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ABSTRACT
Performance of pervious concrete mainly depends on strength and its interconnected
macro-pore structure which allow water to percolate through. A careful mix design is
required, to achieve mix of desired porosity and strength. Due to variation in
specimen preparation technique a lots of variations were observed in performance of
pervious concrete, this can be due to variation in mixing procedure and method of
compaction. Extensive researches in the past have been done on different mix
parameters that influence the structural and functional performance of pervious
concrete. However, the compaction method is one of the key parameter, is still a
conjecture. The main objective of this study was to study the effect of compaction
methods on performance of pervious concrete. Specimens were prepared with four
gradations of aggregates with constant water to cement ratio (W/C) of 0.32 and three
types of aggregate to cement ratio (A/C) ratios of 3.5, 4.0 & 4.5. All the mixtures were
designed as per American Concrete Institute (ACI) guidelines with three different
compaction methods namely; rodding, proctor hammer and pneumatic vibration.
Effects of compaction methods on structural as well as functional performance of
pervious concrete were studied. Results demonstrate the influence of compaction
methods on different pervious concrete specimens.
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1. INTRODUCTION
Pervious concrete is a concrete differ from ordinary concrete in terms of porosity and
application. Pervious concrete is a zero slum concrete with high porosity and interconnected
voids that allows flow of liquid media through its interconnected pores. Due to porous nature
of pervious concrete, it depicted lower density and structural strength as compared to
conventional concrete [1], [2]. A variety of benefits can be achieved through use of pervious
concrete in horizontal infrastructure like, pavements and footpaths. Previous studies proved
that, use of pervious concrete in pavement can reduce stormwater runoff significantly as well
as can improve the quality of stormwater runoff by minimizing the concentration of heavy
metal like zinc, lead, copper etc. [3], [4], [5], [6], [7], [8]. Other benefits that can be achieved
through pervious concrete in pavement sector are; reduced risk of pollution from storm-water,
reduced Urban Heat Island (UHI) effect, less glare at night, more skid resistance etc. Use of
pervious concrete contributes to save the environment from the effect of development [9],
which is one of the major issue among the environmentalist all over the world [10], [11], [12].
Pervious concrete consists of conventional concrete materials like, cement, aggregates and
water, with very less or no fine aggregates. Controlled amount of Water-cement (W/C) ratio
and aggregate-cement (A/C) ratio are the key factors which affect the performance of
pervious concrete [13], [14], [15]. Type of aggregates and grading are also important factor
that influence the property of pervious concrete [15], [16]. Use of admixtures like plasticizers
and air entraining agents also improves the structural and functional property of pervious
concrete [1], [2], [17]. Compaction is another important aspect, which directly influences the
performance of pervious concrete and requires to be standardized, as there is no standard
procedure of compaction is available till date. A very few literatures are available in the
domain of compaction effect on pervious concrete and this topic still not explored in depth.
Few previous studies demonstrated that compaction method and compaction energy supplied
to pervious concrete affects the structural and functional properties of pervious concrete [18],
[19]. Less compaction reduces the compressive strength and high compaction reduces the
porosity [19], [20], hence to balance this trade-off a perfect amount of compaction effort is
required in production of pervious concrete with desired strength and porosity.
To achieve all the benefits of pervious concrete, it is necessary that, pervious concrete
should be designed and compacted properly [21], [22], [23]. For obtaining desired results it is
very important to pay close attention to mix design method, production, placement,
compaction and curing of pervious concrete [1].
Roller compaction (static or pneumatic) is the compaction technique used in most of
pavement construction. The main aim of compaction is to set the aggregates between the
proper gaps and to make the bond between the aggregates, but excessive compaction would
reduce the porosity of pervious concrete [20]. An effort has been made by this research to
mimicries the compaction method of field in the laboratory. As compaction procedure of
pervious concrete in the field is differ from ordinary concrete, it is important to consider the
effect of field compaction in the laboratory. To achieve uniform compaction among all the
samples three types of compaction methods a) rodding, b) proctor hammer and c) pneumatic
vibration were employed in the laboratory for preparation of different specimens.

