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Day/Time Module Location Topic Instructor 

Day 1 

8:00-8:15 

 

Intro 

 

Class Room 

 

Introduction & Welcome 

 

Huffman 

8:15-9:30 1 Class Room Mix Design Overview    Huffman 

9:30-10:15 2 Class Room QC/QA Overview Huffman 

10:15-10:30   Break  

10:30-11:30 3 Class Room Plant Operations Overview Huffman 

11:30-12:00 4 Class Room Aggregate Testing Overview Huffman 

12:00-1:00 Lunch on your own 

1:00-2:15 5 Class Room Asphalt Sampling 

   Random Numbers 

   Loose Mix Sampling 

   Density Cores 

Huffman 

2:15-2:30   Break  

2:30-3:00 6 Lab Sample Reduction 

   Methods 

   Specimen Type/Size 

   Reheat/Aging 

Huffman 

3:00-3:30 7 Class Room Gyratory Compactor Huffman 

3:30-4:00 7 Lab Gyratory Demo Huffman 

     

Day 2 

8:00-8:45 

 

8 

 

Class Room 

 

Max. Specific Gravity (Rice) 

 

Huffman 

8:45-9:15 8 Lab Rice Sp. Gravity (Demo) Huffman 

9:15-9:30 9 Class Room Review Binder Content: Ignition 

Oven 

Huffman 

9:30-9:45   Break  

9:45-12:00 9 

7,8,9 

Lab Ignition Oven demo 

Practice: Gyro, Rice, Ignition 

Huffman + 

12:00-1:00 Lunch on your own 

1:00-1:30 10 Class Room Job Mix Sheet Huffman 

1:30-2:45 11 Class Room Pay Factors Huffman 

2:45-3:00   Break  

3:00-3:30 12 Class Room Quality Level Analysis Huffman 

3:30-4:00 13 Class Room Performance Testing Huffman 

 

Day/Time Module Location Topic Instructor 

Day 3 

8:00-9:00 

 

MoDOT 

 

Class Room 

 

Contract Administration 

 

MoDOT 

9:00-11:00  Class Room Written Exam  

11:00-4:00  Lab Individual Hands-on 

Proficiency Testing 

 

 





Superpave  SP Updates   

SuperPave - Updates  

2026 – Updates 

• Binder Ignition (BI)- Removed and added into BT 

2025 – Updates 

• Module 6  

o Added update on Mixture Conditioning Long Term is now AASHTO R121 

o Added a slide R121 Scope 

• Module 10 

o Added a new JMF with explanations. 

2024 – Updates 

• Module 5  

o Added slide on Truck procedure 

• Module 8 

o Method up-date on vacuum to be 30 ± 5 mm Hg  

o Note on Glass vessels and Agitation use a rubber or plastic mat. 

• Module 9 

o Updated slides for Moisture Content (AASHTO T329) to match BT. 

o Updated ovens slide 19, added image of an infrared Oven. 

o Added a classroom practice problem for T308, along with the key on a slide. 

2023 - Updates 

• Added updates page 

• Added an Introduction to Superpave Module 

• Module 5 – Asphalt Sampling Loose Mix and Cores - updates 

o Resources, added AASHTO R67 Sampling Asphalt Mixtures (Cores) 

o Lots and Sublots, Superlots now has a maximum of 28 sublots per lot. 

o AASHTO R67 steps for coring. 

• Module 6 – Sample Reduction and Aging - updates 

o AASHTO R30 was updated on short-term and long-term conditioning. 

• Module 7 – Gyratory Compactor AASHTO T312 - Updates 



Superpave  SP Updates   

o Thermometers for measuring temperature See Appendix Item #7 for more 

information on Thermometers. 

 

 

  

• Module 8 – Maximum Specific Gravity AASHTO T209 - Updates 

o Thermometers for measuring temperature See Appendix Item #7 for more 

information on Thermometers. 

o Vacuum Measurement Device updated, see Appendix Item #7 for more 

information on Vacuum Measurement Device.  Capable of measuring residual 

pressure down to 25mm Hg. 

• Module 9 – Binder Ignition Oven AASHTO T308- Updates 

o Thermometers for measuring temperature See Appendix Item #7 for more 

information on Thermometers. 

o Ignition furnace updates on temperature control, see Appendix Item #7. 

• Appendix - added Item #7 Equipment 
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Types of Asphalt Mix 

• Hot Mix Asphalt (HMA) - A combination of
aggregates bound together by PG binder. Uses
temperatures between 300 - 350°F.

· Warm-Mix Asphalt (WMA) - A combination of
aggregates bound together by PG binder along with
additives or a foam. Uses lower temperatures
around 275°F.

19 

What's NEW ??? 

NOTE TO THE 

CLASS ... 

On the following few 
slides, 
• Just a little
information on
WMA, since
MODOT has been
increasing the use
of this product.

20 

Warm Mix Asphalt (WMA) 

1 

"Warm mix asphalt is a relatively new technology that 
has taken the asphalt industry by storm in recent 
years. 
Warm mix asphalt is a hybrid of sorts, combining all 
the qualities of traditional hot mix asphalt but 
drastically cutting the temperature of the asphalt. 
On average, warm mix can shave anywhere from 
50-100 degrees off production temperatures. This 
reduction results in less fuel consumption, lower 
emissions, and a reduced carbon footprint." MAPA

WMA is also used to incorporate higher percentages of 
reclaimed asphalt pavement (RAP) into the mix. 

21 

21 

Superpave Introduction 7 









Module 1 
 

Mix Design 
Overview 
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MODULE 1

MIX DESIGN 
OVERVIEW

MoDOT SUPERPAVE 
CERTIFICATION 

COURSE

Rev 12/30/2022

AASHTO Test Methods

• R35 Volumetric Design Practice

• M323 Volumetric Mix Design Specifications

• R30 Mix Conditioning

• T 312 Gyratory Compactor Operation (Gyro)

• T 166 Bulk Specific Gravity of Compacted 
Specimens (Pucks)

• T 209 Maximum Specific Gravity of  Voidless 
Mix (Rice)

• T 283 Moisture Sensitivity

2

MoDOT Specifications & Guides

• Missouri Standard Specifications

• Sections: 403, 610, 1002, 1015 etc.

• Engineering Policy Guide (EPG)

• Sections same as above.

Other sections are referenced when applicable.

• See Appendix Item #3 and #4 for 
information on Performance Graded (PG) 
Binder, RAP, Shingles, and testing.

3

1

2

3
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• Asphalt- Is a mixture of fine 
and coarse aggregates, 
additives and bitumen.

Also called : Asphaltic Concrete or
Flexible pavement.  

• Bitumen – Used as a binder 
to hold the asphalt mixture 
together.

Also called: Asphalt Binder,                 
PG Binder or Binder.  

Superpave Language…

4

• Tests are directly related to field performance.

• Criteria remain constant but tests are run at 
temperatures that reflect the design climate.

• Tests are conducted at high, intermediate, and low 
temperatures.

• Both short-term and long-term aging is employed.

• Tests are suitable for modified binders.  

5

PG = Performance Grade,  Example:  PG 64-22H
See the Appendix Item #3 for more information. 

PG Binder System

Typical Asphalt Mixture

6

COMPONENT % by wt.

Aggregate 

(Coarse & fine) 90%

Dust 

(Dust-of-fracture + mineral filler) 5%

Asphalt Binder 5%

Dust = less than -200 sieve

4

5

6
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Hot Mix Asphalt Concrete (HMA)
Mix Design Methods

• Objective:

• Develop an economical blend of aggregates 
and asphalt that meet design requirements.

• Mix design methods (Compaction)

• Superpave gyratory  

• Marshall hammer

• Hveem 

7

Requirements in Common

• Sufficient asphalt to ensure a durable
pavement.

• Sufficient stability under traffic loads.

• Sufficient air-voids.

• Upper limit to prevent consolidation rutting 
and excessive environmental damage.

• Lower limit to prevent plastic distortion 
while allowing room for initial densification 
due to traffic.

• Sufficient workability.

8

Flexible Pavements
MoDOT Standard Specs.

Asphalt Mixture EPG Section

Plant Mix

(Bit Base, BP-1, BP-2, BP-3)

401

Surface Leveling 402

Asphalt Concrete (Superpave) 403

9

Engineering_Policy_Guide (modot.org)

EPG = Engineering Policy Guide

7

8

9

http://epg.modot.org/index.php?title=Main_Page
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Superpave Nomenclature

10

• “SPnnnyzz”

• SP= Superpave

• nnn=nominal max size

• 048= 4.75 mm (#4)

• 095= 9.5 mm (3/8 in)

• 125=12.5 mm (1/2 in)

• 190=19.0 mm (3/4 in)

• 250=25.0 mm (1 in)

• y = Design Levels (ESAL’s)
• F= < 300,000
• E= 300,000 to < 3,000,000
• C= 3,000,000 to < 30,000,000
• B= ≥ 30,000,000 

• zz = Mixture Designations:
• LP= Limestone Porphyry
• SM= Stone Mastic Asphalt
• SMR= SM Rural
• NC= Non-Carbonate
• LG= Lower Gyration

11

Superpave Mixture Names

Superpave Mixes in Missouri

• SP048 = #4 NMS surface course
• SP095 = ⅜” NMS surface course
• SP125 = ½” NMS surface course
• SP190 = ¾” NMS binder course
• SP250 = 1” NMS base course

12

Examples of Superpave names:

SP250C
SP125CLG

10

11

12
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Material Standard Specs.
Engineering_Policy_Guide (modot.org)Link:

Item

EPG 

Section

Aggregate for Asphaltic Concrete 1002

Mineral Filler 1002

Hydrated Lime 1002

PG Binder 1015

Fiber 1071

Anti-Strip 1071

RAP Reclaimed Asphalt Pavement 403

RAS Reclaimed Asphalt Shingles 403

Asphalt Concrete Pavement 403

14

Types of Asphalt Mixes

Gap graded to achieve 

Stone – on – stone contact

Various Asphalt Mixes

SP = SuperPave
SMA = Stone Mastic (Matrix) Asphalt

15

13

14

15

http://epg.modot.org/index.php?title=Main_Page
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Construction of SMA

• What is Stone Mastic Asphalt?  

- Mixture with a gap-graded aggregate skeleton that 
is filled with mastic.

- Mastic comprised of fine aggregate, mineral filler, 
fibers and asphalt binder.

- Minimum asphalt content of 6.0%.

16

MoDOT Determines Desired Mix Based 
on Design Traffic Data.

1. Determine traffic data for the project site.

2. Convert the traffic levels for the mix of vehicle 
types to Equivalent Single Axle Load     

…..(ESAL)’s.

