
  

Relative Density (Specific Gravity) and water Absorption 
Relative density (specific gravity) is the ratio of mass of an aggregate to the mass of a volume 
of water equal to the volume of the aggregate particles – also referred to as the absolute 
volume of the aggregate. It is also expressed as the ratio of the density of the aggregate 
particles to the density of water. 

Relative density is used to calculate the volume occupied by the aggregate in various 
mixtures containing aggregate including hydraulic cement concrete, bituminous concrete, and 
other mixtures that are proportioned or analyzed on an absolute volume basis. 

Relative density (specific gravity) (SSD) is used if the aggregate is in a saturated surface-dry 
condition, that is, if its absorption has been satisfied. Alternatively, the relative density 
(specific gravity) (OD) is used for computations when the aggregate is dry or assumed to be 
dry.  Apparent relative density (specific gravity) pertain to the solid material making up the 
constituent particles not including the pore space within the particles that is accessible to 
water. This value is not widely used in construction aggregate technology. 

Absorption values are used to calculate the change in the mass of an aggregate material due 
to water absorbed in the pore spaces within the constituent particles, compared to the dry 
condition, if it is deemed that the aggregate has been in contact with water long enough to 
satisfy most of the absorption potential. The laboratory standard for absorption is that 
obtained after submerging dry aggregate for a prescribed period of time. Aggregates mined 
from below the water table commonly have moisture content greater than the absorption 
determined by this test method, if used without opportunity to dry prior to use. Conversely, 
some aggregates that have not been continuously maintained in a moist condition until used 
are likely to contain an amount of absorbed moisture less than the 24-h soaked condition. 
Bulk specific gravity determined on the saturated surface-dry basis is used if the aggregate is 
wet, that is, if its absorption has been satisfied. Conversely, the bulk specific gravity 
determined on the oven-dry basis is used for computations when the aggregate is dry or 
assumed to be dry. 

The results of this test, which has been done according to ASTM C127 and ASTM C128 
standard procedures, are illustrated in figure 1 and 2. 

۱ 
 



 

Figure  ۱ -specific gravity and water absorption for coarse aggregate test 

 

Figure  ۲ - specific gravity and water absorption for fine aggregate test 
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Soundness Test of Aggregates by Use of Sodium Sulfate 
This test method covers the testing of aggregates to estimate their soundness when subjected 
to weathering action in concrete or other applications. This is accomplished by repeated 
immersion in saturated solutions of sodium or magnesium sulfate followed by oven drying to 
partially or completely dehydrate the salt precipitated in permeable pore spaces. The internal 
expansive force, derived from the rehydration of the salt upon re-immersion, simulates the 
expansion of water on freezing. This test method furnishes information helpful in judging the 
soundness of aggregates when adequate information is not available from service records of 
the material exposed to actual weathering conditions. 
This test method provides a procedure for making a preliminary estimate of the soundness of 
aggregates for use in concrete and other purposes. The values obtained may be compared 
with specifications, that are designed to indicate the suitability of aggregate proposed for use.  
Values for the permitted-loss percentage by this test method are usually different for fine and 
coarse aggregates, and attention is called to the fact that test results by use of the two salts 
differ considerably and care must be exercised in fixing proper limits in any specifications 
that include requirements for these tests. The test is usually more severe when magnesium 
sulfate is used; accordingly, limits for percent loss allowed when magnesium sulfate is used 
are normally higher than limits when sodium sulfate is used. 
The results of this test, which has been done according to A ASHTO T104 standard 
procedures, are illustrated in figure 3. 
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Figure  ۳ -soundes of aggregates by use of sodium sulfate test 

Resistance Test to Degradation of Aggregates by Abrasion and Impact 
in the Los Angeles Machine 
This test has been widely used as an indicator of the relative quality or competence of various sources 
of aggregate having similar mineral compositions. The results do not automatically permit valid 
comparisons to be made between sources distinctly different in origin, composition, or structure. 
Assign specification limits with extreme care in consideration of available aggregate types and their 
performance history in specific end uses.  
The values stated in either SI units or inch-pound units are to be regarded separately as 
standard. The values stated in each system may not be exact equivalents; therefore, each 
system shall be used independently of the other. This standard does not purport to address all 
of the safety concerns, if any, associated with its use.  

The results of this test, which has been done according to ASTM C131 and ASTM C535 standard 
procedures, are illustrated in figure 4. 
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Figure  ۴ - resistence by abration and impact in the losangeles machine test 

Impact Value (IV) Test 
 This test method covers the determination of the Impact Value (IV) of an aggregate either in 
the field or a test mold. 

