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Abstract
E——

The use of pervious concrete to minimize the effects caused by the impermeability of the soil as a result of increasing urbanization is an alterna-
tive that still requires further studies regarding its design and implementation. From this perspective, this paper presents a study of the charac-
teristics of pervious concrete, including its tensile strength, compressive strength, flexural strength and the permeability coefficient, through the
development of various mixtures to adjust the characteristics of the local aggregates. Eight mixtures were studied based on a reference mixture,
five of which were related to the pervious concrete with the addition of finer aggregates than the reference mixture without these aggregates.
Subsequently, three mixtures were studied with the inclusion of polypropylene fibers in order to analyze the effects of the addition of fibers on the
properties of the pervious concrete. It is concluded that the presence of fibers changed the characteristics of the concrete, increasing its strengths
while achieving a good permeability in its mixtures. An improvement in the flexural strength of the pervious concrete was observed, which is the
main property to be considered for its use in pavements, without harming the permeability, which raises the possibility for its application.

Keywords: pervious concrete, tests, fibers.

Resumo
E———

Utilizar concreto permeavel para minimizar os efeitos causados pela impermeabilidade do solo causado pela crescente urbanizagéo é uma
alternativa que ainda necessita de estudos quanto a sua concepgao e aplicagdo. Seguindo esta linha, o presente artigo apresenta um estudo
das caracteristicas do concreto drenante, tal como a resisténcia a tracao, resisténcia a compressao, resisténcia a tragéo na flexao e coeficien-
te de permeabilidade, através do desenvolvimento de varios tracos, para ajustar as caracteristicas dos agregados locais. A partir de um trago
referéncia, foram estudados oito tracos, sendo cinco referentes ao concreto drenante com adicéo de agregados mais finos ao traco referéncia
sem estes agregados. Posteriormente estudou-se trés tragos com a inclusao de fibras de polipropileno, com o objetivo de analisar os efeitos
que a adigao de fibras causa nas propriedades do concreto drenante. Concluiu-se entéo, que a presenca das fibras alterou as caracteristicas
do concreto, levando o mesmo a atingir maiores resisténcias, aliadas a uma boa permeabilidade em seus tragos, verificando-se assim a me-
Ihoria de capacidade de resisténcia a tracdo na flexao do concreto drenante, principal propriedade para uso em pavimentos, sem prejudicar a
permeabilidade e avaliando a possibilidade de aplicagdo do mesmo.

Palavras-chave: concreto permeavel, ensaios, fibras.
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1. Introduction

EE

The growth in urbanization, which leads to the increased imperme-
abilization of the soil as a result of the paving of streets, sidewalks
and buildings, brings with it ever-increasing environmental impacts
that are forcing the construction industry to find alternatives to
avoid future problems, such as flooding. These covered surfaces
may occupy 30% of the area of the drainage basin according to the
ABCP [1]. If one considers the runoff coefficient or surface runoff,
according to Marchioni et al. [2], very densely constructed areas
may have runoff coefficients of 0.70 to 0.95, which means that up
to 95% of rainfall creates surface runoff.

According to Merighi et al.[3], pervious concrete is an alternative
that can assist in urban drainage and facilitate the direct infiltra-
tion of water into the soil. However, in Brazil, its use is still in the
early stages. Its application is therefore still restricted, which can
be explained by the absence of adequate knowledge in relation to
the mechanical and hydraulic behavior and potential applications
of this material by the designers and professionals in the field. Ac-
cording to the standard ACI 522R-06 [4], its typical uses include:
parking lot pavements, municipal roads, sidewalks, pedestrian ar-
eas in zoos, parks and swimming pool decks, among others.
According to the standard ACI 522R-06[4], pervious concrete is
typically described as open-graded, zero-slump concrete with no
or little fine aggregate, a void content ranging between 18 to 35%
and a compression strength between 2.8 to 28 MPa, with perme-
ability of 0.0135 to 0.122 cm/s (already transformed units).

For the ABNT [5], a pervious pavement on a site must have a
mechanical flexural strength of at least 2.0 MPa and a permeabil-
ity of 0.100 cm/s, without considering the compression strength
requirement.

