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ABSTRACT
The paper begins by summarising the need for permeable pavements in Australia in the context
of Water Sensitive Urban Design. The benefits and limitations of such pavements are then
discussed. Factors influencing the design of permeable pavements are critically assessed. The
systematic development and implementation of a new comprehensive design method specific to
Australian conditions is then described. This method embraces all type of pavement including
roads and industrial applications. Finally the paper summarises selected case histories of
permeable pavements both in Australia and overseas which illustrate the scope and application
of permeable pavements.

INTRODUCTION
Improved stormwater management is vital as Australian cities strive to develop in a sustainable
manner. In urban catchments, road surfaces can account for up to 25% of impermeable
surfaces i.e. pavements are a major generator of runoff. One way to control this runoff is to use
permeable paving. This concept of using the pavement itself to control runoff and retain or
detain infiltrated water provides a powerful argument for using permeable paving in highly
urbanised societies where urban consolidation is placing ever increasing demands on existing
and often barely adequate stormwater infrastructure. This infrastructure is often already at or
near full utilisation.
Water Sensitive Urban Design (WSUD) is a relatively new systems approach to managing
urban water in an environmentally sustainable mode (Argue, 2004). WSUD includes aspects of
water quality, quantity and reuse but, to date, the main focus of WSUD has been stormwater
management from a water quality perspective. Permeable paving provides technologies that
are capable of providing multi-purpose benefits for managing stormwater runoff at source.
Permeable paving systems form part of the general infrastructure landscape considerations that
need to be considered in WSUD (Beecham, 2003).
Awareness of environmental issues associated with stormwater runoff is prevalent across many
sectors of the community and government. The industry and approving agencies have
demonstrated that support already exists for the uptake of technologies and measures that are
aligned with the environmental objectives that permeable paving can provide. However,
permeable paving uptake has been limited in Australia, mainly due to lack of awareness
amongst relevant sectors involved in the construction and design/approval process for
pavements. Moreover, it conflicts with long entrenched engineering beliefs that water must be
kept out of pavements wherever possible because it will lead to unacceptable performance in
service or, indeed, outright failure.
Lifting awareness can be achieved by providing the information and tools for the industry that
allows for appropriate design and/or assess permeable paving systems for a range of
applications. To design permeable pavements several general methods using nomographs
have been published (e.g. Smith, 2001, Interpave, 2005) and software based on the US
Environmental Protection Agency stormwater management program, SWMM, exists for one
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proprietary permeable paving system (James and von Langsdorff, 2003). However, such
procedures are generally limited to flood mitigation. In the context of WSUD requirements,
pollution control and water reuse also need to be considered. This is best achieved by specially
written software which will handle all the various generic permeable paving systems. In 2006,
the Concrete Masonry Association of Australia commissioned the School of Natural and Built
Environments at the University of South Australia in conjunction with the senior author to
develop new software called PERMPAVE for permeable pavements. This was published in
2007 and dovetails with existing structural design software for concrete segmental paving,
LOCKPAVE, to provide an integrated approach to designing permeable interlocking concrete
pavements. This paper describes the background and underlying technology of this new design
software.

TECHNOLOGY
For permeable paving, the role of the pavement designer needs to expand to consider
environmental and sustainability issues. The US Environmental Protection Agency has listed
unfamiliarity by pavement engineers with the concepts of permeable paving as an obstacle to
the wider adoption of such techniques. It is significant, therefore, that the countries that are
most advanced in the use of permeable paving are those such as Germany, Austria, Canada,
the UK, Australia and the USA that have invested in fundamental research into permeable
paving. Such research normally includes pollution, infiltration and stormwater management
studies. These have been supplemented by studies of structural performance in Australia,
Austria and the UK.
In Australia, at least seven permeable paving systems have already been evaluated to varying
degrees. The most comprehensive and sustained Australian research into permeable
interlocking concrete pavements has been conducted at the University of New South Wales
(UNSW) since 1994 and, more recently, at the University of South Australia (UniSA). At UNSW
the research has concentrated on laboratory studies of water infiltration through permeable
pavements (Shackel 1996a, 1996b, 1997; Shackel and Pearson, 1996), the structural capacity
of permeable pavers (Shackel, 1996, 1997, 2001; Shackel et al., 1997, 2000) and the properties
of base materials for permeable pavements (Shackel at al., 2001). This work has been
extended to full-scale field studies with emphasis on water quality and pollution control (Shackel
et al., 2003). At UniSA both laboratory and field trials have been conducted with emphasis on
pollution management (e.g. Anon 2002, Rommel et al., 2001). The UNSW and UniSA studies
have shown that permeable pavements can accept rainfall intensities exceeding 600 l/sec/ha
whilst maintaining levels of structural capacity that are comparable with those exhibited by
conventional paving. Moreover, there is good evidence that permeable pavements can trap up
to about 90% of particulate contaminants (Anon 2002, Rommel et al., 2001).
Permeable Concrete Segmental Pavements comprise concrete pavers overlying fully
engineered permeable base and sub-base and the designer needs answers to the following
questions:
1. What pavers and pavement materials are suitable for use in permeable pavements?
2. How can the pavers and pavement materials be characterised for design purposes?
3. What design methodology should be used?
4. What levels of stormwater management and structural performance can be achieved?

