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Abstract-Nowadays, the utilization of industrial energy, as well as 

construction waste, is of high concern. The current paper 

describes a study of the mechanical properties of cement concrete 
mixes utilizing Rice Husk Ash (RHA) as a cement substitute. The 

use of such industrial and agricultural by-products has been the 

focus of waste reduction for economic, environmental, and 

technical reasons. In this research, the compressive and split 

tensile strength of concrete was studied through a 15% 

substitution of cement with RHA with 0.40, 0.45, and 0.50 water-

binder ratios. It has been found that the addition of RHA 
significantly improves the mechanical properties of concrete for 

the used water-binder ratios. The ultimate strength in both 

compressive and tensile strength was observed at a water-binder 

ratio of 0.50. It has also been observed that as the water to 

cement ratio increased, higher gains in concrete's compressive 
and tensile strength were obtained for all curing periods 

Keywords-rice husk ash; water-binder ratio; slump; 

compressive strength; tensile ttrength 

I. INTRODUCTION  

Cement concrete is considered one of the most important 
building materials and is extensively used in a variety of 
structures. This material however, also has a significant carbon 
footprint, as its production accounts for nearly 7% of total 
greenhouse gas emissions [1]. Efforts have been made to use 
industrial waste materials in concrete as cement replacements 
in order to reduce carbon emissions. Utilizing waste in the 
construction industry helps reducing the disposal problem. 
During the last few years, many researchers have recognized 
that the use of pozzolanic materials like Sugarcane Bagasse 
Ash (SCBA), silica fume, Fly Ash (FA), and RHA, not only 
improves the characteristics of concrete, but also it provides 

low-cost construction options [2, 28]. Global production of rice 
equals nearly 700 million tons per year, and this value is 
increasing as the consumption of rice is increasing. Table I 
gives the list of the countries leading the rice growth around the 
world and the potential production of husk and ash. The use of 
RHA as a partial cement substitute will provide cheaper 
materials for low-cost construction. RHA is very rich in silica, 
however, the silica content depends on the type of rice husk, 
the burning method, and the combustion period [3]. The 
utilization of global rice between 2014 and 2015 was estimated 
to hit 700 million tons [4, 5]. In Pakistan, rice husk is being 
used as a food additive, and sometimes the by-product of rice 
husk is used in kilns as fuel. The rice husk used as fuel in kilns 
and other places generates huge amounts of RHA with no 
useful application. It is commonly discarded and dumped in 
open areas taking up a lot of space and causing environmental 
pollution. This waste has been used as cement replacement to 
minimize its impact on the environment [6, 7]. RHA can 
produce pozzolanic activity at temperatures around 4000C, and, 
due to the contained water, the amorphous silica present in 
RHA can also take part in the reaction with Ca(OH)2 to 
produce C-S-H gel [8, 9, 29]. The addition of RHA in concrete 
has reached significant importance as it is considered 
environmentally safe and more durable for infrastructural 
development [10, 11, 30]. It has been found that using RHA in 
concrete increases compressive and tensile strength [12, 13, 
31], reduces permeability [14] and chemical attacks [15], has 
minimal effects of Alkali-Silica Reactivity (ASR) [16], reduces 
the shrinkage due to particle packing, leads to the formation of 
denser concrete with improved workability [17], reduces heat 
transfer to the walls of various structures [18], and diminishes 
the need of superplasticizers [19, 20]. 
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The aim of this study is to use RHA in concrete and 
observe its impact on the water-binder ratio, while minimizing 
its effect on the environment by using it as a cement 
replacement material. 

TABLE I. RHA IN THE TOP 20 COUNTRIES REGARDING RICE 

PRODUCTION [4-5] 

Country 

Rice 

production 

(tons) 

% of total 

rice 

production 

Produced 

husk (20% of 

total) (tons) 

Potential ash 

production 

(18% of husk) 

(tons) 