Rodrigues and Montardo [6] stated that the use of plastic polypropyl-
ene fibers as reinforcements in concrete has grown in recent years
in Brazil in order to improve the performance of pervious concrete.
Several works have used polypropylene fibers, including dams, tun-
nels, bridges, irrigation channels, water and sewage treatment sta-
tions and, especially, concrete pavements and floors. Polypropylene
is chemically inert, does not absorb water, does not rust, has low
cost and is easy attainable. In this sense, the use of polypropyl-
ene fiber is more appropriate than the use of metallic fibers because
of corrosion and the need to improve the flexural strength perfor-
mance, a fundamental requirement for concrete pavements.

Many properties are changed when the cementitious matrix is rein-
forced with fibers, such as: workability, compressive strength, mod-
ulus of rupture (flexural strength), direct tensile strength, impact
resistance, resistance to fatigue, increase in tenacity, inhibition of
crack propagation. Determining the optimum content is important
to increase efficiency and economy, especially regarding the main
properties relevant to the intended use. In light of the scarce stud-
ies on the behavior of pervious concrete using fibers, studies of
concrete mixtures with various levels of fibers have become more
important, and this is one of the objectives of this work.

The post-cracking behavior will not be evaluated because the per-
vious concrete has a high void content, which means it is impor-
tant to study the behavior of the main mechanical property of a
pavement material (flexural strength). It is known, however, that
the post-cracking behavior of concrete with fibers is improved with

smaller cracks (Rodrigues and Montardo [6]) and the probable in-
crease in flexural strength may explain this behavior. The study of
polypropylene fibers in pervious concrete needs behavior evalua-
tions, which is one of the objectives of this work.

In this general context, this paper seeks to observe and analyze
the behavior of the mechanical properties (compression strength,
split tensile strength and flexural strength) and of the permeability
coefficient in different pervious concrete mixtures with and without
the addition of polypropylene fibers.

2. Theoretical framework

EE

According to McCain and Dewoolkar [7], the northern states of
the United States have been slow in adopting the use of pervious
concrete, which is a result of the lack of data on its effects and
behavior. Shu et al. [8] highlight that there is a need for laboratory
tests to define the appropriate mixtures, studying different types of
aggregates, their particle size distribution and various additions.
These issues have also been pointed out by Lian and Zhuge [9].
Regarding the permeability, the NCPTC [10] indicates values be-
tween 0.0254 and 0.6096 cm/s to consider a concrete as pervious,
while the ACI 522R-06 standard [4] establishes values ranging
from 0.0135 to 0.122 cm/sec.

Pervious concrete has some disadvantages according to the En-
vironmental Protection Agency [11], namely: the tendency of the
pavement to be obstructed by dirt if inadequately installed or main-
tained; the risk of considerable failure if poorly constructed or in the
case of soiling; contamination of the aquifer depending on the soil
conditions and the susceptibility of the aquifer; the lack of expertise
of the pavement engineers. Teixeira and Fortes [12] conclude that
pervious concrete has economically viable costs, but that its com-
pression and tensile strengths are much smaller than conventional
concrete. In this sense, Lian and Zhuge [9] highlight that its appli-
cations have been almost entirely restricted to pavements.

2.1 Studies conducted on pervious concrete

Ibrahim et al. [13] studied 24 mixtures to check the variation of
the properties with the variation of different aggregate fractions,
the variation in the water-cement ratio and the content of cement.
They concluded that, among other factors, the maximum compres-
sion strength for mixtures without fine aggregates is achieved with
levels of cement around 250 kg/m?® and decreases to 75% when
the ratio is reduced to 150 kg/m?.

Lian and Zhuge [9] concluded that the use of fine materials with a
particle size between 9.5 and 2.4 mm increased the strength proper-
ties of the pervious concrete. However, the use of too fine aggre-
gates, such as active silica, does not significantly alter the strength,
because very fine particles tend to segregate due to the porosity of
the concrete. Batezini [14] concluded that the addition of fine aggre-
gates in concretes for the improvement of the mechanical proper-
ties is a possibility, especially when the permeability coefficient of
the mixtures has higher values. In this study, the permeability value
was 0.14 cm/s and the split tensile strength and the flexural strength
ranged between 57 and 71% for the three mixtures.

