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OBJECTIVES


The purpose of this lab is to determine specifications of requirements for aggregates. This involves a series of tests to obtain the gradation, bulk density, specific gravity, and the absorption and surface moisture of the aggregate sample used in this experiment.

INTRODUCTION


An aggregate refers to a variety of loose, granular materials such as sand, gravel, stone fragments, etc. The main volume in concrete is provided by aggregates, rendering them a crucial property in the construction amalgamation. Considering the significance of aggregates in concrete, it is paramount that such materials must undergo several tests to determine the eligibility of their quality:

Gradation refers to the particle size distribution in an aggregate sample. This test is conducted through sieve analysis. The coarseness of the fine aggregate is represented by the fineness modulus, with values typically ranging from 2.3-3.1.

Bulk density accounts for the mass of an aggregate sample measured from the combined volume of the packed aggregate material and the volume of the space between the material. The acceptable values range from 1500-1700 kg/m3

Specific gravity is the ratio of the mass of an aggregate to the mass of an equal volume of water. Many aggregates possess gravities from 2.4-2.9.

Absorption and surface moisture describe the state and counterpart moisture levels of an aggregate batch which helps determine the specific water to cement ratio when producing the concrete. 

The aggregates that meet the requirements of Specifications for Concrete Aggregates (ASTM) are considered durable, substantial samples.  

PROCEDURES


Fine Aggregate – Sieve Analysis

Materials
Sieves
Digital balance
Sieve shaker
Fine aggregate, dry


Method
A batch of sand was mixed thoroughly before a 600g sample was obtained. The mass was measured using the digital balance. Each individual sieve was weighed and recorded. Afterward, the sieves were stacked in order of decreasing hole size with the pan on the bottom. The aggregate sample was transferred to the top sieve, and the lid was secured. The stack of sieves was placed in the mechanical shaker for 10 minutes. After separating each sieve, they were placed back on the scale one at a time to determine the amount of material in each size level.

Bulk Density - Course Aggregate

Materials
Digital balance 
Tamping Rod, 16mm diameter
Bulk density measure (bucket)
Course aggregate, dry

Method
After zeroing the scale, the mass of the empty bucket was measured. Next, the scale was tared and the bucket was filled with water. The mass of the water was calculated and recorded. A thermometer was placed in the bucket to obtain the temperature of the water. After the temperature of the water was recorded, the bucket was emptied and dried thoroughly. Oven dry aggregate was poured into the bucket in three installments. At each installment, the aggregate was tamped down with the tamping rod. A metal bar was scraped over the rim of the bucket to ensure the aggregate was filled flat at the top. The bucket was placed on the tared scale and the mass of the aggregate was recorded.

Specific Gravity and Absorption – Course Aggregate

Materials
Digital balance 
Basket
Bucket
Coarse aggregate, saturated

Method
The scale was tared while the basket assembly was immersed in a bucket of water. Using the sample splitter, 1kg of course aggregate was obtained. Next, the basket was lifted out of the water for the aggregate to be poured inside. The basket assembly was re-immersed, and the mass was recorded of the submerged sample. After fetching the basket, the wet stones were dumped onto a damp cloth and blotted until the excess water was gone. The stones were placed back on the scale and the mass was recorded. The sample of aggregate was dried in the oven over night to produce the oven-dry mass. 
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RESULTS


Sieve Analysis – Fine Aggregate



Figure 1: Percent finer v. Particle Diameter

The fineness modulus for the group 2 is 2.74. 


Bulk Density, Specific Gravity and Absorption – Coarse Aggregate

	Bulk Density (kg/m3)
	1810

	OD Specific Gravity
	3.01

	SSD Specific Gravity
	3.02

	Absorption (%)
	0.3


Table 1




DISCUSSION AND CONCLUSION 


From the first exercise of this lab, the results from Group 2’s sieve analysis were plotted on the graph in Figure 1 against the ASTM C33 limits. Most of the values from each sieve fall within the upper-bound and lower-bound limits, except sieve no. 4, as the percentage of particles passing fell below the lower limit on the graph. Data from the other group was not retrieved, however any forms of error that may have contributed to the skewed percentages in the sieve analysis could have occurred when the initial sample was manually mixed. Poor blending of the aggregate may have contributed to the insufficient distribution of particles.