China 204,350,000 29.26 40,870,000 7,356,600 

India 152,660,000 21.86 30,532,000 5,495,760 

Indonesia 69,554,048 9.96 13,910,810 2,503,946 

Bangladesh 39,000,000 5.59 7,800,000 1,404,000 

Viet-Nam 43,709,000 6.26 8,741,800 1,573,524 

Thailand 37,080,000 5.31 7,416,000 1,334,880 

Burma 33,200,000 4.75 6,640,000 1,195,200 

Philippines 18,500,000 2.65 3,700,000 666,000 

Brazil 11,500,000 1.65 2,300,000 414,000 

Japan 10,700,400 1.53 2,140,080 385,214 

USA 10,606,000 1.52 2,121,200 381,816 

Korea 7,509,000 1.08 1,501,800 270,324 

Pakistan 5,800,000 0.83 1,160,000 208,800 

Egypt 5,700,000 0.82 1,140,000 205,200 

Nepal 4,750,000 0.68 950,000 171,000 

Cambodia 4,099,016 0.59 819,803 147,565 

Nigeria 3,000,000 0.43 600,000 108,000 

Sri Lanka 2,710,000 0.39 542,000 97,560 

Colombia 2,400,440 0.34 480,088 86,416 

Laos 2,350,000 0.34 470,000 84,600 

Rest of the 

world 
29,118,000 4.17 5,823,600 1,048,248 

Total 

(world) 
698,295,904 100 139,659,181 25,138,653 

 

II. MATERIALS AND METHODS 

A. Materials 

The materials utilized in this study consist of cement, fine 
aggregates, coarse aggregates, and potable water. Elephant 
brand cement was purchased from a local distributor of 
materials and was used as a binder in all samples. The cement 
was purchased after checking the date of manufacture, and no 
cement older than 20 days was used. The fine aggregates used 
was clean natural hill sand, free from clay and other impurities, 
having passed through a 4.75mm sieve. The coarse aggregates, 
with a maximum size of 19mm, were washed and dried before 
use. RHA was collected from locally available brick kilns in 
the vicinity of Larkana, Sindh, Pakistan. It is generally the 
waste material left over after the baking of bricks in kilns. The 
RHA used in this experimental work was free from other 
ingredients and passed through a 325-sieve. Drinking water 
with a pH value of 7.3 was used [21, 22].  

B. Methodology 

Concrete samples with RHA as supplementary cementitious 
material with a mix proportion of 1:2:4 were prepared. Three 
different water to cement (w/c) ratios of 0.40, 0.45, 0.50 were 
used in the samples. For the RHA-modified concrete mixtures, 
the cement was substituted with 15% RHA (by weight). Three 
mixtures of plain concrete and three mixtures of RHA concrete 
were prepared. For each mixture 30 cubes, and for each age 5 

cubes (90 cubes in total), each measuring 150mm×150mm× 
150mm were fabricated. Three different curing ages, namely 7, 
14, and 28 days were considered. Similarly, for each mixture 
(30 cylinders) and for each age (5 cylinders), cylinders of 
150mm diameter and 300mm height were fabricated in order to 
check the tensile strength of both concretes with regard to the 
same curing ages. The concrete samples were fabricated and 
removed from the molds after one day and were placed in a 
water tank for the curing periods [23-25]. 

III. RESULTS AND DISCSUSSION 

A. Workability  

Slump cone test was carried out for all the prepared 
concrete mixes to check their workability. The results are 
presented in Table II. It can be observed that using RHA in 
concrete causes minimal changes and has a minor effect on 
workability. However, a reduction in workability was observed 
due to the higher water absorption due to the presence of RHA 
in concrete [26, 27].  

B. Compression Test 

1) Results of Plain and RHA Concrete at 0.40 w/c Ratio 

The results of the compressive strength test of the cubes for 
both plain and the RHA concrete with 15% cement substituted 
with RHA at 7, 14, and 28 days using 0.40 w/c ratio are given 
in Table III and Figure 1. 

TABLE II. SLUMP CONE TEST RESULTS 

Batch 
w/c 

ratio 

Mix 

proportion 

Slump of plain 

cement concrete 

(mm) 

Slump of RHA 

concrete (mm) 

1 0.40 1:2:4 85 81 

2 0.45 1:2:4 92 87 

3 0.50 1:2:4 96 91 

 

 

Fig. 1.  Comparison of the compression test results of plain and RHA 

mixed concrete at 0.40 w/c ratio. 

TABLE III. COMPRESSION TEST RESULTS, 0.40 W/C RATIO 

Curing 

days 

Compression 

test results of 

plain concrete 

(MPa) 

Compression 

test results of 

RHA concrete 

(MPa) 

Increase in 

compressive strength 

of RHA over plain 

concrete (%) 

7 22.57 23.09 2.30 

14 28.08 28.76 2.42 

28 33.99 34.61 1.82 
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It can be observed that the compressive strength of the 
specimens made with RHA concrete is higher than the strength 
of plain concrete at all ages (7, 14, and 28 days) when using the 
0.40 w/c ratio. The maximum compressive strength of the RHA 
concrete at the age of 14 days is 2.42% higher than the plain 
cement concrete.  

