· Introduction:

Several tests can be carried on aggregates to determine whether or not they are suitable for use in concrete mixes. One particular property of aggregates that affects how they perform during use is “aggregates gradation”, which is determined in the lab by sieving of fine and coarse aggregates separately on a stack of sieves of known openings. Sieve analysis can be defined as the determination of the proportions of particles lying within certain size ranges in a granular material like aggregates by separation on sieves of different size openings.
· Aim and objectives:

-The aim of the experiment is to:

1. Determine the gradation of five different samples of fine and coarse aggregates by sieve analysis.

2. Draw gradation curves and calculate the fineness modulus for each of the five samples.

· Theory and prediction:

· Samples of fine and coarse aggregate are separated on sieve #4.
· Sieves used for fine and coarse aggregates differ in the size of their openings. The following table show sieve sizes for fine and coarse aggregates and the corresponding sieve-opening in mm.

	Table -1- sieve sizes for coarse and fine aggregates

	Fine aggregate
	Course aggregate

	Sieve #
	Opening (mm)
	Sieve size (inch)
	Opening  (mm)

	4
	4.75
	1.5
	37.5

	8
	2.26
	1
	25

	16
	1.18
	3/4
	19

	30
	0.6
	1/2
	12.5

	50
	0.3
	3/8
	9.5

	100
	0.15
	# 4
	4.75


· The % retained on each sieve is calculated using the following formula:

% retained on sieve = 
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· If there is a mass loss after sieving, the mass difference is distributed on all sieves, each according to the percentage retained on it. The corrected mass retained on each sieve is calculated using the following formula:
Corrected mass = 
[image: image2.wmf]retained mass

retained mass + mass difference *
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· For each sample, a graph for the relationship between the cumulative percentages passing each sieve is plotted versus sieves size in mm on logarithmic scale. From this graph the gradation of the sample can be determined. Additionally, the type and degree of sorting can be determined. There are three types of sorting for aggregates: well-graded, gap-graded, and single-sized graded. 
· Fineness modulus is a measure of the fineness or coarseness of an aggregate sample, usually the fine aggregate (sand). It is determined by adding the cumulative percent retained on each of a specified series of sieves, and dividing the sum by 100. For fine aggregate, these sieve sizes are 3/8 in., #4, #8, #16, #30, #50, and #100. For coarse aggregates, 500 is added to the sum of the cumulative percent retained on each of a specified series of sieves, before dividing the sum by 100. These sieves are 1 in, 3/4 in, 1/2 in, 3/8 in, 1/4 in, and #4.
The formula for fineness modulus are:
For coarse aggregates, F.M. = 
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For fine aggregates, F.M. = 
[image: image4.wmf]Total Cumulative % retained 
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Higher fineness modulus means a coarser sample.

· Tools and instruments:

The following tools were used during the experiment:

· Five different aggregate samples (foleyeh, homseyeh, adaseyeh & semesmeyeh, sand, and special sample called zarqa).
· A stack of sieves with pan and cover:
For foleyeh, homseyeh, and special sample the sieves used were


 (1in, 0.75 in, 0.5 0in, 0.375 in, 0.25 in and #4)
For sand sample, the sieves used were (#4, #8, #16, #30, #50 and #100)
For the adaseyeh & semesmeyeh sample, the sieves used were

(0.375in, 0.25in,  #4, #8, #16, #30, #50 and #100).
· Weighing trays.
· Hair brush for fine sieves.

· Electronic weighing balance.
· Mechanical vibrator.
· Procedure:
· The weighing tray was placed on the electronic weighing balance, and the balance was tarred.

·  The homseyeh sample was weighted in the tray and its weight before sieving was recorded.
· The correct stack of sieves for homseyeh sample (see tools and instruments section) was prepared in the correct order of increasing mesh number.
· The sample was poured on the upper sieve, the cover was closed, and the stack was inserted on the mechanical vibrator for 4-5 minutes.