Based on the development of concrete mixtures with five differ-
ent aggregate particle sizes of granitic origin, Merighi et al. [3]
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aimed to find a mixture that provided good mechanical strength
to be used in the paving of airport runways and roads. The best
results regarding strength at 28 days was 31.6 MPa for compres-
sion strength and 3.0 MPa for tensile strength for the mixture that
used smaller aggregates than the other mixtures, a low w/c ratio,
a superplasticizer additive and micro silica. However, Merighi et
al. [3] stated that the use of this concrete as draining layer was
not recommended because it had a permeability coefficient in the
order of 10~ cm/sec.

The discrepancy between permeability and strength, studied by
Kajio et al. [15] and Tennis et al. [16], is usually dictated by the
quantity of fine aggregate used in the mixtures, with a greater
quantity of these aggregates decreasing the void content, increas-
ing strength and reducing permeability. Identifying the optimal ratio
between voids, permeability and strength is one of the challenges
of researchers regarding the adequate use of aggregates, and this
is one of the objectives of this work.

Cosic et al. [17] studied the variation in the properties of pervious
concrete as a function of the variation in the type of aggregate and
its size. One of their findings was the surprising conclusion that the
type of aggregate has a more significant influence on permeabil-
ity than its size. Lian and Zhuge [9] also found differences in the
permeability values as a function of different types of aggregates.

Bonicelli et al. [18] investigated the difference in the properties of
pervious concrete when different levels of concrete compaction
were used, in addition to the influence of the addition of sand, and
their results suggested that the addition of around 5% of the to-
tal aggregate mass as sand improved the mechanical properties,
highlighting an increase of up to 75% in the tensile strength, but
with a decrease in permeability, without compromising the drain-
age capacity of the concrete, however.

Maguesvari and Narasimha [19] studied the influence of coarse
and fine aggregates on pervious concrete and concluded that the
increase in fine aggregates reduced permeability, but increased
the compression and flexural strength, making it a suitable material
for pavements with light traffic.

2.2 Studies of concretes with polypropylene fibers

In a study conducted by Senisse and Dal Molin [20], three concrete
mixtures were developed for each of the mixtures evaluated, us-
ing a mortar content of 55% and w/c ratios ranging between 0.34
and 0.68. Three types of concrete were prepared: conventional
concrete (reference-CC), concrete reinforced with polypropylene
macro-fibers (CF) and concrete reinforced with macro-fibers and
a superplasticizer additive (CFSP), with a content of 600 g/m?
in fibers and 0.32% of superplasticizer in relation to the cement
mass. The results showed that the inclusion of macro-fibers signifi-
cantly increased the flexural strength (39% for the CF mixture and
27% for the CFSP mixture, even though the compression strength
decreased in the CF case). They also concluded that the addi-
tion of fibers in the concrete had an insignificant increase in cost
(SENISSE; DAL MOLIN [20]).

Perrone et al. [21] commented in a study that the addition of non-
metallic fibers can help overcome problems with corrosion and
improve the structural performance. Gesoglu et al. [22] studied
the properties of pervious concrete with the addition of fibers of

different types of rubber tire residues and they concluded that it
is possible to obtain pervious concretes with more compression
strength or better permeability depending on the characteristics of
the waste, but that, on average, the concretes with the residues
had worse strength properties and decreased permeability when
compared to the reference mixture without residues, but the frac-
ture energy increased with the tire residues and its use was fea-
sible in parking areas.

Hesami et al. [23] studied the use of various materials, including
glass fiber, with a content of 0.2 % in pervious concrete, and they ob-
served an increase of up to 30 % in the tensile strength and of up to
64% in the flexural strength, corroborating the tendency of improved
mechanical properties with the increase in the percentage of mate-
rial, with a gradual decrease after the optimal percentage.

Amaral Junior [24] and Lucena [25] observed that the use of poly-
meric fibers usually means that there is a reduction in the axial
compression strength, but the flexural strength increases.

In a study conducted by Guimaraes et al. [26], the best performance
for flexural strength was found with the fiber content of 1%. Rehder
et al. [27] also observed this fact, which may be explained because
the pores are connected by fibers, with the contribution of fibers to
improve the residual flexural capacity, especially at higher porosities.
In this sense, this paper seeks to investigate the relationship be-
tween the use of fibers in different proportions and the behavior of
pervious concrete.

