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Aggregate Testing Technician Course

WELCOME!

Purpose of Certification
• To ensure proper performance of tests
• To improve reliability of results
• For quality control
• To comply with federal requirements
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Course Highlights
• Slide presentations
• Written Exam (No Phones Allowed)

• Closed Book – Multiple Choice
• Must get 70% overall to pass

• Performance Exam
• Closed Book

• Results
• Recertification - Every 5 years

Course Highlights Recertification

• Attend respective course as needed
• Written Assessment REQUIRED

• ≥80 requires no performance/demonstration
• 70-79 requires performance/demonstration
• ≤69 requires course to be repeated

• Performance/Demonstration
• Proficient at ALL test methods per course 

requirements
• Nonproficient requires performance/demonstration 

to be repeated

3
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Course Highlights
• TDOT & CEI/Industry

• Course & Written Assessment
• Performance/Demonstration Assessment(s)

• CEI/Industry
• Same Day

• TDOT
• REQUIRED within 6 months of course

• Region 1 Knoxville 11/28/23
• Region 2 Chattanooga 11/30/23
• Region 3 Nashville 1/18/24
• Region 4 Jackson 1/16/24

Resources
• Course materials

• Course manual
• Presentation slides and videos

• TDOT
• 2021 Standard Specifications
• Supplemental Specifications
• Special Provisions
• https://www.tn.gov/tdot/materials-and-tests.html
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ADA Notice of Requirements
• To be in compliance with TDOT’s requirements 

listed on the website above, it is our goal to 
provide reasonable accommodations to those 
who identify themselves as having a disability 
and request such accommodations

• Please feel free to bring it to any of the course 
instructors and accommodations will be 
administered as discretely as possible

• Can be found at the following website: 
• https://www.tn.gov/tdot/government/g/ada-

office0.html

Tell Us About Yourself
• Who are you?

• Where do you work?

• What experience do you have?

7
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Questions
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Quality Assurance & Quality Control
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Introduction to
Quality Control & Quality 
Assurance
References
Standard Specifications 
Standard Operating Procedure (SOP)
FHWA-HIF-07-004

FHWA Definition of QC / QA
• Quality Control (QC)

• A set of activities conducted 
by the contractor to monitor 
the process to ensure that 
the concrete will meet or 
exceed the QA test 
requirements

• Quality Assurance (QA) 
• A set of activities conducted 

by the owner to ensure that 
the product delivered 
complies with the 
specifications

• How often should TDOT 
discover failing 
material?
• Rarely if ever

10
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Quality Control Program (Producer)

• Training
• Every person (TDOT, Producer, & Contractor) on the project 

contributes to quality
• Individuals who oversee producing, sampling, testing, and 

inspections for quality control must be at least a certified 
TDOT Aggregate Technician

• Testing Materials
• Before and after it is produced
• Individual materials during production

• Quality Control Plan
• A detailed description of the type and frequency of 

inspection, sampling, and testing to measure the various 
properties described in the specifications

• Procedures to prevent quality deficiencies and actions for 
when deficiencies occur

Quality Assurance  (SOP 1-1: Parts 2 and 3)

• Associated with 
Acceptance and 
Verification

• Complies with Code 
of Federal 
Regulations 
• 23 CFR 637

• Independent of QC

12
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Quality Assurance Testing  (SOP 1-1)

• Quality Acceptance testing shall consist of:
• Gradation

• Specific sizing of materials

• Moisture
• Measures amount of water in the materials

• Density
• Compaction requirements (mass equals weight per 

volume)

• Refer to SOP 1-1 Part 2: Acceptance Samples 
and Tests for sampling location, frequency, 
and who is responsible for various samples.

TDOT Required Training
• TDOT requires each producer to have a 

certified Aggregate Technician
• All personnel involved with QA and QC should 

receive proper training

14
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Record Keeping
• ALL records shall be available and organized

for review at the facility
• A binder including the Quality Control Manual, 

Aggregate Technician certifications, scale 
calibrations, qualities, gradations, etc.

• Proper documentation is a key factor for 
interpreting data, making informed decisions, 
and troubleshooting problems that may arise

Acceptance Testing Frequencies (SOP 1-1)

16
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Questions
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Aggregate Safety
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Aggregate Safety
References
TDOT Lab Guidelines
Mine Safety and Health Administration

Personal Protective Equipment
• Safety Vest
• Safety Glasses 
• Hard Hat
• Protective Footwear
• Ear Protection
• Gloves
• Additional safety equipment may be required 

and should be provided by the facility
• Fall protection, life vests for boats, etc.
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20



2

General Safety: Field/Lab
• Abide by facility 

requirements
• MSHA at quarries

• Pit and laboratory
• OSHA in TDOT Lab
• Traffic Patterns

• Must be 
accompanied and 
escorted by a 
certified miner at the 
quarry

TDOT Lab Requirements
• Safety Glasses

• Protective Footwear

• Gloves (as needed)

21
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Site Safety
• Site specific training upon first visit per 

calendar year.
• Sign in/out when:

• Visiting an aggregate facility
• Visiting a concrete/asphalt plant on quarry 

property

MSHA Checklist

23
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Emergency Procedures
• Be aware of the 

facility’s emergency 
procedures

Daily Workplace Examination
• MSHA Regulation
• To be completed if 

individual will be 
working in a 
particular area

• Coordinate with 
aggregate operation

25
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Questions
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3 
Introduction to 

Aggregates
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Introduction to Aggregates

Introduction Video

https://www.youtube.com/watch?v=qWEci7TbjBk&feature=youtu.be
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Aggregate Production and Use

Aggregate Production and Use
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Aggregate Sizes  (Coarse & Fine)

• Coarse aggregate is retained on the No. 4 
sieve

• Fine aggregate passes the No. 4 sieve

Sieves
• Separates aggregate of different sizes
• Size designation by either:

• Nominal sieve opening 
• Number of openings per linear inch

2 in.

