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The problem of ground water recharge because of impervious pavement surfaces can be mitigated to some extent with the
construction of pervious or porous concrete pavements. Pervious concrete pavement allows water infiltration due to its porous
nature. However, the major concern with pervious concrete is their low compression strength. Many researchers have made
efforts in enhancing the pervious concrete mechanical properties but very few have investigated the durability aspects of
pervious concrete. In the present work, studies were conducted to develop a high-strength and durable pervious concrete. The
effect of M-sand, silicafume and polypropylene fibers on porous concrete's hydrological and mechanical properties was
examined. The optimum dosage of M-sand is also found out. The study revealed that the compression strength of porous
concrete enhanced with an addition of 10% M-sand. The optimum dosage of silicafume and fibers are found to be 15% and
1%. The maximum compression strength achieved was 31 Mpa with a permeability of 2.38 mm/s. The experimental study also
revealed that the durability of porous concrete has improved significantly with the inclusion of silicafume, M-sand and
polypropylene fibers. The resistance offered by pervious concrete to abrasion and impact improved to 8% from 27% and the
pervious concrete mix composed of silicafume has offered high resistance to acid attack. The addition of silicafume has
decreased the percentage change in compressive strength to 22% from 46%.
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Introduction

Porous concrete is an amalgam of cementitious
material, coarse aggregate (CA) with no or little fine
aggregate (FA) and water. The typical pervious concrete
prepared in the present study is shown in Fig. 1. The
pervious concrete (PC) pavement is intended to withstand
the vehicular load and also the passage of water
through it. Therefore, the structural and hydrological
aspects are crucial during the service life of the
pavement. The key properties of pervious concrete are
shown in Table 1.

Pervious concrete is used as a pavement material and
effectively controls storm water pollution, reduces
noise between tires and pavement, road surfaces glare,
etc. However, the low compression strength of pervious
concrete has limited its usage in parking lots [1, 2]. The
strength aspects of porous concrete can be enhanced
with desired permeability. The aggregate-binder ratio is
more crucial than the water-binder ratio in improving
the strength of pervious concrete. Supplementary
cementitious substances can escalate the compression
strength of porous concrete up to the threshold limit.
The size and type of aggregate also profoundly affect

the strength of pervious concrete [3]. The interfacial
transition zone present between aggregate and binder
paste plays a predominant role in the strength
characteristics of pervious concrete. The usage of rice
husk ash and coal waste ash also increased the tensile
and compression strength of the porous concrete [4].
The silica content present in rice hush ash makes it one
of the best alternatives for cement replacement [5].

The incorporation of silica fume (SF) can improve
concrete's compression and tensile strength. The addition
of granulated blast furnace slag, silica fume, and zeolite
was also found to increase the strength [6-8]. Out of
various cementitious materials available, SF is found to
be one of the best replacements for cement because of
its higher SiO2 content. The reactivity of SF in concrete
depends largely on the SiO2 content. The addition of
SF not only enhances the compression strength, it also
improves the durability of concrete significantly. The
optimum dosage of SF is found to be 5-20% [9, 10].
The use of sustainable, environmental friendly and waste
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Table 1. Pervious concrete Properties [ACI 522 R].

Sl no Property Value

1. Porosity 15-34%

2. Compression strength 2.7-28 MPa

3. Permeability 0.14-1.22 cm/s
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materials has increased rapidly in the construction
industry [11, 12]. The aggregate size can also affect the
hydrological properties. The mix composed of well-
graded aggregate possesses higher compressive strength,
and the addition of fine aggregate was also found to
raise the compression strength [13]. The hydrological
properties can also be affected by the aggregate size
[14]. The workability of porous concrete can be improved
using super plasticizers (SP) and admixtures. The
addition of a cohesive agent was also effective in
improving the strength aspects of porous concrete. The
inclusion of a super plasticizer and thickening agents
improves the bond present between cement paste and
aggregate [15]. The right proportion of SF and super
plasticizer can produce a high strength pervious
concrete [16].