2) Results of Plain and RHA Concrete at 0.45 w/c Ratio 

The results of the compressive strength test of the cubes of 
plain concrete using 15% replacement of cement with RHA at 
7, 14, and 28 days when using 0.45 w/c ratio are given in Table 
IV and in Figure 2.  

TABLE IV. COMPRESSION TEST RESULTS, 0.45W/C RATIO 

Curing 

days 

Compression 

test results of 

plain concrete 

(MPa) 

Compression test 

results of RHA 

concrete (MPa) 

Increase in 

compressive strength 

of RHA over plain 

concrete (%) 

7 20.33 21.55 6.00 

14 25.88 27.19 5.06 

28 30.62 32.05 4.67 

 

 
Fig. 2.  Comparison of the compression test results of plain and RHA 

mixed concrete at 0.45 w/c ratio. 

It can be seen that the specimens made with RHA have 
more compressive strength when compared to the control 
concrete samples at all curing ages. The maximum 
compression test of RHA concrete at 7 days curing period is 
6% more than the control concrete specimens'. 

3) Results of Plain and RHA Concrete at 0.50 w/c Ratio 

The results of the compression test of the plain concrete and 
the RHA concrete using 15% replacement of cement with RHA 
at 7, 14, and 28 days using 0.50 w/c ratio are given in Table V 
and Figure 3. 

TABLE V. COMPRESSION TEST RESULTS, 0.50 W/C RATIO 

Curing 

days 

Compression 

test results of 

plain concrete 

(MPa) 

Compression 

test results of 

RHA concrete 

(MPa) 

Increase in 

compressive strength 

of RHA over plain 

concrete (%) 

7 Days 17.41 19.25 10.57 

14 Days 21.99 23.96 8.96 

28 Days 27.22 30.75 12.97 
 

 
Fig. 3.  Comparison of the compression test results of plain and RHA 

mixed concrete at 0.50 w/c ratio. 

The results of the compression test of plain concrete cubes 
and those with 15% replacement of cement with RHA at 7, 14, 
and 28 days using 0.50 w/c ratio show a gain in strength for the 
mixed samples. The maximum compression test result of RHA 
concrete was achieved at 28 days, and is 12.97% more than the 
plain cement concrete. 

C. Tensile Strength Test 

1) Results of Plain and RHA Concrete at 0.40 w/c Ratio 

Table VI and Figure 4 show the results of the tensile 
strength test of the cylinders for control concrete and for RHA 
concrete using 15% replacement of cement with RHA at 7, 14, 
and 28 days using 0.40 w/c ratio. It can be observed that RHA 
concrete has more tensile strength than the control concrete. 
The maximum tensile strength of RHA mixed concrete is 
observed at 7 days and is 8.07% more than the plain concrete's.  

TABLE VI. TENSILE TEST RESULTS, 0.40 W/C RATIO 

Curing 

days 

Tensile strength 

of plain concrete 

(MPa) 

Tensile strength 

of RHA 

concrete (MPa) 

Increase in tensile 

strength of RHA over 

plain concrete (%) 

7 2.23 2.41 8.072 

14 2.79 2.99 7.168 

28 3.38 3.59 6.213 

 

 
Fig. 4.  Comparison of the tensile test results of plain and RHA mixed 

concrete at 0.40 w/c ratio. 
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2) Results of Plain and RHA Concrete at 0.45 w/c Ratio 

The results of the tensile strength test of the cylinders made 
from plain concrete using 15% replacement of cement with 
RHA at 7, 14, and 28 days and 0.45 w/c ratio are given in 
Table VII and Figure 5. The results at 7, 14, and 28 days show 
that RHA possesses more strength than the control concrete. 
Higher tensile strength results were obtained at all curing 
periods for the RHA concrete specimens. The maximum tensile 
strength of the RHA concrete at 14 days is 11.88% more than 
the plain concrete's.  

TABLE VII. TENSILE TEST RESULTS, 0.45 W/C RATIO 

Curing 

days 

Tensile strength 

of plain concrete 

(MPa) 

Tensile strength 

of RHA 

concrete (MPa) 

Increase in tensile 

strength of RHA over 

plain concrete (%) 

7 2.09 2.33 11.48 

14 2.61 2.92 11.88 

28 3.03 3.32 9.57 

 

 
Fig. 5.  Comparison of the tensile test results of plain and RHA mixed 

concrete at 0.45 w/c ratio. 