3. Methodological procedures
—

One of the objectives of this work is to study concrete mixtures
with the use of regional materials based on a pervious concrete
without sand, and based on this verify the behavior of the mechani-
cal and permeability properties when different levels of sand are
added. The influence of the addition of non-metallic fibers, in this
case polypropylene, on the cited properties, especially on flexural
strength and permeability, since these are the parameters indicat-
ed by NBR 16416 (ABNT [5]), is also studied.

Based on the mixtures pre-determined by other researchers who
showed reasonable results for strength and permeability (Polastre
and Santos [28]; Sales [29]; Kajio et al. [15]; Tennis et al. [16]), a
reference mixture (mixture A) was established containing only ce-
ment and gravel 1. Four other mixtures (B, C, D and E) were then
studied to verify the influence of the addition of gravel 0 and sand
on the compression strength, the split tensile strength, the flexural
strength and the permeability.

Six specimens (CPs) were developed for each mixture for the axial
compression tests, 6 CPs for the split tensile strength tests, 6 CPs
for the flexural strength test, with the highest value being adopted
for each one of them (potential strength, since these were con-
cretes from the same concrete batch) and 6 CPs for the perme-
ability tests, which adopted the means. The molding, curing and
execution procedures of the specimens followed the procedures
established by the Brazilian standards of the ABNT.

Subsequently, the influence of the addition of polypropylene fibers
(1, 2 and 3 kg/m?®) to mixture D (which already contained gravel 0
and sand) on the aforementioned properties was studied in three
more mixtures. The contents were based on the studies of Gui-
maraes et al. [26] and Reyes and Torres [30].
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Table 1
Technical specifications of the Caué cement

Fineness Concrete Cement time Compression strength (MPa)
#200 #300 Start (min)  End (min) 1 day 3 days 7 days 28 days
(75 mm) (45 mm) 3.06
2.7 10.7 190 290 14.4 28.6 32.8 41.0
Table 2
Characteristics of the superplasticizer additive
Parameter Unit Specification Results Methods
Aspect - Liquid Approved Visual
Color - Light brown Approved Visual
pH -25°C - 3.00 fo 5.00 4.17 NBR 10908:2008
Specific mass - 25°C g/cm? 1.062 10 1.102 1.082 NBR 10908:2008
Solids % 38.2510 42.75 39.92 NBR 10908:2008

When there were significant differences between the expected and
obtained values of the properties, the tests were redone to check
if it was a trend or a simple error of procedure, and in the case of
mixture D, an error in the concrete batch development procedure
of the initial study was found.

The mechanical properties studied are the most significant for pervious
concrete, but the effect of concrete compaction, the behavior under cy-
clic actions, abrasion wear and other factors may also deserve specific
studies when applying these concretes to light traffic pavements.

3.1 Characterization of materials

The cement used for the tests was CP II-E in bulk. No laboratory
tests were performed for the cement, and the technical specifica-
tions provided by the manufacturer were used as in Table 1.

For the medium sand coming from the Unido da Vitoria region,
characterization assays were performed in the laboratory regard-
ing the bulk density, fineness module and maximum diameter of
the fine aggregate.

Figure 1
Polypropylene macro-fibers used

For the gravel 0 and gravel 1, both of basaltic origin and pro-
duced in a crusher located in Cordilheira Alta - SC, the bulk den-
sity, fineness module and maximum diameter of the aggregate
were determined.

The additive used was the Superplasticizer MAXIFLUID 900.
Table 2 shows the data of the analysis of the additive as pro-
vided by the manufacturer, since no laboratory tests were per-
formed. The quantity of additive used for all traits was 1% in
relation to the cement mass, according to the instructions of the
manufacturer.

The polypropylene fibers and their specifications were supplied
by a company located in Sdo José-SC:

Alkali resistant;

Length: 50 mm;

27,000 fibers per kg;

Tensile strength of 350 MPa (per filament);

Twist — anchoring;

50 FF — form factor, characterized as macro-fiber (Figure 1);
Thickness: 0.9 mm;

110%: elongation after fracture;

Raw material: polypropylene monofilaments.

The water used was from the groundwater located in the town
of Chapec6-SC.

