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Aggregate Properties

HMA


This lecture will discuss those aggregate properties that are associated specifically with HMA.
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To be Covered

•

Specific 

Gravities

•

Consensus Properties


The lecture will discuss aggregate specific gravities and the consensus properties.
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•

All matter has mass and occupies

space.

•

Volumetrics are the relationships

between mass and volume

•

Superpave mix design based on

aggregate and mixture volumetrics

Volumetrics
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Specific Gravity, G

•

Ratio of the mass to volume of an

object to that of water at the same

temperature

Mass Solid

Volume

Mass Water

Volume
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Densities

•

Density is the unit weight of a material

–

lb

/ft

3

 or kg/m

3

–

Unit weight = 

g

 

w

 G

g

w

 = 

1.000 g/cm

3

g

w

 = 

1000 kg/m

3

g

w

 = 

62.4

 lb

/ft

3

l

Bulk

 density means sample  contains

more than one mass and/or volume


Density is the specific gravity times the unit weight (mass) of water and relates mass to volume:  for example, grams per cubic centimeter.  Since the unit weight of water in units of 1 g/cm3, this term is sometimes left out of equations shown in test methods.  Care needs to be taken if the units of the test are changed.
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G

sb

  

=

Mass, oven dry

Bulk Specific Gravity, Dry

Vol 

of 

agg

, + surface voids

Vol

. of water-perm. voids

Surface Voids


This slide defines the mass and the volume used to calculate the bulk specific gravity (dry) of aggregates.

G designates specific gravity.  The subscripts indicate the material tested (s = stone) and the type of specific gravity (b=bulk).  In this case, bulk is used because there is more than one component in the volume.
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G

s, 

ssd

  

=

Mass, oven dry 

agg 

+ mass water

Bulk Specific Gravity, SSD

Vol 

of 

agg

, + surface voids

Vol

. of water-perm. voids

Surface Voids


This slide shows the mass and volumes used to determine the bulk specific gravity, ssd (saturated surface dry).



Slide 8

[image: image8.wmf]NCAT

8

G

sa

 =

Mass, oven dry 

agg

Bulk Specific Gravity, Apparent

Vol 

of 

agg 


This slide shows the mass and volume used to determine the apparent specific gravity.
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Phase Diagram

Phase: a change in state (e.g. solid, liquid, gas)

Mass (Weight)

Volume

V = (mass) / (G

s

 

g

w

)

Water

permeable

voids

Aggregate

Solids


A phase diagram is usually used to represent relationships between mass and volume.  The specific gravity of each component in the mixture is needed in order to determine the corresponding volume a given mass occupies
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Specific Gravity Tests for

Aggregates

•

Two tests are needed

–

Coarse aggregate (retained on the 4.75

mm sieve)

–

Fine aggregate (passing the 4.75 mm

sieve)


The specific gravities of aggregates need to be determined separately for the fine and coarse fractions of either a stockpile or a blended material.
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Coarse Aggregate Specific Gravity

•

ASTM C127

–

Dry aggregate

–

Soak in water for 24 hours

–

Decant water

–

Use pre-dampened towel to get SSD condition

–

Determine mass of SSD aggregate in bucket

–

Determine mass under water

–

Dry to constant mass

–

Determine oven dry mass


This slide lists the general steps needed to determine the specific gravities of coarse aggregates.
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Coarse Aggregate Specific Gravity


This photograph shows a sample of aggregate soaking (ready to test), a towel for drying, a spray bottle for pre-wetting the towel, the wire basket for obtaining the weight of SSD aggregate under water, and the water tank under the scale platform.
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Coarse Aggregate Specific Gravity


The sample of coarse aggregate is being dried.  Note the area of aggregate not being worked is covered with the towel so it will not dry out.