Materials
Pavers Bedding and Jointing Materials
One of the first questions that a designer must address is the choice of paver. Pavers which
allow water to infiltrate have been described in detail elsewhere (Shackel, 1996a). Not all
pavers are equally efficient at infiltrating water and in resisting traffic loads and repetitions.
Based on published infiltration and structural data it is possible to classify pavers into five
groups and to rank their suitability for carrying various traffic intensities. Details of this
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classification have been given elsewhere (Shackel, 2006) and have been made an integral part
of the design software.
Both infiltration and structural tests of a wide range of permeable pavers have been reported
(Shackel, 1996a, 1997, 2001; Shackel et al., 1996, 2000). Bedding materials ranging from
conventional bedding sand to 10mm aggregates have been evaluated. It has been found that
the best compromise between high water infiltration and good structural performance comes
from the use of a clean 2-5 mm aggregate (Shackel et al., 1996). This can often be used for
both bedding and jointing the pavers and, thereby, simplifies construction.

Base and Sub-Base
The base and sub-base materials for permeable pavements should meet the following criteria:
1. The materials should possess adequate water storage capacity and be able to drain water
within a reasonable period of time without erosion or migration of fines.
2. The materials should possess adequate stiffness to carry the full spectrum of traffic loads
and repetitions.
3. The materials should be capable of trapping and removing contaminants from water draining
through the pavements
4. The materials should satisfy filter criteria which prevent movements of fines between the
bedding and base, base and sub-base or base/sub-base and subgrade.
Materials meeting these criteria include unbound granular base, cement treated base, lean
concrete and porous asphalt. To date the most widely used bases for permeable pavements
have been unbound granular although Australian research has shown that cement bound
materials offer promising alternatives (e.g. Zhuge and Hazell, 2007).
Once water has saturated the pavers and bedding, any additional water than can be accepted
by the pavement depends upon the permeability and storage capacity of the base and subbase. The amount of water that can be retained or detained within a pavement depends on the
voids ratios of the base and sub-base materials. As broad generalisations the permeability and
water storage capacity of unbound granular materials increase with increase in the uniformity
and maximum size of the material. In practice most permeable pavements constructed to date
have used large sized, open graded permeable granular base, sub-base or drainage layer
materials such as rail ballast or similar materials with void ratios of around 40%. Such materials
are however, quite unsuitable for pavements which must carry trucks or other significant traffic.
Accordingly, there is a need to develop new materials that combine high permeability with good
structural properties. At UNSW research has been conducted into the effects of changes in the
grading of a crushed rock upon both the permeability and stiffness of the materials under
laboratory conditions (Shackel, 2001). The material selected for study was a 20 mm crushed
rock (DGB20) widely used for pavement construction in the Sydney region. The material was
tested both as delivered and after removal of the material finer than either 0.600 mm or 1.18
mm. The gradations from which the 1.18 mm and 0.600 mm had been scalped were also tested
after removal of particles bigger than 13.2 mm. Scalping out the fines led to reductions in both
the modified Maximum Dry Densities (MDD) and the corresponding Optimum Moisture Contents
(OMC) irrespective of the maximum particle size.
The mechanical properties of the various materials were assessed by repeated loading triaxial
tests under fully saturated conditions using specimens that were 150 mm in diameter and 300
mm high. Compaction was adjusted to achieve not less than 96% of the modified MDDs.
Unlike earlier studies of resilient moduli (e.g. ARI, 2005), care was taken to saturate the
specimens prior to testing because permeable pavements, in contrast to conventional
pavements, must be designed to perform in saturated conditions for much of their service lives.
The specimens were saturated using back-pressure techniques. Specimen conditioning and
resilient modulus testing were performed in accordance with Australian Standard AS1289.6.8.1
whilst the permeabilities of the materials were obtained using a 190 mm diameter rigid wall
falling head permeameter (Shackel et al., 2001).
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The test gradings were characterised in terms of the Coefficient of Uniformity, Cu. As might be