Failure by crack is one of the concern for concrete
[17]. The lack of durability can lead to cracking of
concrete [18]. The addition of fibers (F) in appropriate
quantities can improve the pervious concrete mechanical
and durability properties. For example, reinforcing PC
with polypropylene fibers increased the tensile strength
of porous concrete. The polypropylene fibers in
combination of nylon fibers have also found to reduce
the weight loss of concrete in fire [19]. Fibers and Fine
aggregate can meliorate the raveling resistance of
pervious concrete [20, 21]. Furthermore, the resistance
of PC to abrasion and the freeze-thaw durability were
significantly improved by macro synthetic fibers [22].
The resistance of PC to abrasion was reduced with the
raise in size of aggregate and aggregate-binder ratio
[23]. The addition of carbon fibers improved pervious
concrete's physical and mechanical properties. Carbon
fibers were also found to enhance the workability of
porous concrete [24]. The other fibers like steel, glass
and polyphenylene sulfide fibers were also effective in
enhancing the durability of porous concrete [25]. The
addition of steel fibers to concrete is found to produce
a high performance concrete [26]. The characteristics
of porous concrete can get better with the compaction
energy. The compaction of the pervious concrete mix
should be adequate. Heavy compaction leads to reduced
hydraulic features, and low compaction will produce a
weak pervious concrete mix [27]. Compaction and
finishing are vital in producing a durable PC [28].

Many researchers have explored the resistance of PC
to abrasion and the widely adopted method was cantabro
loss. The abrasion resistance can also be found out
using Asphalt Pavement Analyzer (APA), wheel test
apparatus, Los Angeles Abrasion Machine, Abrasion
by underwater method etc [29, 30]. The acid resistance
of PC can be improved by using SF as cementitious
material and also by increasing the water-binder ratio
[31, 32]. The valuable inputs from the literature include
the addition of silicafume and fly ash improved the
strength of pervious concrete. the abrasion and impact
resistance can be improved with the addition of fibers.

The present study improves the pervious concrete
strength with varying proportions of M-sand and SF.
The effect of M-sand and polypropylene fibers on
porous concrete's hydrological and mechanical properties
was examined. In addition, the resistance to impact of
pervious concrete was also determined. The effect of
M-sand, SF and fibers on the impact resistance of
porous concrete is examined. 

Research Significance

The main intention of this work is to develop a high
strength PC that can withstand the moderate to high
traffic without compromising its permeability and
durability. The combined effect of FA, SF and fibers on
PC specimens mechanical and durability properties is
evaluated. The usage of M-sand and its effect on PC
properties is summarized. This research also signifies
the resistance offered by pervious concrete with
different mix compositions to chemical attacks. The
critical observations of the author regarding the
durability aspects of PC were presented subsequently.

Materials and Methodology

Materials

Cementitious materials

The 53 grade ordinary Portland cement was used.
Silicafume was used as supplementary cementitious
material. The cement specific gravity was found to be
3.15. The composition of SF is presented in Table 2.

Table 2. Composition of Silicafume.

Constituents Chemical composition %

Loss on ignition 2.10

Silicon dioxide 92.57

Calcium oxide 0.33

Magnesium oxide 0.86

Potassium oxide 1.20

Ferric oxide 1.38

Sulphur trioxide 0.18

Table 3. Coarse aggregate Test Results.

Test Conducted Value

Specific gravity 2.80

Water absorption 0.8%

Resistance to Impact 23%

Resistance Crushing 26%

Resistance to Abrasion 29%

Density (kg/m3) 1580

Angularity 8
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Aggregate

Natural granite is used as coarse aggregate, and the
size was 10-4.75 mm. The fine aggregate used in the
present investigation is M-sand, and the specific gravity
was found to be 2.60. The properties of coarse aggregate
are presented in Table 3. 

Fibers

Polypropylene fibers of length 12 mm and aspect
ratio 500 is used in the present study as shown in
Fig. 2.

Methodology
The adopted methodology in the present work is

shown in Fig. 3. This section explains the mix design
of pervious concrete, tests conducted relevant to
mechanical and durability aspects and their interpretation.

