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Abstract
The present research aims to assess use of supplementary cementitious materials namely rice husk ash (RHA), cow dung 
ash (CDA) as partial replacement of cement for low volume concrete road construction. RHA and CDA was prepared by 
controlled burning using ferro cement furnace. Strength, durability and workability properties for normal and blended con-
crete were tested to obtain optimum cement replacement proportion with CDA, RHA and CDA–RHA blend. Strength tests 
included compressive strength, flexural strength, strength activity index; durability tests included ultrasonic pulse velocity 
test (UPV) and rapid chloride permeability test (RCPT).  The optimum levels of CDA, RHA and CDA–RHA mix blends 
were obtained by comparing mean compressive and tensile strengths for normal concrete and different levels of replace-
ment of cement with CDA, RHA and CDA–RHA mix blended concrete using ANOVA and t-tests. It could be observed that 
optimum compressive and flexural strengths could be obtained at 10% replacement level with CDA, 15% with RHA and 10% 
with CDA–RHA blend in 3:7 ratio. UPV and RCPT results show that blended concrete was durable compared to normal 
concrete. Blended concrete 15% RHA and 10% CDA–RHA blend was found reduce pavement cost by 4–9% for rural roads. 
The novelty of the research lies in the analysis provided on blending of such locally available SCMs and the comprehensive 
cost analysis depicting the usage of such blended concrete for usage in low volume road construction.
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Introduction

Conventionally pavements are categorised as flexible and 
rigid. Flexible pavements are used widely because of vari-
ous advantages associated with these pavements. Newer and 
innovative materials and techniques have facilitated such 
wide usage of flexible pavements [1, 2]. However, these 
pavements face various durability issues and rigid pave-
ments performs better with respect to durability. Cement 
concrete roads or rigid pavements though more durable are 
expensive as its major component cement. Moreover, pro-
duction of cement is energy intensive as compared to flexible 

pavements. A wide range of research has been conducted 
focusing on making cement concrete more economical by 
probing for possible usage of cementitious material which 
can be used as replacement or partial replacement of cement 
along with locally available Supplementary Cementitious 
Materials (SCMs) such as Rice Husk Ash (RHA), Sugarcane 
Bagasse Ash (SBA), Cow-Dung Ash (CDA) etc. [3]. Use of 
SCMs in cement concrete also provides a means of doing 
away with problems related to their proper disposal.

Researchers also aimed to study various properties of 
concrete where bio-wastes have been used as partial substi-
tute of cement in concrete. RHA is the most popular SCM 
used for various concrete works and suitability of RHA as 
partial replacement of cement has been extensively studied 
by researchers [4–8]. Researchers observed that concrete 
achieves optimum compressive strength when cement was 
replaced by RHA at 10 to 20% levels by weight [9–15]. 
Optimum flexural strength was achieved by concrete when 
cement was replaced by 7.5% RHA by weight [8]. Optimum 
split tensile strength was achieved by concrete when cement 
was replaced by 15% RHA by weight, but the resultant 
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concrete was not found suitable for fast-track construction 
[6, 12, 13]. Optimum modulus of elasticity was observed 
to be achieved by concrete when cement was replaced by 
20% RHA by weight [12]. Optimum dynamic elastic modu-
lus of concrete, which was measured by Ultrasonic Pulse 
Velocity (UPV) test, was also observed to be achieved at 
20% replacement of cement with RHA by weight and at 
this replacement, concrete was found unsuitable for fast 
tract construction [6, 7]. Corrosion of reinforcing steel in 
concrete is common phenomena which occurs by penetra-
tion of chloride in concrete. Researchers observed chloride 
ion penetration to be acceptable for concrete where up to 
30% weight of cement was replaced by RHA [6, 8, 12, 13, 
15, 16]. Concrete, with RHA used as partial replacement of 
cement, is popularly used in buildings but not for road con-
struction. Investigation on possible use of RHA in concrete 
pavement is limited [17, 18].

Researchers also aimed to study various properties of 
concrete when CDA was used as partial replacement of 
cement for suitability in concrete works, mortar and con-
crete blocks. Researchers observed that concrete achieves 
optimum compressive strength when cement was replaced 
by CDA at 5 to 10% levels by weight [17–23]. Optimum 
flexural strength and split tensile strength was observed to be 
achieved by concrete when cement was replaced with 10% 
CDA by weight [23, 24]. Chloride penetration test showed 
that concrete performed satisfactorily when cement was 
replaced by 10% CDA by weight. Systematic investigation 
on possible use of CDA as partial replacement for cement 
in concrete pavement is however very limited.

