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 In this research study, the mechanical characteristics of concrete were 

investigated by substituting desert sand as fine aggregate. Desert sand obtained 

from Tharparkar was used in five different proportions (0%, 25%, 50%, 75%, 

and 100 %,). Several tests were carried out to understand the behaviour of 

concrete made with desert sand as a fine aggregate substitute including those for 

gradation, chemical composition, slump, density, water absorption, and 

compressive and tensile splitting tests. The grain size distribution analysis of 

desert sand revealed that it contains particles with a size of 0.45 mm, and the 

water absorption of desert sand concrete was found to be 1% higher, whereas 

workability fell by 6%. The compressive and tensile strength of a concrete 

mixture containing 75% desert sand was found to be 9.5% and 16.4% 

respectively higher than nominal concrete made with hill sand, and the average 

strength rise was on 3.5% and 2% respectively. Substitution beyond 75% was 

not given desirable results due to the fineness of desert sand. All the test results 

show that 75% substitution of desert sand as fine aggregate can be used in 

concrete production under designed concrete standards. 

 

1. Introduction 

Concrete as a building material is extensively used all 

over the world in the construction industry. The current 

rapid economic growth, rapid urbanization and high 

demand for construction activities are driving up 

demand for construction material [1]. All constituents 

of concrete are locally available, of which aggregates 

are most important materials. Aggregates in concrete 

contain substitutes like sand and gravel, they 

characterize the grain skeleton of concrete, and all the 

voids inside this skeleton are filled with binding 

material. The aggregate was originally regarded as an 

inactive material, but its properties show reactions 

when combined with other materials, and it also greatly 

affects the durability and structural performance of 

concrete. Hill sand or natural sand from riverbeds is 

being replaced and used as fine aggregate in concrete, 

and its consumption has been increasing for the few 

years due to the high rate of concrete production. But 

increasing extraction of hill sand and natural sand from 
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the bed of rivers triggers many problems like lowering 

the underground water table, destroying the aquatic 

life, disturbing the tectonic plates in the distribution of 

seismic effects, changing the profile of river beds, and 

continuing mining of river sand results in impure water 

in the river sand, h leads to an environmental disaster 

[1]. Soil washed sand was also used as substitute of 

fine aggregate and achieved target strength of M25 

grade though compressive strength was decreased by 

10%  compared to river sand based concrete[2]. Studies 

show that recycled glass can also be used as fine 

aggregate in concrete. It is determined that a concrete 

mix containing 60% crushed glass replaced by the hill 

sand as fine aggregate will give a significant 

strength[3]. Workability is reduced when natural 

riverbed sand is replaced with manufactured sand. The 

use of manufactured sand as fine aggregate constituent 

shows 5% increase in compressive strength and a 9% 

increase in split tensile strength and flexural[4]. It is 

clear that crushed rock sand can be used because it 

improved most of the concrete’s properties. Moreover, 

0.225 KN/mm2 was found to be the average 

compressive strength, whereas 0.235 KN/mm2 was the 

peak compressive strength achieved by the replacement 

of 20 precent river sand. The indirect tensile strength 

slightly increased from 1.28 to 1.42 N/mm2 with a 20 

% replacement of river sand, but the overall 10.1 % rise 

in strength justified that crushed rock sand can be a 

constituent of concrete[5]. Tire rubber powder was 

replaced with aggregate at different percentages of 

2.5%, 5%, and 7.5%. It was discovered that up to 2.5% 

of tyre rubber powder could be used as a partial 

replacement in fine aggregate [6]. Concrete containing 

20% foundry sand as fine aggregate also shown 

relatively close that of concrete mix, while beyond this 

proportion strength was decreased by 2.1% due to 

fineness and presence of clay and dust particles[7].  

The studies were carried out to prepare concrete mixes 

marble dust by replacing fine sand at proportions of 

0%, 25%, 50%, and 100%. Samples were cured for 3, 

7, 28, and 90 days and tested for compressive strength. 

Results have shown that increasing amount of waste 

marble dust in concrete has also increased the 

compressive strength of the concrete too. At 100% 

replacement of fine sand with marble dust, maximum 

compressive strength is obtained, especially at early 

curing ages[8]. A Study was carried out on the 

replacement of fine aggregate with demolished waste 

concrete. The waste demolished concrete aggregate 

was added in the place of fine sand with percentages of 

0%, 20%, 50%, and 100% , and samples were tasted at 

curing periods of 3, 7, 28, and 90 days. Results clearly 

showed that properties of recycled fine aggregate are 

similar to those of natural sand, and maximum 

compressive strength was obtained at 20% replacement 

at 90 days of curing[9].  