· The retained mass on each sieve and the pan was weighted.
· The total mass after sieving was weighted to ensure that no more than 1.5% of the original mass was lost.
· Corrections and calculations were carried out in order to calculate the fineness modulus and to draw gradation curves for each sample (graphs for cumulative percentage passing each sieve versus sieves size in ‘mm’ on logarithmic scale).
· The following procedure was repeated for the remaining four samples with the following differences:
1. A different stack of sieves were used for each sample as mentioned in the tools and instruments section.
2. For the sand sample as well as the adaseyeh & semesmeyeh samples, the time of placement on the mechanical vibrator was 3 minutes instead of 4-5 minutes.

3. For the adaseyeh & semesmeyeh sample, the stack of sieves was shaken by hand first to ensure that the entire sample passed sieve size 0.375in.
· Data and calculations:

The tables on the next pages summarize the data collected and calculations performed, and the graphs are the gradation curves for the samples:
1. Sample # 1: Foleyeh (course aggregate)

Mass before sieving = 1793.8 g

Mass after sieving = 1792.6 g

Mass difference = 1.2g

% difference = 0.067 % (<1.5 %)
	Table -2- data and calculations for foleyeh sample

	Sieve size (in) / number
	Retained mass (g)
	Corrected retained mass (g)


	% retained

(%)
	Cumulative % retained (%)
	Cumulative % pass (%)

	1
	0.0
	0
	0
	0
	100

	3/4
	51.2
	51.23
	2.86
	2.86
	97.14

	½
	1639.0
	1640.10
	91.43
	94.29
	5.71

	3/8
	77.4
	77.45
	4.32
	98.61
	1.40

	¼
	13.8
	13.81
	0.77
	99.38
	0.63

	#4
	1.8
	1.80
	0.10
	99.48
	0.52

	Pan
	9.4
	9.41
	0.52
	100
	0

	Total
	1792.6
	1793.8
	100
	494.6
	205.4
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                 Graph 1: Cumulative % pass vs. sieve size for Foleyeh sample 

2. Sample # 2: Homseyeh (course aggregate)

Mass before sieving = 1350.0 g

Mass after sieving = 1349.2 g

Mass difference = 0.8g

% difference = 0.059 % (<1.5 %)
	Table -3- data and calculations for homseyeh sample

	Sieve size (in) / number
	Retained mass (g)
	Corrected retained mass (g)


	% retained

(%)
	Cumulative % retained (%)
	Cumulative % pass (%)

	1
	8.1
	8.10
	0.60
	0.60
	99.40

	3/4
	0.0
	0.00
	0.00
	0.60
	99.40

	½
	390.6
	390.83
	28.95
	29.55
	70.45

	3/8
	568.8
	569.14
	42.16
	71.71
	28.29

	¼
	357.9
	358.11
	26.53
	98.24
	1.76

	#4
	11.4
	11.41
	0.85
	99.08
	0.92

	Pan
	12.4
	12.41
	0.92
	100
	0

	Total
	1349.2
	1350.0
	100
	399.78
	300.22
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Graph 2: Cumulative % pass vs. sieve size for Homseyeh sample

3. Sample # 4: special sample / zarqa (course aggregate)

Mass before sieving = 1426.7 g

Mass after sieving = 1426.0 g

Mass difference = 0.7g

% difference = 0.049% (<1.5 %)
	Table -4- data and calculations for special sample / zarqa

	Sieve size (in) / number
	Retained mass (g)
	Corrected retained mass (g)


	% retained

(%)
	Cumulative % retained (%)
	Cumulative % pass (%)

	1
	0
	0
	0
	0
	100

	3/4
	0
	0
	0
	0
	100

	½
	268.2
	268.33
	18.81
	18.81
	81.19

	3/8
	821.3
	821.70
	57.59
	76.40
	23.60

	¼
	322.7
	322.86
	22.63
	99.03
	0.97

	#4
	8.4
	8.40
	0.59
	99.62
	0.38

	Pan
	5.4
	5.40
	0.38
	100
	0

	Total
	1426.0
	1426.7
	100
	393.86
	306.14
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Graph 3: Cumulative % pass vs. sieve size for special sample / zarqa
4. Sample # 3: Adaseyeh & semesmeyeh (fine aggregate)

Mass before sieving = 519.3 g

Mass after sieving = 518.4 g

Mass difference = 0.9 g

% difference = 0.17 % (<1.5 %)
	Table -5- data and calculations for Adaseyeh & semesmeyeh sample 