It could be observed that systematic investigation of 
strength properties for concrete where cement was partially 
replaced with CDA and RHA has been done [5–9, 11–15, 
17–23]. However, investigation on durability properties of 
such concrete is limited [6, 7, 9–11, 17–23]. Research on 
ternary blending of CDA and RHA with cement for possible 
use in concrete pavement were not observed in literature. 
Moreover, literature on replacement of locally available 
SCMs such as CDA and RHA for pavement construction 
along with comprehensive cost analysis are also not found in 
the literature. Thus, the primary objectives of this research 
may be stated as:

(1) To investigate the strength, durability and workabil-
ity properties of concrete when cement is partially 
replaced with CDA, RHA and their combination and 
determine the optimal proportion of such replacement. 
The strength is measured by conducting compressive 
strength tests, flexural strength tests and strength activ-
ity index. The durability was measured by ultrasonic 
pulse velocity test (UPV) and rapid chloride perme-
ability test (RCPT). Workability was measured using 
slump test, setting time and consistency tests.

(2) Design the required pavement thickness for low volume 
roads for varied traffic conditions using normal as well 
as blended concrete with optimal dosage of RHA, CDA 
and their combination as per IRC SP 62–2014.

(3) Determine cost of construction for normal and blended 
concrete thereby providing comparative cost analysis. 
Thus, assessments of whether the blended concrete 
provides a cost-effective solution for such pavement 
construction is performed.

Split tensile strength test was not included in the analysis. 
This was because the concrete mixtures were used for pave-
ment construction and compressive and flexural strength 
test is the requisite test for that purpose. Water permeabil-
ity could have been used as the parameter for determining 
durability. However, RCPT, UPV and density were chosen as 
parameters as they sufficiently provide the durability param-
eters advocated for pavement construction. The CDA and 
RHA required controlled burning of cow dung and rice husk 
for having pozzolanic properties and ferro cement furnace 
was used in the study for that purpose. X ray florescence 
(XRF) test was required for determining the chemical com-
position for CDA and RHA for which the samples were sent 
for third party testing. The next section gives a brief over-
view of the methodologies adopted for the present work. 
Section 3 provides the results and analysis for the experi-
ments conducted for this work. Section 4 presents calcula-
tion of pavement slab thickness for low volume roads, using 
proposed modified concrete (where CDA, RHA and RHA-
CHA blend has been used as partial replacement of cement) 
as per IRC 62 guidelines. Section 5 presents evaluation of 
cost effectiveness for modified concrete for low volume 
roads. Section 6 presents the discussion of the results and 
cost analysis. Section 7 presents the conclusions that could 
be drawn from the work.

Methodology

This work aims to study the strength, durability and work-
ability properties of concrete when cement is partially 
replaced with CDA, RHA and mixture of both. The detailed 
methodology of the work is shown in Fig. 1.

Initially, properties of individual constituent materials 
namely coarse aggregates (10–20 mm), sand, cement, CDA 
and RHA were tested as provided in Table 1. The coarse 
aggregates were obtained from Gaya, Bihar, India and sand 
from Sone river bed, Bihar, India. OPC 43 grade cement was 
used for the study. CDA was prepared by controlled burning 
of dried cow dung at 400–500˚C. The RHA was prepared 
by controlled burning of rice husk at 600–700˚C. The con-
trolled burning was done using ferro cement furnace. Both 
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CDA and RHA ash were then sieved through 300 micron 
sieve in order to obtain particles with increased surface area.

In order to determine the optimum proportion of CDA 
replacement with OPC, strength, durability and workability 
tests for concrete with partial replacements of OPC with 8%, 
10% and12% CDA was conducted. To determine the opti-
mum proportion of RHA replacement with OPC, strength, 
durability and workability tests for concrete with partial 
replacements of OPC with 10%, 15% and 20% RHA was 
conducted. To determine the optimum proportion of ternary 
blend of CDA and RHA with OPC, strength, durability and 
workability tests for concrete with partial replacements of 

OPC with 7% RHA and 3% CDA and with 10% RHA and 
5% CDA were conducted.