2 in.

32
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Size of Aggregate
• Maximum size of aggregate is the smallest 

sieve opening through which the entire 
amount of aggregate is required to pass

• Nominal maximum size of aggregate is the 
smallest sieve opening through which the 
entire amount of the aggregate is permitted to 
pass

Amount Finer than Each Laboratory Sieve (Square Openings), Percent by Weight

No. 100No. 50No. 16No. 8No. 43/8"1/2"3/4"1"1‐1/2"2"2‐1/2"3"3‐1/2"4"

Nominal 
Size, Square 
Openings

Size

‐‐‐‐‐‐0 ‐ 50 ‐ 10‐‐25 ‐ 60‐‐95 ‐ 100100‐‐‐‐‐‐‐‐‐‐1" ‐ No. 457

Size of Coarse Aggregate
Amount Finer than Each Laboratory Sieve (Square Openings), Percent by Weight

No. 100No. 50No. 16No. 8No. 43/8"1/2"3/4"1"1‐1/2"2"2‐1/2"3"3‐1/2"4"

Nominal Size, 
Square 

Openings
Size

‐‐‐‐‐‐‐‐‐‐‐‐‐‐0 ‐ 5‐‐0 ‐ 15‐‐25 ‐ 60‐‐90 ‐ 1001003‐1/2" ‐ 1‐1/2"1

‐‐‐‐‐‐‐‐‐‐‐‐‐‐0 ‐ 5‐‐0 ‐ 1535 ‐ 7090 ‐ 100100‐‐‐‐2‐1/2" ‐ 1‐1/2"2

‐‐‐‐‐‐‐‐‐‐‐‐0 ‐ 50 ‐ 10‐‐25 ‐ 60‐‐90 ‐ 100100‐‐‐‐2‐1/2" ‐ 3/4"24

‐‐‐‐‐‐‐‐‐‐‐‐0 ‐ 5‐‐0 ‐ 1535 ‐ 7090 ‐ 100100‐‐‐‐‐‐2" ‐ 1"3

‐‐‐‐‐‐‐‐0 ‐ 5‐‐10 ‐ 30‐‐35 ‐ 70‐‐95 ‐ 100100‐‐‐‐‐‐2" ‐ No. 4357

‐‐‐‐‐‐‐‐‐‐0 ‐ 5‐‐0 ‐ 1520 ‐ 5590 ‐ 100100‐‐‐‐‐‐‐‐1‐1/2" ‐ 3/4"4

‐‐‐‐‐‐‐‐0 ‐ 510 ‐ 30‐‐35 ‐ 70‐‐95 ‐ 100100‐‐‐‐‐‐‐‐1‐1/2" ‐ No. 4467

‐‐‐‐‐‐‐‐‐‐0 ‐ 50 ‐ 1020 ‐ 5590 ‐ 100100‐‐‐‐‐‐‐‐‐‐1" ‐ 1/2"5

‐‐‐‐‐‐‐‐0 ‐ 50 ‐ 1510 ‐ 4040 ‐ 8590 ‐ 100100‐‐‐‐‐‐‐‐‐‐1" ‐ 3/8"56

‐‐‐‐‐‐0 ‐ 50 ‐ 10‐‐25 ‐ 60‐‐95 ‐ 100100‐‐‐‐‐‐‐‐‐‐1" ‐ No. 457

‐‐‐‐‐‐‐‐0 ‐ 50 ‐ 1520 ‐ 5590 ‐ 100100‐‐‐‐‐‐‐‐‐‐‐‐3/4" ‐ 3/8"6

‐‐‐‐‐‐0 ‐ 50 ‐ 1020 ‐ 55‐‐90 ‐ 100100‐‐‐‐‐‐‐‐‐‐‐‐3/4" – No. 467

‐‐‐‐0 ‐ 50 ‐ 105 ‐ 2530 ‐ 65‐‐90 ‐ 100100‐‐‐‐‐‐‐‐‐‐‐‐3/4" ‐ No. 868

‐‐‐‐‐‐0 ‐ 50 ‐ 1540 ‐ 7090 ‐ 100100‐‐‐‐‐‐‐‐‐‐‐‐‐‐1/2" – No. 47

‐‐‐‐0 ‐ 50 ‐ 105 ‐2540 ‐ 7590 ‐ 100100‐‐‐‐‐‐‐‐‐‐‐‐‐‐1/2" ‐ No. 878

‐‐‐‐0 ‐ 50 ‐ 1010 ‐ 3085 ‐ 100100‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐3/8" ‐ No. 88

‐‐0 ‐ 50 ‐ 105 ‐ 3020 ‐ 5590 ‐ 100100‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐3/8" ‐ No. 1689

‐‐0 ‐ 50 ‐ 1010 ‐ 4085 ‐ 100100‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐No. 4 ‐ No. 169

10 ‐ 30‐‐‐‐‐‐85 ‐ 100100‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐No. 4 ‐ 0(1)10

(1) Screenings

34
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Let’s Review!
• What type of aggregate is retained on the No. 

4 sieve?
• coarse aggregate

• How many openings are there per linear inch 
on a No. 4 sieve?
• 4

• What is the nominal maximum size?
• The smallest screen size which permits 100% of 

the sample to pass through.