	Sieve size (in) / number
	Retained mass (g)
	Corrected retained mass (g)


	% retained

(%)
	Cumulative % retained (%)
	Cumulative % pass (%)

	3/8
	0.0
	0
	0
	0
	100

	¼
	125.3
	125.52
	24.17
	24.17
	75.83

	# 4
	106.9
	107.09
	20.62
	44.79
	55.21

	# 8
	239.9
	240.32
	46.28
	91.07
	8.93

	# 16
	32.1
	32.16
	6.19
	97.26
	2.74

	# 30
	7.6
	7.61
	1.47
	98.73
	1.27

	# 50
	2.9
	2.91
	0.56
	99.29
	0.71

	# 100
	2.4
	2.40
	0.46
	99.75
	0.25

	Pan
	1.3
	1.30
	0.25
	100
	0

	Total
	518.4
	519.3
	100
	655.054
	244.946
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Graph 4: Cumulative % pass vs. sieve size for Adaseyeh & semesmeyeh sample
5. Sample # 5: Sand (fine aggregate)

Mass before sieving = 192.2 g

Mass after sieving = 189.8 g

Mass difference = 2.4 g

% difference = 1.25% (<1.5 %)
	Table -6- data and calculations for sand sample

	Sieve size (in) / number
	Retained mass (g)
	Corrected retained mass (g)


	% retained

(%)
	Cumulative % retained (%)
	Cumulative % pass (%)

	# 4
	1.1
	1.11
	0.58
	0.58
	99.42

	# 8
	3.0
	3.04
	1.58
	2.16
	97.84

	# 16
	3.1
	3.14
	1.63
	3.79
	96.21

	# 30
	4.8
	4.86
	2.53
	6.32
	93.68

	# 50
	33.2
	33.61
	17.49
	23.81
	76.19

	# 100
	138.1
	139.85
	72.76
	96.57
	3.42

	Pan
	6.5
	6.58
	3.42
	100
	0

	Total
	189.8
	192.2
	100
	233.23
	466.76


[image: image8.emf]Graph #5: Sand (fine aggregate)
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Graph 5: Cumulative % pass vs. sieve size for sand sample
* Sample calculations: Sample #1 (Foleyeh):

· Mass difference = Mass before sieving - Mass after sieving 
     = 1793.8-1792.6 = 1.2 g

· Corrected mass (sieve 1) =
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retained mass + mass difference *
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       = 0 + 1.2 * 
[image: image10.wmf]0

1792.6

= 0 g

· Corrected mass (sieve 3/4) = 51.2 + 1.2 * 
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1792.6

= 51.23 g
·  Corrected mass (sieve 1/2) =1639 +1.2*
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= 1640.10 g

· Corrected mass (sieve 3/8) = 77.4 +1.2*
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= 77.45 g

· Corrected mass (sieve 1/4) = 13.8 +1.2*
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= 13.81 g

· Corrected mass (sieve # 4) = 1.8 +1.2*
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= 1.80 g

· Corrected mass (pan) = 9.4 +1.2*
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= 9.41 g

· % retained (sieve 1”) = 
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· % retained (sieve 3/4) =
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= 2.86%

· % retained (sieve 1/2) = 
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· % retained (sieve 3/8) = 
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· % retained (sieve 1/4) = 
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· % retained (sieve #4) =
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· % retained (pan) = 
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 = 0.52%

·  % pass (sieve 1”)  = 
[image: image25.wmf]% cumulative pass on each sieve
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= 100%
· % pass (sieve 3/4)  = 
[image: image26.wmf]% cumulative pass on each sieve
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= 97.14%
· % pass (sieve 1/2)  = 
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= 5.71%
· % pass (sieve 3/8) = 
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å

= 1.40%
· % pass (sieve 1/4) = 
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= 0.63%
· % pass (sieve #4) = 
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· % pass (pan) = 
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· Total Cumulative % pass = 
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= 205.4
· Total Cumulative % retained = 
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   = 494.6
* Fineness modulus (F.M.) calculation for all samples:
· F.M. (foleyeh sample) = 
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    = 
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  = 8.95
· F.M. (homseyeh sample) = 
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  = 8.00

· F.M. (special sample) = 
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  = 7.94