Slide 14

[image: image14.wmf]NCAT

14

Coarse Aggregate Specific Gravity

Calculations

•

G

sb

 = A / (B - C)

–

A = mass oven dry

–

B = mass SSD

–

C = mass under water

•

G

s,SSD

 = B / (B - C)

•

G

sa

 = A / (A - C)

•

Water absorption capacity, %

–

Absorption % = [(B - A) / A] * 100


These are the equations for calculating the bulk specific gravity (Gsb), bulk specific gravity saturated surface dry (Gs, SSD),  apparent specific gravity (Gsa), and water absorption capacity.
The denominator in all of the specific gravity equations is the mass of water displaced by the sample.  Since 1 gram of water equals 1 cubic centimeter, this value also represents the volume of water displaced by the sample.
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Fine Aggregate Specific Gravity

•

ASTM C128

–

Dry aggregate

–

Soak in water for 24 hours

–

Spread out and dry to SSD

–

Add 500 g of SSD aggregate to

 pycnometer

 of known volume

•

Pre-filled with some water

–

Add more water and agitate until air bubble have been removed

–

Fill to line and determine the mass of the

 pycnometer

, aggregate

and water

–

Empty aggregate into pan and dry to constant mass

–

Determine oven dry mass


These are the steps necessary for determining the specific gravity of the fine aggregate.
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Fine Aggregate Specific Gravity


A presoaked sample of fine aggregate is dried back to saturated surface dry condition using a gently moving warm current of air.  In this case, a standard hair dryer is used.  Saturated surface dry is determined using the cone test.

An area is cleared in the center of the work area and the cone is filled to overflowing with the aggregate.  The aggregate is then tamped down.
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Fine Aggregate Specific Gravity


The aggregate is considered to be saturated surface dry when the sand cone slumps when the brass form is removed.  
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Fine Aggregate Specific Gravity


Once the saturated surface dry condition has been achieved, a 500 gram sample (weighed) is placed in a partially filled volumetric glass flask of known volume.  The sample is then agitated until the foam and air bubbles have subsided.  The flask is then filled with water up to the volumetric mark used for calibration and the mass of the pycnometer (flask), aggregate, and water recorded.
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Fine Aggregate Specific Gravity

Calculations

•

G

sb

 = A / (B + S - C)

–

A = mass oven dry

–

B = mass of

 pycnometer

 filled with water

–

C = mass

 pycnometer

, SSD aggregate and water

–

S = mass SSD aggregate

•

G

s,SSD

 = S / (B + S - C)

•

G

sa

 = A / (B + A - C)

•

Water absorption capacity, %

–

Absorption % = [(S - A) / A] * 100


These equations are similar to those used to determine the specific gravities of the coarse aggregate.  Again, the denominator represents the volume of water displaced by the aggregate
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Concensus

Aggregate Properties

Coarse Aggregate Particle Shape

% Crushed Faces

Flat and Elongated

Fine Aggregate Particle Shape

Clay Content

 

**

  Determined for the blended aggregate gradation  

**


The consensus aggregate properties of the combined gradation need to be determined once a gradation, or several trial gradations, have been selected.
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Percent Crushed Fragments in

 Gravels

•

Quarried materials always 100% crushed

•

Minimum values depended upon traffic

level and layer (lift)

•

Defined as % mass with one or more

fractured faces


The appropriate percentages of each aggregate stockpile are combined and then split on the 4.75 mm screen.  The material retained on the 4.75 mm screen are used to determine the percent crushed faces
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Percent Crushed Fragments in

 Gravels

0% Crushed

  100% with 2 or More 

      Crushed Faces


This is a measurement of coarse aggregate angularity.  The amount of crushing (angularity) is important because it determines the level of internal shear resistance which can be developed in the aggregate structure.  Round, uncrushed aggregates tend to “roll” out from under traffic loads and therefore have a low rutting resistance.
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Coarse Aggregate Angularity Criteria

 Traffic

Depth from Surface

Millions of ESALs

< 100 mm

> 100

mm

< 0.3

< 1

< 3

< 10

< 30

< 100

$

 

100

55/--

65/--

75/--

85/80

95/90

100/100

100/100

--/--

--/--

50/--

60/--

80/75

95/90

100/100

First  number denotes % with one or more fractured faces

Second number denotes % with two or more fractured faces


Superpave requirements are based on both the traffic level and the depth of the layer below the surface.  The crushing requirements for low traffic volumes are low or none, regardless of depth.  As traffic levels increase, so do the required percentages of crushed faces.