Questions

36
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Sampling of Aggregates 

AASHTO R 90

ASTM D75 
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TDOT Standard Method of Test for 

Sampling of Aggregates
References
Standard Specifications 
AASHTO R 90
ASTM D75

Purpose
• Proper sampling is critical
• Reasons for sampling aggregate:

• Preliminary investigation of the potential source 
• Control of the product at the source
• Control of the operations at the site of use

• Project site
• Asphalt or Concrete Plant

• Acceptance or rejection of the materials

38
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Equipment
• Shovel, Scoops
• Brushes
• Sampling Tubes
• Belt Template
• Mechanical Sampling Systems
• Sample Containers
• Tags

40



Minimum Field Sample Size
Minimum Field Sample Mass, lbsNominal Maximum Aggregate Size

22#8

22#4

223/8”

35½”

55¾”

1101”

1651 ½”

2202”

2752 ½”

3303”

3853 ½”
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Methods of Sampling
• Flowing aggregate stream
• Conveyor belt
• Stockpiles

• With power equipment
• Without power equipment

• Roadways
• Transportation units

Flowing Aggregate Stream
• Three increments
• Each increment 

obtained using a 
suitable sampling 
device
• Device must be 

capable of 
interrupting the 
entire flow of 
material as it passes 
off the belt

42
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Conveyor Belt
• Three increments
• Production must be 

suspended while 
sampling
• Lockout-tagout is an 

MSHA requirement!
• All material within 

sampling area is 
removed including 
fines (with a brush)
• Templates useful for 

defining sampling area

Stockpiles
• Stockpiles have a tendency to segregate 

during their construction
• Segregation is the separation of varying sizes of 

aggregate

44
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With Power Equipment
• After re-blending, 

loader enters stockpile 
with bucket 
approximately 6 in. 
above ground level

• Loader bucket is raised 
perpendicular to the 
ground

• Bucket is tilted forward 
to roll material out into 
a separate stockpile

With Power Equipment
• The loader is then used 

to backblade the smaller 
stockpile one time

• Divide the sample pad 
into four quadrants and 
sample equal amounts

• Avoid sampling within 1 
ft of sample pad edge

• The four increments are 
then combined to 
comprise the final field 
sample  

46

47



4

With Power Equipment

Without Power Equipment
• Three increments 

• Visually divide stockpile 
into three even sections

• Portions are obtained 
from each section at 
least 12 in. below the 
surface by removing 
the outer layer of 
material

• A producer may not 
allow people on 
stockpiles for safety 
reasons 

48
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Sampling Tubes (Fine Aggregate)

• Five increments
• Tube insertions 

randomly spaced 
across the stockpile

• Sample shall be 
taken at a minimum 
height of 3 ft from 
the surrounding 
grade

Roadways
• Three increments 

• Sample obtained 
from uncompacted 
or loosely-
compacted base or 
subgrade material

• Full depth of layer 
must be sampled

• Avoid contamination 
from underlying 
material

50

51



6

Transportation Units
• Three increments

• Three or more 
trenches

• Applicable for:
• Railroad cars
• Barges 
• Trucks

 1 ft

 1 ft

Sample Containers
• OSHA requirement

[  50 lbs]
• Use an appropriate 

container for the test 
to be performed
• Durable
• Moisture proof

• Portion the sample if 
necessary

52
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Number of Sample Containers

Minimum
Field 

Sample 
Mass, lbs

Nominal 
Maximum
Aggregate 

Size

22#8

22#4

223/8”

35½”

55¾”

1101”

1651 ½”

2202”

2752 ½”

3303”

3853 ½”

𝐶𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟𝑠 𝐹𝑖𝑒𝑙𝑑 𝑆𝑎𝑚𝑝𝑙𝑒 𝑀𝑎𝑠𝑠  50 𝑙𝑏𝑠

𝐶𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟𝑠3" 330 𝑙𝑏𝑠 50 𝑙𝑏𝑠

𝐶𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟𝑠3" 6.6 𝟕 𝒄𝒐𝒏𝒕𝒂𝒊𝒏𝒆𝒓𝒔

Labeling a Sample
• Tagging • Directly on container

54
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Submitting a Sample

Let’s Review!
• If sampling from an aggregate stream, how many 

increments must you take?
• 3

• How many inches should a loader’s bucket be off 
the ground when taking aggregate from a 
stockpile?
• 6 inches

• Name two methods of labeling your sample once 
it has been stored in a container.
• label/tag –or- written on the container

56
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Questions
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5 
Reducing Samples of Aggregate 

to Testing Size
AASHTO R 76 

ASTM C702 



References
Standard Specifications 
AASHTO R 76
ASTM C702

• It may not be practical to use the entire field
sample for a particular test

• Properly reducing the field sample to the
required test size will ensure it remains a
representative sample



• Dry

• Moist

• Saturated-Surface-Dry
(SSD/Absorption)

• Wet/Free Moisture

• Coarse

• Fine

• Combined



• Method A - Mechanical Splitter
• Method B - Cone and Quarter
• Method C - Miniature Stockpile



• Coarse & combined
aggregate

• At least 8 chutes
• Even number of

chutes
• Chutes of equal

width
• Individual chutes

about 50% larger
than largest particles

• Fine Aggregate setup
• At least 12 chutes

• Even number of
chutes

• Chutes of equal
width

• Individual chutes
½ in. to ¾ in. wide



Mix by rolling on 
canvas

Flatten aggregate pile to 
a diameter 4 to 8 times 

the thickness

Divide the aggregate into 
four separate quarters 
using a shovel or stick

Remove two diagonally opposite 
quarters including fines



• Five increments using a scoop or spoon



• What does SSD stand for?

