -0.70

Aeolian Deposits 4.95
Topsoil/Subsoil 7.05

m OD
Strata Base Level

Cat2 21/02/2018Project No 35944 3500 mdh

ESTIMATED GROUND MOVEMENT

Project Title LYMINSTER BYPASS (SOUTH), LITTLEHAMPTON

Calculations
TODDINGTON LANE OVERBRIDGE
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ESTIMATED GROUND MOVEMENT

Design Parameters
(Ref: PBA Report 35944/3500/R01 rev0, December 2016)

Strata Unit mv E Stress Stress Stress Stress
top base Wt m2/MN MPa Initial Inc Layer Total Inc Layer Total Inc Layer Total
0.0 1.85 AD 20.0 12 18.5
1.85 2.5 BD 20.0 15 43.5 210.0 3.3 16.7 105.0 2.3 11.0 52.5 1.5 7.0
2.5 3.0 BD 20.0 15 55.0 209.7 2.9 13.4 104.9 2.0 8.7 52.5 1.2 5.5
3.0 3.35 BD 20.0 15 63.5 209.0 2.2 10.5 104.5 1.4 6.7 52.5 0.9 4.3
3.35 4.0 WC 18.0 75 72.9 207.5 0.8 8.3 103.9 0.6 5.3 52.4 0.3 3.4
4.0 4.5 WC 18.0 75 83.2 204.6 0.7 7.5 102.6 0.4 4.7 52.3 0.3 3.1
4.5 5.0 WC 18.0 75 92.2 201.1 0.7 6.8 101.1 0.5 4.3 52.2 0.3 2.8
5.0 5.5 WC 18.0 75 101.2 196.7 0.7 6.1 99.1 0.5 3.8 52.0 0.3 2.5
5.5 5.80 WC 18.0 75 108.4 192.7 0.4 5.4 97.4 0.3 3.4 51.8 0.2 2.2
5.80 6.5 WC 8.0 75 113.9 187.1 1.0 4.9 95.0 0.6 3.1 51.5 0.4 2.1
6.5 7.0 WC 8.0 75 118.7 179.7 0.7 3.9 91.8 0.5 2.4 51.1 0.3 1.7
7.0 7.5 WC 8.0 75 122.7 173.1 0.7 3.2 89.0 0.4 2.0 50.7 0.3 1.4
7.5 8.0 WC 8.0 300 126.7 166.4 0.2 2.5 86.2 0.1 1.5 50.2 0.1 1.1
8.0 8.5 WC 8.0 300 130.7 159.6 0.2 2.3 83.3 0.1 1.4 49.6 0.1 1.0
8.5 9.0 WC 8.0 300 134.7 152.8 0.2 2.1 80.5 0.1 1.3 49.1 0.1 1.0
9.0 9.5 WC 8.0 300 138.7 146.1 0.2 1.9 77.7 0.1 1.2 48.4 0.1 0.9
9.5 10.0 WC 8.0 300 142.7 139.5 0.2 1.8 74.9 0.1 1.1 47.8 0.1 0.8
10.0 10.5 WC 8.0 300 146.7 133.1 0.2 1.6 72.3 0.1 1.0 47.1 0.1 0.8
10.5 11.0 WC 8.0 300 150.7 127.0 0.2 1.4 69.7 0.1 0.9 46.3 0.1 0.7
11.0 11.5 WC 8.0 300 154.7 121.1 0.1 1.3 67.2 0.1 0.8 45.5 0.1 0.6
11.5 12.0 WC 8.0 300 158.7 115.4 0.1 1.1 64.8 0.1 0.7 44.8 0.1 0.6
12.0 12.5 WC 8.0 300 162.7 110.0 0.1 1.0 62.5 0.1 0.6 43.9 0.1 0.5
12.5 13.0 WC 8.0 300 166.7 104.8 0.1 0.9 60.4 0.1 0.6 43.1 0.1 0.4
13.0 13.5 WC 8.0 300 170.7 99.9 0.1 0.7 58.3 0.1 0.5 42.3 0.1 0.4
13.5 14.0 WC 8.0 300 174.7 95.3 0.1 0.6 56.3 0.1 0.4 41.4 0.1 0.3
14.0 14.5 WC 8.0 300 178.7 90.8 0.1 0.5 54.3 0.1 0.3 40.6 0.1 0.2
14.5 15.0 WC 8.0 300 182.7 86.7 0.1 0.3 52.5 0.1 0.2 39.7 0.1 0.2
15.0 15.5 WC 8.0 300 186.7 82.7 0.1 0.2 50.7 0.1 0.1 38.9 0.1 0.1
15.5 16.0 WC 8.0 300 190.7 79.0 0.1 0.1 49.0 0.1 0.1 38.0 0.1 0.1
16.0