The fineness modulus for Group 2 was 2.74. This value falls in the expected range for fine aggregates (ASTM C136), in between 2.3 and 3.1. 

For the second and third exercises, bulk density and specific gravity and absorption were determined for a sample of coarse aggregate. Group 2’s bulk density was 1810 kg.m3. This value is approximately 110 kg/m3 above the upper limit. Based on ASTM C29 standard, the expected values for bulk density are 1500 – 1700 kg/m3. The specific gravities of the OD and SSD aggregate samples were above the upper limit for the ASTM C127 standards. The OD specific gravity was 3.01, and the SSD specific gravity was 3.02. The typical values for specific gravities of normal-weight aggregates lie between 2.4 and 2.9. A possible source of error that may have caused the high specific gravities could derive from the drying process. Perhaps individuals drying the stone over or under-dried the aggregate, causing a faulty mass when the aggregate was weighed subsequently after drying. The temperature of the water contributed to its density, and the recorded temperature was 20.9C compared to the standard used in calculating the volume of the measure, which was 997.97 kg/m3 at 21.1C. Using the larger density associated with the higher temperature may have caused the significantly high bulk density.

The samples of aggregates were obtained from larger batches of fine and coarse aggregates. The fine aggregate batch was mixed by hand before being shoveled into a split sampler that divided the batch into two equal samples. The coarse aggregate was blended using two shovels. After, the batch was spread into a flat layer, and quartered using one of the shovels. Both groups received two quarters. The split sampling and quartering techniques allow for more equally distributed materials within aggregate samples. The mixing of the aggregate prior to the portioning improve the assortment of particle size within a sample. 











APPENDIX

Sieve Analysis

	Sieve no.
	Opening size (mm)
	Mass of empty sieve   (g)
	Mass of full sieve  (g)
	Mass of aggregate retained (g)
	Percent retained (%)
	Cumulative percent retained (%)
	Cumulative percent passing (%)

	3/8
	9.5
	559
	565
	6
	1
	1
	99

	4
	4.75
	526
	552
	26
	6
	7
	93

	8
	2.36
	487
	526
	39
	10
	17
	83

	16
	1.18
	431
	478
	47
	12
	29
	71

	30
	0.6
	402
	485
	83
	21
	50
	50

	50
	0.3
	372
	475
	103
	26
	76
	24

	100
	0.15
	349
	423
	74
	18
	94
	6

	pan
	-
	373
	396
	23
	6
	100
	0


Total mass of sand: 401 g

Fineness modulus = 
		      = 
		      =  = 
Bulk Density

	Mass of Measure (g)
	393

	Mass of Water (g)
	7100

	Mass of Compacted Aggregate (g)
	12.7

	Temperature of Water (C)
	20.9


   V = W/D
T = 393 g	G = 16.63 kg
W = 7.1 kg	D = 997.97 kg/m3 at 21.1C
 = 0.007   1810 kg/m3

Specific Gravity and Absorption

	Mass of Bowl (g)
	170

	Mass of Submerged Aggregate (g)
	661.7

	Mass of SSD Aggregate (g)
	989

	Mass of OD Aggregate (g)
	986


 = 
 = 
 = 

REFERENCES

CIVI 321 Engineering Materials Lab Manual Winter 2017
ASTM C29 Standard Test Method for Bulk Density (“Unit Weight”) and Voids in Aggregate 
ASTM C33 Specifications for Concrete Aggregates 
ASTM C127 Specific Gravity and Absorption of Coarse Aggregates 
ASTM C136 Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates 
Sieve Analysis of Fine Aggregate Sample 

percent passing	9.5	4.75	2.36	1.18	0.6	0.3	0.15	0.0	99.0	93.0	83.0	71.0	50.0	24.0	6.0	0.0	ASTM min	9.5	4.75	2.36	1.18	0.6	0.3	0.15	0.0	100.0	95.0	70.0	45.0	30.0	10.0	0.0	0.0	ASTM max	9.5	4.75	2.36	1.18	0.6	0.3	0.15	0.0	100.0	100.0	100.0	85.0	65.0	30.0	10.0	0.0	sieve size (mm)


percent passing (%)








