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Abstract 
 
The utilization of recycled aggregate in structural concrete is a sustainable approach for reducing 
natural resource exploitation and the negative environmental consequences of concrete waste. However, 
its inferior strength and durability performance has limited its application in the construction industry. 
Therefore, this study aimed at assessing the strength and durability performance of recycled aggregate 
concrete (RAC) using rice husk ash (RHA) as a pozzolanic material. In the experimentation, recycled 
coarse aggregate (RCA) was utilized as partial substitute of natural coarse aggregate (NCA) at 50% 
with the control (0%) and cement was partially replaced with rice husk ash (RHA) by 0%, 15, 20, and 
25%. A grade 25 concrete was used and designed based on the IS 10262 methods. The workability of 
the fresh concrete mixes was measured using slump test method and mechanical performance was 
evaluated in terms of compressive strength at 7, 14 and 28 days. Afterwards, durability performance of 
the RAC such as water absorption and chloride penetration tests was investigated at 28 and 56 days 
using the optimum percentage replacement against control. The result reveal that for the 0%, 15%, 
20%, and 25% mixtures, the workability test results were 100 mm, 80 mm, 50 mm, and 10 mm, 
respectively. This suggests that the workability of the mixes is impacted by the RHA's inclusion. 
Additionally, for the 0%, 15%, 20%, and 25% mixtures, the corresponding compressive strengths 
during the 28-day curing period were 34.4 N/mm2, 32.3 N/mm2, 28.4 N/mm2, and 29.3 N/mm2. The 
results from durability assessment reveal that 15% RHA replacement performed better than the control 
concrete. Consequently, the study comes to the conclusion that 15% RHA may be utilised to produce 
sustainable concrete using recycled coarse aggregate. This will lessen the building industry's over-
reliance on natural coarse aggregate. 
 
Keywords: Chloride penetration, compressive strength, recycled coarse aggregate, rice husk 
ash, water absorption,  
 
 
INTRODUCTION 
In the construction industry, concrete is a composite material composed of cement, water, 
admixtures, and coarse and fine particles. Natural coarse and fine aggregates are among the 
many naturally occurring components used to create the enormous volume of concrete. 
Globally, 40 billion tonnes of natural aggregate are utilised annually on average, according to 
research. These resources are exhausted due to the astounding rate at which virgin aggregates 
are used up, and natural aggregates are getting harder to find in many parts of the world. In 
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addition, the extraction of natural aggregates has a major impact on the discharge of 
greenhouse gases, dust, and noise, all of which are harmful to the environment. The need to 
establish alternative sources of aggregates is therefore a significant challenge for modern 
civilisation (Tam et al., 2018; Mukharjee & Barai, 2014a, Mukharjee & Barai, 2014b).  
   
In addition, there has been a significant increase in the use of mineral admixtures in recent 
years. Since the production of Portland cement concrete now accounts for 7% of annual carbon 
dioxide (CO2) emissions worldwide, reducing it is a global concern (Celik et al., 2014).  
 
Ordinary Portland cement (OPC) is being replaced with mineral admixtures in order to solve 
this problem. Because certain mineral admixtures are waste products from industry or 
agriculture, they can lower the amount of cement used to make more ecologically friendly 
concrete. Furthermore, a practical way to address waste management, environmental issues, 
and the scarcity of natural resources is to recycle and reuse building and demolition wastes 
as recycled aggregates to create recycled aggregate concrete (RAC) (Zhou and Chen, 2014).  
 
Nevertheless, a number of studies have discovered that the mechanical and durability 
behaviour of concrete is adversely affected when regular aggregates are replaced by recycled 
aggregates (RAs). Because the excessive porosity of RCA and the inadequate bonding zone 
between the old and new concrete may be the reason of the poor strength and durability 
performance. For example, an experimental study on the durability performance of RAC in 
terms of resistance to acid and sulphate attack was conducted by Muduli and Mukharjee 
(2020). Normal coarse aggregate was substituted with 100% recycled coarse aggregate in the 
experimental investigation. They found that RAC exhibited a notable mass loss of 3.12% and 
a strength loss of 12% after 90 days of exposure to acid solution. 
 