Note
Values in blue denote input data
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Settlement Settlement

-8.00 - 300

Depth, m bgl Settlement

18.0
18.0White Chalk

3.35
-0.70 - 75

Raised Beach Deps
White Chalk

- 12 20.0
- 15 20.0

Aeolian Deposits
7.05
4.95

- - -Topsoil/Subsoil

Design Parameters Bulk Density Comments
m OD mv (m

2/MN) E (MPa) kN/m3 
Strata Base Level

3500 mdh Cat2 21/02/2018Project No 35944

ESTIMATED GROUND MOVEMENT

Project Title LYMINSTER BYPASS (SOUTH), LITTLEHAMPTON

Calculations
TODDINGTON LANE OVERBRIDGE
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DESIGN CALCULATIONS

Stress Distribution
For uniform vertical loading of a rectangular area on a semi-infinte mass
Ref: Poulos and Davies (1974) Elastic Solutions for Soil and Rock Mechanics, Section 3.4

Vertical Stress Increase δσv = p/2π[atan(l.b/zR3)+l.b.z/R3(1/R1
2+1/R2

2)]
(beneath the corner of the rectangle) where p = applied pressure

l = length fo rectangle
b = breadth of rectangle
z = depth below applied load

R1 = (l2+z2)0.5

R2 = (b2+z2)0.5

R3 = (l2+b2+z2)0.5

Layer Settlement
for cohesive soils δi = mv.∆H.δσv mv = coefficient of volume comressibility
Ref: CIRIA SP27 Settlement of Clays, Section 4.2.1 E = elastic modulus

∆H = layer thickness
for granular soil δi = 2.3.σv0.∆Hlog[(σv0+δσv)/σv0]/ σv0 = initial vertial stress
Ref: Based on DeBeer and Martens, 1957 δσv = vertical stress increase
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TODDINGTON LANE OVERBRIDGE

ESTIMATED GROUND MOVEMENT

Project Title LYMINSTER BYPASS (SOUTH), LITTLEHAMPTON
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APPENDIX 3 
Strengthened Earthworks 

Design Calculations – Not Used 
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APPENDIX 4 
Drainage Design Calculations 

– Not Used 
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APPENDIX 5 
Pavement Design Calculations 

– Not Used 
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APPENDIX 6 
Specification Appendices 









Lyminster Bypass (South), Littlehampton 
Works Information – Specification and Appendices 
 

Issue : 1 Status : Preliminary 
File Reference: series 600 earthworks specification appendices r2.doc 

Date : 24/04/2018
Page : App 6-4

 

(5) Where material is imported onto site which is not ‘as dug’ it shall be natural aggregates (except 
shale, siltstone, or slate) or crushed concrete, bricks or masonry conforming to BS EN 13242. 

(6) Where fill materials include recycled crushed concrete, the Contractor shall determine the nature 
of the ground and groundwater beneath and surrounding the areas of proposed fill with respect 
to sulphur, sulphates, and any other potentially deleterious materials, in accordance with 
TRL 447 and other relevant guidance, and shall assess in accordance with TRL 447 and other 
relevant guidance the suitability of using materials containing recycled crushed concrete in the 
proposed areas. 

