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ABSTRACT 

The majority of UAE cities are located close to the sea and it is more economical to 

obtain the sand from the seashore which contains a large amount of sea shells. This 

study experimentally investigates the effect of crushed sea shells that exists in the sand 

used in the construction work in UAE on the mechanical properties of both mortar and 

concrete in terms of compressive and flexural strengths. Four different percentages of 

sea shells have been investigated by using sieve analysis of the raw sand (29%, 14%, 

4%, 0%) and then used to prepare the standard mortar and concrete cubes and beams. 

48 concrete cubes, 24 concrete beams, 48 mortar cubes and 48 mortar beams have been 

prepared for testing purposes . 

Results revealed that there was a slight decrement in the compressive strength of 

standard concrete and mortar cubes prepared using raw sand containing 29% sea 

shells comparing to cubes made with sand removing all exists sea shells 0%. On the 

other hand, the flexural strength of concrete and mortar beams was slightly higher for 

beams made with sand containing 29% crushed sea shells comparing to beams made 

using 0% sea shells in the sand. All recorded results are for samples loaded until failure 

after curing 3, 7, 14 and 28 days. The only exception was for the concrete beams as 

results are for samples loaded until failure after curing 3, 7 and 28 days. This research 

work recommends using the marine sand in UAE without any considerations of having 

the crushed sea shells; since the existence of the sea shells has no significant effect on 

the compressive strength of concrete and it can slightly improve the flexural strength of 

both mortar and concrete. 
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1. INTRODUCTION 

Most of the constructions taking place in the United Arab Emirates (UAE) are concrete 

buildings. Concrete is a composite material composed of water, Portland cement and aggregate 

(sand, lime and coarse aggregate). The majority of UAE cities are located close to the sea and 

it is more economical to obtain the sand from the seashore which contains a large amount of 

sea shells.  

The sand used in the construction work in UAE is excavated from the bottom of the sea or 

ocean for different purposes including the excavation done for different offshore construction 

work. This sand is then transported to different local suppliers in UAE. The suppliers have the 

responsibility of washing the sand from salt and sieving to remove the large sized sea shells. 

The sea shells remains in the sand are the small sized, brittle and crushed shells. 

While the sea aggregates that contain shells may have contents that need to be controlled 

because the shells are brittle and they may reduce the workability of the mix [1]. Some studies 

found that replacing less than 20% of the fine aggregate with waste shells do not has a 

significant reduction on the compressive strength of concrete [2]. Other studies revealed that 

replacing 20% of the coarse aggregate by shells reduces the workability of concrete and made 

it harsh because of its shape and rougher texture [3]. Some other studies used shells as a 

replacement of the coarse aggregate as the sea shells are considered as natural wastes which 

should not be thrown away as long as they have mechanical properties which can be utilized 

[4]. Shells used in concrete were crushed into smaller sizes in order to reduce its adverse effect 

on the workability, strength and durability of concrete [5].  

In other research works, the sea shells used in manufacturing fibers to reinforce concrete 

and increase its ability to resist tensile forces and to reduce the deformation caused by loading 

[6]. Also the grinded seashells were applied as a cement replacement in mortar mixes to 

improve the workability of rendering and plastering mortar [7]. 

This study concentrates on crushed sea shells randomly exists in the sand used for different 

construction purposes in UAE. 

2. METHODOLOGY 

2.1. Materials Used in Experiments 

Cement: Ordinary Portland Cement (OPC) locally available in UAE was used in the 

experiment. 

Water: Portable water was used. 

Coarse aggregate (Gravel): crushed limestone from the quarry Stevin Rock L.L.C. located in 

Ras Al Khaimah was used in the experiment with specific gravity 2.59 , Bulk density 1480 

kg/m3 and grading shown in Figure (1). 
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Figure 1 Grading of Coarse Aggregate used in the experiment 

Fine aggregate (limestone): 50 % of the fine aggregate used in the concrete mix was limestone 

with fineness of modulus 2.92 and specific gravity 2.8 

Fine aggregate (marine sand): 50 % of the fine aggregate used in the concrete mix was marine 

sand which is available with crushed sea shells. The sand used for testing samples was brought 

from the same source. The sand available in a washed state with moisture content 8.9%. For 

ease of sieving, the sand used for all mixes dried for 24 hours in oven in temperature 50oC. The 

grading of the raw sand is shown in table (1). The fineness modulus of the sand is 1.8 and the 

specific gravity is 2.51. It is found that the sea shells in the sand have different grading. Some 

are retained on sieve 2.36 mm, others on sieve 1.18 mm and the remaining on sieve 600 µm. 

