Interpave

Initial Construction Costs For
Various Pavement and
Drainage Options
Final

Prepared For
Interpave

Scott Wilson Ltd
Interpave – Pavement Design

CONTENTS

1.

Overview

2.

Summary of Pavement Types and Applications

3.

The Schemes

4.

Construction and Billing Basis

5.

Results of Costing Analysis

6.

List of Drawings

APPENDICES
1.

Design References – Table 1

2.

Pavement Thickness Charts – Table 2 to 6

3.

Detailed Quantity and Costing Results

4.

Drawings

Issue No

Status

Date

Prepared By

Reviewed
By

Approved By

0

Draft

7 Jan 05

B. Leafe

I. Wildgoose

I. Wildgoose

1

Final

3 Feb 06

B. Leafe

I. Wildgoose

2

Final Rev 1

April 2006

B. Leafe

I. Wildgoose

I. Wildgoose

I. Wildgoose

©2006 BPCF Ltd.

Page 1

Scott Wilson Ltd
Interpave – Pavement Design

1.

OVERVIEW
Scott Wilson have been engaged on behalf of Interpave, The Precast Concrete Paving and
Kerb Association, to investigate and compare pavement and drainage construction
requirements of a variety of pavement types and their initial construction costs. The extent of
pavements under consideration ranged from pedestrian pavements to aircraft pavements, using
different surfacing materials and pavement structures for different subgrade conditions. See
Table A for a summary of the pavement types and applications.
The next stage of this project is to develop Whole Life Costs for these cases.
Where possible Scott Wilson have used projects that they were originally appointed as the
designers. This approach was chosen to give more realistic and accurate designs taking into
account typical topography and local drainage requirements.
As these pavement and drainage designs were specific to the original project and based upon
certain subgrade soil conditions it was necessary to redesign these pavements in the various
pavement types under review within a range of various CBR values. Over 250 different cases
were considered in this exercise. Designs and re-designs were undertaken in accordance with
current British Standards and/or appropriate design guides. See Appendix 1 for a summary of
the design methods and guide documents used.
Appendix 2 details the pavement types and construction requirements over a range of CBR
values, for ease of use the costs as detailed in Appendix 3 are reproduced in Appendix 2,
alongside the appropriate pavement construction.
The redesigns, in most cases, considers the alternative of using concrete block permeable
paving instead of the conventional impermeable pavement and associated surface water
drainage system originally used. This includes concrete block paving, concrete flags, and
bituminous and concrete construction. In these particular projects the drainage and other
associated details have been redesigned to reflect the use of concrete block permeable paving.
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2.

SUMMARY OF PAVEMENT TYPES AND APPLICATIONS

TABLE A - PAVEMENT TYPE (SURFACING)

A summary of the pavement types and layer thicknesses required for each application is contained in
Appendix 2

It should be noted that the costs associated with impervious pavements detailed in the Appendices are
based upon the use of conventional drainage, the same drainage design being used for all of the
impervious pavements, regardless of the pavement type. System A permeable pavements rely wholly
on infiltration, so consequently the cost of construction does not include any drainage costs. System B
and C permeable pavements require the use of perforated ‘collector’ pipes or Geocomposite fin drains,
to collect the water, and carrier drains to remove storm water from the sub-base. These pipes are
considerably smaller than would be necessary with a conventional drainage system, as the storage
capacity within the sub-base removes the usual drainage requirement to discharge storm water as
quickly as possible.
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3.

THE SCHEMES

1.
2.
3.
4.
5.
6.

Small Car Parking scheme – 0.35ha
Housing/Light Industrial Access Road scheme – 0.5ha
‘Outlet’ Retail Car Parking scheme – 5ha
Car Storage Compound scheme – 10ha
Airport Airside Apron scheme – 2.5ha
Dockside container terminal – 26ha

As was stated in the overview, all of the above schemes except scheme 1 were originally
designed as conventional impermeable pavements. As one of the fundamental requirements of
an impermeable pavement is to shed storm water from the surface of the pavement, the main
difference between the redesigned and original pavement reflects the fact that permeable
pavements offer optimum performance when laid as flat as possible. As impermeable
pavements formed the basis of the original designs, it is probable that rather different designs
could have resulted from the use of permeable pavements at the initial design stage. Whilst the
topography of a development area has a bearing on the design levels of a site, the creation of
suitable falls to large areas of carriageway, parking, or storage plays a major part in
determining the ground profile adopted. This then dictates the amount of excavation or
imported material necessary. The use of permeable paving is therefore best considered at the
earliest stage of any design, as this will be the time when the maximum cost benefits will be
derived.