(7) The fill materials shall be inert as defined in Clause 7(4) of the Landfill (England and Wales) 
Regulations 2002.  The fill materials shall be tested to determine the concentration of potential 
contaminants in accordance with the methodology and limits of detection included in Appendices 
6/14/and 6/15 of this Specification.  The materials shall be classified as Unacceptable Material 
Class U2 when the concentrations of potential contaminants exceed the acceptability limits given 
in Appendices 6/14/and 6/15 and shall be dealt with in accordance with Appendix 6/2.  The 
frequency and scope of acceptability testing requirements shall be to Appendix 1/5 of this 
Specification. 

(8) The Contractor is responsible for ensuring all statutory and regulatory requirements for the 
receipt and use of all materials either excavated from the site or imported onto the site are 
observed.  The Contractor is responsible for ensuring a record of each load delivered and 
accepted is kept giving: (i) date, (ii) nature and quality, (iii) place of origin, (iv) quantity by 
weight/volume, (v) carrier, (vi) supplier.  The Contractor is responsible for ensuring a visual and 
olfactory assessment is carried out on every load, on initial receipt and after deposition, to ensure 
compliance with the Acceptance Criteria; the findings of the assessment shall be recorded with 
the record sheet for the load. 

(9) There are no specified requirements for processing to render unacceptable material Class U1A 
or Class U1B acceptable.  There are no specified requirements for the removal off site of 
excavated acceptable or unacceptable material requiring processing or retention on site of 
surplus material.  The Contractor shall be responsible for removal and / or processing of 
unacceptable material or surplus acceptable material deemed not acceptable for use in the 
Permanent Works. 

(10) Acceptable or unacceptable fill, other than contaminated material may be used in landscape 
areas.  This excludes the environmental, noise bunds, or any other earthworks of structural 
nature, where the fill parameters are determined through stability or bearing capacity 
requirements.  Class 5 and Class U2 materials shall not be used as landscape fill. 

(11) There are no specified requirements for groundwater lowering or other treatment.  The 
Contractor shall take all necessary measures (both temporary and permanent) to ensure that the 
presence or ingress of groundwater, infiltration water and the effects of weather does not 
compromise the integrity of earthworks.  Operations shall not take place during adverse weather 
conditions. 

 







A2 Westbound Off Slip Alterations, Thanington Park, Canterbury 
Works Information – Specification and Appendices 
 

Issue : 1 Status : Preliminary 
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Notes to Table 6/1: 
1. Permitted constituents shall all be subject to requirements of Clause 601 and Appendix 6/1 Clause (4) & (6). 
2 Material properties required for acceptability shall be in addition to requirements on use of fill materials in Clause 601. 
3 Compaction requirements shall be as defined in Clause 612. 
4 Optimum moisture content (omc) determined in accordance with BS 1377 : Part 4, 2.5 kg rammer method. 
5 Uniformity coefficient is defined as the ratio of the particle diameters D60 to D10 on the particle-size distribution curve, where: 
 D60 = particle diameter at which 60% of the soil by weight is finer 
 D10 = particle diameter at which 10% of the soil by weight is finer 
6 Optimum moisture content (omc) determined in accordance with BS 1377 : Part 4, vibrating hammer method. 
7 Where materials are required to be aggregates conforming to BS EN 13242 materials certificated as being compliant with BS EN 13285 are acceptable for use provided 

that they meet all the specification requirements and the Declaration of Performance for constituent parts to BS EN 13242 are provided to the Overseeing Organisation. 
8 Materials shall comply with the current Environmental Regulations at the time of use. Reference shall be made to Annex ZA (informative) of BS EN 13242. 
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Appendix 6/2 - Requirements for Dealing with Class U1B and U2 Unacceptable 
Material 

(1) The Contractor shall report immediately to the Project Manager any Class U1B and U2 
Unacceptable Material found within the works.  Unacceptable material Class U1B and U2 shall 
not be permitted to remain on site.  The Contractor shall agree with the Project Manager 
methods for the safe removal of the material. 

