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ABSTRACT

In construction industry, demolished construction waste is recently used as reprocessed aggregate to produce
environmentally friendly concrete which is a good substitute to normal crush due to increased demand of ecological growth
and conservation benefits. Though, the properties of recycled aggregate concrete are smallest as compared to concrete
produced from natural aggregate and these properties can be enhanced by adding some materials having cementitious
properties. Rice husk ash (RHA) is used as partial replacement of cement in recycled aggregate concrete to improve
the properties as well as to conserve the natural resources. The elementary purpose of this investigation is to
determine the compressive strength of concrete by the replacement of cement with different percentages of rice husk
ash such as 0%, 7.5%, 10%, 12.5%, 15%, and 17.5% respectively with different curing conditions. For the experimental
program approximate 198 cylinders (18 for rapid curing, 90 for normal water curing and 90 for acid curing) are casted with
the mix proportion of 1:2:4 and water to cement ratio of 0.50 whereas curing is done at the ages of 3,7,14,21 and 28 days.
Various experiments are performed on fresh and hardened concrete to determine the effects of rice husk ash on recycled
aggregate concrete with different curing conditions. Linear regression analysis is carried out to determine the compressive
strength of concrete. It is pragmatic from the slump test results that the workability of recycled aggregate concrete is
decreased by increasing the quantity of rice husk ash. This reduction in slump is due to high water absorption of recycled
aggregates and rice husk ash. Further, the compressive strength of recycled aggregate concrete with normal and acid curing
is decreased by increasing the percentages of rice husk ash. It is also observed that at 28- days of normal water curing for
mix M1,M2,M3,M4,M5 and M6 the compressive strength is increased by 0.96% ,2.74% 1.45%,4.50%,4.23% and 4.22%
respectively as compared to the compressive strength values at 28 days of acid water curing. Therefore, it is concluded that
recycled aggregate concrete with 10 to 12% of rice husk ash is suitable for properties of concrete. The acid water curing has
negative impacts on hardened properties of concrete as it reduced the compressive strength of concrete as compared to
normal water curing.

1. INTRODUCTION It is a great responsibility of Building trade and other
communities to maintain the environmental
sustainability for the human health and safety
(Terela, E, et al 2020) Construction and demolition
waste is easily available waste throughout the world.

At present, it is very important to provide global
awareness about the building materials that consume
more energy and has a damaging effect on
environmental sustainability. There is a lot of detailed

information available in published form which is
helpful to observe climatic condition variation, rise in
CO2 production and damaging impact on ecosystem.
To maintain the environmental sustainability, it is
very important to utilize the waste materials including
agricultural, construction and industrial waste which
possess less damaging effects on environment.
(Akinyvemi, B. 2020)

The disposal of such waste not only affects the
environment as well as its disposal increases the use
of natural resources. The easiest method which is
adopted throughout the world for its disposal is the
landfilling, nevertheless it raises the load on heaping
and landfilling progression because of its massive
volume.
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As the time passes, the hazardous material present in
construction and demolition waste is caused severe
ecological issues. As an alternative, recycling or reusing
is the best solution to reuse such waste and reduces the
burden on land as well as secure our environmental
sustainability (Garcia-Gonzalez, J, et al.2014, Ben N,et
al.2019 , Jayakody, S , et al.2018 , Hadavand, B et
al.2019)

Using aggregates repossessed from structure and
destruction surplus in construction may solve numerous
issues linked to the construction manufacturing, for
example lack of normal aggregates and shortage of land
for dumping of construction waste (Abdel-Hay et al
2017, Padhi, R et al.2017).

Recycled aggregate concrete is made by crushing
concrete from demolition waste to obtain recycled
aggregates; however, due to the presence of plaster, its
properties are inferior to the natural aggregate concrete.
In recycled aggregate concrete, recycled aggregates are
used to partially or fully replace coarse and fine
aggregates. Though it is mainly used in low-rise
construction, nevertheless it is cost effective,
ecologically responsive, and drops landfill managing
difficulties. (Khaoula, N.et al 2018, Ramadan Saleh
Lamein, F. et al 2015. Adnan, Suraya .H et al.2007,
Padhi, R et al.2018)