The drainage of large areas of impermeable surface – which in the case of estate roads, for
example, could include not only the carriageway, but also any footpaths or domestic
driveways – can cause major problems for the designer and developer of new projects,
particularly concerning the matter of satisfying the design criteria set out by the Local
Authorities and regulators, such as agreeing storm water discharge rates. Again, early
consideration should be given to the use of concrete block permeable paving, to minimise the
additional measures necessary to comply with these requirements, whether simply discharging
to a watercourse or undertaking further surface water management using Sustainable Drainage
Systems (SUDS).

There is a possibility that the use of interceptors may not be required for concrete block
permeable paving. It is generally agreed that the relatively low levels of contamination arising
from vehicles in low speed, car park situations, is of such a level that biodegradation within
the sub-base of concrete block permeable paving, by naturally occurring bacteria, will take
place well before there is any risk of pollution at the point of discharge. Alternatively there are
grounds to propose the use of considerably smaller interceptor units, as the rates of discharge
from the sub-base storm water storage areas are significantly lower than those of a normal
drainage system. However, it will, be necessary to approach the relevant Local Authorities,
and environmental and water authorities on a scheme specific basis, to establish whether they
would be in agreement to either proposal.
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Scheme 1 - Small Car Parking scheme. This is a project to provide additional car parking,
within an existing development in the South West. As a result of increased parking demand,
an area that was originally landscaped is now to be paved. The main storm water outfall was
already installed as part of the original development. Therefore the additional pavement area
could have necessitated the replacement of the outfall. As an alternative, concrete block
permeable pavement was used. This removed the requirement to increase the outfall pipe
diameter, due to the storm water storage capacity of the permeable pavement construction.

As this scheme was originally designed to be constructed using concrete block permeable
paving (System C), the new design details the drainage requirements of impermeable
pavements. On this particular project the drainage outfall dimensions remain the same for
both permeable and impermeable designs. This is solely due to the fact that steep falls are
present within the discharge pipeline. In more normal circumstances the increased area of
impermeable pavement drainage system would usually require installation of a larger diameter
discharge.

Scheme 2 – Housing/Light Industrial Access Road scheme. In common with a large
number of similar developments the original proposed design requires the impermeable
asphalt pavement to be shaped to provide satisfactory long-falls for adequate surface water
drainage. This results in the forming of summits and valleys along the length of the roads.
Gully spacing is, amongst other things, dependant upon the carriageway long-fall, the flatter
the fall the greater the number – and hence cost. The use of concrete block permeable
pavement not only eliminates potential large numbers of gullies, but also enables the designer
to adopt a flat vertical alignment, in many cases reducing the complexity and amount of
earthworks necessary. The comments elsewhere concerning discharge pipe diameter and
interceptor requirements could also apply in this situation.

The scheme is located in the East Midlands and was originally of impermeable construction,
that would also be suitable for use as a design for a light industrial estate road. The vertical
alignment as originally designed would require the use of additional pipes, as detailed on
drawings HIARD/01/PERM and 02/Perm, for a permeable pavement, as the summits and
valleys of the original alignment prevent the use of a single perforated pipe, and dictate the use
of an additional carrier drain, albeit of a significantly smaller diameter than the original
impermeable design.

HIARD/01/PERM/Alt and 02/PERM/Alt and HIARD/03/PERM details a basic design that
would be more suitable for a Permeable Pavement, it replaces the summits and valleys of the
original design with a simple straight grade, between the existing carriageway and the
proposed outfall, thereby removing the requirement for the additional carrier drain.

The apparent improvements in cost that would result from the more idealistic vertical
alignment have not been taken into account in the costing analysis. However, the
consequential savings made in the more simple drainage arrangements have.

Scheme 3 – ‘Outlet’ Retail Car Parking scheme. This is the design of a car park attached to
a large retail ‘Designer Shopping Mall’ in the Northeast of England. The original surface
water drainage design collected storm water from the impermeable car park via a linear
drainage system and gullies. The access and service roads used gullies and Kerb/Drainage
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Units. The retail area pedestrian pavements and the roof water from the premises were also
connected to this system.

