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ABSTRACT 

his research work assesses the 

durability of concrete produced 

with recycled concrete aggregate 

as total replacement of natural coarse 

aggregate with a view to determine the 

workability, water absorption, abrasion 

resistance and compressive strength of the 

concrete subjected to aggressive 

environment (acid and alkaline) and  in  

clean water as control. The cubes were cured 

for 56 days. The results obtained from the 

tests shows that the cubes cured in acid are 

weaker in compressive strength than those 

cured in alkaline and both strengths (acid 

and base) are weaker than those in water 

(control). The targeted strength was𝟐𝟕𝑵/

𝒎𝒎𝟐. The highest compressive strength of 

the control (normal water) was found to be 

𝟐𝟐. 𝟑𝟒𝑵/𝒎𝒎𝟐 at 56 days and for the cubes 

in acid and base are 𝟏𝟐. 𝟓𝟏𝑵/𝒎𝒎𝟐 and 

𝟏𝟓. 𝟏𝟎𝑵/𝒎𝒎𝟐 at 14 days respectively. Also, 

the results shows that the cubes cured in acid 
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Introduction: 

Concrete as a composite 

material, basically consisting 

of different constituents 

such as binding materials, 

water, aggregates and 

admixtures. Among these 

ingredients, aggregate plays 

a very crucial role in 

concrete which occupy the 

largest volume of about 60–

75% of total concrete 

volume (Xiao, 2018). The 

main problems that industry 

of construction materials 

faces are: natural aggregate 

depletion, large amount of 

generated construction and 

demolition (C&D) waste and 

land fill space depletion. In 

recent years, the 

accelerating urbanization 

has led to excessive 

demolition work and 
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have higher water absorption than those in base and the control. The highest 

absorption of concrete in acid and base are 13.54% and 9.72% at 14 days 

respectively compare to that of water 6.86% at 14 days. And also cubes that 

were cured in water and base have higher abrasion resistance compare to 

those in acid. The highest abrasion resistance of cubes cured in acid and base 

were found to be 6.74% and 7.90% at 14 days compare to the ones in the 

control which was found to be 18.0% at 56 days. There are physical changes 

in the cubes cured in aggressive environment (acid and base) in which the 

cubes were decored (rusted). The cubes cured in acid were more rusted 

compare to those in base. The research was an experimental work and 

therefore the aggregates (fine & course) plus the cement and water were 

thoroughly mixed homogeneously and 100mm × 𝟏𝟎𝟎𝒎𝒎 × 𝟏𝟎𝟎𝒎𝒎 moulds 

were used in the production of the cubes. And the cubes were tested at 14 

Days, 28 Days and 56 Days. 

 

Keywords: Durability, concrete, recycled concrete aggregates (RCA) 

 

onstruction activities, which consequently, resulted in the production 

of large quantities of construction and demolition (C&D) waste, 

especially concrete waste (Dale, 2015). More than 10 billion tons of 

construction and demolition waste are produced every year (Meyer, 2009). In 

most cases, this type of waste is incorrectly managed through illegal deposits 

causing landfill space depletion. 

In Europe and other developed countries, recycling of building materials 

started about the end of World War II when bricks and other materials that 

were recovered from the ruins of war were utilized for reconstruction of 

amenities (Dale, 2015). However, recycling as a means of sustainable use of 

materials started in Asia until fairly recently. For a variety of reasons, reuse of 

construction and demolition (C&D) waste by the construction industry is 

becoming increasingly important day by day. In addition to environmental 

protection, conservation of natural aggregate resources, shortage of waste 

disposal land, and increasing cost of waste treatment prior to disposal are the 

principal factors responsible for the growing interest in recycling C&D waste. 

Among the inert C&D Waste, the concrete rubble has the largest proportion 

c 
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and hence its recycling is most important. Many laboratory and field studies 

have shown that the size fraction of the concrete rubble corresponding to 

coarse aggregate can be satisfactorily used as a substitute for natural 

aggregate and the recycled concrete aggregate shows that the later would give 

at-least two third of the compressive strength and the elastic modulus of the 

natural aggregate (Adams & Jones, 2013). 

On the other hand, there are some drawbacks in using recycled aggregates: 

for example, they have to be separated from other demolition debris before 

use, and special care is necessary to ensure they are not contaminated. 

