· Introduction:

Several tests can be carried on aggregates to determine whether or not they are suitable for a specific engineering project. One important test is specific gravity and percentage of water absorption. For example, this test is important to determine if the aggregate is suitable for use in concrete mix. Specific gravity for aggregates is defined as the ratio of the mass of a given volume of aggregate to the mass of an equal volume of water. Specific gravity has three types, namely: apparent, bulk, and bulk SSD specific gravity. The difference between them is mainly the type voids inside the aggregate particles considered in the test, and the way each type is measured. The absorption of a sample of aggregate is the amount of water absorbed by a sample when submerged in water for 24 hours divided by its dry weight.
Another important value which should be determined for coarse aggregates is the bulk density which is also called unit weight or volumetric weight. It is defined as the mass of a unit volume of bulk aggregate material; including the volume of aggregate particles and the voids between the particles. The determination of the unit weight is necessary for the design of a concrete mixture by the absolute value method.

· Aim and objectives:

-The aim of the specific gravity and water absorption experiment is to:

1. Determine the specific gravity expressed as bulk specific gravity, bulk (saturated-surface-dry) specific gravity, as well as apparent specific gravity for five different samples of fine and coarse aggregates.

2. Determine the percentage of water absorption for the five samples of fine and coarse aggregate after 24 hours of soaking in water.

-The aim for the unit weight experiment is to calculate the rodded unit weight (bulk density) of a sample of coarse aggregates.
· Theory and prediction:

· for the specific gravity and water absorption experiment
· there are three different types of specific gravity:

1. Bulk dry specific gravity “Gsb”

It is the ratio of the mass in air of a unit volume of aggregate at a stated temperature to the mass in air of an equal volume of gas-free distilled water at a stated temperature. This unit volume is composed of the solid particles, including the permeable and impermeable voids (Internal pore system), but doesn’t include the voids between the aggregate particles.
* The formula for Gsb for coarse aggregates is as follows:

Gsb=  

  
Where A= oven dry mass, B= SSD mass in air, C= SSD mass in water.
* The formula for Gsb for fine aggregates is as follows:

Gsb=  

  
Where A= oven dry mass, B= weight of Pycnometer + water, C= weight of Pycnometer + water + sample, U= mass of aggregate (SSD)
2. Bulk SSD specific Gravity (Gsb SSD)

It is the ratio of the mass in air of a unit volume of aggregate, including the mass water within the voids filled to the extent achieved by submerging in water for approximately 15 hours, to the mass in air of an equal volume of gas-free distilled water at a stated temperature. 
* The formula for Gsb SSD for coarse aggregates is as follows:

Gsb SSD =  

  
* The formula for Gsb SSD for fine aggregates is as follows:

Gsb SSD =  

  
3. Apparent specific gravity (Gsa)

It is the ratio of the mass in air of a unit volume of the impermeable portion of aggregate (does not include the permeable pores in aggregate) to the mass in air of an equal volume of gas-free distilled water at a stated temperature.
* The formula for Gsa for coarse aggregates is as follows:

Gsa =  

  
* The formula for Gsa for fine aggregates is as follows:

Gsa =  

  
· Absorption (%Abs.)

The increase in mass of aggregate due to water in the pores of the material, but not including water adhering to the outside surface of the particles.

The formula for %Abs. for coarse aggregates is as follows:

%Abs. =  

  
* The formula for %Abs. for fine aggregates is as follows:

%Abs. =  

  
· for the unit weight experiment:

·  The formula for calculating the unit weight of coarse aggregates is :

M =  

  
Where M= unit weight, G= mass of aggregates + measure, T= mass of measure, and V= Volume of measure
· Tools and instruments:

The following tools were used for specific gravity and % absorption experiment:

· Five different aggregate samples (foleyeh, homseyeh, adaseyeh & semesmeyeh, sand, and special sample)

· Weighing balance

· Absorbent cloth for drying coarse aggregate surfaces. 

· Drying oven.

· Electric heater to dry the fine aggregate.
· Pycnometer for fine aggregate samples.
· Washing bottle

· Weighing trays

· Net basket with openings equal in size to sieve #4 openings. 
The following tools were used for unit weight experiment:

· Weighing balance
· Damping rod 16mm, and length 600mm
· Coarse aggregate sample

· Cylindrical container of known volume 
· Procedure:

· for the specific gravity and water absorption experiment
1. Coarse aggregates:
· A foleyeh sample that has been soaked in water for 24 hours was taken by the quarter-sample method.