2. OBJECTIVE
The main objective of this study was to determine the most appropriate method of compaction
that can produce pervious concrete specimen of optimum performance and, to compare the
structural and functional performance of pervious concrete specimens, prepared using
different compaction methods.
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3. MATERIALS AND METHODS
To achieve the objective of this study, test specimens were casted using three different
compaction techniques and compared the values with the design values.
All the mixes were designed using standard method of ACI [1] for mix design of pervious
concrete.

3.1. Materials
This investigation was done on twelve different mixtures which consisted of four different
gradations of aggregate namely G1, G3, G4 and G7. In the preparation of specimens three
levels of A/C ratio; 3.5, 4.0 and 4.5 were used with constant W/C ratio of 0.32, e. All the
twelve mixtures were given compaction with three different types of compaction techniques
i.e. total 36 types of samples were evaluated (Table 1). The mixture gradations G1 and G3
were of single sized aggregate gradation, while G4 dense gradation and G7 was of ternary
aggregate gradation as given below
 G1: single sized aggregate passing 6.7mm and retained on 4.75mm IS sieve
 G3: single sized aggregate passing 12.5mm and retained on 10mm IS sieve
 G4: 25% passing 20mm and retained on 12.5mm + 25% passing 12.5mm and retained
on 10mm + 25% passing 10mm and retained on 6.7mm+ 25% passing 6.7mm and
retained on 4.75mm IS sieve
 G7: 50% passing 12.5mm and retained on 10mm+25% passing 10mm and retained on
6.7mm+ 25% passing 6.7mm and retained on 4.75mm IS sieve
Table 1 Mixture Details
Gradation Name
G1
G3
G4
G7
W/C ratio
A/C ratio

Aggregate Sizes in mm
Gradation parameters
12.5 10 6.7 4.75 D60 (mm) D10 (mm)
Cu
0
0
0 100% 4.75
4.75
1.00
0 100% 0
0
10.00
10.00
1.00
25% 25% 25% 25%
10.8
5.40
2.00
0 50% 25% 25% 10.60
5.70
1.86
0.32
3.5, 4 and 4.5

Based on literatures percentage of aggregates were selected and to ensure the connectivity
of pores coefficient of uniformity was maintained less than 8.
All mixtures were produced in the laboratory using ordinary Portland cement of type I/II
with constant water cement ratio of 0.32. All mixtures were prepared in accordance with
ASTM C192 [24] using virgin crushed igneous stone aggregates confirming to ASTM C33
[25] of uniform sizes. Type I/II ordinary Portland cement confirming to ASTM C 150 [26]
standards and having specific gravity of 3.15 were used in all the mixtures. As per ASTM
C29 [27] dry rodded unit weight of the aggregates were determined and were used in the
design of mixtures using ACI [1] method of pervious concrete mix design.

3.2. Methods
3.2.1. Specimen Preparations
Cylinders of diameter 100mm and height 200mm were prepared to examine various
properties of pervious concrete. Porosity, density, permeability, and unconfined compressive,
were determined. Ingredients were weighted as per mix proportion, and then were put in the
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concrete mixer. Pan type concrete mixer was used for preparation of mixes (Fig 1). The
mixing was done by first adding the aggregates and plasticizer in the mixer with a small
amount of water so as to make aggregate wet, after 1 minute of mixing cement were added.
After proper mixing of cement with aggregates, the remaining water was added and mixed
thoroughly for about 90 seconds so as to obtain a uniform color of the mixture. The fresh
mixture then transferred to moulds and was compacted using three different methods. Moulds
were filled in three layers of equal size each layer were given compaction, each layer were
scrapped slightly for better bonding with the next layer. Each surface was leveled properly
before compaction. Compaction was done by three different methods: a) Temping using
temping rod, b) Proctor hammer and c) using pneumatic compaction.