Results and analysis

Strength and durability tests were performed on aggre-
gates and modified concrete mixes. Physical and chemical 
composition testing of binding materials namely cement, 
CDA and RHA was also conducted. This section details 
the experimental outcomes for the tests performed. The 
next section details the experimental results of individual 

Fig. 1  Methodology for the research work

Table 1  Results of tests on 
aggregates

Tests performed Results obtained Acceptable limit Code

Specific gravity 2.74 ASTM C127-15
Water absorption 0.6% 2% (Max)
Aggregate crushing value 21.2% 30% (Max) BS EN 1097–20
Aggregate impact value 7.6% 30% (Max) ASTM C131/C131M-20
Los angeles abrasion test 22.64% 30% (Max)
Flakiness and elongation Index 25.88% 35%(Max) ASTM D4791-19
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constituent materials namely aggregates, cement and 
SCMs namely RHA and CDA. Section 3.2 details the 
concrete mix design for the work. Section 3.3 details the 
strength, durability and workability tests performed on 
concrete mixes.

Experimental results of component materials

The following sub Sect. 3.1.1 details the test on aggre-
gates. Section 3.1.2 discusses the tests of cement. Sub 
Sect. 3.1.3 discusses the results on tests performed on 
CDA and RHA.

Tests on aggregates

The results for tests performed on aggregates as per rel-
evant code of practice and is presented in Table 1. The 
results indicate that the aggregates satisfied quality 
requirement for concrete works.

Figure 2 shows the aggregate gradation used for the 
design of concrete.

Tests on cement

The various physical tests were performed on cement and 
blended cement is represented in Table 2.

Tests on CDA & RHA

The CDA and RHA were tested in the laboratory for chemi-
cal compositions as shown in Table 3. As per ASTM C618-
05 [25],the combined percentage composition of silica 
 (SiO2), aluminum oxide  (Al2O3) and Ferric oxide  (Fe2O3) 
should be more than 70 percent for cementitious material for 
class F pozzolanic material.

Table 3 shows that the combined percentage of silica 
 (SiO2), aluminum oxide  (Al2O3) and Ferric oxide  (Fe2O3) 
was greater for both RHA and CDA and could be classi-
fied as class F pozzolanic material. The silica and alumina 
available in the ash reacted with the calcium present in the 
cement in the form of calcium hydroxide to form the calcium 
silicates and calcium aluminate which were very important 
parameters for cementing behaviour. RHA had 95.6% oxides 
whereas CDA had 73.66% oxides for pozzolanic action. 
XRF (X-ray fluorescence) analysis was done on CDA and 
RHA sample to find their chemical composition.

Concrete mix design

Concrete mix design was done as per guidelines of IS 
10262–2019 [26], IS 456–2000 [27]and IRC 44–2017 
[28] as provided in Table 4. The cube moulds of sizes 
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Fig. 2  shows the aggregate gradation used for the design of concrete

Table 2  Physical characteristics 
of cement, CDA and RHA

Parameter Cement CDA RHA

Physical state Solid–Non Hazardous Solid–Non Hazardous Solid–Non Hazardous
Appearance Very fine powder Fine powder Fine powder
Colour Grey Light grey Dark grey
Odour Odourless Odourless Odourless
Specific Gravity 3.16 2.51 2.11

Table 3  Chemical composition of CDA & RHA as tested [26, 27]

S. No Test Unit CDA RHA

1 Silica  (SiO2) % 66.24 93.66
2 Phosphate  (PO4) % 0.01 1.16
3 Titania  (TiO2) % 0.32 0.02
4 Magnesia (MgO) % 0.23 1.05
5 Ferric Oxide  (Fe2O3) % 2.43 1.02
6 Aluminum oxide  (Al2O3) % 4.99 0.92
7 Sulphur Trioxide  (SO3) % 1.39  < 0.1
8 Manganese Oxide (MnO) % 0.23 –
9 Calcium Oxide (Cao) % 11.78 –



Innovative Infrastructure Solutions (2022) 7:115 

1 3

Page 5 of 13 115

(150 mm × 150 mm × 150 mm) and beam moulds of sizes 
(100 mm × 100 mm × 500 mm) were casted and cured for 
7 and 28 days and later strength and durability tests were 
performed on these samples.

Tests on Concrete

Workability, durability and strength tests were performed 
on concrete and modified concrete mixes and is presented 
in this section.

Workability tests

This subsection details the workability tests, setting time 
and consistency.

Setting time and  consistency The initial and final setting 
time and consistency tests were performed as per ASTM 

C191-19 [29] and ASTM C187-11 [30]. The obtained 
results are provided under in Figs. 3 and 4.

It may be observed that consistency increases as the 
replacement of cement by CDA, RHA and mix of CDA 
and RHA increases, compared to natural concrete. This is 
because of increased water requirement of achieving the 
desired consistency. Similar results are also observed for 
both initial and setting time values. Just like other hydraulic 
cement, the reactivity of CDA and RHA cement depends 
very much upon the specific surface area or particle size. 
SCMs such as RHA and CDA have reduced hydration rate 
resulting in delayed onset of setting.