expected, the permeability decreased significantly with increase in Cu. In other words, the more
uniform the material the greater the permeability. The materials with all fines smaller than
1.18mm scalped out exhibited permeabilities almost 100 times greater than the unmodified
material. Similarly, the materials with the fines smaller than 0.600mm removed exhibited about
a forty-fold increase in permeability. In this respect, the materials having a maximum particle
size of 13 mm exhibited slightly smaller values of permeability at a given value of Cu than the 20
mm material.
Overall, it was clear that simple measures such as scalping out fines could greatly increase the
permeability of the materials. The question remaining was the extent to which the mechanical
properties might be adversely affected by such removal of fines. For convenience, the Resilient
Modulus, Mr, was selected as the parameter that would best describe the mechanical
properties. Values of Mr have been published elsewhere. For permeable granular base
materials values of Mr ranging between about 250 MPa and 550 MPa can be assumed for
materials near OMC with the range of values decreasing to between about 250 MPa and 400
MPa at high saturations > 90% (e.g. Shackel, 1973, Shackel et al., 2001). These values are
stress dependent and due allowance for this must be made during structural design. This can
best be achieved by using computer-based mechanistic design analyses (Shackel, 2000).
The response of the materials to repeated triaxial loading depended primarily upon the degree
of saturation ruling during the test and on the particle size distribution. Irrespective of the
repeated stress levels, the Resilient Modulus decreased with increase in the degree of
saturation. In general, an increase in saturation led to reductions in Mr between about 40% and
70% depending on the gradation and maximum particle size.
For the materials studied, the Resilient Modulus, Mr, increased with increase in Cu. The tests
showed that the permeability of a typical crushed rock base material could be increased by up
to two orders of magnitude by scalping out the finer fractions of the material. This was
accompanied by a reduction in Mr. Removing material smaller than 1.18mm reduced Mr by
between approximately 30% and 55% whereas scalping just material smaller than 0.600mm
caused modulus reductions between about 20% and 45%. In other words, the choice of
unbound material for permeable base must be a compromise between high permeability and
low modulus (low structural capacity).
Overall, the tests showed that it is feasible to manufacture highly permeable base materials by
the simple expedient of scalping out some of the finer fractions of material. However, for
design purposes it would be prudent to assume that the resilient moduli, Mr, of such scalped
base materials would only be about half those normally used in mechanistic pavement analysis
and design. The scalped materials exhibit voids ratios of about 15% i.e. much less than the
voids ratios of up to 45% typical of the uniform materials hitherto used in many permeable
pavements. This means that their water storage capacity is much less than for uniform
materials and this must be considered in design.

DESIGN OF PERMEABLE PAVEMENTS
Several distinct needs must be addressed in the engineering design of permeable pavements.
Ideally the methodology should embrace one or more of the following objectives:
1. Flood mitigation by retention or detention i.e. water quantity.
2. Water quality improvement by filtration or retention i.e. water quality.
3. Water conservation by collection and re-use i.e. water harvesting.
4. The ability to carry the intended traffic.
This means that, in contrast to conventional pavements, the design of permeable pavements
involves two parallel processes. As shown in Figure 1, these comprise structural design
accompanied by design for stormwater management. Each of these procedures will require
different design thicknesses of pavement. Clearly, the final design will be the greater of these
thicknesses.
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The principal design questions are:
1. What is the design life of the pavement?
2. How fast can the pavement accept incident rainfall and additional runoff? This depends on
the paver type, the crossfall, the bedding and drainage materials and the type of base and
sub-base.
3. How fast will pavement drain? This is related to the type of base and sub-base, the
infiltration properties of subgrade the position of the water table and pipe drainage (if any)..
4. How much water can the pavement retain and for how long i.e. what is its capacity to
manage significant rainfall events? These questions depend on the thickness and
permeability of the pavement layers.
5. How thick should the pavement be to carry traffic? Here the resilient moduli of the permeable
pavement materials are paramount.

