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GENERAL

Trends towards urbanization in the developed world have led to a rapid growth in impermeable pavements,
which require large scale storm-water management systems. The increased intensity of heavy rainfall events is
exacerbating problems with overloaded storm-water systems. Increasing the percentage of pervious pavements
in urban design is seen as an effective means of managing storm-water runoff, potentially eliminating the need
for retention ponds and the overloading of natural waterways.

The term “pervious concrete” typically describes a near-zero-slump, open graded material consisting of Portland
cement, coarse aggregate, little or no fine aggregate, admixtures, and water. The combination of these ingredients will
produce a hardened material with inter-connected pores ranging from 2 to 8 mm that allow water to pass through easily.’

In pervious concrete, carefully controlled amounts of water
and cementitious materials are used to create a paste that
forms a thick coating around aggregate particles. Due to the
large amount of coarse aggregate and little or no sand used
in pervious concrete, a substantial void content is created. An
adequate amount of paste to coat and bind the aggregate
particles together creates a system of highly permeable,
interconnected voids that permits high water drainage.
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Both the low mortar content and high porosity lead to a reduction the strength compared to conventional concrete
mixtures, but sufficient strength for many applications is readily achieved.

The compressive strength of pervious concrete in place is strongly affected by the mixture proportion and compaction
effort during placement and depends on unit weight (density) of concrete and air (void) content (Fig. 2 and Fig.3)

There are number of guidelines for structural design of conventional concrete pavements for parking lots, street and roads.
The structural design recommendations in these documents, however, are not necessarily applicable for use with more open
textured pervious pavement. As there are no standardized test methods for strength of pervious concrete, design and
specification by concrete strength should be avoided.

Because of the porous surface of permeable pavement, it can be subject to raveling under wheeled traffic. The occurrence
of raveling can be reduced by attention to compaction and curing particularly of the top surface.

Although pervious concrete has been used for paving for more than 20 years, few investigations have been carried out

to determine its performance. Investigations have been based primarily on laboratory tests, with some data from actual
field installations obtained. The specifier should use caution when referencing test methods for pervious concrete that are
intended for plain concrete.

NZ RESEARCH

A number of parties from the New Zealand concrete industry commissioned some pervious concrete research in 2010*
and in 2013% in conjunction with Auckland University. This research used test methods for pervious concrete developed
by the American Standard Testing Association (ASTM) based on over 20 vears experience. The research included both
laboratory and field testing to determine compressive strength, density and voids content, and infiltration rate.

TESTING AND ACCEPTANCE CRITERIA

Plastic pervious concrete shall be sampled in accordance with NZS 3112
Part | at a frequency of sampling as specified in NZS 3104.

CONCRETE WORKABILITY

Pervious concrete workability is commonly assessed using the balling
method indicating that the correct amount of mix water had been added.
This is an ad-hoc test commonly in use - too little water and the mix will
not bind together, too much water and the mix will lose its shape tending
to slump.

COMPRESSION

Whilst concrete compression is not recommended in design, in this case compression testing was carried as part of the
research to benchmark compression against void content and infiltration. As pervious concrete has a zero slump, test
specimens are made using a higher compaction effort by using a standard proctor hammer, to more closely approximate the
compaction necessary on pervious concrete pavements in the field. The method in BS 1881 — Part |13 is appropriate with
some modifications. The standard uses two layers with ten blows per layer A 95mm steel circular plate was welded to the
bottom of the proctor hammer: There is no equivalent ASTM test method.

To compensate for the compaction effort of cubes verses cylinders, three layers with 5 blows per layer were compacted
into a standard mould with a 50mm top collar, to give a 250 mm x 100 mm diameter cylinder:® In the research the top 50
mm is cut off square from the top of the cylinder, and then both ends were capped prior to compression testing.