Slump test The results of the slump test carried out on 
concrete with varying percentage of CDA, RHA and CDA–
RHA mix as cement replacement are presented in Fig. 5.

All the slump values were the true slump type and suit-
able for concrete works. In this study, it is found that the 
slump decreases with increase in the amount of CDA and 
RHA. This can be attributed to the fact that CDA and RHA 
absorb more water than Ordinary Portland cement.

Table 4  Concrete mix proportions for different mixes

Mix Cement CDA/RHA or RHA + CDA Coarse Aggregate Fine Aggregate Water w/c ratio Super plasticizer

20 mm 10 mm

Kg/m3 % CDA Kg/m3 % RHA Kg/m3 Kg/m3 Kg/m3 Kg/m3 Kg/m3

0% 417 – – – – 640 640 621 154 0.37 2.5
8% CDA 383.64 8 33.36 – – 640 640 621 154 0.37 2.5
10% CDA 375.30 10 41.70 – – 640 640 621 154 0.37 2.5
12% CDA 366.96 12 50.04 – – 640 640 621 154 0.37 2.5
10% RHA 375.30 – – 10 41.70 640 640 621 154 0.37 2.5
15% RHA 354.45 – – 15 62.55 640 640 621 154 0.37 2.5
20% RHA 333.60 – – 20 83.40 640 640 621 154 0.37 2.5
10% MIX 375.30 3 12.51 7 29.19 640 640 621 154 0.37 2.5
15% MIX 354.45 5 41.70 10 20.85 640 640 621 154 0.37 2.5
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Fig. 3  Setting time of Blended Cement Paste
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Strength test

Compressive strength, flexural strength and strength activity 
index (SAI) were determined to evaluate strength of concrete 
and is discussed in this subsection.

Compressive strength test The compressive strength test 
was conducted as per IS 516–2018 [31] and results have 
been provided in Fig. 6 for CDA, RHA and mixture blended 
concrete after 7 and 28 days of curing period. 54 numbers 
of cubes were casted corresponding to 3 cubes per tests (for 
both 7 days and 28 days).

In order to find whether there is a significant difference 
in compressive strength of concrete with addition of dif-
ferent SCMs namely, CDA, RHA and CDA–RHA blend at 
different proportions, three one-way ANOVA tests were per-
formed. The hypothesis and results of the tests are detailed 
in Table 5.

It may be observed from Table 5 that null hypothesis was 
rejected in all cases confirming that compressive strength 
of concrete varied with proportion of replacement of 
cement with SCMs. Pairwise t-test with normal concrete 
and blended concrete at different percentage of blending of 
CDA, RHA and CDA–RHA mix were performed to check 
whether the strength is same as of normal concrete or is 
significantly higher or lower for 28 day curing. It could be 
observed that for RHA blending of 10 and 15% the com-
pressive strength increased significantly ( p ≤ 0.01) , whereas 
for RHA replacement of 20% the compressive strength is 
significantly lower than that of normal concrete. Moreover, 
for RHA blending of 15% the compressive strength was 
observed to be significantly more than for RHA blending 
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Fig. 5  Slump values of different blended specimens

31.81
28.49 29.07 28.25

32.61 33.41
29.32

32.25
28.36

44.64
40.48 41.53 39.87

46.13 48.2
41.44

45.71
40.13

0

10

20

30

40

50

60

C
om

pr
es

si
ve

 S
tr

en
gt

h 
(M

Pa
)

Replacement Level (%)

7 Days 28 Days

Fig. 6  Compressive Strength of blended concrete at various replace-
ment levels

Table 5  Comparing compressive strengths with ANOVA

MS Mean Square = (Sum of Square/Degree of Freedom); BG Between Groups; WG Within Groups; F F value; P Prob Value; Hypothesis H0 is 
Rejected when P < 0.01 (99% Confidence)

Material Hypothesis 7 Day 28 Day

NC & CDA Blend H0 There is no significant difference between the mean compressive 
strength for normal concrete and different levels of CDA blending 
concrete

MS 24.2/3 (BG)
MS 11.35/8 (WG)
F 5.7
P 0.02
Reject H0

MS 40.5/3 (BG)
MS 4.03/8 (WG)
F 26.76
P 0.00
Reject H0

H1 At least one mean value of compressive strength is significantly 
different

NC & RHA Blend H0 There is no significant difference between the mean compressive 
strength for normal concrete and different levels of RHA blending 
concrete