3. Estimate growth over the design life.

4. Calculate the total design ESAL’s:

Example: 12,000,000 ESAL’s

17

18

13 MoDOT (AASHTO) Vehicle Classes

16

17

18



Superpave Module 1 Vehicle Classes 
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Trial Mix Design

Coarse Aggregate 
Tests:

• Gradation
• Specific gravity & 

absorption
• Deleterious 

materials
• LA abrasion
• Coarse aggregate 

angularity
• Flat & elongated
• PI (as required)

19

Fine Aggregate 
Tests:

• Gradation
• Specific gravity
• Clay lumps & shale
• Lightweight pieces
• Sand equivalent
• Fine aggregate 

angularity
• PI (as required)

Aggregate (+ 4 Material) Aggregate (- 4 Material)

Blended aggregate must meet Superpave 
“Consensus” testing criteria:

• Fine aggregate angularity (FAA)

• Coarse aggregate (CA) fractured face count

• Coarse aggregate (CA) flat and elongated

• Sand equivalent (SE)

NCAT 25

Flat and Elongated 

Maximum
Minimum

20

Trial Mix Design

21

Selection of PG Binder Grade

• Based on:

• Climate

• Depth in pavement

• Volume of traffic

• Vehicle speed

• Desired level of reliability

• RAS (Reclaimed Asphalt Shingles) 
content

• RAP (Reclaimed Asphalt Product) content

19

20

21
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RAP/RAS Binders

• RAP - Has aged binder- stiffer than virgin binder.   

Virgin Asphalt :  Is a newly mixed/batched hot mix asphalt.

• RAS - Roofing binder is much stiffer, has a 
hardening effect on the binder.

• Combined - Virgin & recycled binder → stiffer

Stiffer = Brittle and has a greater potential to crack 
during cold weather.

22

Example JMF Showing Substitution of  
purchased grade M 332 (PG 64V-22V)
for contract grade M 320 (PG 76-22)

• SMA: No RAP/RAS allowed

• No additives, so in-line grade = PG 64-22V

23

23

• “Contract Grade” = the PG grade in the 
contract,      e.g., PG 70-22.

• “Purchased Grade” = what contractor buys 
from supplier (terminal),    e.g.,PG 58-28              
(if RAP/RAS will be used).

• “In-line Grade” = Purchased grade + additive
(warm mix, anti-strip, etc.)     e.g.,  PG 58-28.

• “In-line Grade” = Purchased grade + modifier
(rejuvenator)    e.g.,  PG 52-28.

24

What’s My Grade?

22

23

24



Example JMF Showing Substitution of 
purchased grade M 332 (PG 64-22V)
for contract grade M 320 (PG 76-22)

 SMA: No RAP/RAS allowed
 No additives, so in-line grade =

PG 64-22V

6

Superpave Module 1 JMF Purchase Grade
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Volumetrics

• “Volumetrics” involves the space (volume) 
between the aggregate particles.

• During mix design, several gradations are 
tried, and volumetrics are calculated until 
proper VMA, VFA, and Va (air voids) are 
obtained.

• Space is dependent on aggregate gradation, 
particle shape, aggregate toughness, and 
aggregate absorption.

25

26

AC = Asphalt Content

27

Aggregate Structure Selection

Aggregate Structure = gradation

• The design gradation will be a blend of up to 8 
different aggregate fractions plus mineral filler 
such as hydrated lime.

• Vary the percentages of each fraction to make 
the total gradation blend.

• The blend must meet the aggregate 
consensus test criteria.  

25

26

27
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28

• Gradation is usually plotted on 0.45 power 
graph paper.

• The maximum density line represents the 
densest possible gradation for a given 
maximum aggregate size - is just a reference 
line.

Aggregate Structure
(Gradation)

29

Finer

Coarse

Finer

Coarser

Superpave Aggregate Gradation

28

29

30
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• Ratio of % minus #200 to % effective asphalt 
content.

• D/Pbe

(D = Dust, Pbe = Effective Asphalt Binder)

• Window:  0.8-1.6 (0.9-2.0 for SP048)

• Below 0.8:  Insufficient dust in relation to 

binder---loss of cohesion.

• Above 1.6:  Excessive dust:

*Gummy, hard to compact
*Loss of VMA

Dust/Binder Ratio

31

Bag House Dust

• Baghouse dust return should be closely regulated 
to:
• Preserve proper dust/asphalt ratio
• Preserve proper VMA

32

VMA

• “Voids in the Mineral Aggregate”

• Space between the aggregate particles

• Contains binder and air voids

• Must have sufficient VMA to accommodate proper 
binder and air void contents

What happens if VMA is low?

Lower VMA values = Intergranular space available for 
asphalt binder is reduced.  This reduces the amount of 
effective asphalt binder that can be used in the mix, 
which in turn, leads to a lower binder film thickness 
around the aggregate particles, increasing the potential 
for cracking. 33

31

32

33
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How To Increase VMA

1. Use a more angular sand (manufactured sand).

2. Increase Crush Count 

3. Lower the -#200 (dust)

4. Change the gradation to a Gap-grade, move 
away from the maximum density line.

5. Evaluate Flat and Elongated

34

How to Lower Minus #200

35

Reduce the % of the material that is the source 
of fines.
• Replace some dusty screenings with a clean mfg. 

sand.
• Replace some dusty screenings with a natural sand.
• Replace some graded aggregate with a clean coarse 

fraction.
(e.g., replace some ½” minus material with a clean ⅜” chip).

• Replace some screenings with a less dusty graded 
fraction.

• Replace some of the source material that is breaking 
down with a harder aggregate.

• Wash the source material that is the source of fines.

36

Aggregate Specific Gravity

• For each aggregate, there are three types 
of specific gravity:

• Bulk specific gravity (Gsb)

• Apparent specific gravity (Gsa)

• Effective specific gravity (Gse)

NOTES:
G = Gravity
s = Aggregate
b = Bulk
a = Apparent
e = Effective

34

35

36
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37

Apparent Specific Gravity

Effective Specific Gravity

Bulk Specific Gravity

Testing for Specific Gravity

• Gsb and Gsa from water displacement 
aggregate tests AASHTO T84 and AASHTO T85.

• Gse back-calculated from Maximum Specific 
Gravity test AASHTO T209 from an HMA mixture.

38

Effective Specific Gravity

39

37

38

39



Superpave                                                                                     Module 1 Volumetric Equations 
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• Gmb is determined from the Bulk Specific Gravity of 
Compacted Bituminous Mixes test; AASHTO T166.

40

Bulk Sp. Gravity of Compacted Mix

• Gmm is determined from the Theoretical Maximum 
Specific Gravity (Rice) test; AASHTO T209.

41

Theoretical Maximum specific Gravity

Creates:
NO Air Voids

or

Zero Air Voids

• Va  = % Air Voids   

• Gmm=maximum specific gravity of the 
Voidless mix (Rice sp gravity).

• Gmb= sp. gravity of the compacted mix.

42

Air Voids - Calculation

40

41

42
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1.  Choose 3 or more trial aggregate gradations 
based on experience.

2.  Estimate the required “initial” binder content 
based on experience or standard procedure.

3. Mix aggregate and binder. Condition for 2 hours 
at the compaction temperature. This allows binder 
to be absorbed.

4. Compact duplicate mixture specimens of each 
trial gradation at the initial binder content using 
the gyratory compactor.

43

9 Steps to find Aggregate Structure and Optimum 
Target Asphalt Content (AC)%

- During design, specimens are compacted using the 
gyratory compactor. The number of gyrations applied 
is a function of design traffic level.

5. Measure compacted puck specific gravity.

6. Run Rice for maximum specific gravity (Gmm).

7. Calculate volumetrics (VMA, VFA, air voids) for 
each trial blend.

8. At Ndes adjust (calculate) % binder to achieve 
Va=4.0%. Calculate what VMA, VFA, and 
dust/effective asphalt would be.

9. Compared to criteria. Choose blend that best 
meets criteria, economy, and chance of success.

44

Selection of Design Asphalt
Binder Content

45

43

44

45



Super Pave Module 1 Design Asphalt Binder Content 

Selection of Design Asphalt Binder Content 
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Binder Content Selection Steps

46

47

At this point, we have duplicate pucks 
at 3 trial Asphalt Contents (AC)

48

13.2

69

Example: SP 190 B

4.0 %

Design AC @ 4.0% Air

46

47

48
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13.2

69

Example: SP 190 B

49

13.2

69

Example: SP 190 B

50

Factor Criteria Reason

Air voids,

Ndes

4.0% Stability

Durability

VMA ≥ 12, 13, 14, 

15, 16, 17%

Durability

VFA 70-80 %

65-78%

65-75%

Stability

Durability

%Gmm @

Nini

≤ 91.5%

≤ 90.5%

≤ 89.0%

Tenderness

%Gmm @

Nmax

≤ 98.0% Stability

Dust/binder 0.8-1.6

0.9-2.0

Compaction

Handling 51

Compare to 
criteria.

Choose the 
blend that 
best meets 
criteria, 
economy, 
and chance 
of success.

49

50

51
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That’s the hard part!

• Now performance testing, design phase

• TSR

• Moisture sensitivity, susceptibility, 
stripping

• Drain down (SMA, UBAWS)

• Stability during the setting process

• Hamburg/IDT

• Rutting

• Ideal CT/I-FIT

• Cracking
52

52
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QC/QA OVERVIEW

MODULE 2

Rev 12/28/2022

QC/QA - What is it?

• Quality Control “QC”…Contractor 
provides control of the process.

• Quality Assurance “QA”…Owner 
provides assurance that control is working.

2

QC/QA - Who is?

• Quality Control:

• Aggregate Producer

• Paving Contractor

• Quality Assurance:

• Owner (MoDOT)

3

1

2

3
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Use of QC/QA

• QC/QA concept dates back over 40 years.

• Most DOT’s use QC/QA.

4

QC/QA

• A way to get material producers and paving 
contractors more involved in the entire 
process, which includes:

•Material selection

• Mix design

• Control of production

• Control of construction

5

1. Paving contractor WRITES Bituminous QC plan; 
submits QC plan to MoDOT.

- The mix design is often submitted at the same time.

2. MoDOT grants final approval of QC plan.

3. Paving Contractor contracts with Aggregate 
Producer. 

- Often aggregate samples for mix design are taken    
……….earlier.

6

Flowchart, cont’d.

4

5

6
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7

Flowchart

4. Paving contractor submits mix design information 
(Job Mix Formula = JMF) to MoDOT through the 
district.

5. MoDOT Field Office handles JMF approval.

6. Aggregate production begins. 

(actually, Superpave rock is more common now.)

7. Asphalt production begins.

8

Flowchart, cont’d.

• Asphalt Mix Design Limits
• Limits controlling aspects of the mixture during the 

design phase.
• Gradation, AC%, Dust limit, Aggregate quality, 

etc.

• Production Limits
• Tolerances controlling production of asphalt.
• Va, VMA, AC%, Density, Gradation, Consensus.

• Comparison Limits
• Insure validity of QC/QA test results.

• Removal Limits
• Specification limits requiring the removal and 

replacement of out of spec material. 9

Specification Hierarchy

7

8

9
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Asphalt Mix Design Limits

• Limits controlling aspects of the asphalt 
mixture during the design phase.

• Gradation

• AC%

• Dust limit

• Aggregate quality, etc.

• Volumetrics

• Based on . . .