3.2 Mixtures

The pervious concrete tests were conducted with five distinct
mixtures, all prepared based on the suggestions of Polastre and
Santos [28]; Merighi et al. [3] and Teixeira and Fortes [12]. Ac-
cording to these researchers, the pervious concrete must have
an aggregate to cement ratio of 4 and 4.5 to 1, a sand to cement
ratio between 0 and 1, and w/c ratio between 0.27 and 0.40. The
reference mixture was developed based on these studies.
Based on mixture A, 04 other mixtures were studied with the
addition of sand and gravel 0, as shown in table 3. Preliminary
tests showed the need to increase the w/c ratio in mixtures D
and E, this fact is explained by the greater presence of fine ag-
gregates. It is worth noting that it was chosen to limit the addi-
tive to 1% of the cement weight.

104
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Table 3
Summary of the mixtures
Mixture
Material A B C D E
Cement 1 1 1 1 1
Gravel 1 4 4 4 3 3
Gravel 0 - - 1 1.3 1.3
Medium sand - 0.5 0.5 0.5 1
Additive 1% cement weight 1% cement weight 1% cement weight 1% cement weight 1% cement weight
W/c ratio 0.25 0.25 0.25 0.30 0.35

3.3 Addition of fibers

The definition of the mixture of a pervious concrete with the addi-
tion of polypropylene fibers was based on studies by Reyes and
Torres [30]. Based on mixture (D), which had a good ratio between
the strength and permeability properties, three additions with differ-
ent levels of polypropylene fibers were performed:

B Small addition of fibers (mixture D1): 1 kg/m? (Figure 2);

B  Medium addition of fibers (mixture D2): 2 kg/m?;

B Large addition of fibers (mixture D3): 4 kg/m?3.

3.4 Permeability

The permeability test was performed based on the experiment con-
ducted by Neithalath et. al [31]. According to the same authors, the
equipment must contain a tube of transparent material (containing
the specimen of 15 cm in height) so that it is possible to visualize
the flow traveled by the water when it is discharged (Figure 3).
The transparent tube, which is fitted above the location where the
concrete is coupled, must have a slightly larger diameter that al-
lows for the fitting, and this fitting should be sealed to prevent water
from leaking at this spot. Below the container holding the concrete,
there is a horizontal tube of 50 mm in diameter, which in its middle
part has a valve to control the water, and it is immediately followed
by a vertical tube, which is 10 mm above the concrete specimen.
Still according to Neithalath et al. [31], the test must be performed with
the addition of water until the concrete becomes saturated, reach-

Figure 2
Appearance of the pervious concrete in mixture D1

ing the maximum level in the vertical tube, which is 1 cm below the
specimen. The valve must then be closed and topped off with water
until the 290 mm (HO) mark above the horizontal tube. Once it is filled
with water, the valve is opened and the time is measured until the 70
mm mark (H1) is reached. This procedure must be repeated 3 times
and the arithmetic mean between the obtained values must be taken.
The permeability is obtained through Darcy’s law, shown below:

a.L

=aacth (:_(1)> M

Where:

k: Permeability coefficient, in cm/s;

a: Inner area of the reservoir, in cm?;

A: Area of the concrete sample, in cm?;

L: Height of the specimen, in cm;

hO: Initial water height, in cm;

h1: Final water height, in cm;

At: Percolation time of the water from point hO to H1, in seconds.
Some changes were made in the test regarding the basic proce-
dure, namely:

B Pervious concrete specimen of 20 cm in height;

= Iq— 95 m+|

300 mm

Top of the
sample

_Sample

Figure 3
Permeameter model used

IBRACON Structures and Materials Journal ¢ 2019 « vol. 12 +n° 1

mEssssssssmm————— {05



Pervious concrete: study of dosage and polypropylene fibers addiction

G

Figure 4
Slump test with zero slump

B The specimen is coupled to a PVC pipe of 100 mm in diameter;
B The smaller pipe was made of PVC and was 25 mm in diameter;
B The ball valve used had 25 mm in diameter.

4. Results and discussion
E———

4.1 Results and analysis of aggregates

A fineness modulus of 6.94 and a maximum size of 19 mm was
found for the gravel 1. Its bulk density was 1,511.7 kg/m?3. A fine-
ness modulus of 5.77 and a maximum size of 9.5 mm was found
for the gravel 0. Its bulk density was 1,533.7 kg/m*. A fineness
modulus of 2.36 and a maximum size of 4.8 mm was found for
the sand. Its bulk density was 1,617.8 kg/m?® and the particle-size
distribution ranked it as medium sand - zone 3.