Figure 1: Recommended methodology of permeable pavement design

Design life
A major advantage of permeable pavements is that they can trap around 90% of total
suspended solids (TSS) i.e. particulates. Research shows that gradually over time these
particulates accumulate in the pavement and that consequently the pavement slowly clogs.
Experimental work at UniSA has established that effective lives between 15 and 25 years are
feasible (e.g. anon 2002). Moreover, it has been shown that much of the clogging occurs in the
jointing materials from whence it can be easily and economically removed (Shackel, 2005,
Dierkes, 2002, James, 2002, James and von Langsdorff, 2003). Based on these studies it
appears reasonable to adopt a 20 year maximum design life for permeable pavements.
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Cross-section selection
As shown in Figure 1, the first step in permeable pavement design is to determine how the
water will be controlled and managed within the pavement system i.e. to choose a cross-section
and the pavement materials. Broadly three cases need to be considered:
1. Where the water infiltrating the permeable pavement is allowed to flow into the subgrade and
thence to the water table. Here subsurface drains may sometimes be omitted. Some local
authorities will not permit this and it is only feasible on permeable sandy soils.
2. Where the permeable pavement is founded on impermeable clay subgrades provision must
be made to drain the water from the site using drainage pipes and a filter fabric must also be
used to prevent clay fines contaminating the base and sub-base.
3. Where there are contaminated flows or issues of soil salinity. Here an impermeable liner
needs to be placed between the permeable pavement and the subgrade and drainage pipes
are required to remove infiltration.
Suitable cross-sections and design details for achieving these objectives are available (e.g.
Smith, 2001; Interpave, 2005).

Water infiltration and treatment
Three issues must be considered in the design of pavements to handle water. These are
1. Stormwater Management i.e. how much water can the pavement infiltrate over a given time
and where will it go
2. Pollution Control i.e. what will be the quality of the effluent leaving the pavement
3. Water Harvesting i.e. to what extent is it possible to store and reuse the water?

Stormwater management and flood mitigation
There are two methods for designing permeable pavements for flood control:
1. design storm approach; and
2. continuous simulation modeling using historical rainfall data.
Designing flood mitigation systems with the use of continuous simulation modelling is complex
and does not yet form part of local government requirements in Australia. Therefore,
PERMPAVE does not currently utilise continuous simulation for flood design. Rather, the
program uses the design storm approach. In time, however, it is expected to move to
continuous simulation modelling as local practice changes.
The design storm approach is in accordance with current standards specified by local councils
and the Engineers Australia (EA) as outlined in the publication Australian Rainfall and Runoff: A
Guide to Flood Estimation (1999). This is the industry standard for stormwater management
professionals and provides the guidelines and methods for stormwater drainage design in
Australia. It should be noted that this publication has been developed for stormwater
conveyance systems with no significant storage. However, it does include procedures for flood
detention. ARR procedures are not generally suitable for infiltration system design. However
UniSA’s Centre for Water Management and Reuse (CWMR) has developed simple methods
which are included in the document, Australian Runoff Quality derived from continuous
simulation modelling that can be incorporated into standard design procedures within ARR
(Argue and Pezzaniti, 2005).
Briefly, the design storm approach involves the use of local average design storm intensity
bursts for a particular Average Recurrence Interval (ARI). A storm temporal pattern can be
applied to the average storm intensity to provide a rainfall distribution pattern over a period of
time. The rainfall distribution pattern is particular to the zone location in Australia.
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The majority of Australian drainage infrastructure has been designed using this type of
information. For this reason the new software is consistent with accepted Australian practice
including AUSTROADS recommendations.
Hitherto most analyses of permeable pavements have concentrated on analysing retention
and/or detention of stormwater within the boundaries of the permeable pavement site. However,
detention must be integrated with overall catchment management in terms of runoff and water
quality i.e. permeable pavements should not be considered as stand-alone projects. Catchment
management involves consideration of the catchment as a whole. Catchments may be large
e.g. an entire suburb and permeable pavements are just elements within the catchment. The
critical locations at which local authorities mandate flow and/or water quality requirements are
normally some distance away from the permeable pavement. Therefore, the critical factor is
how the permeable pavement impacts upon the entire catchment not just its immediate locality
i.e. downstream effects must be considered. This means that stormwater management
software must calculate retention and detention, predict outflows and/or drainage times
(emptying) and also must provide data to model a node in existing catchment management
procedures and software. Similarly, if municipal engineers are to adopt the design software, it
must be capable of predicting water quality or of working with other water quality software
programs.
To date most stormwater management methods for permeable pavements have used the
Design Storm Method based on statistics of historical rainfall records. Arbitrary assumptions
about the state of storage in the pavement e.g. empty or half-full at commencement of design
storm must be made. The alternative is to use the Modified Design Storm Method which
considers drainage (emptying) time, emptying by either infiltration/percolation or hydraulic
abstraction e.g. drainage pipes. The following inputs need to be considered for the pavement:
•