Whilst the discharge treatment it not considered within the design examples, the cost
implications need to be fully considered at an early stage within the design phase. If the storm
water that is collected discharges to a public sewer or a watercourse it may be necessary to
construct and incorporate within the site limits a storm water storage tank or other facility such
as balancing ponds etc, to enable the discharge rate to be regulated to the requirements of the
Local Authority and environmental and water authorities. Current thinking suggests that
discharge consents may more frequently require that further surface water management using
Sustainable Drainage Systems (SUDS) is undertaken prior to discharge. Permeable paving
systems have obvious distinct advantages in achieving these aspirations.

The permeable design as detailed on drawings ORCPD/01/PERM to 03 /PERM uses the
original vertical alignment for the scheme, and hence requires the use of a large number of
collector pipes. This is due to the ‘summit and valley’ design that is inherent in the original
impermeable design to suit a surface water drainage system that relies upon surface gradients
to avoid ponding, and to direct surface water to drainage receptors. Additionally a separate
system to deal with the roof water may be required. However on the above drawings the roof
water is directed into the permeable pavement drainage collector system.
Drawing ORCPD /02/PERM/1 details a more rationalised system that would reflect a drainage
design that was geared to permeable paving with a level paved area. For this design the
roof/pedestrian area drainage is directed into the permeable paving drainage system.
Consequently, the roof water will almost double the water storage requirements of the
permeable pavement due to the greater catchment and run off generated. However, due to the
inherent water retaining capacity of the graded crushed rock sub-base used in the construction
of this type of pavement, it will only be necessary to increase the depth of this layer by a
nominal 20mm to give the capacity required for storage. The benefits of this can be seen in
the reduced level of drainage infrastructure necessary for this alternative.

Drawing ORCPD /02/PERM/2 again details a rationalised system, geared to permeable paving
and a level paved area. On this alternative design the roof/pedestrian area drainage has not
been incorporated into the permeable paving drainage system levels and is therefore connected
in to a separate carrier drain. As the roof water would be considered ‘clean’ it should be
possible to discharge the pipe without having to connect to an oil interceptor, enabling a
smaller interceptor capacity to be used solely for the car park discharge.

Scheme 4 – Car Storage Compound scheme. This is a major Car Manufacturers car storage
compound, based in the Midlands. The volume of runoff generated by an impermeable
pavement would, as in the original design, require the construction of a suitable storm water
collection and storage system. This would then require a suitable outfall; a watercourse, sewer
or suitable SUDS surface water management scheme. The use of concrete block permeable
paving would eliminate the need for storm water storage – beyond that provided within the
sub-base – and where the use of System A or B permeable pavement was permitted, would
maintain at least the same level of groundwater replenishment. Arguably, the storage of the
storm water within the sub-base would decrease the amount of surface runoff, thereby
reducing the surface flow and increasing the flow to groundwater.
The original surface water drainage design collected storm water from the car park via a large
capacity linear drainage system and carrier drains. A large diameter pipe that replaces an
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existing ditch that runs from the north to the south will be required whichever type of
construction is used. The original vertical alignment has been used for the permeable
pavement, as the proposed finished vertical profile of the storage areas is equally acceptable
for both an impermeable and permeable paving system. Laying the permeable paving system
with a flat vertical profile would though, in all probability, make further cost savings in plant,
labour and materials.

Scheme 5 – Airport Airside Apron scheme. This is the design of an airside apron at a
regional airport in the North West of England. The loading on this area exceeds the maximum
currently acceptable for concrete block permeable paving and as a consequence this scheme
will not consider this application to this pavement option. SWPE have detailed which
construction types are suitable for this type of location, along with pavement designs.
Scheme 6 – Dockside container terminal. This is a Dockside container terminal, in Asia.
The loading on this area exceeds the maximum currently acceptable for concrete block
permeable paving and as a consequence this scheme will not consider this application to this
pavement option. SWPE have detailed which construction types are suitable for this type of
location, along with pavement designs.
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4.