Mix Design

The mix design of porous concrete was carried out to
find the optimum proportions according to the procedure
mentioned in ACI 522R-2010, as shown in Table 4.
The aimed void content was 15%. The optimum
proportions of M-sand, SF, and polypropylene fibers
that result in maximum strength were found out. The
PC specimens for compression, flexural, and tensile

strength were tested following IS 516. A thorough
mixing of ingredients was carried out as shown in Fig.
4 and then filled in moulds by compacting each layer
and cured for 28 days. 

Test Methods

Strength Tests
The compression strength was performed on cubes of

100×100×100 mm. The cubes were cast and kept in
water for seven and 28 days to estimate the compression
strength at respective ages. The flexural strength was
performed on prisms of size 500×100×100 mm after
curing the specimen for 28 days and the tensile strength
of PC specimens was determined on cylindrical
specimens of 150×300 mm as shown in Fig. 5 after
curing for 28 days in accordance with IS 516 [33].

Hydrological Properties
The falling head permeability coefficient test was

carried out on specimens of size 100 mm×100 mm
after curing for 28 days according to ASTM D 5856-95
[34]. The porosity of freshly mixed and hardened PC of

Fig. 1. Pervious concrete specimen.

Fig. 2. Polypropylene fibers.

Fig. 3. Methodology of Work.

Table 4. Mix design (kg/m3).

Mix Cement CA FA W SF Fiber SP

M1 305 1574 0 104 - - -

M2 290 1526 76 99 - - 1%

M3 275 1478 148 94 - - 1%

M4 260 1415 212 89 - - 1%

M5 244 1352 270 83 - - 1%

M6 261 1478 148 94 14 - 1%

M7 247 1478 148 94 28 - 1%

M8 233 1478 148 94 42 - 1%

M9 220 1478 148 94 55 - 1%

M10 233 1478 148 94 42 1.4 1%

M11 233 1478 148 94 42 2.8 1%

M12 233 1478 148 94 42 4.2 1%

M13 233 1478 148 94 42 5.5 1%
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all the mixes was also determined. The porosity of
freshly mixed PC was determined as per the procedure
described in ASTM C 1688 [35] and the porosity of
hardened pervious concrete was determined according
to ASTM C 1754 [36]. 

Durability
The durability aspects of PC are studied through the

resistance to impact and abrasion test, and acid attack.
The resistance against impact and abrasion is conducted
on 100×100 mm cylinders as per ASTM C1747 [37].
The specimens will be subjected to both abrasive and
impact forces in the Los Angeles abrasion machine.
Three PC specimens were prepared for each mix and

the mean value is found out. The mass of three
specimens were noted and placed in Los Angeles
machine and rotated at 30 to 33 rotations per minute
for 500 revolutions. After 500 revolutions, the material
is discharged and sieved using 25 mm sieve. The
weight of material retained on 25 mm sieve is
recorded. The resistance of PC to acid attack was found
out on 50×100 mm specimens as per ASTM C267
[38]. The specimens were immersed in diluted 5%
HCL solution and tested for compression strength after
1, 7, 14 and 28 days of immersion.

Results and Discussion

Compression and Flexural strength
The compression, flexural and tensile strength of

different mixes is presented in Table 5. The addition of
10% M-sand as fine aggregate improved the compression
strength with a permeability of 3.76 mm/s. The addition
of SF has also improved the strength and the optimum
proportion of SF was found to be 15% which is in
coincidence with the existing literature [9]. The addition
of fibers has improved the strength by 20%. The
maximum flexural strength was obtained for the mix
M11. The tested prism for flexural strength is shown in
Fig. 6. 

Hydrological Properties

Permeability

The pervious concrete specimens used to conduct the
permeability test were shown in Fig. 7. The total
numbers of specimens prepared were 39. The average
permeability coefficient corresponding to mix is found
by casting three specimens.

Each specimen was sealed properly to avoid leakages

Fig. 4. Mixing of Ingredients.

Fig. 5. Split tensile test on specimewn.

Table 5. Strength results of PC in MPa.

