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BRIEF

Discussions between David Morrell and John Knagione 2009 have led to the
development by David Morrell of the following brief

Priora Structural Design Standard Project
Version 3:18 January 2011

Aim

To reassess Marshalls’ Permeable Pavements Salbtesign Methodology, using the
properties of the ‘Priora’ family of products (thatented joint details), reviewing the
original information undertaken at Newcastle Unsigrupon which the present
approach is based, together with information winak emerged since.

To develop a ‘new’ (updated) design standard fordialls based upon Limit State
principles and pavement cost savings as well asdagce document on how best to use
the benefits of Priora interlock with BS7533.

To draft a proposal for research work, as a septiage of work, using falling weight
deflection techniques to assess the structuralueabgopf permeable pavements.

Development of a new understanding of design
The information upon which the new approach wilbased includes, but is not limited
to:

Original Priora NUROLF report, in particular the ggific advantages of Priora (edge
connecting profiles & pavement stiffness)

Marshalls’ review of the performance of installedfticked Priora pavements
Paper by Knapton, Morrell & Cook

Interpave Design Guide, 6th Edition

BS7533: Part 13

British Standard & Highways Agency

Developments in relation to materials

Fourth Edition of British Ports Association portyement design manual, which includes
guidance on Permeable Pavements

Technical data provided by Huesker on the inclusind impact of geogrids in the
subbase and capping layers

Information on confinement systems and their impactub-base and capping layer
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The use of recycled materials as sub-base andathafgation for such

Papers published at international conferences in Sity (2003), San Francisco (2006),
Buenos Aires (2009) — particularly the Tobermomt te

NOTE: Phase Il is to include the research intostiftness of pavement design using
Falling Weight Deflection (FWD) techniques or usingitu load testing

Details
Based upon the Limit State approach, produce aataddtructural design methodology
which will allow the user to produce permeable pagat section designs to satisfy
commonly encountered applications. This desigrhodalogy will maintain the current
design loading of vehicle type rather than thatwhulative standard axles (CSA).
The work will also review the current capping laygcommendations;

» allowing for 1% CBR

» consideration of 5% rather than 6% as current ‘aq@pang layer required” as

many Site Investigation reports’ default is 5% CBR
» Capping layer depth at low CBR and light loading

Therefore, the applications to be considered ir_thet State design method are:

1/ Non-trafficked footways

2/ Domestic scale driveways trafficked by cars
3/ Domestic scale driveways trafficked by lighhsa
4/ Commercial driveways and car parks traffickgatars, light vans and delivery

vans (up to 7.5t gvw)
5/ Pavements trafficked mainly by light vehicleg by occasional HGVs.
6/ External hard standings trafficked by highwayicles (e.g. distribution

warehouses)

7/ Pavements trafficked by HGVs whose volume camieasured in millions of
standard axles

8/ Port pavements and similar with up to 100t sxxhethe case of Reach Stackers or

trains of 12t wheels in the case of straddle cesrie

Deliverables
The deliverables will comprise:

A/ A Structural Design Methodology which includdsarts and examples for the
structural design of each of the above categanekjding:-
Updated standards and references
Inclusion of new material properties (change in HENDBM etc)
Inclusion of geogrids (dependant on the discussiattsHuesker) and if
considered appropriate confinement systems.
Review of the 10 years of experience of the curdesign standard
Inclusion of how to ‘include’ recycled materialpéxification etc)
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B/

C/

D/

E/

Inclusion of the stiffness of the surface basethemnib design

A report setting out the basis of the designhoe and the structural benefit of the
Priora interlock. This will be largely for Marskgllinternal consumption and
training.

A Guidance report on how Marshalls can desigaccordance with BS7533 and
make ‘best’ use of the Priora interlock

Training day(s) for Marshalls’ staff. (detadéhow, where, when, who etc to
follow)

Draft the scope and deliverables of researihtire performance of permeable
pavements using FWD techniques. This work mayriokedaken at Eaglescliffe
and form the basis of a paper for the next Intéatgg Concrete Block Paving
Conference in Shanghai.
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INTRODUCTION

This Report provides revised design guidance forshials Permeable Pavements
surfaced with Priora. The guidance is based upamynmputs as this report explains
including, most importantly, Marshalls’ 10 yeargpexence of the successful use of
Priora’s previous design tables.

The unigueness of this report lies in the way imhbmes two design methodologies. For
lightly trafficked pavements, the loads appliedWteels are the critical factor and the
guidance for those pavements is based upon thaghtge This is known as ultimate
load design. For heavily trafficked highway pavetsethe pavements are designed on
the basis of the cumulative number of standard@x@@xles, in line with the UK
Highway Agency design approach. This is knowneasiseability design.

For pavements trafficked by vehicles applying greldads than those commonly
encountered on highways, the British Ports Assmridieavy duty pavement design
manual (BPA Manual) is recommended. This repoesdwmt provide design sections for
sucj pavements but instead shows how to apply #teed. The % Edition of the BPA
Manual can be downloaded from Interpave and indddi guidance on heavy duty
permeable pavements. The design tables in thisfRielude a reference to the BPA
Manual for both Dention Pavements and InfiltratRawvements.

This Report includes tables for the design of Ded@nPavements and Infiltration
Pavements surfaced with Marshalls Priora paveshawn in the photograph on the next

page.

The photograph illustrates 200mm x 100mm modulse Biriora installed to a
herringbone pattern. Research has confirmed hiatst the preferred laying pattern from
a surface stability perspective and also from d k@eading perspective. This is
because it has been tested and has been showsvidepexcellent interlock. Other types
of Priora and other laying patterns can also b uséhose pavements trafficked by cars
& light vans, vehicles of weight up to 7.5 tonnelatcasional emergency large Goods
Vehicles.For all other categories of traffick, treangement shown in the photograph
should be used.
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¥

Marshalls Priora permeab avers installed inher'mgbone pattern
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DERIVATION OF PROPOSEDPAVEMENT SECTIONS

I have derived the thicknesses and material typgsnathe Tables which follow from a
consideration of the following sources of infornoati

1/

2/

3/

4/

5/

6/

7/

NUROLF testing of Priora which confirmed thenanced stiffness which is
provided by the Priora paver. |include the pdpeKnapton, Morrell & Cook
which describes this testing in the Appendix.

Marshall’s survey of pavers which have beetaliedd for several years using the
existing design sections. That survey confirmed generally the areas are
performing well. The exception is where severencledization has led to rutting.

The Tobermore trials, published at the BuenimesAinternational Conference on
Concrete Block Paving (2009) showed that in the cdshannelization, DBM50
is a particularly effective roadbase and signiftgaautperforms Hydraulically
Bound material (HBM), crushed rock and geogrid-ieiced crushed rock. |
include the Buenos Aires paper in the Appendix.

Interpave design guide and BS 7533: Part 139200nclude the relevant
extracts from this standard in the Appendix.

The US Interlocking Concrete Pavers Institi@®P() permeable pavements
design method which was described by ICPI's Davidtls at the May 2011
Dresden SEPT Workshop. This method helps to eskatle cut-off in terms of
crushed rock based pavements and asphalt baseagratge The ICPI method is
based on the well established AASHTO pavement desigthod.

The Belgian and German permeable pavementrdeseghods which were
described by Anne Beeldens at the May 2011 SEP$dereWorkshop. These
methods extend the use of crushed rock pavementhigher trafficking levels.
Germany and Belgium allow fine material in theiraCse Graded Aggregates
(CGAs). Their methods rely upon compaction foesgth development in CGA.
Interpave and ICPI take the opposite approach @ydupon aggregate interlock
instead of compaction. This means that in the kkbthe UK, we need to select
aggregates more carefully. They must not be taaaded (Martlesham was on
the limit which is why rutting has developed in soohannelized parts). The
advantage of using coarser crushed rock base miateyithat the system does not
become clogged. Clogging is a significant issué@&mmany and Belgium where

it is normal to replace permeable pavers on a edpasis, say every seven years.

Figure 2.1 of Highways Agency’s Design ManwalRoads and Bridges
(DMRB), Volume 7, Part 2 which is Highways Agencyssign chart for DMB50
and HBM roadbases. | have used this chart to ksttahicknesses required for
more heavily trafficked pavement, i.e. those inahhihe design switched from a
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consideration of the axle weight to the numberepietitions of standard 8,000kg
axles. This chart is reproduced in the Appendix.

8/ The Material Equivalence Factors (MEFs) whioh set out in the Fourth Edition
of the British Ports Association (BPA) Heavy Dutgv@ment Design Manual.
These figures allow one material to be exchangedf@ananother without
detracting from or adding unnecessarily to theqrerance of the pavement. |
have used these factors to swap some of the DMRBa#tghickness for Priora,
i.e. the DBM asphalt thicknesses shown in the tabte reduced by an amount
which reflects the structural value of Priorandlude the relevant information
from the BPA Manual in the Appendix.

9/ My own experiences of investigating the perfante of pavements of all types,
both in engineering research and as an expert sgtoe a worldwide basis
investigating reasons for the failure of pavements.

All of the above factors, when given thoughtful smieration have brought me to a
position where | consider that the proposed sestare sufficiently accurate to justify a
full Finite Element check. That exercise may leatine tuning of some of the proposed
sections.
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USE OFEXISTING INTERPAVE DESIGNDOCUMENT

This Report does not rework the structural parthefinterpave permeable pavements
design manual because | consider that the detatmimmendations contained within
that document remain generally valid. For examiptensider that the material
specifications remain correct.

However, that document addresses each categogvehpent on a fatigue basis. In my
proposed sections, | have used the ultimate loadaddor the design of lightly
trafficked pavements since the cumulative standalel approach becomes less realistic
when the actual use of the pavement is by a mixaffic which deviates significantly
from standard 8,000kg axles. This applies pawitylin the case of those pavements
which are trafficked by vehicles having signifidgrighter axle loads than the standard
axle of 8,000kg, i.e. all vehicles up to and inahgd7.5tonne vans.
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INCLUSION OFGEOGRIDS

| have also addressed the relevance of geogrids. Tobermore trials showed that they
add little to the longevity of pavements traffickeyl Large Goods Vehicles (LGVS) in
the case of subgrade CBRs of 5% and above. ldedlue Buenos Aires SEPT
conference paper which describes these trialssii\gpendix.

Those trials showed that crushed rocks and geoginéorced crushed rocks produced
essentially similar rutting and that rutting wasanwreater than that which occurred in
the DBM and HBM test items. However, in the caikghtly trafficked crushed rock
pavements, it is likely that the tension which depe within the geogrids will reduce
rutting, particularly if aggregate interlock withihe Coarse Graded Aggregate (CGA)
base is low (e.g. Martelsham). For this reasoaggd reinforced pavements have been
included as alternatives within all of the propopagiements but they allow a saving in
course thicknesses only in the case of subgade ©B&% and less.

The geogrid options are the even numbered onéeiddsign tables which

follow. Huesker, the geogrid manufacturer, hameficmed that they follow CIRIA
guidance which recommends that geogrids are ofwvaily on low CBR soils and that
the value increases as the subgrade CBR diminishes.

Therefore, the tables includeheaders which showusing a geogrid effectively lifts the
ground conditions by 1% CBR, i.e. when using a geogn soils of 4% CBR or less the
capping thickness in the case of Detention Pavesrarthe additional Coarse Graded
Aggregate thickness in the case of Infiltration éaents is as for a 1% higher CBR
subgrade. This means that the benefit of geogpgties only for low CBR soils and the
benefit increases with a decrease in CBR which rnapegctly onto CIRIA

guidance. This is an approach which the geogridufeeturers would do well to

replicate in all of their design guidance and lhiggter with the research than the approach
currently proposed by geogrid manufacturers wheeebgnstant reduction in pavement
thickness is allowed by the inclusion of a geogrid.
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THE USE OFCAPPING MATERIALS

In the case of Detention Pavements, the lowest lay@prises 150mm thickness, or
more, of Coarse Graded Aggregate over a waterpneofibrane. For pavements of CBR
4% and lower, capping material is included beloeaterproof layer. Table 6/2 of
Highways Agency’s “Specification for Highway Workdéscribes three types of capping
material according to Particle Size Distributiomanaterial characteristics. The three
types are called 6F1, 6F2 and 6F3.

