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Abstract 

In this paper, the use of river aggregates for making pervious concrete was studied. Pervious concrete is a concrete which 

consists of coarse aggregate and cement paste without fine aggregate it’s studied in this research. River aggregates used in 

manufacturing of pervious concrete have remarkable bearing on compressive strength and permeability of pervious concrete. 

The properties of pervious concrete is determined by conducting laboratory experiments on mixes of pervious concrete 

prepared using river aggregate with water cement ratio 0.35% for mix design purposes. The objective of this investigation is to 

study the effect of river aggregate on pervious concrete. This paper gives the results about the properties like density, 

compressive strength and permeability and void ratio of pervious concrete. The results indicate that river aggregate can be used 

as coarse aggregates for making pervious concrete with acceptable properties. 
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1. Introduction 

Pervious concrete is also named as porous concrete, 

permeable concrete, gap-graded concrete, no-fines concrete 

or enhanced-porosity concrete. The advantages of the 

pervious concrete its increased permeability, shrink less, have 

a lower unit weight, and higher thermal insulating values 

compared with conventional concrete. Pervious concrete is 

characterized by its high void content providing it with 

excellent drainage properties. Generally, pervious concrete 

consists of Portland cement, water, coarse aggregate and in 

some cases admixtures improving certain properties. 

Moreover, it has been found that a very small amount of sand 

increases the strength properties [1]. Pervious concrete is a 

concrete with the voids content much greater than that of the 

conventional concrete, which increases velocity of water 

flow through its structure. The fraction of mutually connected 

voids 2 to 8 mm in size, which account for 15 to 35% of the 

total hardened concrete volume [2], is acquired by making a 

single grain graded concrete, or by a special aggregate 

gradation with a gap, i.e. where one of central fractions is 

missing. In Libya has not fully adopted a pervious concrete 

specification and has not gathering various researches on the 

subject to develop a draft specification based on the ACI 522 

Specification [3]. Pervious concrete is open cell structure 

allows water to pass through. Pervious concrete appears to be 

a function of effective air void content and gradation fineness 

modulus. In an another study he concluded that, for a 

constant paste amount and character, permeability of 

pervious concrete appears to be a function of effective air 

void content, effective void size, and drain down. Study 

suggest that the combination of low cementitious content, 

uniform aggregate gradation and high compactive effort in 

the field appears to be capable of producing pervious 
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concrete with high permeability (greater than 3600 mm/hr.) 

and high compressive strength (greater than 21 MPa) [4]. 

Advances in Pervious Concrete: Pervious concrete is 

advantages for a number of reasons. Of top concern is its 

increased permeability compared with conventional concrete. 

Pervious concrete shrinks less, has a lower unit weight, and 

higher thermal insulating values than conventional concrete. 

The quality and performance of pervious concrete depends 

on the quality of the subgrade, and the constructor’s ability to 

correctly proportion, mix, place, finish and cure the mixture 

[5]. A vibrating screed is used to maximize the density and 

strength and a steel pipe roller is used for compaction. The 

gradations of pervious concrete mixes can be adjusted to 

meet the desired performance requirements for a given 

application whether for pedestrians, vehicles, or sound 

absorption. The unique abilities of pervious concrete offer 

solutions to environmental issues, public agencies, and 

building owners, which allow for diverse applications in 

which it can be used successfully. Some of the applications 

for pervious concrete involve residential roads and 

driveways, sidewalks, parking lots, low water crossings, 

subbase for conventional concrete pavements, patios, 

artificial reefs, slope stabilization, hydraulic structures, well 

linings, noise barriers and many other applications exist [6]. 

An experimental investigated in the development of pervious 

concrete with reduced cement content and coarse aggregate 

for sustainable permeable pavement construction. In this 

study, they used a super plasticizer conplast SP430 to reduce 

the amount of water content. The compressive strength 

properties of pervious concrete were decreased. The results 

about the properties like void ratio of concrete increased [7]. 