Interestingly, as mentioned by previous researchers, using mineral admixtures as a partial 
substitute for cement in the manufacturing of RAC might enhance its poor strength and 
durability qualities (Limbachiya, 2021). According to Mohseni et al. (2017), mineral 
admixtures improve the quality of recycled aggregates, produce calcium silica hydrate gel, 
and improve the porosity architectures of RCA. According to Khodabakhshian et al. (2011) 
and Chang et al. (2005), the durability performance of RAC may be enhanced by the use of 
mineral admixtures such as fly ash, bagasse ash, rice husk ash, and silica fume. Pedro et al. 
(2018) also investigated recycled aggregate concrete's permeability to chloride, carbonation 
resistance, and water absorption. The authors discovered that using 100% recycled aggregates 
increased water absorption by 16% when compared to regular concrete. However, adding 
silica fume reduced water absorption to 12% and decreased carbonation resistance and 
chloride permeability by 40% and 20%, respectively, when compared to regular control. 
 
Rice husk ash (RHA) is made by burning rice husks, or the hard protective shell of rice grains, 
at temperatures significantly lower than 780 degrees Celsius. RHA exhibits pozzolanic 
properties and a high silica oxide concentration. RHA improved strength at later ages but had 
no effect on mechanical properties at younger ages (Madandoust et al., 2021). However, the 
present literature contains relatively little information on the usage of RHA to improve the 
strength and durability of RAC. Koushkbaghi et al. (2019) studied the mechanical and 
durability properties of RAC with 20% RHA. They discovered that RHA-RAC outperformed 
RAC without RHA in terms of mechanical and durability performance after 28, 90, and 236 
days. Tangchirapat et al. (2021) found that RAC with 20–35% RHA had a higher compressive 
strength than RAC without RHA. Consequently, the primary goal of this research is to 
experimentally examine the compressive strength and durability properties such as water 
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absorption and chloride penetration of recycled aggregate concrete made using rice husk ash 
as a partial cement substitute. RHA replaced a portion of the cement at percentages of 0, 15, 
20, and 25%.  
 
Materials and Method 
Materials 
 
Cement 
The present study utilized 43-grade Ordinary Portland cement. The cement exhibited a 
consistent hue of grey with a subtle greenish undertone and was devoid of any discernible 
clumps. The cement's specific gravity was determined to be 3.12, its fineness was measured at 
4.81%, and its consistency was observed to be 3.33%.  
 
Fine aggregate 
The experimental fine aggregate (FA) was procured from a local source and complied with 
grading zone III. The sand underwent an initial sieving process using a 4.75 mm sieve to 
eliminate particles exceeding the designated size threshold. The FA exhibits a specific gravity 
of 2.583, a bulk density of 1.33, a fineness modulus of 2.628, and a water absorption rate of 
0.89%. 
 
Coarse aggregates 
The NCAs used in the experimental work were trampled rock aggregates (locally available) 
of size 20 mm max. and 10mm min. The dirt and dust were removed by washing the 
aggregates and were desiccated to exterior dry conditions. While, the RCAs used in research 
were obtained by breaking big boulder obtained from demolished concrete and removing 
attached cement mortar using iron brushes. The max. size of RCA was 20mm and with min. 
size of 10mm. Table 1.0 presents a tabulation of the properties of NCA and RCA. 
 