6F1 is the finest and all of the particles needass the 75mm sieve, whereas in the case
of 6F2 and 6F3, up to 65% may be retained on timen7Sieve. Also, 6F1 material may
include up to 15% passing the 63 micron sieve &®i6F3 may include up to 12%
passing the 63 micron sieve. 6F3 material hasdessous hardness requirements and is
best avoided if possible. 6F2 is the preferredenmtand is the one most used
commonly in the UK.

Because all capping materials are allowed to irelgignificant amount of material
passing a 63 micron sieve, they can lose strengémwsaturated. Therefore, it would not
be correct to use them for Infiltration Pavememsause such pavements are predicated
upon water cascading through each layer of therpawe Therefore, instead of capping
materials, Infiltration Pavements installed ovebgnades of 4% or less include additional
thickness of Coarse Graded Aggregate which doew @lie cascading of water without a
strength reduction.

Because Coarse Graded Aggregate has superionstaiugerformance to capping
materials, the additional thickness of Coarse Gia&tggregate to deal with pavements
installed over low CBR subgrades is less thandhatapping. For example, in the case
of pavements installed over 1% CBR subgrades, DieteRavements require 600mm of
capping placed below the waterproofing layer whetaéltration Pavements require an
additional 300mm of Coarse Graded Aggregate.
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DESIGN OFTEMPORARY ROADS SURFACED WITHPRIORA

There are many circumstances when a temporaryisaaduired. In the case of Priora,
this will mainly occur when a builder will need tise a road or other paved surface

during the building of the property/properties lgegerved by the road. In this case, the
preferred solution is to install the road up todioase level using DBM50 as the roadbase.
Before the road enters service as a permeable mateitbmm diameter holes will be
formed at 750mm centres in orthogonal directionsrder to permit the vertical flow of
water. These holes will be filled with 6mm singleed grit before the Priora pavers are
installed. In the case of the temporary road DB&50 may be trafficked directly by up

to 5,000 commercial vehicles prior to the makinghef holes and prior to the installation
of the Priora pavers.

Great care should be taken when trafficking Coénseled Aggregate directly. Whether
the Coarse Graded Aggregate can accommodate talifidepend upon the mechanical
properties of the particles and there is the pdggithat traffic will simply plough
through the material. Therefore, as a generalmesendation, traffic should not be
allowed to travel over Coarse Graded Aggregatectlire Even though such materials
may fail very soon when trafficked directly, whéw tPriora pavers are installed, their
weight ensures that there is sufficient frictiotveen individual particles to prevent
failure, providing the CGA has been specified atltye Particularly rounded stones are
susceptible to disruption when trafficked directBdso, directly trafficking CGA can
introduce fine material into the voids which campwomise the hydraulic properties of
the material.
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PROPOSEDDESIGN SECTIONS FORDETENTION PERMEABLE PAVEMENTS

The sections in the Table apply in the case of sulagles of 5% CBR or more. For pavements over lowe€BR values, replace the 50mm sand with the follow

1% CBR 600mm capping or 300mm capping plus Hueske&geogrid
2% CBR 350mm capping or 225mm capping plus Hueske&geogrid
3% CBR 225mm capping or 150mm capping plus Hueskegeogrid
4% CBR 150mm capping or Huesker Geogrid

PAVEMENT USE

EXISTING INTERPAVEBS7533:
PART 13 SECTION

EXISTING MARSHALLS SECTION

PROPOSEDMARSHALLS

SECTION

NOTE: A LAYER OF 50MM

THICKNESS OF SAND IS INCLUDED IN
ALL CASES. THE PURPOSE OF THIS IS
TO PROTECT THE WATERPROOF
LAYER FROM DAMAGE . | T 10S NOT
REQUIRED STRUCTURALLY

Pedestrian and Domestic
Driveways

80mm pavers
50mm laying course
250mm CGA
Waterproof layer
150mm capping

60mm or 80mm Priora
50mm laying course
200mm CGA
Waterproof layer
150mm capping

Alternative 1:

60mm or 80mm Priora
50mm laying course
150mm CGA
Waterproof layer
50mm sand

Alternative 2:

60mm or 80mm Priora
50mm laying course
150mm CGA

Huesker Geogrid
Waterproof layer
50mm sand
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Cars & Light Vans

80mm Priora
50mm laying course

200mm CGA
Waterproof layer
150mm capping

Alternative 1:

60mm or 80mm Priora
50mm laying course
200mm CGA
Waterproof layer
50mm sand

Alternative 2:

60mm or 80mm Priora
50mm laying course
200mm CGA

Huesker Geogrid
Waterproof layer
50mm sand

Traffic up to 7.5 tonne

80mm Priora
50mm laying course

350mm CGA
Waterproof layer
150mm capping

Alternative 1:

80mm Priora

50mm laying course
275mm CGA
Waterproof layer
50mm sand

Alternative 2:

80mm Priora

50mm laying course
275mm CGA
Huesker Geogrid
Waterproof layer
50mm sand
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Emergency Large Goods
Vehicles only (100 standard

axles cumulative)

80mm pavers
50mm laying course
350mm CGA
Waterproof layer
150mm capping

80mm Priora

50mm laying course
80mm DBM (100 Pen)
150mm CGA
Waterproof layer
150mm capping

Alternative 1:

80mm Priora

50mm laying course
300mm CGA
Waterproof layer
50mm sand

Alternative 2:

80mm Priora

50mm laying course
300mm CGA
Huesker Geogrid
Waterproof layer
50mm sand

One Large Goods Vehicle per

week (0.015msa)

80mm pavers
50mm laying course
125mm coarse HBM
150mm CGA
Waterproof layer
150mm capping

Alternative 1

80mm Priora

50mm laying course
70mm DBM (50 Pen)
150mm CGA
Waterproof layer
50mm sand

Alternative 2

80mm Priora

50mm laying course
70mm DBM (50 Pen)
150mm CGA
Huesker Geogrid
Waterproof layer
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50mm sand

Alternative 3

80mm Priora

50mm laying course
100mm coarse HBM
150mm CGA
Waterproof layer
50mm sand

Alternative 4

80mm Priora

50mm laying course
100mm coarse HBM
150mm CGA
Huesker Geogrid
Waterproof layer
50mm sand

Ten Large Goods Vehicles pe

week (0.15msa)

F80mm pavers
50mm laying course
150mm coarse HBM
or 130mm DBM50
150mm CGA
Waterproof layer
150mm capping

Alternative 1

80mm Priora

50mm laying course
90mm DBM (50 Pen)
150mm CGA
Waterproof layer
50mm sand

Alternative 2
80mm Priora
50mm laying course
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90mm DBM (50 Pen)
150mm CGA
Huesker Geogrid
Waterproof layer
50mm sand

Alternative 3

80mm Priora

50mm laying course
125mm coarse HBM
150mm CGA
Waterproof layer
50mm sand

Alternative 4

80mm Priora

50mm laying course
125mm coarse HBM
150mm CGA
Huesker Geogrid
Waterproof layer
50mm sand

100 Large Goods Vehicles pe
week (1.5msa)

80mm pavers
50mm laying course
200mm coarse HBM
or 130mm DBM50
150mm CGA
Waterproof layer
150mm capping

X

Alternative 1

80mm Priora

50mm laying course
115mm DBM50
150mm CGA
Waterproof layer
50mm sand
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Alternative 2

80mm Priora

50mm laying course
115mm DBM50
150mm CGA
Huesker Geogrid
Waterproof layer
50mm sand

Alternative 3

80mm Priora

50mm laying course
175mm coarse HBM
150mm CGA
Waterproof layer
50mm sand

Alternative 4

80mm Priora

50mm laying course
175mm coarse HBM
150mm CGA
Huesker Geogrid
Waterproof layer
50mm sand
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1000 Large Goods Vehicles p

week (15msa)

EBOmMmM pavers
50mm laying course
300mm coarse HBM
or 185mm DBM50
150mm CGA
Waterproof layer
150mm capping

Alternative 1

80mm Priora

50mm laying course
160mm DBM50
150mm CGA
Waterproof layer
50mm sand

Alternative 2

50mm laying course
160mm DBM50
150mm CGA
Huesker Geogrid
Waterproof layer
50mm sand

Alternative 3

80mm Priora

50mm laying course
275mm coarse HBM
150mm CGA
Waterproof layer
50mm sand

Alternative 4

50mm laying course
275mm coarse HBM
150mm CGA
Huesker Geogrid
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Waterproof layer
50mm sand

Heavy Duty Pavements for
Ports and similar industries

80mm Priora
50mm laying course

Coarse HBM
or DBM50 thickness to be
obtained using the Fourth

Edition of the British Ports
Association pavement design
manual

150mm CGA

Waterproof layer

50mm sand
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PROPOSEDDESIGN SECTIONS FORNFILTRATION PERMEABLE PAVEMENTS

The sections in the Table apply in the case of sutagles of 5% CBR or more. For pavements over lowe€BR values, add the following thickness to the thimess of

the Coarse Graded Aggregate in the Table:

1% CBR
2% CBR
3% CBR
4% CBR

300mm or 175mm and Huesker Geogrid
175mm or 125mm and Huesker Geogrid
125mm or 100mm and Huesker Geogrid
100mm or Huesker Geogrid

Pavement Use

Existing Interpave/BS7533:
Part 13 section

Existing Marshalls section

Proposed Marshalls eacti

Pedestrian and Domestic
Driveways

80mm pavers
50mm laying course
250mm CGA

60mm or 80mm Priora
50mm laying course
200mm CGA

Alternative 1:

60mm or 80mm Priora
50mm laying course
150mm CGA

Alternative 2:

60mm or 80mm Priora
50mm laying course
150mm CGA

Huesker Geogrid

Cars & Light Vans

X

80mm Priora
50mm laying course
200mm CGA

Alternative 1:

60mm or 80mm Priora
50mm laying course
200mm CGA

Alternative 2:
60mm or 80mm Priora
50mm laying course
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200mm CGA
Huesker Geogrid

Traffic up to 7.5 tonne

X

80mm Priora
50mm laying course
350mm CGA

Alternative 1:
80mm Priora
50mm laying course
275mm CGA

Alternative 2:

80mm Priora

50mm laying course
275mm CGA
Huesker Geogrid

Emergency Large Goods
Vehicles only (100 standard

axles cumulative)

80mm pavers
50mm laying course
350mm CGA

80mm Priora

50mm laying course
80mm DBM (100 Pen)
150mm CGA

Alternative 1:
80mm Priora
50mm laying course
300mm CGA

Alternative 2:

80mm Priora

50mm laying course
300mm CGA
Huesker Geogrid

One Large Goods Vehicle pern

week (0.015msa)

80mm pavers
50mm laying course
125mm coarse HBM
150mm CGA

X

Alternative 1

80mm Priora

50mm laying course
70mm DBM (50 Pen)
150mm CGA

Alternative 2

PROPOSED DESIGN SECTIONS FOR DETENTION PAVEMENTS AND INFILTRATING PAVEMENTS
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80mm Priora

50mm laying course
70mm DBM (50 Pen)
150mm CGA
Huesker Geogrid

Alternative 3
80mm Priora
50mm laying course
100mm coarse HBM
150mm CGA

Alternative 4

80mm Priora

50mm laying course
100mm coarse HBM
150mm CGA
Huesker Geogrid

Ten Large Goods Vehicles pe

week (0.15msa)

F80mm pavers
50mm laying course
150mm coarse HBM
or 130mm DBM50
150mm CGA

Alternative 1

80mm Priora

50mm laying course
90mm DBM (50 Pen)
150mm CGA

Alternative 2

80mm Priora

50mm laying course
90mm DBM (50 Pen)
150mm CGA

PROPOSED DESIGN SECTIONS FOR DETENTION PAVEMENTS AND INFILTRATING PAVEMENTS
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Huesker Geogrid