Consequently a lot of potentially useful material is placed in landfills. 

However, many countries increasingly concern with environmental 

protection and sustainable development, are introducing legislation and 

policy measure to encourage the use of recycled aggregates. The incentive to 

the construction industry often comes in the form of higher landfill costs, and 

therefore more inspiration towards the production of recycled aggregates. 

This policy is particularly well established in the Netherlands and the 

Copenhagen district of Denmark; both of these areas now recycle over 80% of 

their demolition waste (Massarutto, 2014). 

In recent years certain countries have considered the reutilization of 

construction and demolition waste as a new construction material as being 

one of the main objectives with respect to sustainable construction activities 

(Yeheyis,Hewage, Alam, Eskicioglu & Sadiq, 2013).  

 

STATEMENT OF RESEARCH PROBLEM 

Following a normal growth in population, the amount and type of waste 

materials have increased accordingly. Many of the non-decaying waste 

materials will remain in the environment for hundreds, perhaps thousands of 

years (Kambli & Mathapati, 2014). The non-decaying waste materials cause a 

waste disposal crisis, thereby contributing to the environmental problems 

(Junak & Stevulova, 2013). The problem of waste accumulation exists 

worldwide, specifically in the densely populated areas. Most of these 

materials are left as stockpiles, landfill material or illegally dumped in selected 

areas.  
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As a way of reducing the above problem, the world is increasing demand and 

interest in aggregates from non-traditional sources such as from industrial 

by-products and recycled construction and demolition wastes. Therefore, the 

research will look at the possibilities of reusing concrete wastes in concrete 

production so as to provide a solution to the always increasing problems of 

waste accumulation and to preserve our natural aggregates thereby having a 

sustainable environment. As a sustainable solution to the problems at hand, 

modeled after the experience of the world's biggest economies, which 

strategically approached the concept of reconstructing buildings destroyed 

during the war and/or natural disasters, this research suggests, to scientific 

and professional community, a possibility of recycling wasted construction 

material, primarily concrete, which is mostly used. 

 

SCOPE AND LIMITATION 

The research work focuses on the assessment of durability properties of 

concrete produced with recycle concrete aggregate (RCA) and is limited to 

fresh properties of concrete (i.e workability using slump test) and durability 

properties of the concrete such as compressive strength, water absorption 

and abrasion resistance tests. And the recycled concrete was subjected to 

aggressive environment (i.e acidic & alkaline) and it was tested for 14, 28 and 

56 days. 

 

LITERATURE REVIEW 

The materials used to produce concrete by series of scholars have being 

published on the properties, nature, composition and production of concrete. 

The following are the reviews of the study. 

 

Concrete 

Concrete is a composite material composed of fine and coarse 

aggregate bonded together with fluid cement (cement paste) that hardens 

over time (Kosmatka, Kerkhoff, & Panarese, 2011). Most concretes used are 

lime-based concretes such as Portland cement concrete or concretes made 

with other hydraulic cements, such as calcium aluminate cement. 

However, asphalt concrete, which is frequently used for road surfaces, is also 
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a type of concrete, where the cement material is bitumen, and polymer 

cement are sometimes used where the cementing material is a polymer. 

Famous concrete structures include the Hoover dams, the Panama Canal and 

the Roman pantheon. The earliest large-scale users of concrete technology 

were the ancient Romans, and concrete was widely used in the Roman 

empire.  Today, large concrete structures (for example, dams and multi-

storey car parks) are usually made with reinforced concrete (Bungey & 

Grantham, 2014). 

After the Roman Empire collapsed, use of concrete became rare until the 

technology was redeveloped in the mid-18th century. Today, concrete is the 

most widely used human-made material (measured by tonnage) (Whelan, 

2014). 

 

Constituents of Concrete 

Water 

Water is the key ingredient, when mixed with cement, forms a paste binds the 

aggregate together (Raijiwala & Patil, 2011). The water causes hardening of 

concrete through a process called hydration. Hydration is a chemical reaction 

in which the major compounds in cement form chemical bonds with water 

molecules and become hydration product( Raki, Beaudoin,  Alizadeh, Makar 

& Sato, 2010). The water need to be pure, in order to prevent side reactions 

from occurring which may weaken the concrete or otherwise interfere with 

the hydration process. The role of water is important because the water to 

cement ratio is the most critical factor in the production of perfect concrete 

(Shi, He & Wu, 2012) 

 

Cement 

Cement as it is commonly known, is a mixture of compounds made by burning 

limestone and clay together at very high temperature ranging from 1400 to 

1600 (Kurdowski, 2014). Although there are other cements for special 

purpose, this module will focus solely on Portland cement and it’s properties. 

