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ABSTRACT

This study presents the effect of variation of cement content on uniformly gradedgcoarse aggregate on the
properties of porous concrete. Materials used are OPC Type | and uniformly graded aggregate of size 19.5mm
to 9.5mm and 9.5mm to 4.75. Mixes were prepared with the water cement ratio of 0.34 and cement content
varies from 200kg/m® to 450kg/m® by incrementing cement eontént as 50kg/m*heir mechafiicalgproperties and
Coefficient of permeability was determined by using falling head“method4The relationship between the strength

and permeability with voids are discussed and the optimum mixes are‘arrived.

Keywords:

Angularity, Compressive strength, Fléxural strength, Permeability, Peryious concrete, Split tensile
strength.

I. INTRODUCTION

Pervious concrete is a special concrete that,contains continuous voids which are intentionally incorporated into
concrete, allows water from precipitation and other Seurces;to pass through, which in turn reduces the runoff from
a site and recharging ground water\levelS. Porous conerete also called pervious concrete, no-fine concrete, gap
graded concrete, enhanced porosity cancrete is a macro-porous concrete. Urbanization and the resulting increase
in urbap’storm water led toyan increase imyrunoff and pollution. The natural process of rainfall infiltration has been
divertedhand decreased. Decreasing the infiltration rate causes deduction in recharging groundwater which has led
to a numbenof environmentalieoncerns, decreasing the base flow in streams and drying up of small streams.
Pervious concrete is made bysemitting the fine aggregate from the concrete mixture. The size of the connected
pores in pervious_concrete range from 2 to 8mm in diameter with void content between 15 to 35%][1].Porous
concrete can be used in numerous applications such as permeable concrete for pavement, base course, concrete
bed for vegetation or living organism, noise absorbing concrete, thermal insulated concrete and other civil
engineering and architectural applications. Porous concrete is made of attached single-size aggregate by Portland
cement. Aggregate is the main part of the concrete volume. Chemical properties of porous concrete are similar to
the dense concrete. In porous concrete sufficient paste, which is created by controlled amounts of water and
cementation materials, coats and binds the aggregate particles and create a highly permeable and well drained

system. Since the aggregate strength is usually high, the strength of the thin paste around the aggregate particles
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and the strength of the interface between the aggregate and the paste are relatively weak. The pervious concrete
strength therefore depends primarily on the properties of the paste and the interface between the paste and the
aggregate[2,3]. Optimum range of water cement ratio for both strength and permeability point of view ranges
from 0.30 to 0.38[4,5]. High range Water reducer and thickening agent are introduced in the concrete to improve
its strength and workability [6]. Addition of styrene butadiene latex is found to improve the compressive strength
but reduce permeability[7,8]. Latex polymer, Styrene Butadiene rubber and sand up to 7% are introduced in
concrete to improve its strength. It reduces permeability which shows the void content is less still within an
acceptable range greater than 15%. Compressive strength varies from 7 to 15 MPa[9]. To improve the strength of
pervious concrete, three components must be improved, the strength of the paste, thepaste thickness around the

aggregate, and the interface between the aggregate and the paste.

Studies also focused on microstructure of pervious concrete by scanning electranic microsceperand'its,interfacial
structure [10-13]. Attempts have also been made to improve the fatigue strength of“Porous concrete and
toughness of pervious concrete [14]. Study also made to focus @n the use of geo polymer binder for making
pervious concrete using natural and recycled aggregate [1546]. Slipping characteristics“ef, pervious concrete
walking surfaces in icy conditions using kinetic biomechanical analysis¢was also catried out[17].Increasing
cement content in a mixture does not necessarily contribute to inereasing strength[18].)n addition, the high
cement content will cause the mixture to became sticky and may lead te increaséd risk of shrinkage and
cracking problems. Therefore, cement content shouldybe balanced to achieve the required performance while
minimizing risk of these problems. The cement content.of a mixture is commonly perceived to control concrete
strength. Based on this perception, the objective of this study iSyto investigate the effects of variation of cement

content on pervious concrete and its properties.

I1. MATERIALS AND PROPERTIES
Constituent used were cement, crushed gravel as coarse aggregate and water. Type | Portland cement conforming
to ASTM C 150avas used in all mixes, Crushed gravel was used as coarse aggregate, uniformly graded aggregate

of size 19.5mm t0:.9.5mm and 9.5mmte 4.75. Table 1 presents the physical properties of materials.