Alternative 3
80mm Priora
50mm laying course
125mm coarse HBM
150mm CGA

Alternative 4

80mm Priora

50mm laying course
125mm coarse HBM
150mm CGA
Huesker Geogrid

100 Large Goods Vehicles pe
week (1.5msa)

80mm pavers
50mm laying course
200mm coarse HBM
or 130mm DBM50
150mm CGA

Alternative 1

80mm Priora

50mm laying course
115mm DBM50
150mm CGA

Alternative 2

80mm Priora

50mm laying course
115mm DBM50
150mm CGA
Huesker Geogrid

Alternative 3
80mm Priora
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50mm laying course
175mm coarse HBM
150mm CGA

Alternative 4

80mm Priora

50mm laying course
175mm coarse HBM
150mm CGA
Huesker Geogrid

1000 Large Goods Vehicles p

week (156msa)

EBOMm pavers
50mm laying course
300mm coarse HBM
or 185mm DBM50
150mm CGA

Alternative 1

80mm Priora

50mm laying course
160mm DBM50
150mm CGA

Alternative 2

80mm Priora

50mm laying course
160mm DBM50
150mm CGA
Huesker Geogrid

Alternative 3
80mm Priora
50mm laying course
275mm coarse HBM
150mm CGA
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Alternative 4

80mm Priora

50mm laying course
275mm coarse HBM
150mm CGA
Huesker Geogrid

Heavy Duty Pavements for
Ports and similar industries

80mm Priora

50mm laying course
DBMS50 or coarse HBM
thickness to be obtained using
the Fourth Edition of the
British Ports Association
pavement design manual
150mm CGA
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VALIDATION OF THE PROPOSEDDESIGN SECTIONS

The above proposed design sections have been cheglaarrying out a Finite
Element analysis with the purpose of establishivag they each lead provide
sufficient protection to the underlying subgradetalure that rutting will not develop.
Also, those pavements which include DBM or HMB haeen checked to ensure that
fatigue cracking will not occur within those matds. These twin criteria have been
checked by comparing the stresses and strains whechinite Element analysis
shows to develop in the subgrade and in the DBM wiitesses and strains derived
from equations often referred to Biansfer Functionsvhich provide values of the
stresses and strains which should not be exceeileith the subgrade and within the
sub-base. There are many Transfer Functions &l&ild his is because they are
empirical equations which have been derived froseolations of the performance of
pavements of known material properties. Differaumthoritative highway
administrations, including the UK’s Highways Agerttgve monitored the
performance of their pavements and have therebyatkfransfer Functions
appropriate to their own pavements.

There is no empirical data available relating tegrmance of permeable pavements
to usage. However, permeable pavements compnseotonal roadbuilding
materials whose engineering properties are weletstdod and there is now a
reasonable body of data confirming which pavembat® been successful and which
have been less successful, such as that collegtbthtshalls at sites such as
Martlesham. These sites can be used to run a drettie veracity of the transfer
function selected. By this | mean that if the stdd Transfer Function produces
results in line with Marshalls’ observations ofitr@vn pavements, then it can be
considered to be as well validated as the Trar&factions which are in common use
worldwide.

In validating the Priora designs, | have selechedmost widely used Transfer
Functions. These are the following equations whnehe derived by the US Corps of
Engineers. They have been applied by highwaysagem the US and the UK, by
Federal Aviation Administration and in the BritiBlorts Association manual for over
25 years and are considered to be well proven.
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SUBGRADE STRAIN TRANSFERFUNCTION

Allowable Number of Repetitions =

N =10, om{ﬁ]
S

Where:

N = Number of Repetitions which the pavement can sta&n (as established from Finite
Element program)

A= 0.000247 + 0.000245.Lolf;)

Ss = Vertical Strain at upper surface of subgrade

M, = Resilient Modulus of Subgrade (psi)

B = 0.0658M,%°%°

The relationship between California Bearing Radiod Resilient Modulus for the
designs being considered is as in Table 1 below.

Table 1. Relationship between California Bearing Btio and Resilient Modulus

CALIFORNIA BEARING RATIO RESILIENT MODULUS VALUE OF | VALUE OF
PSI N/mm? CONSTANT | CONSTANT
A B
1% 1,450 10 0.00102 3.85
2% 2,900 20 0.00110 5.67
3% 4,350 30 0.00114 7.11
4% 5,800 40 0.00117 8.56
5% 7,250 50 0.00119 9.47
20% 29,000 200
(Coarse Graded Aggregate or
Capping)

Figure 2 below shows the relationship between e@rstrain at the surface of the
subgrade and the number of repetitions to failoedléd “coverages” by CAA to
distinguish the figure from aircraft passes). poéts on figure 2 are individual
pavements. The four slopes on Figure 2 refer bgies of modulus 4,500psi
(uppermost line), 9,000psi (blue line), 15,000psilpw line) and 22,500psi (lowest
line)respectively (3% CBR, 6% CBR, 10% CBR and 1GBR).
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SUBGRADE YVERTICAL STRAIN & NUMBER OF COVERAGES

B 2
001
»
COLITC I CURLPEI-AW FEaseam
-
E S0 Mg, = 4,500 R "
= 55 Mad, = 9000 ]
-E S0 Mgd o= 13000 - H
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0.0001 T
1 10 100 1,000 10,000 100,000 1,000 000

Mo, of Coverages to Failure

FIGURE 2 LEDFAA 1.2 failure model showing full-scale test data and model curves for four subgrade
maodulus values.

The figure below shows the relationship betweenlmemof repetitions and
permissible subgrade strain as set out in TRL'sokatory report LR1132 “The
Structural Design of Bituminous Roads” (Powell,tBntMayhew & Nunn, 1984).
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Permissible compressive strain [ €; )

1072

1073 -

DEFORMATION CRITERION

Probability
of survival

50%
\
85% \

Log N =—7.21 — 3,95 log €;

0.01

0.1 1.0 10 100
Cumulative traffic (N million standard axles)

(b) Top of the subgrade

Fig. 4 Permissible strains induced by a standard 40kN wheel load
at a pavement temperature of 20°C
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DENSEBITUMEN MACADAM STRAIN TRANSFERFUNCTION

Allowable Number of Repetitions =

N =10

Where:

N = Number of Repetitions which the pavement can sta&n

X = 2.68 -5.Log6,) — 2.665 LogE)

S, = Horizontal Tensile Strain at underside of DBM (& established from Finite Element
program)

E = Elastic Modulus of DBM (psi) (say 600,000psi o4136N/mnf) which means:

x=12.72 — 5.Log8x)

The figure below shows the above relationship betweumber of repetitions and
horizontal tensile strain (often referred to agitfae strain”) as set out graphically for
DBM in TRL’s Laboratory Report LR1132 “The StrucaliDesign of Bituminous
Roads” (Powell, Potter, Mayhew & Nunn, 1984).

LR1132 uses a similar relationship to the aboveaggn.

1073
';'f"s';"x'l'\:;‘lf FATIGUE CRITERION
50%
\
85% S~
&
c
¢
2 10— Log N = —9.38—4.16 log €,
g
@
=)
€
5
o
1073 | ] |
0.01 0.1 1.0 10 100

Cumulative traffic (N million standard axles)

(a) Bottom of dense bitumen macadam roadbase

PROPOSED DESIGN SECTIONS FOR DETENTION PAVEMENTS AND INFILTRATING PAVEMENTS




DRAFT REPORT ON PRIORA 3IDHN KNAPTON

Using the above chart, LR1132 shows the followelgtionship between asphalt
thickness and number of wheel patch repetitions.

400 v
7’

Subgrade CER 5% /7
Thickness of ° lo) ©
granular sub-base 225mm

— 300 -

£

£ ” o]

% Design curve

= 85% probability Py

c 200 |— of survival

3 oe

il ° o °

; Best fit curve

@

< ¢ -~ -

2 -

L

= 100 f~— . L] o © @ Life estimated from rate

of rutting
ce O Life estimated from deflection
0 | | |
0.01 0.1 1 10 100

Cumulative traffic {million standard axles)

Fig. D1 Relation between thickness and life of experimental
roads with dense bitumen macadam roadbase

The following extract from TRL's LR1132 shows thetual strain relationships used
by TRL which differ to a degree from FAA and BPAdres and which take into
account the particular characteristics of Highwagency's DBM. Note that the
figures equate to DBM with 100 Penetration bitumdrereas it is now common to
use 50 Penetration asphalt. This provides a dexreenservatism in design. For
this reason, the FAA fatigue relationships showRigure 2 above are more
appropriate and can be used in the validationetigsign proposals.

In the next part of this report, the above stralattonships are used to check the
proposed designs.
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17. APPENDIX E

INPUT DATA FOR THE DESIGN MODEL AND AN EXAMPLE
OF APPLYING THE DESIGN METHOD

17.1 Data required for design models

To make best use of the design method, the structural properties of the pavement materials and subgrade
must be known. The values assigned to each property to calculate critical strains in the standard designs are given
below:

Bituminous material

Loading frequency 5 Hz
Equivalent temperature 20°C

Modulus of dense bitumen macadam

(100 pen) 3.1 GPa
Modulus of hot rolled asphalt (50 pen) 3.5GPa
Poisson’s ratio 035

Fatigue criterion:

For dense bitumen macadam (100 pen) log Np=-938 - 4.16log €,

For hot rolled asphalt (50 pen) log Np=—9.78 —4.3210g €
where Ny is the road life in standard axles and € is the
horizontal tensile strain at the underside of the bound
layer under a standard wheel load.

Deformation criterion logNy=-7.21 —3.95 log &,
where Nd is the life of road in standard axles and €,

is the vertical compressive strain at the top of the
subgrade under a standard wheel load.
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NO FINESLEAN CONCRETE(HYDRAULICALLY BOUND
MATERIAL) STRESSTRANSFERFUNCTION

For those pavements with a no-fines lean concrage,lproposed thicknesses
have been checked by applying limiting tensilesstes occurring within the no-fines
lean concrete using the relationships shown belbwtware taken from the Fourth
Edition of the British Ports Association Heavy Ditgivement Design Manual.

5 3 DEVELOPMENT OF The Design Chart has been developed by searching within Tables
THIS MANUAL'S 2 to 8 for combinations of base thickness and Single Equivalent
DESIGN CHART Wheel Load (SEWL) which give rise to the following maximum

tensile stress wvalues in the standard material used 1.e. Cano
CBGM.

Up to 250,000 SEWLs 1.3N/mm2

250,000 to 1.5 x 10% SEWLs 1.1N/mm?

1.5x 105 to 4 x 106 SEWLs 0.9N/mm?2

4 x 106 to 8 x 10f SEWLs 0.7N/mm?2

8 x 1068 to 12 x 105 SEWLs 0.5N/mm?2

However, no-fines lean concrete is required to lmstength of € rather than g0
Therefore, the above tensile strength values rebd adjusted downwards by
multiplying them by a factor of 60% to provide ttodlowing limiting tensile stresses:

Upto 250,000 standard axles: 0.78N/nfm
Up to 1,500,000 standard axles: 0.66N/mfm
Up to 4,000,000 standard axles: 0.54N/mfm
Up to 8,000,000 standard axles: 0.42N/nfm
Up to 12,000,000 standard axles: 0.30N/nfm
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PROPERTIES OFMMATERIALS USED INDESIGNVALIDATION
EXERCISE

| have adopted the values shown in the followirmyetan the Finite Element design
verification exercise.