4.2 Properties of the mixtures without fiber
4.2.1 Slump test

In order to examine the consistency of the pervious concrete, a

Table 4
Axial compression strength

Table 5
Split tensile strength at 28 days
Split tensile Split tensile
Mixture strength strength
(MPa) (MPa)
(rforonce) 054 100%
B: (1:4:0:0.5) 0.36 66.7 %
C:(1:4:1:0.5) 1.94 359.3%
D:(1:3:1.3:0.5) 1.92 3565.6 %
E:(1:3:1.3:1) 2.59 479.6 %

slump test was performed (Figure 4) and all tests found a slump
of 0 (zero) cm. The ACI 522R-06 standard[4] classifies pervious
concrete as concrete with zero slump.

Given the fact that this concrete has little fineness in its dosage,
a low w/c ratio and little paste, it was low workability, requiring
greater care in handling and vibration, with the use of powered
vibrations being suggested by ACI 522R-06[4]. Considering that
the use in pavements is one of the main applications of pervious
concrete, the density study with a plate compactor or roller may be
viable, improving the mechanical properties, although the perme-
ability should be checked.

Figure 5
Flexural strength test

Table 6
Flexural strength at 28 days

Strength % at 28_ days — _
Mixtures (MPo) oo e Mixture e Mpay " Teferonce mixture

7 days 28 days mixture A (1.4:00) 70 007

A: (1:4:0:0) (reference)  1.16 2.58 100 % (reference) ' °
B: (1:4:0:0.5) 1.47 2.44 94.6 % B: (1:4:0:0.5) 2.45 1441 %
C:(1:4:1:0.5) 2.56 4.24 164.3 % C:(1:4:1:0.5) 2.52 148.2 %
D: (1:3:1.3:0.5) 260 410 158.9 % D:(1:3:1.3:0.5) 2.49 146.5 %
E:(1:3:1.3:1) 4.31 4.66 180.6 % E:(1:3:1.3:1) 6.35 373.5%

IBRACON Structures and Materials Journal * 2019 « vol. 12+ n° 1
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Table 7
Permeability results
Mixture K (cm/s)

A: (1:4:0:0) (reference) 0.093
B:(1:4:0:0.5) 0.121
C:(1:4:1:0.5) 0.103
D:(1:3:1.3:0.5) 0.110
E:(1:3:1.3:1) 0.078

4.2.2 Axial compression

As can be seen in Table 4, mixture E had the greatest strength
at 7 and 28 days. In general, the addition of sand and gravel 0
increases the compression strength, which was already expected,
although the water/cement ratio had to be increased in mixtures
(D) and (E) from 0.25 to 0.30 and 0.35, respectively. This increase
of the w/c ratio was needed to be able to get a more homogeneous
mixture because of the finer aggregate, since the preliminary con-
crete mixtures proved difficult to handle.

4.2.3 Split tensile strength

As can be seenin Table 5, the greatest strength in this test was achieved
by mixture E, with a value of 2.59 MPa. The addition of sand and gravel
0 increased the split tensile strength, with relevant gains especially
when gravel 0 was added to the mixtures. This fact is due to the tighter
packing of the concrete structure with the presence of finer aggregates.

4.2.4 Flexural strength

The trend of the previous test remained, with a considerable gain
in mixture E, especially with the observation that the ruptured
specimens of mixture E had a greater homogeneity than the other
mixtures (Table 6). The flexural strength values (Figure 5) proved
to be higher than the split tensile strength, with Batezini [14] also
observing this trend with values up to 3 to 4 times higher. From the
perspective of the ABNT [5] and with the exception of mixture A,
all mixtures had an adequate flexural strength (= 2.0 MPa) for light
traffic areas, with a minimum thickness of 10 cm.