                                Table 1.0 Physical properties of coarse aggregates 

 
   Property  

 Type of Coarse Aggregates 

    NCA                   RCA 

                                      Water absorption                         0.56%                  7.92% 
                                      Specific gravity                             2.69                      2.34 
                                      Fineness modulus                        6.95                      7.02 

 
Methods 
Workability test 
The test was performed on each batch of freshly mixed concrete made with 0, 15, 20, and 25% 
OPC/RHA substitution. This test uses a mould, scoop, sampling tray, trowel, tamping rod, 
and measuring ruler as part of the equipment. After cleaning and lubricating with lubricated 
oil, the inside surface of the mould was placed on the sample tray and firmly fastened. 
Following the addition of fresh concrete, the mould was removed vertically upward in three 
layers, each roughly one-third of the mould's height. Each layer was stamped with 25 strokes. 
The height difference between the slump concrete and the mould was measured in order to 
determine the slump value. This test was conducted in accordance with B.S. EN 12350-2 
(2009). 
 
Compression test 
This test was conducted at various replacement amounts of 0%, 15%, 20%, and 25% of OPC 
with RHA, and at varying ages of the curing period of 7, 14, and 28 days.                          
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B.S. EN 12390-3 (2000) was followed in the execution of the compression test. The concrete 
specimens (cubes) were removed from the curing tank and left to dry on the exterior before 
being weighed and placed in the centre of a manual hydraulic compression machine to be 
crushed. Force was applied to the specimen by swinging the handle of the crushing machine 
until it was crushed. The maximum load at failure was then recorded. The compressive 
strength was calculated using Equation 1.0. 
 

𝐶𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑣𝑒 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ =
𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑙𝑜𝑎𝑑 (𝑘𝑁)𝑥 100

Cross−sectional Area (mm2)
  …………………………. 1.0                                       

 
Durability tests 
Durability assessment was conducted on the optimum percentage replacement of 15% RHA 
+ 50% RCA specimen and the control (0%) specimen for the periods of 28 days and 56 days. 
The water absorption test and rapid chloride penetration tests were performed for the 
evaluation of durability performance.  For the water absorption test, the cubes of concrete 
were taken out of the curing tank and left to dry. After that, the cubes were left in an electric 
oven set at 105°C for 72 hours to dry. Following their removal from the oven, the specimens 
were allowed to reach room temperature before being weighed to ascertain their original 
weight (W1). Following a 24-hour immersion in water, the concrete specimens were removed, 
dried with a towel, and weighed once again to establish the final weight (W2). Using the 
formula in equation 2.0 the concrete specimen's water absorption was determined. It was 
performed in conformity with B.S. 1881-122 (1983). 
 
In addition, the rapid chloride penetration test was conducted using concrete specimens 
measuring 100 mm in diameter and 50 mm in height. These were subjected to the rapid 
chloride permeability test after 28 and 56 days of hydration periods. The test was performed 
in accordance with the ASTM C1202-91 standard. 
 

𝑊𝑎𝑡𝑒𝑟 𝑎𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 =
𝑊2−𝑊1    

W1
 𝑋 100  ……………………………………....…………. 2.0                                       

Where, W1 is initial weight of a concrete specimen and W2 is final weight of the specimen. 
 
RESULTS AND DISCUSSION 
Workability 
The workability of each concrete mix is determined by its slump in the experimentation; the 
findings are displayed in Figure 1. To evaluate the workability of the fresh concrete mixes 
made with 0%, 15%, 20%, and 25% OPC with RHA, a slump test was performed. As the 
percentage replacement of RHA increases the slump dropped significantly in relation to the 
reference mix (control), as shown in Figure 1, which is consistent with similar results by           
Mi et al. (2020). The decrease in slump values as compared to the reference mix (control) might 
be due to the higher porosity and water absorption (W.A.) of RCA as opposed to the NCA. 
The experiment's RCA had a W.A. of 3.10%, whereas the NCA's was 0.60%. Due to the old 
cement paste lingering on their faces, the RCAs required a lot of mixing water.  
 
