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Aggregate Technician  AT 2 Updates  

Aggregate Technician - Part 2 

2024 – Updates 
• New:  Aggregate is now divided into two parts, see the COURSE CONTENT PAGE for 

the division.    
• NOTE:  Must have both parts to receive certification in Aggregate Technician.  

• No major changes in the methods.  
 

2023 – Updates 

• AASHTO T85:  
• T85 Oven:  The thermometer for measuring the oven temperature shall meet the 

requirements of M339M/M339 with a range of at least 90 to 130°C (194 to 266°F) and 
an accuracy of ± 1.25°C (± 2.25°F) (see note 1), 
 NOTE 1:  Thermometer types to use include: 

• ASTM E1 Mercury Thermometer 
• ASTM 2877 digital metal stem thermometer 
• ASTM E230/E230M thermocouple thermometer, Type J or K, Special Class, 

Type T any Class 
• IEC 60584 thermocouple thermometer, Type T, Class 1 
• Dial gauge metal stem (Bi-metal) thermometer 

 
• T85 Water Bath:  The thermometer for measuring the temperature of the water bath 

shall meet the requirements of M339M/M339 with a temperature range of at least 16 to 
27°C (60 to 80°F) and an accuracy of ±0.5°C (±0.9°F) (see note 2), 
  NOTE 2:  Thermometer types to use include: 

• ASTM E1 Mercury Thermometer 
• ASTM E2877 digital metal stem thermometer 
• ASTM E230/E230M thermocouple thermometer, Type T, Special  
• IEC 60584: thermocouple thermometer, Type T, Class 1 

 
 
 
 
 
 
 



Aggregate Technician  AT 2 Updates  

• AASHTO T84:  
• T84 Oven:  The thermometer for measuring the oven temperature shall meet the 

requirements of M339M/M339 with a range of at least 90 to 130°C (194 to 266°F) and 
an accuracy of ± 1.25°C (± 2.25°F) (see note 1), 
 NOTE 1:  Thermometer types to use include: 

• ASTM E1 Mercury Thermometer 
• ASTM 2877 digital metal stem thermometer 
• ASTM E230/E230M thermocouple thermometer, Type J or K, Special Class, 

Type T any Class 
• IEC 60584 thermocouple thermometer, Type J or K, Special class 1, Type 

T any Class 
• IEC 60584 thermocouple thermometer, Type j or K, Class1, Type T any 

Class 
• Dial gauge metal stem (Bi-metal) thermometer 

 
• T84 Water Bath:  The thermometer for measuring the temperature of the water bath 

shall meet the requirements of M339M/M339 with a temperature range of at least 16 to 
27°C (60 to 80°F) and an accuracy of ±0.5°C (±0.9°F) (see note 2), 
  NOTE 2:  Thermometer types to use include: 

• ASTM E1 Mercury Thermometer 
• ASTM E2877 digital metal stem thermometer 
• ASTM E230/E230M thermocouple thermometer, Type T, Special  
• IEC 60584: thermocouple thermometer, Type T, Class 1 
• Dial gauge metal stem (Bi-metal) thermometer 

 

2022 – Updates 

• Removed Absorption T85 

• Added Aggregate Specific Gravity T84, T85, and Core-Lok information. 

• AASHTO T85 – Added AASHTO T255 and 122°F for cooling sample. 

2021 – Updates 

• AASHTO T11 - Mechanical Washing:    Do not wash the sample in a mechanical washer for more than 
10 min. 

• Added AASHTO T85-Abs – Absorption of coarse aggregate. 
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Aggregate Technician

ASTM D 4791 
Flat Particles, Elongated Particles, 

Or Flat and Elongated Particles 

In Coarse Aggregate 





MoDOT - TCP, D4791, Aggregate Technician 1

ASTM D4791

Flat Particles, Elongated Particles, 
or Flat and Elongated Particles in 

Coarse Aggregate
Rev. 12/15/2019

SCOPE

• 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 
presented in ASTM D4791. 

• Method A uses 4 groups of F&E: 

1. Flat particles, 

2. Elongated particles

3. Particles that meet the criteria of both groups

4. Neither flat nor elongated.  2

• Method A is a reflection of the original procedure 
as developed prior to Superpave and is intended 
for all non-Superpave applications and will NOT be 
covered in this certification. For more information 
on Method A, see the Appendix. 

• Method B is a comparison of the maximum 
particle dimension to the minimum particle 
dimension and is intended for use with 
Superpave specifications. 

3
Scope

1

2

3



MoDOT - TCP, D4791, Aggregate Technician 2

SIGNIFICANCE AND USE

• The particle shape of course aggregate influences 
the properties of some construction materials and 
may affect their placement and consolidation.

• This test method provides a means for checking 
compliance with specifications that limit such 
particles or to determine the relative shape 
characteristics of coarse aggregate.