• Anticipated traffic loads

• Climate
10

• Tolerances controlling production of asphalt.

• Va

• VMA

• AC%

• Density

• Gradation

• Consensus.

• Ranges set for each in order to keep the desired 
characteristics of the mixture.

11

Production Limits

• Insuring validity of test of both QC and QA.

• Tests are generally performed on a split sample 
with same equipment, separately by QC and QA 
personnel.

• Limits are based on statistical data showing 
repeatability of a given test between operators.

12

Comparison Limits

10

11

12
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• Generally applied when test results fall 
outside of production limits.

• Example:

- Air Voids (Va) specification tolerance is 4.0 + 1.0%. 

- Removal limit is – 1.5%. 

• Hope to stay away from this but it does happen.

• Many things to check before material is removed.

13

Removal Limits

Aggregate Inspection

• QC and QA perform tests at the mixing 
facility, compare results to each other 
and:

• Job Special Provisions

• Standard specifications

• Engineering Policy Guide (EPG) guidelines

• Task Force (FAQ) guidelines, in EPG

14

EPG: Engineering Policy Guide: 
http://epg.modot.org/index.php?title=Main_Page

• QC and QA perform tests, compare to each 
other and to:

• Job Special Provisions

• Standard Specifications

• Engineering Policy Guide

•Must use spec. in force on contract date 
unless QC requests change.

• Pay factors are computed.
(“Best Management Practice” says at the end of each lot).

Asphalt Inspection

15

13

14

15
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• QC is the contractor’s responsibility to do the 
necessary testing during the production of the 
Asphalt pavement to ensure a durable, well 
performing product is achieved.

• QC involves comparing the contractor’s test results 
to the specifying agency’s requirements and 
specifications; should use QC’s equipment for 
comparisons to work.

Quality Control  

16

17

Quality Control

• The contractor provides control of all steps 
of the process: aggregate, binder, additives, 
mix design, asphalt production, and 
compaction.

• The contractor is responsible for providing 
properly trained personnel and testing 
equipment.

• QC must always perform tests diligently and in 
compliance with all specifications.

18

Quality Assurance

•MoDOT personnel assure that the quality 
controls are working properly.

• QA personnel must also be properly trained.

• QA must always perform tests diligently and 
in compliance with all specifications.

16

17

18
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19

Asphalt Quality Control Plans

• Prior to the approval of the trial mix design 
the Asphalt contractor will submit a QC Plan 
to the District which adds traffic and then 
sends to  MoDOT Construction & Materials in 
Jefferson City.

• Generally, a “Short Form” QC plan is used 
once a companies' standard practices are 
established.

20

QC PLAN
• Company name

• Contract name

• Contract #

• Job #

• Route

• Contractor rep. in charge of QC plus contact 
information.

• List Personnel conducting acceptance testing.

• Lot & sublot sizes and how they will be 
designated.

• Name, address, and phone number of the third-
party testing lab that will be used for dispute 
resolution.

QC Plan cont.

• Information on which method will be used 
for %AC determination.

•Where the gradation will be sampled.

• Size and number of cores per sample.

21

19

20

21
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Notes

• Lot sizes can be different for the same project. 
(e.g., 3000 tons first lot, 10,000 thereafter).

• Superlot – Up to 28 sublots, regardless of lot 
size.

• Third party cannot be the one that performed 
the mix design.

22

23

Example QC Plan

24

• Contractor samples retained for the engineer:

• Clean covered containers

• Readily accessible

*ID’d: Job mix no. , sampler, sample location, 
time & date sampled.

• Stored until test results accepted.

• QC gradation samples: retain the portion of the QC 
sample not tested after reducing the sample to 
testing size.

*All samples labeled

Record Keeping
Samples

22

23

24
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25

Record Keeping
QC

• Record and maintain all test results

• Up-to-date test results

• Paper backup of results

• Maintain printouts from gyro and binder 
content devices 

• Pay Factor records

• Maintain an inventory of major sampling, 
testing, & calibration equipment.

26

Documents On Hand

• Job mix

• QC plan

• Current copies of all test method procedures

27

Test Equipment & Plant 
Calibration/Verification Records

• Results of calibration

• Description of equipment calibrated

• Date of calibration

• Person calibrating

• Calibration procedure ID

• Next calibration due date

• ID of calibration device & trace ability of 
calibration

25

26

27
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28

Calibration

Equipment Requirement Interval

(month)

Gyratory Compactor Calibrate 12

Gyratory Compactor Verify Daily

Gyratory Compactor 
molds

Dimensions 12

Thermometer Calibrate 12

Vacuum Pressure 12

Pycnometer Calibrate Daily

Ignition oven Verify 12 or when moved

Equipment Requirement Interval

(month)

Nuclear gage Drift & stability 1

Shakers Sieving thoroughness 12

Sieves Physical condition 12

Ovens Standardize 
Thermometric Device

12

Balances Verify 12 or when 
moved

Timers Accuracy 12

29

Calibration, Cont’d.

30

QC Records

• Maintain 3 years from completion of 
project

•What:

• test reports, including raw data

• calibrations

• technician training

• personnel

28

29

30
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• QC furnishes raw data (including gyratory, 
and binder printouts) and test results to QA 
not later than the beginning of the next day 
following the test.

• QC data, control charts, etc., readily 
available to QA at all times.

• QA raw data & results made available to QC 
no later than the next working day.

• QA will make the Quality Level Analysis 
(QLA) within 24 hours of receipt of the QC 
test results.

31

Exchange of Data

QC/QA Functions

at the Asphalt Plant

Engineering Policy Guide  (EPG)

AGGREGATE

FUNCTION: LOCATION: FREQUENCY:

Aggregate Gradation:

3 sieves:
1 size smaller than NMSJMF: not to exceed 92.0%.

#8: Not to exceed 2.0% beyond master spec. #200:    
…………within master spec.

Drum: Combined cold feed
Batch: Hot bins

Optional: T308 Residue

QC: 1 per 2 sublots

QA: 1 per 4 sublots

QA: QC retained: 1 per week

Consensus Tests:
FAAspec -2%
CAAspec -5%
SEspec -5%
F&Espec +2%

Drum: Combined cold feed
Batch: Combined cold feed

QC: 1 per 10,000 tons 
(min. 1 per project per mix type)

QA: 1 per project
QA: QC retained: 1 per project

Deleterious: All plants: cold feed QC: 1 per 2 sublots

QA: 1 per 4 sublots
QA: QC retained: 1 per week

RAP:  
Gradation (T308 or T164 residue)
Deleterious
Micro-Deval (if necessary)
Binder
Binder

QC: 1 per day
1 per 2 sublots
1 per 1500tons
1 per 4 sublots

QA:  1 per project
QA: QC retained:  None

Ground Shingles: 
Gradation

QC: 1/10,000 tons  (Min. 1 per project)
QA: 1 per project 32

Asphalt

FUNCTION: LOCATION: FREQUENCY:

Obtain Sample Behind paver QC: 1 per sublot

QA: 1 per 4 sublots

QA: QC retained, 1 per day; not necessary on days  the 
QA independent sample is  taken if favorable comparison 
of retained splits has been achieved.

Quarter Sample QC lab “

Compact 2 gyro pucks at Ndes QC lab “

Run pucks specific gravity

Calculate average of the two (Gmb)

QC lab
“
“

Run Rice specific gravity (Gmm) QC lab “

Calculate % Air Voids (Va):
Va=[(Gmm-Gmb) ÷ Gmm] x 100
Compare to spec: 4 ± 1.0%

This is a pay factor QC lab
“

Run asphalt content (Pb), 
Either nuclear or ignition oven.
Compared to spec: Pb,JMF ± 0.3%

This is a pay factor

QC lab “

Calculate % aggregate (Ps):
Ps=100 - Pb QC lab “

Calculate VMA:
VMA =100 - [(Gmb x Ps) ÷ Gsb]

Gsb from JMF
Compare to Spec: 
VMA design minimum  [ -0.5 to +2.0 %]

This is a pay factor

QC lab “

33

31

32

33
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34

Asphalt  cont…

FUNCTION: LOCATION: FREQUENCY:

Run TSR

Compare to spec

This is a pay adjustment factor

QC: 1 per 10,000 T

QA: 1 per 50,000 T 

Minimum: 1 per mix (combination of projects)

Drill pavement cores Traveled way pavement QC: 1 sample per sublot

QA: 1 sample per 4 sublots

Determine pavement core density (Gmc) Trailer QC: 1 sample per sublot

QA: 1 sample per 4 sublots

35

Additional Testing

FUNCTION: LOCATION: FREQUENCY:

Mix Temperature 
Roadway QC: 1 per sublot

QA: 1 per day

Temperature base & air
RAP/RAS feed 

As-needed

Binder content of RAP/RAS
QC lab

QC: 1 per 4 sublots

QA: 1 per project

Calculate Voids Filled (VFA):

VFA=[ (VMA-Va) ÷ VMA] x 100

Roadway
QC: 1 per sublot

QA: 1 per 4 sublots

Drill unconfined joint cores
Roadway

QC: 1 sample per sublot

QA: 1 sample per 4 sublots

Drill longitudinal joint and shoulder cores

“

(See Module 5 Sampling)

Calculate pavement density:

Density= (Gmc ÷ Gmm) x 100

Compare to Density Pay Adjustment Table if an 
unconfined joint core

This is a pay adjustment factor

(See Module 5 Sampling)

Small Quantities
Individual Asphalt Mixtures Less Than 4000 tons

• 403.19.3.2.1 options:

1. Use all testing frequencies in 403.19.3 table.

OR

2. Do same tests as in 403.19.3 but:

No field lab required

QC:  ≤750 tons/day: QC: 1/day

›750 tons/day: QC: 2/day

QA: Independent & retained:  1/1500 tons

36

34

35

36
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Small Quantities

• EPG section:  403.23.7.4.1

• QLA & PWL not required (no PF’s) but mix 
must be within spec

• Still have VMA, Va, Pb, density spec limits

• TSR still required

• Density: PF-adjustment table (See 
Specifications)

37

37
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AGGREGATE 

  
FUNCTION: 

  
LOCATION: 

  
FREQUENCY: 

  
Aggregate Gradation: 
 3 sieves: 
      1 size smaller than NMSJMF:  Not to exceed 92.0%. 
    #8:  Not to exceed 2.0% beyond master spec.     
.#200: Within master spec. 