The effects of workability and strength of recycled
aggregate concrete were studied by a number of
researchers. Due to the high water absorbing potential of
recycled aggregates, the workability of concrete
containing recycled coarse aggregate was lower than that
of natural aggregate concrete. This problem can be
solved by adding admixtures or increasing the water
cement ratio, which is related to aggregate absorption
and presoaking. The slump loss should be controlled by
presoaking the recycled coarse aggregates for
approximate 20 minutes in some quantity of water which
is estimated before for mixing of concrete. It helps to
reduce the water absorption requirement of recycled
coarse aggregates. (Padhi, R et al.2017, Padhi, R et
al.2018, Fawzy, Yasser .A 2018)

In the past, the ordinary Portland cement was considered
as an essential and distinctive ingredient of concrete and
still it is an important part of concrete and mortar. It has
been discovered that the processing of Portland cement
releases carbon dioxide into the atmosphere, accounting
for around 7 to 8% of all carbon dioxide emitted
globally. The binding material that is commonly used in
construction is the cinder cement, and its continuous
demand increases the production and consumption rate
and its annual output is estimated as above 4.1 billion
tons in 2018. Because of the calcination and burring
process of the raw materials, it is generally assumed that
each tons of clinker cement manufactured has a carbon
footprint of nearly 950 kg to 1.02 tonnes of CO2.The
cement manufacturing industry produces approximately
4 billion tons of CO2 annually in the atmosphere.
Currently, a variety of additional cementing and mineral
admixtures such as bagasse ash (BA), fly ash (FA), rice
husk ash (RHA), volcanic ash (VA), ground granulated
blast slag (GGBS), glass powder (GP), natural pozzolana
(NP), silica fume (SF), and Metakaolin (MK) are
routinely integrated in mortar as a partial replacement for

PC to improve mechanical and durability performances,
and minimize the cost of manufacturing industry in terms
of environmental charges. Because of the various
durability benefits and environmental legislation
provided by mixed types of cement, they have become a
popular alternative to plain cement. This reduces the loss
of Dbiodiversity. (Meddah, M. S., et al.2020,
Koushkbaghi, Mahdi, et al 2019, Praveenkumar, T. R et
al, 2019)

Rice husk is a cultivated waste product which is about 20
percent of the total production of rice annually
throughout the world. Rice husk may be burned to create
ash which meets the physical and chemical properties of
inorganic admixtures. (Kulkarni, Makarand S, et al 2014
Habeeb, G. A. 2010). Due to the availability of different
categories of paddy, harvest season, climatic and
topographical condition, its chemical composition
fluctuates from sample to sample (Praveenkumar, T. R et
al, 2019, Habeeb, G. A. 2010). The discharge of CO2 is
reduced by decreasing the production rate of cement and
maintains the environmental sustainability by using the
rice husk ash as partial replacement of cement. It has
been discovered by various investigators that the slump
value is maintained by increasing the water quantity and
the addition of plasticizers by increasing the rice husk
ash percentages. Concrete containing 10% RHA had a
lower compressive strength for up to 28 days, during
which it had the same or higher strength than the control
mix. At the early ages of curing, the compressive
strength of concrete is reduced as the percentage of rice
hush ash is increased such as related to ordinary
concrete. It is observed that the strength of concrete is
increased by the use of rice husk ash after the curing
days increased owing to the incidence of great silica
material. The silica in RHA reacted with Ca ions and OH
ions to create C- S- H gel, which resulted in the creation
of more C- S — H gel, less portlandite, smaller pore size,
and higher strength than regular concrete. In this
scenario, 30% substitution of RHA value is the best
choice (Padhi, R et al.2017). The addition of recycled
concrete aggregates and rice husk ash in concrete,
according to numerous researchers, has a major effect on
the actions of concrete. Concrete mixes containing 100%
coarse recycled concrete aggregates and 10%-15% rice
husk ash, on the other hand, meet the design criteria for
use in the construction industry. (Padhi, R et al.2017,
Padhi, R et al.2018). For the M30 grade of concrete,
Kulkarni, Makarand S, et al (2014) show that replacing
cement with Rice Husk Ash increases compressive
strength enhances workability, and achieves the target
strength at a 20% replacement rate. (Kulkarni, Makarand
S, et al 2014). As a result, it is vital to propose effective
construction methods for the reuse of waste building
materials in the concrete manufacturing industry
(Akiyoshi, Y et al.2011, Taku, K. J et al.2015)

2. OBJECTIVES

The general objectives of this study will investigate the
following objectives.
e To check the workability of recycled aggregate
concrete with replacement of cement by
different proportions (0%, 7.5%, 10%, 12.5%,
15%, and 17.5%) of Rice Husk Ash.
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e To check the Compressive strength
(compression test, Rebound hammer test) of
recycled aggregate concrete with replacement
of cement by different proportions (0%, 7.5%,
10%, 12.5%, 15%, and 17.5%) of Rice Husk
Ash.