• When can you use miniature stockpiling as a
method of reducing your sample?

• How many chutes should you have in your
mechanical splitter when sampling coarse
aggregates and fine aggregates?

• When using the Cone and Quarter method, what
diameter should you flatten your cone to?
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Total Evaporable Moisture Content of 

Aggregate by Drying 
AASHTO T 255 

ASTM C566 



References
Standard Specifications 
AASHTO T 255
ASTM C566 

• Accurately determine how much water is in
the aggregate

• Used to make moisture corrections for
batching concrete

• Indicates to asphalt producers how much
water they will have to dry

• Standard Specification 303.14.B
• TDOT will deduct weight of material in excess of

3% of optimum moisture content



• Balance
• Heat Source
• Sample Container
• Stirring Spoon
• Brush
• Gloves



• Weigh the sample to
the nearest 0.1%

Example
• Wet mass:

6286 g



• Dry the aggregate to a
constant mass in an oven
at 230 ± 9°F

• Constant mass is reached
when the sample weight
changes <0.1% from the
previous measurement

• When not using an oven,
stir periodically to
accelerate drying and
prevent local overheating

• Allow the material to cool

• Weigh the sample to
the nearest 0.1%

Example
• Dry mass:

6164 g



𝑀𝐶 % =   × 100 = 1.98% ~ 𝟐. 𝟎%

𝑀𝐶(%) =
(𝑀 −𝑀 )

𝑀
× 100

𝑀𝐶 % =  
(𝑊 − 𝐷)

𝐷
 × 100

Example:

Given:
• Weight of the original sample (W) = 1206 g
• Weight of sample after drying (D) = 1132 g
Determine:
• Total Moisture Content of the aggregate



𝑀𝐶 % = × 100 = 𝟔. 𝟓%

𝑀𝐶 % =  
𝑊 − 𝐷

𝐷
 × 100

Sample 
Number

Original 
Weight

Dry 
Weight

𝑊 − 𝐷

𝐷
𝑥100

Moisture
Content

1 568.3 560.9 1.3%

2 1357 1342 1.1%

3 924.0 920.3 0.4%

4 1828 1739 5.1%

(568.3 − 560.9)

560.9
× 100

(1357 − 1342)

1342
× 100

(924.0 − 920.3)

920.3
× 100

(1828 − 1739)

1739
× 100



• Determine the
percent moisture
content in the
• Wet condition:

• SSD (Absorption):

WET
885 g

SSD
865 g

MOIST
825 g

DRY
800 g

𝑀𝐶(%) =
( )

× 100 = 10.6% 

𝑀𝐶(%) =
( )

× 100 = 8.1%

• Determine the
percent of free
moisture on the
sample:

• OR

DRY
800 g

MOIST
825 g

SSD
865 g

WET
885 g

𝑀𝐶(%) =
( )

× 100 = 2.5% 

𝑀𝐶 % = 𝑊𝑒𝑡 − 𝑆𝑆𝐷 = 10.6 − 8.1 = 2.5%



• How long should you dry the aggregate?

• Determine the moisture content of the
aggregate if it is 840 g in the wet condition,
and 790 g in the dry condition:

• How can you determine the free moisture in
an aggregate?
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Materials Finer Than #200 Sieve 

In Mineral Aggregates by Washing
AASHTO T 11 

ASTM C117 



References
Standard Specifications 
AASHTO T 11
ASTM C117

• Accurately determine the amount of material
finer than No. 200 sieve (dust of fracture)
• Dust can be separated from larger particles by wet

sieving completely and more efficiently as
compared to dry sieving

• Too much dust could be detrimental to concrete
and asphalt mixtures



• Balance
• Sieves

• No. 16 on top to protect
• No. 200 on bottom

• Container
• Oven
• Wetting Agent
• Mechanical Washer

• Optional, saves time



• Dry the aggregate to a constant mass (does
not vary more than 0.1%) in an oven at 230 ±
9°F

• Allow the material to cool

• Weigh the sample to the nearest 0.1%



• Procedure A - Washing
with plain water
• Dust of Fracture

• Procedure B - Washing
using a wetting agent
• Clay Particles
• Only use the wetting

agent on the first wash

• Place the sample in the container
• Add water to cover the sample
• Add wetting agent if performing Procedure B
• Agitate the sample

• Use a spoon to stir, if desired
• Ensure complete separation of particles



• Pour the wash water with suspended solids
over the nested sieves

• Take care to avoid spilling aggregate

• Repeat the washing with plain water until
wash water is clear

• Wetting agent is only used on the first wash



• Mechanical washing
is allowable

• Some samples may
degrade in
mechanical washers

• Flush material retained on sieves back into
container

• Do not splash as this may lose material



• Be sure to wash
material off spoon
into container

• Do not pour excess
water from container
• Must evaporate by

drying

• Dry the aggregate to a constant mass (does
not vary more than 0.1%) in an oven at 230 ±
9°F

• Allow the material to cool



• Weigh the sample to the nearest 0.1%

• If the percent (P) of material finer than No.
200 is less than 10%, then report the results to
the nearest tenth (0.1)

• If the percent (P) of material finer than No.
200 is greater than 10%, then report the
results to the nearest whole number

𝑃  . =
(𝑀 , −𝑀 , )

𝑀 ,
× 100



Given:
• Original mass of the sample = 475.6 g
• Mass of the sample after washing = 439.3 g
Determine:
• The percent (P) of material finer than the

No. 200 sieve in the sample

𝑃  . =
(𝑀 , −𝑀 , )

𝑀 ,
× 100

𝑃  . =
( . . )