  
Drum: Combined cold feed 
Batch: Hot bins 
Optional: T308 Residue 

  
QC: 1 per 2 sublots 
 
QA: 1 per 4 sublots 
QA: QC retained: 1 per week 

  
Consensus Tests: 
                    FAAspec -2% 
                    CAAspec -5% 
                    SEspec   -5% 
                    F&Espec +2%  
  

Drum: Combined cold feed 
Batch: Combined cold 
feed 
  

QC: 1 per 10,000 tons  
(min. 1 per project per mix type) 
  
QA: 1 per project 
QA: QC retained: 1 per project 

Deleterious: All plants: cold feed QC: 1 per 2 sublots 
 
QA: 1 per 4 sublots 
QA: QC retained: 1 per week 

RAP:   
                   Gradation (T308 or T164 residue) 
                  Deleterious 
                  Micro-Deval (if necessary) 
                  Binder 
                  Binder 

  QC: 1 per day 
       1 per 2 sublots 
       1 per 1500tons 
       1 per 4 sublots 
 
QA:  1 per project 
QA: QC retained:  None 

Ground Shingles:  
                 Gradation 

  QC: 1/10,000 tons 
          (Min. 1 per project) 
 
QA: 1 per project 

 

 

 

 

 

 

  

 

QC/QA Functions at the Hot Mix Plant 
Engineering Policy Guide  (EPG) 
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HMA   
  
FUNCTION: 

  
LOCATION: 

  
FREQUENCY: 

  
Obtain Sample 

  
Behind paver 

  
QC: 1 per sublot 
QA: 1 per 4 sublots 
 
QA: QC retained, 1 per day; not necessary 
on days  the QA independent sample is  
taken if favorable comparison of retained 
splits has been achieved. 

  
Quarter Sample 

 
QC lab 

  
“ 

  
Compact 2 gyro pucks at Ndes 

  
QC lab 

  
“ 

  
Run pucks specific gravity 
Calculate average of the two (Gmb) 

  
QC lab 

 
“ 

  
Run Rice specific gravity (Gmm) 

  
QC lab 

  
“ 

Calculate % Air Voids (Va): 
 Va=[(Gmm-Gmb) ÷ Gmm] x 100 
 Compare to spec: 4 ± 1.0% 

This is a pay factor  

 
 
 

QC lab 

  
  
  
“ 

Run asphalt content (Pb),  
Either nuclear or ignition oven. 
Compare to spec: Pb,JMF ± 0.3% 

This is a pay factor  

 
 

QC lab 

  
“ 

Calculate % aggregate (Ps): 
 Ps=100 - Pb 

 
 

QC lab 

 “ 

Calculate VMA: 
 VMA =100 - [(Gmb x Ps) ÷ Gsb] 
         Gsb from JMF 
Compare to Spec:  
VMA design minimum  [ -0.5 to +2.0 %] 

This is a pay factor  

 
 
 

QC lab 

  
  
 “ 
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HMA  cont… 
  
FUNCTION: 

  
LOCATION: 

  
FREQUENCY: 

Run TSR 
Compare to spec 
 This is a pay adjustment factor 

  
  

  
QC: 1 per 10,000 T 
 
QA: 1 per 50,000 T  
       Minimum: 1 per mix (combination of 
projects) 

  
Drill pavement cores 

  
Traveled way pavement 

  
QC: 1 sample per sublot 
 
QA: 1 sample per 4 sublots 

  
Determine pavement core density 
(Gmc) 

  
Trailer 

  
QC: 1 sample per sublot 
 
QA: 1 sample per 4 sublots 

 

Additional Testing 

 FUNCTION:  LOCATION:  FREQUENCY:  

Mix Temperature   Roadway QC: 1 per sublot 

QA: 1 per day 

 Temperature base & air RAP/RAS feed   As needed 

Binder content of RAP/RAS  QC lab QC: 1 per 4 sublots 

QA: 1 per project 

 Calculate Voids Filled (VFA):  

 VFA=[ (VMA-Va) ÷ VMA] x 100 

Roadway  QC: 1 per sublot 

QA: 1 per 4 sublots 

Drill unconfined joint cores  Roadway QC: 1 sample per sublot 

QA: 1 sample per 4 sublots 

 Drill longitudinal joint and shoulder cores  Roadway  See Module 5, Sampling 

 Calculate pavement density: 

 Density= (Gmc ÷ Gmm) x 100 

Compare to Density Pay Adjustment Table if an 
unconfined joint core 

This is a pay adjustment factor 

 
See Module 5, Sampling 

   



Module 3 
 

Plant Operations 
Overview 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 











Superpave Module 3 Batching Aggregates 

 







Superpave Module 3 Drum Plant 

 

 

 

 

 

 

 

 

 

 

 

 

There is an optimum flight configuration for the % RAP to 
maintain the veil of aggregate that protects the RAP, 
binder, and baghouse. 

RAP collar ok up to ~20% RAP; problems for greater 
amounts 

























Module 4 
 

Aggregate Testing 
Overview 
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#8:
2% outside master spec

1 sieve smaller than NMS:
2% above master spec

#200: 
within master spec

Superpave Module 4 Gradation Limits
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Asphalt Sampling 
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MODULE 5

ASPHALT SAMPLING 
LOOSE MIX & CORES

Rev: 10/02/2023

2

MODULE 5 OUTLINE

• Resources

• Sample Types

• Retaining Samples

• Lots and Sublots

• Sample Location (RN)

• Sampling Asphalt - Loose Mix

•Loose Mix Sampling Steps

• Sampling Asphalt – Cores

•QLA Core Sampling Steps 

RESOURCES

403 specification

General provisions & Supplemental Specifications

AASHTO Test Methods:

R 97 Sampling Asphalt Mixtures

R 67 Sampling Asphalt Mixtures (Cores)

Engineering Policy Guide (EPG)

FAQ – located in EPG

Superpave Course Notebook
3

1

2

3
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•Quality Level Analysis (QLA)

• Randomly Chosen

• QC - For determination of pay factors.

• QA - For seeing if QC samples define the 
characteristics of the lot (Favorable Comparison).

• “Extra” or “Check” or “Self-test” samples.

NOTE: Samples should be clearly marked as to what 
they are.

SAMPLE TYPES

4

Extra sampling by QA or QC:

• Check how the mix is doing.

• Investigate problem areas e.g., does a 
problem exist?

•Determine limits of the problem.

• Can be from truck, plant or roadway 

•Not random and can not be used for QLA.

• Quality Level Analysis (QLA).

• Can be used to define removal limits, but 
must be “Well - Documented” 

Extra or Check Samples

5

“Well - Documented”
The Following are Available:

•Gyratory (Gyro) pucks

•Gyration/height printouts

• Binder content printouts

6Sample Types

4

5

6
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7

EPG Sec: 403, Clearly label the samples that 
are to be retained. Do not discard retained 
samples until all QC/QA comparison issues are 
resolved. 

If the lab becomes crowded, the RE should 
store the samples in the project office.

The retained sample is a contract requirement 
and belongs to the Commission.  

The contractor can keep ADDITIONAL mix for 
internal use.

The retained samples can be used for dispute 
resolution. 

Retaining Samples

RETAINING SAMPLES

8

LOTS AND SUBLOTS

• Sampling, testing, and payment is done on a 
lot-by-lot basis.     

9

•Definition of a “Lot”:

• Typically, 3000 or 4000 tons

•Must have a minimum of 4 Sublots

• Sometimes a lot is much larger, 

For example:  “Superlot”.

• Superlots can go up to 28 sublots. 

(28 is the maximum) EPG sec 403.1.19

•Number of lots: Contractor’s choice – must 
be in the QC plan.

Lots and Sublots

Lots and Sublots

7

8

9
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• Sublot: 

•Maximum sublot size = 1000 tons.

•More sublots means more lab work but may 
increase the pay factor somewhat.

NOTE:  If a lot = 3000 tons, a sublot = 750 tons.

Lots and Sublots 10

Lots and Sublots

• Lot Routines for 403 mixes

• Traveled way + Integral Shoulders

• Non-integral Shoulders (If SuperPave)

• If not Superpave, (e.g., BP-1 mix), random 
numbers are not required, see “non-traveled 
area” next slide.

NOTES:

• A 403 mix is a mix as described in MODOT’s EPG under 
Category 403.

• Superpave mixes will begin with SP, for example;  SP250, 
SP190, SP125.  

• Non Superpave examples would be BP-1 , and BB mixes.  

Lots and Sublots 11

Traveled Way and Shoulder Types

Pass 1Pass 2

12Lots and Sublots

10

11

12



Traveled Way and 
Shoulder Types

Pass 1Pass 2

No 
unconfined 
joint core

Not an 
unconfined 
joint

confined 
joint

unconfined 
joint

Traveled wayIntegral shoulder Non-Integral 
shoulder

Superpave Module 5 Traveled way & Shoulders
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Random Numbers (RN)

Random Numbers are used to generate a random 
location for sampling.

• Object: to produce unbiased samples.  Sample 
bias occurs either during construction or during 
sampling.

• See ASTM D3665 on Random Samples

• QC should provide contingencies in QC Plan to 
handle random numbers in weird locations (does 
not apply to early tonnage e.g., first 50 tons).

13Sample Location 

SAMPLE LOCATION

14

• Random Numbers are generated by QA.

•Methods of generating random numbers:

• By compute (Routines, websites, MoDOT 
spreadsheet, etc.).

•Use of random number tables.

Sample Location

Random Numbers

15

•MoDOT spreadsheet is the preferred method.

• Use the “Asphalt Random Location spreadsheet”  

•MoDOT internal site:

http://eprojects/Template/Forms/AllItems.aspx

Sample Location

Random Number Generation

13

14

15
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16

MoDOT Spreadsheet

Sample Location

Set-up 
Sheet

17Sample Location

18

18

16

17

18
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Set-Up Sheet 
 

 

 

 



Superpave Module 5 Random Number Spreadsheet 
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19

SUPERLOT

Sample Location

• The pair of random numbers are different for 
each sample location (Loose Mix or Core) QC, 
or QA.

20Sample Location

Random Numbers
Sample Location

21

• Location of a loose mix:

Longitudinal tonnage and a transverse   
distance generated by random number.

• Longitudinal position in terms of tons 
of mix from the start of the lot. = A

• Transverse position in terms of 
distance from edge of mat. = B

Loose Mix Sample Location

Sample Location – Loose Mix

19

20

21
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22

A
Longitude

B
Transverse

LOOSE MIX

Sample Location - Loose Mix

23

•Position of a core: 

A transverse distance and a longitudinal 
distance. (stations)

Distances are determined by random 
numbers one for longitudinal (A), one for 
transverse (B).

Sample Location –Core

Core Sample Location

ConstructionQC QA Sampling

CORE 
Sublot 1- Sample Location

24Sampling Location Core

22

23

24



38
Superpave Module 5 Loose Mix Random Numbers
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Up

25

Example on the next 
slide illustrates how  the 
random numbers, 0.892 
& 0.696 are used
from this chart.

Random Numbers for A Longitudinal and B Transverse
Random Numbers

Sample Location - Core

0.892

0.195

0.696

0.387

0.058

0.220

0.075

0.659

Uses Random Numbers for A Longitudinal and B Transverse

Sample Location - Core 26

Sample Location

27

• Longitudinal distance may be in 
“Stations”= 100 ft.

• 5010 ft= 50 stations + 10 ft or “Station 
50+10’. 