(2) The Contractor is responsible for dealing with Class U1B and Class U2 unacceptable material 
including where required: 

a) Classification of Class U1B and Class U2 material by appropriate chemical testing 
including WAC testing. 

b) Preparation of method statements for dealing with any Class U1B and Class U2 
materials  

c) Keeping records of the location, volumes, extent, nature and test results for all Class 
U1B and Class U2 materials encountered. 

d) Agreement of special requirements for dealing with unacceptable materials with the 
Environmental Health Officer, Environment Agency and other statutory bodies. 

e) Agreement of special requirements for dealing with leachate and contaminated water 
with the Environmental Health Officer, Environment Agency and other statutory bodies. 

f) Dealing with unacceptable materials whether by excavation and disposal, treatment, 
sealing or other means. 

g) Dealing with leachate and contaminated water whether by pumping and disposal, 
treatment or other means, including the provision of special drainage where required. 

h) Compliance with all Duty of Care and waste regulation obligations. 

(3) Where Class U1B and Class U2 material is excavated, the material shall not be left exposed 
overnight and the Contractor is responsible for providing temporary cover.  Cover may be 
provided by Class U1B materials or other material determined by the Contractor as agreed with 
the Project Manager.  This shall be placed to give a cover of not less than 150 mm.  All 
temporary cover shall be removed in advance of the permanent works and disposal off site 
accordingly. 

(4) The Contractor is to ensure that all Class U1B and U2 materials are disposed of at an 
appropriately licensed landfill or processing facility approved by the Environment Agency in a 
safe and competent manner and in accordance with relevant Statutory Regulations.  The 
Contractor shall keep records/transfer notes of all waste materials removed from this site and 
shall include the volume of waste material, the description of the waste material, date of removal, 
the destination of the waste material and the carrier.  The Contractor is required to submit copies 
of this information to the Project Manager as soon as it becomes available. 
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Appendix 6/3 - Requirements for Excavation, Deposition, Compaction (Other than 
Dynamic Compaction) 

Excavation Works 

(1) The existing topsoil, subsoil and near-surface soils shall be excavated as required within the area 
of the proposed works as shown on the Drawings.  The topsoil/subsoil shall be handled and 
stored in accordance with the requirements of BS 3882 (2007).  Unnecessary and premature 
removal of topsoil and subsoil shall be avoided. 

(2) The exposed natural soils shall be profiled such that there are no areas in which surface water 
may accumulate.  The Contractor shall take all necessary measures (both temporary and 
permanent) to ensure that the integrity of formation is not compromised by adverse affects of 
construction traffic, weather et cetera as required.  Operations shall not take place during 
adverse weather conditions. 

(3) Where the slope to the excavated area is greater than 1 vertical in 10 horizontal, the excavation 
shall be cut in horizontal benches in order to “key” the existing and the new fill materials together.  
The benches shall be 0.5 m high and at least 0.5 m wide. 

(4) The Contractor shall note and record any groundwater inflows, existing land drainage or cases of 
instability and provide records to the Designer’s Representative within 24 hours. 

(5) The exposed formation to all works is to be inspected by a qualified geotechnical engineer prior 
to constructing the works to identify the presence of any natural solution features and mining 
cavities.  Particular care is to be given to identifying any features that may be indicative of the 
presence of any solution features and mining cavities, such as (a) voids in the ground; (b) 
collapsed ground that may appear as depressions or hollows at the ground surface; (c) different 
ground conditions to those expected, e.g. areas of infill or disturbed ground; (d) rapid changes of 
soil colour or soil type over short horizontal distances; and (e) vertical interfaces between 
different soils types.  Any potential solution features or mining cavities shall be investigated by 
appropriate intrusive ground investigation techniques.  If the presence of solution features or 
mining cavities is confirmed appropriate techniques shall be adopted to infill any voids and 
stabilise any soft or loose infill materials.  The investigation and stabilisation works shall be 
carried out in accordance with the requirements of Appendix 6/11 if the Specification. 

(6) The exposed formation shall be compacted in accordance with the requirements of Clause 612 
(4) to (10) using Method 1 as defined in Table 6/4.  Any material exposed in the formation having 
an undrained shear strength less than 50 kPa or otherwise unacceptable material shall be 
excavated and the resulting void backfilled with Class 6N/6P material in accordance with the 
requirements of the Specification. 

(7) The prepared formation shall be subject to approval by the Project Manager prior to placing any 
fill material. 