MS 28.2/3 (BG)
MS 8.5/8 (WG)
F 8.85
P 0.006
Reject H0

MS 72.9/3 (BG)
MS 2.31/8 (WG)
F 84.17
P 0.00
Reject H0

H1 At least one mean value of compressive strength is significantly 
different

NC & CDA–RHA mix Blend H0 There is no significant difference between the mean compressive 
strength for normal concrete and different levels of CDA–RHA 
mix blending concrete

MS 27.3/3 (BG)
MS 4.1/8 (WG)
F 20.1
P 0.002
Reject H0

MS 52.6/3 (BG)
MS 1.96/8 (WG)
F 80.44
P 0.00
Reject H0

H1 At least one mean value of compressive strength is significantly 
different
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of 10%. However for CDA blended concrete the strength 
was observed to be significantly lower than that of normal 
concrete for all replacement levels, but 10% CDA blending 
provided maximum compressive strength among the other 
blending proportions. For 10% CDA–RHA mix blended 
concrete compressive strength was observed to be signifi-
cantly higher than that of normal concrete ( p ≤ 0.05) . For 
15% CDA–RHA mix blended concrete compressive strength 
was observed to be significantly lower than that of normal 
concrete.

Flexural strength test The flexural strength test was con-
ducted as per ASTM C293/C293M-16 [32]and results have 
been provided in Fig. 7 for CDA, RHA and mixture blended 
concrete after 7 and 28 days of curing period. 54 numbers of 
beams were casted corresponding to 3 beams per tests (for 
both 7 days and 28 days).

In order to find whether there is a significant difference in 
flexural strength of concrete with addition of different SCMs 
namely, CDA, RHA and CDA–RHA blend at different pro-
portions, three one-way ANOVA tests were performed. The 
hypothesis and results of the tests are detailed in Table 6.

It may be observed from Table 6 that null hypothesis 
was rejected in all cases confirming that flexural strength of 
concrete varied with proportion of replacement of cement 
with SCMs except for CDA–RHA mix blends when checked 
after 28 day curing. Pairwise t-test with normal concrete 
and blended concrete at different percentage of blending of 
CDA, RHA and CDA–RHA mix were performed to check 
whether the strength is same as of normal concrete or is 
significantly higher or lower for 28 day curing. It could be 
observed that for RHA blending of 10 and 15% the flexural 
strength increased significantly (p ≤ 0.01) , whereas for RHA 
replacement of 20% the flexural strength is significantly 
lower than that of normal concrete. Moreover, for RHA 
blending of 15% the flexural strength was observed to be 
significantly more than for RHA blending of 10%. It could 
be observed for 8% CDA blended concrete that the flexural 
strength was significantly lower than that of normal concrete 
(p ≤ 0.01) , but for 10% CDA blended concrete it could be 
observed that flexural strength was not significantly differ-
ent from normal concrete (p = 0.02) . For 10% CDA–RHA 
mix blended concrete flexural strength was observed not to 
be significantly different that of normal concrete (p = 0.86) . 
For 15% CDA–RHA mix blended concrete flexural strength 
was observed to be significantly lower than that of normal 
concrete (p = 0.02).

Thus from the perspective of compressive and flexural 
strengths 15% RHA blending, 10% CDA blending and 10% 
CDA–RHA mix blending may be taken to be optimum levels 
of replacements.
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Fig. 7  Flexural Strength of blended concrete at various replacement 
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Table 6  Comparing flexural strengths with ANOVA

MS Mean Square = (Sum of Square/Degree of Freedom); BG Between Groups; WG Within Groups; F F value; P Prob Value; Hypothesis H0 is 
Rejected when P < 0.01 (99% Confidence)

Material Hypothesis 7 Day 28 Day

NC & CDA Blend H0 There is no significant difference between the mean flexural strength 
for normal concrete and different levels of CDA blending concrete

MS 0.69/3 (BG)
MS 0.26/8 (WG)
F 7.05
P 0.01
Reject H0

MS 1.05/3 (BG)
MS 0.13/8 (WG)
F 22.41
P 0.00
Reject H0

H1 At least one mean value of flexural strength is significantly different

NC & RHA Blend H0 There is no significant difference between the mean flexural strength 
for normal concrete and different levels of RHA blending concrete

MS 0.70/3 (BG)
MS 0.19/8 (WG)
F 9.69
P 0.005
Reject H0

MS 1.47/3 (BG)
MS 0.36/8 (WG)
F 10.84
P 0.003
Reject H0

H1 At least one mean value of flexural strength is significantly different

NC & CDA–RHA mix Blend H0 There is no significant difference between the mean flexural strength 
for normal concrete and different levels of CDA–RHA mix blending 
concrete