The production of Portland cement begins with the quarrying of limestone, 

calcium carbonate huge crushers breaks the blasted limestone into small 

pieces (Oates, 2008).  
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Aggregates 

Aggregates are chemically inert, solid bodies held together by the cement 

(Pietsch, 2008). Aggregates come in various shapes, sizes and and materials 

ranging from fine particles of sand to large, coarse rocks. Because cement is 

the most expensive ingredient in making concrete, it is desirable to minimize 

the amount of cement used. 70-80% of the volume of concrete is aggregate 

keeping the cost of the concrete low (Gagg, 2014). The selection of an 

aggregate is determined, in part, by the desired characteristics of the concrete. 

For example, the density of concrete is determined by the density of the 

aggregate. Soft, porous aggregates can result in weak concrete with low wear 

resistence, while using hard aggregates can make strong concretes with a high 

resistance to abrasion (Alexander & Mindess, 2014). 

 

Admixtures 

They are additives which enhance the properties of concrete for applications 

in construction with special requirements. Concrete additives are used to 

achieved desired workability in case of low water cement ratio, and to 

enhance setting time of concrete for long distance transportation of concrete 

(Kosmatka, Kerkhoff & Panarese, 2011). Admixtures can be used to reduce 

the cost of building with concrete, or to ensure certain required properties or 

quality of the cured concrete. If problem arise with concrete during the 

construction process, admixtures can be used as an emergency measure to try 

and prevent failure. Admixtures are usually provided in a liquid form. Some 

admixtures, such as pigments, pumping aids and expensive agents are 

typically added manually from premeasured containersas the amount used is 

very small. 

 

Workability 

Is the relative ease with which a fresh mix can be handed, placed, compacted 

and finished without segregation or separation of the individual ingredients? 

Good workability is requiring producing concrete that is both produce 

economical and high in quality. Workability is related to the consistency 

cohesiveness of the mix and is affected by cement content aggregate, water 

content, and admixtures. 
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Compactibility  

The compatibility of fresh concrete is the ease with which the concrete can be 

compacted. It mainly depends on the amount of cement, composition of the 

cement, fineness of the cement, amount of water, shape and grading of the fine 

aggregates entrained air in the concrete (Gambhir, 2013).  

 

Consistency  

The consistency refers to the fineness of the concrete or the ease with which 

it flows. It refers to the mean degree of wetness (Nagalakshmi, 2013). It is an 

indication of workability it represent the relative mobility. 

 

Bleeding 

Bleeding in concrete can be defined as the water gained. It is a particular form 

of segregation. It is a phenomenon in which some of the water from the 

concrete comes out to the surface of the concrete. It is observed in a mix which 

is highly wet. The rate of the bleeding increases with the time (Poon, Kou & 

Lam, 2007). The phenomenon of bleeding is an inherent property seen in 

concrete. 

 

Properties of Hardened Concrete 

Compressive Strength 

Concrete is strong in compression but relatively weak in tension and bending. 

Compressive strength mostly depends upon amount and type of cement used 

in concrete. It is also affected by water cement ratio, mixing method, placing 

and curing. Concrete tensile strength form 7% to 120% of compressive 

strength mix (Kumar & Bhattacharjee, 2003). 

 

Durability 

Durability of concrete refers to the ability to maintain satisfactory 

performance over an extended service life. The design service life of most 

buildings often last 50 to 100 years (Cabeza, Rincón, Vilariño, Pérez & Castell, 

2014). Most concrete building are demolished due to obsolescence rather 

than deterioration. Different concrete requires different degrees of durability 
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depending on the exposure environment and properties desired (Richardson, 

2014).  

