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Abstract 
 
Stone dust, a byproduct of stone crushing is being produced in huge amount in the stone crushing zone of 
Bangladesh. Disposal of this stone dust has become a major concern of our country. Concrete is a tension-weak 
building material, Fiber can be used to overcome it. The addition of fiber in concrete effectively improves the 
mechanical properties and strength. Utilization of recycled fiber obtained from condensed milk-can and stone dust 
will benefit in term of waste reduction, recycling of waste and would provide low-cost construction material. The 
goal of this investigation is to establish the use of disregarded stone dust for construction purposes as fine aggregate 
and utilize the condensed milk-can as fiber reinforcement in concrete. This study concentrates on the relative 
comparison of the compressive strength of concrete cylinder, the flexural strength of rectangular beam and 
workability in term of slump by using full and partial replacement of sand with stone dust in concrete with 0%, 
0.5% and 1% of condensed milk-can fiber based on the weight of cement. The test results show that samples made 
of full stone dust with 1% fiber give 1.05% higher compressive strength than samples made of sand with no fiber 
at 28days. Besides, the use of stone dust and 1% fiber has increased flexural strength by 11.12% at 28 days. 
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1. Introduction 
 
Concrete is the most popular and widely used material in the world of construction(Balamurugan & Perumal, 
2013). It is an artificial stone, manufactured by combining binding materials like cement and lime, various 
aggregates like as sand, stone chips, brick chips (Chou), pebbles, gravels etc. with water. The sand fills the space 
between the aggregate particles and glues them together(Aziz, 1995; Latifee, 2007). Aggregate is the most 
important characteristic, which affects the strength of concrete greatly. Fine aggregate consists of sands with most 
particles passing through a 9.5mm sieve. For normal concrete, the sand's fineness modulus range is 2.3-3.1(Pofale 
& Quadri, 2013). As a result, there is a scarcity of sand. Moreover, the prices of sand are increasing due to 
transportation cost from the natural sources to the construction area. A large amount of stone dust is produced 
every year at the time of stone crushing in our country. Using this stone dust as an alternative to sand can save 
natural resources as well as utilize the waste product of stone crushing (Mahzuz, Ahmed, & Yusuf, 2011). 
 
Concrete is generally weak to tensile force and strong against compressive force. From the ancient time, there has 
been a use of fiber to reinforce construction materials which are weak in tension than in compression. 10,000 years 
ago, straw reinforcement was used for the first time in the Middle East (Mindess). In Bangladesh, a great number 
of condensed milk-can is being dumped every day. Hence the usage of this condensed milk-cans as fiber can not 
only increase the strength of the concrete but also reduce the cost of decomposition (Murali et al., 2012). 
 
In Bangladesh, there is almost no practice of using the stone dust as fine aggregate and condensed milk-can as 
fiber for building materials. In this present research, we intend to determine the utilization and acceptability of 
stone dust in place of sand concrete. The effects on the properties of concrete due to the presence of condensed 
milk-cans as fiber are also studied in this investigation. 
 
2. Experimental Details: 
2.1 Materials Collection 
In this study, Portland Limestone Cement (PLC) is used. Raw materials used for manufacturing of PLC are Clinker- 
(65-79%), Limestone- (21-35%), and Gypsum- (0-5%).The river sand is collected from Bholagunj, Sylhet and 
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used as fine aggregates for making standard concrete. Stone dust is collected from a nearby stone crushing industry 
of Jaflong, Sylhet. This stone dust was generated in the crushing procedure of stone. Crushed stone is collected 
from Bholagunj, Sylhet and used as coarse aggregate in concrete. The Specific gravity, Absorption capacity, 
Gradation of crushed stone, sand and stone were determined in the Lab, which is given in the tabulated form. 
Condensed milk-can is collected from tea stall and cleaned before using it in the fiber form. The surface of 
condensed milk-can is scratched by steel brush to make a rough surface. Then it was cut into fiber type with 
constant length and width. In the investigation of Dianah Binti Mazlan fiber with three dimensions were used. It 
is found that fiber with a length and width of 20mm and 2mm respectively provided better strength value(Mazlan, 
2011). So fibers were cut at 20mm length and 2mm width. 
 