.
× 100 = 7.6%



Given:
• Original mass of the sample = 5893 g
• Mass of the sample after washing = 5017 g
Determine:
• The percent (P) of material finer than the

No. 200 sieve in the sample

𝑃  . =
( )

× 100 = 15%

𝑃  . =
(𝑀 , −𝑀 , )

𝑀 ,
× 100



• When should a wetting agent be used?
• When there are clay particles present

• How many times should you repeat washing the
aggregate?
• Until the water is clear

• What should you report your results to when the
percent of material finer than No. 200 is less than
10%?
• The nearest 0.1

• What should you report your results to when the
percent of material finer than No. 200 is more
than 10%?
• The nearest whole number



8 
Sieve Analysis of 

Fine & Coarse Aggregates
AASHTO T 27 

ASTM C136 



References
Standard Specifications 
AASHTO T 27
ASTM C136

• Determine particle size distribution of an
aggregate

• Determine compliance of specification
requirements

• Quality control of crushing and screening
process

• In aggregate products and mixtures, it is
useful for determining relationships with
porosity and density



• Balance
• Oven
• Sieves
• Mechanical Shaker

• Appropriate sieves must:
• Provide required sizing information
• Not be damaged and/or dirty
• Be capable of regulating the amount on each sieve

• i.e., prevent overloading of any individual sieve.

Loose Mesh

Hole/Tear

Clogged



Prevent overloading by:
• Using larger sieves
• Portioning the

sample
• Placing another sieve

size in the stack





Well-Graded

Gap-Graded

Uniformly-Graded



• Dry the aggregate to
a constant mass
(does not vary more
than 0.1%) in an
oven at 230±9°F

• Allow the material to
cool



• Shake thoroughly
• Agitating for more

than 10 minutes may
degrade the sample



• AASHTO Loss =  
  .    .

  .
𝑥 100

• AASHTO Loss must be ≤ 0.3% of the original
sample mass

• Cumulative %Retained =    

  
𝑥 100

• Cumulative %Passing = 100 – Cumulative %Retained

• Report percentages to the nearest whole number



• AASHTO Loss        

  

0.0
49.0

146.0
259.0
368.0
466.0
494.0
503.0

No. 100
No. 200

No. 8
No. 16
No. 30
No. 50

No. 4

Pan

Sieve Size Cumulative 
Weight Retained 

503.5

Natural Sand for Concrete

Original Sample 
Weight (g)



• AASHTO Loss        

  

• AASHTO loss = 0.1% 0.0
49.0

146.0
259.0
368.0
466.0
494.0
503.0

No. 100
No. 200

No. 8
No. 16
No. 30
No. 50

No. 4

Pan

Sieve Size Cumulative 
Weight Retained 

503.5

Natural Sand for Concrete

Original Sample 
Weight (g)



• Max AASHTO loss = 0.3%
• 0.1% ≤ 0.3%
• This aggregate sample is 

within tolerance
0.0
49.0

146.0
259.0
368.0
466.0
494.0
503.0

No. 100
No. 200

No. 8
No. 16
No. 30
No. 50

No. 4

Pan

Sieve Size Cumulative 
Weight Retained 

503.5

Natural Sand for Concrete

Original Sample 
Weight (g)



Sieve
Size

Cumulative Wt
Retained (g)

Cumulative 
%Retained

Cumulative 
%Passing

Specification 
903.01

Meets?
Yes/No

No. 4 0.0 95 - 100
No. 8 49.0 -
No. 16 146.0 50 - 90
No. 30 259.0 -
No. 50 368.0 5 - 35
No. 100 466.0 0 - 20
No. 200 494.0 0 - 3
Pan 503.0 -

Original Sample Weight 503.5 g

Original 
Data



• Numerical value to indicate fineness of
aggregate
• Higher fineness modulus means material is

more coarse
• Aggregate with same fineness modulus will

require the same quantity of water to produce
a mix of the same consistency and strength

• For concrete sand, 2.3 - 3.1 is specified

• Add Cumulative
Percent Retained on
• No. 100
• No. 50
• No. 30
• No. 16
• No. 8
• No. 4
• 3/8 in.
• ¾ in.
• 1 ½ in.
• 3 in.

• Divide by 100

3 in.
1 1/2 in.
3/4 in.
3/8 in.
No. 4
No. 8
No. 16
No. 30
No. 50
No. 100

Total
FM

Sieve Cumulative Percent 
Retained

0 + 0 + 0 + 0 + 0 + 10 + 29 + 51 + 73 + 93

256
2.56

29

51
73
93

10

0

0

0
0

0



• AASHTO Loss 

0.00
0.00
0.60
8.80

16.50
24.30
24.60
25.40

25.60

#57 Limestone

Original Sample 
Weight (lbs)

Sieve Size Cumulative 
Weight Retained 

1 1/2 in.
1 in.

3/4 in.
1/2 in.
3/8 in.
No. 4
No. 8
Pan



• AASHTO Loss 

• AASHTO Loss 

0.00
0.00
0.60
8.80

16.50
24.30
24.60
25.40

25.60

#57 Limestone

Original Sample 
Weight (lbs)

Sieve Size Cumulative 
Weight Retained 

1 1/2 in.
1 in.