The sea shells passing sieve 600 µm was negligible. The mixes prepared using different 

percentages of sea shells in sand. The first mix was prepared using un-sieved sand which found 

to contain 29 % sea shells of the total weight of sand used. The second mix was prepared using 

sand passing sieve 2.36 mm and this sand found to contain 14 % sea shells of the total sand 

used. The third mix was prepared using sand passing sieve 1.18 mm and this sand found to 

contain 4 % sea shells of the total sand used. The fourth mix was prepared using sand passing 

sieve 600 µm with 0 % sea shells. 

Table 1 Grading of raw sand 

Sieve size 

(mm) 

Mass retained 

(g) 

% 

retained 

% cumulative 

Passing 

% 

cumulative 

Retained 

 

10 0 0.0 100.0 0.0  

5 1.6 0.2 99.8 0.2  

2.36 37.4 3.7 96.1 4 All sea shells 

1.18 104.8 10.5 85.6 14 All sea shells 

0.6 150 15.0 70.6 29 All sea shells 

0.3 195.8 19.6 51.0 49  

0.15 293.3 29.3 21.7 78  

0.075 192 19.2 2.5 98  

Pan 25.1 2.5 0.0 100  
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2.2. Mixes Used in Experiments 

Concrete Mix: the same concrete mix with effective water cement ratio 0.64 was used for all 

mixes with cement-fine aggregate-coarse aggregate mix proportions of 1: 2.4: 1.8  

Mortar Mix: the same mortar mix with effective water cement ratio 0.5 was used for all mixes 

with cement-sand mix proportions of 1: 2.75  

Tests Used in Experiments 

Compressive strength of Concrete: Standard metal cubes 150X150X150 mm3 were used to 

cast concrete. A total of 48 cubes were prepared for 4 different percentages of sea shells 29%, 

14%, 4% and 0%. The cubes are left in curing until testing after 3, 7, 14 and 28 days 

respectively. For each curing time 3 samples were loaded to failure using MATEST 

compression testing machine and the average is recorded for comparison purposes. Table 

vibrator was used to compact the samples for a specified time. See figure 2(a). 

Flexural Strength of Concrete: Standard metal beams 150X150X750 mm3 were used to cast 

concrete. A total of 24 beams were prepared for 4 different percentages of sea shells 29%, 14%, 

4% and 0%.. The beams are left in curing until testing after 3, 7 and 28 days respectively. For 

each curing time 2 samples were loaded to failure using MATEST flexural testing machine and 

the average is recorded for comparison purposes. A concentrated load is used at the mid span 

of the beam. Table vibrator was used to compact the samples for a specified time. See Figure 

2(b). 

Compressive Strength of Mortar: Standard metal cubes 50X50X50 mm3 were used to cast 

concrete. A total of 48 cubes were prepared for 4 different percentages of sea shells 29%, 14%, 

4% and 0%. The cubes are left in curing until testing after 3, 7, 14 and 28 days respectively. 

For each curing time 3 samples were loaded to failure using MATEST compression testing 

machine and the average is recorded for comparison purposes. Figure 3(a) shows the special 

frame attached to the compression machine for mortar cubes testing purposes. 

Flexural Strength of Mortar: Standard metal beams 40X40X160 mm3 were used to cast 

concrete. A total of 48 beams were prepared for 4 different percentages of sea shells 29%, 14%, 

4% and 0%. The beams are left in curing until testing after 3,7,14 and 28 days respectively. For 

each curing time 3 samples were loaded to failure using MATEST compression testing machine 

and the average is recorded for comparison purposes. Figure 3(b) shows the special frame 

attached to the compression machine for mortar beams testing purpose. A concentrated load is 

used at the mid span of the beam. 

