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POROSITY EFFECT ON PHYSICAL AND MECHANICAL
PROPERTIES OF PERVIOUS CONCRETE PAVEMENT

Milo3 Seslija, Vlastimir Radonjanin, Neboj$a Radovié, Dorde Ladinovié
Faculty of Technical Sciences, University of Novi Sad, Serbia

Abstract

The paper presents the results of previous researches of different mixtures of pervious concre-
te pavements in the world, as well as the advantages and disadvantages of the structural
formation on the mechanical properties of porous concrete. The porosity of pervious concrete
ranges from 15% to 35%. The most important properties of pervious concrete pavement were
analyzed: compressive strength, flexural strength, splitting tensile strength, frost resistance
and abrasion resistance. Different types of aggregates (natural, recycled), different fractions
and granulometric composition of aggregates, different amounts of fine aggregate, diffe-
rent types and amounts of additives in pervious concrete and various water-cement ratio,
were used in the analyzed studies. According to obtained results, the relationship between
the most important properties of pervious concrete and its porosity was established. It was
concluded that increasing of the porosity directly affects to decreasing of the concrete com-
pressive strength and frost resistance, while abrasion resistance is increasing.

Keywords: pervious concrete, porosity, physical and mechanical properties
1 Introduction

The pervious concrete pavement is a special form of concrete pavement, which is mostly used
in the United States, a little less in Europe, while in Serbia there are still no application and
research of this type of concrete. Itis the concrete which has a distinct porosity and therefore
leaks water, reduces noise, reduces the need for building of system for water drainage from
the roadway, facilitates water purification, etc. With the aspects of preserving the natural envi-
ronment the pervious concrete is quite beneficial compared to other types of road surfaces.
The first application of the pervious concrete occurs in 1852 for the building of two houses
in the UK, this concrete is composed of coarse gravel and cement [1, 2]. Then appears in the
construction of houses in Scotland 1874-5 and the other buildings till the period of 1890 [3].
In the Netherlands, after World War |, it was first used and made of crushed brick as aggregate
with the addition of cement [4]. The pervious concrete is a mixture of cement, water and one
fraction aggregates which does not contain the fine particles of aggregates. Contains a large
amount of voids, which leads to a reduction of strength and weight [5, 6]. Pervious concrete
has different names in English, for example no-fines concrete, pervious concrete, porous
concrete and zero-fines concrete. These are the names can be found in worldwide literatu-
re and indicate already mentioned concrete [7]. The void content ranges from 15-35%, if its
preparation is done in America, or 15-25% of void content if the pervious concrete is made in
Europe [8]. The recommended aggregate sizes for this concrete are taken in a range of 9.5 to
19.5 mm, therefore completely omits small aggregate or added in the lower percentage. Due
to such structure, the pervious concrete made with no additives has a relatively low com-
pressive strength from 2.8 MPa do 28 MPa. In order to avoid the filling of pores with cement
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paste, its amount is regulated by a lower water-cement factor, which is usually in the range
from 0.26 to 0.50 [9].

The paper presents the different composition of the mixtures, the results of previous rese-
arches in the world, the advantages and disadvantages of the structural formation on the
physica and mechanical properties of porous concrete.

2 Review of the mix composition and properties of pervious concrete

Analyzed articles in this area of the production and use of pervious concrete and related
laboratory tests differ in the composition of the mixture and laboratory tests were carried
out according to the research objectives of individual works. Detailed analysis of published
papers dealing with this topic, showed the possibility of using pervious concrete for the con-
struction of the parking areas and pavement on low traficked streets, the bicycle and pede-
strian paths, tennis courts and the floors in greenhouses and breeding animal farms. Since
the aggregate takes between 70-80% of the total concrete amount, aggregate strength greatly
affects on the final strength of the concrete. Type of aggregate, aggregate fraction, as well as
additives and its quantity are shown in Table 1, with indicated authors that have carried out
studies of the pervious concrete.