2.2 Test Methods   
Stone dust was used in place of sand and partially replace of sand. Condensed milk-can’s fiber was used at 0.5% 
and 1% by weight of cement. Some specimens were also prepared without using stone dust or fiber to compare the 
test results. Sample made of sand with no fiber is denoted by SC (F0), and sand with 0.5% fiber was denoted by 
SC(F0.5), Sand with 1% fiber was denoted by (F1.0). Similarly, sample made with stone dust with 0%, 0.5% , 1% 
fiber was denoted by SD(F0), SD(F0.5), SD(F1.0) respectively. Again sample made of half sand and half stone 
dust with 0%, 0.5% and 1% fiber was denoted by SSDC(F0), SSDC(F0.5), SSDC(F1.0) respectively.  In this 
investigation, both compressive and flexural strength tests were carried out for the specimens at 7, 14, 28 and 50 
days. Cylinders with dimensions of 4ʺ×8ʺ were used for making specimens for compressive strength tests. While 
rectangular beams size 18ʺ×8ʺ×6ʺ was prepared for flexural strength test total of 108 specimens were cast for the 
whole investigation procedure. 
 
2.3 Mixing Ratio 
Using the British method of mix selection method a concrete mix design ratio was calculated for the target strength 
of 20.68MPa (3000psi).After calculation mix ratio 1: 1.25: 2.4 was selected to prepare a concrete sample (Mazlan, 
2011). The requirement of cement, fine aggregate, coarse aggregate, water and fiber to per m3 sample for both tests 
are shown in the table: 

Table 1: Mixing Proportions (Kg/m3) 
Specimen w/c 

ratio 
Cement 
Kg/m3 

Fine aggregate 
kg/m3 

Coarse 
aggregate 

kg/m3 

Fiber 
kg/m3 

Water 
kg/m3 

Total 
unit 

kg/m3 Sand Stone 
Dust 

SC(F0)  
 

 
 
0.48 

 
 
 
 

485.73 
 

607.16 -  
 
 

 
1165.7 

 

0  
 
 

 
233.13 

 

2494 

SC(F0.5) 607.16 - 2.42 2497 

SC(F1.0) 607.16 - 4.85 2499 

SDC(F0) - 607.16 0 2494 

SDC(F0.5) - 607.16 2.42 2497 

SSDC(F1.0) - 607.16 4.85 2499 

SSDC(F0) 303.58 303.58 0 2494 

SSDC(F0.5) 303.58 303.58 2.42 2497 

SSDC(F1.0) 303.58 303.58 4.85  2499 
 
2.4 Sample Preparation 
The manufacture of concrete specimens and all the testing on concrete were carried out in the Structure and 
Materials laboratory of the faculty of Civil & Environmental Engineering Department, SUST. The casting was 
done in accordance with the ASTM C192 method.(C. ASTM, 1988)  
 
2.5 Curing 
In accordance with ACI-318 concrete should be kept in the moist condition above 10˚C for at least 7days days 
after removing mold (Shafigh, Alengaram, Mahmud, & Jumaat, 2013). In our testing procedure, the samples were 
de-molded after 24 hours of casting. Then the specimens were immersed into a water chamber for curing for 7, 14 
and 28 days by following ASTM C 31 until they were taken for testing(C. ASTM, 2012). The samples made for 
the 50days tests were also cured for 28days. 
 
3. Results and Discussion 
3.1 Results of Material Properties Tests 
The properties such as specific gravity, absorption capacity, bulking of sand, stone dust and crushed stone were 
tested in the lab and the result of tests is shown in the following table. 
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Table 2: Results of material properties tests 

Test name Sand Stone Dust Crushed Stone 
Specific gravity 2.64 2.47             - 

Absorption capacity 6% 16% 3% 

Bulking 21.34% 23.45%             - 

Fineness Modulus 2.57 2.22            - 
 
3.2 Particle Size Analysis 
Sieve analysis of different aggregates like sand, crushed stone dust and crushed stone was performed. The fineness 
modulus of these aggregates was calculated using the sieve analysis data. Results are shown below graphs: 
 

              
Figure 1: Comparison of Particle size distribution             Figure 2: Gradation of crushed stone 
Between Sand and Stone Dust 
 