 

Water Absorption 

Water absorption is the ability of porous materials to retain a certain amount 

of water in their air spaces. Which is a key properly when it comes to the 

resistance of the product in the environment? The water absorption depends 

on not only hydropholicity and hydrophobicility of the material but also the 

porosity and characteristics of the pores (Othman, 2012). For normal 

materials, the higher the porosity is, the stronger the water absorption is. The 

more the open are connected tiny pores are, the stronger the water absorption 

is (Furukawa, Gándara, Zhang, Jiang, Queen, Hudson & Yaghi, 2014).  

 

Abrasion Resistance  

Abrasion resistance is the ability of materials and structures to withstand 

abrasion. It is a method of rubbing away by means of friction. It has close 

proximity to the compressive strength of concrete. Strong concrete is more 

abrasion resistance than weak concrete (Kosmatka,  Kerkhoff & Panarese, 

2011).  

 

Aggregates Obtained From Construction & Demolition (C&D) Waste Recycled   

Recycled Concrete Aggregate (RCA) 

Description Coarse recycled concrete aggregate (RCA) is produced by 

crushing sound, clean demolition waste of at least 95% by weight of concrete, 

and having a total contaminant level typically lower than 1% of the bulk mass 

(Silva, De Brito & Dhir, 2017). Other materials that may be present in RCA are 

gravel, crushed stone, hydraulic-cement concrete or a combination thereof 

deemed suitable for premix concrete production. Applications include partial 

replacement (up to 30% of coarse RCA) for virgin material in concrete 

production for non-structural work such as kerbs and gutters. Current field 

experience with the use of recycled concrete aggregates for structural 

applications is scarce. It was suggested that Class 1A RCA could be 

incorporated into 30- to 40-MPa concrete exposed to benign environments 

but with some penalties in mix adjustment, permeability and shrinkage 
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properties. There were no visual detrimental effects in the concrete and it was 

expected that the cost of the increase in cement content could be offset by the 

lower cost of recycled concrete aggregates (Yeheyis, Hewage, Alam, Eskicioglu 

& Sadiq, 2013). 

 

Properties of Recycled Concrete Aggregates Obtained From Crushed Concrete 

The use of recycled aggregate obtained from the waste concrete, as a 

component of the new concrete mixture, implies a thorough understanding of 

its basic properties, considering that some of them may significantly differ 

from the properties of aggregates obtained from natural resources. In 

addition, their differences primarily depend on the quantity and quality of 

cement mortar, which is attached to the grains of recycled aggregate  then, on 

the quality of the original concrete from which the aggregate is made by 

recycling and also on recycling methods (Qasrawi, 2014). Nonetheless, in 

cases where the recycled aggregate comes from many different sources, the 

uneven quality, i.e. variations in the properties of recycled aggregate are much 

more pronounced than as in the case with natural aggregates (Cardoso, Silva, 

De Brito & Dhir, 2016). 

 

Aggregate Grading 

Grading of recycled coarse aggregate normally satisfies the standards for 

natural aggregate, while in the case of recycled fine aggregate, composition 

corrections are often necessary, because, according to many practical 

experiences, it was found that there was often a certain amount of grains 

larger than what is required by standards for natural aggregate (Silva, De 

Brito, Evangelista & Dhir, 2016). 

.   

Properties of Fresh Recycled Concrete Aggregate  

Entrapped Air Content 

The application of recycled coarse aggregate has no effect on the amount of 

entrapped air in fresh concrete, furthermore, the information about increase 

of the amount of entrapped air of up to 1% was found in some research - which 

can be considered as negligible (Belin, Habert, Thiery & Roussel, 2014).   
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Bulk Density 

An increase in a share of recycled aggregate in total mass of the component 

aggregate reduces the bulk density of fresh concrete, where it was shown that 

the bulk density of the recycled aggregate concrete was 5% to 10% lower than 

in the comparable natural aggregate concrete, while concretes made with the 

recycled coarse aggregate and natural fine aggregates had densities of 1% up 

to 5% lower than in the comparable natural aggregate concrete (Matias, De 

Brito, Rosa & Pedro, 2013). In general, the values of bulk densities of the fresh 

concrete based on recycled aggregates range from 2280 kg/m3 to 2360 kg m3 

[11−14]  (Butler, West & Tighe, 2014).   