· The surface of the particles was dried with the absorbent cloth and was then weighted on a weighing balance.

· The sample was placed in the net basket and its submerged weight was measured and recorded.

· The sample was dried in a drying oven with temperature of 110 degrees centigrade and its dry weight was measured after one day.

· These steps were repeated for the homseyeh and special sample.

2. Fine aggregates:
· An adaseyeh & semesmeyeh sample that has been soaked in water for 24 hours was taken by the quarter-sample method.
· The surface of the particles was dried with the absorbent cloth and was then weighted on a weighing balance.

· A pycnometer was filled with water and weighted.

· The sample was placed in the pycnometer, filled with water and the pycnometer was reweighed.

· The sample was dried in a drying oven with temperature of 110 degrees centigrade and its dry weight was measured after one day.

· These steps were repeated for the sand sample, but this time the sample was saturated surface dried using an electric heater (hot plate) instead of the absorbent cloth. 
· for the unit weight experiment:

· the volume of the cylindrical container was recorded.
· the cylindrical container was weighed on a weighing balance.

· The coarse aggregates were filled in the cylindrical container on three approximately equal layers.
· For each filled layer, the aggregates in the cylindrical container were damped 25 times using a compaction rod.

· The mass of cylinder with aggregate was measured using a weighing balance.
· Data and calculations:

· for the specific gravity and water absorption experiment:

1. Coarse aggregates:

The following table summarizes the data collected for coarse aggregate samples:
	Table -1- data for S.G. & %abs. experiment for coarse aggregates

	
	W
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	W
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(g)
	W
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(g)

	Homseyeh
	622
	382
	608

	Special sample
	521
	320
	509

	Foleyeh
	1125
	707
	1107


The following table summarizes the calculations for coarse aggregate samples:
	Table -2- S.G. & %abs. calculations for coarse aggregates

	
	B (g)
	C (g)
	A (g)
	% abs.
	Gsb


	Gsb SSD
	Gsa

	Homseyeh
	622
	382
	608
	2.30%
	2.53
	2.59
	2.69

	Special sample
	521
	320
	509
	2.36%
	2.53
	2.59
	2.69

	Foleyeh
	1125
	707
	1107
	1.63%
	2.65
	2.69
	2.77


Note that:
A= oven dry mass, B= SSD mass in air, C= SSD mass in water
Gsb= Bulk specific gravity , Gsa = apparent specific gravity, Gsb SSD = Bulk SSD specific gravity
* Sample calculations (Homseyeh sample):
Gsb=  

  
Gsb SSD =  

  
Gsa =  

  
%Abs. =  

  
2. Fine aggregates:

      Sand sample: 

Weight of empty tray = 85.5 g

Weight of sand with tray = 225.0 g

Weight of pycnometer with water = 1674 g

Weight of sand with water in pycnometer = 1753 g

W
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= Weight of dry surface sand = 225-85.5= 139.5 g

W
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= Weight of submerged sand = 1753-1674= 79 g

W
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= Weight of dry sand = 139.5 g

Adaseyeh & semesmeyeh sample (fine aggregate):

Weight of pycnometer with water= 1674 g
Weight of aggregate diverged with water in pycnometer= 1820 g
W
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 = 253 g
W
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 = 146 g
W
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 = 246 g
The following table summarizes the data collected for fine aggregate samples:
	Table -3- data for S.G. & %abs. experiment for fine aggregates

	
	W
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 (g)
	W
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(g)
	W
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(g)

	Sand
	139.5
	79
	139.5

	Fine aggregate
	253
	146
	246


The following table summarizes the calculations for fine aggregate samples:
	Table -4- S.G. & %abs. calculations for fine aggregates

	
	B=W
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(g)
	C= W
[image: image40.wmf]Sub


(g)
	A=W
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(g)
	% abs.
	Gsb


	Gsb SSD
	Gsa

	Sand
	139.5
	79
	139.5
	0%
	2.31
	2.31
	2.31

	Fine aggregate
	253
	146
	246
	2.85%
	2.30
	2.36
	2.46


* Note that
for the fine aggregates equation, U is replaced by B which is W
[image: image42.wmf]SSD

 and that      B- C is replaced by C which is W
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Gsb= Bulk specific gravity, Gsa = apparent specific gravity, Gsb SSD = Bulk SSD specific gravity
* Sample calculations (Sand sample):
  Gsb=  

