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h i g h l i g h t s

� Influence of rice husk ash in normal and recycled aggregate concrete was studied.
� No substantial effect on properties of concrete was detected up to 10% RHA.
� Use of 10–15% RHA and 100% RCA in concrete was recommended.

a r t i c l e i n f o

Article history:
Received 25 August 2017
Received in revised form 20 March 2018
Accepted 30 March 2018

Keywords:
Recycled coarse aggregates
Rice husk ash
Compressive strength
Tensile strength

a b s t r a c t

The present research work has been carried out for accessing the effect of utilisation of 100% coarse recy-
cled concrete aggregates and 0–35% rice husk ask (RHA) in designing concrete mixes. For this, 5%, 10%,
15%, 20%, 25%, 30% and 35% of rice husk ash has been introduced in natural aggregate concrete (NAC)
and recycled aggregate concrete (containing 100% coarse recycled concrete aggregates) as replacement
of cement. Different properties of aforementioned designed concrete mixes such as workability, 7, 28
and 90 days compressive strength, spilt tensile and flexural strength, modulus of elasticity, non-
destructive parameters (rebound number and ultrasonic pulse velocity), water absorption, density, vol-
ume of voids has been determined. The analysis of experimental results depicts that the behaviour of
concrete substantially is influenced by the incorporation of coarse recycled concrete aggregates and rice
husk ash in concrete. However, concrete mixes containing 100% coarse recycled concrete aggregates and
10–15% rice husk ash satisfies the design requirements for application in construction industry.

� 2018 Elsevier Ltd. All rights reserved.

1. Introduction

Currently, the usage of recycled concrete aggregates manufac-
tured from the waste concrete brought from the site of construc-
tion and demolition, has been promoted for mitigation of scarcity
of natural aggregates in various parts of world. Moreover, the prob-
lems associated with the disposal of huge quantity of waste con-
crete produced from construction and demolition activity could
be solved to certain extend by the recycling of waste concrete ele-
ments [1]. These pieces of waste concrete brought from demolition

site were crushed and then sieved for preparation of recycled con-
crete aggregates. These recycled concrete aggregates can be classi-
fied into coarse and fine aggregates based upon their particle size.
The investigation based upon the utilisation of fine fraction of recy-
cled concrete aggregates in concrete demonstrated that its use had
significant adverse effects on properties of concrete [2]. Therefore,
use of coarse fraction of recycled concrete aggregates (also termed
as recycled coarse aggregates) were more viable option than fine
fraction in making concrete. Lower specific gravity and higher
water absorption was observed for recycled coarse aggregates
(RCA) as compared to natural coarse aggregates (NCA) [3]. These
inferior properties of RCA could be due to the presence of less
dense and porous mortar adhered to it [4]. The moisture states of
RCA and curing conditions of concrete had substantial influence
on workability and strength of concrete [5,6]. Moreover, the prop-
erties of RCA was influenced by the nature of the source concrete
from which these RCA were manufactured [7,8]. Therefore, it was
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recommended for determination of composition and physical
properties of recycled aggregates prior to its application in con-
crete mixes [9]. The workability of concrete incorporating RCA
decreased with the enhancement in the RCA(%) as the water
absorption of RCA was very high as compared to corresponding
values of natural ones [10,11]. The CS of concrete remained unal-
tered up to 30% replacement level of RCA and increase in RCA(%)
in concrete beyond 30% mark reduced the strength significantly
[12]. The CS of concrete incorporating 100% RCA was found to be
deceased up to 25% than the corresponding mix made with NCA
owing to the inferior characteristics of RCA as compared to that
of natural ones [11,13–15]. Around 10–15% reduction in tensile
strength was detected when 100% NCA were replaced by RCA
[10,15–17]. Similarly, reduction in modulus of elasticity was
around 45% for the concrete containing 100% RCA as modulus of
elasticity was primarily influenced by characteristics of coarse
aggregates [18–22]. Furthermore, the relationship between CS
and modulus of elasticity was established based upon the experi-
mental results available in existing studies [22]. The degradation
in the properties of concrete with the incorporation of RCA was
due to the more porous nature of the interfacial zone (ITZ) as com-
pared to NAC [23,24]. The characteristics and dosage of superplas-
ticizers had substantial influence on properties of recycled
aggregate concrete [25]. Previous studies reported that durability
characteristics and non-destructive parameters were influenced
by the introduction of RCA in concrete mixes [16,26–30].

Improvement of aggregate characteristics by reducing the
adhered mortar content, bringing modifications in mixing methods
and incorporation of pozzolanic materials are the various methods
proposed by previous researchers for enhancing the properties of
recycled aggregate concrete [31–33]. Ultrasonic cleaning of aggre-
gates, pre-soaking of aggregates with various types of acids and
increasing the stages of crushing improved the properties of RCA
owing to removal of adhered mortar present in it. Two stage mix-
ing approach with silica fume and cement, and tripe mixing
method were employed in designing recycled aggregate concrete
mixes [33–37]. Significant improvement in the ITZ characteristics
was achieved through these mixing techniques which enhanced
the properties of recycled aggregate concrete. Various industrial
and agricultural end products having pozzolanic activity such as
fly ash, ground granulated blast furnace slag, silica fume, pul-
verised fly ash, ground bagasse ash were incorporated in recycled
aggregate concrete mixes as partial replacement or addition to
cement [38–42].