Watercourses 

(8) Redundant watercourses (including ditches) shall be treated in accordance with Clause 606.2 
and 606.4.  The watercourse shall be cleared of vegetation and soft material, and backfilled with 
acceptable fill as shown on the Drainage Design Drawings and compacted in accordance with 
the specification.  All surfaces remaining exposed shall be topsoiled and seeded in accordance 
with Appendix 6/8. 

(9) The Contractor shall be responsible for any temporary or permanent protection of watercourses, 
including ditches. 
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Embankment Construction 

(10) The following requirements relate to the west side of the approach embankment to the south of 
the rail bridge to be constructed using conventional earth fill. 

(11) The fill material to be used to form the embankment will be determined in agreement with the 
appointed contractor for the works but given the opposite side of the embankment will be 
constructed using reinforced soil with a modular concrete facing system it is expected that the 
embankment shall be constructed in Class 6I/6J acceptable material complying with the 
requirements of Table 6/1. 

(12) Method compaction of fill materials is to be carried out in accordance with the requirements of 
Table 6/1 of the Specification.  Filling shall be in uniform layers.  Compaction shall be completed 
as soon as possible after the material has been spread and in accordance with specific 
requirements for the placed material.  Fill material in areas of benching shall be carefully placed 
and compacted to ensure that no voids occur at the upright steps of the benching. 

(13) The surface of any layer of material shall on completion of compaction and immediately before 
overlaying, be free from movement under compaction plant and be free from ridges, cracks, 
loose materials, pot holes, ruts and other defects.  All loose segregated or otherwise defective 
areas shall be removed to the full thickness of the layer and new material should be laid and 
compacted. 

(14) Should at any time the material change from that identified, the Contractor shall change the 
method of compaction to ensure compliance with the requirements of the Specification. 

(15) The Contractor shall keep contemporaneous records of the method of compaction including layer 
thickness, type of plant, number of passes and material type. 

Appendix 6/6 - Fill to Structures and Fill above Structural Foundations 

Filling 

(1) Fill to structures shall be either Class 6N or Class 6P or other acceptable material as shown on 
the drawings complying with the requirements of Table 6/1. 

(2) Fill to structures shall be deposited and compacted to Clause 610. 

(3) Full scale trials to determine stable slope of Class 6N or 6P are not required. 

Compliance Testing 

(4) Compliance testing is required to confirm the degree of compaction achieved is in accordance 
with the requirements of Appendix 6/1.  Compliance testing shall be carried out in accordance 
with BS 1377 : Part 9 using either the sand replacement or core cutter methods.  Where a 
Nuclear Density Meter (NDM) is used to determine the field dry densities it shall be used in 
accordance with BS 1377 : Part 9.  The NDM shall be subject to initial calibration and calibration 
checks against the results of sand replacement or core cutter tests on a daily basis or every 10 
NDM tests whichever the greater. 

(5) Details on the frequency of the compliance testing are given in Appendix 1/5.  The testing shall 
be carried out to ensure that an even spatial distribution across the area of the works is 
achieved. 
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(6) The degree of compaction for the earthworks shall be deemed to have been achieved if at least 
9 of out 10 consecutive in-situ dry density determinations of the compacted material attain 95% 
of the determined maximum dry density for the material being placed, provided no value falls 
below 90% of the determined maximum dry density. 

(7) The in-situ density test results will be reported as in situ dry density and moisture content and 
also in terms of percentage of maximum dry density achieved. 

Appendix 6/7 - Sub-formation, Capping, Preparation & Surface Treatment of 
Formation 

(1) Preparation and surface treatment of the formation in soil shall be to levels in accordance with 
Clause 616. 

(2) On site testing of the sub-formation, in accordance with Cl 5.12 to 5.15 of IAN 73/06 (HA, 2009), 
shall be carried out to determine the in-situ CBR value at the time of construction.  If the in-situ 
CBR is found to be less than the design CBR value taken to be 15 per cent for the engineered fill 
material, then the subgrade must either be improved to the design CBR or the foundation 
redesigned.  If the in-situ CBR is found to be less than the design CBR value taken to be 0.5 per 
cent for the existing natural ground, then the Contractor shall advise the Project Manager and 
take all measures required to investigate for and stabilise possible infilled solution features in 
accordance with the requirements of Appendix 6/11. 