Figure 1 Mixing Process with Pan Mixer

3.2.2. Specimen Preparations
Three compaction methods a) Rodding b) Proctor Hammer c) Pneumatic vibration were used
to study the effect of compaction methods on performance of pervious concrete. Specimens
with different mixture proportions were prepared by rodding with cylindrical temping rod of
16mm diameter and 0.6m long as described in IS-516 [28]. Mixes were compacted using
temping rod in three layers of equal size and by giving 25 numbers of blows. This method is a
conventional method and leads to rod holes in the cylinders.
Proctor hammer temping was another type of compaction method employed for specimen
preparation. A standard proctor hammer of mass 2.5Kg was used in sample production with
20 numbers of blows per layer was given. Previous studies [29] shown that the proctor
hammer procedure simulates the field performance of pervious concrete in a better way than
other methods of compaction.
Pneumatic vibration was given for 10 seconds by pneumatic hammer with special
attachment as shown in Figure 2. Specially prepared attachment was used for circular
specimen compaction, sizes of compaction plates were as per the dimensions of cylindrical
moulds. Pneumatic hammer confirming to ASTM C1435 [30] was used. ASTM C1435 [30] is
the standard specifies the requirements for the form and shape of the compaction tamping
plate including tolerance. Standard specify the requirement for the type of the hammer.
Minimum power input should be 900W, frequency at least 2000 impacts/min as per ASTM
C1435 [30].
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Figure 2 Pneumatic Compaction Hammer

3.2.3. Testing
The density (ρ) and porosity (ϕ) of various PC specimens were determined according to
procedure described in ASTM C1754-12 [31]. Porosity was calculated using submerged mass
and oven dry mass using Equation (1)
*

+

(1)

Where,
Mdry = oven dry mass of specimen, kg
Msub = submerged mass of specimen, kg
Vb
= bulk volume of specimen, m³
ρw
= density of water, kg/m³
Permeability of PC specimens was determined using falling head permeameter, which was
fabricated in laboratory for cylindrical specimen. The basic arrangement of permeameter is
shown in Figure 3(a). Laboratory fabricated permeameter is made of PVC pipe with a
piezometric tube fitted on it (Figure 3 (b)), graduations were marked on the pipe using a scale
to the least count of 5mm. The diameter of PVC pipe was 100mm, which is equals to the
diameter of cylindrical specimen, so as to accommodate the specimen properly. To ensure
proper fixing of specimen inside the PVC pipe, PVC collar was attached to the PVC pipe, so
as to insert the specimen properly inside the permeameter. Time duration (t) was recorded for
water to drop from falling head h1 to h2 by using stop watch. The coefficient of permeability
was calculated using Equation (2)
( )

(2)

Where,
K
= Coefficient of permeability, mm/s
a
= cross sectional area of specimen, mm²
l
= length of specimen, mm
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A
t
h1
h2

= cross sectional area of stand pipe, mm²
= time taken for water to flow from h1 to h2, seconds
= initial head of water, mm
= final head of water, mm

(a) Basic Arrangement

(b) Laboratory Fabricated

Figure 3 Falling Head Permeameter

The unconfined compressive strength of pervious concrete was determined in the
laboratory by using electronic compression testing machine as per ASTM C39 [32]. Cylinders
were tested by applying 0.233Mpa/sec constant rate of stress. The experimental setup for
compressive strength determination is shown in Figure 4.

Figure 4 Compression Testing Machine Setup
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4. RESULTS AND DISCUSSIONS
4.1. Density and Porosity
The density and porosity were measured as per standard code ASTM C1754-12 [31]. Figure 5
shows the variation of average density with different types of compaction method and
aggregate gradations employed in the production of pervious concrete specimens. It can be
observed from the Figure 5, gradation G4 depicted highest density followed by G7 in all of
the compaction method. This can be due to dense aggregate gradation of G4 while in case of
G7 it was ternary. In single sized aggregate gradations G1 and G3, G3 depicted higher density
than G1 in all the three compaction methods used in this study, this can be due to large
aggregate size used in gradation G3 as compared to gradation G1. In all the four gradations of
mixtures rodding method of compaction depicted lowest density as compared to other two
methods of compaction. This can be due to lower amount of energy supplied by the temping
rod used in the compaction process at the time of casting of specimens. On the other hand,
pneumatic compaction method depicted highest density due to high amount of energy
supplied during compaction.
Figure 6 shows the comparison of average porosity of gradations with different
compaction method. As observed, gradation G4 depicted lowest porosity in all the three
compaction methods compared to other gradation mixtures. This can be due to presence of
aggregate of all the four sizes, in which the space created by larger aggregate sizes were filled
by smaller sized aggregates, resulted in lower porosity. In single sized aggregate gradations
G1 and G3, G3 depicted higher porosity than G1.