 

Consistency  

The use of recycled aggregate affects the consistency, in the sense that due to 
a usually higher absorption of recycled aggregate grains, as well as the less 
favorable grain shape and texture, the flowability of the concrete mixture is 
reduced, while the specified property is also significantly affected by the 
method of preparation of recycled aggregate in the concrete mixing process 
(Malešev, Radonjanin & Broćeta, 2014). By using saturated surface dry 
recycled aggregate, the consistency of the comparable concretes does not 
differ that much from the recycled and natural aggregates, while in the case of 
the use of dry recycled aggregate and recycled aggregate in total mass of the 
component aggregate proportionally increases the concrete absorption. 
Water permeability of recycled aggregate concrete depends on the capillary 
porosity of the cement matrix of new concrete and capillary porosity of the 
cement matrix of recycled aggregate concrete (Mefteh, Kebaïli, Oucief, 
Berredjem & Arabi, 2013). If the recycled aggregate is obtained by crushing 
small porosity concrete, permeability level of new concrete will primarily 
depend on the choice of aggregate grading and achieved structure of the new 
cement matrix, consequently, it is possible to produce waterproof concrete by 
using recycled aggregate (Behera, Bhattacharyya, Minocha, Deoliya & Maiti, 
2014).   
 

Properties of Hardened  Recycled Concrete Aggregate 

Compressive Strength 

Compressive strength of recycled aggregate concrete primarily depends on 

the quality of applied aggregates, so that it is possible to obtain higher, 

identical or lower strength compared to the natural aggregate concrete (Xiao, 
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Li, Fan & Huang, 2012). In fact, a considerable amount of research confirms 

that in the case of application of recycled aggregate produced by concrete 

crushing, whose compressive strength was higher than the targeted 

compressive strength of new concrete, recycled aggregate concrete of equal 

or greater strength in relation to comparable natural aggregate concrete are 

obtained (Safiuddin, Alengaram, Rahman, Salam & Jumaat, 2013). Moreover, 

in case that the compressive strength values of the original concrete,  of which 

recycled aggregate is manufactured, and targeted compressive strength value 

of new aggregate, were approximately equal, it was found that the strength 

values of recycled aggregate concrete was 5% to 10% lower than those of the 

comparable natural aggregate concrete (Duan & Poon, 2014). 

 

Abrasion Resistance 

The use of recycled aggregate concrete influences abrasion resistance, in a 
way that an increase in the quantity of this aggregate reduces resistance to 
abrasion, due to higher amount of cement matrix, which is more easily 
abraded than the grains of natural aggregates (Singh, Nagar, Agrawal, Rana & 
Tiwari, 2016).  Adhesion between concrete and reinforcement does not 
significantly depend on the presence of recycled aggregate in the mixture, 
since the adhesion is achieved through the new cement matrix (Behera, 
Bhattacharyya, Minocha,  Deoliya & Maiti, 2014). 
 

Water Absorption 

The information of the amount of water absorption of recycled aggregate is 

necessary to reach the right w/c-ratio in order to get the desired compressive 

strength (Matias et al. 2013). 

 

Durability of Recycled Concrete Aggregates 

Recycling of concrete is needed based on environmental preservation and 

effective utilization of resources point of view (Ke et al. 2009). So far, there 

are a number of researches on mechanical properties of recycled aggregate 

concrete (RAC) at home and abroad (Ke et al. 2009). Conclusions confirmed 

are for example: the compressive strength of concrete prepared with natural 

coarse aggregates (NCA) is higher than that of RAC and the interrelationships 

between the mechanical properties of RAC could be quite different from those 

of NAC. However, some hypothetical problems related to durability resulted 
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in recycled aggregates being employed practically only as base filler for 

pavement construction (Etxeberria et al. 2007). 

 
Effect of Aggressive Environment On Concrete 
Concrete is used for the storage of many kinds of liquid, some of which are 
harmful to concrete. In industrial plants, concrete floor come in contact with 
acids, which damage the floor. Acid attacks is encountered also under 
industrial condition, concrete is also attacked by water containing free carbon 
dioxides (Bertolini, Elsener, Pedeferri, Redaelli, & Polder, 2013). Flowing pure 
water by melting ice or by condensation by containing little carbon oxides also 
dissolves calcium hydroxide thus causes deterioration of concrete (Boyd, 
2015).  
 