Effect of variation in aggregate size and water-cement ratio 

on pervious concrete for the measurement of permeability 

testing setup is developed based on falling head method. The 

experimental investigation was to evaluate the density, 

compressive strength and permeability and void ratio. The 

compressive strength pervious concrete showed an increase 

in water/cement ratio increased. The compressive strength of 

pervious concrete is less than conventional concrete. The 

void ratio is to be found in range of 25% to 32%, which is 

sufficient for pervious concrete. Similarly, permeability of 

pervious concrete decrease used small size of aggregate. 

Based on study it was found that with using 0.3 w/c ratio and 

Mix (50%) aggregate gives better result for pervious concrete 

[8]. The study different shapes and size of aggregates on 

permeability and compressive strength of pervious concrete. 

It is seen that permeability of pervious concrete varies with 

function of angularity number of aggregates used and also 

strength is affected by replacement of cement with fly ash. 

The results of this study lead to a better understanding of the 

manner in which aggregate gradation can be used to optimize 

a pervious concrete mixture depending on project or site-

specific requirements [9]. However, determine compressive 

strength, porosity test on pervious concrete. The compressive 

strength is relatively low because of its porosity but at the 

same time we increase water absorption quality. Due to low 

strength cannot be used as a road pavement. The pervious 

concrete can only be applied to footpaths, parking and where 

low strength is required [10]. Study the pervious concrete as 

an environmental solution for pavements: focus on key 

properties a very tight correlation was found between void 

content, hydraulic conductivity, and compressive strength 

[11]. Currently almost all the countries are experiencing the 

natural consequences of urbanization and unprecedented 

developmental activities like increased and more polluted 

storm water, sinking groundwater table, frequent flooding, 

reducing dry weather flow in rivers etc. but are slow to adopt 

the technology of installations of pervious pavements, as has 

been embarrassed by United States, Canada and some 

European countries. Major reasons includes little data 

available on properties of pervious concrete manufactured 

using locally available materials along with a lack of 

experience base in implementing porous pavements. 

However, production pervious concrete with Libyan 

materials have not been evaluated and tested. 

1.1. Materials and Mix Proportion 

The basic components of pervious concrete mix are not very 

different from the conventional cement concrete mix, except in 

the ratio of components. The main components are cementitious 

material, water, aggregate and if required, admixtures. 

1.2. History of Pervious Concrete 

The initial use of pervious concrete was in the Europe in 1800 

year with the construction as pavement surfacing and load 

bearing walls. Cost efficiency seems to have been the main 

motive due to a decreased amount of cement. It was not until 

1923 when pervious concrete re surfaced as a viable 

construction material. The Europeans recognized the insulating 

properties in structural buildings. As it is true with any 

material and construction technique, there is a science to it and 

a best way to conduct the construction. Since pervious 

concrete use less cement than conventional concrete. 

Education and experience is the key to success. The coastal 

states have experienced pervious concrete for over 20 years. 

The hesitation to move into the Midwest and Northern States 

was mainly due to freeze/thaw concerns. Now that those 

concerns are no longer considered a problem, the product has 

moved quickly across the United States. In the 1990’s the U.S. 

1.3. Objective of the Study 

The main goal of this study is to determine the impacts of 
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river aggregate for production pervious concrete. In addition, 

investigation to develop a strong pervious cement concrete 

mix using river aggregate. 

1.4. Scope for the Study 

1. The present investigation addressed the strength and 

drainage aspects of pervious concrete mixes with the use 

of river aggregate. 

2. A detailed study is required to know the effects of river 

aggregate to obtain higher strength and adequate 

engineering properties of pervious concrete. 

1.5. Essential of Study 

Pervious concrete is an answer for taking out storm water 

runoff. The high level of porosity in pervious concrete 

adequately minimizes runoff. The design of each pervious 

concrete mixture is unique based on the performance 

requirements. Therefore, this study includes different 

parameters to develop a pervious concrete mixture 

proportion. However, the type of aggregate with fixed 

cement content. Experimental results are to be useful for 

development. 