MS 0.69/2 (BG)
MS 0.21/6 (WG)
F 9.77
P 0.01
Reject H0

MS 1.11/2 (BG)
MS 1.06/6 (WG)
F 3.11
P 0.1
Accept H0

H1 At least one mean value of flexural strength is significantly different
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Strength activity index (SAI) Strength Activity Index (SAI) is 
the ratio of strength achieved by blended mix to the strength 
achieved by control mix  (normal concrete) expressed as a 
percentage. The Strength Activity Index (SAI) test was con-
ducted in accordance with ASTM C311/C311M-18 [33]. 
The test for strength activity index was used to find whether 
the pozzolana will result in an acceptable level of strength 
development when used with hydraulic cement in concrete.

The strength activity index of 10% CDA, 15% RHA,10% 
mix (7% RHA + 3% CDA) and 15% mix (10% RHA + 5% 
CDA) are determined to be 91.39%, 105.03%,101.38% 
and 89.15% respectively at 7 days of curing period while 
93.03%,107.97%,102.40% and 89.90% respectively at 
28 days of curing period as shown in Fig. 8. This value is 
greater than the 75% minimum specified by ASTM Code 
C618-05 [25]which indicates that the CDA and RHA may 
react well with ordinary Portland cement to produce concrete 
of acceptable strength levels. The strength activity index 
values for CDA is lower comparable to RHA which is due 
to the pozzolanic reaction of RHA with Ca(OH)2 producing 
C–S–H and increasing the compressive strength. At longer 
curing period of 28 days, it is observed that strength activity 
index is more than at 7 days of curing period, because at the 
later age, the amorphous aluminous and siliceous minerals 
could have still actively reacted with Ca(OH)2,thus improv-
ing C–S–H and hydrated calcium aluminates and hence 
improving interfacial bonding between sand and pastes. 
Thus, compressive strength is increased at later age for both 
replacements.

Durability

Ultrasonic Pulse Velocity (UPV), Rapid Chloride Penetra-
tion Test (RCPT) and density values were determined to 
estimate the durability of designed concrete. The details of 
the durability tests are provided in this sub section.

Ultrasonic pulse velocity (UPV) test The UPV test values 
were determined as per ASTM C597-16 [34] for 28  days 
aged concrete as depicted in Fig. 9. It is observed that after 

28  days the value of Ultrasonic Pulse Velocity for 10% 
RHA, 15% RHA and 10% mix increases as compared to 
normal concrete and for 20% RHA and 15% mix, its value 
decreases. The UPV value decreased for all CDA blended 
concrete. If more cement is used its UPV value decreases. 
At the end of 28 days, UPV of all specimens are more than 
3660 m/sec, therefore the specimens are durable concrete.

Rapid chloride permeability test (RCPT) Figure  10 shows 
the rapid chloride permeability test results of CDA, RHA 
and mix blended concrete after 28  days curing. The test 
was conducted as per ASTM C1202-19 [35]. It is found 
that as the replacement level of cement by CDA and 
RHA increases, the charge passed through the specimens 
decreases. Replacement by CDA drastically reduces the 
Coulomb values as compared to RHA.

Density From the Fig. 11, it can be found that the lowest 
density values are for CDA, RHA and mix blended con-
crete specimens as compared to conventional concrete. This 
is due to the low specific gravity of CDA and RHA which 
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leads to the reduction in the mass per unit volume. At 10% 
replacement, RHA blended concrete has lower density than 
CDA blended concrete, because of lower specific gravity of 
RHA as compared to CDA.

Pavement thickness for low volume roads

Thickness of pavement slab for low volume roads was 
designed for the optimum replacement levels of CDA and 
RHA obtained and for mix as per guidelines of IRC SP 
62–2014 [36]. Thickness was designed based on three types 
of traffic conditions i.e. for traffic less than 50 CVPD, traffic 
higher than 50 and less than 150 CVPD and traffic exceeding 
150 CVPD. For traffic less than 50 CVPD, only wheel load 
stresses for a load of 50 KN on dual wheel is considered 
for thickness estimation since there is a low probability of 
maximum wheel load and highest temperature differential 
between the top and the bottom of the rigid pavement, both 
occurring at the same time. For traffic higher than 50 and 
less than 150 CVPD, thickness estimation is done on the 
basis of total stresses resulting from wheel load of 50 KN 
and temperature differential both. For traffic exceeding 150 
CVPD, due to fatigue problem and thickness estimation is 
done on the basis of fatigue fracture. Based on that, thick-
ness of pavement slab (in mm) for different specimens are 
presented in Fig. 12 as given below.