Class F fly ash has also been used as a partial 

replacement for fine aggregate. Its mechanical 

properties showed that by replacing 50% of the fine 

aggregate with fly ash, it could give maximum 

strength[10]. Another possible option, apart from hill 

sand, is the use of desert sand in concrete as a fine 

aggregate in Pakistan. As in Pakistan, district 

Tharparkar of province Sindh, with a total area of 

19,638 square kilometres, has an enormous amount of 

desert sand that is not even being used within that area 

for construction work due to ignorance about its 

characteristics. No research work is carried out on 

possible replacement of hill sand with desert sand as 

fine aggregate in Pakistan. Although, for the RC 

construction in Tharparkar, people buy hill sand for use 

as fine aggregate in concrete from faraway areas such 

as Nooriabad, Jamshoro, and Thatha, which leads to a 

higher cost. The use of desert sand within and near 

Tharparkar district will result in lower overall 

construction costs. This research is aimed at studying 

the properties of concrete prepared by the replacement 

of hill sand with desert sand as fine aggregate. 

2. Experimental Program 

2.1 Materials 

Two types of sand, desert and hill sand as shown in 

Fig. 1 and 2, are used as fine aggregate to investigate 

their effects and properties on concrete. Both sands are 

then carried out for sieve analysis as per ASTM C-136 

[11]. Sands are sieved on sieves ranging in size from 

0.595 mm to 0.074 mm and placed on a sieve shaker, 

which is vibrated for 10 minutes for proper grading. 

The particle size distribution obtained for both hill and 

desert sand is given in Table 1. According to results, 

desert sand is much finer than hill sand. Fig. 3 depicts 

that while desert sand contains particles up to 0.45 mm 

in size and no particles larger than that, while hill sand 

is well-graded, having particles ranging in size from 

0.08 to 1.6mm. According to BS, the fineness modulus 

varies with the type of sand; greater values indicate 

coarser sand. If we compare the results as per the BS 

grading requirement, it is evident that desert sand is 

fine by nature, and has less fineness modules, which lie 

in the BF-S column of Table 1, that range from 2.2 to 

2.6. While hill sand that has fineness of 4.2 behaves 

like coarser sand in nature. The size of particles in 
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desert sand is smaller, and furthermore, the texture of 

desert sand is smoother compared to hill sand or 

natural river bed sand. 

 

Fig. 1. Desert sand 

 

Fig. 2. Hill sand 

Table 1 

Sieve Analysis of Hill and Desert sand 

Sieve 

size 

(mm) 

Cumula

tive 

Passing 

% 

Cumul

ative 

Passing 

% 

BS Grading Requirement 

  
Hill 

Sand 

Desert 

sand 
BS-C BS-M BS-F 

4.75 100 100 89-100 89-100 89-100 

2.38 90 100 60-100 65-100 80-100 

1.19 74 100 30-90 45-100 70-100 

0.59

5 
57.6 100 15-54 25-80 55-100 

0.42 49.8 100 NA NA NA 

0.29

7 
40.8 99.9 15-40 5-48 5-70 

0.14

9 
14.6 29.6 0-15 0-15 0-15 

0.10

5 
5.6 1.4 NA NA NA 

0.07

4 
5.5 1.3 NA NA NA 

F.M 4.6 2.6 2.9-3.2 2.6-2.9 2.2-2.6 

W.A 

(%) 
21 23.2       

 

Fig. 3. Gradation of hill sand 

 

Fig. 4. Gradation of desert sand 

 

Fig. 5. Comparison of hill and desert sand 
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In all experimental work, ordinary Portland cement 

type I in line with ASTM C-150 is used because 

cement acts as a binding material in concrete. The 

maximum size of 12 mm was chosen for crushed 

coarse aggregate that was retained on sieve #4 after 

passing through ½-inch sieve. In saturated-surface dry 

(SSD) conditions, coarse aggregate was used; the 

aggregate was washed and cleaned of clay and organic 

contaminants. 

2.2 Chemical Composition 

Additionally, Energy Dispersive X-ray Spectroscopy 

(EDS) was performed to determine the chemical 

composition of both hill and desert sand. It can be 

shown from Table 2 that both samples of sands contain 

same amount of silicon. Because the chemical 

composition of Silicon, and its inertness and hardness 

play a crucial function and resistance, and it is also 

known as quartz. 