Acid  
SULPHURIC ACID (𝑯𝟐𝑺𝑶𝟒) 
Acid is a susceptible to acid attack because of its alkaline nature. It attack 
causes evasive formation of gypsum in regions close to the surfaces and tends 
to cause disintegration and mechanical stresses and which ultimately lead to 
exposure of the fresh interior surface (De Kock, Van Stappen, Fronteau, 
Boone, De Boever, Dagrain, & Cnudde, 2017). Normally the chemical changes 
of the cement matrix soften of the concrete occurs due to the early 
decomposition of calcium hydroxide and the subsequent portion of large 
amount of gypsum (De Andrade Silva, Butler, Hempel, Toledo Filho & 
Mechtcherine, 2014). The acid environment is deleterious to concrete 
durability because acid neutralize the alkalinity of concrete by reacting with 
the hydration produces of concrete matrix to form gypsum (Bertolini, Elsener, 
Pedeferri,  Redaelli, & Polder, 2013).  
It is particular corrosive due to the sulphare ion participating in sulphate 
attack, the degree of concrete deterioration increases due to alternate wet-dry 
cycles of exposure to sulphuric acid (𝑯𝟐𝑺𝑶𝟒) and the rate of concrete 
deterioration along the penetration depth of sulphuric acid could be described 
by a variation in sulphur concentration with the depth of acid penetration 
(Van Tittelboom, De Belie, & Hooton, 2013). 
 
Base 
SODIUM  HYDROXIDE [ Na0H ] 
Sodium hydroxide has the least effect on the property of concrete. With to 
increase in sodium hydroxide concentration, the workability of fresh concrete 
is slightly reduce (Nath, & Sarker, 2015) 

http://www.berkeleypublications.com/


03.31.2020 
 

Pg.35  

 

 

  
         Vol. 12, No.4 

 
 

BERKELEY RESEARCH & PUBLICATIONS INTERNATIONAL  
Bayero University, Kano, PMB 3011, Kano State, Nigeria. +234 (0) 802 881 6063,  
Website: www.berkeleypublications.com  

 
 
 

International Journal of Environmental Design & Construction Mgt. 

ISSN: 1933-5948 

MATERIALS AND METHODOLOGY 
The materials used during the laboratory investigation are as follows: 
i.   Ordinary Portland cement 
ii.  Fine aggregate (sharp sand) 
iii. Recycled concrete aggregates 
iv. Water 
v.  Sodium hydroxide 
vi. Sulphuric acid  
 

  Mix Design 

Quantity  Cement 
(Kg) 

Water 
(Kg) 

Coarse 
agg.(Kg) 

Fine 
agg.(Kg) 

1𝒎𝟐       360       240      1125       750 

0.027(27 
cubes) 

      9.72      6.48      30.375       20.25 

Target slump = 30- 40mm 

 

Mixing, casting and curing of test specimen 

The fine aggregate and the cement were mixed thoroughly to attain a uniform 
mixture after which the recycled aggregate (coarse) was added and mixed 
altogether thoroughly with a shovel until the mixture turned to a uniform 
color. Water was then added to the concrete mix. Workability was checked 
using slump test. The concrete were then casted into 100mm × 100mm 
moulds. 
 

Slump Test 

This test was carried out to determine the workability of the concrete mix 
before it is casted into moulds. The apparatus used includes: (1) cone mould 
(bottom diameter 200mm, Top diameter 300mm, height 300mm) (2) 
Tamping rod (60mm long, 15mm diameter). (3)  Steel plate. (4)  Measuring 
tape. (5) Trowels. (6)  Measuring cylinder. The internal surface of the mould 
was cleaned thoroughly to ; make sure it is free from moisture and any set 
concrete before the test commenced. The mould was firmly held to the flat 
non absorbent plate by pressing on the foot pieces. The mould was filled in 
three layers each approximately 1/3 of the height of the mould. Each layer 
was tamped 25 times with the tamping rod to compact the concrete. The 
excess mortar which leaked out between the mould and the base plate was 
cleaned away. The mould was removed by raising it slowly and carefully. The 
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slump was immediately measured by determining the difference between the 
height of the mould and that of the highest point of the specimen being tested. 
The slump was measured and recorded to the nearest 5mm and also the type 
of slump was observed. 
 

Water Absorption 
For concrete cubes, the test procedure involves drying a specimen to a 
constant weight (72 hours), weighing it, immersing it in water for specified 
amount of time (30 minutes), and weighing it again. The increase in weight as 
a percentage of the original weight is expressed as its water absorption (in 
percent). 
 