MATERIAL ELASTIC MODULUS PoOISSONSRATIO

(N/MM? ORMPA)
Priora Installed over 6mm 2,000 0.4
grit
Coarse Graded Aggregate 1,000* 0.35
Dense Bitumen Macadan 6,000 0.30
50 Penetration Bitumen
Coarse Graded 4,000 0.25
Hydraulically Bound
Material
Sand 400 0.35
Huesker Geogrid Enhances the overlying 0.35

CGA Elastic Modulus
from 1,000MPa to
1,500MPa

5% CBR Subgrade 50 0.45

* This value requires that Coarse Graded Aggregateneets the Marshalls’ specification
requirements of a No Fines Value of 200kN. Otherse, the Elastic Modulus value should be
500MPa.
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APPENDIX

SUPPORTINGINFORMATION

The information in this Appendix comprises:

1. Highways Agency Design Manual for Roads and @¥g] Volume 7, Section
2, Figure 2.1.

2. Fourth Edition of British Ports Association Hgdbuty Pavement Design
Manual, Tables 10, 11, 12, 13 & 15 plus Design €Char

3. “A new design method for permeable pavements senfadth pavers”
Knapton, Cook & Morrell.Highways & Transportatialgnuary/February
2002, Pp 23-27.

4, Tobermore Trials Paper (Note: includes relevatgrpave design guide paper).

5. Relevant extracts from BS7533: Part 13 2009€P4@ to 16).

PROPOSED DESIGN SECTIONS FOR DETENTION PAVEMENTS AND INFILTRATING PAVEMENTS




DRAFT REPORT ON PRIORA

4JPHN KNAPTON

W

S00Z AmRagag

I arnii]

SREMIEAT] STEN ] JOf SN Wil

I Calegiee Mt el G
k _mEvnze
&
5 (LR
. b W BEMSHDUS
% b 1 W 5
a, L% 5 e EMED o e i
% g ST
| b, '\\-' e 5\'.
R 5, Nl (I
| " L " %oy
] ey N Y s
i v N e TN
:: e ™ 4 (T \.
= i 1 \ 5 5
1% -l = L] K 1
Fivahale wiik ITHM B - Bonns] B Serfacimg Thickness (mm) far Fienible with Tlenible with Lophiahl e - Tolad Suphall
Ihcknms jmmj 1SS Daar Thickars (Imm)
Exnmples of Hydraulic Bownd Base Materials
HEM Cwtegary A B C o
rusheal Hock Coarve Appregals: CHOM B -CATDor T3 | CBEM B- CI205 (e T4y | TBOM B - Cla00je TS

(with cecfMcleinl of 1Bermed
eagaimadun <Di K 10 * per 'C)

SHM AT - W1 (ur T3
FARMI - CWEI fer T3}

SEM Bl = CEL6 for T4
FABRMIL — CLXTS (ar Td)

ShM BE - CI520 (ar T5)
FAEMI - C1570 fer TS

igravel Conrse Aggreguee
(i caclliclent af thermsl
papamsinn 2 H10 * per 'C)

CBGM B - CRDar T8
EHM BE - CW1T [ T3]
FAEMI - CI2 (ur T3]

L B~ CE2 Lar 14)
SEN B - CLIOE foar TE)
FABRMI — CEVIE [ T4)

CBGM B - CIa2for TS
REM Bl - CI520 (or TS
FARML — CLA120 for TS)

T Anpduiy

suBjEN] PIIPUES

PROPOSED DESIGN SECTIONS FOR DETENTION PAVEMENTS AND INFILTRATING PAVEMENTS

09T 0l £HT
T unfRag L MmEnfE



DRAFT REPORT ON PRIORA APHN KNAPTON

i Cal ry
R e ek =
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Previous name Mew name for BS EN14227 - Parts 1, 2 & 3 {all 2004}
‘Hydraulically Bound Mixtures — Specifications’

Cement Bound Material 1 (CEM1) Cement Bound Granular Mixture Capa
Slag Bound Mixture Cza
Fly Ash Bound Mixture Cana

Cement Bound Material 2 (CEMZ) Cement Bound Granular Mixtura Csis
Slag Bound Mixture Cog

Fly Ash Bound Mixture Cem

Cement Bound Material 3 (CBEM3) Cement Bound Granular Mixture Cang
Slag Bound Mixture Cunz
Fly Ash Bound Mixture Cenz

Cement Bound Material 4 (CEM4) Cement Bound Granular Misture Crans
Slag Bound Mixture Crens
Fly Ash Bound Mixiure Cizneg

Cement Bound Material 5 (CBEME) Cement Beund Granular Mixture Czgizs
Slag Bound Mixture Ciaze
Fly Ash Bound Mixture Cieza

Table 10, The pravious way of specifying “lean concrates” was changed in the UK in 2004 by the infroduction of BS EN14227
‘Hydraulically Bownd Mixtures — Specifications’. This Table provides a descriptive maans of relating the old classitication system
to the new one. However, for design purposes, the Material Equivalence Facters in Table 13 should be used. A& mixture referred
to as Cpypo means material with a 28 days characteristic compressive cylinder strength of BN'mm2 and a characteristic
compressive cube strength of 10M/mm2,
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Table 11. Classification of Cement
Hound Granular Mixtures by
Characteristic Compressive Sirength, The
standard marenal used to construct the
Design Chart is shown in bold.

Mates In the casa of cviinders HD is tha ratio of
the haight ™ the diamater of tha tast placa

Table 12. Classification of Slag Raund
Mixtures and Fly Ash Bound Midures by
Charsciermstic Compressive Strenglh,

Maote: In the case of cyfinders HID & the rata of
the height io the desmpter of the bt piece.

edition 4

Characteristic 28 Day Mean Axial
Compressive Strength (Nfmm32)} | Strength | Tensile Strength
Class (Nfmm2)
Cylinder Strength| Cylinder or
(H/'D = 2) Cube Strength
(H/D = 1)
Mo requirement Cn L8]

1.5 2.0 Ciapn 0.39

3.0 4.0 Caa 0.62

5.0 6.0 Css 0.87

8.0 10.0 Carin i.18

12 15 Cians 1.55

16 20 Ciaen 1.87

20 25 Copns 2.17

Table 12 shows properties of other Hydraulically Bound
Materials, i.e, Slag Bound Mixtures and Fly Ash Bound Mixtures,
as described in BS EM 14227: Part 2: 2004 ‘Hydraulically

bound mixtures — Specifications. Fart 2: Slag Bound Mixtures

and BS EN 14227: Part 3: 2004 ‘Hydraulically bound mixtures
— Specifications, Part 3: Fly Ash Bound Mixtures,’

Characteristic 28 Day Mean Axial
Compressive Strength (N/mm?®) | Strength | Tensile Strength
Class {Mfmm2)
Cylinder Strength| Cylinder or
(H/D = 2) Cube Strength

(HD=1)

1.5 2.0 B 0.39

3.0 4.0 Can 082

6.0 80 Caim 0.98

9.0 12.0 Ciia 1.28

12 16 Cizng 1.55

15 20 Ciaen 1.80

18 24 Ciama 2.02

21 28 ik 2.24

24 az Cagraa 2.44

27 36 Corin 2.64
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Material Preferad Pavement Base Meaterial
Factor (MEF)
Hydraulically | Material | Relevant Standard
Bound strength
Mibdures G sz i BS EN 14227 1 L7
[ B BSEN 145241 138
Css in BSEN 1422741 1.18
Cona b BS EN 14227-1 1.09
Cuns to B3 EN 1422/-1 0.8/
Ciee io BS EN 142237-1 .79
oo 1 BS EN 142271 074
Crsed o OF EN 148225783 LA
Caa ty BS EN 14227243 1.38
G I BS EN 142272583 LI
- Gz o BS EM 14227263 095
Cane o BS EM 14227 283 .85
Cizme 1o BS EN 14227283 079
Cisn |l BSEN 14277283 0.75
Coies | o BSEM 18227283 0.72
Coga: to BS EN 14227283 N.68
Care in BS EN 14237283 0.&3
Concrete
CHLO I BSAS00-1 LoD
CI&15 [toBSBhOO1 087
Table 13. Matensl Equvalence Factaors C1620 |5 ES 801 U.-"‘i
relating Caipo CEGM to other materials. €025 | 1o BS 55001 0.7
L2530 (o BS 85001 .65
C25%30 |60 BS HL00-1 inclding Flkgind siesl fibre| 060
Hrha that tha Mkwm darrme frmm tha CORAN0 | BS AR i.r:r.llrli.ng WS ciza fibe (.55
Mesipr: Gharts nesd 0 ba muitipliad by th : -
iclors i His e I abdsin thickeses fo C25A0 |1 BS BE00-1 ncluding Alkefr seel Tbre] 050
mnalerials ciher tham Cay g CORAS 40 BS BLD0 062
Hate tl]arl::um mﬁg;rlalz in italic would nat CAA0 | BS BRO .60
T C320 | o B B500-1 rcluding 20Rge seel ibe| | 0.65
ise | cundation Designt, C3Z20 | e BS 85001 including 30k coal fibee|  0ED
370 |t BS 8500-] inchading A0kgf Seml fibee) 045
3545 |1 BS BROO-1 (.58
{-‘ edition 4
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Tabla 13 continued.

Maote- that the thicknesses dortend from the
Desipn Chards need b ba multipied by the
taclers in Lhis Lalie e ablam echnsesses o
malerials other than Ceng.

Mate: that thosa materials in italic would not
reemally be specified s a pavere=nl bese but
may be used ax parl of the pavernenl foundalion
(=2 Foundation Designl

Materal Preferrad Pavernent Base | Material
Factor (MEF)
Traditional CBEMI
Cemerit Bodi {4, ENrvnd e F-ia cornpvesse cinhe stength) L&)
Materials | CBM2
| 4G minim s compressive culie shength! 130
CBM3
CamMa
| RO i Tk aorrpresane cube sireglhl) (LA
CAMS
(200N minimem J-davs compressie cubs srengt) 070
Mo fines Lean Concrote for Pormeabie Paving 1.00
Bitumen Bound | HDOM as dofined by SHW 0az2
Materals DBM = defined by SHW 1.0
HFA as defyred by SHW 1.25
Unboumd Cnished mek subrbase materniz! of CBR = 805 240
Materials
Concrete Concrete Biock Paving as a surfacing
m 80mm blocks and 30mm laying course) 100

Mates: Concrate referred to as C1&/20 means concrete with a 28 days characteristic
camprassive cubse strength of PON'mmE. Where Two aumbsars Toliow 3, the first
is characteristic cornpressive cylinder strength and the second is characteristic
compressive cube strength.

HOM - Hﬁuw Duly Miscadam,

DEM = Densz Bitumen Macadam,

HRA = Hat Raolled Asphall.

SHW = UK Highways Agency “Soecifcation for Highway Works',
Concrete block paving to be used as surfacing only.
Crushed rock to be used as foundation onky.
Biturnen bound matesials (HOM, DBM and HRA) may defoem under static loeding.
Only those steel fibees apecifically proven to enhance the sirength of concrete o be
specified.
In the case of CEMT to CEME, the minimum compressive cube strangth s the aueraged
rifrnuen walue Gas opgrosed bo Phe minimum measaeed an any one cube] which s close
to characteristic strength. Mote that CEM L to CBMS are no longer specified in the UK

bl E b mricoann tesed i pimeernenl assessmisnl r:e|a|hr||-_- ) -::m-.r|ﬂ',- anu-;rl.

This Manual's Design Chart has been drawn for CBGM with
Design Flexural Strength values as shown in Table 1, i.e.

Up to 250,000 SEWLs

1.3N/mm2

250,000 to 1.5 x 10% SEWLs 1.1N/mm=2
1.5x 105to 4 x 10% SEWLs 0.9N/mm?