There is a higher level of crushing required in the upper 100 mm of the pavement because this is the region which is subjected to the highest shear due to traffic loads.  Higher shear forces require a higher level of resistance to shear.
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Flat and Elongated Particles

•

ASTM D4791

–

Flat

–

Elongated

–

Total flat and elongated

•

Superpave

–

Flat and Elongated

–

Maximum to minimum dimension

•

5:1

•

3:1

•

2:1


Flat and elongated particles are undesirable since they have a tendency to break during construction and under traffic.  If they do not break, they tend to produce mixtures with directionally-oriented material properties.   
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Flat and Elongated

Maximum

Minimum


The longest dimension of an aggregate particle is used to set one end of the caliber. (pin is at the 5:1 ratio pivot point).
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Flat and Elongated

Maximum

Minimum


The aggregate particle is removed without moving the caliper arm and the narrowest dimension is inserted into the other end. If the aggregate can be inserted without moving the arm, then the particle is flat and elongated at a 5:1 ratio.
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Flat and Elongated Criteria

 Traffic

Maximum, Percent

Millions of ESALs

< 0.3

< 1

< 3

< 10

< 30

< 100

$

 

100

--

--

10

10

10

10

10


Currently, the 5:1 ratio is used for Superpave requirements.  However, research is being conducted to determine if the 3:1 ratio would be a better parameter.  A higher percentage is being considered if the ratio is reduced.
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Fine Aggregate Angularity

(

Uncompacted 

Void Content of Fine Aggregate)

*  Fine aggregate at a specified gradation is

allowed to flow freely into a  100 cm

3

cylinder.

*Knowing the specific gravity of the

aggregate, the voids between aggregate

particles can be determined

*  The more angular the aggregate, the

higher the void content


This test is used to ensure a high degree of internal friction in the fine aggregate fractions.  Values below about 45 indict more rounded shapes associated with natural sands.
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Fine Aggregate Angularity

Natural sands:

typically < 45

Manufactured sands:

typically > 42


The equipment is an inverted mason jar with the bottom cut out and fitted with a conical orifice.   A 100 mm3 cylinder is placed below the orifice.  One holds a finger over the orifice and charges the jar with the aggregate sample.  The aggregate is then allowed to fill the cylinder.  Excess aggregate is struck off of the top and the mass of the aggregate needed to fill the known volume is determined.

The void content between the aggregate particles is determined using the known volume, the mass of dry aggregate needed to fill the volume, and the bulk specific gravity of the aggregate.
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Fine Aggregate Angularity Criteria

 Traffic

Depth from Surface

Millions of ESALs

< 100 mm

> 100mm

< 0.3

< 1

< 3

< 10

< 30

< 100

$

 

100

--

40

40

45

45

45

45

--

--

40

40

40

45

45


As with the coarse aggregate angularity, the fine aggregate angularity requirements are selected for a given traffic level and depth below the surface.
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Clay Content

(Sand Equivalent Test)

*  ASHTO T176, ASTM D2419

-  Used to estimate the relative proportions 

   of fine

 agg

. and clay-like or plastic fines 

   and dust.

SE = 

Sand Reading

         Clay Reading    

Sand 

Reading

Clay Reading

Flocculating

Solution

Suspended

 Clay

Sedimented 

Aggregate

*100


This test estimates the percentage of clay-sized material contained in the fine aggregate fraction.

A sample of known volume of fine aggregate is mixed with a flocculating solution in a graduated cylinder and shaken to get the fine material suspended in the solution.  The cylinder is allowed to sit for 20 minutes and the height of the material suspended in the solution is determined.  The height of the clean aggregate is also determined.

The sand equivalent (or clay content) value is reported as the ratio (times 100) of the height of the sand (clean aggregate) to the height of the material in suspension.  Note, if there is no clay material, the height of the clay reading equals that of the sand.  This gives a sand equivalent value of 100 percent.



Slide 32

[image: image32.wmf]NCAT

32

Bottle of Solution on Shelf

Above Top of Cylinder

Hose and

Irrigation Tube

Measurement Rod


.
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Marker on Measurement Rod

Top of Suspended Material

Top of Sand Layer
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Clay Content Criteria

 Traffic

Sand Equivalent

Millions of ESALs              Minimum, Percent

< 0.3

< 1

< 3

< 10

< 30

< 100

$

 

100

40

40

40

45

45

50

50


The requirement changes with depth.
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Questions - ?