3) Results of Plain and RHA Concrete at 0.50 w/c Ratio 

The results of the tensile strength test of the cylinders of 
plain concrete and those made of RHA concrete using 15% 
replacement of cement with RHA at 7, 14, and 28 days with 
0.50 w/c ratio are given in Table VIII and Figure 6. 

 

 
Fig. 6.  Comparison of the tensile test results of plain and RHA mixed 

concrete at 0.50 w/c ratio. 

The results show that the tensile strength of RHA concrete 
is higher than that of control concrete for all curing periods. 
The maximum tensile strength of RHA concrete was obtained 
at 28 days curing period, and is 14.87% more than the control 
concrete specimens'. 

TABLE VIII. TENSILE TEST RESULTS, 0.50 W/C RATIO 

Curing 

days 

Tensile strength 

of plain concrete 

(MPa) 

Tensile strength 

of RHA 

concrete (MPa) 

Increase in tensile 

strength of RHA over 

plain concrete (%) 

7 1.75 1.99 13.71 

14 2.21 2.51 13.57 

28 2.69 3.09 14.87 

 

IV. CONCLUSIONS 

This study has mainly focused on the inherent mechanical 
properties, which include compressive and tensile strength, of 
RHA concrete at different curing periods and various w/c 
ratios. The results revealed that replacing cement with 15% of 
RHA improved the mechanical properties for curing periods of 
7, 14, and 28 days. From the findings, it could be concluded 
that: 

• The maximum compression test results of concrete 
specimens made with RHA and with 0.40, 0.45, and 0.50 
w/c ratios resulted to 2.42%, 6%, and 12.97% more strength 
than those obtained using control concrete specimens 
respectively.  

• The maximum increase in compressive strength was 
achieved when cement was replaced with 15% RHA for 
0.50 w/c ratio at 28 days curing period and was 14.87%. 

• The increase in the tensile strength of concrete specimens 
fabricated with RHA concrete with 0.40, 0.45, and 0.50 w/c 
ratios was 8.07%, 11.88%, and 14.87% respectively.  

• The maximum increase in tensile strength when using 15% 
RHA cement was observed at 0.50 w/c ratio at 28 days, 
which was 12.97% more than that of plain concrete. 

• Cement concrete made with RHA has the property to not 
only enhance the strength of cement concretebut also to 
save construction material cost, ultimately making these 
new structures more economical than the traditional ones.  

Furthermore, the use of RHA shown an increase in the 
strength of concrete at 15% RHA replacement. It has also been 
observed that as the w/c ratio is increased, higher gains in 
compressive and tensile strength of concrete were obtained at 
all curing periods. 

ACKNOWLEDGMENT 

The authors are grateful to the Quaid-e-Awam University 
of Engineering, Science and Technology, Campus Larkano for 
providing the required facilities for this research work. 

REFERENCES 

[1] P. Raikwar and V. Tare, "Study of Concrete Properties Using Rice Husk 

Ash and Marble Powder," International Journal of Emerging 
Technology and Advanced Engineering, vol. 4, no. 8, pp. 680–688, Aug. 

2014. 



Engineering, Technology & Applied Science Research Vol. 12, No. 3, 2022, 8520-8524 8524 
 

www.etasr.com Khoso et al.: The Effect of Water-Binder Ratio and RHA on the Mechanical Performance of … 

 

[2] N. G. Amrutha, N. Mattur, and S. Rajeeva, "Chloride-ion impermeability 
of self-compacting high-volume fly ash concrete mixes," International 

Journal of Civil & Environmental Engineering, vol. 11, no. 4, pp. 29–35, 
Jan. 2011. 

[3] A. M. Fadzil, M. J. Megat Azmi, A. B. Badrol Hisyam, M. A. Khairun 

Azizi, "Engineering Properties of Ternary Blended Cement Containing 
Rice Husk Ash and Fly Ash as Partial Cement Replacement Materials", 

ICCBT A, vol. 10, pp. 125–134, 2008. 

[4] N. Bouzoubaâ and B. Fournier, "Concrete incorporating rice-husk ash: 
compressive strength and chloride-ion penetrability." Materials 

Technology Laboratory, CANMET, Department of Natural Resources, 
Canada, 2001. 

[5] O. Wallach, "Visualizing the World’s Biggest Rice Producers," Visual 
Capitalist, Feb. 23, 2022. https://www.visualcapitalist.com/worlds-

biggest-rice-producers/ (accessed Mar. 25, 2022). 