3. EXPERIMENTAL PROGRAM

3.1 Materials and Methodology

Ordinary Portland cement of Maple leaf brand is used for
concrete making and detailed properties of cement are
given in Table 1. In the production of concrete, the
binder has prime importance and it is very important to
complete the experimental program within designed
period from the purchasing date of cement to maintain
the quality as well as to decrease the contrary result on
the properties of concrete through the storage.

Sr.no. Property Result
1 Consistency 39
2 Initial setting time (min) 115
3 Final setting time (min) 390
4 Fineness (%) 95.3
5 Specific gravity (gm/cm3) 3.12

Table 1. Physical properties of cement

The recycled coarse aggregate is used for the
experimental program collected from the destroyed
building material which contains R.C.C structure residue
and size obtained for both type of aggregates (normal
and recycled) from sieve analysis (ASTM C 116-04, C
117-05) is 20 mm down. Locally available sand such as
Chenab sand is used as filler material or fine aggregate
and other properties of aggregates are shown in Table 2.
In this research rice husk ash is used as partial
replacement of binder so it is obtained by burning the
rice husk and grinded it well to obtain a fine powder. The
normal tap water that is suitable for drinking having Py
ranges 6-8 is used.

Aggregate | Aggregate

1 Specific gravity 2.74 255 243
(SSD)(gm/cm3)

2 Water 121 1.13 3.20
absorption (%)

3 Fineness 2.55 6.89 6.57

modulus(mm)

Table 2. Aggregate properties

After performing material testing mix-design is
performed and concrete is produced for target design
strength of 21MPa or 3000 psi with approximate mixing
ratio of 1:2:4 and W/C of 0.50. A control mix M1 in
which 0% rice husk ash is used is prepared to compare
the results which are obtained with different percentage
replacements of rice husk ash. In this research, cement is
replaced with different proportions of rice husk ash
including 7.5, 10, 125,15 and 17.5% respectively.
Around six concrete mixes are prepared. Normal and
acid curing is carried out at the ages of 3, 7, 14,21and 28
days. The py of acidic water is set at a value of 5 which
is shown in figure. 1 .The concrete mixes are also cured
in rapid curing tank for 28.5 hours. In the whole
experimental program, approximately 90 cylinders are
casted and tested. The compressive strength of concrete
mixes is determined by compression test. Linear
regression is carried out to compare the compressive
strength result obtained both from experimental and
mathematical analysis. The mixing detail and cylinder
casting schedule is shown in Table 3 and Table 4

Figure. 1. PH value of water

Sr. Fine Natural Recycled
no. Property aggregates| Coarse co;/rse
Sr.No. Type of Mixes Replacement

1 M1 C (100%) + S + RCA + 0% RHA
2 M2 C (92.5%) + S + RCA + 7.5% RHA
3 M3 C (90%) + S + RCA + 10% RHA
4 M4 C (87.5%) + S + RCA + 12.5% RHA
5 M5 C (85%) + S + RCA + 15% RHA
6 M6 C (82.5%) + S + RCA + 17.5% RHA

Table 3. Replacement detail of materials
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Type 85 Normal water Curing Acidic water curing
Sr.No. c_)f H.r. 3 7 days 14 21 28 3 7ays 14 21 28
Mixes days days | days | days | days days days days
1 M1 3 3 3 3 3 3 3 3 3 3 3
2 M2 3 3 3 3 3 3 3 3 3 3 3
3 M3 3 3 3 3 3 3 3 3 3 3 3
4 M4 3 3 3 3 3 3 3 3 3 3 3
5 M5 3 3 3 3 3 3 3 3 3 3 3
6 M6 3 3 3 3 3 3 3 3 3 3 3

Table 4. Casting and curing detail

4. RESULTS AND DISCUSSIONS

The experimental consequences are analyzed so as to
assess the impact of rice husk ash by the replacement of
cement in recycled coarse aggregate concrete production
at different curing conditions.