4

Definitions

• Flat and Elongated Particles (F&E) - Those particles 
having a ratio of length to thickness greater than a 
specified value

• Length - The longest dimension

• Thickness - The smallest dimension

• Width – Intermediate dimension of the particle that 
is greater than or equal to the thickness

5

Detrimental affects when used in mixtures:

• Interferes with placement and consolidation.

• Fractures or breaks more easily.

• When an aggregate particle breaks, it creates a 
face that is not coated with binder, increasing the 
potential of the mix to strip or ravel.

• When the coarse aggregate fractures the 
gradation will likely change, which may be 
detrimental to the mix.

6

4

5

6



MoDOT - TCP, D4791, Aggregate Technician 3

Material Tested: 

ASTM 

• Material larger than ¾” (19mm) or #4 
(4.75mm) as determined by specification 
requirements.

MoDOT

• See Engineering Policy Guide (EPG)

• 106.7.71 TM 71, Deleterious Content of 
Aggregate (106.7.71.6.1.6)

7

MoDOT Materials Tested:

8

1005
• Test all sieves with more than 10% retained

on  ¾” sieve and above.

• Test only 5:1 comparison

- Do NOT do a weighted average calculation

9MoDOT Materials Tested

7

8

9



MoDOT - TCP, D4791, Aggregate Technician 4

EQUIPMENT

• Proportional 
Caliper Device

• Scale, accurate to 
0.5% of the 
sample mass

• Oven or hot plate

10

SAMPLING

• Sample the coarse aggregate in accordance with 
Practice AASHTO R 90 (ASTM D75).

• Thoroughly mix the sample and reduce it to an 
amount suitable for testing using the applicable 
procedures described in practice AASHTO R 76.  
The sample for testing shall be approximately the 
mass desired when dry and shall be the end result 
of the reduction.  Reduction to an exact 
predetermined mass shall not be permitted.  

11

ASTM D4791 Sample Size

Maximum Retained

Sieve Size in.(mm)

Minimum Amounts

lb. (Mass in grams)

⅜ ”    (9.5) 2   (1000)

½ ”     (12.5) 4    (2000)

¾ ”     (19.0) 11    (5000)

1”       (25.0) 22    (10,000)

1 ½”    (37.5) 33    (15,000)

12

10

11

12



MoDOT - TCP, D4791, Aggregate Technician 5

By particle count:

• Does not need to be oven dried.

• Perform AASHTO T27

• Reduce each fraction that has a minimum of 10% 
retained until approximately 100 particles remain

• Approximately 100 particles needed for testing

By mass/weight:

• Oven dry @ 230 ± 9°F (110 ± 5°C)

• Perform AASHTO T27

• Test all sieves with more than 10% retained on the 
#4 sieve and above as required by MoDOT 
specifications.

13

SUPERPAVE PROCEDURE; METHOD B 
Acquire the amounts to be tested by count or mass.

1. Each particle in each size fraction tested and 
placed into one of two groups:

Flat & Elongated OR  Not Flat & Elongated

2. Proportional caliper device positioned at proper 
ratio?  3:1, 5:1, etc.

3. Test each particle in the caliper by setting the 

larger opening to the particle length.

14

4. Place the particle through the opposite side of the 
caliper for thickness, if it slips through the smaller 
measure, the particle is flat and elongated.

5. Weigh the amount of F&E of each fraction and 
record each to the nearest whole gram on the 
report.

NOTE: Particle is flat and elongated if the thickness 
can be passed through the smaller opening.

15Method B

13

14

15



MoDOT - TCP, D4791, Aggregate Technician 6

Evaluating Aggregates

16

CALCULATIONS & REPORTING

• Report each group to nearest 1%. Test all sieves 
with more than 10% retained on #4 sieve and 
above as required by MoDOT Specifications.

NOTE: If a sieve size has less than 10% retained, see 

example calculation sheet item for guidance.

• Report each F&E group to nearest whole number.

• When required, the weighted average 
percentages based on the actual or assumed 
proportions of the various sieve sizes tested. 

17

A = Weight retained on each particular sieve

B =  __________(A)_________ x  100   Report to

Original mass of sample                   nearest 0.1% 

C = Weight of mass tested (Approximately 100 pieces)

D = Weight of flat and elongated particles

E = _D_  x  100     Report to nearest 1%

C

F = __B__ Report to nearest 0.001  

TPR

G = E x F     Report to nearest 1%

18Calculations & Reporting

16

17

18
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Common testing errors:  

• Not obtaining a representative sample

• Not reducing the sample properly

• Not sieving to completion

• Improper positioning in the machine

19

Class Room
F&E 

Problems

20

There are enlarged copies at the end of this module.