[6] P. N. P. Chandrasekhar and J. Majeed, "Effect of calcination temperature 
and heating rate on the optical properties and reactivity of rice husk ash," 

Journal of Materials Science, vol. 41, no. 23, pp. 7926–7933, Dec. 2006, 
https://doi.org/10.1007/s10853-006-0859-0. 

[7] A. N. Givi, S. A. Rashid, F. N. A. Aziz, and M. A. M. Salleh, 

"Contribution of Rice Husk Ash to the Properties of Mortar and 
Concrete: A Review," Journal of American Science, vol. 6, no. 3, pp. 

157–165, 2010. 

[8] G. R. de Sensale, "Strength development of concrete with rice-husk 
ash," Cement and Concrete Composites, vol. 28, no. 2, pp. 158–160, 

Feb. 2006, https://doi.org/10.1016/j.cemconcomp.2005.09.005. 

[9] K. Ganesan, K. Rajagopal, and K. Thangavel, "Rice husk ash blended 
cement: Assessment of optimal level of replacement for strength and 

permeability properties of concrete," Construction and Building 
Materials, vol. 22, no. 8, pp. 1675–1683, Aug. 2008, https://doi.org/ 

10.1016/j.conbuildmat.2007.06.011. 

[10] P. Chindaprasirt, P. Kanchanda, A. Sathonsaowaphak, and H. T. Cao, 
"Sulfate resistance of blended cements containing fly ash and rice husk 

ash," Construction and Building Materials, vol. 21, no. 6, pp. 1356–
1361, Jun. 2007, https://doi.org/10.1016/j.conbuildmat.2005.10.005. 

[11] N. P. Hasparyk, P. J. M. Monteiro, and H. Carasek, "Effect of Silica 
Fume and Rice Husk Ash on Alkali-Silica Reaction," Materials Journal, 

vol. 97, no. 4, pp. 486–492, Jul. 2000, https://doi.org/10.14359/7416. 

[12] G. Habeeb and M. Fayyadh, "Rice Husk Ash Concrete: the Effect of 
RHA Average Particle Size on Mechanical Properties and Drying 

Shrinkage," Australian Journal of Basic and Applied Sciences, vol. 3, 
no. 3, pp. 1616–1622, Jul. 2009. 

[13] C. Lertsatitthanakorn, S. Atthajariyakul, and S. Soponronnarit, "Techno-

economical evaluation of a rice husk ash (RHA) based sand–cement 
block for reducing solar conduction heat gain to a building," 

Construction and Building Materials, vol. 23, no. 1, pp. 364–369, Jan. 
2009, https://doi.org/10.1016/j.conbuildmat.2007.11.017. 

[14] V. Sata, C. Jaturapitakkul, and K. Kiattikomol, "Influence of pozzolan 

from various by-product materials on mechanical properties of high-
strength concrete," Construction and Building Materials, vol. 21, no. 7, 

pp. 1589–1598, Jul. 2007, https://doi.org/10.1016/j.conbuildmat.2005. 
09.011. 

[15] S. Khoso, F. Wagan, J. Khan, N. Bhatti, and A. Ansari, "Qualitative 

analysis of baked clay bricks available in Larkana region, Pakistan," 
Architecture Civil Engineering Environment, no. Vol. 7, 2, pp. 41–50, 

2014. 

[16] M. T. Naqash, K. Mahmood, and S. Khoso, "An overview on the seismic 
design of braced frames," American Journal of Civil Engineering, vol. 2, 

no. 2, pp. 41–47, 2014, https://doi.org/10.11648/j.ajce.20140202.15. 

[17] S. Khoso, A. Ansari, and F. Wagan, "Investigative construction of 

buildings using baked clay post-reinforced beam panels," Architecture 
Civil Engineering Environment, vol. 7, no. 4, pp. 57–66, 2014. 

[18] A. A. Ansari, S. A. Mangi, S. Khoso, K. Lal Khatri, and G. S. Solangi, 

"Latest Developments in the Structural Material Consisting of 
Reinforced Baked Clay," in 7th International Civil Engineering 

Congress, Karachi, Pakistan, Jun. 2015, pp. 35–43. 

[19] S. Khoso, H. F. Wagan, H. A. Tunio, and A. A. Ansari, "An overview on 
emerging water scarcity in Pakistan, its causes, impacts and remedial 

measures," Journal of Applied Engineering Science, vol. 13, no. 1, pp. 
35–44, 2015, https://doi.org/10.5937/jaes13-6445. 