The standard test method, using a 4.5 kg (10 lbm) hammer, is suitable for, but not limited to, 
evaluating the strength of an unsaturated compacted fill, in particular pavement materials, 
soils, and soil-aggregates having maximum particle sizes less than 37.5 mm (1.5 in.). By 
using a lighter 0.5 kg (1.1 lbm) hammer, this test method is applicable for evaluating lower 
strength soils such as fine grained cohesion less, highly organic, saturated, or highly plastic 
soils having a maximum particle size less than 9.5 mm (0.375 in.).By performing laboratory 
test correlations for a particular soil using the 4.5 kg (10 lbm) hammer, IV may be correlated 
with an un-soaked California Bearing Ratio (CBR) or may be used to infer percentage 
compaction. The values stated SI are to be regarded as the standard. The values stated in 
parentheses are given for information only. All observed and calculated values shall conform 
to the guidelines for significant digits and rounding established. The method used to specify 
how data are collected, calculated, or recorded in this standard is not directly related to the 
accuracy to which the data can be applied in design or other uses or both. How one applies 
the results obtained using this standard is beyond its scope.  
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The results of this test, which has been done according to B.S 812 standard procedures, are 
illustrated in figure 5. 

 

Figure 5- impact value of aggregates 

Crushing Value (IV)  
The Aggregate Crushing Value (ACV) Test Set provides a relative measure of the resistance 
of an aggregate to crushing under a gradually applied compressive load. Each set consists of 
steel cylinder, plunger, base plate, cylindrical measure and tamping rod. All parts of the 
apparatus are powder coated or galvanized steel, heat treated and ground before 
manufacturing to make it durable and reliable. For aggregates smaller than 10 mm, a 75 mm 
diameter cylinder and associated equipment is available. 

The results of this test, which has been done according to B.S 812 standard procedures, are 
illustrated in figure 6. 
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Figure 6- crushing value of aggregate 

Flakiness and the elongation test 
This test is used to determine the particle shape of the aggregate and each particle shape 
being preferred under specific conditions. 

The significance of flakiness & elongation index is as follows; 

The degree of packing of the particles of one size depends upon their shape. 

Due to high surface area to volume ratio, the flaky and elongated particles lower the 
workability of concrete mixes. 

Flaky and elongated particles are considered undesirable for base coarse construction as they 
may cause weakness with possibilities of braking down under heavy loads. 

Flakiness index not exceeding 30% irrespective of the aggregate size. 

Maximum permitted Elongated index is 35, 40 or 45% for aggregate sizes     2 ½’’ – 2’’, 1 
½’’ – ¾’’ & ½’’ – 3/8’’. 

Both Flakiness and Elongation tests are not applicable to sizes smaller then 6.3mm i.e. ¼’’ 
sieve. 

The particles shape of course aggregates influences the properties of some construction 
materials and may affect their placement and consolidation. 
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This test method provides a means for checking compliance with specifications that limit 
such particles or to determine the relative shape characteristics of coarse aggregates. 

This test method covers the determination of the percentages of flat particles, elongated 
particles, or flat and elongated particles in coarse aggregates. Two procedures, Method A and 
Method B, are usual procedure for carrying this test. Method A is a reflection of the original 
procedure as developed prior to Super pave and is intended for all non-Super pave 
applications. Method B is a comparison of the maximum particle dimension to the minimum 
particle dimension and is intended for use with Super pave specifications. 

The values stated in inch-pound units are to be regarded as standard. The values given in 
parentheses are mathematical conversions to SI units that are provided for information only 
and are not considered standard. 

The results of this test, which has been done according to B.S 812 standard procedures, are 
illustrated in figure 7. 

 

 
Figure 7-flakiness and elongation aggregate 

Freezing and Thawing Test 
This method describes three procedures to be followed in testing aggregates to determine 
their resistance to disintegration by freezing and thawing. It furnishes information helpful in 
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judging the soundness of aggregates subjected to weathering, particularly when adequate 
information is not available from service records of the behavior of the aggregate.  
 
The following applies to all specified limits in this standard: For the purpose of determining 
conformance with these specifications, an observed value or a calculated value shall be 
rounded off to "the nearest unit" 

The results of this test, which has been done according to A ASHTO T103 standard 
procedures, are illustrated in figure 8. 