Original Mass of Sample     6301 grams                    Ratio      5     to       1      .        

  

Report to: 0 g 0.0  0  0 0 0.000 0 

Sieve 

Sizes 

  Mass 
Retained 

   T27 

(A)  

Percent 
Retained 

  % 

(B) 

Number 

or Mass  

Tested     

(C) 

Number 

or Mass 

F & E 

(D) 

Percent 

F & E 

 

   (E) 

Sieve 

Fraction 

Retained 

Factor  

   (F) 

Percent 

F&E 

Weighted 

Ave. (G) 

37.5mm 

1 ½” 
0       

25.0mm 

1” 
0       

19.0mm 

¾” 
2644  1973 8    

12.5mm 

½” 
3232  1632 44    

9.5mm 

⅜” 
69  0 0    

4.75mm 

#4 
119  0 0    

Total % Retained 

(TPR) 

 (TPR)  

 

 

 Total  

 

 

Flat and Elongated by Mass

21

Problem 1A

19

20

21
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22

Answers 1AOriginal Mass of Sample  6301 grams                Ratio  5    to 1      .

Flat and Elongated by Mass

23

Problem 2B

Flat and Elongated by Mass

24

Problem 2B

22

23

24



MoDOT - TCP, D4791, Aggregate Technician 9

25

Answers 2BFlat and Elongated by Mass

26

Problem 3CFlat and Elongated by Count
Original Mass of Sample     COUNT            Ratio      5     to       1      .         

  
Report to: 0 0.0 0 0 0 0.000 0 

Sieve 

Sizes 

  Mass 
Retained 

   T27 

(A)  

Percent 
Retained 

  % 

(B) 

Number 

or Mass 

Tested     

(C) 

Number 

or Mass 

F & E 

(D) 

Percent 

F & E 

 

   (E) 

Sieve Fraction 

Retained Factor  

   (F) 

Percent 

F&E 

Weighted 

Ave. (G) 

37.5mm 

1 ½” 
       

25.0mm 

1”        
19.0mm 

¾”        
12.5mm 

½”  10.2 102 4    

9.5mm 

⅜”  10.5 104 1    

4.75mm 

#4  35.8 109 3    

Total % Retained 

(TPR) 56.5 (TPR) 
 

 
 

 Total  

 

Original Mass of Sample     COUNT            Ratio      5     to       1      .         

  
Report to: 0 0.0 0 0 0 0.000 0 

Sieve 

Sizes 

  Mass 
Retained 

   T27 

(A)  

Percent 
Retained 

  % 

(B) 

Number 

or Mass 

Tested     

(C) 

Number 

or Mass 

F & E 

(D) 

Percent 

F & E 

 

   (E) 

Sieve Fraction 

Retained Factor  

   (F) 

Percent 

F&E 

Weighted 

Ave. (G) 

37.5mm 

1 ½” 
       

25.0mm 

1”        
19.0mm 

¾”        
12.5mm 

½”  10.2 102 4 4 0.181 1 

9.5mm 

⅜”  10.5 104 1 1 0.186 0 

4.75mm 

#4  35.8 109 3 3 0.634 2 

Total % Retained 

(TPR) 56.5 (TPR) 
 

 
 

 Total 3 

 
27

Answer 3CFlat and Elongated by Count

25

26

27
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MoDOT - TCP  T84    Aggregate Technician 1

AASHTO T 84

Test for Specific Gravity and 

Absorption of Fine Aggregate

Rev 12/16/2019

SCOPE

• This method covers the determination of bulk, 

and apparent specific gravity, at 73.4ºF (23ºC), 

and the absorption of fine aggregate after 15-19 

hours of soaking in water.

2

SIGNIFICANCE AND USE

• Bulk specific gravity is the characteristic 

generally used for calculation of the volume 

occupied by the aggregate in various 

mixtures containing aggregate including 

Portland cement concrete, bituminous 

concrete, and other mixtures that are 

proportioned or analyzed on an absolute 

volume basis.

3

1

2

3



MoDOT - TCP  T84    Aggregate Technician 2

• Bulk specific gravity is also used in the 

computation of voids in aggregate in 

AASHTO T19M/T19 Unit Weight.

• Bulk specific gravity determined on the SSD 

basis is used if the aggregate is wet; that is, 

if its absorption has been satisfied.

• Apparent specific gravity pertains to the 

relative density of the solid material making 

up the primary particles not including the 

pore space within the particles that is 

accessible to water.  This value is not widely 

used in construction aggregate technology.

4
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• Absorption values are used to calculate the 
change in the mass of an aggregate due to 
water absorbed in the pore spaces within 
the particles, compared to the dry condition, 
when 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 soaking dry aggregate in 
water.

5
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TERMINOLOGY

• Oven Dried:  Dried to a constant mass at a 

temperature of 230±9°F (110±5°C). 