Table 2 

Chemical composition of Hill and Desert sand 

Chemical 

Components 
Hill Sand (%) 

Desert Sand 

(%) 

SiO2 76.51 71.19 

Al2O3 7.88 11.93 

CaO 7.46 6.33 

FeO 4.26 3.43 

K2O 2.04 2.53 

MgO 1.84 1.59 

Na2O   2.93 

2.3 Mix Proportions 

Five mixes were prepared, each of which has varying 

proportions of desert sand in fine aggregate; replaced 

by hill sand. In all mixtures, the mix design ratio and 

water cement ratio were kept at 1:2:4 and 0.55, 

respectively.  Desert sand was substituted for hill sand 

in the amounts of 0%, 25%, 50%, 75%, and 100% as 

fine aggregate Table 3 provides descriptions of various 

proportions. 

Table 3 

Mix Proportion 

Mi

x 

ID 

Cemen

t 

Fine 

aggregate 

Coarse 

Aggregat

e 

 

Mix 

Desig

n 

Ratio 

W/C 

Rati

o 
(%) 

Hill 

sand 

(%) 

Deser

t sand 

(%) 

M1 100 100 0 100 1:2:4 0.55 

M2 100 75 25 100  1:2:4 0.55 

M3 100 50 50 100  1:2:4 0.55 

M4 100 25 75 100  1:2:4 0.55 

M5 100 0 100 100  1:2:4 0.55 

3. Testing Procedure 

According to ASTM C-136, grading of hill sand and 

desert sand is done to determine the particle size 

distribution of both materials as per ASTM C-136[11]. 

All concrete mixes were tested for slump according to 

the ASTM C-143 specifications[12]. Fresh concrete 

was subjected to a density test by following ASTM C-

138/C-138M [13]. The Cylinders 100 mm x 200 mm in 

size were used. For each mixture, tests were run five 

times and the average of results is being used. Cubes of 

100 mm x 100 mm x 100 mm were used as test 

specimens for the water absorption procedure, which 

was carried out in accordance with ASTM C-642[14]. 

The compressive strength test was performed in 

accordance with ASTM C-39/C-39M[15]. The ASTM 

C-496/C-496M recommended splitting tensile strength 

test was performed[16]. The specimens utilized in both 

tests were cylinders with dimensions of 100 mm by 

200 mm. five specimens from each mix were made for 

each test, and the average result of five specimens was 

evaluated at 28 days of curing age. The curing period 

of 28 days was selected, as at 3 days of curing, 

concrete achieves only 50% strength, whereas from 7 

to 14 days it reaches to 80-90% [17], and achieves 99% 

strength after 28 days, after this curing age there is no 

significant change in compressive strength until 

admixtures are utilized[18].  It is also investigated that 

an increase in curing age improves uniformity and 

surface texture of concrete [19].  
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4. Results and Discussion  

4.1 Water Absorption Test 

By measuring the increasing weight in the concrete 

specimen, the water absorption test is used to evaluate 

the rate of absorption of water in the concrete. The 

specimens ware baked at a temperature between 100 °C 

and 110 °C following a 24-hour curing period. On 

average five cubes were collected from each of the five 

mixes after oven drying. Result from Fig. 6 revealed 

that increasing desert sand from 0% to 100% has 

increased the water absorption from 3.70% to 4.70% 

respectively. For a given consistency, very fine or 

angular grains require more water [20] and desert sand 

has more fineness than hill sand and, because of the 

presence of dust and clay particles, it absorbs water at a 

somewhat faster pace than hill sand. 

Fig. 6. Water absorption test 

4.2 Slump Test 

The slump test was used to assess concrete’s 

workability at different proportions of both sands, and 

their results are displayed in Fig. 7. As we know, the 

workability of concrete depends on the fineness of the 

material, and desert sand has a high rate of water 

absorption compared to hill sand as seen in Fig. 6. 

Fig. 7 reveals workability of concrete in terms of 

slump value, it decreases significantly as the 

amount of desert sand in concrete increases. As it 

is seen that, M4 mix is less workable than M1 mix, 

although M2 and M3 representing very close slump 

values. 

Fig. 7. Slump test 

4.3 Density 

Fig. 8 highlights the results of the density of concrete 

made with hill and desert sand. It demonstrates that 

concrete’s density decreases as the amount of desert 

sand rises. The (M1) made with hill sand has the 

highest density, while M5 made with desert sand has 

the lowest density around 2.14% less dense than M1 

made with hill sand. The findings show unequivocally 

that desert sand has little to no impact on the density of 

concrete. 

 

Fig. 8. Density test 
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The flow test of mortar is performed to analyse the 

flow behaviour of cement-sand paste. Various trials of 

standard flow test for mortar were performed at 
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sand has been tested to compare the flow of concrete. 

As we increase the desert sand percentage in the 

mortar, it tends to reduce the flow. Fig. 9 shows clearly 

how about the flow phenomenon. 