TABLE 1/ Physical Properties of Materials
Properties Value

Specific gravity (SSD)of Coarse aggregate 2.71

Specific gravity (OD)of Coarse aggregate 2.70

Specific gravity of cement 3.15

2.1 Angularity

The important parameter that affects the voids in aggregate is its angularity, which is characterized by its sharp
edges. If the aggregate is angular, voids in the aggregate will increase. This surface property is very significant in
the assessment of the volume of voids in the aggregate. Table 2 presents the angularity number for two sizes of

aggregate. The angularity number increases the percentage of voids present in the aggregate also increases.
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TABLE 2. Angularity Number for Various Sizes of aggregate

Mix Details Angularity Number
A — Size of aggregate 19.5 mm to 9.5 mm 7
B — Size of aggregate 9.5 mm to 4.75 mm 4

2.2 Mix proportion

Experimental work was carried out based on above concept of angularity number ontent of 450kg/m*to

200kg/m?, water cement ratio of 0.34 [4,19].

Mixes corresponding to two different aggregate sizes are proportioned as per | volume
method. Mixes are designed as Al to A6 and B1 to B6. A total of 1

are presented in Tables 3 and 4.

mixes

TABLE 3: Designation of the Mixes ervious Concrete

Size of aggregate erial quantity(Kg/m®)
Cement Name of
Content | 19.5mmto the Mix Coarse
9.5mm Content aggregate
200 Al 200 2266
250 A2 250 2178
300 A3 300 2090
A4 A4,B4 350 2002
A5,B5 400 1916
A6,B6 450 1827

100 mm x 100 mm
for 24°C until testin
for two sizes of aggregate 4.75 to 9.5 mm and 19.5 to 9.5mm .Smaller size aggregate shows higher compressive

repared for each mix. After 24 hours the specimens were de molded and cured in water

. “Fig 1 and 2” shows the compressive strength of 7 and 28 days for different paste content

strength than larger size aggregate due to its specific surface area . Specific surface area of smaller size aggregate
is more than larger size aggregate. Increase in volume of paste in aggregate causes increase in compressive
strength at both the sizes of aggregates. As indicated in “Fig 3” the influence of binder content increases in the
mix causes increases in compressive strength. It shows that both the sizes of aggregates follow the same trend.

Compressive strength varies from 3 to 11.6 N/mm?.
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The flexural strength and split tensile strength with respect to volume of paste are listed in “Fig 4 and 5”. The

flexural strength was obtained from three point method according to ASTM C 78 the test were carried out after 28

days of curing on the beam sample of size 100 mm x 100 mm x 500mm. Split Tensile strength was obtained in

accordance with ASTM C 496. Cylindrical specimens of 100 mm x 200 mm were cast and tested after 28 days

curing, both the graphs shows the similar trend. Similarly with respect to size of aggregate, smaller size shows

more flexural and split tensile strength than larger size aggregate
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3.2 Permeability

Permeability of pervious mixes was determined by using falling head permeability method based on earlier study
[11]. Specimen of size 80 mm diameter and 150 mm length were casted and tested after 28 days of curing. The
most distinguished feature of pervious concrete is its high permeability, which is a measure of the ease by which
fluid may flow through the material under a pressure gradient. Results of permeability of the pervious concrete
mixtures are represents in “Fig 6”. Permeability mainly depends upon the size of interconnected pores, which

present in pervious concrete.
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Figure 6. Infl e of paste on per ility

It shows that decrease in permeability occurs with the incre olume of paste content in the mix. Similarly

for smaller size aggregate p ability is less than larger si gregate. It also replicate with respect to

angularity number. Permeabilit aggregates with high angularity number and it is less for aggregates

with lower angularity number.
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Figure 7. Influence of volume of paste on Effective Void
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3.4 Verification of equation for influence of binder strength

The results on compressive strength of various volume of paste content and effective void are plotted in “Fig 8
and 9”. The relationship between compressive strength and effective void of pervious concrete was influenced
by volume of paste. The effective void become larger,the compressive strength of pervious concrete was
reduced . The relationship between binder strength and effective void ratio for the two sizes of aggregate could
be expressed as (1,2)
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The relationship between compressive strength and effective void of pervious concrete can be expressed by a

general formula(3) o =o,Exp (-0.113 V,) , R = 0.984 =2 (3)
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The graph of the calculated results were plotted with the experimental results shown in “Fig.10” indicated the

applicability of equation (3).
3.5 Relation between permeability and strength

“Fig.11’shows relationship between compressive strength and permeability, it shows that increase in void

content causes increase in permeability irrespective of aggregate size.
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1. Optimization of mix
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Figure 13. Cement content in mix Vs
percentage increase in compressive
strength

detect the strength, void and permeability of pervious concrete. Increasing in

mixes results in increase in compressive strength, Flexural strength and split

paste, compressive
N/mm?to 11.6 N/m

th with effective void is evaluated. The range of Compressive strength varies from 3
?. Coefficient of permeability decreases with increasing in cement content. Coefficient of
permeability increases with increase in angularity number of aggregates. Its range varies from 0.76 cm/sec and
2.03 cm/sec. By balancing the compressive strength and permeability mixes with 350 kg/m® to 400 kg/m?® of
cement content for both sizes of aggregates are optimum.
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