• Air Dried:  Dried at a temperature ≤ 140 °F 

(60 °C).

• Constant Mass: The mass at which 

additional drying of the sample would result 

in less than an additional 0.1% loss in mass.

• Saturated Surface Dry (SSD): When the 

aggregate is saturated on the inside, but the 

surface is dry.

6

4

5

6
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EQUIPMENT

7

• Balance readable to 0.1 grams

• 500 ml Pycnometer (flask)  

• Conical mold

• Tamper

• Oven capable of 

230 ± 9°F (110 ± 5°C)

• No. 4 Sieve

8

C
a
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n

500 ml

SAMPLE PREPARATION

• Obtain a representative field sample                           

(ASHTO R90).

• Mix and reduce (AASHTO R76).

• Sieve over a #4 sieve, collect 

approximately 1,000 grams of minus #4 

material.

• Oven dry the minus #4 material in a pan to 

a constant weight at  230 ± 9°F (110 ± 5°C). 9

7

8

9



MoDOT - TCP  T84    Aggregate Technician 4

• Allow the sample to cool to comfortable 

handling temperature.

• Cover the sample with water for 15-19 

(or add at least 6%moisture, 0.06 x test weight)

10
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• Set up a calibrated pycnometer partially 

filled with water and a funnel near a scale 

and ready to go.

• After the 15 -19 hour soak, decant excess 

water from the sample with care to avoid 

loss of fines.

11

PROCEDURE

• After soaking, spread the sample on a flat, 

nonabsorbent surface.

• Uniformly dry the sample with a gentle 

current of warm air, stir frequently.

Note: It may be necessary to work the 

…………..sample with your hands in a rubbing 

…………..motion to break up any lumps that 

…………..develop.

• Keep stirring, until the sample approaches a 

free-flowing condition.  

Note: Sample must be on the wet side of     

……………SSD when beginning the cone test.

12
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e
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10

11

12
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What to do. . .

• Mix in a few milliliters of 
water

• Cover

• Let stand for 30 minutes.

• Return to nonabsorbent 
surface, stirring and 
continuing with cone 
testing till SSD is 
reached.

13
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Things to know before starting the cone 
test:  If the sample falls flat, on the first cone 
test, or before the SSD state, it has been 
dried past the SSD condition.

Cone Test:

• Place the mold on a flat, nonabsorbent  

surface, with the large diameter down.

• Fill the mold to 

overflowing.

14
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• Tamp 25 times with 5mm drops (0.2 in).

• Allow the tamper to fall freely.

15

P
ro
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e
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u
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13

14

15
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• Remove the material from around the base 

of the mold, then lift cone vertically.

16
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A good first trial = Retains the shape of the cone!

• Continue drying 

and doing cone tests

until the sample

slumps slightly 

= SSD condition.

• The closer testing gets to the SSD state, 

increase the number of cone tests.
17
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After the SSD condition is reached:

• Immediately weigh 500 ± 10 grams of  

SSD material and add it to the pycnometer. 

18
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• Record the SSD weight to the nearest 
0.1g, this is “S” in the equation. 

16

17

18
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19
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• Fill Pycnometer with additional 
Water to approximately 90% capacity.

• Usually, 90% is just into or slightly below    
the neck of  the flask.

90%

• Roll, invert, and agitate the pycnometer to 

remove all the air bubbles.

• This should take around 15-20 minutes.

20
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21

P
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• After removing air from 

the sample, adjust the 

water level in the 

pycnometer to its 

calibrated capacity.

NOTES:

The etched line at top of 

neck on the flask is the 

calibrated capacity.

If foam developed on the 

water surface, use a paper 

towel or isopropyl alcohol to 

reduce this.

19

20

21
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22
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• Place the pycnometer in a bath 73.4 ± 3°F 

(23.0 ± 1.7°C). After 30-45 minutes check 

the water inside the pycnometer with a 

thermometer to verify that the temperature is 

at  73.4 ± 3°F (23.0 ± 1.7°C). 

• If at temperature move on to the next step.  

Otherwise give the flask more time in the 

bath and check again later.

• Determine total mass of the pycnometer, 

sample, and water. Weigh to 0.1 gram = “C” 

in the equation.

• Remove the sample from pycnometer into a 

small pre-weighed pan.  

• Weigh to the nearest 0.1 grams.

• Oven dry sample to constant weight at    

230 ± 9° (110 ± 5°C).

23
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• Cool sample in air at room temperature

for 1.0 ± 0.5 hour(s), weigh the dry sample  

…to the nearest 0.1g.  Report as “A” in the 

…equation.

Note:  All weights determined to 0.1 gram.