The slump test is performed to measure the workability
of recycled aggregate concrete by the replacement of
cement with different percentages of rice husk ash and
the measuring method and consequences are shown in
figure.2.

60
50

55 <0
48
45 43 0
40
3
2
1
0
M1 M2 M3 M4 M5 M6

Type of mixes

o O

Slump Values (mm)
o

Figure. 2. Slump values

Slump test results indicate the reduction in workability of
test sample as the percentage of rice husk ash is
increased in recycled coarse aggregate concrete. The
value of slump for mix M1 is 55 mm which is compared
to mix M6 having slump value of 40 mm. This reduction
in slump values is approximately 27.27% as compared to
mix M1(0% RHA). The reason of reduction in
workability is due to the more water absorbing capacity
of recycled aggregates as well as rice husk ash. To
overcome this problem, the re-cycled coarse aggregates
are soaked in water approximately for twenty to thirty
minutes before mixing of concrete.

The recycled aggregate concrete mixture is prepared by
the replacement of cement with different proportions of
rice husk ash including 0, 7.5, 10, 12.5, 15 and 17.5%
respectively. The compressive strength of cylinders is
determined by using compressive strength machine at the
ages of 3,7,14,21 and 28 days for both normal and acid
water curing, as well as at 28.5 hour curing in rapid
curing tank and the determined values are presented in
Table 5.

. Average Compressive Strength (MPa)
Rice Husk . T :
Sr.| Type i Normal Water Curing Acidic Water Curing
q Ash
N0 |OTMIX percentage | 285 13 Days 7 Days 14 Days 21 Days 28 Days|, 2> '3 Days 7 Days|14 Days 21 Days|28 Days
g Hours|> DY 7 Days ays ays aYS| ours S DAYs|7 Days ays ays ays
1 M1 0% 1491| 923 | 1648 | 20.65 | 21.53 | 22.89 |12.51| 9.17 | 15.72 | 20.41 | 21.01 | 22.67
2 M2 7.5% 13.03| 833 | 13.66 1872 | 1948 | 20.76 |11.09| 8.03 13.55| 17.99 | 19.01 | 20.19
3 M3 10% 1437 | 8.76 | 1436 | 1928 [ 20,09 | 21.34 11.92‘ 849 | 1411 | 18,15 | 1876 | 21.03
4 M4 12.5% 12.09] 8.01 | 1297 | 18.05 | 1867 | 1998 |11.13| 7.53 1229 | 1691 | 16.91 | 19.08
5 M5 15% 11,58 | 7.52 | 12.79 | 16.76 | 17.35 | 18.67 | 9.63 | 6.99 | 11.82 | 1529 | 1582 | 17.88
6 | M6 17.5% | 1037 7.11 | 11.38 | 15.83 | 16.09 | 17.55 | 8.82 | 6.18 | 10.77 | 14.28 | 14.73 | 16.81
Table 5. Compression test results
It is clearly evident from the above results that the mix mathematical equation (model) is a connection

M3 with 10% Rice Husk Ash shows the maximum
compressive strength in all curing environments.
5. LINEAR REGRESSION ANALYSIS

To develop a mathematical model in the form of an
equation, we used linear regression analysis. This

(association) between two variables. Linear regression
analysis is a method to represent the given data through a
mathematical model (equation). This model is achieved
by representing the obtained data in the form of a graph
and then inducing a linear trend line in the data. The
linear trend line is then represented by a mathematical
linear equation whose authenticity is determined by R?
factor.
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In this research, two different approaches have been used
while carrying out linear regression. In first approach, the
explanatory variable “X” denoted the number of day for
which compressive strength (dependent variable “Y”) is
to be determined. In the second approach, the content of
RHA is explanatory variable “X” and compressive
strength is dependent variables “Y”. A straight line is
represented by a linear equation mathematically, it is
stated in general as Y = mX + ¢, where, Y (which in our
case is the compressive strength of RHA based recycled
aggregate concrete) is the dependent variable and X
(which in 1% case is the number of days, and 2™ case is
the content of RHA) is the explanatory variable, “m” this
linear equation shows the slope of the line and “c” in this
general linear equation shows y-intercept when the value
of “x” is null.