Stations for Cores

25

26

27



A B A B A B A B A B
0.576 0.730 0.430 0.754 0.270 0.870 0.732 0.721 0.998 0.239
0.892 0.948 0.858 0.025 0.935 0.114 0.153 0.508 0.749 0.291
0.669 0.726 0.501 0.402 0.231 0.505 0.009 0.420 0.517 0.858
0.609 0.482 0.809 0.140 0.396 0.325 0.937 0.310 0.253 0.761
0.971 0.824 0.902 0.470 0.997 0.392 0.892 0.957 0.640 0.463
0.053 0.899 0.554 0.627 0.427 0.760 0.470 0.240 0.304 0.393
0.810 0.159 0.225 0.163 0.549 0.405 0.285 0.542 0.231 0.919
0.081 0.277 0.035 0.039 0.860 0.507 0.081 0.538 0.986 0.501
0.982 0.468 0.334 0.921 0.690 0.806 0.879 0.414 0.106 0.931
0.095 0.801 0.576 0.417 0.251 0.884 0.522 0.235 0.398 0.222
0.509 0.025 0.794 0.850 0.917 0.387 0.751 0.608 0.698 0.683
0.371 0.059 0.164 0.838 0.289 0.169 0.659 0.377 0.796 0.996
0.165 0.996 0.356 0.375 0.654 0.379 0.815 0.592 0.348 0.743
0.477 0.535 0.137 0.155 0.767 0.187 0.579 0.787 0.358 0.595
0.788 0.101 0.434 0.638 0.021 0.894 0.324 0.871 0.698 0.539
0.566 0.815 0.622 0.549 0.947 0.169 0.817 0.472 0.854 0.466
0.901 0.342 0.873 0.964 0.942 0.985 0.123 0.086 0.335 0.212
0.470 0.682 0.412 0.064 0.150 0.962 0.925 0.355 0.909 0.019
0.068 0.242 0.667 0.356 0.195 0.313 0.396 0.460 0.740 0.247
0.874 0.420 0.127 0.284 0.448 0.215 0.833 0.652 0.601 0.326
0.897 0.877 0.209 0.862 0.428 0.117 0.100 0.259 0.425 0.284
0.875 0.969 0.109 0.843 0.759 0.239 0.890 0.317 0.428 0.302
0.190 0.696 0.757 0.283 0.666 0.491 0.523 0.665 0.919 0.146
0.341 0.688 0.587 0.908 0.865 0.333 0.328 0.404 0.892 0.696
0.846 0.355 0.831 0.218 0.945 0.364 0.673 0.305 0.195 0.387
0.882 0.227 0.552 0.077 0.454 0.731 0.716 0.265 0.058 0.075
0.464 0.658 0.629 0.269 0.069 0.998 0.917 0.217 0.220 0.659
0.123 0.791 0.503 0.447 0.659 0.463 0.994 0.307 0.631 0.422
0.116 0.120 0.721 0.137 0.263 0.176 0.798 0.879 0.432 0.391
0.836 0.206 0.914 0.574 0.870 0.390 0.104 0.755 0.082 0.939
0.636 0.193 0.614 0.486 0.629 0.663 0.619 0.007 0.296 0.456
0.630 0.673 0.665 0.666 0.399 0.592 0.441 0.649 0.270 0.612
0.804 0.112 0.331 0.606 0.551 0.928 0.830 0.841 0.602 0.183
0.360 0.193 0.181 0.399 0.564 0.772 0.890 0.062 0.919 0.875
0.183 0.651 0.157 0.450 0.800 0.875 0.205 0.446 0.648 0.985

Superpave Module 5 Random Numbers

Random Numbers

1 2 3 4 5
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Stationing Example for Cores

• Beginning station = 1200+00

• Add 5238 ft= 52+38’

• Ending station:

28Sample Location - Core

Longitudinal 

• Stratified sampling divides the lot into the 
desired number of equal sublots and then calls 
for random samples of each sublot.

• Ensures that samples are obtained throughout 
the lot.

• Prevents the possibility of acquiring random 
numbers that result in samples clustered in only 
one area of the lot.

30

Stratified Random Sampling

28

29

30
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Stratified Random Sampling Core

32

SAMPLING ASPHALT - LOOSE MIX

U

•Truck

•Roadway

•Asphalt Stream - Plant Discharge

•Mini Stockpile

33

Sample Areas for Loose Mix Asphalt

Loose Mix

NOTE: Sampling by AASHTO R97,  is covered in Bit. Tech.

31

32

33
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Truck

31

Procedure:

• Use a platform with safety railing.
• Use a shovel.
• Remove 1 foot from the top surface.
• Visually divide an area into 4 quadrants.
• Obtain an increment from a quadrant and 

another increment from the opposite quadrant,  
repeat if needed, combine for a sample.

(New Slide)

35

Volumetric and % Binder Samples

Roadway Sampling 

• QA samples in the same 
place as QC, but at a 
different time.

Note:  Use of spray 
paver or trackless tack 
may contaminate 
sample on the roadway 
- consider an alternate 
sample type.

% Binder Sample = An asphalt sample to be tested for % Asphalt 
Content or %AC.

36

QLA Roadway Loose Mix Sampling: 

• Sampled from the Roadway

• Random Locations: 
• QC = Required    
• QA = Required*

*Might become part of the data set from which 

Pay Factors are computed.

Loose Mix

Volumetric and % Binder Samples

34

35

36
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QC Roadway Loose Mix Sampling:
• Samples their own + retains a sample 

for QA.
• Random
• Sampled from the Roadway behind the 

paver.
• 1 per sublot.
• Size: About 50 lbs. each = Total of 100 lbs.

• Mix & quarter
• Two opposite quarters (50 lbs.) to be 

retained for QA.
• The other two quarters (50 lbs.) for QC.

37

Volumetric and % Binder Sample

Loose Mix

38

QA Roadway Loose Mix Sampling:

• Obtains their own independent sample 
+ their own retained sample.

• Sampled from the Roadway.

• Random

• 1 per 4 sublots - “Independent Sample”        

• Size: ~100 lbs.  

Loose Mix

Volumetric and % Binder Sample

QA Roadway Loose Mix Sampling:

• Once per week test a QC “Retained Sample”

• This weekly test can be omitted on days 
when independent QA samples are taken,
1. If confident in QC testing.
2. “Favorable Comparison” exists between 

QA’s – QC.

39Loose Mix

Volumetric and % Binder Sample

37

38

39
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TSR Samples     

•QC:  1 per 10,000 tons 
or fraction thereof.

•QA:  1 per 50,000 tons 
or minimum 1 per 
combination of projects

•Random locations

•Required by spec.

•Not enforced (EPG)

40Loose Mix - TSR

Write on the side 
of the box:

• AWP ID number

•Mix number

•Gmm from sublot 
taken (QC or QA)

• Specimen weight 
QC is using.

• Sample Date 41Loose Mix - TSR

TSR Box Information

Locations:

• Roadway  (Behind the paver)

• Truck  (Preferred)

• Plant Discharge 

• Stream

• Random

• Size: 75-125 lbs.

QA get samples in same place as QC, but at a 
different time.

TSR Samples        

42Loose Mix - TSR

40

41

42
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• QC Location: Truck 
sample, At the plant, 
Roadway behind the 
paver*.

*Full depth of the course.

• Random

• Size:  75-125 lbs.
(Plus, another 125 lb. 
sample retained for QA)

TSR Samples – QC 

4 FULL Boxes needed for TSR 

testing for MODOT Lab = QA

43Loose Mix - TSR

• QA Location: Truck 
sample, At the plant, 
Roadway behind the 
paver*.

*Full depth of the course.

• Random

• Size:  75-125 lbs.
(Plus, another 125 lb. 
sample retained for QA)

TSR Samples – QA

4 FULL Boxes needed for TSR 

testing for MODOT Lab = QA

44Loose Mix - TSR

• Mini Stockpile 

• Plant Discharge

45Loose Mix - TSR

TSR Samples – At the Plant

Note: Normally utilized to avoid sampling 
from a truck due to safety concerns.

43

44

45
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Used for TSR samples

46

• Used for TSR samples
• Need about 2 tons 

sampled from silo 
discharge into a truck.

• Dumped

• Back dragged

• Sampled into, 4 buckets 
or boxes.

• Back at lab; material is 
combined, mixed,  
quartered, and 
combined into 2 piles.

• Then 4 pucks are 
sampled from each pile. Loose Mix - TSR

“Mini-Stockpile”

47

STREAM• Used for TSR samples

• Divert entire production 
stream to a loader 
bucket.

• Sample across the loader 
bucket, one shovel per 
box , all boxes.

• Repeat until boxes are 
full.

• Cool (beware of dust) 
and close boxes. Loose Mix - TSR

Plant Discharge
(Chop Gate-Diverter Chute)

CAUTION!

• Sampling methods 
limits the position of 
sampling.

•Do not leave sample 
boxes uncovered at 
this location—may 
get contaminated 
with dust and 
overspray of release 
agent.

48Loose Mix

46

47

48
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49

Loose Mix
Sampling Steps

Typical Scenario (EPG)

1. QA generates pairs of Random Numbers (RN) for 
upcoming lot. Numbers are placed in a sealed 
envelope & kept in a secure location in QC lab. QA
keeps a copy. Both QA & QC sign & date the seal.

50

2. QA uses random numbers to calculate the 
longitudinal measurement to sample (ton or 
distance) and the transverse measurement 
(distance).

3. QA gives info to QC 100-150 tons in advance of 
the test.  

51Loose Mix Sampling Steps

49

50

51
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4. QC gives info to plant operator.

5. Plant operator marks ticket of the load 
that the RN ton fell in.

6. QC follows truck to site.

7. QC notes the location (station) where the 
load went down. This will be arbitrary.

8. Samples should not be taken in areas of 
handwork; move 10 ft ahead of affected 
area.

52Loose Mix Sampling Steps

9. QC measures transversely from edge of mat
to the sampling location, if possible, away from 
traffic, once defined keep consistent. 

Loose Mix Sampling Steps 53

• Using a square-nosed shovel and possibly a 

template, mark the area to be removed.

• Remove all mixture within the area.
• Sample full depth without contaminating the 

sample with underlying material.
• Avoid segregation of the material. 54

10. Loose mix is removed from roadway.

52

53

54
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11. QC places sample in 
insulated containers or 
boxes, label, and transport 
containers to mobile lab.

55Loose Mix Sampling Steps

CAUTION!

• Filling one box (bucket) at 
a time may render different 
characteristics  box to box, 
better to place one 
shovelful per box at a time.

• Should recombine and 
quarter.

56Loose Mix Sampling Steps

57

SAMPLING ASPHALT - CORES

55

56

57
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Types of Cores

•Quality Level Analysis Cores

• (QLA) Cores----QLA Pay Factor

•Non-integral Shoulder Cores

• Pay Adjustment Factor. 

• Longitudinal Unconfined Joint Cores

• Pay Adjustment Factor.

•Confined Joint Cores

58Sampling Cores

Traveled Way and Shoulder Types

Pass 1Pass 2

59Sampling Cores

•QC: 1 sample per sublot.

QC Sample = 1 Core,  Up to 2 more cores               
(If stated in QC Plan), can be obtained, at the 
same offset, within one foot of the random 
location.

•Density is average of all 2-3 cores.