_981895043.ppt


Fine Aggregate Specific Gravity



NCAT

A presoaked sample of fine aggregate is dried back to saturated surface dry condition using a gently moving warm current of air.  In this case, a standard hair dryer is used.  Saturated surface dry is determined using the cone test.



An area is cleared in the center of the work area and the cone is filled to overflowing with the aggregate.  The aggregate is then tamped down.














_981895084.ppt


Flat and Elongated Particles

		ASTM D4791

		Flat

		Elongated

		Total flat and elongated

		Superpave

		Flat and Elongated

		Maximum to minimum dimension

		5:1

		3:1

		2:1
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Flat and elongated particles are undesirable since they have a tendency to break during construction and under traffic.  If they do not break, they tend to produce mixtures with directionally-oriented material properties.   
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Fine Aggregate Angularity

(Uncompacted Void Content of Fine Aggregate)

*  Fine aggregate at a specified gradation is allowed to flow freely into a  100 cm3 cylinder.



*Knowing the specific gravity of the aggregate, the voids between aggregate particles can be determined



*  The more angular the aggregate, the higher the void content 
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This test is used to ensure a high degree of internal friction in the fine aggregate fractions.  Values below about 45 indict more rounded shapes associated with natural sands.
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Fine Aggregate Angularity Criteria

 Traffic			Depth from Surface

Millions of ESALs	< 100 mm		> 100mm

< 0.3

< 1

< 3

< 10

< 30

< 100

 100

--

40

40

45

45

45

45

--

--

40

40

40

45

45
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As with the coarse aggregate angularity, the fine aggregate angularity requirements are selected for a given traffic level and depth below the surface.
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Bottle of Solution on Shelf Above Top of Cylinder

Hose and Irrigation Tube

Measurement Rod
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.
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Clay Content Criteria

 Traffic			Sand Equivalent	

Millions of ESALs              Minimum, Percent     	

< 0.3

< 1

< 3

< 10

< 30

< 100

 100

40

40

40

45

45

50

50



NCAT

The requirement changes with depth.










_981895251.ppt


Marker on Measurement Rod

Top of Suspended Material

Top of Sand Layer
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Questions - ?
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*100

Clay Content

(Sand Equivalent Test)

*  ASHTO T176, ASTM D2419

-  Used to estimate the relative proportions 

   of fine agg. and clay-like or plastic fines 

   and dust.

SE = 

Sand Reading

         Clay Reading    















































































































































Sand 

Reading













Clay Reading

Flocculating Solution

Suspended

 Clay

Sedimented 

Aggregate
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This test estimates the percentage of clay-sized material contained in the fine aggregate fraction.



A sample of known volume of fine aggregate is mixed with a flocculating solution in a graduated cylinder and shaken to get the fine material suspended in the solution.  The cylinder is allowed to sit for 20 minutes and the height of the material suspended in the solution is determined.  The height of the clean aggregate is also determined.



The sand equivalent (or clay content) value is reported as the ratio (times 100) of the height of the sand (clean aggregate) to the height of the material in suspension.  Note, if there is no clay material, the height of the clay reading equals that of the sand.  This gives a sand equivalent value of 100 percent.
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Fine Aggregate Angularity

Natural sands: typically < 45

Manufactured sands: typically > 42
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The equipment is an inverted mason jar with the bottom cut out and fitted with a conical orifice.   A 100 mm3 cylinder is placed below the orifice.  One holds a finger over the orifice and charges the jar with the aggregate sample.  The aggregate is then allowed to fill the cylinder.  Excess aggregate is struck off of the top and the mass of the aggregate needed to fill the known volume is determined.