Table1 Composition mixture of pervious concrete

Ref.  Aggregation Aggregate fraction The chemical and /or Water-cement
[mm] mineral admixtures ratio
[10] Granite 4.75-9.5 Silica fume, superplasticizer,  0.28-0.34
fly ash, polymer
[11] Limestone 4.75-12.5 Retarders, admixtures 0.29
Sand 0-4
[12] Gravel 3-5; 5-10; 10-20, 15-30 Silica fume, superplasticizer,  0.20-0.35
Sand 0-2.5 fly ash, polymer
[13] Gravel 2.36-4.75, 4.75-9.5, 9.5-12.5  Synthetic rubber products, 0.22-0.27
Limestone 4.75-9.5 silica fume, air entraining
admixtures, superplasticizer
Lightweight Aggregates 2.36-4.75, 4.75-9.5 x uperp z
Sand 0-1
[14] Gravel 1.18-9.5 Latex rubber, fibre, 0.26-0.36
Limestone 118-9.5,2.36-9.5 superplasticizer, air entraining
admixtures, retarders
[15] Gravel 10-12.5 0.27
Recycled rubber products  0-1, 1-4, 4-8
[16] Gravel 10-12.5 0.27

Recycled rubber products 0-1, 1-4, 4-8

2.1 Compressive strength of pervious concrete

Based on all inspected papers [10-15] it can be noticed that compressive strength at 28 days
ranges from 6.54 MPa to 61.2 MPa. Displayed compressive strength values are given based
on different aggregation type, aggregate fraction, chemical/mineral admixtures and water-
cement ratio (Table 1). It must be underlined that compressive strength of pervious concrete
mainly depends on ratio between coarse aggregate and fine aggregate and water-cement
ratio. Using coarse aggregate with fine aggregate, along with solid compacting, adequate
water-cement ratio and admixtures, it can be accomplished significantly larger compressive
strength values [10, 12] in comparison with expected values from papers. In the Figure 1is
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summary of results from some of the considered papers and the dependence between com-
pressive strength and void content of 28 day old concrete has been given. It is noticeable
that there is a large dispersion of results and that is not possible to determine compressive
strength as a function of void content. With decrease in void content there is increase in dis-
persion of results (so as vice versa).
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Figure1 Plot of compressive strength as a function of void content

2.2 Flexural strength

The sharp shape and rough surface of crushed aggregate are favorable for an aggregate-ce-
ment paste bond, which affect the increase in flexural strength. Tested 28-day old samples
have flexural strength in values between 0.4 — 8.5 MPa [10, 12, 16]. It has been used various
aggregate fractions and admixtures for the preparation of mixtures, in a variety of test condi-
tions (Table 1). With an increase in amount of rubber material [16] there is a decrease in value
of flexural strength, and with an optimal amount of fine aggregate (sand) [12] there is signifi-
cantincrease in flexural strength. In considered papers it can be seen that the increasing of
porosity decreases the flexural strength (and vice versa).

2.3 Splitting tensile strength

This type of test procedure has appeared much later than traditional tests for bending and
nowadays is regarded as quite reliable measure for determining tensile strength of concrete.
According to the papers [11, 13, 14], splitting tensile strength at 28 days ranges from 1 MPa to
4 MPa. The characteristic values are taken for the different aggregate fractions, with or without
air entraining admixtures, and with or without recycled aggregate.

4
ga,s L
£ s . r
P2s n =
- =,
E - B, - u[1]
g15 A" a A a3
o | |
=1
.E
&05

0 A

10 15 20 25 30 35

Void Content [%]

Figure 2 Plot of splitting tensile strength as a function of void content
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Figure 2 shows the dependence of splitting tensile strength on the amount of pores for 28-day
old samples. Considering all obtained results it can be seen that there is a large dispersion of
the results for the same splitting tensile strength and porosity, so that it cannot be determined
a particular correlation between previously mentioned parameters. It is impossible because
of the participation of various types of aggregates, chemical and/or mineral admixtures, as
well as various types of binders.