[20] S. Khoso, A. A. Ansari, J. S. Khan, and F. H. Wagan, "Experimental 

Study on Recycled Concrete using Dismantled Road Aggregate and 
Baggase Ash," in 7 th International International Civil Engineering 

Congress, Karachi, Pakistan, Jun. 2015, pp. 54–61. 

[21] S. Khoso, J. Raad, and A. Parvin, "Experimental Investigation on the 
Properties of Recycled Concrete Using Hybrid Fibers," Open Journal of 

Composite Materials, vol. 9, no. 2, Apr. 2019, Art. no. 183, 
https://doi.org/10.4236/ojcm.2019.92009. 

[22] A. Soltani, S. Khoso, M. A. Keerio, and A. Formisano, "Assessment of 
Physical and Mechanical Properties of Concrete Produced from Various 

Portland Cement Brands," Open Journal of Composite Materials, vol. 9, 
no. 4, Sep. 2019, Art. no. 327, https://doi.org/10.4236/ojcm.2019.94020. 

[23] S. Khoso, A. A. Ansari, and D. Bangwar, "Effects of Rice Husk Ash and 

Recycled Aggregates on Mechanical Properties of Concrete," 
International Journal of Scientific and Engineering Research, vol. 8, pp. 

1832–1835, Mar. 2017. 

[24] S. Khoso, K. J. Shahzaib, A. A. Aziz, and K. Z. Hussain, "Experimental 
investigation on the properties of cement concrete partially replaced by 

silica fume and fly ash," Journal of Applied Engineering Science, vol. 
14, no. 3, pp. 345–350, 2016, https://doi.org/10.5937/jaes14-11116. 

[25] M. Mumtaz, J. Mendoza, A. S. Vosoughi, A. S. Unger, and V. K. Goel, 

"A Comparative Biomechanical Analysis of Various Rod Configurations 
Following Anterior Column Realignment and Pedicle Subtraction 

Osteotomy," Neurospine, vol. 18, no. 3, pp. 587–596, Sep. 2021, 
https://doi.org/10.14245/ns.2142450.225. 

[26] B. H. Abu Bakar, R. Putrajaya, and H. Abdulaziz, "Malaysian Rice Husk 

Ash – Improving The Durability And Corrosion Resistance of Concrete: 
Pre-Review," Concrete Research Letters, vol. 1, no. 1, pp. 6–13, 2010. 

[27] P. J. Ramadhansyah et al., "Strength and Porosity of Porous Concrete 

Pavement Containing Nano Black Rice Husk Ash," IOP Conference 
Series: Materials Science and Engineering, vol. 712, no. 1, Jan. 2020, 

Art. no. 012037, https://doi.org/10.1088/1757-899X/712/1/012037. 

[28] A. Saand, T. Ali, M. A. Keerio, and D. K. Bangwar, "Experimental 

Study on the Use of Rice Husk Ash as Partial Cement Replacement in 
Aerated Concrete," Engineering, Technology & Applied Science 

Research, vol. 9, no. 4, pp. 4534–4537, Aug. 2019, https://doi.org/ 
10.48084/etasr.2903. 

[29] N. Bheel, A. W. Abro, I. A. Shar, A. A. Dayo, S. Shaikh, and Z. H. 

Shaikh, "Use of Rice Husk Ash as Cementitious Material in Concrete," 
Engineering, Technology & Applied Science Research, vol. 9, no. 3, pp. 

4209–4212, Jun. 2019, https://doi.org/10.48084/etasr.2746. 

[30] Z. A. Tunio, F. U. R. Abro, T. Ali, A. S. Buller, and M. A. Abbasi, 
"Influence of Coarse Aggregate Gradation on the Mechnical Properties 

of Concrete, Part I: No-Fines Concrete," Engineering, Technology & 
Applied Science Research, vol. 9, no. 5, pp. 4612–4615, Oct. 2019, 

https://doi.org/10.48084/etasr.3046. 

[31] A. S. Buller, Z. A. Tunio, F. U. R. Abro, T. Ali, and K. A. Jamali, 
"Influence of Coarse Aggregate Gradation on the Mechnical Properties 

of Concrete, Part II: No-Fines Vs. Ordinary Concrete," Engineering, 
Technology & Applied Science Research, vol. 9, no. 5, pp. 4623–4626, 

Oct. 2019, https://doi.org/10.48084/etasr.3021. 

 