• Location by Random Numbers

• Longitudinally by station or tonnage

• Transversely by feet
60

Quality Level Analysis Cores

QC/QA Coring Frequency & Location

58

59

60
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•QA: 1 sample per 4 sublots. 

•QA’s Core can be at same location as one of 
the QC cores: same offset; within 6” 
longitudinally; or randomly located.

• In traveled way (Not on integral shoulder).

• Applies to unconfined joints as well as traveled 
way.

61

Quality Level Analysis Cores

QC/QA Coring Frequency & Location

• Independent = Acceptance sample

• Can be randomly located as a location 
independent from QC’s core, 

OR

• Typically, same “location” as QC core sample:

• Same transverse offset from mat edge as  
QC sample.

•Within 6 in. longitudinally from QA core.

62Sampling Cores

QA Independent Core

Core Positions

63

No

Sampling Cores

Quality Level Analysis Cores

61

62

63
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403.22.4.2 – Density core holes should be 
patched promptly to prevent moisture 
intrusion and damage to the pavement.

64Sampling Cores

Quality Level Analysis Cores

Coring

• Recommended that QA witness extra 
coring to avoid questions about 
unidentified holes.

65Sampling Cores

Quality Level Analysis Cores

Extra QC Cores

• If mix is placed in lifts     
≥ 6 x NMS, cores 
should be cut in half  
& density determined 
separately

• Example:SP250  
NMS= 1”, 6” mat 

•PF density will be 
based on N = 8,     
not  N = 4

66Sampling Cores

Quality Level Analysis Cores

Thick Lifts

64

65

66
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•Non-integral shoulders, medians, etc.

•Required density: specified density of the 
mixture [94.5 ± 2.5%].

67

Non-integral shoulder Cores

Non-Traffic Areas - (403 mixes)

•When rolling pattern demonstrates 
successful achievement of density, RE may 
allow the pattern in lieu of density tests.

• Intelligent Compaction

•On re-surfacing projects where shoulders 
cannot withstand the compactive effort, RE 
can relax the density requirements.

68Sampling Cores

Non-integral Shoulder Cores

Non-Traffic Areas - (403 mixes) 

69

Field Density, % of Gmm % of Contract Unit 
Price

92.0 - 97.0 100

91.5 - 91.9 or 97.1 - 97.5 90

91.0 - 91.4 or 97.1 - 97.5 85

90.5 - 90.9 or 97.6 - 98.0 80

90.0 - 90.4 or 97.6 - 98.0 75

Below 90.0 or above 98.0 Remove & replace

Non-integral Shoulder Cores

Density Pay
Adjustment Factor

67

68

69
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Longitudinal Unconfined Joint Cores

Longitudinal Joint

70

Longitudinal Unconfined Joint Cores

There are two common joint conditions when 
paving HMA, confined and unconfined. 
A confined joint occurs when a longitudinal joint 
is constructed abutting up to existing HMA or 
Concrete pavement or curb and gutter. 

An unconfined joint occurs when a longitudinal 
joint is constructed along a free edge.

Sampling Cores

Longitudinal Joint

Sampling Cores 71

Longitudinal Unconfined Joint

Coring Frequencies

72

•QC: 1 sample per sublot

•QA: 1 sample per 4 sublots

Sampling Cores

Longitudinal Unconfined Joint Cores

70

71

72
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Longitudinal Unconfined 
Joint Density

• Area within 6” of joint 
on traveled way side.

• Average of 4 cores, 
each randomly located 
(1 sample per sublot).

73Sampling Cores

Longitudinal Unconfined Joint Cores

• Typically use the same 
longitudinal location as the 
mat density cores or can 
generate new random 
locations.

74

Longitudinal Unconfined Joint Cores

Sampling Cores

Longitudinal Unconfined 
Joint Density

75

NOTE:
Must alternate 
sides if have  
2 unconfined 
joints.

Sampling Cores

Longitudinal Unconfined Joint Cores

Longitudinal Joint Density

73

74

75



LONGITUDINAL 
JOINT DENSITY

Superpave Module 5 Unconfined  Joint sublots  
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•Density on confined joints is handled with the 
traveled way coring. Required density is same 
as for the traveled way.

• 94.5 ± 2.5% for non-SMA.

• 94.0% minimum for SMA.

76

Confined Joint Cores

Sampling Cores

SMA: Stone-Mastic (Matrix)- Asphalt, is a gap-graded HMA  that is 
designed to Maximize rutting resistance and durability by using a 
structural basis of stone-on-stone contact.  Stone-on-stone contact 
greatly reduces rutting and requires more durable aggregates, higher 
asphalt content and, typically, a modified asphalt binder and fibers.  

Joint Density

77

QLA Coring
Sampling Steps
Typical Scenario

QLA Coring for QC
Typical Scenario 

1. Roadway inspector marks where each sublot 
starts.    

2. QA generates and records Random Numbers  
for freshly laid sublot.

3. QA gives random numbers to QC when rolling 
is complete.

4. Freshly compacted asphalt mixture allowed to  
cool.

5. Cores are marked on the asphalt mat.

78

AASHTO R67

Core Sampling Steps

76

77

78
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6. QC cuts the core no later than the day following 
placement.   Use water or air to aid in drilling.

7. Keep bit perpendicular to the surface with 
constant pressure.

8. Drill slightly below the bottom of the asphalt mix 
to be sampled.

9. Use a retrieval device to remove the core without 
damage.

10. Brush or wash off any loose particles from the 
core.
- Cores should be free from seal coats, soil, paper, 

paint, and any other foreign materials.

79

AASHTO R67

Core Sampling Steps

11. When cool, label the core and place it in a 

protective container.  

- Write the type of core, job number and Mix ID on 

the core with a sharpie or paint pen.

- A concrete cylinder mold with lid will work for a 

container.

- May need to place the core in a tamper proof bag.

- Un-marked cores are not accepted at the lab.

Core Sampling Steps 80

•QA core chain-of-
custody: cores not in the 
engineer’s possession shall 
be sealed in tamper-proof 
bags

•Mark: 

• Project number

• Lot number

• Location

• Inspector’s signature
81

Tamper Proof Bags

79

80

81



SP_Module-5_Sampling Mix & Cores 28

12. QA takes possession of the cores, if possible.

13. Transport to the lab without jarring, rolling, 

freezing or excessive heat.

- If core is damaged, contact MoDOT for further 

instructions.

14. Cores may be separated from other pavement 

lifts by sawing or other appropriate methods.

15. Cores should be allowed to air dry overnight to 

a constant weight next day; check at 2-hour 

intervals as per AASHTO T166.

Sampling Core Steps 82

16. Core density (Gmc) is determined.

Density = (Gmc÷ Gmm) x 100 

Gmm is from the loose mix “Rice Test” sampled 
from the same sublot

83

QLA Coring for QC

Core Sampling Steps

AASHTO R67

Coring Examples

•No unconfined joints

•One unconfined joint

• Two unconfined joints

84Sampling Cores

82

83

84
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Compacted Mat Density
No Unconfined Joint Case

Sample full width (12 ft) 85Sampling Cores

12’ x  0.9825 = 11.8’

If random number is 0.000 or
1.000, move over ~6 in. to cut 
core.

Compacted Mat Density
No Unconfined Joints Case

86Sampling Cores

• Leave out the 6” strip by the   unconfined 
joint in the calculations (sample 11.5 ft).

87

Compacted Mat Density
One Unconfined Joint Case

Sampling Cores

85

86

87



COMPACTED MAT 
DENSITY

No Unconfined Joint Case

 Sample full width (12 ft)

Superpave Module 5 Sample full width 12ft.



COMPACTED MAT 
DENSITY

One Unconfined Joint Case

 Leave out the 6” strip by the
unconfined joint in the
calculations (sample 11.5 ft)

Superpave Module 5 One unconfined joint



SP_Module-5_Sampling Mix & Cores 30

88

11.5’ x 0.9825 = 11.3’

Compacted Mat Density
One Unconfined Joint Case

Sampling Cores

Leave out both 6” strips at mat 
edges (sample 11.0 ft)

89

Compacted Mat Density
Two Unconfined Joint Case

Sampling Cores

 

90

Sampling Cores

88

89

90



COMPACTED MAT 
DENSITY

Two Unconfined Joints Case

 Leave out both 6” strips at
mat edges (sample 11.0 ft)

Superpaver Module 5 Two unconfined  Joints



Superpave Module 5 Coring Summary
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• QC and QA should observe each other’s sampling & 
testing procedures early on.

• Resolve sampling & testing method issues early on.

91

Conflict Avoidance

• Avoid distorting, bending, or cracking during 
and after removal from the pavement.

• Samples should be free from seal coats, tack 
coats, soil, paper, paint, etc.

•Make sure puck /core has cooled to proper 
temperature.

92Sampling Cores

Common Errors: Sampling Cores

91

92
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MODULE 6

SAMPLE REDUCTION 
AND AGING

Rev 10/07/2024

Module 6 Out-Line

• AASHTO R 47 Reducing Sample Size

• Splitting loose mix samples
• Mechanical Splitter
• See Bituminous Manual for more information

•Quartering loose mix samples
• Volumetric Samples
• Tensile Strength Ratio Samples

• AASHTO R 30 Mixture Conditioning (Aging)
• Short Term Conditioning
• Long Term Conditioning

2

R

• This practice outlines methods for 
reducing large samples of asphalt 
mixture to the appropriate size for 
testing.  

• The individual test methods provide 
the minimum quantity of material 
needed.

• For larger samples, the preferred 
methods for reducing asphalt is by 
mechanical splitter, or the quartering 
method.

3

Reducing Samples of Asphalt Mixtures
 to Testing Size

For more information
Refer to your Bituminous
Technician Manual.

AASHTO R47

1

2

3
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Preferred methods for reducing 
sample sizes

Reducing the loose mix sample taken from the 
road - four samples. 4

Splitting Quartering
Mechanical Splitter Type A Quartering Templates

5

Riffle Splitter

Quartering Templates

Mechanical Splitter Type A Quartering

Equipment

6

Mechanical Splitter Type “A”

Splitting

4

5

6
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For more information
Refer to your Bituminous

Technician Manual.

7

Quartering

8

Quartering for Volumetrics

See insert for method 

•Get portions for:

•2 – Volumetric Pucks

•1 - Rice  

Theoretical Maximum Specific Gravity (Gmm)

•1 - Asphalt Content

    Ignition Oven or Nuclear Testing  (%AC)

•1 - Moisture Content

9

Quartering for Volumetric Samples

7

8

9



75
Superpave Module 6 Quartering Loose Mix
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Quartering for Volumetric Samples

10

Remix, Quarter Again for Asphalt Content & Moisture

11

Asphalt Content

Quartering for Volumetric Samples

12

Remix, Quarter Again for Asphalt Content & Moisture

Quartering for Volumetric Samples

10

11

12
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13

Result = 2 Volumetric pucks, 1 Rice, 1 ignition, 
and 1 moisture 

Moisture 

Volumetric Pucks

Volumetric Samples

Asphalt Content 

•Get portions for:

•6 – TSR Pucks

•1 - Rice  

Theoretical Maximum Specific Gravity (Gmm)

14

Quartering for TSR Samples
TSR = Tensile Strength Ratio

Combine opposite quarters for 2 portions.