Fig. 9. Flow mortar test 

4.5 Compressive Strength and Splitting Tensile 

Strength Tests 

Compressive strength test was conducted by using an 

Automatic compressive testing machine, while the 

splitting tensile strength was determined by a Universal 

testing machine (UTM) as shown in Fig. 10 and 11. 

 

Fig. 10. Compressive test 

 

Fig. 11. Splitting tensile test 

The Compressive strength of a concrete mixture 

containing 75% desert sand was found to be 9.5% 

higher than nominal concrete made with hill sand, 

and the average strength rise was on 3.5%. When 

the concrete was substituted with 100% desert 

sand, the average compressive strength was 

decreased by 18.7% as shown in Fig. 12. Tensile 

splitting strength of concrete mixture prepared 

with 75% desert sand was found to be 16.3% 

greater than nominal concrete made with hill sand, 

with an average strength increase of 2%. With the 

substitution of 100% desert sand in concrete, the 

average tensile strength was decreased by 5.2% as 

seen in Fig. 13. Desert sand has a smoother texture 

than hill sand, when load is applied, bonding 

between particles tend to reduced because the 

particles may slide over one another. In addition, 

fineness and presence of dust and clay also 

decreases the strength[7]. Furthermore, desert sand 

is less abrasive than hill sand, as seen in the M4 

mix where 25% hill sand is used, which shows 

higher strength because this sand holds the 

particles tight together and resists the sliding of 

desert sand particles due to its resistive texture and 

size.  All the test results show that 75% 

substitution of desert sand as fine aggregate can be 

used in effective concrete production under 

designed concrete standards. Substitution beyond 

75% is not good due to the fineness of desert sand 

and the presence of dust and clay particles. 
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Fig. 12. Compressive test 

 

Fig.13. Splitting tensile test 

The strength parameters and their changes are clearly 

displayed in the Fig. 14 comparison graph. Overall, it is 

apparent that there has not been a significant change in 

concrete strength; nonetheless, desert sand may be 

substituted for natural riverbed or hill sand. Due to its 

enormous existence and high economic value, it will 

facilitate construction activity and further stops the mining 

of hill or riverbed sand. 

 

 

 

Fig.14. Compressive and tensile splitting strength 

5. Conclusion 

The following conclusions from experimental 

investigation based on mechanical properties can be 

made as follows. 

• The maximum compressive strength and 

splitting tensile strength were obtained at the 

replacement of 75% of hill sand with desert 

sand at the curing period of 28 days. 

• The workability was found same as hill sand 

with the increasing percentage of desert sand. 

• Water absorption rate was slightly increased by 

1% by rising proportion of desert sand. 

• The pattern of density remained unchanged, 

and the effect of desert sand on density is 

minimal. 

• From sieve analysis it was observed that the 

desert sand is finer than hill sand. 

• The SEM-EDS test reveals in the chemical 

composition that silica content in both sand are 

nearly identical. 

• It is clear from results that desert sand can be 

used up to 75% as fine aggregate in concrete, 

above this percentage would not give the 

desired results. 

• The use of desert sand will be more 

economical in the construction industry, 

especially to the locals and its use will 

minimize further extraction of natural sand. 

3599

2679

3616
3939

2862

0
500

1000
1500
2000
2500
3000
3500
4000
4500

0% Desert
Sand,

100% Hill
Sand

25%
Desert
Sand,

75% Hill
Sand

50%
Desert
Sand,

50% Hill
Sand

75%
Desert
Sand,

25% Hill
Sand

100%
Desert

Sand, 0%
Hill Sand

St
re

n
gt

h
 in

 p
si

Percentage of Sand Used

Compressive Strength

542

472

542
570

453

0

100

200

300

400

500

600

0% Desert
Sand,

100% Hill
Sand

25%
Desert

Sand, 75%
Hill Sand

50%
Desert

Sand, 50%
Hill Sand

75%
Desert

Sand, 25%
Hill Sand

100%
Desert

Sand, 0%
Hill Sand

St
re

n
gt

h
 in

 p
si

Percentage of Sand Used

Splitting Tensile Strength

3599 3611 3616
3939

2862

542 546 542 570 453

0

500

1000

1500

2000

2500

3000

3500

4000

4500

M1 M2 M3 M4 M5

St
re

n
gt

h
 in

 P
si

Compressive Strength Tensile Strength



 

© Mehran University of Engineering and Technology 2023                                223 

6. References 

[1] R. Sharma and S. Mehta, “Partial replacement 

of fine aggregate by waste tyre crumb rubber 

in concrete”, Int. J. Civ. Eng. Technol., vol. 9, 

no. 7, pp. 895–903, 2018. 