5.1 R-Squared

Normal Cured Compressive Strength

Compressive Strength (MPa)
(TR
8 uh fd

0 5 10 15
Days

R? is a type of measure for validating the regression
equation obtained after carrying out regression analysis
for a given data. The value of R? ranged between 0% to
100%. If the value of R? is near 0%, it means that the
equation is not reliable to calculate the data with
precision. Higher value (near to 100%) of R? shows that
the equation is more authentic and the value calculated
through this equation will be more near to the original
value. Conservatively, the value of R? greater than 80%
is considered to be acceptable.

Table 5 shows the results of compressive testing. These
compressive strengths have been shown graphically
through scatter plots (xy-graph). The mathematical
model is obtained by inducing a trend line in the graph.
All the variations of RHA have been plotted in Figure 3-
4. For each variation of RHA the mathematical equation
has been shown on the graph.

Normal Cured 0% RHA
v 0.3262x + 13.406
R*> = 0.9272

Normal Cured 7.5% RHA

* y = 0.3409x + 10.804
. 3 R* 0.891
... Normal Cured 10% RHA
L v—=0.3221x + 11.8
R* 0.8494

Normal Cured 12.5% RHA
¥y = 0.3434x + 10.02
R> 0.9026

v = 0.3039x + 9.9242
Rr> 0.9048

Normal Cured 15% RHA ‘

20 25 30

Normal Cured 17.5% RHA
b4 0.3143x + 8.5225

| ®0% @®7.50% 10%

12.50% @®15% ®17.50% |

R* — 0.8981

Figure. 3. Linear regression of normal cured RHA based recycled aggregate concrete.

Figure 3. Shows linear regression analysis for RHA
based recycled aggregate concrete, cured in normal
water. It is clearly pragmatic that all linear equations has

Acid Cured Compressive Strength

26.00
24.00
22.00
20.00
18.00
16.00
14.00
12.00
10.00

8.00

Compressive Strength (MPa)

6.00
o 5 10 15
Days

accuracy of more than 80%. The minimum R? value is
almost 85%, obtained for M3 concrete. While, maximum
R? value is almost 93%, obtained for M1 concrete.

Acid Cured 0% RHA
y =0.4604x + 11.223
R? =0.835

Acid Cured 7.5% RHA
y =0.4178x +9.8773
R2? = 0.8408

Acid Cured 10% RHA
y = 0.4047x + 10.536
R> =0.8342

Acid Cured 12.5% RHA
y=0.375x +9.3385
R?>=0.8268

Acid Cured 15% RHA
y =0.3635x + 8.4108

20 25 30 R® — 0.8668

Acid Cured 17.5% RHA

| 0% ©7.50% ©10%

12.50% ®@15% '17.50%|

y=0.3537x + 7.5587
R> = 0.8668

Figure. 4. Linear regression of acid cured RHA based recycled aggregate concrete.

Figure 4. Shows linear regression analysis for RHA
based recycled aggregate concrete, cured in acidic water.
It is clearly perceived that all linear equations have

accuracy of more than 80%. The minimum R? value is
almost 83%, obtained for M4 concrete. While, maximum
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R? value is almost 86%, obtained for M5 and M6
concrete.

5.2 Difference between Actual and Forecasted Values

The mathematical equations obtained after carrying out
the regression analysis are checked for forecasting the
values of the compressive strength. These values with the
percentage variation from original results are listed in
Tables 6-7.

Nommal ured

Compressive Strength (MPa)
RHA 28.5 Hours T0ays 14 Days 2 Days 8 Days

Experimental Forecasted|Variation 4] Experimental Forecasted|Variation (1)|Experimental Forecasted|Variation () Experimental Forecasted Variation (%) Experimental Forecasted Variation (%)