It is observed from the sieve analysis that the fineness modulus of natural sand is 2.57 and crushed stone powder 
is 2.22. The curve of sand and stone dust is a flat S-Curve which represents that each of them contains particles of 
different sizes in good proportion. So this can be called a well-graded sample. Uniformity coefficient Cu and 
gradation coefficient Cg were calculated. The value of Cu of sand and stone dust is 5.71 and 1.23 respectively. The 
Cg value of sand and stone dust is 5.67 and 1.22 respectively. The particle size distribution curve of crushed stone 
reveals that crushed stone is a coarse-graded particle. It also indicates that they contain particle of different size in 
good proportion.  So crushed stone can be considered well-graded aggregate. The uniformity coefficient and 
gradation coefficient of crushed stone are 2 and 1.12 respectively. 
 
3.3 Slump Test 
Slump test was performed for percentages of replacement sand with stone dust with various percentages of fiber 
present in the concrete. The height of the cone after removing the mold is measured using the standard tamping 
rod and the values of the height of the cone are shown in the table    
 

Table 3: Relative Height of cone in slump test 
Sample 
Type 

Height of the 
Cone(cm) 

SC(F0) 28 

SC(F0.5) 28 

SC(F1.0) 28.5 

SDC(F0) 26 

SDC(F0.5) 26.5 

SDC(F1.0) 26 

SSDC(F0) 25 

SSDC(F0.5) 25 

SSDC(F1.0) 25 
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3.4 Compressive Strength Test 
Compression testing machine was used to conduct this test. Cylindrical specimens were tested in accordance with 
ASTM C39 (Standard Test Method for Compressive Strength of cylindrical Specimens(C. ASTM, 2011). 

          Figure 3: Compressive Strength for different Concrete with different fiber ratio 
 
Figure 3 shows the change of compressive strength by using natural sand and stone dust as fine aggregate with 
different fiber ratios. Concrete samples made of natural sand with 1% exhibit the best strength value. The strength 
decreases in the samples made by fully replacing the sand with stone dust. The value decreases by 5.72% at 28days 
for the sample made of stone dust with 1% fiber. The samples made by using stone dust give the lowest compressive 
strength which is 14.16% than the sand sample with the same fiber ratio. It’s because stone dust has lower FM 
value than that of the natural sand. The values further decrease in the samples in which stone dust partially replaces 
the sand. The compressive strength decreases by 6.8% and 15.17% of samples made of full and partial replacement 
of sand with 0.5% fiber at 28days. The sample made of sand with no fiber give compressive strength of 19.12MPa 
at 28 days. The strength increases by 1.05% when sand was replaced with stone dust and 1% fiber was used. But 
the value decreases by 10.42% when sand was partially replaced by stone dust and 1% fiber was used 28days. 
Again compressive strength increases rapidly in SC(F0) from 14 days to 50days. But in case of using 1% fiber, the 
increase rate is lower. Compressive strength increases in SDC (F0) samples by 21.31% from 7days to 50days. 
 
Using these values of compressive strength a linear relation was developed between the 7days compressive strength 
value and 28 days compressive strength values. This relation can be expressed as the following equation: 
For SC: fC(28) = 0.3762fC(7) + 13.662; 𝑅 = 0.9558 
For SDC: fC(28 )= 0.568fC(7) + 10.016; 𝑅 = 0.9952 
For SSDC: fC(28) = 0.9338fC(7) + 4.7903; 𝑅 = 0.9788 
 
A similar relation was developed by using 28 days and 50days compressive strength value for the different type of 
samples. 
For SC:  fC(50) = 0.9201fC(28) + 2.8214; 𝑅 = 0.9446  
For SDC:  fC(50) = 1.1692fC(28) – 1.9498; 𝑅 = 0.8704 
For SDDC:  fC(50) = 1.372fC(28) – 5.4418; 𝑅 = 0.9968 
 
3.5 Flexural Strength Test 
Third point loading test was conducted as per ASTM C78 to find the flexural strength of concrete samples at 7, 
14, 28 and 50 days(ASTM, 2003). The results of the flexural strength test for different samples are shown in the 
following graph:  
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Figure 4: Flexural Strength for different concrete with different fiber ratio 
 