4x 105to 8 x 105 SEWLs
Bx 10%to 12 x 10° SEWLs

0.7N/mm?
0.5N/mm?2

(SEWL = Single Equivalent Wheel Load)

and these are the values which can be used for Ce1g CBGM, even
though they may be greater than pure tensile strength values
(because the material is not subjected to pure tension but is
always subjected to compression in planes orthogonal to the

tension plane).
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' Layer Elastic Modulus, E(N/mm?) | Poisson's Ratio
Surfacing (CBF) 4,000 0.15
Base (Cao) 40,000 0.15
Unbound sub-base 500 0.30
Unbound capping 260 0.35
Table 15, Pavemen! matesial properties
used in produscing design charts. Subgrade e e
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Single Equivalent Wheel Load (kN)

1100 Base Thickness Design Chart
This chart applies directly to /
Cs/10 cement bound granular
1600 mixture
900
800
700
600
500
400
L
300
200 | 200 mm /
minimum
| thickness
100 Csro base
material /
100 200 300 400 500 600

Csg/10 Cement Bound Granular Mixture Thickness (mm)
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Recenl incracses in levels of rainfall hove led to The Environmen! Agency introducing guidance on
the impact of develspment on flooding. Environment Agency's publication Palicy ond practice for
the profection of floodplains (HMSQ] states that: "Inappropriate development within floodplains

should be resisted where such development would itself be al risk from flooging or may couse
Flooding elsewhere. To minimise any increased surfoce water run—off, new development must be
carefully located and designed. Where appropriate, run-off source contral measures which may also
improve water quality should be incorporated info the development propasal.”

A new design method for permeable pavements

Thiee Envicaranent Agency’s ey engingenng
peanciples setoul in its documend are:
“Development generlly incrieases the
ampunt ol imperreabils fard in river
catchments, This increases thy ameunt ao
rate ol sufface water murewil which if
unmaraged can incieas river flows and
the risk of flomding. The adverse efferts o
imapprapriate develapment, however amall,
are cumulative and cen bead o significant
prhlans i the Tonger tenn.”

Thes Envirgnmen Agency i
enmpaveened by gavernment b pdvise
planniig eutharicies an development enel
fipod risk matiers, Governiment L i
WUZ states: "The Gavermierd laoks 1o
acal authodities b wse their planning
amwers o guice developments away [om
areas that may he affested by flaoding, and
tn restzict deselopment that would increace
the risk af floasiing...”

Prine o (R attumn 2000 flords, CIEIA
Repor (0321, “Sustainahbo urban drainags
systemis” 119901 sl abrzady highlighted the
aestential dra nage pableme associated with
unchecked wiban develapmaens, 1
conclules: “Drainage methods thal take
account g quantity, quality-and sacial
|ssues ane collectively relerred 1o as
Sustamiatle Urban Drainage Syslems
(SUIDS). These systems are mune susfainzhle
ihan sraitional draivage methods hecanse
thiy:

By Proeisor ) U b RS R (Eng FHE Fibirect? AHT,
10 Ceuke B3¢ CEag WICE 16 ond 0 Moerell B5c HIHT
Jebn Ersagian iz Prafemsor of
Sl Elp'mfirq al
Wirwtnste Urinersity

I Caek v wiifiag Frobessar at
Hevwoaste Universiiy, and
Technicud Manoger o8 Blockeys
Irsh,

David Marmell in Bew Produt
Wanage: al Wershalks Moz L

surfaced with pavers

3 deal with runall clase ks whers the
rain malls;

3 manage aolential flocding at its
soirce, now ang an the fuswn;

3 prodect or enhance water quatity

23 prowide 2 habital foe wilddlife-in
urian watercopses:

) profect wabll respuroes from
accidental spilis and pollulen

T alloay mew. development in aress
where existing spwerige svstams are at full
canarity, therslore gnabling nev
development within existing urhan aneas;

¥ aresyrpatiseEc o the
wiwlionmartal seating and he needs af the
local commiinily, and

» encaurape fatural groandwater
recharge”

The rele of pormealle paving within
SUDE ran be appreciated from the CIRLS
ducument's tanchasian: 5005 are matde
up of aseries af structures Buill Lo receive
sutTace water rurad] wark g, 4 conjunelian
with good managemsent of tha site. There
are Fout general mothads o cantrol:

2 posows andl perrmeable pavements;

¥ fifter strips and swilces:

¥ indvitration devices

2 trasine and wetands.”

I i cliear that adl future developrments
] 1 address ALINS i onder L gain
planning appraval. Planning authoitics will
b fooking far avidence al imamvalive
ddasigi in making their [dgemants. The
intlusion wl permeable paving within
SIS, possibiy as one element fnan
rwveral] sustainable envirenment design
package, will greatly enhance the
likelihowd of a plannieg application
succecding, This Paper describes research
undertaken ko permeable fexibly bedded
jaavers and presents a design method boses!
non the rslis of that reseanch.

Bockground

Ther simpliskic concept ol alleweng water L
drain through the pavemen: and inlo the
subetrade sa climinating entirely
tawnsiream drsinage = unlikely o prove
cacceisiu | in the great majority of UK
applications, This is bieeaise 965 or mone
af UK developments will he sver elays
which are nol suiled o acceating
precipitation directly. In the UK. a

Fheemairs & Teuwsrrammning lsoen, Foesy TH0T

permeable paverent is requited 1o absorh
pailirefseenadhectare. Whils thare s no
diffecu Ity in achieveng this with pavement
canstruction materizls, mast LK subgraides
weiild be able o zhserhoaaly o small
fraction of this: The memalnder has 2o be
retired G e pavement, eifler o
pradually percalate into the subprade or to
btk Lhrough o sub-surface drainage
system, Such a systens can by designed o
capstrct the flaw and so act as a detention
sysrem, delentinn oecurring in sither the
pavement o6 e draing o in bath), In view
i the above, in atdlien 1o conventioms
srructieal requirements, a peimeable
pavemeal has ta be designed oo the: basis
af the permeability «f each af its courses
and =i fhe subprade and it may a%o have fo
b desipned an the basic of the valume of
water which It can rotain. & alienuate
dwnstream e,

Allowing waler by percelate inlg tlay
has the disadvantage thal many clays in the
Uk lose much of theer sirenghh when wet
Belare the pavereal was consructod, the
pvarhying vegetation growing in togsoll
acted & a water racycling syslom
Rairwater enterad the Topsuil was absoraed
by (e roats of the vepesation and
evaparated thraugh transpiration: the water
never reached the clay. With the semoval af
ke tapseil and vepesation, the clay will
theen fegin 10 a0soch the grevicusly
recyeled water aind will swealken. This will
cansa stnuctural dilficuliies within the
paventent 1'.'||||_|| wi" hr irrl“'ﬂ.‘-lmih'é‘..

Full szale Eermeuble pavirig ricls
T2 estahlish the relationship bolwesn paver

it width, jrinfing material characteristes

Fig 1. HURBLF 1est <hta showing walerprool mabialel priar
o ishalotion of srushed rack opan groded roodbae

FE]
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and permealsl iy, a series o arelinsiman
tests v cammigd out ar a single jain
between twea cosiventional pavers. Tesling
was undrertzien wiing a box conlining two
Hiamem « 10dlmm x Blmim thicknese
fectangular pavers installed in curka
miannes that water couled e appied 1o the
strazght joing between them, sollected and
measured aver fime, Rainfall was simulated
by a simple graduied vessel dilled with one
litre of clean waber. The water was
pradually paured ever the went etween
et pivers, mainkaining & comstant hoad al
Tmen. Table 1 shews e sl

Tesf Mo Joisl Mimimem  Permeshlily
Widih  goimt filling ilitres
(mm}  particle fsec

size fmmm)  JSheclare)

1 1.7 41 1od

2 kR h3 52

¥ T 1) 126

4 150 200

3 1.7 212 541

=} 1.7 21 2%

7 i i o 111

B f nz 27

q a i} 1875

1l 6 a0 2171

i fi Fill i [H] 2142

Table 1 Resatts of Heweasle University infilioticn ee

Thipee resulss shaw Lhat permeable
pawers can have a staridand joirt o 1,7mm
o 4 larger jolnt of dmme 1 a sancard gt
i specilied. the jeinzing samd must hase e
paricles finer than 22 2mm, |fa wider jaint
15 wsed, i1 must b filled wills 2 sand with
mn parlicles finer than 2mm.

The preliminary iesss conclude thal
sayers are silitabie as an infiliratior
medium. [hey conclude that joi
hediding and underlplng macerial aarticle
sizg disinbuetian & crizical fo the amzand i
water which ram infilizaze a pavemenl.

Thew chmvr that infillralion wel' in excess of
the LK regairemenl of

1l hectare can be achisved
with comventioaal pavers ant with paves
dewelnmed specificaily woih
mind

A full scale test has been underfaken
usinp Keweastie Lniversdy Rolling Load
Facility (NURCILF] on a anéa of pavemen®
suffaced with permeable pavers comprising
the fallmwing specification:

Permmpahile pavers
SOmem Laying course malerial
i5mm Crushed 20mm cpen graded
gravel machase nateria
150 OFp Twpe 1 granular sub-hase
material (lecal dalomitic
limestoae 4% CBR subgrads
material - boulder elay

Tae O long test site was divided inka
Ihrzg sectisns - see Figs 14 In Ihe first Im
leagth, the laving codrse and jointing
materi 2l pomprised o 4mm particle sire
lrawn wished nalural gravel, In the
reraining Gm leacth of he test sile, e
aying rearse and jinting material
comprised Clalarm Gmem washec crushed
tedl micre—granmite available in the Central
| vlamds ol Scotland.

The ceatral 3m al 1he kst ncluded a

4

Figg 2. (pen graded reodiome metecil inlelked in RURDLE

knited peatexiile labric sepamating fhe
laying course material irem the raadbase
material The whole GmxZim tost sife was
|iivesd with @ VOO gauge waterprond
palveliylens memboane a shavary it Fig 1
This allpwed he volume of waber
Intraduced iata the pavement b be
measured. The waterproodlog enclosed the
pawers, e laying course material and the
aper gradec marnase material shown in
Fig bt nat the waderlying sul-base
matechal . At each end al the 9m larg trla
ared & vemical drain was incluled inoordes
T assess P leval of water stancing in e
aavernert and alsa 10 Tacilitase the remaval
al water from e pavemenl - s

The permealle pavers were in
8 90° fiemrinphone paieern accshawn in Fig 4
sis that the KUROLF vekicls sin parallel 10
and narmal 1o (e paver joints. narder b
cimalate Fe s alnsse combinatian of
traffic and climate; thi Leir 3783 was
maintaised in a saturated condition
thrmughour the whole of the testing. This
wae achieved by 4 sprinkler svitem which
was activaied helore aid during all af the
efing. Frior o cammencing the trafficking,
the sprinkler systemn was activated in ooder
ter il all of the wadls in the sadbese with
water. |Lwis ¢slablished that the sadbase
material couled accept 378 by volume o
waler, The irial sectian was filled and
ematied three times prioe 1o 3 fourth filling
whirk was maintmined duting the trafficking
Irials,

Duriag the four fillicg phases, the leve
of the free water suTace within the
roadhase was abserved and it was noled
thai & herizontal surface wis maintained
within the epen graded roadbase material,
aver when all af the waber wis applied
thraugh a single paint in the savemel,
Frven this. it was concluded that the water
was flowing Treely lhrough the rmadbase
malcrial.

WUREILF apphies & vertical wheel Inad
af uz o SOO0KRE through its oifside whee

Fig 1. Verlits diains imindled at each erd of HURDLF
oiow the leval af stornd water 1z be meouwed.