effective area ‘connected’ to the permeable paving system

•

proposed area of the permeable paving system

•

impervious area not draining to the permeable paving

•

pervious area not draining to the permeable paving

•

permeable paving storage

•

storage media porosity

•

soil saturated hydraulic conductivity

•

infiltration clogging

•

drainage outlet discharge characteristics.

Storm data include:
•

Average Recurrence Interval (ARI)

•

critical storm duration(s)

•

temporal zone

•

average storm intensity

•

antecedent condition (e.g. part-full with stormwater?).

Water quality, harvesting and reuse
In PERMPAVE, water quality and harvesting/reuse analysis is undertaken using a simplified
approach. Hydrological effectiveness curves developed from continuous simulation modelling by
Argue and Pezzaniti (2005) have been incorporated into the software code. These curves apply
to each Australian capital city. A simple pollutant removal algorithm is included, based on typical
runoff pollutant event mean concentration removal rates. Further program development is
planned that will allow users located outside the Australian capital cities to input local rainfall
data.
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Two approaches to controlling water quality can be identified. The first of these is to filter the
stormwater and then release it to the local government drainage system. The second is to filter
and retain the stormwater on-site, allowing it to slowly percolate to the underlying soil. Factors
that must be considered include:
•

input pollutant concentration characteristics

•

pollutant removal efficiency characteristics

•

historical rainfall data

•

‘first flush’ pollutant characteristics

•

build up/wash off of pollutants

For water harvesting (reuse) it is also important to consider the demand characteristics.

Water management outputs
The range of water management outputs offered by PERMPAVE include:
1. Storage size requirement to achieve specified performance targets
2. Peak flow rate for selected storm events at the site
3. Site critical storm duration
4. Average annual reduction in pollutant load
5. Average annual harvesting/reuse capability