24
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2 or more Trials
To reach SSD

Re-do

CALCULATIONS

A = mass of oven-dry sample in air (g)

B = mass of pycnometer filled with water (g) 

S = mass of saturated surface-dry sample (g)

C = mass of pycnometer with sample and water 

….to calibrated mark (g)
26

C)-S(B

A
 Gravity   SpecificBulk

+
=

Bulk Specific Gravity

Bulk Specific Gravity (SSD)

• Saturated Surface Dry Basis

S = mass of the saturated surface-dry sample (g)

B = mass of pycnometer filled with water (g)

C = mass of pycnometer with sample and water  

….to calibration mark (g)
27

)( CSB

S
SSD

−+
=
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25

26

27
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Apparent Specific Gravity

A = mass of oven dry sample in air

B = mass of pycnometer filled with water

C = mass of pycnometer with sample and water 

to the calibration mark

28

C)-A(B

A
  Gr.  Sp.App
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=
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Absorption Percent

A = mass of oven dry sample in air

B = mass of pycnometer filled with water

S = mass of the saturated surface dry sample

C = mass of pycnometer with sample and water 

to the calibration mark
29

100x
A

AS
Abs 







 −
=

)(
.%
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REPORTING
• Report the Specific Gravities

• to the hundredth, 0.01, for 1005 Concrete

• to the thousandth, 0.001, for 1002 Asphalt

• Report the Absorption to the tenth, 0.1%

• Alternative: For, naturally moist condition 

report the source of the sample and the 

procedures used to prevent drying prior to 

testing. 30

28

29

30
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Reporting for AASHTO M6:

For AASHTO M6: Fine aggregate for Hydraulic 

Cement Concrete.

Report specific gravity results to the 
nearest 0.01 and absorption to the nearest 
0.1%.  

31
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T84 for Aggregate Maintained in 

A Naturally Moist Condition 

• As an alternative, where the absorption and 

specific gravity values are to be used in their 

naturally moist condition, the requirement for 

initial drying to constant mass may be 

eliminated and, if the surfaces of the 

particles have been kept wet, the required 

soaking may also be eliminated.

32
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Notes:

Notes:

• Definitions: Are in the glossary.

• Tests for materials that do not readily 

slump:

33
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See the appendix for more information

31

32

33
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Practice Calculations

34

Asphalt (1002) Sample

499.9 g Mass of oven-dry sample in air A

683.7g Mass of pycnometer filled with water B

503.3g Mass of saturated-surface-dry sample S

990.1g Mass of pyc., water, and sample C

Using the information above, Find; 

• Bulk Specific Gravity, 
• SSD, 
• Apparent Specific Gravity,
• Absorption Percent.

Use regular rounding.

Answers:

35

ASPHALT SAMPLE

34

35







 
AASHTO T 84:  Specific Gravity for Fine Aggregate  

PROFICIENCY CHECKLIST 
(rev 12/16/2019) 

 
Applicant: ___________________________________________ 
 
Employer: ___________________________________________ 
 

. Trial # 1 2 
Sample Preparation   
1.  Obtain a representative sample.  (AASHTO R90)   
2   Mix and Reduce. (AASHTO R76)   
3.  Sieved over #4 sieve , keep minus 4 material (approximately 1,000 g)   
4.  Dried to constant mass at 230 ± 9°F (110 ± 5°C) 
               Note:  Oven drying not necessary if naturally moist condition is desired 
                  Note:  See Provisional Tests 1-4 for materials that do not readily slump found in appendix 

  

5.  Sample is covered with water, allowed to stand 15-19 hours   
6.  Pycnometer calibrated at 73.4 ± 3ºF record this weight to nearest 0.1g  
                                      (This is “B” in the equation) 

  

7.  After 15-19hrs, decant the excess water off the sample without loss of fines   
8.  Calibrated pycnometer partially filled with water,  set by the scale   
STEPS 9-15 is the CONE TEST 

        9.  Sample spread on a flat nonabsorbent surface   
      10.  Sample uniformly dried by a current of warm air   
      11.  Mold placed on flat nonabsorbent surface and filled to overflowing   
      12.  Tamped 25 times with 5 mm drop, and allowed to fall freely                 
      13.  Sample removed from around base and mold lifted vertically   
      14.  Sample should retain the shape of the cone on first trial. 
                     If slumps on the first trial, water added, sample covered and        
………….         allowed to stand for 30min….then back to cone testing. 