Rice husk ash (RHA), obtained by the combustion of rice husk
(outer cover of rice grain) in a temperature range of 300 �C to
450 �C, has been utilised as substitution of cement for designing
concrete mixes. Workability of concrete was found to be depen-
dent upon the fineness of RHA and incorporation of ultrafine
RHA enhanced the workability of concrete [43]. However, reduc-
tion in the slump value of concrete was observed with the increase
in RHA(%) in concrete [44–46]. The concrete mixes containing RHA
up to 20% had attained similar CS to that of control mix without
RHA. Enhancement in the incorporation level of RHA beyond this
strength reduced significantly [46]. Similarly, use 20% RHA did
not have any substantial effect on durability behaviour of concrete
[47]. The relation between CS and split tensile strength was found
to be similar to that of normal concrete [48]. Tangchirapat et al.
[49] incorporated 20%, 35% and 50% rice husk bark ash as partial
substitute to cement in concrete mixes containing 100% RCA. Rice
husk bark ash was produced by incinerating rice husk and eucalyp-
tus bark in biomass power plant. Improvement in strength of con-
crete and slight reduction (around 4%) in modulus of elasticity was
detected with the incorporation of 20% rice husk bark ash.

Several studies have been conducted to investigate the effect of
various types of pozzolanic materials on fresh, hardened, durability

characteristics and microstructure of concrete incorporating recy-
cled coarse aggregates. However, the studies intended for access-
ing the influence of use of rice RHA as substitute to cement on
behaviour of concrete made with recycled aggregates are scarce
in existing literature. Therefore, the present investigation has been
conducted to investigate the effect of utilisation of 100% RCA and
varying percentages of RHA on workability, compressive and ten-
sile strength, modulus of elasticity, non-destructive parameters,
water absorption, density and volume of voids of concrete mixes.

2. Experimental programme

2.1. Materials

The cement used to carry out the experiment was Ordinary
Portland Cement (OPC) of 43 Grade confirming to the Bureau of
Indian Standard Specifications [50]. The whole experimental pro-
gramme was designed in such a way that it was finished within
30 days from the date of procurement of cement in order to reduce
the adverse effects on properties of cement because of storage of
cement. To characterize the cement properties, standard test has
been conducted and the values of the test are illustrated in the
Table 1. The sand collected from the bed of nearby river was uti-
lised as natural fine aggregate (NFA) in different concrete mixes,
which was confirming to Zone III as per the IS 383 [51] specifica-
tion. The crushed dolerite utilised as NCA was of 20 mm nominal
size. The RCA was prepared from the waste concrete collected from
the demolished railway ballast sleepers from Angul (A city of East-
ern India) and the RHA was procured from Radhakrishna rice mill
Sambalpur (A city of Eastern India). The rice husk is burned up to a
temperature of 500� to 600 �C and grinded in the ball mill. The
backscatter scanning electron microscopic image (BSEM) of RHA
is presented in Fig. 1. The chemical composition of cement and rice
husk ash is presented in Table 2. The standard tests were
performed over both types of aggregates and these results are
illustrated in Table 3.

2.2. Concrete mixture

The detailed concrete mix proportion is illustrated in Table 4.
The water/cement (W/C) ratio was fixed at 0.45 throughout the
experimental programme. The full substitution of NCA was carried
out by RCA and partial replacement of cement was done by 5%,
10%, 15%, 20%, 25%, 30%, and 35% of RHA. The mix design was car-
ried out as per the standard procedures of IS 10262 [52]. The water
available of the concrete laboratory which can be utilised for the
human consumption was employed for the preaprtaion of concrete
mixes. Trial slump test was performed and slump value of 100%
RCA incorporated concrete nearer to control mix (50–70 mm)
was detected with the usage of pre-soaked recycled coarse aggre-
gates. Additional 10% extra material by weight was taken to miti-
gate the loss of material during mixing, casting, and placing of
concrete. A commercially available polycarboxylic ether based
superplasticizer (Fosroc-Auramix 300) was used to make the work-
able concrete for casting, placing and curing.

2.3. Specimen casting and curing

An electric operated manual laboratory mixer of capacity 0.06m3

was used for the concrete mixing. Initially, recycled coarse aggre-
gates and half of the mixing water were mixed in the mixer for
two min. After that, cement sand and remaining portion of mixing
water was poured into the mixer and mixed for another two min-
utes. The workability of concrete for each batch was measured and
it was expressed in terms of slump. After completion of mixing
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