     

(a)      (b) 

Figure 2 Testing concrete samples, (a) cubes (b) beams 
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(a)       (b) 

Figure 3 Testing mortar samples, (a) cubes (b) beams 

3. RESULTS AND DISCUSSIONS 

3.1. Compressive Strength of Concrete Cubes 

Table (2) shows the compressive strength for mixes that was made by sand with Different 

percentages of sea shells 29%, 14%, 4% and 0% of the total weight of sand. Results revealed 

that the highest values for the compressive strengths achieved for the sand made with totally 

sieved sand, 0%. For cubes tested after 28 days the difference in compressive strength almost 

diminishes for the different percentage of sea shells retained in the sand. 

Figure (4) shows the effect of sea shells with different percentages in sand used to made 

concrete cubes.  

Table 2 Compressive Strength Results for Concrete Cubes (MPa) 

% of sea shells 3 days 7 days 14 days 28 days 

29% 17.166 21.749 24.926 29.609 

14% 17.713 22.616 25.056 29.747 

4% 17.826 23.870 25.734 30.032 

0% 20.200 24.777 28.964 30.457 

 

Figure 4 Compressive Strength results for concrete cubes 
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3.2. Flexure Strength of Concrete Beams  

Table (3) shows the results for the flexural strength of concrete beams tested after 3, 7 and 28 

days. Concrete beams with different percentages of sea shells in the sand were made for 

comparison reasons. There was a slight difference in flexural strength (modulus of rupture) for 

concrete beams made using sand with different percentage of sea shells left in the mix. Higher 

values for flexural strength could be noticed on behalf of the concrete beams with un-sieved 

sand 29% compared to other beams having different percentages of sea shells. Figure (5) shows 

the effect of sea shells with different percentages in sand used to made concrete beams. 

Table 3 Flexural Strength results for Concrete beams (MPa) 

% sea shell 3 days 7 days 28 days 

29% 4.692 5.808 7.162 

14% 4.362 5.639 7.124 

4% 4.298 5.276 6.578 

0% 3.976 5.044 6.419 

 

Figure 5 Flexural Strength results for concrete beams 

3.3. Compressive Strength of Mortar Cubes 

Table (4) shows the compressive strength for mortar mixes that was made by sand with different 

percentages of sea shells 29%, 14%, 4% and 0% of the total weight of sand. Mortar cubes made 

using sand with all sieved sea shells 0% had the highest compressive strength even after 28 

days.  

Figure (6) shows the effect of sea shells with different percentages in sand used to made 

standard mortar cubes. 
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Table 4 Compressive strength results for mortar cubes (MPa) 

% of sea shells 3 days 7 days 14 days 28 days 

29% 16.268 16.362 16.475 16.659 

14% 16.31 16.515 16.589 16.706 

4% 16.462 16.537 16.68 16.75 

0% 16.553 16.746 16.863 17.066 

 

 

Figure 6 Compressive strength results for mortar cubes 

3.4. Maximum Flexural Load carried by Mortar Beams  

Table (5) shows the results for the maximum flexural load carried by the mortar beams tested 

after 3, 7, 14 and 28 days. Mortar beams with different percentages of sea shells in the sand 

were made for comparison reasons. Results revealed that the maximum flexural load carried by 

mortar beams made with un-sieved sand 29% was the highest comparing with mortar beams 

made using different percentages of sea shells in the sand. Figure (7) shows the effect of sea 

shells with different percentages in sand used to made standard mortar beams. 

Table 5 Maximum Flexural Load results for Mortar beams (kN) 

% of sea shells 3 days 7 days 14 days 28 days 

29% 2.738 2.846 2.963 3.377 

14% 2.335 2.66 2.819 3.269 

4% 2.306 2.414 2.729 3.206 

0% 2.278 2.378 2.684 3.125 
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Figure 7 Maximum Flexural load results for mortar cubes 

4. RECOMMENDATIONS 

This research work recommends using the marine sand in UAE without any considerations of 

having the crushed sea shells; since the results of the tests revealed that the existence of the sea 

shells in the sand used to prepare mortar and concrete samples has no significant effect on their 

compressive strength and it can slightly improve the flexural strength of both mortar and 

concrete. 

5. CONCLUSION 

In this study, the effect of crushed sea shells exists in the sand used to make concrete and mortar 

in UAE on the mechanical properties of concrete was examined. It is concluded that: 

• For both concrete and mortar cubes, it was generally observed a less compressive strength with 

increasing the percentage of crushed sea shells in sand. 

• For both concrete and mortar beams, it was observed a slight increment in the flexural strength 

with increasing the percentage of crushed sea shells in the sand. 
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