Cost estimation

The estimation of cost is done for 1 km of road based on 
thickness of pavement slab as obtained in previous section. 
The rate of material is taken from Schedule of Rates pub-
lished by Road Construction Department, Govt. of Bihar. 
Table 5 provides detailed cost estimation for the optimized 
combination of CDA, RHA and tertiary blend of RHA-CDA 
as SCM. The quantity (in kg) was estimated by determining 
the total volume of concrete component materials required 

for 1 km of road as per designed thickness calculated accord-
ing to IRC SP 62–2014. The road was considered to be sin-
gle lane with a width of 3.75 m.

Discussions

In this study, the potential application of locally available 
SCMs namely CDA, RHA and CDA–RHA blended concrete 
was explored for construction of low volume rural roads. 
Initially chemical properties of CDA and RHA were tested 
to assess their suitability as binding material. CDA and RHA 
could be classified as a class F pozzolanic material from 
the chemical composition tests. To assess the suitability of 
blended concrete for pavement construction, workability, 
strength and durability parameters were tested for normal 
concrete and blended concrete at various percentage replace-
ment of cement with the SCMs. The optimum quantities 
of RHA, CDA and CDA–RHA mix for blended concrete 
were determined. The optimum quantities of RHA, CDA and 
CDA–RHA mix corresponds to proportion of replacement 
where the strength reaches its maximum and the concrete 
has acceptable durability and workability.

Consistency, setting time and slump values were used 
to measure workability. Consistency was found to increase 
with increased percentage replacement of cement by CDA, 
RHA and CDA–RHA mix. This may be attributed to the fine 
particles of RHA and CDA getting absorbed on the oppo-
sitely charged particles of cement preventing flocculation. 
The cement particles are thus effectively dispersed and trap 
large amounts of water to achieve a given consistency. Simi-
lar results were also observed for setting time. This may be 
attributed to the fact that SCMs such as CDA and RHA have 
slower pace of hydration as compared to cement thereby 
increasing the setting time. Specific surface area and parti-
cle sizes also contribute to setting time. The experimental 
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result tally with the result obtained from other studies for 
CDA blended concrete [19, 20]. The slump was observed 
to decrease with increase in the amount of CDA and RHA 
because of more absorption of water by these SCMs as com-
pared to OPC. The experimental result tally with the results 
obtained from other studies for CDA blended concrete [19]. 
However, literature could not provide evidence of such 
results for RHA blended concrete.

Compressive strength, flexural strength and Strength 
Activity Index (SAI) were used to measure strength of con-
crete. Compressive strength test results revealed that the 
optimum value of CDA, RHA and RHA–CDA mix replace-
ments were 10%, 15% and 10% (3% CDA & 7% RHA) 
respectively. Previous studies showed that the optimum com-
pressive strength of RHA blended concrete was achieved for 
RHA replacement in the range of 10% to 20% [5–7, 13, 37]. 
On the other hand, previous studies showed that optimum 
value of compressive strength of CDA blended concrete was 
achieved at 5% to 15% replacement of cement with CDA 
[17–21, 23]. Flexural strength test results reveal that the 
optimum value of CDA, RHA and RHA–CDA mix blended 
concrete were 10%, 15% and 10% respectively. Literature on 
flexural strength reported optimum value of flexural strength 
at15% to 20% cement replacement with RHA [8, 38].On the 
other hand past studies reported optimum cement replace-
ment with CDA to be 10% [20]. The SAI test showed 28 day 
SAI to be higher than 7 day SAI. This may be attributed to 
late reaction of amorphous aluminous and silicious miner-
als with Ca(OH)2 thereby forming C-S–H gel and hydrated 
calcium aluminates imparting greater strength with longer 
curing period.

UPV, RCPT and density were measured to give an esti-
mate of durability of concrete. UPV measured at 28 day 
for 10% RHA, 15% RHA and 10% mix as was observed 
to be greater compared to normal concrete. For all CDA 
blended concrete, UPV values were observed to decrease. 
This occurrence may be attributed to the fact that control 
mix concrete contains more amount of cement than the 
blended concrete specimens and has more hydrate content 
at the same age. Moreover, CDA and RHA have lower spe-
cific gravity and have porous structure and their grains are 
not as dense as cement. As seen in Fig. 9, the experimen-
tal result for RHA blended concrete tally with the result 
obtained from previous studies [6, 7]. However, literature 
could not provide evidence for CDA blended concrete. 
RCPT results showed decreased chloride penetration for 
CDA, RHA and CDA–RHA mix concrete which indicates 
that addition of CDA and RHA in concrete increases its 
durability. Previous studies showed increased durability 
for RHA blended concrete [12, 15]. However, literature 
could not provide evidence of such experiments for CDA 
blended concrete. RHA blended concrete were seen to 
have lower density than CDA blended concrete for 10% 

replacement, because of lower specific gravity of RHA as 
compared to CDA as can be observed from Fig. 11. The 
experimental results tally with the result obtained from 
other studies for RHA blended concrete [12]. However, 
literature could not provide evidence of such experiments 
for CDA blended concrete Table 7.