3/4 in.
1/2 in.
3/8 in.
No. 4
No. 8
Pan



Sieve
Size

Cumulative Wt
Retained (lbs)

Cumulative 
%Retained

Cumulative 
%Passing

Specification 
903.22

Meets?
Yes/No

1 ½ in 0.00 100
1 in 0.00 95 - 100
¾ in 0.60 -
½ in 8.80 25 - 60
3/8 in 16.50 -
No. 4 22.30 0 - 10
No. 8 24.60 0 - 5
Pan 25.40 -

Original Sample Weight 25.60 lbs



• Agitating for more than ___ minutes can
degrade the sample?
• 10

• What is the maximum allowable AASHTO loss?
• 0.3%

• The higher the fineness modulus , the ______
the aggregate is.
• Coarser
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Aggregate Quality Testing



References
Standard Specifications 
AASHTO T 84 & T 85
ASTM C127 & C128

• Weight-Volume Conversions
• Identifying Deleterious Materials

• e.g. shale or chert
• Mining Operations/Planning
• Void Calculations



• Ratio of aggregate weight to the weight of an
equal volume of water
• Dimensionless number (i.e., no units attached)

• Example:
• Specific Gravity = 2.70 means that the rock weighs

2.70 times an equal volume of water

Water Stone

100 lbs 270 lbs

Unit Weight of Water = 62.4 pcf = Water
(1 cf)

62.4 lbs

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐺𝑟𝑎𝑣𝑖𝑡𝑦 =
𝑊𝑒𝑖𝑔ℎ𝑡

𝑉𝑜𝑙𝑢𝑚𝑒 × (𝑈𝑛𝑖𝑡 𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑊𝑎𝑡𝑒𝑟)



• If not otherwise specified, specific
gravity results shall be reported to the
nearest 0.001
• Specific gravity for concrete aggregate may

be reported to the nearest 0.01

Considerations:
• Rock has weight
• Rock takes up space

(volume)
• Absorbed Water has

weight
• Absorbed Water

takes up space
(volume)



• Apparent
• Rarely useful in concrete or asphalt mix designs
• Used for conversions from surveyed volumes to

calculate tons
• Bulk Saturated Surface Dry

• Used in concrete mix designs to account for
absorbed water

• Bulk
• More common value
• Used in Superpave design

All three types of specific gravity can
be calculated using one test



References
Standard Specifications 
AASHTO T 104
ASTM C88

• Test that estimates aggregate’s “soundness” by
saturating in sodium sulfate solution and
drying
• Simulates weathering under exposure
• 5 cycles
• Aggregate loss is tracked



• Sound aggregate can
help prevent
pavement distresses:
• Aggregate pop-outs
• Asphalt raveling
• Freeze-Thaw damage

Specification Description Max Loss, %

Asphalt Aggregates
903.11 Surface (Coarse) 9.0
903.06 Base & Leveling (Coarse) 9.0
903.11 Surface (Fine) 12.0
903.06 Base & Leveling (Fine) 12.0

Concrete Aggregates
903.03 Coarse 9.0
903.01 Fine 10.0
903.19 Lightweight 9.0

Base Aggregates
903.05 Type A 15.0
903.05 Type B 20.0

Miscellaneous
203.02 Borrow (GSR) 12.0
205.04 Embankments (Solid Rock Fill) 12.0
709.02 Riprap 12.0
921.07 Masonry Stone 12.0
-- ASTM D692* 12.0

*Materials referring to ASTM D692 adhere to this quality unless specified differently



References
Standard Specifications 
AASHTO T 96
ASTM C131

• Measure of a coarse
aggregate’s resistance
to degradation after
undergoing a
combination of
abrasion, grinding,
and impact

• Widely used to
indicate relative
quality among
aggregate sources

Average 416 g



• Abrasion resistant
aggregate can help
prevent pavement
distresses:
• Aggregate pop-outs
• Asphalt raveling
• Settlement of base

stone

Specification Description Max Loss, %

Asphalt Aggregates
903.11 Surface 40
903.06 Base & Leveling 50

Concrete Aggregates
903.03 (Coarse) 40
903.01 (Fine)* 40
903.19 Lightweight 40

Base Aggregates
903.05 Type A 50
903.05 Type B 50
903.05 RCA 50

Miscellaneous
ASTM D692** 40

* Applies to source material for manufactured fine aggregate (Limestone or Dolomite)

** ASTM D692 applies to coarse fractions (per ASTM D448) unless specified otherwise. 
Crushed Blast Furnace Slag not to be tested.





10 
Base Stone



References
Standard Specifications 

Base Stone Layer



• Protect the subgrade
• A load-bearing layer

to help transition the
load from the
surface to the
subgrade

• Protect the
pavement system
from water intrusion
and deformation

Base Stone

• Density of an Aggregate is Defined as Weight
per Unit Volume
• Pounds per Cubic Foot (pcf) = lbs/ft3

Weight, lbs =142.0

1 ft

1 
ft

Void
(Air or Water)



• Moisture
• Gradation
• Particle Shape
• Construction

Foundation
• Compactive Effort

• Type of compactor

• Moisture-Density Relationship
• AASHTO T180: Standard proctor density and

optimum moisture content determination



• Too Wet
• Base is “soupy” & water pushes particles

apart
• Too Dry

• No lubrication to enhance compaction
• Just Right

• Particles move easier and voids replaced
with solid particles

Dry

Wet



• Too Fine
• Coarse particles float

in fines
• Too Coarse

• Excessive voids &
lower internal
friction

• Just Right
• Well-graded material

with well-
proportioned particle
distribution



• Particle Shape • Construction
Foundation

• Too Little
• Particles are not tightly

packed together
• Too Much

• Breakdown particles
• Generate fines
• Coarse float in fines

matrix
• Good Compaction

leads to good
performance
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TDOT Surface Aggregates