4.2.5 Permeability

The results in table 7 reveal that mixture E had the lowest

Table 8
Axial compression strength affer the addition
of fibers at 28 days

% at 28 days

. Strength in relation to
Mixture (MPa) the reference
mixture
D: reference - no fibers 4.10 100 %
D1: with fibers 1 kg/m? 3.46 84.4 %
D2: with fibers 2 kg/m? 3.69 90.0 %
D3: with fibers 4 kg/m? 232 56.6 %

permeability as a result of its lower voids content, resulting from
the increased presence of sand and gravel 0. On the other hand,
it would be expected that mixture A would have one of the best
permeabilities for having no sand in its dosage, but this trend was
not manifested and the mixture with the best results was mixture
B. From the perspective of the ABNT [5] and with the exception of
mixtures A and E, all other mixtures reached the recommended
minimum permeability values.

Based on the results above, one can conclude that the addition of
sand to pervious concretes for pavements molded on site is benefi-
cial, increasing their mechanical strength. The reduction in perme-
ability to values below those recommended by NBR 16416 (ABNT
[5]) is only observed when the levels of sand exceed 35%.

4.3 Properties of the mixtures with fiber

4.3.1 Slump test

The slump test was performed, but there was no determina-
tion of values for this test because the concrete presented a

slump close to zero, suitable for paving with powered mechani-
cal compaction.

Figure 6
Rupture under axial compression of pervious
concrete with fibers
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Table 9
Split tensile strength affer the addition of fibers
at 28 days

% at 28 days

. Strength in relation to
Mixture (MPa) the reference
mixture
D: reference - no fibers 1.92 100 %
D1: with fibers 1 kg/m? 0.82 42.7 %
D2: with fibers 2 kg/m? 1.46 76.1 %
D3: with fibers 4 kg/m? 1.43 74.5 %

4.3.2 Axial compression strength

Table 8 shows the results for the axial compression test carried
out at 28 days (Figure 6). As can be seen, there was a decrease in
the compression strength with the addition of fibers. This fact can
only be explained after the analysis of the ruptured specimens. The
fibers hindered the kneading process of the concrete, which by its
very nature already had a workability of almost zero. A blistering of
fibers could be observed in certain parts of the concrete, generat-
ing a weak link where fracture zones were created. This suggests
that the fiber-addition process requires very great care, in addition
to a kneading process that makes the mixture more homogeneous.

4.3.3 Split tensile strength

The concrete with the highest split tensile strength was mixture D2,
with a value of 1.46 MPa at 28 days. The fact that mixture D1 had a
smaller amount of fibers in its mixture than mixtures D2 and D3 inter-
fered to provide a small gain in strength, getting close to the strength
of the reference mixture D , which did not have fibers in its mixture.
The relationship between the values of mixtures D3 and D2 follows
the same explicit logic of the axial compression, with D3 having less
strength than D2 despite having twice the fibers (Table 9).

4.3.4 Flexural strength

In the case flexural strength, the best result at 28 days was
achieved by mixture D3 (2.92 MPa). Based on table 10, one can
conclude that the increased strength occurred in conjunction with
the increased addition of fibers, and that unlike what occurred with
compression, the D3 mixture, which has the largest amount of fi-

Table 10
Flexural strength after the addition of fibers
at 28 days

% at 28 days

Stengihjn sitons
mixture
D: reference - no fibers 2.49 100 %
D1: with fibers 1 kg/m? 1.26 50.6 %
D2: with fibers 2 kg/m? 2.74 110.0%
D3: with fibers 4 kg/m? 2.92 117.3%

FISSURA

Figure 7
Macro-fibers acting in the crack region
in the flexural strength

bers (4 kg/m?), had the highest flexural strength. With the excep-
tion of mixture D1, the mixtures comply with the minimum specified
by the ABNT [5] standard.

The improvement in the flexural strength behavior with the addition
of fibers can be explained in the post-cracking behavior, when the
macro-fibers form a seam in the crack region, acting like a rein-
forcement, as can be seen in Figure 7.

4.3.5 Permeability

As we can see in Table 11, the permeability coefficient was highest
for mixture D1. The mixtures with the addition of 2 kg/m? and 4 kg/
m? of polypropylene fibers had lower permeability. Mixture D3 had
the lowest permeability (k=0.0996cm/s), while mixture D1 had a
permeability of 0.1237cm/s, this being the highest value obtained
among the mixtures.