Structural design
The pavement thicknesses required for stormwater management will normally be different from
those needed to carry traffic. This means that, in addition to water management, it is necessary
to consider the structural design of the pavement. Permeable pavements have already been
successfully used in projects ranging from car parks to roads, ports and container yards.
Accordingly, any structural design procedure should be capable of handling both a wide range
of loading conditions and the full range of new materials needed for the construction of
permeable pavements. Mechanistic pavement design software for achieving this already exists.
For example, the LOCKPAVE software, long used in Australia and many other countries around
the world, can model permeable pavers and permeable base and sub-base materials (Shackel,
2000). In this program resilient modulus data such as those summarised above for base
materials can be used for the design of permeable pavements and many different types of
concrete paver can be considered. This mechanistic methodology therefore is complementary
to the water management methods that are modelled in the PERMPAVE software.
One problem facing the designer of permeable pavements is to choose the moisture content at
which the base and sub-base materials must serve because this affects the stiffness, Mr, of the
materials. As noted above, Mr falls with increase in saturation yet most studies of Mr have been
reported for relatively dry conditions close to OMC. General published relationships between Mr
and moisture content for base and sub-base (AUSTROADS, 2005) show that, at high moisture
contents, Mr values may be only 50% or 60% of those customarily used in mechanistic
pavement design for materials meeting current base or drainage layer specifications. As noted
earlier, similar reductions in Mr are appropriate when using scalped granular base materials
(Shackel et al., 2001). In the absence of Mr values that have been measured at high saturations
it is prudent for the designer to choose Mr values that are typically only about half those
routinely adopted.
The use of lower Mr values than are commonly selected for the structural design of conventional
pavements will lead to some increase in base or sub-base thicknesses for permeable
pavements compared to concrete segmental paving (CSP). However, as noted above, the final
design thickness for a permeable pavement is the greater of the thicknesses need for
stormwater management and for carrying traffic. In the author’s experience the thickness
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needed for water runoff management is often greater than that needed for traffic. This means
that there is usually no economic disadvantage in requiring greater structural thicknesses for
permeable pavements than for conventional CSP because stormwater considerations often
determine the final design. However, it would be unwise to assume that this will always be the
case, especially where heavy traffic must be carried. Accordingly, the stormwater design should
always be accompanied by a structural analysis.

APPLICATION OF PERMEABLE PAVING
An interesting finding to emerge from the worldwide research into permeable pavers is that,
structurally, their performance is similar to that of conventional segmental paving. This means
that permeable pavers have the potential to be used in many types of application where
conventional segmental paving has already become well established. Examples of permeable
paving around the world include footpaths and pedestrian plazas including large areas at the
Sports Ground and the Olympics Precinct in Sydney.
Car parks, often combined with bio-swales, have become a major application of permeable
paving worldwide. Figure 2 shows the bus and car parking area at the Prater Stadium, Vienna.
This was installed by machine in 1990 and has an area of 39 000 sq m. A good recent example
is the Morton Arboretum in Chicago shown in Figure 3. Here, as shown in Figure 3, the parking
area is bisected by bio-swales to take excess runoff from rainfall events exceeding the design
storm.

Figure 2: Permeable Paving for Buses and Cars at the Vienna Football Stadium
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Figure 3: Permeable paving (2 ha) at the Morton Arboretum, Chicago
The location of permeable pavements in urban and high population density areas should avoid
underground services such as telecoms and power because of the need for frequent trenching
and reinstatement. Consideration should also be given to the local vegetation. Decomposing
leaves can generate organic matter, as well as elevated nutrient loads. The nutrients are
generally beneficial for permeable pavements as they stimulate microbial activity and this leads
to accelerated hydrocarbon removal. However, the organic matter can cause clogging and
therefore it is recommended that deciduous trees not be planted in close proximity to permeable
pavements. Subject to such provisos, roadways and residential streets are rapidly becoming a
staple use of permeable paving in the UK, Europe and Australia (e.g. Figures 4 and 5). Design,
construction and performance details have been given elsewhere (e.g. Shackel et al., 2003).

Figure 4: Smith Street, Manly - an Australian retrofit of permeable paving to a residential
street originally constructed around 1900
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Figure 5: Permeable paving of a street in Kiama, NSW, Australia
In Europe and North America, factory and truck loading areas increasingly use permeable
paving to achieve both environmental and land use/cost benefits. In both the USA and Brazil
permeable paving has been successfully used in container handling areas and ports subject to
high wheel loads (e.g. Knapton and Cook, 2000; anon 2002b). An example of a container yard
is shown in Figure 6.