CONSTRUCTION AND BILLING BASIS
Carriageway Construction
The original designs do not include carriageway construction details; these are to be obtained
from the appropriate SWPE table. For comparative cost purposes the above schemes are to be
considered for the construction types applicable to the pavement application, at a range of
CBR values – 2%, 3%, 6%, 10% and 15% - the suitability of a particular pavement
construction at a given CBR and/or traffic loading is given in Appendix 2.
Drainage
The drainage system detailed on the original designs, (except scheme 1), is based upon
impermeable carriageway construction. This system is to be used on all impermeable
construction pavement types without any changes to the design levels.
The three concrete block permeable paving designs, where their use is defined as acceptable in
Table 1, are to be used on the alternative designs – drawings labelled ‘PERM’. The need for
any further drainage is not required on System A, as this design relies on 100% infiltration.
The impermeable drainage design depths, (invert levels), are given on the design drawings
along with the drain diameter.
Use of drainage pipes with less than 900mm cover is not normal practice for pavements that
carry vehicles. As such it will be necessary to construct perforated pipes at this depth with
each permeable pavement option where required. Alternatively a geocomposite fin drain can
be used, laid either directly on the prepared formation for System B, or directly on the
impermeable membrane for System C.
Gullies detailed on the impermeable pavement shall comply with the requirements of HCD
F13.
Kerb Drainage Units shall be as detailed on the scheme drawings.
Catchpits are to be used on all chambers connected to perforated pipes, and are to be
constructed as detailed on HCD drawing F11. Carrier Drains are to be provided with
Manholes, the construction details of which are to be as HCD drawings F3 to F7, dependant
upon depth and pipe diameter.
Pipes are to be Group 15 structured wall thermoplastic perforated pipes and group 14 PVCu
carrier drains (Type S bedding – all depths), up to and including 300mm diameter – and
medium duty concrete pipes above this diameter. Concrete carrier drain to be System B,
granular bed and haunch, up to 2.5m depth of cover, or System A, concrete bed where depth of
cover exceeds 2.5m.
Geocomposite Fin Drains for use in System B and C permeable systems shall be Sanddrain
25S, 250mm width, manufactured by ABG Ltd of Meltham, Yorkshire.
Kerbing and Edging
Kerbs are to be provided where the carriageway/parking area abuts a footway or a verge,
except where a kerb drainage unit is detailed. Edgings are to be laid to the perimeter of any
area of construction not restrained by a kerb or other suitable edge constraint.
Linear Drainage Units shall be as detailed on the scheme drawings
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Factors affecting the use of Permeable Pavement
The use of concrete block permeable paving is restricted due to a number of factors, these are
primarily; traffic loading, proposed use, subgrade strength and permeability, and topography
of the site.
As the maximum approved loading is 5,000kg axle load, use is restricted to sites where this
loading will not be exceeded. The Interpave document; ‘guide to the design construction and
maintenance of concrete block permeable pavements’, describes three types of permeable
pavements. These are known as Systems A, B and C. This document gives specific guidance
on the suitability of different permeable pavement types for given applications.
The subgrade strength is generally linked to the permeability of the subgrade, in that the lower
the CBR value the greater the likelihood of a cohesive subgrade. Again System C is the only
permissible type of construction when the CBR and permeability is low, System A is only
appropriate for use with high CBR and permeability values and System B can be used when
the permeability is not sufficient to enable full infiltration, but the subgrade strength and
composition is such that it will not be reduced due to the effects of infiltration. The vertical
alignment of the original designs relies on long fall and crossfall to channel storm water to the
drainage system, whereas the concrete block permeable paving system requires finished levels
to be as flat as possible, to maximise storage capacity. The concrete block permeable paving
designs assume that the use of the system in these ’non-flat’ areas does not have any
significant effect on the storage capacity of the system, since if a detailed design was
undertaken, the finished levels would reflect this requirement.
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5.

RESULTS OF COSTING ANALYSIS

1. All rates are net in £ sterling and no allowance has been made for overheads and
profit.
2. The rates are for comparative purposes and include an allowance for kerbing and
drainage, except for pavement types 8 and 9.

3. No drainage has been allowed for pavement type 2, except for the permeable
pavement options Systems B and C
4. The manholes have been measured in accordance with the HCD details. Namely only
chamber type 4, 5 and 6 have concrete surround

5. Oil interceptors have been measured for the System B and C permeable pavements for
pavement Types 7 and 10. If they were omitted then the rate per square metre for the
System B and C permeable payments for pavement type 7 could be reduced by £ 0.26p
per square metre and for pavement type 10 by £0.52p per square metre. If a smaller
interceptor was used then the rate for payments for pavement type 7 could be reduced
by £ 0.22p per square metre and for pavement type 10 by £ 0.45p per square metre.
6. The works have been priced as at 4th quarter 2004.

7. The two permeable options for the Retail Park have been added.
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APPENDIX 4 DRAWINGS

Drawings are not included here for reasons of space but are available for inspection at the
offices of Interpave, by appointment.