Hemairs & Tansmeema P 5000

i the conme o dhae test site aver a lesi
Iprgth al e |l Cammences 4 cycle al one
ene aif the site and accelorates: linearly over
half of the lengih al the test sife sa thit the
load whee has astained a speed of 4.dm's
at kel point. 1 ther decelerates aver the
seppend alf af the best sile, becomes
stationasy and wnderiakes the second nakf
al s cyche by repeating the abows in
rewerse, H wmidariakes & complete cycld in
51 seconds and in s dakg applies a
horizaral force of 500kl always 10 the
sapne diection, (0 he pavemear,

Tlis cambination of a werical load of
A0zl and & horizonzal Teyad af 300kpr
refates: Closely to (e heaviest loacing 10
which i permeable pavernerd is fikely 1o be
subjeciod. By comparizan, the maximuoni
nan—steering axle laad seemally applied by
a ey faden commercial vehicke i= 9500
Kt ressislling dnca wheel Brad of 4250 ki,

1 Uhis test, 32,000 soquivalent starnlard
aelns [E5A51 were apolied im 440 hours
yunming, Enitially, 160600 E3as were appiied
wsing a wheel luad af 3000kg and the
rerraining, 16,000 ESfy vwent applicd using
a whesl load of G000k

The resalis are shown in Fige 3 .
In thase Figures, ile 4mir washed natural
pravee] laying cousse matérial is b the el
whilst Cloburn Emm washed cnishied
il so-granice s owthin fle central and right
hand zones, A knitsl geolestile has been
imcluded beneath the Clabum maeerial in
the genbrgl - gone

The MUROLE results allow thae
conclusion to he drawn that when axle
laads do Aot excesd GBOGOke. permeable
pavers wilb sustain regular chanrelsed
wacling up 1o the lsvels whick would be
anticipated bt aven the most extrems
sitnations in permeabie aaving. The lestiag
wae continued o 16,000 F54c and rutling
teveloped o a depil of dmm in the
Clubum bmir wasked rrushed
micro-granita. Whese the Clobum matenal
was separaled from the drderiving coarse
graded gravel by 4 kaited geoestife, e
nal depth was 1Tmm. The zane installed
aves dmr washed natural gravel dedoemed
by G, ‘Whan the axbe lead was then
i fo 10000k, the deformation
Inereasel by apprasimately F0% as shawn
in Fig & and emalined at that level far a
Further 16,000 CEAs.

Thie aboye indicates bl the
deformation arises frem an initial
comipaclan af the laving courie matenal
anel the roadbasa maserial, The
renyeational gradual development of

Fig 4 Permzebla porears onder 061 ot WUROLE
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ruttlrg as a result of fatigue does and oot
in permeshie pavemenis because in
ersuting such pavemsante have structural
labiifity, sufficent stiflaes has been
provided Lo ehsare that fatigoe is net a
s.ip'li'ﬁ-:am [EETIE

The MLROLF resalts suggest that wher
axle Inads eveeed GO0Mg, InHial
dedrematian will be umaccap able and o
will be necsssary W inroduce siabilisation
I the apen graded roadaase matersal,
Cement cartent will :ep-e-lll.‘l ted )
apgiegate grading but a figure af 18Mgim?
hias been foarad b e satisdacion.

Thie developmert of significantly
grogler lovels of rubling o the 2ons
including the knitted geetextile had rat
hoen pxpecbid. Following the lesting, an
imvestigathon revealed thal the reasea tar
this enhanced rutting value is the pressing
af e roadbase material inlo 1he geotexdile
durimg loading. Effectively, during the
construtlivn phase, Ue geotestile spanned
fram high point o high poirt over the
riafbase pasticles and the irafficking thea
siretched the geotestile, pressing (L down
i the depressions between the readhase
Egprepate particles,

Anclysis of design roinfall avenis
in the UK

ERE Digest 365 Soakaway design (19911
prowvides guinance an 1he assessament of the
levels ai reinfall Hkely to accur in the LK.

Drainage systems are parmally
cesignedd on the basts of a specific return
periad. In many cases a reburs |h-.ri|:-|1 ol
fiwe peard is used a5 ® bacis for design. At a
particular location, for a 1|:|rriﬁr|‘i rElLTn
periad, the ra:nfall depth varies throughom
ihe counrdry and o alention must b paid
1o the locaticn of the permeable pavement,

The inesthube af Hydmalagy hat eariad
apal an extensive znalysis of rainfall
stalistics and has provided a methad 10
delcrmine the rﬂatiu:lship berwaen degath,
duration and e period (Instimse o
Hydrology, 19751, The aotation MT-0 min
15 tsed b ||:I|:'||i|"|,' a slarm. For exampie, an
ME-10 min is the depth of rainfall of a five
year return period slorm event of 10
minules duration

11 i conventienally assumed that the
drpli 4 rainiall orodrring during o 60
minabes stoom recurring every five yoars is
20mm thrmoughaul the UK The u'e-pl:h af

16

Raindall duration (T}
Howrs

1 1 4 B i M

100 14 RATFLFE O3F0 60D
.00 142 202 146 323 490
1.00 136 186 I35 206 430
108 13 O1LFF 311 21s2 360
Tob L3 A 200 240 335
n L2y 164 LEE L4 310
lon. 125 157 178 102 284
1400 1223 1Ey 173 104 26
1000 123 TAE LEF 190 14
100 121 146 162 181 218
T4 1220 14X 1A LM 116
1461 1,09 1.3& 151 1.8 103

cainfall ocourring overy five years over
sdarm duratioas oiber thap G0 ninukes is
altained as Inllows. The desiga rainfall
depth for ary given remem pesied and oo
duration can b= found by multiplying
Himm by A fectar Z1. Factor £1 5 read
fram Tabie 2 which requires a kaowledye
ol ort, the ratin of B0-minute tp F-day
rainfakly for a Fve years msdurn period,
alues of rame given in Tabkde 3.

The procedure o caloulate wairtall
depth for 2 starm sharler ar loage: than &3
anbiilEs (8!

From Tahbe 3 delernine the rainfall
ratin ¢ tor the Incation of the permeable
fJavement

e v ie Tabde 2 to determine 21 Tor
the calculation of the five pear welurm
pariond raindall total, M5=0 mir, for
gifferenat storm duratizns, D

Lz tha follewing formula o
delermrine (b depth of rainfal occarring
for raindal | duration D

M3-Cm n ralndall = Ma5-i0min rainfall
2l

Cily r=value
Cambiridpe 0.5
London 043
Morwich LU e
Bitmndighiam .39
Brestal .39
Liverpeol .34
Battsngham 13,39
Sheifield n.1e
Sauthampion 0.39
Baltast 0,33
Cardidf 0.33
Lepds .33
kanehasiar 0,33
Mewcasila 0.33
Flymouth 0.33
Edinbarough LB
Aberdeen 0,24
Glasgow .34
Tabis 3. Aatis of 60 minate tp I-dey ronfods of

Syaer ratern geriod, r—valaes for some UK oties.

Assessment of ground conditions
Ihe speciiication of 3 permealle pavemert
alracture depaids upon the hydraulic ard
traffic loading characteristics andeupan the
praperies of the subgrade, the groond
directly bereath a pavement. Srength and
permealiility of the subgrade are
|nterrelated = & wel subgrade is usaally a
weak suligrste.

Fror most UK sals, the maximuom
exfilbration availalils is 3,755 (-3 mmyfsec

Heztws & Tromsrodaiey Jenwer/Fanuer 20007

17litrefsecondhectare). This figure shouald
ne comparad with LIK rainfall requirement
af 1EMitrefsecandhectare, 10is indicates
{lal most UK paverments will 2o regquired o
have a water deteatan capabilitg

Specification and structural

design

The: aggregate roadbase shauld have a

porasity of at least 0.3 10 aliow voud space

for water Sinrage. The siruciural nL'I:llg,ﬂ' ol

the materizl should be adeguaty Tor the

Inavets a0 which it will be subjectod. The

appregate roadbase should b in

accordamee with gither

B5AA2:1991. “Specificaticn far
apgregabes from natursl sousces for
congrele” Hrilish Standards Inctitute,
Londan,

The iexdhase shauld comprise cnarse
praded crushed rock meeting the nlfewing
recquirements, The flakiness inclex, shell
cartent 2nd mechznical properies shuald
he as sl oot in BSHEE for coarse graded
crushed rock, The 103, dines value should
be T00kN or mare. When tested in
scconiaics with 721 of BSE12- Sertinn
103, 81505, the amount of material passing
the 75 miceon sleve shauld nat eeceed ane
parcent In the case of lastfurnace slag,
the material must he proven to be sgaal o
ar supera b e abee in all respecs,

Prawiding the ahove crifera are mal,
the madhase material will have a puroaily
af 4t least 0.3 and a starage capacity in its
wokds fvolume of voidstvolume of readbase
typically of 30%-25%, A 30% void space
means Tkal the volume ol the readbase will
need b ke 333 times the volume af the
waler stofed. The infiltration rate through
Mimm 3raue:| crushed rack roadhase is
wver FOLO00 Fitrshectarefsec and this
whowhd be compared with the normally
recqrired value al [H0 ligretherranefuer,

Tor avald the lass of laying course
material inla the rpadbase, a laving course
material which will nol invede U surface
of the roadbase should be used. The
NLROLF trials indicated that Claburm Gmm
washed crushed micra-granite perfarmed
satisfactorily in this respect {zvailahle fram
Clohurn Quarry Comaany Lid, Lanark,
Scotland, MLIT BER)L The Claburm matercal
has the fallowing properties which should
b regarded 2 mirimum acoeplable values
fer aftemmative materials;

107% Fines Value TOkN (150N o
preater
recarmended)

Appregale Crushicg  14%

Walup

Aggregate Impact 10 415 blows
Value

Plasticity Min-plastic

A A washed natural "rim.-l
perfarmed less well and shosbd s be wsed
in permeable paving. It can be presumed
that material havieg similar gealapical and
mechanical characteisfics, periculardy
wiadiig, will perform similzrly. The Gmm
Clabum neatental (o samilar) should bo
used Fue the jamting naterial, The NURDLE
trials inclicated that such material can be
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Surtice profile sher rafficking by 8000 g axls

Fig 5. Dulatreatian af the sest povemenl in the wheel
trock ollewing srcificking by 60004y exke

inroduced into the joints usiag
carventional paver installation technology.

Design thickness of roadbose for

storm woler sforage

The depth of rainfall accurring during a 60
minuies starm recrring every Five years in
the LK = taken o be 2mm. Tahle 2 gives
valoos of 21 which is the ratig of the depth
of raintall occurring in & glven perlod
diwidad by the depth of rainfall oceurring in
b minules. 1 is recommendes that
prermeable payements be designed o store
vaiidall mrcuning during 2dhrs, unless i
van L proven that sutfcient exfiliration
can oreur b ensure that the maximum
saprage recuired can bie reduced to tha
recuired fo store rarniall oécuming in sia
bsurs. The six howr thicknesses shauld be
wsed only when the subgrade has a
Caefficient of Permeability tk) exceeding
Wi mi'ser ie when the subprade

coinge s saml or gravel ancl it s iiemlbed
thint The waiker ertering the roadbaze can
axfiltrzte into the wubgradie. In spme
pavernents, there may he aifficient sudace
nr sub-surface dralnage provided o allow
the sy lour Niguses 10 be oied

Ratin Roadbase Roadbase
24 hours thickness in thickmess tn
rainfall to  accommodate  accommodate
B imimles sin husur 4 hr
rainfall iry  rainfall fmmy  raindall (mm)
D2 75 L]
NS 50 L= ioH

(iRE ] 225 415

(el 225 350
014 20 325

1 fpacd Ik 1
30 175 75
33 175 250
[N 175 150
0.39 175 I35
m.42 | 54 ]
.45 (511 20

Table 1. Thikkaess af nrudk pavanend |ﬂ|r]hq:
required 1p evsare ssffident sarape caparity. Thidkaess
eresures upper 40% of soadbese rerains smalwaied
Neda thaat e thisksesse: shown moy nead 16 b
erfimued b wuiin pdeganbe seciuml pesfomonce.
Sea lable 7.

ladse 4 wqows thicknesses of omiched
ik mnaclbase required to store elther sey
havres ar 2hr rainfall levels, Talile 4 i
derived wslag the flgures from Table 2 ard
by assuming that 33% of the roedbase
comprises vl Also, it 08 asswmeed that
anly the lower BI% af the vosds in the
moddbase should e saiarated and that the
upper 40% shoubd compeise air, Mote that

Load Categary Maximum Axle
Load
Anticipated ikgl
Categnry 7 -
Domedtic (G = 2000kg) 100y
Category 2 -
Light {EWW = 3500kgi 000
Category 3 -
Conmerclal IGYW = 7500kg) SO00
Calegury 4 -
Heavy 1GWW = 44, 000kg) 11,000