Mix
Compression 

strength 
Flexural 
strength 

Split tensile 
strength 

M1 9.35 2.06 0.92

M2 11.85 2.28 1.13

M3 19.85 2.51 1.27

M4 13.32 2.34 1.16

M5 17.94 2.3 1.14

M6 20.25 2.96 1.41

M7 21.6 3.1 1.67

M8 26.17 3.42 2.1

M9 22.32 3.2 1.96

M10 27.4 3.65 2.15

M11 31.26 3.88 2.4

M12 28.56 3.20 1.93

M13 27.89 2.97 1.43
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before conducting the permeability test. The permeability
of all the mixes is shown in table6. It was observed that
the addition of SF have decreased the permeability

because of its very fine nature that will minimize the
voids present in the pervious concrete. However, the
permeability values of M11 are within the range as
prescribed in ACI 522R 2010.

Durability 

Impact Resistance of Pervious concrete

The calculated mass loss for all the mixes is shown
in Table 7. It was observed that the inclusion of M-
sand and SF improved the abrasion resistance of PC
significantly which is in coincidence with the existing
literature [9]. 

The mass loss of the initial M1 was very high and
the impact resistance improved for the other mixes

Fig. 6. Flexure test on PC.

Fig. 7. Cured permeability cylinders.

Table 6. Hydrological properties.

Mix
The porosity 

of the fresh mix
(%)

The porosity of 
hardened concrete 

(%)

Permeability 
(mm/s)

M1 33 39 5.04

M2 27 35 4.5

M3 25 30 3.6

M4 29 31 3.76

M5 30 33 3.89

M6 25 29 3.5

M7 25 31 3.4

M8 24 30 3.32

M9 23 28 3.39

M10 25 29 2.87

M11 24 27 2.38

M12 23 28 2.79

M13 22 26 2.85

Table 7. Impact resistance of PC.

Mix Initial Mass (kg) 100 R 200R 300R 400R 500R Abrasion loss %

M1 5.097 4.865 4.493 4.063 3.927 3.737 27

M2 5.587 5.498 5.352 5.204 5.127 4.923 12

M3 4.787 4.695 4.573 4.422 4.345 4.296 11

M4 5.163 5.001 4.857 4.584 4.477 4.348 16

M5 5.301 5.196 4.996 4.758 4.575 4.459 16

M6 5.64 5.598 5.411 5.214 5.134 5.072 10

M7 5.501 5.472 5.336 5.193 5.02 4.912 10

M8 4.927 4.856 4.731 4.565 4.488 4.465 9

M9 5.527 5.389 5.331 5.289 5.187 4.996 10

M10 5.442 5.367 5.249 5.064 4.979 4.951 9

M11 5.401 5.349 5.224 5.069 5 4.951 8

M12 5.488 5.384 5.301 5.154 5.096 5.024 8

M13 5.566 5.486 5.401 5.279 5.2 5.099 9
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with the inclusion of M-Sand, SF and fibers. The
strength of mix is directly proportional to the resistance
offered by PC to abrasion and impact. The abrasion
and impact resistance was found to be high for the
mixes M3, M8 and M11. The comparison of abrasion
and impact resistance offered by all the mixes is shown
in Fig. 8. 

Effect of FA
The mass loss or weight change of specimens for

every 50 revolutions up to 500 revolutions was
determined. It was observed that the mass loss
increased with the number of revolutions and decreased
significantly with fine aggregate inclusion as shown in
Fig. 9.

Effect of SF

The porous concrete mix with 10% FA replaced the
cement content with silica fume from 5-20% proportions.
As a result, the weight loss was reduced with the
addition of silica fume, as shown in Fig. 10. 

Effect of Polypropylene Fibers
The pervious concrete mix with 10% fine aggregate

and 15% SF was used to develop the mixes with
polypropylene fibers varying from 0.5-2.0% proportions.
The addition of fibers also reduced the weight loss as
shown in Fig. 11. The specimens after subjected to
impact test were shown in Fig. 12.