The void content between the aggregate particles is determined using the known volume, the mass of dry aggregate needed to fill the volume, and the bulk specific gravity of the aggregate.
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Flat and Elongated 





























Maximum

Minimum
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The aggregate particle is removed without moving the caliper arm and the narrowest dimension is inserted into the other end. If the aggregate can be inserted without moving the arm, then the particle is flat and elongated at a 5:1 ratio.
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Flat and Elongated Criteria

 Traffic			Maximum, Percent	

Millions of ESALs                                               	

< 0.3

< 1

< 3

< 10

< 30

< 100

 100

--

--

10

10

10

10

10
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Currently, the 5:1 ratio is used for Superpave requirements.  However, research is being conducted to determine if the 3:1 ratio would be a better parameter.  A higher percentage is being considered if the ratio is reduced.
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Flat and Elongated 





























Maximum

Minimum
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The longest dimension of an aggregate particle is used to set one end of the caliber. (pin is at the 5:1 ratio pivot point).
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Concensus 

Aggregate Properties

Coarse Aggregate Particle Shape

	% Crushed Faces

	Flat and Elongated

Fine Aggregate Particle Shape

Clay Content

 **  Determined for the blended aggregate gradation  **
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The consensus aggregate properties of the combined gradation need to be determined once a gradation, or several trial gradations, have been selected.
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Percent Crushed Fragments in Gravels

0% Crushed		  100% with 2 or More 

			      Crushed Faces
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This is a measurement of coarse aggregate angularity.  The amount of crushing (angularity) is important because it determines the level of internal shear resistance which can be developed in the aggregate structure.  Round, uncrushed aggregates tend to “roll” out from under traffic loads and therefore have a low rutting resistance.
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Coarse Aggregate Angularity Criteria

First  number denotes % with one or more fractured faces

Second number denotes % with two or more fractured faces

 Traffic			Depth from Surface

Millions of ESALs	< 100 mm		> 100 mm

< 0.3

< 1

< 3

< 10

< 30

< 100

 100

55/--

65/--

75/--

85/80

95/90

100/100

100/100

--/--

--/--

50/--

60/--

80/75

95/90

100/100
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Superpave requirements are based on both the traffic level and the depth of the layer below the surface.  The crushing requirements for low traffic volumes are low or none, regardless of depth.  As traffic levels increase, so do the required percentages of crushed faces.



There is a higher level of crushing required in the upper 100 mm of the pavement because this is the region which is subjected to the highest shear due to traffic loads.  Higher shear forces require a higher level of resistance to shear.
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Percent Crushed Fragments in Gravels

		Quarried materials always 100% crushed

		Minimum values depended upon traffic level and layer (lift)



		Defined as % mass with one or more fractured faces
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The appropriate percentages of each aggregate stockpile are combined and then split on the 4.75 mm screen.  The material retained on the 4.75 mm screen are used to determine the percent crushed faces
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Fine Aggregate Specific Gravity
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Once the saturated surface dry condition has been achieved, a 500 gram sample (weighed) is placed in a partially filled volumetric glass flask of known volume.  The sample is then agitated until the foam and air bubbles have subsided.  The flask is then filled with water up to the volumetric mark used for calibration and the mass of the pycnometer (flask), aggregate, and water recorded.
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Fine Aggregate Specific Gravity

Calculations

		Gsb = A / (B + S - C)

		A = mass oven dry

		B = mass of pycnometer filled with water

		C = mass pycnometer, SSD aggregate and water

		S = mass SSD aggregate

		Gs,SSD = S / (B + S - C)

		Gsa = A / (B + A - C)

		Water absorption capacity, %

		Absorption % = [(S - A) / A] * 100
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These equations are similar to those used to determine the specific gravities of the coarse aggregate.  Again, the denominator represents the volume of water displaced by the aggregate
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Fine Aggregate Specific Gravity
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The aggregate is considered to be saturated surface dry when the sand cone slumps when the brass form is removed.  
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Gsa =

Mass, oven dry agg

Bulk Specific Gravity, Apparent

Vol of agg 
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This slide shows the mass and volume used to determine the apparent specific gravity.














_981895020.ppt


Coarse Aggregate Specific Gravity
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This photograph shows a sample of aggregate soaking (ready to test), a towel for drying, a spray bottle for pre-wetting the towel, the wire basket for obtaining the weight of SSD aggregate under water, and the water tank under the scale platform.
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Coarse Aggregate Specific Gravity

Calculations

		Gsb = A / (B - C)

		A = mass oven dry

		B = mass SSD

		C = mass under water

		Gs,SSD = B / (B - C)

		Gsa = A / (A - C)

		Water absorption capacity, %

		Absorption % = [(B - A) / A] * 100
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These are the equations for calculating the bulk specific gravity (Gsb), bulk specific gravity saturated surface dry (Gs, SSD),  apparent specific gravity (Gsa), and water absorption capacity.