15

Quartering for TSR Samples
TSR = Tensile Strength Ratio

13

14

15



SP_Module-6_Sample Reduction & Aging 6

Quarter one of those portions to obtain 4 TSR 
pucks.

16

Quartering for TSR Samples

Quarter the second portion to obtain 2 TSR 
pucks and 1 Rice.

17

Quartering for TSR Samples

18

Result = 6 TSR pucks and 1 Rice

TSR Samples

16

17

18
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19
Height = 115 ± 5 mm Height = 95 ± 5 mm

TSR = Tensile Strength Ratio

• Used for lab mixed volumetric specimens.  
• Field Extracted Cores.    
• Short Term is also used in preparation of lab 

mixed asphalt for performance testing. 
• Example of performance tests below:

Laboratory Conditioning of Asphalt Mixtures

20

AASHTO R30 and R121

Ideal CT Hamburg I-fit TSR

The properties and performance of Asphalt can 
be more accurately predicted by using 
conditioned test samples. 

• Short term conditioning is used for 
mechanical property (performance) testing to 
simulate plant mix and construction effects 
on the mixture.

• Long term conditioning for mixture 
mechanical property testing to simulate the 
aging that occurs in a dense-graded surface 
layer over the 1-3 years of a pavement’s life.

21

Significance and Use

19

20

21
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Equipment

Oven – A forced-draft oven, thermostatically 
controlled, capable of maintaining any desired 
temperature setting from room temperature to 176°C 
with in ±3 °C.

Thermometers – having a range from 25 to 185°C and 
readable to ± 0.75°C. 

Thermometers to use:
 - ASTM E1 Mercury thermometers
 - ASTM E230/E30M thermocouple thermometer, Type T,    
Special Class;
 - IEC 60584 thermocouple thermometer, Type T, Class1

Metal pan, metal spatula or spoon, timer, and 
gloves.

22

Mix Conditioning

•Hot mix ages at high temperatures: in 
asphalt plants , trucking, and material 
transfer vehicles.  This is called short-term 
aging.

• Aging means the binder gets more brittle 
due to oxidation and volatilization. 

• Embrittlement leads to premature cracking 
and raveling.

23

Mix Conditioning

• The binder will also be absorbed by the 
aggregate.

•More absorption, less effective binder 
left between the particles to function: 
less compactible, lower durability.

• Long-term aging, is the aging that 
occurs during the service life of the 
pavement.

24

22

23

24
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R30 Short Term - Mixture Conditioning

• Applies to laboratory-prepared loose mixtures only.

• Use for volumetric properties as well as mechanical tests.

• Place mixture 25-50 mm thick in a pan.

• Place in a force draft oven for 2 hr. + 5 min. at:

116 ± 3°C for WMA

135 ± 3°C for HMA

Or at compaction temperature 

• Stir after 60 + 5 min.

• The Mixture is now ready for compaction.

• Compact Specimens using Gyratory Compactor (T312).

• Cool specimen overnight or cool faster place specimens 
in front of a fan. 25

• This procedure is for long term aging of compacted 
specimens AASHTO R121 – Method A. 
• Lab prepared specimens that have been through 

short term conditioning AASHTO R30.
• Roadway specimens (cores) that have been cut, 

trimmed, and dried to a constant mass.
• Plant-mixed asphalt mixtures.

• Use cooled compacted specimens.

• Place specimen in a conditioning oven for                 
120 ± 0.5 hr. at a temperature of 85 ± 3°C.

• Then turn off the oven and open doors to allow 
specimens to cool to room temperature for 16+ hrs. 

• Specimens are now ready for testing.
26

R121 Long Term - Mixture Conditioning

N

R121 SCOPE:
This standard practice includes 5 long-term mixture 
conditioning methods, with Method A using compacted 
mixture specimens and Method B, C, D, and E using 
uncompacted mixture.  The long-term conditioning 
procedures for mixture mechanical property testing are 
proceeded by the procedure for short-term conditioning 
according to R30.

For more information see AASHTO R121.

27

R121 Long Term - Mixture Conditioning

New Slide

25

26

27
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MODULE 7

GYRATORY COMPACTOR

AASHTO T312
Rev 10/02/2023

2

MODULE 7 OUTLINE

• Scope

• Referenced Documents

• Significance and Use

• Equipment

• Preparation of Gyratory

• Sample Preparation

• Procedure - Compaction

• Density Procedure

• Calculations & Reporting

• Common Errors

SCOPE

• This AASHTO method covers the compaction of 
cylindrical specimens of asphalt mixtures using the 
Superpave Gyratory Compactor.

3

1

2

3
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REFERENCED DOCUMENTS

• R35 Superpave Volumetric Design for Asphalt Mixtures

• M323 Volumetric Design Specs

• R30 Mix Conditioning

• T 312 Gyratory Compactor operation

• T 166 Bulk Specific Gravity of gyratory pucks

• T 209 Maximum Specific Gravity of Voidless Mix (Rice)

• T 283 Moisture Sensitivity

• M339M/M339, Thermometers Used in the Testing of 
Construction Materials

4

SIGNIFICANCE AND USE

• To prepare specimens for determining 
mechanical and volumetric properties of 
asphalt mixtures. Specimens simulate the 
density, aggregate orientation, and structural 
characteristics of the actual roadway.

•May be used to monitor the density of test 
specimens during preparation.

•May be used for field control  of mixture 
during the production process.

5

Uses of the GYRO

1. During mix design

(lab fabricated sample)

2. During construction for field verification

(plant-mixed material)

To Evaluate:

• Volumetric properties 

e.g., air voids and VMA

• Densification properties

e.g., tenderness potential

• Moisture sensitivity (TSR)

• Other performance tests – Hamburg . . 6

GYRO = Gyratory Compactor

4

5

6
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EQUIPMENT

• Superpave Gyratory Compactor

• Specimen Height Measurement and 
Recording Device

• Specimen Molds

• Ram Heads and End Plates

• Lab Equipment such as balance, 
thermometer, oven, pans etc.

More information on equipment can be 
found in the appendix, item #7

7

Gyratory Compactor

8

Gyratory Compactor

9

7

8

9
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• Gyratory Compactor:

• Axial and shearing action

• 150 mm diameter molds

• Aggregate size up to 37.5 mm

• Height measurement during compaction

•Allows densification during compaction to be 
evaluated.

Compaction

Internal angle 1.16°

10

Calibration and Verification

• Must check:

• Rate of gyration (rotational speed)

• Roller clearance & zero position

• Height measurement

• Ram force (load)

• Angle of gyration:

• Internal angle (calibration)

• External angle (verification)

• Check with owner’s manual and/or

contact the manufacturer as needed.

11

Actions

• Calibration: Annually, if Verification fails, if 
moved.

• Measure

• Adjust

• Re-measure

• Verification: Daily, After maintenance, or 
questionable results.

• Measurement

• Note: Calibration and Verification should only be 
performed on a clean/cold machine.

12

10

11

12
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Gyro Mold Evaluation

• Frequency:  min. 12 months or 80 
operating hours

• External calibration service (usually in 
conjunction with gyro calibration), or:

• In-house

• Critical dimensions:

• Mold inside diameter

• End plate diameter

• Mold length
13

Maintenance

•Maintenance of Gyratory Compactor 
Operation:

• Clean rollers with solvent

• Keep rotation ring cleaned and oiled

• Periodically, check oil level

•Make sure anti-rotational cogs are tight. 
Keep some spares on hand.

14

Equipment - ID

•Must have a unique ID on each piece of 
equipment.

•Must keep a list of equipment for IAS 
inspection.

15

13

14

15
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• Prior to the time to compact a sample, turn 
on the Gyratory Compactor to warm up.    
(see manufacturers instructions)

• Verify the machine settings are correct for 
angle, pressure, and number of gyrations.

• Lubricate any bearing surface as needed.

• If applicable, turn on the device for 
measuring and recording the height of the 
specimen, and verify the readout is in the 
proper units, and recording device is ready. 

16

PREPARATION OF GYRATORY

Verification/Calibration

Verify the gyratory on a cold             
(Powered up 10-15 min) and clean machine.

1) Daily during use
2) If gyratory compactor is moved.

Calibrate:
1) Annually
2) If verification fails

17

Height = 115 ± 5 mm
Mold to # of gyrations JMF

Height = 95 ± 5 mm
Mold to Height

SPECIMEN PREPARATION

16

17

18
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Molding 6 TSR Pucks

TSR material sampled from Truck. (Road, Pile, Stream)

For performance test Tensile Strength Ratio (TSR) 
compacted to a fixed height = 95mm.

19

• Need 60-75 lb. sample for six TSR pucks.

• Use the JMF to get the grams needed.

• Example on next slide, JMF shows 4,610 grams is 
needed to produce a 95mm height TSR specimen.  

20

TSR Sample

Location of Gyro TSR Puck Weight on 
JMF

21

19

20

21



Location of Gyro Puck  
Weight on JMF

Superpave Module 7 Location of Gyro wt on JMF



SP_Module-7, Gyratory Compactor 8

Volumetric pucks

For Volumetric specimens, compact to a fixed number 
of gyrations; resulting height must be =115 ± 5 mm.

22

Loose mix Sampled from the Roadway.

Molding Two Volumetric Pucks

Number of Gyrations

• Nini= initial number of gyrations: at a low 
number, the ease of mix densification is 
analyzed to spot tenderness potential.

• Ndes= the number of gyrations corresponding to 
the design traffic; want 4% air voids at this 
point (96% density).

• Nmax= maximum number applied to the 
specimen to assess densification after many 
years; want > 2% Va (<98% density).

23

• Get 2 portions for the 2 volumetric pucks. 

Volumetrics/Binder 
Content Sample

24

22

23

24
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Location of Gyration Info on JMF

25

• C Mixes at 80 gyrations: 

• no Ninitial or Nmax requirements.

• SMA Mixes:

• Ndesign= 100

• No Nmax requirement 26

Gyration Levels

Number of Gyrations

• Nini, Ndes, and Nmax are shown on the JMF.

• Samples for field verification of volumetrics 
should be compacted to Ndes gyrations.

27

25

26

27



Location of Gyration Info 
on JMF

Superpave Module 7 Location of Gyro Info on JMF



SP_Module-7, Gyratory Compactor 10

28

Volumetric pucks

Height = 115 ± 5 mm
Mold to number of gyrations 
from Job Mix Formula (JMF)

Sample Preparation

•Weigh enough mix to achieve the desired 
height and/or void target. Adjust specimen 
weight as needed during the design phase of 
establishing a mix design.

• Condition mixture as required in AASHTO R30 
for the type of specimens to be molded.

• Heat mix to molding temperature. (See JMF)

29

For Field Samples

30

Location of Gyro Molding 
Temperature on JMF

28

29

30



Location of Gyro Molding 
Temperature on JMF

Superpave Module 7 Location of Gyro mold Temp.
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31

• Preheat gyratory mold and plates to molding 
temperature (see JMF) for ≥ 30 min.