Acid Attack

The pervious concrete specimens were immersed in
diluted 5% acidic solution and the percentage weight
change and % change in compressive strength were
calculated after one, seven, 14 and 28 days of immersion.

Fig. 8. % Abrasion loss of mixes.

Fig. 9. % weight change of PC mixes with FA.

Fig. 10. % weight change of PC mixes with SF.

Fig. 11. % weight change of PC mixes with Fibers.

Fig. 12. Pervious concrete specimens (A) before impact test; (B) after impact test.
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The acid first formed a white layer after reacting with
the surface of pervious concrete and then it penetrates
into the specimen [39]. The PC specimens before and
after the immersion periods were shown in Fig. 13. The
calculated change in compression strength for each mix
is presented in Table 8. The % change in compression
strength is found to increase with immersion period.
However, the mixes with high strength offered good
resistance to acid attack and specimens with SF offered
better resistance which makes them durable. The acid
resistance of pervious concrete specimens composed of
SF has improved significantly which is as per the
existing literature. 

The percentage weight change of specimens after the
immersion period is calculated and a plot was made
between period of exposure and % weight loss as
shown in Fig. 14. It was observed that the percentage
weight loss was high for the mix M1 and then M4 and
M5. The high percentage weight loss is because of
relatively low strength of the mix.

Critical Observation

The strength of PC can be enhanced with right
combination of SF, FA and poly propylene fibers.
However, utmost care has to be taken while working
with PC as unlike conventional concrete, the workability
of pervious concrete is very low. The compaction should
be adequate as author has observed the permeability
reduction of few specimens because of heavy compaction.
The addition of SF strengthens the transition zone and
also the very fine nature of SF reduces the voids and
thereby enhances the strength of PC mix. The addition
of M-sand as fine aggregate in 5-15% improves not
only the strength but also the durability aspects of
pervious concrete. It is also observed that the
polypropylene fibers showed good resistance to abrasion
and acid attack. The toughness of pervious concrete is
enhanced and inclusion of fibers has resisted the failure
of pervious concrete specimen as it holds the material
together without segregation. 

Future Scope

In the present study, the durability tests are limited to

Fig. 13. Pervious concrete specimens (A) before acid attack; (B) after acid attack; (C) after testing for compression.

Fig. 14. %weight loss vs. Period of Exposure.

Table 8. Change in Compressive strength after Acid test.

Mix
% change in CS 

1 Day 7 Days 14 Days 28 Days

M1  0 15.18 26.94 46.71

M2 0 12.62 24.30 44.11

M3 0 11.17 22.99 42.66

M4 0 11.60 25.04 43.03

M5 0 16.06 28.35 43.85

M6 0 11.98 16.23 24.26

M7 0 9.77 13.04 22.75

M8 0 10.10 12.50 22.04

M9 0 9.60 17.01 23.62

M10 0 10.27 15.26 25.18

M11 0 11.40 18.73 26.55

M12 0 14.21 21.50 29.17

M13 0 15.31 22.10 29.84
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abrasion and acid attack. However, the researchers can
further examine the developed pervious concrete mix
for freeze-thaw resistance. The effect of flyash in
combination with silicafume on the abrasion resistance
of pervious concrete can be further studied. 

Conclusions

The carried experimental investigation has resulted in
below conclusions, 

• The pervious concrete compression strength is
enhanced by 112% with the 10% fine aggregate
addition.

• The silica fume replacement has increased the
compression strength by 32% and flexural strength
by 36%.

• The maximum compression strength developed
was 31.26 MPa with a permeability of 2.38 mm/s
with 1% polypropylene fibers. The addition of
polypropylene fibers beyond 1% has decreased the
mechanical characteristics of porous concrete.

• The abrasion and impact resistance of pervious
concrete increased significantly with the addition
of M-sand. The abrasion and impact resistance
improved from 27% to 8% for the final mix M11.

• The addition of SF to the PC has improved the acid
resistance and also resistance to impact and
abrasion.

• The percentage change in compressive strength has
reduced significantly from 46% to 22% with the
addition of silicafume.
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