The denominator in all of the specific gravity equations is the mass of water displaced by the sample.  Since 1 gram of water equals 1 cubic centimeter, this value also represents the volume of water displaced by the sample.
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Fine Aggregate Specific Gravity

		ASTM C128

		Dry aggregate

		Soak in water for 24 hours

		Spread out and dry to SSD

		Add 500 g of SSD aggregate to pycnometer of known volume

		Pre-filled with some water

		Add more water and agitate until air bubble have been removed

		Fill to line and determine the mass of the pycnometer, aggregate and water

		Empty aggregate into pan and dry to constant mass

		Determine oven dry mass
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These are the steps necessary for determining the specific gravity of the fine aggregate.
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Coarse Aggregate Specific Gravity
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The sample of coarse aggregate is being dried.  Note the area of aggregate not being worked is covered with the towel so it will not dry out.
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Specific Gravity Tests for Aggregates

		Two tests are needed

		Coarse aggregate (retained on the 4.75 mm sieve)

		Fine aggregate (passing the 4.75 mm sieve)
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The specific gravities of aggregates need to be determined separately for the fine and coarse fractions of either a stockpile or a blended material.
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Coarse Aggregate Specific Gravity

		ASTM C127

		Dry aggregate

		Soak in water for 24 hours

		Decant water

		Use pre-dampened towel to get SSD condition

		Determine mass of SSD aggregate in bucket

		Determine mass under water

		Dry to constant mass

		Determine oven dry mass
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This slide lists the general steps needed to determine the specific gravities of coarse aggregates.
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Phase Diagram

Phase: a change in state (e.g. solid, liquid, gas)

Mass (Weight)

Volume

V = (mass) / (Gs gw)

Water permeable voids

Aggregate

Solids
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A phase diagram is usually used to represent relationships between mass and volume.  The specific gravity of each component in the mixture is needed in order to determine the corresponding volume a given mass occupies














_981894984.ppt


Specific Gravity, G

		Ratio of the mass to volume of an object to that of water at the same temperature



Mass Solid

Volume





Mass Water

Volume
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Gsb  =

Bulk Specific Gravity, Dry

Vol of agg, + surface voids

Vol. of water-perm. voids

Surface Voids

Mass, oven dry
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This slide defines the mass and the volume used to calculate the bulk specific gravity (dry) of aggregates.



G designates specific gravity.  The subscripts indicate the material tested (s = stone) and the type of specific gravity (b=bulk).  In this case, bulk is used because there is more than one component in the volume.
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Gs, ssd  =

Mass, oven dry agg + mass water

Bulk Specific Gravity, SSD

Vol of agg, + surface voids

Vol. of water-perm. voids

Surface Voids
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This slide shows the mass and volumes used to determine the bulk specific gravity, ssd (saturated surface dry).
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Densities

		Density is the unit weight of a material

		lb/ft3 or kg/m3

		Unit weight = g w G



gw = 1.000 g/cm3

gw = 1000 kg/m3

gw = 62.4 lb/ft3

		Bulk density means sample  contains more than one mass and/or volume





NCAT

Density is the specific gravity times the unit weight (mass) of water and relates mass to volume:  for example, grams per cubic centimeter.  Since the unit weight of water in units of 1 g/cm3, this term is sometimes left out of equations shown in test methods.  Care needs to be taken if the units of the test are changed.
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To be Covered

		Specific Gravities





		Consensus Properties





NCAT

The lecture will discuss aggregate specific gravities and the consensus properties.
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		All matter has mass and occupies space.  



		Volumetrics are the relationships between mass and volume



		Superpave mix design based on aggregate and mixture volumetrics



Volumetrics



NCAT
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Aggregate Properties

HMA





NCAT

This lecture will discuss those aggregate properties that are associated specifically with HMA.