Figure 6: Permeable paving at the Howland Hook Container Yard, NY, USA
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CONCLUSIONS
As noted above, the use of permeable pavements is increasing rapidly worldwide, with
applications ranging from car parks to container yards (Shackel, 2005; Shackel and Pearson,
1996). Despite this, pavements remain an intrinsic, seldom-thought-about part of life,
particularly in urban areas. However, for developers, industrial facilities, and local authorities
addressing stormwater and associated water-quality guidelines and regulations, pavements stay
very much at the forefront of planning issues.
Permeable pavements provide an at-source stormwater management tool. When applied
correctly, they can help to accomplish the aims of Water Sensitive Urban Design that are
outlined above. Permeable pavements allow stormwater runoff to pass through the pavement
surface to the underlying structure where it may be either detained prior to infiltration, or
retained for reuse. This contrasts with traditional pavement design techniques which normally
seek to prevent any ingress of water into a pavement. Here it is important to note that when
moisture penetrates a conventional pavement it usually represents some failure or deficiency in
the surfacing or drainage which was not envisioned during design whereas permeable
pavements are designed on the explicit assumptions that they will freely admit water and will
have to serve satisfactorily with water present for long periods. This requires new design
procedures and requires a designer to consider many additional factors which may be relatively
unfamiliar in current pavement design. The methods and software described here are intended
to facilitate transition to the new methodology. The PERMPAVE software is designed to co-exist
with the catchment management and water quality software that is already in widespread use in
countries applying the principles of sustainable water sensitive urban design. Moreover, it
complements existing structural design software that is already in widespread use for the
mechanistic design of roads, heavy duty, port and industrial paving.
The software draws on the testing of permeable systems and materials that has now been going
on for more than 25 years. In Australia alone, more than seven different systems have been
evaluated since the early 1990’s. Much of this research has concentrated on the pavers and
their bedding and jointing materials and extensive information is available on both the hydraulic
and structural properties of the pavers and bedding courses as well as on permeable base and
sub-base materials.

REFERENCES
Anon. (2002b). Permeable Pavements Now in First Port Application. Interlocking Concrete
Pavement Magazine. August, pp 6-9.
Anon (2002a). Research into “Effective Life” of Permeable Pavement Source Control
Installations. Urban Water Research Centre, Division of IT, Engineering and the Environment,
University of South Australia. Final Rpt Project 07 67680, June.
Argue J.R. Ed. (2004). WSUD: Basic Procedures for Source Control of Stormwater – A
Handbook for Australian Practice. UniSA/Australian Water Assn.
Argue, J. & Pezzaniti, D., 2005, Chapter 11 - Infiltration Systems, IN WONG, T. H. F. (Ed.)
Australian Runoff Quality, Institution of Engineers, Australia, Sydney.
ARI - Applied Research Associates Inc. (2005). Repeated Modulus Testing of Open Graded
Drainage Layer Aggregates. Rpt to Interlocking Concrete Paver Institute, Washington, DC.
AUSTROADS (2004). Pavement Design – A Guide to the Structural Design of Road
Pavements. AUSTROADS, Sydney
Beecham, S., Water Sensitive Urban Design: A Technological Assessment, 2003, Waterfall,
Journal of the Stormwater Industry Association, Vol. 17, pp5-13.

© ARRB Group Ltd and Authors 2008

12

23rd ARRB Conference – Research Partnering with Practitioners, Adelaide Australia, 2008