G | MY | BI9 | 750 | 4B ISE9 | AB0 | W08 Uy | 0% | UB | 00 | SN | 2P | DM 13
TS0 | 130 M3 BY | B BIS | 3| BT 155 ) 1678 | 948 1% | 1M | W% | 0B 19
W | w3 | n | BN | wk o um | 23 | BB 6N | 5O | 00 | 8% | 0 | UM | 0B QM
LS| W05 08 | BR | N N4 A0 B MB | U% | BT | U8 | 1 | 19% | 1 17
B | 0% 0N | W | 0S| ST | W% M8 | Ba | 0B wd ) 60 | 88 | 88 10
US| 03 | 8% | M1 | B o | S | BB L9 | 8y | 600 | 52 ) 60 | 0% | 7R 18

Table. 6. Percentage variation between actual and forecasted compressive strength using linear equations for normal cured
RHA based recycled aggregate concrete

Table 6 shows the validation of linear equations obtained
through linear regression analysis. It can be observed that
all the forecasted values, obtained from linear equation
values, are in range and maximum variation between
actual (experimental) values and predicted (forecasted)
values is less than 20%. For 28.5 hours accelerated cured
compressive strength, the maximum variation between
actual (experimental) values and predicted (forecasted)

values is almost 15%, for M6 concrete. While, minimum
variation is almost 7.5%, for M1 concrete.

Whereas, for 28 Days normal cured compressive
strength, the maximum variation between actual
(experimental) values and predicted (forecasted) values
is almost 2.5%, for M3 concrete. While, minimum
variation is almost 1.2%, for M5 concrete.

Acid Cured
Compressive Strength (MPa)
RHA 28.5 Hours 1Days  14Days ~NDays 28 Days
Experimental|Forecasted Variation (%) Experimental Forecasted Variation (‘%) Experimental Forecasted| Variation (%)| Experimental Forecasted | Variation (%)|Experimental Forecasted| Variation (%)

0% 1251 1nn 592 157 1445 811 041 1767 1343 101 2089 0.56 061 WA 599
150% | 1109 1037 649 1355 1280 552 179 1573 1258 1901 | 1865 189 019 | 258 642
0% | 19 | 10 | 75 Wi B3I 5% 815 1620 | 1073 | 176 | 1903 | 14 PN 7 A
1250% | 1113 978 1213 1.9 1196 266 1691 1459 131 1091 | 17U 1% 1908 | 1984 18
15% 963 584 820 1182 1096 13 529 B0 | 1N 158 | 1604 140 1788 | 18%9 381
1750% | 882 198 952 0.7 10.03 6.83 14.28 1251 1239 UNE 1499 i 1681 | 175 3N

Table. 7. Percentage variation between actual and forecasted compressive strength using linear equations for acid cured
RHA based recycled aggregate concrete

Table 7 shows the validation of linear equations obtained
through linear regression analysis. It can be observed that
all the forecasted values, obtained from linear equation
values, are in range and maximum variation between
actual (experimental) values and predicted (forecasted)
values is less than 20%. For 28.5 hours accelerated cured
compressive strength, the maximum variation between

5.3 Evaluation of Compressive Strengths from
Various Curing Conditions

A comparison is made between compressive strength
obtained after curing the concrete samples in normal

actual (experimental) values and predicted (forecasted)
values is almost 12%, for M4 concrete. While, minimum
variation is almost 6%, for M1 concrete. Whereas, for 28
Days acid cured compressive strength, the maximum
variation between actual (experimental) values and
predicted (forecasted) values is almost 6.5%, for M2
concrete. While, minimum variation is almost 3.7%, for
M6 concrete.

water with the compressive strength obtained after curing
concrete in acidic water for 28.5 Hours, 7, 14, 21 and 28
Days compressive strengths for each variation of Rice
Husk Ash. The comparison is listed in Table 8.
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Comparison of Curing Conditions
Compressive Strength (MPa)
RHA 28.5 Hours 7 Days 14 Days 21 Days 28 Days
Normal| Acid |Variation (%)|Normal| Acid |Variation (%)|Normal| Acid Variation (%)|Normal| Acid |Variation (%)|Normal| Acid |Variation (%)