  

      15.  Drying continued, and slump test repeated at frequent intervals until  
             sample slumps slightly = SSD Condition 

  
 

16.  Immediately weighed 500±10g of the SSD sample to the partially filled pycnometer.   
……           (Report the mass to nearest 0.1 this is “S” in the equation) 

  

17.  Pycnometer filled to 90% of total capacity and agitated to eliminate air bubbles. 
…….             Note:  Paper towel or isopropyl alcohol may be used to disperse foam on the water surface    

  

18.  Pycnometer filled with water to the calibrated capacity line.            
19.  When temperature of contents reach 73.4 ± 3°F (23.0 ± 1.7°C), towel dried the 
…….outside of the pycnometer and determined the total mass of the pycnometer, 
…….sample, and water to the nearest 0.1g           (Report this as “C” in the equation) 

  

20.  Sample removed from the pycnometer, placed in a pre-weighed pan and dried to  
…….constant mass at .230 ± 9°F (110 ± 5°C)     

  

21.  Sample cooled in air at room temperature for 1.0 ± 0.5 hr. and dry mass 
      determined to the nearest 0.1g, this is “A” in the equation.   

  

22.  Calculations completed as needed:  
      Report: 
 …..Specific Gravity for Asphalt (1002) to the nearest:  0.001 
      Specific Gravity for Concrete (1005) and M6  to the nearest:  0.01 
      And Absorptions Report  to the nearest:  0.1% 

  

   
 PASS PASS 
   
 FAIL FAIL 

                                                                                                                                                                                                                                               
Examiner: _______________________________________ Date: _________________ 
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AASHTO T85
Specific Gravity and Absorption

of Coarse Aggregate

Rev 09/21/2021

SCOPE
• This method covers the determination of 

specific gravity and absorption  of coarse 
aggregate.

• The specific gravity may be expressed as bulk 
specific gravity, bulk specific gravity (saturated 
surface-dry (SSD)), or apparent specific gravity.

• The bulk specific gravity (SSD) and absorption 
are based on aggregate after 15-19 hours of 
soaking in water.

• This method is not intended to be used with 
lightweight aggregates.

• NOTE:  Definitions are in the glossary.

SIGNIFICANCE AND USE

• Bulk specific gravity is the characteristic 

generally used for calculation of the 

volume occupied by the aggregate in 

various mixtures containing aggregate, 

including Portland cement concrete, 

bituminous concrete, and other mixtures 

that are proportioned or analyzed on an 

absolute volume basis.

1

2
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• Apparent specific gravity pertains to the 
relative density of the solid material making up 
the constituent particles not including the pore 
space within the particles that is accessible to 
water.

• Absorption values are used to calculate the 
change in the mass of an aggregate due to 
water absorbed in the pore spaces within the 
constituent particles, compared to the dry 
condition, when it is deemed that the 
aggregate has been in contact with water long 
enough to satisfy most of the absorption 
potential.
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EQUIPMENT
• Scale M231, Class G5

• Sieves #4 or #8

• Basket mesh                                        
[No.6 or (No.10 or smaller)]

• Towels

• Oven capable of maintaining 230 ± 9°F 
(110 ± 5°C)

• Water Tank - Watertight with an overflow 
outlet for maintaining a constant water 
level.

• Suspended Apparatus - A wire of smallest 
practical size.

• Obtain a representative field sample using  
AASHTO R 90

• Mix and reduce the sample according to  
AASHTO R 76 and Chart A

• Dry sieve over a #4 sieve

• Exceptions to using a #4 sieve:

• Use a #8 sieve as indicated by specification.  

• Use a #8 sieve if the coarse aggregate contains 
a large quantity of material finer than the #4 
sieve.   Keep the minus No.8 material and test 
per AASHTO T84 for fine aggregate.

SAMPLING

4
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Sample Size – Chart A

Nominal Maximum 

Size

Minimum Mass of 

Sample needed

For testing

½” (12.5mm) or less 2000 grams

¾” (19.0mm) 3000 grams

1” (25.0mm) 4000 grams

1 ½” (37.5mm) 5000 grams

S
a
m

p
lin

g
• Reject all aggregate passing the #4 sieve.

• Keep all the retained #4 aggregate, this is the 
plus 4 material.

• Plus 4 aggregate = +4 aggregate

• Wash the +4 aggregate to remove dust or other 
coatings.

NOTE: All of these mean the same. . .  

• Aggregate retained on # 4 sieve

• Plus 4 aggregate 

• +4 aggregate  

• Sometimes the aggregate may contain foreign 
material like shells and pieces of glass because of 
this sometimes aggregate is called +4 material.

S
a
m

p
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g

• Dry the +4 aggregate to a constant mass at              
230 ± 9°F (110 ± 5°C), according to AASHTO T255.

• Cool the aggregate at room temperature for            
1-3 hours. 

(The sample should be comfortable to handle ~ 122°F 
(50°C).

PROCEDURE

7
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• Place the +4 aggregate sample in a plastic 

container and cover it with water for 15-19 

hours.

P
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Prepare the water bath:

• Overflow the water outlet.

Adjust the temperature to  

73.4 ± °F  (23.0 ± 1.7°C)

P
ro

c
e
d

u
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• Drain excess water from the +4 aggregate 
sample and place it onto a large absorbent 
cloth.