2. Laboratory Experiment 

The testing plan was devised to determine the effects of river 

aggregate on compressive strength and some properties of 

pervious concrete. Details of the materials and methods used 

in the study are given below: 

2.1. Materials 

2.1.1. Ordinary Portland Cement 

Ordinary Portland cement, as per Libyan Specifications 

340/2009 [12] was used for this investigation. The physical 

properties such as specific gravity are 3.15 and density 

1400k/m
3
. 

2.1.2. Aggregate 

The locally available rivers aggregate 10-12.5 mm and 12.5-

20 mm have been used as coarse aggregates. Two sizes of 

river aggregate were used in this investigation. They were 

tested as per ASTM C33 [13]. Their physical properties are 

given in Table 1. 

Table 1. Physical Properties of Coarse Aggregate. 

Sr. No. Properties Test Results 

1 Specific Gravity 2.53 

2 Density (kg/m3) 1651 

3 Water absorption (%) 1.28 

2.1.3. Water 

For preparation of mix and curing of concrete samples, 

potable water supplied from a tube well located in the 

campus was used. 

2.2. Mix Proportion and Tests Program 

Proportions of pervious concrete mixture was done to 

produce concrete having adequate workability, strength, 

permeability and void ratio. The mix proportions for pervious 

concrete mixture cement content were 408 kg/m
3
 and 

Cement: Aggregate ratio 1:4. For experimental investigation 

as shown in Table 2 the aggregate sizes is 10-12.5mm and 

12.5-20mm. In the mix water-cement ratio 0.35 is used. This 

mixture was used throughout the study. 

Table 2. Pervious concrete Mix proportions. 

Mix Aggregate Size 
W/C 

Ratio 

Cement 

content 
Aggregate 

PC1 10-12.5mm 0.35 408 kg/m3 1634 kg/m3 

PC2 12.5-20mm 0.35 408 kg/m3 1634 kg/m3 

2.2.1. Preparation of Specimens 

Pervious concrete samples were prepared using cubs 150 mm 

x 150mm x 150mm moulds. The samples cast were 

demoulded after 24 hours and kept in normal curing for the 

required age such as 28 days. 

2.2.2. Consistency Tests 

In case of ordinary concrete, consistency is usually tested 

using one of the methods according to BS 1881 [14]. For 

pervious concrete, consistency tests based on such standard 

methods would give unrealistic results. Thus, consistency 

should be tested using a method designated specifically for 

pervious concrete, taking into consideration its specific 

properties. According to [15], pervious concrete consistency 

testing can be conducted in using the reversed slump method. 

The method of slump was chosen for testing consistency of 

fresh pervious concrete mixes. However, was observed the 

concrete mix consistency is satisfactory if do not segregate, 

and if there is no "bleeding" of cement milk. The consistency 

is satisfactory for all mixes tested. 

2.2.3. Compressive Strength Test 

The compressive strength of pervious concrete has been 

evaluated on hydraulic testing machine. For the compressive 

strength test, cubes of size 150mm x 150mm x 150 mm are 

tested in compression in accordance with the test procedures 

given in BS: 1881 [16]. 

The compression tests were carried out on specimens having 

equivalent 28-days. In total six specimens were tested in 

compression and in all cases the stress-strain curves were 

recorded. In addition, the compressive strength of pervious 

concrete is calculated using equation 1. From the stress-strain 

curve the compressive strength fc [MPa] was determined as: 
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fc �
�

�
                                          (1) 

Where N [N] is the max compressive load and A [mm
2
] is the 

cross-sectional area. 

2.2.4. Density 

Density of pervious concrete has been calculated by ratio of 

weight of cube to the volume of cubes in accordance with the 

test procedures given in ASTM C1688 [17]. 

D = weight of cube/ volume of cube 

2.2.5. Permeability Test 

For the measurement of the permeability of pervious concrete 

instrument is suggested by the ACI-522R [3]. The falling 

head method was used to measure the water permeability. 