Additionally, the graphic shows that the slump value dropped in tandem with the % 
replacement of the RHA. This might be the reason for these decreases since rice husk ash has 
a greater surface area than cement. Because the particles of rice husk ash have a large specific 
surface area, more water is required to obtain the required workability (Masood et al., 2019). 
Although the mixtures are less workable when RHA is added, they are still rather coherent. 
A water-reducing ingredient was added to the mixture to make up for the diminished 
workability. The slump values were within the IS: 1199 (1959) medium degree of workability. 
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In order to attain workability in RAC that is equivalent to that of regular concrete, Sadagopan 
et al. (2020) advised pre-soaking RCA with just 50% of the water absorbed by RCA in 15 
minutes. The quantity of compensation in the water compensation techniques is determined 
by the size of the RCA and the workability requirements. The additional water added during 
the mixing phase should not equal the 100% water absorption capacity of RCA since excessive 
water might produce bleeding in concrete (Leite & Monteiro, 2016). Furthermore, RCA may 
take longer to absorb this excess water if concrete is mixed for a little period of time (de 
Andrade et al., 2020). According to Behera et al. (2019), caution should be used during mixing 
to make sure that excess water is deposited near the interfacial transition zone. This weakens 
the bond between the aggregates and the surrounding paste matrix. 
 

 
Figure 1: Slump values of the various mixes with percentage replacement of rice husk ash 

 
Compressive Strength 
The compressive strength of each mix with 0, 15, 20, and 25% RHA partial substitution of 
cement is shown in Figure 2. The plot shows that the compressive strength of all the mixes 
rose in tandem with the increased of the curing period. Nevertheless, at every curing age, the 
mixtures with 20% and 25% RHA and 50% RCA replacements demonstrated a notable drop 
in compressive strength. As an example, at 28 days, the compressive strengths of 20% and 
25% were 28.4 N/mm2 and 29.3 N/mm2, respectively, compared to 34.4 N/mm2 for the 
control mix. This effect results from the old cement paste and mortar's increased porosity, 
which is connected to the recycled aggregate (Alhaji & Sharma, 2025, Poon et al., 2004). 
Additionally, the RCA absorbed water at a rate that was approximately eleven times faster 
than that of NCA, which meant that RAC required more mixing water than normal aggregate 
concrete. Furthermore, the higher crushing value of RCA relative to NCA indicates that the 
impact of weak old cement paste on RCA decreased aggregate strength. Thus, in accordance 
with previous findings by Katz (2004), the RAC showed more porosity and lower compressive 
strength than regular aggregate concrete. 
 
Intriguingly, at all curing ages, the mix with 15% RHA and 50% RCA replacements showed a 
notable increase in strength in comparison to the mixes with 20% and 25% RHA and 50% RCA 
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replacements. At 28 days, the mix with 15% RHA and 50% RCA replacements had a 
compressive strength of 32.3 N/mm2, compared to 34.4 N/mm2 for the control mix. This 
suggests a mere 6.50% decrease when compared to the control mixture. Moreover, 15% RHA 
with 50% RCA replacements achieves the intended target strength of M25 (31.6 N/mm2). 
Consequently, the best substitute turned out to be 15% RHA. Accordingly, this improvement 
may be explained by the fact that RHA reduces calcium hydroxide concentration and 
transforms it into CSH-gel; the strength increase of RAC including RHA may typically be the 
consequence of a pozzolanic interaction between RHA particles and free CH (Alhaji & 
Sharma, 2023). The addition of RHA to the binder strengthens the bond between the 
aggregates and the binder matrix, resulting in a larger net gain in compressive behaviour. 
Moreover, when RHA contributes to the creation of the addition C-S-H, the bonding strength 
of RCA with the binder matrix rises (Alhaji & Sharma, 2022). 
       