0% 1491 112.51 16.10 16.48 |15.72 461 20.65 |20.41 1.16 2153 |21.01 242 22.89 | 227 0.96
7.50% | 13.03 |11.09 14.89 13.66 |13.55 0.81 18.72 |17.99 3.90 19.48 |19.01 241 20.76 | 20.2 2.75
10% 1437 111.92 17.05 1436 |14.11 1.74 19.28 |18.15 5.86 20.09 |18.76 6.62 2134 | 21 145
12.50% | 12.09 |11.13 794 12.97 12.29 5.24 18.05 |16.91 6.32 18.67 |16.91 9.43 19.98 | 19.1 450
15% 11.58 | 9.63 16.84 12.79 111.82 7.58 16.76 |15.29 877 17.35 |15.82 8.82 18.67 | 179 423
17.50% | 10.37 | 8.82 14.95 11.38 |10.77 5.36 15.83 |14.28 9.79 16.09 |14.73 8.45 1755 | 16.8 422

Table. 8. Percentage variation between normal cured and acid cured compressive strength of RHA based recycled aggregate
concrete

Table 8 shows that the compressive strength of concrete
is reduced due to acid curing. It is clearly observed that
all the values are within range of maximum variation less
than 20%. In case of accelerated curing, this reduction in
compressive strength is increased as compared to in case
of normal curing of 28 days. In case of accelerated
(rapid) curing, the maximum variation between normal
and acidic environment compressive strength is almost
17% for M3 concrete, while the minimum variation
between normal and acidic environment compressive
strength is almost 8%, for M4 concrete.

Whereas, in case of 28-Days compressive strength the
maximum variation between normal and acidic
environment compressive strength is 4.5%, for M4

concrete, while the minimum variation between normal
and acidic environment compressive strength is almost
1%, for M1 concrete.

5.4 Comparison of Compressive Strengths from
Different Curing Methods

A comparison has been made between accelerated (rapid)
curing and normal curing of 28 days for both curing
environments. The percentage gain of 28 days
compressive strength achieved by accelerated (rapid)
curing, for both curing environment is listed in Table 9.

Comparison of Curing Conditions
Compressive Strength (MPa)|Percentage of Strength Achieved By Rapid Curing
RHA 28.5 Hours 28 Days Normal Curing Acid Curing
Normal| Acid [Normal| Acid (%)
0% 14.91 |12.51| 22.89 | 22.67 65.14 55.18
7.50% 13.03 |11.09| 20.76 | 20.19 62.76 54.93
10% 14.37 [11.92] 21.34 |21.03 67.34 56.68
12.50% 12.09 |11.13| 19.98 | 19.08 60.51 58.33
15% 11.58 | 9.63 | 18.67 | 17.88 62.02 53.86
17.50% 10.37 | 8.82 | 17.55 | 16.81 59.09 52.47

Table 9. Percentage gain of 28 days compressive strength by rapid (accelerated) curing for RHA based recycled aggregate
concrete

Table 9 clearly shows that the percentage gain of 28 days
compressive strength for normal water cured concrete is
higher that acidic water cured concrete in all the cases. It
can be observed that, M3 concrete has maximum
achievement of compressive strength through accelerated
(rapid) curing method. In case of normal water cured, the
compressive strength achieved through accelerated
(rapid) curing is almost 67% of 28 -Days compressive
strength, for M3 concrete. Whereas, in case of acidic
water cured, the compressive strength achieved through
accelerated (rapid) curing is almost 57% of 28 -Days
compressive strength, for M3 concrete.

5.5 Linear Regression Analysis w.r.t RHA content

All variation of rice husk ash are plotted in the graph and
shown in Figure. 5 — 6. The mathematical models
obtained after carrying out regression analysis is shown
on the graph.
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Variation of Compressive Strength w.r.t RHA Content

Compressive Strength (MPa)

2% 4% 6% 8% 10%

RHA Content

12% 14% 1

Normal Cured 28.5 Hours
y =-24.694x + 15.297
R?>=0.8022

Normal Cured 3 Days
y=-11.715x + 9.3803
2=0.8619

Normal Cured 7 Days
¥ =-26.59x + 16.376
R>=0.9171

Normal Cured 14 Days
y=-26.562x + 20.982
R2=0.8974

Normal Cured 21 Days
y=-29.615x +21.953
R*=0.8889

Normal Cured 28 Days
y =-29.252x + 23.245

18% 20% *—=0.903

[ ®285Hours ®3Days ®7 Days

14 Days ®21 Days ® 28 Days |

Figure. 5. Linear regression of normal cured RHA based recycled aggregate concrete w.r.t RHA content.