References
Standard Specifications 

• Increase safety
• Some aggregates

tend to polish
• Maintain quality

frictional properties
throughout the life of
a pavement or
bridge



• Continually evaluate aggregate & track
performance over time

• Research new material & products such as
high friction surfaces

• Able to identify low friction routes through
TDOT’s Friction Program

Mississippi Valley Cincinnati Arch Appalachian Valley

Central 
Tennessee

Nashville Dome
East Tennessee

100 
Km



Type Applications

Min Silica 
Dioxide 
SiO2

(1)

(%)

Max 
Calcium 

Carbonate 
CaCO2

(1)

(%)

Min Acid 
Insol.(2)

(%)

Min 9-
Hour 

BPN(3)
Traffic Test Section for Approval

I
All 

Pavements
40 32 50 30 N/A

II
All 

Pavements
30 N/A 35 30

20,000 ADT(4) min. for two (2) years, OR 
7.3 million vehicle passes per test lane for 
min. two (2) years (4-lane rural interstate, 

Max. ADT(4) 35,000 allowable)

III

Non-
Interstate 
< 15,000 
ADT(4)

20 N/A 25 25
20,000 ADT(4) min. for two (2) years, OR 

7.3 million vehicle passes per test lane for 
min. two (2) years (non-interstate)

IV
2-Lane 
< 5,000 
ADT(4)

10 N/A N/A 22
10,000 ADT(4) min. for two (2) years, OR 
3.65 million vehicle passes per test lane 

for min. 2 years (non-interstate)
(1)ASTM C25
(2)ASTM D3042
(3)AASHTO T 278, T 279
(4)ADT = Average Daily Traffic

Approval Component



Type Applications

Min Silica 
Dioxide 
SiO2

(1)

(%)

Max 
Calcium 

Carbonate 
CaCO2

(1)

(%)

Min Acid 
Insol.(2)

(%)

Min 9-
Hour 

BPN(3)
Traffic Test Section for Approval

I
All 

Pavements
40 32 50 30 N/A

II
All 

Pavements
30 N/A 35 30

20,000 ADT(4) min. for two (2) years, OR 
7.3 million vehicle passes per test lane for 
min. two (2) years (4-lane rural interstate, 

Max. ADT(4) 35,000 allowable)

III

Non-
Interstate 
< 15,000 
ADT(4)

20 N/A 25 25
20,000 ADT(4) min. for two (2) years, OR 

7.3 million vehicle passes per test lane for 
min. two (2) years (non-interstate)

IV
2-Lane 
< 5,000 
ADT(4)

10 N/A N/A 22
10,000 ADT(4) min. for two (2) years, OR 
3.65 million vehicle passes per test lane 

for min. 2 years (non-interstate)
(1)ASTM C25
(2)ASTM D3042
(3)AASHTO T 278, T 279
(4)ADT = Average Daily Traffic

Chemistry Component

• Silica Dioxide is a very
hard mineral that
resists polishing under
traffic. TDOT requires
min amount of silica

• Calcium Carbonate is
the primary mineral in
limestone.
Limestones tend to
polish under traffic.
Max amount specified
for Type I applications



• Aggregate is exposed to acid solution
• The residue that remains is typically silica,

alumina, iron, etc.

Type Applications

Min Silica 
Dioxide 
SiO2

(1)

(%)

Max 
Calcium 

Carbonate 
CaCO2

(1)

(%)

Min Acid 
Insol.(2)

(%)

Min 9-
Hour 

BPN(3)
Traffic Test Section for Approval

I
All 

Pavements
40 32 50 30 N/A

II
All 

Pavements
30 N/A 35 30

20,000 ADT(4) min. for two (2) years, OR 
7.3 million vehicle passes per test lane for 
min. two (2) years (4-lane rural interstate, 

Max. ADT(4) 35,000 allowable)

III

Non-
Interstate 
< 15,000 
ADT(4)

20 N/A 25 25
20,000 ADT(4) min. for two (2) years, OR 

7.3 million vehicle passes per test lane for 
min. two (2) years (non-interstate)

IV
2-Lane 
< 5,000 
ADT(4)

10 N/A N/A 22
10,000 ADT(4) min. for two (2) years, OR 
3.65 million vehicle passes per test lane 

for min. 2 years (non-interstate)
(1)ASTM C25
(2)ASTM D3042
(3)AASHTO T 278, T 279
(4)ADT = Average Daily Traffic

Polishing Component



• Simulates traffic • Measures polishing
characteristics

Type Applications

Min Silica 
Dioxide 
SiO2

(1)

(%)

Max 
Calcium 

Carbonate 
CaCO2

(1)

(%)

Min Acid 
Insol.(2)

(%)

Min 9-
Hour 

BPN(3)
Traffic Test Section for Approval

I
All 

Pavements
40 32 50 30 N/A

II
All 

Pavements
30 N/A 35 30

20,000 ADT(4) min. for two (2) years, OR 
7.3 million vehicle passes per test lane for 
min. two (2) years (4-lane rural interstate, 

Max. ADT(4) 35,000 allowable)

III

Non-
Interstate 
< 15,000 
ADT(4)

20 N/A 25 25
20,000 ADT(4) min. for two (2) years, OR 

7.3 million vehicle passes per test lane for 
min. two (2) years (non-interstate)

IV
2-Lane 
< 5,000 
ADT(4)

10 N/A N/A 22
10,000 ADT(4) min. for two (2) years, OR 
3.65 million vehicle passes per test lane 

for min. 2 years (non-interstate)
(1)ASTM C25
(2)ASTM D3042
(3)AASHTO T 278, T 279
(4)ADT = Average Daily Traffic