Dierkes C, Benze W and Wells J. (2002). Sustainable Urban Drainage and Pollutant Source
Control by Infiltration. Proc. Stormwater Industry Assn Regional Conf. Orange.
INTERPAVE (2005). Permeable Pavements – guide to the design, construction and
maintenance of concrete block permeable pavements, Edition 3. Interpave, UK
I.E.AUST. (1999). Australian rainfall and runoff – a guide to flood estimation. 3rd edition, Vol. 1,
ISBN 185 825 6878.
James, W. (2002). Green Roads: Research into Permeable Pavers, Stormwater Vol. 3, No. 2.
James W. and von Langsdorff H. (2003). The Use of Permeable Concrete Block Pavement in
Controlling Environmental Stressors in Urban Areas. Proc. 7th Int. Conf. on CBP, South Africa.
Knapton J and Cook I D. (2000). Permeable Paving for a New Container Handling Area at
Santos Container Port, Brazil. Proc.6th Int. Conf. on Concrete Block Paving, Tokyo.
Rommel, m., Rus, m., Argue, j., Johnston, l. & Pezzaniti, D., 2001, ‘Carpark with “1 to 1”
(impervious/ permeable) paving: performance of “Formpave” blocks’, Proceedings of Novatech
4th Int. Conf. on Innovative Technologies in Urban Storm Drainage, Lyon, France.
Shackel B (1973). Repeated Loading of Soils – A Review. Aust. Road Research. Vol. 5 No 3.
Shackel B. (1996a). Handbuch Betonsteinpflaster. Beton-Verlag, Dusseldorf (1996) 216pp
Shackel B. (1997). Water Penetration and Structural Evaluations of Permeable Eco-paving.
Betonwerk und Fertigteil-technik Vol 63, No3, March, pp110-119 ISBN 0373-4331
Shackel B. (2000). Computer-Based Mechanistic Methods For Concrete Block Pavement
Design. Proc. 6th Int. Conference on Conc. Block Paving. Tokyo.
Shackel B. (2001). Laboruntersuchungen An Pflastersteinen fur Bemessungszweike und
Verleichende Analysen. Festschrift, Institut fur Strassenbau und Strassenerhaltung., Technische
Universitat, Wien Heft Nr 12, Oct, pp116-129. ISBN 3-901912-11-8.
Shackel B. (2005).Worldwide Progress in Permeable Paving. Pave-It, No.5, Interpave, UK
Shackel B. (2007) Design Of Permeable Paving Subject To Traffic., Proc. 8th Int. Conf. on
Concrete Block Paving. San Francisco. Nov.
Shackel B (1996b). Permeable Eco-paving - An Environmental Option for Stormwater
Management. Proc 4th Annual Conf. Soil and Water - Management for Urban Development.
Sydney, pp 97-105.
Shackel B, Ball J and Mearing M. (2003). Using permeable eco-paving to achieve improved
water quality for urban pavements. Proc 8th Int Conf on Concrete Block Paving, South Africa.
Shackel, B., Kaligis, S., Muktiarto and Pamudji. (1996). Structural and Infiltration Tests of
Permeable Eco-Pavers. Proc. 5th Int. Conf. on Concrete Block Paving, Tel Aviv.
Shackel B, Jitakeerul P. and Prasetyo S.B. (2001). An Experimental Study of Unbound Base
Material for Use in Permeable Pavements. Proc. 16th Conf. Australian Road Research,
Melbourne.
Shackel B, Litzka J. and Zieger M. (2000). Loading Tests of Conventional And Ecological
Concrete Block Paving. Proc. 6th Int. Conference on Conc. Block Paving. Tokyo.
Shackel B, O'Keeffe L, Gwynne P. W and Arisdianto I. (1997). Environmentally Sensitive
Articulated Concrete Pavement. Proc. 6th Int. Conf. On Concrete Pavements, Indianapolis.

© ARRB Group Ltd and Authors 2008

13

23rd ARRB Conference – Research Partnering with Practitioners, Adelaide Australia, 2008

Shackel, B. and Pearson, A.R. (1996). Environmentally Sensitive Concrete Segmental
Pavements Betonwerk + Fertigteiltechnik, Vol 62 No 10, October. pp 99-106 ISSN 0373-4331
Smith D. R. (2001). Permeable Interlocking Concrete Pavements. ICPI. 2nd Edition
Zhuge Y. and Hazell D. (2007). Development of Environmenatlly Friendly Permeable Concrete
Pavement Base Course Using Recycled Materials. Proc. Concrete 2007, Adelaide

ACKNOWLEDGEMENT
The development of the PERMPAVE software was initiated and funded by the Concrete
Masonry Association of Australia.

AUTHOR BIOGRAPHIES
Dr Brian Shackel has more than 46 years of professional engineering experience. He has
conducted research into concrete block paving since the 1970’s and is the author of numerous
publications on this topic. His pioneering book “The Design and Construction of Interlocking
Concrete Block Pavements” has been republished in German, Japanese and Hungarian
editions. He has lectured on block paving in more than 25 countries and has acted as a
consultant to major paving projects worldwide including roads, airports and container yards.
Prof Simon Beecham is Head of Civil Engineering at the University of South Australia and is
leading their research in water sensitive urban design (WSUD). The outputs from his research
include the SWITCH, Switch2 and Syfon computer models. Switch2 is one of Australia’s first
continuous simulation models for designing and sizing Water Sensitive Urban Design systems
and is recommended in Engineers Australia’s Australian Runoff Quality Manual. Since 1998,
Simon Beecham has been Engineers Australia’s representative on IWA’s International Group on
Urban Rainfall.

© ARRB Group Ltd and Authors 2008

14