Figure 1 shows the schematic diagram of the permeability 

test setup. 300 mm water heads were adopted for measuring 

permeability of pervious concrete. For measuring 

permeability of pervious concrete cylinder of size 150 x 150 

mm are casted. Cylinders are casted in the PVC pipe. In this 

study permeability of pervious concrete is measured at the 

end of the 28 days. Permeability of pervious concrete is 

calculated using equation 2. 

k �
���

�	�

��

	


� mm/s                          (2) 

Where, 

k = water permeability 

A1=cross-sectional area of the specimen (mm) 

A2 = cross-sectional areas of the tube (mm) 

l = length of the specimen (mm) 

t = time = (s) 

h1 = the initial water head (mm) 

h2 = the final water head (mm) 

 

Figure 1. Falling Head Apparatus. 

2.2.6. Void Ratio 

The void content was determined according to the ASTM 

C1688 [17]. The void content is defined as the total percentage 

of voids present by volume in a specimen. The void content of 

pervious concrete is calculated using equation 3. 

Void content �%� �
���

�
 100                     (3) 

Where, D = (Mc-Mm)/Vm (Density) 

Mc = mass of measure filled with concrete 

Mm = net mass of concrete by subtracting mass of measure 

Vm = volume of measure 

T = Ms/Vs (Theoretical Density) 

Ms = total mass of materials batched 

Vs = total absolute volume of materials 

3. Results 

Laboratory tests were carried out on fresh concrete mixes and 

hardened concrete samples. The consistency of fresh concrete 

was tested for all the mixes and all the results were 

satisfactory. Table 3 shows the experimental results for 

Pervious Concrete at the age of 28 days for compressive 

strength, density, permeability and void content for rivers 

aggregate pervious concrete respectively. 

Table 3. Results for pervious concrete. 

River Aggregate Compressive Strength (MPa) Void Content (%) Density (kg/m3) Permeability (mm/s) 

10-12.5 mm 11.8 20.17 1961 34.39 

12.5-20 mm 8.7 17.17 2116 7.35 
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Figure 2. Effect of river aggregate on pervious concrete compressive strength. 

 

Figure 3. Effect of river aggregate on pervious concrete void content. 

 

Figure 4. Effect of river aggregate on density of pervious concrete. 
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Figure 5. Effect of river aggregate on permeability of pervious concrete. 

4. Conclusions 

In this paper it has been confirmed that it is possible to design 

a pervious concrete mixture with a rivers aggregate material 

used which meets the requirements to the strength properties. 

The pervious concrete mixture tested and investigated in 

present study was found to have a compressive strength of 

12.5-20mm is 11.8 MPa and the void content was found not to 

be homogenous throughout the specimens with a significantly 

higher void content at the bottom of the specimens than at the 

top. Finally, the permeability coefficient of the pervious 

concrete mixture was found to follow an exponential tendency 

with exponentially increasing permeability coefficient with 

increasing void content. For specimens the permeability 

coefficient was ranging from 7.35 mm/s to 34.339 mm/s 

depending on the void content of the specimens. This 

documented excellent drainage effect of pervious concrete 

with a high void content makes it highly suitable to production 

pervious concrete with rivers aggregate. 

5. Recommendations 

Based on this evaluation of pervious concrete performance, 

the following recommendations are provided to generalize 

and to build upon the findings of this study: 

5.1. Recommendation for Implementation 

A river aggregate can be used for applications that require 

high porosity because of high rainfall intensities and 

relatively low strength. 

5.2. Recommendation for Future Research 

1. Measure the performance of pervious concrete mixtures 

prepared using variations in the water/cement ratio to 

determine effective dosages of water for river aggregate. 

2. Measure the performance of pervious concrete mixtures 

prepared using variations in the cement/aggregate ratio to 

determine effective cement content for river aggregate. 

3. Develop relationships to aid in predicting compressive, 

split-tensile, flexural strengths and permeability based on 

uniformity coefficients. 

4. Investigate the effects of fibers and crumb rubber in 

pervious concrete mixtures. 
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