[2] N. Kalhara, A. Perera, A. Perera, and N. 

Lankathilake, “Suitability of Soil washed sand 

as fine aggregates to replace river sand in the 

concrete”, Am. Sci. Res. J. Eng. Technol. Sci., 

vol. 46, no. 1, pp. 25–33, 2018. 

[3] M. Adaway and Y. Wang, “Recycled glass as 

a partial replacement for fine aggregate in 

structural concrete - effects on compressive 

strength”, Electron. J. Struct. Eng., vol. 14, 

no. 1, pp. 116–122, 2015. 

[4] M. S. U. S. Mr. Bhaveshkumar M. Kataria, 

“A behavioral study of cement concrete with 

manufactured sand,” Int. J. Sci. Technol. 

Eng., vol. 2, no. 01, pp. 77–82, 2015. 

[5] G. Engineers and T. Review, “Partial-

replacement-of-natural-river-sand-with-

crushed-rock-sand-getview-manguriuoyawa,” 

pp. 7–14, 2010. 

[6] S. Karthik and T. Saranya, “An experimental 

investigation on partial replacement of fine 

aggregate by used tyre rubber particles in 

concrete”, Rasayan J. Chem., vol. 10, no. 2, 

pp. 415–422, 2017. 

[7] G. Ganesh Prabhu, J. H. Hyun, and Y. Y. 

Kim, “Effects of foundry sand as a fine 

aggregate in concrete production”, Constr. 

Build. Mater., vol. 70, pp. 514–521, 2014. 

[8] B. Demirel, “The effect of the using waste 

marble dust as fine sand on the mechanical 

properties of the concrete”, Int. J. Phys. Sci., 

vol. 5, no. 9, pp. 1372–1380, 2010. 

[9] K. Radhika, “Construction and demolision 

waste as a replacement of fine aggregate in 

concrete", International Journal of Science, 

Engineering and Technology Research, vol. 6, 

no. 6, pp. 1016–1021, 2017. 

[10] R. Siddique, “Effect of fine aggregate 

replacement with Class F fly ash on the 

mechanical properties of concrete”, Cem. 

Concr. Res., vol. 33, no. 4, pp. 539–547, 

2003. 

[11] ASTM C 136-06: "Standard test method for 

sieve analysis of fine and coarse aggregates”, 

vol. 04, 2006. 

[12] I. Kett, “Slump of hydraulic cement concrete 

(C 143)”, Eng. Concr., pp. 99–101, 2009. 

[13] Astm:C138/C138M-13, “Standard test 

method for density (unit weight), yield, and 

air content (gravimetric)”, ASTM Int., vol. i, 

no. C, pp. 23–26, 2013. 

[14] ASTMC642-06, "Standar test method density, 

absorption, voids hardened concr", pp. 11–13, 

2008. 

[15] C. C. Test, T. Drilled, C. C. Test, and B. 

Statements, “Standard test method for 

compressive strength of cylindrical concrete 

specimens”, ASTM, pp. 3–9, 2014. 

[16] ASTM International, “C496 spliting tensile”, 

vol. 04, no. March, pp. 1–4, 1996. 

[17] Mamlouk, M. S. Zaniewski, and J. P, 

"Materials for civil and construction engineers 

fourth edition in si units materials for civil and 

construction engineers", Fourth Edition In SI 

Units. 2018. 

[18] I. I. Akinwumi, I. I. Akinwumi, and Z. O. 

Gbadamosi, “Effects of curing condition and 

curing period on the compressive strength 

development of plain concrete sustainable 

landfill liner material view project 

characterization of innovative construction 

materials and structural health monitoring 

view project effects of curing condition and 

curing period on the compressive strength 

development of plain concrete”, Int. J. Civ. 

Environ. Res., vol. 1, no. 2, pp. 83–99, 2014, 

[Online]. 

[19] R. P. Memon, A. R. M. Sam, A. Z. Awang, 

and U. I. Memon, “Effect of improper curing 

on the properties of normal strength 

concrete”, Eng. Technol. Appl. Sci. Res., vol. 

8, no. 6, pp. 3536–3540, 2018. 

[20] G. Li, Y. Hu, and X. L. Zang, “Design and 

analysis of offset printing press plate cylinder 

using finite element method", Proc. 2nd Int. 

Conf. Model. Simulation, vol. 7, pp. 537–540, 

2009. 

[21] ASTM C1437, “Standard test method for flow 

of hydraulic cement mortar”, ASTM Int., pp. 

6–7, 2007. 