Thus, the optimum values of RHA and CDA application 
was observed to be at 15% and 10%. Detailed cost analysis 
was further done to assess the cost of normal and blended 
concrete pavements for different traffic conditions for opti-
mum quantities of RHA, CDA and RHA–CDA mix con-
cretes. Table 8 provided details of the cost savings in per-
centage per km of road construction by using 10% CDA, 
15% RHA and both 10% and 15% mix blended concrete over 
conventional concrete pavement. This analysis is derived 
from the cost calculation provided in Table 7.

It could be observed from the cost analysis that 8–9% of 
cost may be saved when cement was replaced by 15% RHA. 
Also, around 4% cost may be saved when 10% of cement was 
replaced with blend of CDA and RHA in 3:7 ratio. However, 
significant cost saving was not observed when cement was 
replaced by 10% CDA. Moreover, when 15% of cement was 
replaced with blend of CDA and RHA in 1:2 ratio the cost 
of construction was observed to increase marginally.

This research provides a detailed analysis of possible use 
of locally available SCMs such as RHA, CDA and RHA-
CDA mix as partial replacement of cement concrete for 
construction of low volume roads. Though possible use of 
RHA in concrete pavement is explored, detailed analysis of 
CDA blended concrete and RHA–CDA mix blended is rare. 
As these SCMs can be made with locally available materi-
als, the cost associated with transportation could drastically 
be reduced. Detailed cost analysis to analyse the economic 
benefits associated with usage of such SCMs is also not 
available in literature. Thus, this work is unique and useful. 
However further exploration is required with more combina-
tions of CDA–RHA mix blended concrete to explore more 
economical mix blends.

Conclusions

In this work strength, durability and workability tests for 
normal concrete and blended concrete were performed to 
obtain optimum replacement of cement with RHA, CDA 
and mix of RHA and CDA. The optimum replacement levels 
for RHA and CDA blended concrete was found at 15% and 
10% respectively. The optimum replacement of cement by 
CDA–RHA mix was found to be 10% where CDA and RHA 
is mixed in 3:7 ratio. The major conclusions from experi-
mental observations are highlighted below:
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• RHA blended concrete results in increase in strength as 
compared to normal concrete. CDA blended concrete 
always results in decrease in strength as compared to 
normal concrete. The strength of 10% CDA–RHA mix 
blended concrete is not observed to be significantly dif-
ferent from normal concrete. However, all blended con-
crete (at optimum levels of blending) was found to be 
suitable for construction of low volume concrete pave-
ments typically for rural roads.

• Strength Activity Index of CDA and RHA blended con-
crete were obtained as 93.03% and 107.97% respectively 
which exceed the 75% minimum criteria thus concre-
tizing the fact that both RHA and CDA can be used as 
SCMs. It could be observed that pozzolanic reactions of 
CDA and RHA in the concrete was low in early ages, but 
by aging the specimens to 28 days, considerable improve-
ment in strength occurs.

• Durability of blended concrete at optimum level of blend-
ing was observed to be more than normal concrete even 
though their bulk densities were observed to be lower 
than normal concrete.

• Partial replacement of CDA and RHA was observed to 
decrease the workability of fresh concrete. Thus, the 
usage of super-plasticizers may be advocated along with 
RHA to maintain the desired workability. Moreover, the 
use of CDA and RHA was observed to increase the initial 
and final setting time of cement concrete.

• Comparative cost analysis for assessing economic benefit 
of using SCMs for low volume roads (traffic upto 450 
CVPD) showed that partial replacement of cement by 
CDA, RHA and CDA–RHA mix may result in substantial 
cost savings. This is over the added benefits of reducing 
environmental problems related to cement production 
and CDA and RHA disposal.

Though some interesting observations could be made 
from the experiments conducted, further exploration with 
different proportions of CDA–RHA mix blends needs to be 
done to obtain more economical ternary blending mixes. 
Also, future studies may be conducted using other conven-
tionally used SCMs such as fly ash to draw comparison with 
the findings of this study.
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