Tests on pervious concrete are still under development by ASTM Subcommittee C09.49. Caution needs to be exercised

in using test methods on standard concrete for pervious concrete. For instance the use of rubber caps may not be
appropriate for compression testing and the standard bearing strips for flexural beams may not be appropriate for pervious
concrete.

Thus the applicable test methods from NZS 3112 Part 2 may be used with caution until modifications applicable to pervious
concrete are published. It is recommended that density rather than compressive strength be used as a quality control test
for pervious concrete.

Cylinders are to be stripped after 2 days and submerged in water. Once saturated, the cylinders are put in a sealed plastic
bag and placed in the standard curing tank. Cylinders are to be removed from the plastic bag at no later than 6 days and
allowed to dry in the test laboratory until testing.



DENSITY ANDVOIDS CONTENT

The density is an important parameter of pervious concrete as it bears

a direct relationship with voids content, infiltration rate and compressive
strength. Density (unit weight) is measured in a standard yield pot in
accordance with ASTM C16887. The pot is filled in two layers with 20
blows per layer using a modified proctor hammer with a 95 mm plate on
the bottom.

The density (unit weight) of the delivered concrete shall be £ 80 kg/
m? of the design density (unit weight). Plastic void content shall be
calculated as per ASTM C1688 and compared to the void percentage
required by the hydraulic design. Unless otherwise specified, the void
content shall be between 5% and 25%.

PERVIOUS PAVEMENT HARDENED TESTING
(A) CURING

Curing of pervious concrete is important as there is a large area of concrete exposed to drying. The pavement should be
completely covered with a minimum 0.5 mm polythene sheet within 20 minutes of concrete compaction. Cure pavement
for a minimum of 7 uninterrupted days.

(B) CORES

If required, insitu pervious concrete pavement properties can be verified by drilled cores. These properties shall be limited to:
¢ thickness of concrete pavement,

* pervious concrete void content,

* pervious concrete density (unit weight)

Thickness may be verified, at the discretion of the Engineer/Architect, by measuring untrimmed hardened core samples.

The average of all production cores when measured for length shall not be less than 15 mm of under the specified design
thickness of the concrete pavement.

Two methods are available to measure the hardened concrete voids content:

(1) The mass of water to fill a sealed pervious concrete sample is measured and converted to an equivalent volume of
pores. Sealing the sample involves the use of a rubber sleeve or a sealing compound applied to the surface.

(W2-W1)
Wi
Vr = total void ratio, % Wi = weight of sample filled with water W2 = weight of dry sample

= x 100 (%)

(2) The void ratio is determined by taking the difference in weight between and oven dry sample and a saturated
underwater sample using the following equation.

Ve = [I = (\/\/2— MT‘) X Vol)} x100 (%)
Where:
Vr = total void ratio, % Wi = weight under water W2 = oven dry weight
Vol = volume of sample pw = density of water

Density (unit weight) of cores trimmed and tested in the saturated condition, as per NZS 3112 Part 3, shall be + 80 kg/
m? of the design density. Void content shall not be more than 2% below the specified design void content, and/or + 2% of
plastic concrete void content.

(C) INFILTRATION RATE

Upon completion of 7-day curing, the pervious concrete shall be tested for a
baseline infiltration rate using ASTM C17018 testing methodology.

Infiltration testing is based on sealing a 300 mm diameter steel ring to the
surface of the hardened pavement, pre-wetting the surface, then pouring 3.6
litres of water onto the surface and measuring the time for the free water to
disperse. The infiltration rate is expressed in mm/s or mm/hr. If the 3.6 litres
of water takes less than 30 seconds to disperse then the test requires 18
litres of water.




PAVEMENT CONSTRUCTION

Infiltration rate is the key design factor for calculating the ability of the pavement to store and slow down the rate of
stormwater run-off into natural waterways. Infittration is directly related to concrete void-age. It is a useful control for
establishing pavement compliance rather than the more traditional concrete compressive strength. The density and voids
content achieved in laboratory trials will determine the type of compacting equipment required for the pavement in place.
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