Abrasion Resistance 

Wear mass per unit area was used to indicate the abrasion resistance of 

concrete. The concrete cubes was weighed and a wear mass was used with 

5Kg steel on top and brushed the cubes for 60 seconds and weighed again. The 

difference in weight is determined for the cubes both those in aggressive 

environment and the ones In clean water. The weight differences were used 

for comparison. 

 

Compressive Strength of concrete 

The compressive strength of concrete cubes was determined by using the 

cubes crushing machine in the laboratory for 14, 28 and 56 days curing ages 

for both the cubes in aggressive environment and the ones in clean water 

which serves as the control. The cubes were de-moulded after it attained its 

hardened state. De-moulding of the cubes was done with utmost care to 

prevent any damage, external and internal to the specimen. The test results of 

the sample were taken as the average of the strength of three samples. The 

results obtained for both the cubes aggressive environment and the ones in 

clean water are used for comparison.  

   

RESULTS AND DISCUSSION 

 

Workability Test Results 

The workability test was conducted and the results found for the slump 

obtained are presented below: 
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RCA  is a mixture of aggregates ( both fine, coarse and cement). It is a formed 

aggregate.  Therefore, the rate of water absorption will be much higher than 

that of normal aggregates. 

Specimen Water to cement ratio Type of slump Slump height (mm) 

RCA 0.6 True 35 

 

Workability test results 

Secondly, the texture of the RCA is very rough which makes the mixture to 

have more friction resulting in good bonding of the concrete. 

 

Water absorption Test 

The average results obtained from water absorption test are presented in the 

charts below: 

 
Fig 2.1. Average water absorption at 14 Days 

Source: laboratory work (2019). 
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Fig 2.2. Average water absorption at 28 Days 

Source: laboratory work (2019). 

 

 
Fig 2.3. Average water absorption at 56 days 
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Source: laboratory work (2019). 

The absorption of the concrete cured in acid was found to be much higher than 

that of base and water which indicate that the chemical reaction of the acid 

attacks the concrete thereby creating porous in the concrete which reduces 

the density of the concrete and increases its water absorption. 

 

Compressive Strength Test 

The average compressive strengths of the concrete obtained are presented in 

the charts below: 

 
Fig 3.1 Average compressive strength at 14 Days 

Source: laboratory work (2019).  

 

 
Fig 3.2 Average compressive strength at 28 Days 
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Source: laboratory work (2019). 

 
Fig 3.3 Average compressive strength at 56 days 

Source: laboratory work (2019). 

 
The compressive strength of the cubes cured in acid were found to be weaker 
than those cured in base. The chemical reaction of the acid attacked the 
concrete thereby causing reduction in strength of the concrete compared to 
those in water (control). Base is not much harmful to the concrete compared 
to the control. 
 
Abrasion Resistance Test 
Abrasion resistance tests were conducted and the results obtained are 
presented below: 
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Fig 4.1 average percentage abrasion resistance test at 14 Days. 

Source: laboratory work (2019) 

 
 

Fig 4.2 Average percentage of abrasion resistance test at 28 Days 

Source: laboratory work (2019). 

 

 
Fig 4.3 average percentage of abrasion resistance test at 56 Days 

Source: laboratory work (2019). 
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The abrasion resistance of the concrete cured in acid was found to be weaker 

than those cured in base and both have lesser abrasion resistance compared 

to those in water (control). Therefore, the chemical reaction attacked the 

concrete, causing the concrete to be porous and lesser density which also 

reduces the abrasion resistance of the concrete. 

 

Conclusion 

The recycled concrete aggregate was found to be suitable for the replacement 

of coarse aggregate in the production of the concrete. The slump values 

obtained in the mix was found to be true slump. The recycled concrete 

aggregate was found to be workable. The density of the concrete decreases in 

aggressive environment (acid and base) compared to the control (water). The 

absorption of the concrete increases in aggressive environment due to the 

chemical attack in the concrete which causes the concrete to be porous. The 

abrasion resistance of the concrete decreases in aggressive environment (acid 

and base) but increases in water. The compressive strengths of the concrete 

cured in acid were found to be more weaker than the concrete cured in base 

and those in water (control). 
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