Tabde 5. Casilicatien of wehides.

the thickness of sadbase required depends
upon the fackos r, the ratio of a &0 monate
starm rainfall depch w the I-day maginam
raimfzll death and this varies throwghsat the
LK a5 shown in Table 1,

Structural design philosaphy
The deliberate cascaling of watar through
highway construction materials reguires a
radical approach 1o 1he selection of
material thickaess and progesties, An
altermative approach s required for the
asspssment of loading and maberial
properles meed 1o fe oo ied u.lcinH_ ks
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SUMMARY

The paper describes a full scale trial in which four test items each of width 4m
and length 6m were trafficked by Heavy Goods Vehicles (HGVs) in order to
assess the performance of different pavement sections. Each of the four test
items comprised tanked permeable pavements in which water was detained
within the pavements. The purpose was to compare the performance under
traffic of permeable pavements with the following types of base:

Type 1: Unreinforced 20mm/6mm Coarse Graded Aggregate

Type 2: 20mm/6mm Coarse Graded Aggregate stabilised with 3% cement
Type 3: Dense Bitumen Macadam with 5% 50 Penetration bitumen

Type 4: Coarse Graded Aggregate reinforced with two layers of geogrid

The reason for selecting those four base types is that they are each used
commonly in the UK. In particular, Types 1, 2 and 3 are included in the UK
Interpave document Guide to the design, construction and maintenance of
concrete block permeable pavements Edition 52 and also in the permeable
pavements British Standard BS7533: Part 12: 20093. Both the Interpave Guide?
and the British Standard? define six Load Categories of traffic. Load Categories 1
and 2 cover lightly trafficked pavements and recommend Type 1 bases. Load
Categories 3 to 6 comprise pavements subjected to increasing levels of heavy
traffic, right up to 1000 HGVs per week in the case of Load Category 6 and
recommend Type 2 or Type 3 bases. Type 4 bases are frequently specified in the
UK as an alternative to the Interpave guidelines for all traffic Categories.

The purposes of the full scale trial were as follows:

a/ To check whether the range of Load Categories for which unbound Coarse
Graded Aggregate can be used can be extended beyond Load Category 2

b/ To compare the performance of the four base types.

c/ To assess the accuracy of the Interpave/British Standard Guidelines.

d/ To examine whether more cost effective pavements can be installed
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PRESENT UK STRUCTURAL DESIGN GUIDANCE

Current UK permeable pavement design guidance is set out in BS7533: Part 13:
20093 which was published in March 2009. The guidance was based upon
Interpave’s previously published dataZ which is shown in Figures 1 to 5. BS7533
includes a few presentational changes but arrives at the same design sections.
Both documents are based upon full scale experiments undertaken at Newcastle
University in 1999-20001. Those experiments focused upon Coarse Graded
Aggregate bases. Since then there has been a massive increase in the use of
permeable paving in the UK which has been driven by Sustainable Drainage
(SuDS) legislation and by a general awareness of the need to ensure that all
development is carried out in an environmentally sensitive manner. As a result
of this, permeable pavements are being specified in increasingly heavily
trafficked situations so there is a move towards cement stabilisation, bitumen
stabilisation and geogrid reinforced Coarse Graded Aggregates.

Figure 1 illustrates the six loading classifications and includes examples of each.
The designer has the choice between using a number of large goods vehicles per
week or a cumulative number of standard axles. Figure 2 shows resulting design
sections for infiltration pavements and Figure 3 shows resulting design sections
for tanked (detention) pavements. Those design sections comply with BS7533:
Part 13: 20095

Figures 2 and 3 apply in the case of pavements to be installed over subgrades of
California Bearing Ratio (CBR) 5% and greater. For pavements to be installed
over weaker soils, Figure 4 shows the adjustments to be made to the thickness of
the Coarse Graded Aggregate (in the case of infiltrating pavements) or the
Capping Material (in the case of tanked/detention pavements).

Figures 2 and 3 show that for Load Categories 1 and 2, the pavement base
comprises Coarse Graded Aggregate but for Load Categories 3, 4, 5 and 6, a
course of hydraulically bound (i.e. cement bound) Coarse Graded Aggregate is
required to stiffen the pavement. This means that for pavements trafficked by
one or more large goods vehicles per week, the hydraulically bound course is
required by BS7533: Part 12: 2009. The sections shown in Figures 2 and 3 were
originally derived from the full-scale research described in Reference 3.

BS7533: Part 13: 2009 provides an alternative design in which a course of Dense
Bitumen Macadam (DBM) is included, either as a replacement for the
hydraulically bound Coarse Graded Aggregate (for Load Categories 3, 4, 5 and 6)
or as an additional course in the case of Load Categories 1 and 2. The reason for
the DBM alternative is that contractors often prefer to traffic the permeable
pavement during the construction phase. The inclusion of a DMB course protects
the Coarse Graded Aggregate (CGA) below from contamination in this
circumstance and is therefore commonly installed in, for example, housing
developments. When DBM is installed for this reason, it would seem wrong to
ignore its undoubted structural contribution to the pavement. Therefore,
BS7533: Part 13: 2009 includes Figure 5 which shows the DBM thickness
required for different trafficking levels. Of course, DBM is insufficiently
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permeable to allow its use in a permeable pavement, indeed it is often used in
circumstances where its waterproofing properties are advantageous. Therefore,
BS7533: Part 13: 2009 requires that 75mm diameter holes are punched through
the DBM on a 750mm grid to allow the continued flow of water downwards
through the pavement. (The holes are filled with 6mm grit to prevent the loss of
laying course material.)

A significant issue which frequently occurs in the design of permeable
pavements is where the cut-off point should be for the inclusion of hydraulically
bound CGA. This is a particularly relevant matter because experience indicates
that many permeable pavements fall into Load Category 3 (one large goods
vehicle per week). Presently, such pavements require the inclusion of a
hydraulically bound course. One of the objectives of this full scale trial was to
establish whether Load Category 3 pavements can dispense with the
hydraulically bound course.

Therefore, BS7533: Part13: 2009 includes CGA, hydraulically bound CGA and
DBM as the three possible base materials for permeable pavements. A fourth
type of base used commonly in the UK is CGA reinforced with geogrid materials.
This option was omitted from the Interpave and BS documents but is an
alternative which interests those involved in UK permeable pavements.
Therefore, geogrid reinforced CGA was added as the fourth Test Item in the full
scale trial.
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1 2 3 4 5 6
DOMESTIC CAR PEDESTRIAN SHOPPING COMMERCIAL | HEAVY
PARKING TRAFFIC
Mo Large Emergency Cne Large Ten large 100 Large 1Q00 large
Goods Large Goods Goods Vehicle Goods Goods Goods
Vehicles Vehicles only per wesk Vehicles per Viehicles per  [Vehicles per
week week week
Zero standard 100 standand 0.015msa 0.15msa 1.5msa 15msa
axles axles
Fatio Car parking bays Town/city Retail Industrial Main road
and aisles pedestrian development premises
street delivery access
route
Private drive | Railway station | Mursery access School/ Lightly Distribution
platform college trafficked centre
access road public road
Decorative External car Parking area Office block Light Bus station
feature Showroom to residential delivery industrial (bus every
developmeant route development | 5 minutes)
Enclosed Sports stadium | Garden centre Deliveries Mixed retail! | Motorway
plavground | pedestrian route | external display to small industrial Truck Stop
area residential development
development
Footway with Footway with Cametery Garden Town square Bus stop
aro vehicle occasional Crermatarium centre
oWErrun ovEFFLN delivery
route
Private drive/ Motel parking Fire station Footway Roundabout
footway yard with regular
CITESOVEr CvErrun
Airport car park Airport car Alrport Bus lane
with no bus park with l[andside
pickup bus to roads
terminal
Sports centre Sports
stadium
access route/
forecourt

msa = millions of standard 8,000 kg axles.

Figure 1. UK classification of permeable pavements by loading
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Figure 2. UK recommended sections for infiltrating pavements in which the water
infiltrates into the subgrade.
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Figure 3. UK recommended pavement sections for tanked pavements according to traffic
levels. The waterproof membrane is installed directly above the Capping layer.
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CBR of Adjustment to thickness of Total thickness of capping
subgrade coarse graded aggregate material in the case of System C
in the case of System A (detention) pavements (mm)
and System B
(infiltrating) pavements (mm) "

1% +300%" &e00*
2% +175™ 350
3% +125™ 250
4% +100" 200
5%

% Use thicknesses in 150
10% Design Chart
15%

* Expert guidance should be sought in the case of pavements constructed over subgrades of CBR less
than 2%. * Subgrades of CBR less than 5% are often too fine to permit sufficient infiltration.

t Mote that the additional coarse graded aggregate values in this column can be applied, in the case of
System C pavements, instead of the enhanced capping thickness shown in the middle column.
Figure 4. Adjustments to Coarse Graded Aggregate or Capping Material thickness for
pavements designed on soils of CBR less than 5%

Total Traffic (Site plus in-service) Thickness of Dense Bitumen
(Cumulative Standard Axles (msa) Macadam (mm)
Upto 1.5 130
1.5t 4.0 145
4.0t 8.0 170
8.0to 12.0 185

Figure 5. Thickness of Dense Bitumen Macadam when such material is used as a roadbase.

DETAILS OF FULL SCALE TEST SITE

The whole 24m x 4m test site was excavated to a depth of 730mm below the
existing surface level. The 24m long trial comprised four pavement Test Items,
each of length 6m. It was tanked by installing 2000 gauge polythene over the
sub-base material and bringing it to the surface at the sides and ends. To
simulate the most adverse conditions, water was introduced into the
pavement. Figures 7 to 12 illustrate the installation of the full scale trial
pavement.

Before commencing installation, three California Bearing Ratio (CBR) tests were
carried out in each of the four sections (12 tests in all). Soaked CBR values (96hr
soaking) varied between 4% and 7%, with several values congregated around
5% which was therefore taken to be the effective value.

The test site was installed during January 2009 to allow trafficking to take place
during February and March 2009.

The area was trafficked by an eight wheel rigid truck shuttling backwards and
forwards over each Test Item at a speed of approximately 10 mph (16kph), see
Figure 14. The truck was loaded beyond its normal limit to achieve the following
axle loads:
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Axle 1 (first steering axle) 7,200kg

Axle 2 (second steering axle) 8,000kg
Axle 3 (1strear axle) 13,580kg
Axle 4 (rearmost axle) 11,100kg

Taking a damaging power factor of 3.75 (often referred to as the Fourth Power
Law), the above values suggest that each pass of the truck applies 12 standard
axles. This does not take into account wheel load interaction, dynamic load
magnification effects or load redistribution between axles by truck suspension.
Therefore, it may represent a conservative estimate such that the true effective
trafficking levels may exceed the stated values. Whilst the above axle loads are
greater than those commonly encountered on a highway, they are nonetheless
within the anticipated range of loads applied from time to time by overloaded
large goods vehicles.

6.00 6.00 6.00 6.00
Section No.1 No.2 No.3 No.4

80 mm 2000 Gauge Polyth

50mm Bmm Grit 6mm Grit

Netlon Tensar 5540

150mm | 20/6 C.G.A.

200mm

150mm

1 2 3 4

Figure 6. Course thicknesses for Test Items 1 to 4. Note that “6F1” refers to a category of
Capping Material as defined in UK Highways Authority’s “Specification for Highway
Works”. The term 20/6 C.G.A. refers to Coarse Graded Aggregate with particles within the
range 20mm to 6mm. “Hydropave” is the proprietary name of the permeable pavers used
to surface each Test Item.
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Figure 7. The test area has been excavated to reveal alluvium clay with a California
Bearing Ratio of 5%.