According to NCPTC [10], the 3 tested mixtures fall within the per-
meability standards for pervious concrete. And mixture B, which
showed the highest values for permeability (0.121 m/s), can be
compared to the mixture by Kaijio et al. [15], which obtained values
between 0.025 to 0.178 cm/sec. According to the ABNT [5], all the
other mixtures have the minimum recommended permeability.

Table 11
Permeability of concretes with fiber

% in relation to

Mixtures k (cm/s) the reference
mixture
D: reference - no fibers 0.110 100 %
D1: with fibers 1 kg/m? 0.124 112.7 %
D2: with fibers 2 kg/m3 0.107 97.3 %
D3: with fibers 4 kg/m? 0.100 90.9 %

Source: developed by the authors
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When it comes to pervious concrete pavements molded on
site, one can see that the addition of fibers improves the main
property to be considered for its use by NBR 16416 (ABNT [5]),
which is its flexural strength. The reduction in permeability with
the increase in fiber content indicates that the levels should re-
main below 4 kg/m?.

5. Concluding remarks
EE
The objective of this work was to study pervious concrete mixtures
for use in pervious concrete floors molded on site, checking the
compression strength, split tensile strength, flexural strength and
permeability properties in mixtures without the addition of fibers,
but with the addition of gravel 0 and sand to the reference mixture
that contained only gravel 1. Subsequently, the influence of the
addition of polypropylene fibers on the properties described above
was tested for one of the mixtures that contained gravel 0 and
sand. The following can be observed:

1) There were considerable gains in strength when gravel 0 was
added in addition to the sand, with the exception of mixture B,
which might have had mixing and/or molding problems, and
permeability began to decrease in mixture E, when the gravel
0 and sand to gravel 1 ratio reached the range of 43%. In mix-
tures C and D, this ratio was 27% and 37%, which indicates
that the addition of sand is beneficial for the mechanical prop-
erties, without affecting permeability up to a certain level, in the
order of 35%.

2) All concrete mixtures, with or without fibers, had permeability
coefficients within the recommended levels, ranging from 0.124
cm/s to 0.078 cm/s, considered to be whithin the acceptable
range according to ACI 522R-06[4] and NCPTC [10]. If the per-
meability required by NBR 16416 (ABNT [5]) is considered, then
only the mixtures A and E failed to reach the minimum value.

3) For the compression strength, the values of the mixtures with-
out fiber remained above the minimum value recommended by
ACI 522R-06[4]. It should be noted that this requirement is not
the parameter considered by NBR 16.416 (ABNT [5]).

4) The relationship between the split tensile strength and the
flexural strength was between 50 and 77%, near the standard
studied by Batezini [14] for concrete without fibers, and with the
trend holding for the concretes with fibers, therefore.

5) Despite the decrease in compression strength of the mixtures
with the addition of fibers, their gains in tensile strength makes
the use of fibers attractive, since flexural strength is the cri-
terion that must be met for pervious concrete molded on site
according to NBR 16416 (ABNT [5]), and for this criterion, all
mixtures have adequate mechanical strength. This increase in
flexural strength had already been observed by Hesami et al.
[23]. Rehder et al. [27], who also cited the contribution of fibers
to the flexing capacity, since long fibers (macro-fibers) with a
length equal to or two-times greater than the maximum size of
the aggregate, have the ability to “weave” the structure after
the beginning of the crack during bending.

6) The values found for mechanical strength and the permeability
coefficient for the mixtures C, D and E in the concrete without
fibers, and in the mixtures with fiber, already suggest the pos-
sibility of their use on the pavement of areas for parking and

with light traffic, with no more than the specification of the ad-
equate thickness being required, as suggested by the ABNT
[5]. However, in order for the specification of the thicknesses
to decrease and become more attractive from an economic
point of view (Batezini [14]), studies on the improvement of the
mechanical strength, even with a loss in permeability, should
be considered. In this sense, continued research is suggested,
considering the study of variations in mechanical properties as
a function of the variation of the compaction energy.

7) The addition of fibers to pervious concretes, which already
brings with it the characteristic of the difficulty in kneading and
homogenizing because of the high voids content, is a point that
deserves attention to avoid the blistering of the fibers, which
can reduce the mechanical strength.

8) The low consistency values indicate that, ideally, mechanical
compaction should be used so that the mechanical properties
are improved (Bonicelli et al. [18] ), suggesting the use of a
plate compactor or roller.
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