Traffic Component



• Test Strips required for Type II, III, & IV surface
aggregate
• All strips have a minimum test time of 2 years
• Must be ~0.5 mile in both directions without

signals or stop signs (≥40 mph)
• Each type requires a certain amount of traffic to

simulate polishing and may need to operate
longer to achieve minimum traffic

• The producer is responsible for finding and
coordinating a test strip with the contractor and
providing appropriate calculations for ADT

• Test strip will be periodically tested for
frictional value throughout the required
duration

• After test period, frictional value must exceed
40 to qualify
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Appendix



• Regional Contacts
• Region 1:  Brad Baskette - 865-594-4552
• Region 2:  Tony Renfro - 423-510-1190
• Region 3:  Kevin Isenberg - 615-350-4312
• Region 4:  Lindsey Skaggs - 731-935-0216

• HQMT Training Coordinator
• Kim Whitby – 615-350-4158;

Kimberly.Whitby@tn.gov



• Region1: Duane Manning - 865-594-4512
• Region 2: Christopher Smith, P.E. - 423-634-2178
• Region 3: Webb Rizor - 615-350-4494
• Region 4: John Thomas - 731-935-0312

• Sampling of Aggregates:  R 90/D75
• Reducing Samples of Aggregate to Testing Size:  R

76/C702
• Total Evaporable Moisture Content of Aggregate by

Drying:  T 255/C566
• Materials Finer than #200 Sieve in Mineral Aggregate

by Washing:  T 11/C117
• Sieve Analysis of Fine & Coarse Aggregate:  T 27/C136
• Specific Gravity of Coarse Aggregate:  T 85/C127
• Specific Gravity of Fine Aggregate:  T 84/C128
• Soundness of Aggregate:  T 104/C88
• L.A. Abrasion:  T 96/C131



• Tennessee Department of Transportation
• https://www.tn.gov/tdot.html

• American Road & Transportation Builders Association
• https://www.artba.org/

• Tennessee Road Builders Association
• www.trba.org/

• Tennessee Ready Mixed Concrete Association
• www.tnconcrete.org/

• American Association of State Highway Transportation Officials
• https://www.transportation.org

• American Society for Testing and Materials
• https://www.astm.org/

• American Concrete Institute
• https://www.concrete.org/

• Construction Materials Engineering Council
• https://www.cmec.org/

• Portland Cement Association
• www.cement.org/

• Approval Procedures
• Quality Monitoring Process
• Facility Removal
• QC Plan
• Surface Aggregate Requirements
• Quality Requirements



• QC Plan layout
• Contact information
• Location map
• Minimum topics to cover



1

• What type of aggregate is retained on the No. 
4 sieve?
• coarse aggregate

• How many openings are there per linear inch 
on a No. 4 sieve?
• 4

• What is the nominal maximum size?
• The smallest screen size which permits 100% of 

the sample to pass through.



2

• If sampling from an aggregate stream, how many 
increments must you take?
• 3

• How many inches should a loader’s bucket be off 
the ground when taking aggregate from a 
stockpile?
• 6 inches

• Name two methods of labeling your sample once 
it has been stored in a container.
• label/tag –or- written on the container

• What does SSD stand for?
• Saturated Surface Dry

• When can you use miniature stockpiling as a 
method of reducing your sample?
• If the aggregate is fine and wet

• How many chutes should you have in your 
mechanical splitter when sampling coarse 
aggregates and fine aggregates?
• At least 8 for coarse and 12 for fine

• When using the Cone and Quarter method, what 
diameter should you flatten your cone to?
• 4 to 8 times the thickness



3

• How long should you dry the aggregate?
• Until it reaches a constant mass

• Determine the moisture content of the 
aggregate if it is 840 g in the wet condition, 
and 790 g in the dry condition:
• 6.3%

• How can you determine the free moisture in 
an aggregate?
• Find the difference between absorption and 

total moisture

• When should a wetting agent be used?
• When there are clay particles present

• How many times should you repeat washing the 
aggregate?
• Until the water is clear

• What should you report your results to when the 
percent of material finer than No. 200 is less than 
10%?
• The nearest 0.1

• What should you report your results to when the 
percent of material finer than No. 200 is more
than 10%?
• The nearest whole number



4

• Agitating for more than ___ minutes can 
degrade the sample?
• 10

• What is the maximum allowable AASHTO loss?
• 0.3%

• The higher the fineness modulus , the ______ 
the aggregate is.
• Coarser



5

https://www.tn.gov/tdot/materials-and-tests.html


	0.0 Manual Cover Aggregate
	0.1 Table of Contents
	0.2 Introduction
	1.0 QC&QA Title
	1.1 QC&QA
	2.0 Aggregate Safety Title
	2.1 Aggregate Safety
	3.0 Introduction to Aggregates Title
	3.1 Introduction to Aggregates
	4.0 Sampling Title
	4.1 Sampling
	4.2 Sampling
	4.3 Sampling
	5.0 Reducing Title
	5.1 Reducing
	5.2 Reducing
	5.3 Reducing
	6.0 Moisture Content Title
	6.1 Moisture Content
	7.0 Finer Than #200 Title
	7.1 Finer Than #200
	8.0 Sieve Analysis Title
	8.1 Sieve Analysis
	8.2 Sieve Analysis
	8.3 Sieve Analysis
	8.4 Sieve Analysis
	8.5 Sieve Analysis
	8.6 Sieve Analysis
	8.7 Sieve Analysis
	9.0 Aggregate Qualities Title
	9.1 Specific Gravity
	9.2 Sodium Sulfate Soundness
	9.3 L.A. Abrasion
	10.0 Base Stone Title
	10.1 Base Stone
	11.0 Surface Aggregate Title
	11.1 Surface Aggregates
	12.0 Appendix Title
	12.1 Appendix
	12.2 Review Slides