• Dry the aggregate surfaces with an 
absorbent cloth until all visible surface water 
is gone. 

• Wipe the larger particles individually.

P
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d

u
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P
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NOTE:  Throughout the procedure, avoid evaporation of 
water from the aggregate pores.

• Tare the scale.

• Weigh the sample and write the SSD mass as 
“B” in the calculations.
• SSD = Saturated Surface Dry 

• Determine the mass to the nearest 1gram or 
0.1%.

• Immediately place 

sample in the wire 

basket.

• Shake the basket while 

immersed to remove 

entrapped air.

• Weigh the sample in 

water to the nearest 1g.

( This weight is “C” in the  

calculations).

P
ro

c
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d

u
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• Place the sample in a pan for the oven.

• Remove all particles from the basket

• Dry to a constant weight at 230 ± 9°F  

(110 ± 5°C).

• Cool sample for 1-3 hours or when 

comfortably handle 122°F (~ 50° C).

• Determine the dry mass

• Record to the nearest 1g, 

• use this as “A” in the calculations.
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Calculations

• Mass of Dry Sample (A) =________

• Mass Surface Dry Sample (B) =______

• Mass of Sample in Water (C) = _______

)( CB

A
Gravity  SpecificBulk

−
=

Calculations

• Mass of Dry Sample (A) =________

• Mass Surface Dry Sample (B) =______

• Mass of Sample in Water (C) = _______

)( CA

A
 Gravity   SpecificApparent

−
=
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Calculations

• Mass of Dry Sample (A) =________

• Mass Surface Dry Sample (B) =______

• Mass of Sample in Water (C) = _______

)( CB

B
Gravity   SpecificSSD

−
=

C
a
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u
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tio
n

s

16

17

18



MoDOT - TCP   T85   Aggregate Technician 7

Calculations

• Mass of Dry Sample (A) =________

• Mass Surface Dry Sample (B) =______

• Mass of Sample in Water (C) = _______

100x
A

AB
 Percent Absorption

)( −
=

C
a
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u
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tio
n

s
Reporting

Report the Specific Gravities

 0.01, for 1005 (Concrete)

 0.01 for M80 (Hydraulic Cement Concrete)

 0.001, for 1002 (Asphalt).

Report the Absorption to the tenth, 0.1%

Use regular rounding 

Note:  If the specific gravity and absorption values 

were tested in an as received condition, note this in 

the report.

• NOTE: Where the absorption and specific 
gravity values are to be used in 
proportioning concrete mixtures in which 
the aggregates will be in their naturally 
moist condition, the requirement for initial 
drying to constant mass may be eliminated, 
and, if the surfaces of the particles in the 
sample have been kept continuously wet 
until test, the required soaking may also be 
eliminated.

19
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AASHTO T 85:  Specific Gravity and Absorption  
Of 

 Coarse Aggregate 
 

PROFICIENCY CHECKLIST 
Revised on:  09/21/2021 

 
Applicant: __________________________________________ 
 
Employer: __________________________________________ 
 

Trial# 1 2 
Procedure   
1.  Sample obtained by ASHTO R90, and Reduced per AASHTO R76   
2.  Screened on No. 4 sieve  (4.75mm) or No. 8 (2.36mm) sieve   
3.  Sample mass as follows:  ½ in. or less – 2 kg; ¾ in. – 3 kg; 1 in. – 4 kg; 
     1 ½ in. – 5kg 

  

4.  Washed to clean surfaces of particles   
5.  Dried to constant mass at 230 ± 9°F (110 ± 5°C) and cooled to room 
     temperature for 1 to 3 hours (for up to 1 ½ in. nominal maximum size, 
     longer for larger sizes) According to AASHTO T255. 

  

6.  Covered with water for 15 to 19 hours   
7.  Prepared bath, overflowed the water for level, and adjusted temperature to   
73.4 ± 3°F (23.0 ± 1.7°C) 

  

8.  Rolled in cloth to remove visible films of water   
9.  Larger particles wiped individually   
10.  Evaporation avoided   
11. Weigh the SSD sample and  
Record all masses determined to the nearest 1g or 0.1% of sample mass. 

  

12. Sample immediately placed in the wire basket   
13. Entrapped air removed before weighing by shaking the wire basket while 
immersed.   