  
Gsb SSD =  

  
Gsa =  

  
%Abs. =  

  
· for the unit weight experiment:

Volume of measure (V) = 7300 cm
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Self weight of measure (T) = 2.85 Kg

Weight with aggregate of measure (G) = 14.1 Kg

Weight of aggregate= 11.25 Kg

(  Unit weight =
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= 0.00154 Kg / cm
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· Results and Conclusion:

The results of the experiment can be summarized as follows:
· Results for the specific gravity and water absorption experiment:

	Table -5- results for S.G. & %abs. experiment 

	
	% abs.
	Gsb
	Gsb SSD
	Gsa

	Homseyeh
	2.30%
	2.53
	2.59
	2.69

	Special sample
	2.36%
	2.53
	2.59
	2.69

	Foleyeh
	1.63%
	2.65
	2.69
	2.77

	Sand
	0%
	2.31
	2.31
	2.31

	Fine aggregate
	2.85%
	2.30
	2.36
	2.46


· Results for the unit weight experiment:

Unit weight for coarse aggregate sample= 0.00154 Kg / cm
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From the results of the experiments, the following can be concluded:
· for the specific gravity and water absorption experiment:

The accepted specific gravity for aggregate is 2.4-2.8. All the results for the specific gravity for coarse aggregate agree with this, which means that the results of the experiment are accepted and that these aggregates are suitable for use in designing concrete mixtures. Values for fine aggregates however are slightly lower than the accepted range of specific gravity. This means that these aggregates are most probably unsuitable for use in concrete mix design. However this might have resulted from the loss of some of the sample during weighing and emptying the pycnometer, as well as due to inaccuracy in weighing. Repetition of the experiment for others sample is recommended to make sure of the results.
  From comparing averages of fine and coarse aggregate, it can be concluded that for coarse aggregate, the specific gravity in all three types and the percentage absorption are all greater than those for fine aggregate. It can also be concluded that apparent specific gravity is higher than bulk SSD specific gravity, which in turn is higher than bulk specific gravity. This is logically expected.
The values of percentage of absorption lie close to accepted values of 1-2.5% except for the sand sample for which the dry and SSD weight were exactly the same. This implies that something has gone wrong throughout the experiment because 0% absorption is impossible. A possible reason for this is overheating the sand on the hot plate or sample loss while emptying the pycnometer, which is the most probable source of error. 

Some sources of error in this experiment are:

· Weighing errors

· Improper pycnometer calibration and presence of air inside

· Loss of material during transfer

· Improper identification of SSD

· for the unit weight experiment:

Generally for aggregates, the unit weight accepted range is 1-2 g/ cm
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. The value obtained for the coarse aggregate sample is 0.00154 Kg / cm
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 which is equal to 1.54 g / cm
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. This value is accepted and implies that the aggregate is suitable for use in concrete mixes.
· Engineering use:

Knowing the specific gravity and percentage of water absorption for aggregate is important in determining the validity of its use in a certain engineering project or civil construction. For example, specific gravity calculation and absorption test for aggregate are carried out before using it in asphalt and concrete mixes and in determining if aggregate is suitable for use in road and highway construction. Engineering uses are:

· Specific gravity can be used to separate the bad particles from the good using heavy media liquid, since the bad particles are lighter than “good” aggregates.

· Specific gravity sometimes indicates change of material or possible contamination.

· In Portland cement concrete specific gravity is used to calculate the percentage of voids and the solid volume of aggregates.
· Knowing the specific gravity is critical to many applications, for example, slope stabilization projects, railway bedding...etc.
· The absorption is important in determining the net water-cement ratio in the concrete mix.
· High absorption indicates high porosity aggregates, which means durability problems.
The determination of the unit weight is necessary for the design of a concrete mixture by the absolute value method and in determining whether or not the aggregate is suitable in use for concrete mix designs
· References:

The following references were used:

· Concrete laboratory manual, pages 23-29.

· http://faculty.ksu.edu.sa/abdullah/LabManual/EXP-05.DOC; SPECIFIC GRAVITY AND ABSORPTION OF FINE AGGREGATE; browsed in 26-September-2009,
· http://faculty.ksu.edu.sa/abdullah/LabManual/EXP-04.DOC; SPECIFIC GRAVITY AND ABSORPTION OF COARSE AGGREGATE; browsed in 26-September-2009.
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