: ] P RY SRR 2
Figure 8. 150mm thickness of compacted Capping Material was installed throughout
the test zone prior to installing polythene tanking.
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Figure 9. 2000 gauge polythene was installed to achieve tanked conditions for each Test
Item.

e W g ey

i e T L P

Figure 10. Test Item 4 required the installation of two layers of a geogrid material

known as Tensar SS40. The lower layer is shown here directly over the polythene
membrane.

The second layer was installed between two courses of Coarse Graded Aggregate.
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Figure' 11. Prior to the laying of pavérs,l é 50mm thihc.k cours;e of 6mm Single sized grit
was installed in each Test Item.

Figure 12. Permeable pavers were installed to a 45° herringbone pattern.
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Figure 13. Values of permanent deformation were measured at locations as marked
on the board. Each measurement point occupied a similar position in relation to the
paver laying pattern. Measurements were taken by inserting the calibrated wedge
between the pavement surface and the straight edge. An initial set of readings was
taken prior to trafficking and all reported readings are obtained by first subtracting
the initial data set.

Figure 14. Traffickingwas by means of an overloaded eight wheel truck which shuttled
back and forth at a constant speed of approximately 10mph (16kph).
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Figure 15. Typiclut in Test Item 1 after sevral thousand standard axles.

RESULTS

Figures 13, 14 and 15 illustrate the application of the test load and the recording
of permanent deformation resulting from that loading. The loading took place
during February 2009 and March 2009. Deformation readings were taken pre-
loading then at the following number of standard axles:

120, 360, 600, 1200, 1800, 2400, 3000, 3600, 4200, 4800, 6000

For each Test Item, permanent deformations were recorded at the first quarter
point, the centre and the second quarter point.

For each of Sections A, B and C a chart was pratlitmeeach of the four Test Items
(12 charts in all), each showing 11 rut profilese dor each of the above 11 levels of
trafficking. The numbers shown on the horizontas @f each chart correspond with
the numbers marked on the straight edge showrgur&il3 — the difference between
each measurement point reflects the paving modwesa290mm for the paver and
laying pattern adopted.

For each of the Test Items, the maximum rut depth can be read from the
corresponding chart on the following four pages. Note that in the case of Test
Items 1 and 4, i.e. those including unbound CGA, the initial 600 standard axles
produce significantly greater levels of deformation than do subsequent
trafficking. This suggests that a degree of conditioning is taking place, possibly
reflecting additional compaction being achieved by the test vehicle. The Test
Items were all installed to normal UK compaction standards. Therefore, these
enhanced deformations should be regarded as representing a realistic
expectation of deformations which can be anticipated in construction contracts
where large goods vehicles traffic the pavement in a channelized manner.
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Taking the above into account, the maximum rut developed in each of the test

sites at 6,000 cumulative standard axles of trafficking is:
Test Item 1: 37mm

Test Item 2: 10mm

Test Item 3: 6mm

Test Item 4: 32mm

The increase in rutting between 3,000 and 6,000 cumulative standard axles can
be used as a means of extrapolating the results from the 6,000 standard axles
achieved to say 25,000 standard axles. This is considered to be a reasonable

level of extrapolation for the following reasons. Firstly, the level of
channelization applied in this test is such that some design approaches would
consider that three times 6,000 standard axles had been applied, e.g. the British
Ports Association Heavy Duty Pavement Design Manual*. Secondly, no account
was taken of wheel proximity or dynamics in the test, both of which could be
expressed in terms of an enhanced level of standard axles. Thirdly, in each chart,
the incremental rut growth after 3,000 cumulative standard axles was consistent.

Based upon the above, the extrapolated rutting at 25,000 cumulative standard

axles is:

Test Item 1: 73mm
Test Item 2: 22mm
Test Item 3: 18mm
Test Item 4: 66mm

Over a 20 years design life, a Load Category 3 pavement would need to
withstand 1,000 Large Goods Vehicles which would apply say 2.5 standard axles
each, i.e. say 2,500 cumulative standard axles. The corresponding rut depths

would be:

Test Item 1: 30mm
Test Item 2: 7mm
Test Item 3: 5mm
Test Item 4: 27mm

The failure criterion for a flexible pavement is often taken to be 40mm rutting.
On this basis, it would be reasonable to conclude that Test Items 1 and 4 and are
suitable for Load Category 3 pavements but not for Load Category 4 pavements.
Likewise, Test Items 2 and 3 are confirmed as being suitable for Load Category 4
pavements. This also suggests that the design sections shown in Figures 2 and 3
are all correct since for greater levels of trafficking, thicker courses are
recommended in line with the normal relationships between course thickness
and levels of trafficking for hydraulically stabilized materials. Furthermore, the
trial also confirms that the UK recommendations for the use of Dense Bitumen
Macadam as set out in Figure 5 are also correct by similar reasoning.
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Test Item 1: Unreinforced 20mm/6mm Coarse Graded Aggregate at centre of Test Item
10 ;

bk L Blie b s on

Test Item 3: Dense Bitumen Macadam with 5% 50 Penetration bitumenat centre of Test Item
2 =

tn

-
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Test Item 4: Coarse Graded Aggregate reinforced with two layers of geogridat centre of Test
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CONCLUSIONS

The following conclusions can be drawn from the full scale testing.

1/

2/

3/

4/

5/

Each of the four materials commonly used in the UK as the main
structural course in a permeable pavement have been subjected to full
scale trafficking in a controlled test and have been found to develop
rutting when subjected to traffic of different amounts according to the
following list which is ordered from least rutting to most rutting:

Dense Bitumen Macadam

Hydraulically bound Coarse Graded Aggregate
Geogrid Reinforced Coarse Graded Aggregate
Coarse Graded Aggregate

Whereas UK recommendations require that Load Category 3 pavements
(i.e. pavements trafficked by one large goods vehicle per week) should
include a cement or bitumen bound base, this has been shown to be a
conservative requirement and providing all of the materials are correctly
specified and installed as set out in Refs 2 & 3, the cement or bitumen
bound course can be omitted for Load Category 3 pavements and instead
the thickness of Coarse Graded Aggregate can be increased to 350mm.

The present UK recommendations are safe but for Load Category 3
pavements, cost and time savings may be possible by adopting Conclusion
2.

There is a distinct difference in performance between, on the one hand
cement and bitumen stabilized structural layers and on the other hand
Coarse Graded Aggregate, whether reinforced or not. Typically, for a
given level of trafficking, ruts in the unbound structural courses are
between three and four times those which occur in pavements which
include a bound structural course.

Even when trafficked by overloaded fully channelized highway vehicles,
permeable pavements perform well in that there is no indication that they
fail structurally under such load, but rather they progressively deform
and develop ruts in line with conventional flexible pavements.
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BRITISH STANDARD

Table & Loading categories

BS 7533-13:2009

Category/ Mo. of Traffic guide Application
application standard axles
Aldomestic 1] No large HGW + Fatio
=  Private drives
*  Decorative features
+  Enclosed playgrounds
+  Footways with zero overrun
Bfcar parking 100 Emergency «  Car parking bays and aisles
vehicles only & Railway station platfarms
=  External car showrooms
*  Sports stadium pedestrian routes
+  Footways with occasion overrun
*  Private drives
= Footway crossover
Cipedestrian 0.015 msa 1 large HG\Y *  Towndcity pedestrian street
week - Mursery access
= Parking areas to residential development
=  Motel parking
=  Garden centre external displays
*  Cemeterylcrematorium
+  Airport car park {no bus pick-up)
= Sports centre
Dvshopping 015 msa 10 large HGWY +  Retail development delivery access route
week »  Schoolicollege access route
#  Office block delivery routs
+  Garden Centre delivery route
*  Deliveries to small residential development
*  Fire station yard
*  Airport car park with bus to terminal
+  Sports stadium access routeforecourt
Elcommercial 1.5 msa 100 large HGWY | = Industrial premises
week = Lightly trafficked public roads
= Light industrial development
*  Mixed retailfindustrial development
«  Towwn square
*=  Footway with reqular averrun
= Airport landside
Frheawy traffic 15 msa 1000 large =  Main road
HGVAwveck +  Distribution centre
+  Busstation (bus every 5 minutes)
#  Roundabout
*  Buslane
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5.6.2 Selection of pavement course material and thickness

For System A and B select the pavement course thickness and material
type from Table 7.

NOTE Table 7 Is suiftable for subgrades with CBR = 15%.

For System C select the pavement course thickness and material type
from Table 8,

NOTE 1 Table 8 is suitable for subgrades with CBR = 15%.

The impermeable membrane is installed at the interface of the coarse
graded aggregate and the sub-base. The impermeable membrane is

brought to just below the surface of the pavement at its perimeter to
maximize the detention volume of the pavement.

Table 7 System A and B - selection of pavement course material and thickness

Category/application Block/laying course Hydraulically Course graded
bound base material

rrrm i mrm
Aldomestic BO/S0 | — | 250
Bicar parking BO/SO — 350
Clpadestrian 20/50 125 150
Dishopping BO/50 150 150
Efcommercial BO/S0 200 150
Frheavy traffic BO/S0 300 150

Table 8 Systemn C - selection of pavement course material and thickness

Category/application Block/laying Hydraulically Course graded Capping layer
course bound base material
T mim mim TTaIm
Afdomestic BOFS0 — 250 150
Bicar parking BOMS0 — 350 150
E.;'p-eci;estr.ian 80/50 [ 125 150 150
Dvshopping BOSG 150 150 150
Efcommercial 80750 - 200 150 150
Fheavy traffic BO¥50 300 150 150

NOTE  Originally 80 mm blocks were used for all iypes of concete
permeable pavements, but thinner concrete blocks are now avallable,
suitable for specific loadings it is recommended that advice is sought from
the manufacturer an recommendation for sultabie black thickness.

563 Adjustment to pavement design for low CER subgrade

The additional thickness to be provided in the case of low CBR can be
taken from Table 9 for System A and System B and Table 10 for System C
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Tabie 9

Table 10

5.6.4

B5 7533-132:2009

Additional thickness of coarse graded material for System A and
Systam B

CBR of subgrade Adjustment of coarse graded material
mm

300 AV BT

175 %

125 9

100 9

Use Table 10 for thickness

Use Table 10 for thickness

10 Use Table 10 for thickness

15 Use Table 10 for thickness

A Expert guidance should be sought.

8 subgrades of CBR less than 55 are often too fine to permit sufficient
infiltration,

m:mhlﬁ]“_l.*

Total thickness of capping material for System C

CBR of subgrade Adjustment of capping layer
% i
1 600
2 350
3 250
4 200
5 Use Table 8§ for thickness
2] Use Table 8 for thickness
10 Use Table 8 for thickness
15 Use Table 8 for thickness

A Expert guidance should be sought.

Base thickness for site traffic

A permeable pavement can be protected from site traffic by installing
a dense bitumen macadam (DBM) over the unbound coarse graded
aggregate with holes punched through this layer with 75 mm holes
on an orthogonal grid of 750 mm.

NOTE 1 This laver remains in situ throughout the service Iife of the
pavement.

NOTE 2 For load categories C, D, E and F {see Table &) the DBM replaces
the hydraulically bound aggregate course.

NOTE 2. For load categories 4 and 8 (see Tabfe &) the DEM is additional
to the unbound coarse graded aggregate.

The thickness of the DEM depends on the number of standard axles
which will be applied by site traffic and in-service traffic.

The number of standard axles that will use the base as a service road is
shown in Table 11 {taken trom BS 7533-1:2001, Figure 2).
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Table 11 Determination of standard axles using the base as a service road

Site traffic Mo. of standard axles
20 dwellings 200
50 dwellings or 5000 m® 500
B0 dwellings or 8 000 m* 1000
Large development 5 000

The thickness of the DBM required is taken from BS 7533-1:2001,
Figure 3 and is reproduced in Table 12.

Table 12 Determination of DEM thickness for total number of standard axles

Total traffic DBM thickness
P

Up to 1.5 msa 130

1.5 to 4.0 msa 145

4.0 to 8.0 msa 170

B.0 to 12.0 msa 185
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