  

14. Mass determined in water at 73.4 ± 3°F (23.0 ± 1.7°C)   
15. Dried to constant mass at 230 ± 9°F (110 ± 5°C) and cooled to room 
     temperature for 1 to 3 hours [or until aggregate has cooled to comfortable 
     handling temperature, approximately 122°F (50°C)] 

  

16. Weigh the dry sample and record the mass   
17. Calculated the Bulk Specific Gravity and Absorption.  
Report: 
Specific Gravity for Asphalt (1002) to the nearest: 0.001  
Concrete (1005) and M80 to the nearest:  0.01 
And Absorption to the nearest:  0.1% 

  

   
 PASS PASS 
   
 FAIL FAIL 

                                                                                                                       
Examiner: __________________________________Date:__________________ 

































































































ASTM D4791  Flat and Elongated Particles Appendix 

MoDOT – TCP  10/18/2023 

FLAT AND ELONGATED PARTICLES (ASTM D4791)                      
 
8.3 Method A  
 
Test each of the particles in each size fraction, and place in one of four groups:   
(1) Flat particles,  
(2) Elongated particles,  
(3) Particles that meet the criteria of both groups 1 and 2,  
(4) Neither flat nor elongated particles that do not meet the criteria of either group 1 or group 2. 
 
Each particle shall be subjected to the Flat Particle Test and Elongated Particle Test.  If the 
particle is determined to be flat but not elongated, the particle is placed in the “flat” group.  If it 
is determined that the particle is not flat, but is elongated, the particle is placed in the 
“elongated” group.  In some cases it may be possible for a particle to meet the criteria of both a 
flat particle and an elongated particle.  In this case the particle is placed in the “particles that 
meet the criteria of both groups 1 and 2.  If the particle is not flat and is not elongated, it is 
placed in the “particles that do not meet the criteria of either group 1 or group2. 
 
8.3.1 Use the proportional caliper device, positioned at the proper ratio see Figure 4 below: 
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8.3.1.1 Flat Particle Test – Set the larger opening equal to the maximum particle width.  The 
particle is flat if the maximum thickness can be placed through the smaller opening. 
 
8.3.1.2 Elongated Particle Test – Set the larger opening equal to the maximum particle length.  
The particle is elongated if the maximum width can be placed through the smaller opening. 
 
8.3.2 After each of the particles have been classified into one of the groups described in 8.3, 
determine the proportion of the sample in each group by either count or by mas, as required. 
 
 
 

2023 – THERMOMETERS 
• AASHTO T85:  

• T85 Oven:  The thermometer for measuring the oven temperature shall 
meet the requirements of M339M/M339 with a range of at least 90 to 
130°C (194 to 266°F) and an accuracy of ± 1.25°C (± 2.25°F) (see note 
1), 
 NOTE 1:  Thermometer types to use include: 

• ASTM E1 Mercury Thermometer 
• ASTM 2877 digital metal stem thermometer 
• ASTM E230/E230M thermocouple thermometer, Type J or K, 

Special Class, Type T any Class 
• IEC 60584 thermocouple thermometer, Type T, Class 1 
• Dial gauge metal stem (Bi-metal) thermometer 

 
• T85 Water Bath:  The thermometer for measuring the temperature of 

the water bath shall meet the requirements of M339M/M339 with a 
temperature range of at least 16 to 27°C (60 to 80°F) and an accuracy of 
±0.5°C (±0.9°F) (see note 2), 
  NOTE 2:  Thermometer types to use include: 

• ASTM E1 Mercury Thermometer 
• ASTM E2877 digital metal stem thermometer 
• ASTM E230/E230M thermocouple thermometer, Type T, 

Special  
• IEC 60584: thermocouple thermometer, Type T, Class 1 
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2023 – THERMOMETERS CONTINUED . . . 

• AASHTO T84:  
• T84 Oven:  The thermometer for measuring the oven temperature shall 

meet the requirements of M339M/M339 with a range of at least 90 to 
130°C (194 to 266°F) and an accuracy of ± 1.25°C (± 2.25°F) (see note 
1), 
 NOTE 1:  Thermometer types to use include: 

• ASTM E1 Mercury Thermometer 
• ASTM 2877 digital metal stem thermometer 
• ASTM E230/E230M thermocouple thermometer, Type J or K, 

Special Class, Type T any Class 
• IEC 60584 thermocouple thermometer, Type J or K, Special 

class 1, Type T any Class 
• IEC 60584 thermocouple thermometer, Type j or K, Class1, 

Type T any Class 
• Dial gauge metal stem (Bi-metal) thermometer 

 
• T84 Water Bath:  The thermometer for measuring the temperature of 

the water bath shall meet the requirements of M339M/M339 with a 
temperature range of at least 16 to 27°C (60 to 80°F) and an accuracy of 
±0.5°C (±0.9°F) (see note 2), 
  NOTE 2:  Thermometer types to use include: 

• ASTM E1 Mercury Thermometer 
• ASTM E2877 digital metal stem thermometer 
• ASTM E230/E230M thermocouple thermometer, Type T, 

Special  
• IEC 60584: thermocouple thermometer, Type T, Class 1 
• Dial gauge metal stem (Bi-metal) thermometer 
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