2.4 Abrasion resistance

Abrasion, as a way of mechanical process of wearing concrete away, is very important in asse-
ssing durability of concrete. This phenomenon usually appears in high-traffic areas, sidewalks
and parking lots. Concrete is more resistant to abrasion with larger compressive strength,
which means that it should be used crushed stone aggregate with less participation of fine
aggregates, high-early strength cement and lower water-cement ratio. Therefore, superpla-
sticizers and plasticizers are used to reduce the required amount of water, since in any case
should not be allowed to come to the separation of the cement paste to the surface. Abrasion
resistance has been analysed in papers [11] and [16], but the different aggregate types, frac-
tions and number of cycles have been used. Figure 3 presents summarized results from the
analyzed papers and shows the loss of weight as a percentage. Usage of reduced amounts of
fine aggregate and adding admixtures [11] results with a smaller weight loss in comparison to
samples which have a certain amount of fine aggregate fraction. Nevertheless, using recycled
rubber [16] instead of natural aggregates also reduces the mass loss of samples.

%05 =[11]
o4 - =[11]
ﬂ 03 [16]
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Number of sample

Figure 3 Abrasion test

2.5 Frost resistance

The main reasons for concrete destruction on lower temperatures are internal stresses that
occur during freezing water in the pores of concrete. Volume of liquid water at room tempera-
ture willincrease in volume by 9% after freezing, which generates internal stresses. However,
in order to prevent the destruction of concrete, it is necessary to use sufficiently low water-
cement ratio as well as various admixtures, especially air entraining admixtures. According
to paper [11, 13, 14, 16] frost resistance is tested with about 300 freeze-thaw cycles. Figure 4
presents a plot of number of cycles as a function of mass loss. It is shown that frost resistance
can be improved by using sand, recycled rubber as well as air entraining admixtures so that
the number of freeze-thaw cycles can reach up to 300. According to mentioned Studies, the
best frost-resistant mixtures consist of natural aggregates along with certain amount of sand
and chemical admixtures (Table 1).
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Figure 4 Frost resistance of pervious concrete at 28 days

2.6 Porosity

Pore size is one of the main factors which impacts on pervious concretes’ properties. It is
recommended large pore volume because they can prevent themselves from clogging [17].
Pore size increases with larger participation of coarse aggregate in coparison to fine aggre-
gate. This is explained by the fact that between the large grains remain empty spaces [18].
Namely, porosity has an effect on flexural strength, compressive strength, splitting tensile
strength and frost resistance. It has been shown that at a lower porosity, regardless of the
type of aggregate that was used, compressive strength is higher. In case of using recycled
aggregation there is about 60% lower compressive strength in comparison to mixtures with
natural aggregation (with the same level of porosity). Type of aggregate (natural or recycled)
has an effect on coefficient of permeability and porosity for pervious concrete mixtures.

3 Conclusions

The analyzed results can be summarized as follows:

 with the same level of porosity there have been different values of flexural strength, com-
pressive strength and splitting tensile strength due to different water-cement ratio. With an
increase in porosity there is a decrease in strength of pervious concrete.

- with larger participation of fine aggregate and higher water-cement ratio, the frost resistance
is higher but the abrasion resistance is lower.

- porosity of pervious concrete is strongly affected by the type and fraction of aggregation,
with taking into account that the minimal porosity for pervious concrete is 15%.
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Properties of pervious concrete are strongly affected by the porosity along with type of aggre-
gate, participation of fine aggregates, shape of aggregate grains, type of used admixtures,
water-cement ratio etc. All the mentioned factors are in certain correlation and they need to
be chosen in such a way that the higher values of flexural strength, compressive strength,
splitting tensile strength, abrasion and frost resistance are achieved. If is used with improved
properties, pervious concrete can be used in heavy traffic load as well.
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