Appendix 6/9 - Earthwork Environmental Bunds, Landscape Areas, Strengthened 
Embankments 

Landscaped Areas 

(3) Landscaped areas shall be constructed using Class 4 material compacted in accordance with 
Clause 620.2.  Method compaction to landscaped areas is not required. 

Strengthened Embankments 

(1) To be included 

Appendix 6/11 - Swallow Holes and Other Naturally Occurring Cavities and 
Disused Mine Workings 

(1) The Contractor shall report immediately to the Project Manager any solution features or mining 
cavities found within the works.  The Contractor shall agree with the Project Manager methods 
for the investigation and stabilisation of any solution features or mining cavities. 

(2) The Contractor is responsible for dealing with any solution features or mining cavities including 
where required: 

a) Preparation of method statements for the investigation and stabilisation of any solution 
features or mining cavities. 

b) Investigation of the features using techniques such as, for example, boreholes, dynamic 
probing, and trail excavations. 

c) Stabilisation of the features using techniques such as (i) excavation of all soft and loose 
material backfilling with a granular material; (ii) grouting to infill any voids and/or compact 
any soft or loose material within the feature; (iii) sealing of the feature by a layer of clay 
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or other relatively impermeable material such as lean-mix concrete; (iv) capping of the 
feature with reinforced concrete; or (v) any combination of these techniques. 

d) Keeping records of the location, volumes, extent and nature of all solution features or 
mining cavities encountered. 

e) Keeping records of the location, volumes, extent and nature of the works carried out to 
stabilise all solution features or mining cavities encountered. 

Appendix 6/12: Instrumentation and Monitoring 

(1) The Contractor shall carry out precision levelling of the proposed monolithic abutments and wing 
walls to the road and rail bridges. 

(2) The Contractor shall install survey points at each end of each abutment and wing wall.  The 
Contractor shall ensure the survey points are protected for the duration of the required 
monitoring. 

(3) The Contractor shall install datum points sufficiently remote from the proposed works such that 
they are not affected by any construction works or other activities.  The Contractor shall ensure 
the datum points are protected for the duration of the required monitoring. 

(4) Precise levelling shall be carried out daily during infilling of the structure and twice weekly 
thereafter for a period of four weeks from completion of the infilling or until long-term settlements 
are effectively complete.  The Contractor shall compile and submit reports to the Employers 
Representative on the establishment of the survey and datum points and each round of levelling 
presenting the co-ordinate and level information of each survey and datum point with 24 hours of 
measurement. 

Appendix 6/14 - Limiting Values for Pollution of Controlled Waters 

(1) All fill materials shall be tested to ensure the concentrations of potential contaminants are below 
the guideline values for inert material given by: 

a) DEFRA (2005) The Landfill (England and Wales) (Amendment) Regulations 2005.  
Statutory Instrument 2005 No 1640.  Department of the Environment, Food and Rural 
Affairs, London. 

(2) The frequency of acceptability testing shall be according to Appendix 1/5 of the Specification.  

(3) No material exceeding these limits shall be incorporated into the works. 

Appendix 6/15 - Limiting Values for Harm to Human Health and the Environment 

(1) All fill materials shall be tested to ensure the concentrations of potential contaminants are below 
the guideline values for commercial/industrial development given by: 

a) CIEH (2015) The LQM/CIEH S4ULs for Human Health Risk Assessment.  The Chartered 
Institute of Environmental Health, Nottingham. 

b) CL:AIRE (2014) Development of Category 4 Screening Levels for Assessment of Land 
Affected by Contamination.  Final Project Report SP1010 (Rev 2), Contaminated Land: 
Applications in Real Environments, London. 

The guideline values shall be modified as required to restrict maximum values to below the 
hazardous waste criteria. 

(2) The required contamination testing suite and limiting values are given in Table 6/15a below. 
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