  

 
Figure 8- freezing and thawing of aggregate 

 

Lightweight Particles in Aggregate Test 
This test method is used to determine conformance with provisions of 
Specification C33 pertaining to the amount of lightweight material in fine and coarse 
aggregates. A heavy liquid with a specific gravity of 2.0 is used to separate particles which 
may be classified as coal or lignite. Heavier liquids are to be used to check the percentages of 
other lightweight particles such as chert and shale having a specific gravity less than 2.40.The 
test method is useful in identifying porous aggregate particles in research activities or in 
petrographic analyses. 

 This test method covers the determination of the percentage of lightweight particles in 
aggregate by means of sink-float separation in a heavy liquid of suitable specific gravity. 
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 The values stated in either SI units or inch-pound units are to be regarded separately as 
standard. The values stated in each system may not be exact equivalents; therefore, each 
system shall be used independently of the other. Combining values from the two systems may 
result in non-conformance with the standard. Some values have only SI units because the 
inch-pound equivalents are not used in the practice. 

 The text of this standard references notes and footnotes which provide explanatory material. 
These notes and footnotes (excluding those in tables and figures) shall not be considered as 
requirements of the standard. 

The results of this test, which has been done according to ASTM C123 standard procedures, 
are illustrated in table 1. 

Table 1- Lightweight Particles in Aggregate Test 

Materials  unite Coarse aggregate Fine aggregate 

Smaller than 75 micron % -- -- 

Clay minerals % 0 0 

Coal and lignite % 0.1< 0.1< 

chert % non non 

Shale and schist  % 0.1< 0.1< 

Organic soils % -- 0 

Chlorine ion % 0.01 0.009 

Sulfate ion  % 0.12 0.09 

Grading aggregate for concert test: 
Grading refers to the distribution of particle sizes present in an aggregate. A sample of the 
aggregate is shaken through a series of wire-cloth sieves with square openings, nested one 
above the other in order of size, with the sieve having the largest openings on top, the one 
having the smallest openings at the bottom, and a pan underneath to catch material passing 
the finest sieve . Sieve sizes commonly used for concrete aggregates are various  with typical 
range values. Coarse and fine aggregates are generally sieved separately. That portion of an 
aggregate passing the 4.75 mm (No. 4) sieve and predominantly retained on the 75 µm (No. 
200) sieve is called “fine aggregate” or “sand,” and larger aggregate is called “coarse 
aggregate. After sieving, the mass of material retained on each sieve and in the pan is 
obtained using a balance accurate to 0.1% of the test-sample mass. Results are recorded in 
tabular form with some or all of the following quantities retained on each sieve, individual 
percent retained on each sieve (and passing the sieve above), and total percent of the whole 
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sample passing each sieve. For an accurate determination of the amount of material finer than 
the 75 µm (No. 200) sieve, a specimen is washed in accordance with ASTM C 117. This may 
be done on the sieve analysis sample before sieving (with the results included in the sieve 
analysis) or it can be done on a separate sample. Grading charts are often used to show the 
results of a sieve analysis graphically. The percent passing is usually plotted on the vertical 
axis, while the sieve sizes are plotted on the horizontal axis. Upper and lower limits specified 
for the allowable percentage of material passing each sieve may also be included on the 
grading chart. To evaluate consistency of the grading the individual size fractions of a coarse 
aggregate, fine aggregate (or the calculated proposed combined aggregate grading in 
concrete) is sometimes plotted separately to identify any gaps or excess amounts in particular 
sizes. 
The results of this test, which has been done according to ASTM C 117 standard procedures, 
are illustrated in figure 9 to 11. 

 

 

Figure 9- analysis curve mix aggragate for concret test 
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Figure 10-analysis curve mix aggragate for concret test 
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Figure 11-analysis curve mix aggragate for concret test 

Uniaxial Compressive Strength Test 
A measure of a material’s strength. The uniaxial compressive strength (UCS) is the maximum 
axial compressive stress that a right-cylindrical sample of material can withstand before 
failing. It is also known as the unconfined compressive strength of a material because 
confining stress is set to zero. 

The purpose of this test is to determine the uniaxial compressive strength of a rock. We will 
measure this with the unconfined compression test, which is an unconsolidated undrained test 
where the lateral confining pressure is equal to zero. 

 uniaxial compressive strength of rock is used in many design formulas and is sometimes 
used as an index property to select the appropriate excavation technique. Deformation and 
strength of rock are known to be functions of confining pressure.  