Figure 5 Average Density of Different Aggregate Gradation

Figure 6 Average Porosity of Different Aggregate Gradation
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Figure 7 Comparison of Average Porosity

Figure 7 shows the comparison of compaction method on porosity of different gradations,
it can be observed from Figure 7 pneumatic and proctor hammer type of compaction method
depicted almost same porosity for all the gradation of mixtures, while rodding method
depicted higher porosity compared to other two method of compaction.

4.2. Permeability
Permeability is one of the most important properties of PC that is essential in the functional as
well as hydrological design of pervious concrete. It is the property by virtue of which water
can flow though the connected pores inside any porous medium. Permeability can be
measured by either using constant head method or falling head method. In this study, the
permeability of different specimens was measure using falling head method. Figure 8 shows
the permeability variation based on gradation and method of compaction.

Figure 8 Average Permeability of Different Aggregate Gradation

4.3. Compressive Strength
Unconfined compressive strength test was performed to determine the load carrying capacity
of pervious concrete specimens. The test was performed using Universal Testing Machine
(UTM) in a controlled displacement mode with loading rate of 0.22MPa/s. Figure 9 shows the
compressive strength variation based on aggregate gradations and compaction method.
Gradation G4 depicted highest compressive strength due to well graded aggregate gradation.
On the other hand, G3 single graded mixture depicted lowest compressive strength that can be
due to large aggregate size of aggregates. In all the gradations pneumatic compaction method

http://www.iaeme.com/IJCIET/index.asp

101

editor@iaeme.com

Ashfaque Ansari and Mukund Mahajan

depicted highest compressive strength in all the gradations. Comparison of average
compressive strength with compaction method is shown in Figure 10. Gradation G4 and G7
depicted higher variation in the value of compressive strength in all the three compaction
methods. However, gradation G1 and G3 depicted less variation in compressive strength with
different compaction method.

Figure 9 Average Compressive Strength of Different Aggregate Gradation

Figure 10 Comparison of Compressive Strength

4.4. Relationship between Average Density and Average Compressive Strength

Figure 11 Relationship between Average Density and Average Compressive Strength
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The relation between average density and average compressive strength is shown in
Figure 11. A straight line relationship was observed in density and compressive strength with
goodness of fit (R² = 0.909), which depicted excellent relation with each other.

5. CONCLUSION
Based on the results of this limited study that was developed to potentially determine the most
appropriate method that can produce pervious concrete specimen that can depict optimum
functional and structural performance, the following conclusion can be made.
 The specimen produced by rodding method had a greater degree of variability than
other methods of compaction. The major reason of the increased variability was the
creation of rod holes it the specimen at the time of casting. On the other hand,
pneumatic hammer produced specimens with lowest degree of variability.
 Pneumatic hammer compaction method specimens depicted higher density than other
method of compaction, although a very small variation was observed with proctor
hammer compaction method
 Among all the three compaction methods percentage variation was higher in porosity
as compared to permeability, which ultimately affects the other mechanical properties
of pervious concrete
 Pneumatic hammer compaction method depicted higher compressive strength as
compared to other method of compaction, and higher variation in compressive
strength was observed among all the three methods of compaction
 It can be concluded that specimen produced by pneumatic compaction method
depicted optimum structural as well as functional properties
 Relation between density and compressive strength was excellent with R² = 0.909
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