Figure 4 shows the relative change of flexural strength for different type of concrete samples using different fiber 
ratio. Samples made of sand with 1% fiber give the highest flexural strength 28 days tests. The Flexural strength 
value decreases in the case of full replacement of sand. Sample made of stone dust gives 3.01% less strength with 
1% fiber at 28days than sand samples. The flexural strength further decreases by 4.04% in the partially replaced 
samples. Sample made of stone dust with 1% fiber showed 9.85% higher flexural strength than sample made of 
sand with no fiber at 28 days. Samples made of sand and stone dust give 6.03% higher value than sand samples 
with the same fiber ratio at 28 days. For 0.5% fiber sample, partial and full replacement of sand gives 6.12% and 
1.78% than sand samples with no fiber in 28 days. Sand, concrete with 1% fiber gave higher flexural strength than 
0.5% fiber at 7days but the value was equivalent at 50days tests. 
 
The correlation between the floral strength of concrete and time for a different type of sample with different fiber 
ratio for with their ages at 7 and 28 days are shown in the following equations: 
For SC: fr(28 )=1.0226fr(7) + 0.486; 𝑅 = 0.9958 
For SDC: fr28 = 0.8107fc7 + 1.425; 𝑅 = 0.9953 
For SSDC fr(28) = 0.7805fc(7) + 1.55; 𝑅 = 0.9799 
 
A similar relation was developed by using 28 days and 50days compressive strength value for the different type of 
samples. 
For SC: fr(50) = 1.0761fc(28) – 0.2469; 𝑅 = 0.9947 
For SDC: fr(50) = 1.13551fc(28) – 0.4917; 𝑅 = 0.9841 
For SSDC: fr(50) = 0.96751fc(28) +0.4049; 𝑅 = 0.9988 
 
After the analysis of compressive strength tests and flexural strength tests, the relation were developed between 
the compressive strength and flexural strength of concrete for 28 days for different type of sample with different 
fiber ratio: 
For SC: fr = 0.0142fc

1.9847 ;    𝑅 = 0.9915 
For SDC: fr = 0.0145fc

2.0077 ; 𝑅 = 0.9596 
For SSDC: fr =0.0016fc

2.8331  ;  𝑅 = 0.8951 
 
By analyzing all the data we got from this research, we can evaluate some significant remarks. Sand provides us 
with a better result than stone dust in all tests. At 28 day tests, sand sample gives the highest compressive strength 
of 20.475MPa with 1% fiber in it. Sample made of stone dust gives 5.72% lower strength for the same type. 
Flexural strength decreases by 3.1% and 6.9% for SDC and SSDC to 1% at 28days than SC sample. The probable 
reason may be lower fineness modulus of stone dust than that of sand. Low specific gravity of stone dust may also 
be the reason for lower strength of concrete. Again the water absorption capacity of stone dust is higher than the 
sand. It may cause a decrement of strength in concrete. Besides, the stone dust collected for this research was of 
irregular shape and texture. These might cause a weak interparticle bond in the concrete. The sample with partial 
replacement of sand with stone dust gives the lowest strength. For 28days tests, samples with 50% stone dust give 
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14.15% lower compressive strength value than sand samples. The same result was obtained in previous studies 
(Mahzuz, et al., 2010). 
 
4. Conclusion and Recommendation 
Based on the present study, following conclusion and recommendation can be obtained:    

 From the result, it is seen that compressive strength for the sample made of stone dust and partial sand 
and stone dust with 1% fiber at 28days are 19.3MPa and 17.57MPa respectively. According to BNBC-
2012 this type of concrete may be used for up to four-stories buildings and light-loaded construction. 
Similarly, the sample made of stone dust and partial sand and stone dust with 0.5% gave compressive 
strength 18.62MPa and 16.95Mpa, they may suitable for structural concrete fewer than 3 stories buildings.  

 As the stone dust used is very fine, it can fill the apertures between the larger particles of fine aggregate. 
Hence the use of this material gives a pleasing finish to the concrete surface 

 The stone dust has high water absorption capacity. As a result, more water is needed during mixing 
process which affects the strength of concrete. 

 The strength of fiber reinforced concrete using condensed milk-can was also studied in this research. It is 
found that fiber has effectively improved the mechanical properties and strength of concrete. Both 
compressive and flexural strength was increased in fiber reinforced concrete than that of normal concrete. 
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