 The deformation and strength properties of rock cores measured in the laboratory usually do 
not accurately reflect large-scale in situ properties because the latter are strongly influenced 
by joints, faults, inhomogeneity, weakness planes, and other factors. Therefore, laboratory 
values for intact specimens must be employed with proper judgment in engineering 
applications. 
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 To perform an unconfined compression test, the sample is extruded from the sampling tube. 
A cylindrical sample of rock is trimmed such that the ends are reasonably smooth and the 
length-to-diameter ratio is on the order of two. The rock sample is placed in a loading frame 
on a metal plate; by turning a crank, the operator raises the level of the bottom plate. The top 
of the soil sample is restrained by the top plate, which is attached to a calibrated proving ring. 
As the bottom plate is raised, an axial load is applied to the sample. The operator turns the 
crank at a specified rate so that there is constant strain rate. The load is gradually increased to 
shear the sample, and readings are taken periodically of the force applied to the sample and 
the resulting deformation. The loading is continued until the rock develops an obvious 
shearing plane or the deformations become excessive. The measured data are used to 
determine the strength of the soil specimen and the stress-strain characteristics. The 
maximum load per unit area is defined as the unconfined compressive strength 

The results of this test, which has been done according to ASTM C 170 standard procedures, 
are illustrated in figure 12. 

 

Figure 12- compressive strenght results 
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Tensile Properties Test 
This test method is designed to produce tensile property data for the control and specification 
of plastic materials. These data are also useful for qualitative characterization and for 
research and development. 

Some material specifications that require the use of this test method, but with some 
procedural modifications that take precedence when adhering to the specification. Therefore, 
it is advisable to refer to that material specification before using this test method.  Tensile 
properties are known to vary with specimen preparation and with speed and environment of 
testing. Consequently, where precise comparative results are desired, these factors must be 
carefully controlled. It is realized that a material cannot be tested without also testing the 
method of preparation of that material. Hence, when comparative tests of materials per se are 
desired, exercise great care to ensure that all samples are prepared in exactly the same way, 
unless the test is to include the effects of sample preparation. Similarly, for referee purposes 
or comparisons within any given series of specimens, care shall be taken to secure the 
maximum degree of uniformity in details of preparation, treatment, and handling. 

This test method covers the determination of the tensile properties of unreinforced and 
reinforced plastics in the form of standard dumbbell-shaped test specimens when tested under 
defined conditions of pretreatment, temperature, humidity, and testing machine speed. This 
test method is applicable for testing materials of any thickness up to 14 mm (0.55 in.). 
However, for testing specimens in the form of thin sheeting, including film less than 1.0 mm 
(0.04 in.) in thickness. Materials with a thickness greater than 14 mm (0.55 in.) shall be 
reduced by machining.This test method includes the option of determining Poisson's ratio at 
room temperature.This standard and ISO 527-1 address the same subject matter, but differ in 
technical content.This test method is not intended to cover precise physical procedures. It is 
recognized that the constant rate of crosshead movement type of test leaves much to be 
desired from a theoretical standpoint, that wide differences may exist between rate of 
crosshead movement and rate of strain between gage marks on the specimen, and that the 
testing speeds specified disguise important effects characteristic of materials in the plastic 
state. Further, it is realized that variations in the thicknesses of test specimens, which are 
permitted by these procedures, produce variations in the surface-volume ratios of such 
specimens, and that these variations may influence the test results. Hence, where directly 
comparable results are desired, all samples should be of equal thickness. Special additional 
tests should be used where more precise physical data are needed. 

The results of this test, which has been done according to ASTM D3967 standard procedures, 
are illustrated in figure 13. 
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Figure 13- Brazilian test results 

Resistance of Plastic Flow of Bituminous Mixtures Test 
This test covers the measurement of the resistance to plastic flow of cylindrical specimens of 
bituminous paving mixture loaded on the lateral surface by means of the marshall apparatus. 
This test is for use with mixtures containing asphalt cement, asphalt cutback or tar, and 
aggregated to 25.4 mm ( 1- in) maximum size. 

This test is used in the laboratory mix design of bituminous mixture. Specimens are prepared 
in in accordance with the method and tested for maximum load and flow. Density and voids 
properties may also be determined on speciemens prepared in accordance with the test 
method. The testing section of this method can also be used to obtain maximum load and 
flow for bituminous paving specimens cored from pavements or prepared by other methods.  

The results of this test, which has been done according to ASTM D1559 standard procedures, 
are illustrated in figure 14 and 15. 
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Figure 14- Analysis curve and specification of hot mix Asphalt 
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Figure 15-Analysis curve and specification of hot mix Asphalt 

 

Concert pressure stress test and comparing them with k.s.s samples  
The results of this test, which has been done according to B.S 1881 standard procedures, are illustrated 
in figure 16. 
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Figure 16- concret pressure stress test results 
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