· F.M. (Adaseyeh & semesmeyeh) = 
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          = 
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  = 5.55

· F.M. (sand sample) = 
[image: image40.wmf](233.23100)
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  = 1.33
Note that the 100 subtracted from 
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 is that of the pan since it should not be included in the calculations.
· Results and Conclusion:

The results of the experiment can be summarized as follows:
1) Graphs:
Graph 1: Gradation curve for Foleyeh sample
Graph 2: Gradation curve for Homseyeh sample

Graph 3: Gradation curve for Special sample / zarqa

Graph 4: Gradation curve for Adaseyeh & semesmeyeh sample

Graph 5: Gradation curve for Sand sample

2) Fineness modules:
The following tables summarize the results of F.M:
	Sample 
	F.M

	Foleyeh sample
	8.95

	Homseyeh sample
	8.00

	Special sample
	7.94

	Adaseyeh & semesmeyeh sample
	5.55

	Sand sample
	1.33


From the results of the experiments, the following can be concluded:
For the three coarse samples, the fineness modulus ranged from 7.94-8.95. This is relatively higher than the expected accepted range of 7-7.2 and thus results should be rejected. For the two fine samples the fineness modulus ranged from 1.33-5.55. This is lower than the accepted range of 2.3-3.1. This means that these results are rejected too.

The foleyeh sample has a maximum aggregate size of ½ in, since maximum aggregate size is defined as the largest sieve size on which 15 percent or more particles are retained. Its fineness modulus is the highest, which implies that it is the coarsest of all samples (as was expected). The gradation curve for the foleyeh sample implies that it is not well-graded (poorly graded). In fact, more than 90% of the sample was retained on sieve size ½ inch, so the sample may even be considered a single-size graded sample.
The maximum aggregate size for the homseyeh sample is ½ inch too. However the sample is relatively finer than the foleyeh sample due to its lower fineness modulus. Additionally, from the gradation curve, the sample seems well graded and it is distributed more uniformly on more sieves than the foleyeh sample.

The special sample / zarqa has a maximum aggregate size of ½ inch too. This sample is even finer than the homseyeh sample which is expected since it contains particle sizes of homseyeh and smaller. As for the homseyeh sample, the shape of the gradation curve for this sample shows that it is well sorted.
The adaseyeh & semesmeyeh sample is considered a fine aggregate sample. This agrees with the fact that its fineness modulus is lower than that of all three coarse samples. The maximum aggregate size is ¼ inch, and the shape of the gradation curve implies that the sample is gap-graded.
The maximum aggregate size for the sand sample is 0.3 mm. it is the finest of all samples and this is implied by its fineness modulus which is the lowest for all samples. The shape of the gradation curve implies that the sample is gap-graded.
Some sources of error in this experiment are:

· Weighing errors.
· Mass loss during sieving and weighing.
· Insufficient sieve cleaning.

· Not sieving to completion.

· Engineering use:

Sieve analysis is useful for several reasons because knowing the gradation and calculating the fineness modulus have many applications in civil engineering life, which can be summarized in the following points: 

· Gradation is usually specified for each engineering application the aggregate is used for. Foundations call for coarse aggregates analysis, concrete could call for both coarse and fine particles analysis and so does asphalt design. Gradation also applies to sub grades in paving.
· Through sieve analysis, the maximum aggregate size can be specified. Maximum aggregate size should not be larger than 1/5 of the narrowest dimension the form in which the concrete is placed or larger than 3/4 the maximum clearing distance between reinforcing bars to avoid micro cracks.

· Aggregate grading has a considerable effect on cement paste requirement for a concrete mixture. 
· Fine aggregate affects many concrete properties, including workability and finish ability. Experience has shown that very coarse sand or very fine sand produces poor concrete mixes. Coarse sand results in harsh concrete mixes prone to bleeding and segregation. Fine sand requires a comparatively large amount of water to achieve the desired concrete workability, is prone to segregation, and may require higher cement contents. For the high cement contents used in the production of high-strength concrete, coarse sand with an FM around 3.0 produces concrete with the best workability and highest compressive strength.
· References:

The following references were used:

· Concrete laboratory manual, pages 14-22

· www.concretees.com/people/bruce/pubs/J940107.pdf.  
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