 
Figure 2: Compressive strength of various mixes with percentage replacement of rice husk ash 

 
Water absorption 
Figure 3 depicts the water absorption of the control and 15% RHA replacement at 28 and 56 
days curing periods. It is evident from the results that all concrete specimens had a lower 
degree of sorptivity as the number of curing days increased (Khodabakhshian. et al., 2018). 
The rates of water absorption for the control specimen after 28 days and 56 days were 4.8% 
and 3.5%, respectively, while 15% RHA + 50% RCA specimen had 5.1% and 2.9% after 28 days 
and 56 days hydration periods. This shows that 15% RHA + 50% RCA specimen had less water 
absorption at the later age (56 days). This phenomenon is because of the ultrafine and high 
connection of RHA. The RHA particles enter RCA, sealing any cracks or porosity that may 
exist within it and improving the ITZ between aggregates and binder, resulting in a reduction 
in the rate of water absorption (Alhaji & Sharma, 2023). Additionally, Pitroda and Shah (2014) 
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say that the average water absorption of concrete specimen should not exceed 5% at 28 days 
of curing age, and 15% RHA + 50% RCA specimen meets this requirement. 
 

Figure 3: Rate of water absorption in the specimens at 28days and 56 days hydration periods 

 
Rapid chloride penetration 
Figure 4 shows the rapid chloride penetration test (RCPT) results of the control (0%) and 15% 
RHA replacement after 28 and 56 days of curing. According to the results, it can be generally 
observed that the rate of current flowing through each specimen decreases with increasing 
hydration period. This may have to do with reducing the concrete matrix's permeability as 
hydration times (Pedro et al., 2018). The total charge that passed through the control (0%) 
specimen in coulombs was 3410 coulombs for 28 days and 2900 coulombs for 56 days, 
respectively, while the 15% RHA + 50% RCA specimen had 3550 coulombs for 28 days and 
2810 coulombs for 56 days, respectively. This shows that 15% RHA + 50% RCA specimen had 
less chloride penetration than the control at 56 days which represents 3.2% decrease over the 
control specimen. According to Ali B. et al., (2020), the pozzolanic reactivity of the active silica 
in RHA, which created thick C-S-H gel, is responsible for the reduction of pore spaces and 
permeability within the binding matrix, which explains why 15% RHA + 50% RCA specimen 
exhibited superior resistance against chloride ion penetration over the control. However, all 
of the charge levels that went through the specimens fall within the ASTMC 1202-1991 
moderate range of 2000–40,000 coulombs. 
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Figure 4: Results of average charges passed in the specimens at 28days and 56 days hydration periods 

 
CONCLUSION 
This study sought to investigate the mechanical and durability performance of sustainable 
concrete made with recycled concrete aggregate and rice husk ash as a partial replacement for 
cement. The current study leads to the following major conclusions: 

i. The rice husk ash utilised in this study met the ASTM C618-05 (2005) pozzolanic 
requirement, with percentages of silicon oxide, aluminium oxide, and iron oxide 
greater than 75%, as specified by the standard. 
 

ii. The workability (slump) of the fresh concrete mixes with 15%, 20%, and 25% RHA 
replacements decreased when compared to the equivalent control, which might be 
attributed to the significant water absorption of RCA. However, 15% replacement had 
slump values of 80mm, whereas the control had 100mm. These values are in the 
middle range of workability. 

 
iii. In comparison to the control, the compressive strength at 28 days shows that the 20% 

and 25% RHA replacements significantly decreased strength. Nevertheless, only the 
mix with 15% RHA exhibits a good result in compressive strength at 28 days, with a 
mere 6.4% decrease when compared to the control. 
 

iv. The rate of water absorption in 15% RHA + 50% RCA specimen was observed to be 
lower than that of control specimen at the 56 days hydration period.  
 

v. Rapid chloride penetration results reveal that 15% RHA + 50% RCA had 3.2% less 
chloride penetration than control specimen at 56 days. 
 

vi. To make a sustainable concrete using RCA and RHA, the percentage replacements of 
15% RHA + 50% RCA can be used. 
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