Figure 5. Shows linear regression analysis for RHA
based recycled aggregate concrete, cured in normal
water, w.r.t RHA content. It is clearly observed that all
linear equations have accuracy of more than 80%.

Variation of Compressive Strength w.r.t RHA Content

Minimum R? value is almost 80%, obtained for M1
concrete. While, maximum R? value is almost 92%,
obtained for M3 concrete.
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e @eeeeadeiin L,
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0% 2% 4% 6% 8% 10% 12% 14% 16% 18% 20% y =-32.705x + 23.017
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[ ®285Hours ®3Days ®7Days ®14Days ©21 Days @28 Days |

Figure. 6. Linear regression of acid cured RHA based recycled aggregate concrete w.r.t RHA content.

Figure 6. Shows linear regression analysis for RHA
based recycled aggregate concrete, cured in acidic water,
w.r.t RHA content. It is clearly observed that all linear
equations have accuracy of more than 80%. Minimum R?
value is almost 80%, obtained for M1 concrete. While,
maximum R? value is almost 95%, obtained for M5
concrete.

5.6 Variation between Actual and Forecasted

Compressive Strength

The results obtained from the regression analysis are
verified for predicting the values of the compressive
strength. The comparison between actual and predicted
values is shown in Tables 10-11.
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Table. 10. Percentage variation between actual and forecasted compressive strength using linear equations for normal cured
RHA based recycled aggregate concrete

Table 10 shows the validation of linear equations
obtained through linear regression analysis. It can be
observed that all the forecasted values, obtained from
linear equation values, are in range and maximum
variation between actual (experimental) values and
predicted (forecasted) values is less than 20%. For 28.5
hours accelerated cured compressive strength, the
maximum variation between actual (experimental) values
and predicted (forecasted) values is almost 2.5%, for M1

concrete. While, minimum variation is almost 0.5%, for
M3 concrete.

Whereas, for 28 Days normal cured compressive
strength, the maximum variation between actual
(experimental) values and predicted (forecasted) values
is almost 5.5%, for M1 concrete. While, minimum
variation is almost 2.9%, for M3 concrete.
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Table. 11. Percentage variation between actual and forecasted compressive strength using linear equations for normal cured
RHA based recycled aggregate concrete

Table 11 shows the validation of linear equations
obtained through linear regression analysis. It can be
observed that all the forecasted values, obtained from
linear equation values, are in range and maximum
variation between actual (experimental) values and
predicted (forecasted) values is less than 20%. For 28.5
hours accelerated cured compressive strength, the
maximum variation between actual (experimental) values
and predicted (forecasted) values is almost 3%, for M1
concrete. While, minimum variation is almost 1.2%, for
M3 concrete.

Whereas, for 28 Days acid cured compressive strength,
the maximum variation between actual (experimental)
values and predicted (forecasted) values is almost 7%,
for M1 concrete. While, minimum variation is almost
2.6%, for M5 concrete.

6. CONCLUSIONS

In the present work, the workability and compressive
strength of re-cycled aggregate concrete is determined by
the replacement of cement with numerous percentages of
rice husk ash. It is observed from the experimental

results that the workability of recycled aggregate
concrete is reduced as we increased the quantity of rice
husk ash. The reason of this reduction in workability is
due to high water absorption of recycled aggregates and
rice husk ash. The slump value for recycled aggregate
concrete with 0% rice husk ash is 55mm and still
recycled aggregate concrete remains workable( slump
values ~50mm) by the use of 10 to 15% of rice husk ash
as shown by the experimental results which is also
related to previous research (Padhi, R et al 2018). Linear
regression analysis is carried out to determine the
compressive strength of concrete to compare the
experimental values of strength. The compressive
strength of recycled aggregate concrete with normal and
acid curing is decreased by increasing the percentages of
rice husk ash. It is also observed that at 28- days of
normal water curing for mix M1,M2,M3,M4,M5 and M6
the compressive strength is increased by 0.96% ,2.74%
1.45%,4.50%,4.23% and 4.22% respectively as
compared to the compressive strength values at 28 days
of acid water curing. Therefore, the research findings
show that recycled aggregate concrete with 10 to 12% of
rice husk ash is suitable for properties of concrete. The
acid water curing has damaging impacts on hardened
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properties of concrete as it reduced the compressive
strength of concrete as compared to normal water curing.
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