• Reduce loose mix according to AASHTO R47.

• Place the mix in a preheated oven set to JMF 
molding temperature.

• Place a thermometer in the loose mix to check 
temperature before molding.

• When loose mix is at molding temperature, 
move quickly to compaction.

PROCEDURE - COMPACTION

32

• Pull the mold items out of the oven.
• Assemble if needed. 

• Place a paper disc to the bottom.

Procedure - Compaction 

33

• Place a funnel on top of the mold. 
• At the oven, check if mix is at molding 

temperature.  
• If on temperature, place the mix in the mold in 

one lift.  Scrap the pan and spatula to include all 
the sample into the mold.

Procedure - Compaction 

31

32

33
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• Level the mix and place a paper disc on top the 
sample. 

• Place the lid on top with beveled side facing up.
• Place the mold into the gyratory compactor.
• Verify settings on the gyro are correct.  

34

Procedure - Compaction 

Items to verify:

• Verify 150mm specimen 
diameter.

• Verify compaction 
pressure = 600 kPa.

• For Volumetric pucks,

• Set to # gyrations = 
Ndes from JMF.

• For TSR pucks,

• Set specimen height 
to 95 mm.

35

Procedure - Compaction 

Set up Gyro for Volumetrics 

• Press the START button.
• Once compaction is finished, extrude the sample 

from mold.
• Allow to cool for a minute or two for stability 

before handling.
• Flip the puck over

onto a cooling table
and remove the other 
Paper disc.

36

Procedure - Compaction 

34

35

36
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When cooled enough label the puck on the side.

37

Procedure - Compaction 

Specific Gravity Gmb

• Once cooled, the resulting 
specimens are ready to be 
tested for specific gravity (Gmb)  
or other testing as required.

Note:  ”AASHTO T166 for Bulk 
Specific Gravity can be found in your 
Bituminous Technician Manual

38

DENSITY PROCEDURE

Specific gravity is used to determine the 

volumetric   properties of a compacted mix relative 
to the Gmm

A = Dry Mass, 0.1 g

B = SSD Mass,  0.1 g

C = Submerged Mass,  0.1 g

Report Gmb to nearest 0.001
39

CALCULATIONS & REPORTING

Bulk Specific Gravity Gmb

37

38

39



SP_Module-7, Gyratory Compactor 14

The percentage of water absorbed by the specimen 
based on the volume of the specimen.

A = Dry Mass, 0.1 g

B = SSD Mass,  0.1 g

C = Submerged Mass,  0.1 g

Report absorption to nearest 0.01%

40

%  Absorption (% Abs)

• Keep all gyratory print outs of each compacted 
specimen for records.

• Keep all additional reports on Density testing of 
each specimen for records.

• Also keep any additional information that
is required for the job.      

41

Reporting 

COMMON ERRORS

• Not placing a paper disk on bottom or top of 
specimen.

• Not removing paper disks while puck is still 
warm.

• Not using top or bottom plates.

• Not compacting mix at proper temperature.

• Not properly verifying the calibration of the 
compactor prior to use.

• Not pre-heating the mold and plates.

• Not charging the mold with mix quickly in 
one lift without spading or rodding.

42

40

41

42
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Common GYRO Errors

• Avoid allowing built-up asphalt in gyro mold to 
smear the sides of the puck as it is extruded, 
closing off voids. As a minimum, wipe off top 
and bottom lids after every  puck.

• Don’t let paper disks become brittle by keeping 
them in in bottom of mold in oven overnight.

43

43



 
AASHTO T 312: Specimen Compaction 

 
 
Pre-Verification Checklist:  (Note:  State operation & frequency). 1 2 R 

State required frequency of verification & calibration: 
Verify on a cold (powered up for 10-15 minutes) and clean machine 
     1) Daily during use, or 2) if gyro is moved    

Calibrate:   1) Annually, or 2) If verification fails     
Pre-Compaction Checklist:  (Note:  Proctor will tell you the type of specimen 
to be molded, you will explain the setting for the machine for that operation.) 
State & verify required parameters for compaction: 

1. Verify 150 mm specimen diameter    

2. Verify compaction pressure = 600 kPa     

3. For Volumetric pucks, SET GYRATIONS = Ndes (from JMF)    

4. For TSR pucks, set SPEC. HT. (specimen height) = 95.0 mm    
5. Preheat gyratory mold and plates to molding temperature.   (see JMF) for 

≥ 30 minutes)    

6. Loose Mix sample must be reduced according to AASHTO R47. (see 
JMF for information)    

7. Place the mix in a preheated oven set to molding temp. (See JMF for 
temp.)    

8. Place a thermometer in the loose mix to check temperature.    

9. When loose mix is at molding temperature, move quickly to compaction.    
Compaction Procedure:  (Mold specimen, proctor can assist with machine 
operation as needed.)   CAUTION!! Use PPE, everything is HOT! 
10. Pull the hot mold items out of the oven.    
11. Assemble mold & bottom plate (If necessary) & insert a paper disk into 

the bottom of the mold and place a funnel on the top.    

12. Check if mix is at molding temperature, if so, take the loose mix from the 
oven, place it in the mold in 1 lift.  

a. Scrape pan and spatula clean to include all of the sample to the 
mold. 

   

13. Level the surface of loose mix in the mold, place 2nd paper disk on top.    

14. Place top plate on top beveled side up.    

15. Place mold in machine according to manufactures instructions.    
16. Verify setting are correct on the Gyro, Press START and let compaction 

proceed.    

17. When the compaction has completed, open door and move mold to puck 
extrusion station.   

a. Note:  Some machines will automatically extrude the sample. 
   

    



18. Carefully remove the top plate and paper disk.  
a. If the mix is tender, may need to cool a few seconds before 

handling to avoid collapse. 
   

19. After minimum cooling period to assure puck stability, carefully set puck 
upside-down on cooling rack, and remove 2nd paper disk ASAP    

20. Mark the puck for identification purposes on the side of the sample.    

PASS?    

FAIL?    
 
Proctor__________________________________________Date__________________ 
 
Reviewer________________________________________Date__________________ 
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MODULE 8

MAX SPECIFIC GRAVITY 

“RICE” 

AASHTO T-209

10/02/2023

OUTLINE
• Scope

• Significance and Use

• Equipment

• Sampling

• Sample Preparation

• Procedure – Weigh in Water – Weigh in Air

• Calculation

• Supplemental Procedure

• Report

• Changes in Gmm

• Common Errors 2

SCOPE

• This test method covers the determination 
of the theoretical maximum specific 
gravity/gravity mix maximum (Gmm) and 
density of uncompacted asphalt mixture at 
25⁰C  (77⁰F).

3

1

2

3
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Maximum Specific Gravity of Voidless 
Mix

• Specific gravity is the ratio of the mass in air 
of a volume of material to the mass in air of 
an equal volume of water.

• Maximum Specific Gravity is sometimes 
called a “Rice” test.

• “Gmm”:

• G = specific gravity

•m = mix

•m = maximum
4Scope

SIGNIFICANCE AND USE

• Used to calculate percent air voids.

• Used to calculate core density. 

• Provides target values for the compaction 
of asphalt mixture.

• Is essential when calculating the amount of 
asphalt binder absorbed by the internal 
porosity of the individual aggregate 
particles in asphalt mixture.

5

Used to determine the relative density and          
% compaction of compacted asphalt mixtures.

1. Computing %Air Voids :

(a pay factor)

• Va = [(Gmm- Gmb) ÷ Gmm] x 100

2. Computing pavement Density :
(a pay factor)
• Density = (Gmc÷ Gmm) x 100
• Gmc = core specific gravity

6Significance and Use

4

5

6



SP_Module-8, Max Specific Gravity 3

See The Appendix Item #7 for more information.

• Vacuum Container    
• Pycnometer – Standardized Daily 
• Scale – Standardized yearly
• Vacuum Pump – Vacuum to pressure of 25mmHg
• Vacuum Measurement Device – Standardized  

yearly measure residual pressure to 25mmHg
• Bleeder Valve –
• Thermometer – Standardized yearly 
• Drying Oven – maintaining 135 ± 5°C (275 ± 9°F)
•Water Bath – maintained at 25 ± 1°C (77 ± 2°F)

7

Follow AASHTO R18 and R61 for calibrations, standardizations and checks

EQUIPMENT

Note: Keep a record of daily weights of the pycnometer 

daily standardizations.

• Determine weight of empty pycnometer immersed in  

25 ± 1.0 ºC, for 10 ± 1 min.

- Check wt. against the average of the last 3 daily 
weights, today’s wt. must be within 0.3g of that 
average. 

- If it is in, weight is good to use.  

- If no, redo 2 more times, use average of today’s  3 

weights as “Empty wt. of Pycnometer”.

(Report to 0.1)
8

Pycnometer Daily Standardization

• Volumetric Sample: Sampled behind the 
paver

• TSR Sample From one of the following: 

• Truck  (preferred)

• Plant discharge

• Behind paver

9

SAMPLING

7

8

9
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Sample Size For T209 (Rice)

Nominal Maximum 
Aggregate Size, mm

Minimum 
Sample Size, g

37.5mm or Greater    (1.5”) 4000

19 to 25mm        (¾ - 1”) 2500

12.5 mm (½”) or smaller 2000

10

MODOT NOTES:

Sampling

11

Samples may be short-term conditioned 
according to R30 (see Module 6).

SAMPLE PREPARATION

Sample Split

Rice

Gyro Gyro

• Dry specimen to constant weight at 221 ± 9°F       
(105 ± 5 ⁰C) until mass repeats within 0.1%.  

• NOTE:  See appendix for cookbook on “mass repeats”.  

Or

Use AASHTO T 329 Moisture content of mix to be 
assured that the specimen is dry  (< 0.1%). 

12Sample Preparation

10

11

12
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13

•While sample is cooling, separate loose mix into 
small pieces. Avoid fracturing the aggregate, so 
that the particles of the fine aggregate portion are 
not larger than ¼ inch in size. Bring specimen to 
room temperature. 

Sample Preparation

• Check level of the water bath and the 
temperature of the bath. 
• Temperature of the bath should be 77⁰F 

(25°C).

•Determine and record the empty weight of 
the Pycnometer (without lid).

14

PROCEDURE – Weigh in Water

- Place dry loose sample in pycnometer and level the 

out the top surface.

- Record the weight of oven dried sample plus   

pynometer.  Calculate and record as oven-dry weight of 
sample (A).

Total - tare = “A”
(Report to 0.1)

15

Weigh in Water - Procedure

13

14

15
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Procedure - Water 16

30 ± 5 mm Hg, maintain 
this residual pressure for           
15 ± 1 min.

Agitation

•Mechanical Agitation – Method A

• Maintain vacuum at 30 ± 5 mm Hg for               
15 ± 1 min.

• Agitate using the mechanical device during the 
vacuum period.

•Manual Agitation – Method B

• Maintain vacuum at 30 ± 5 mm Hg for 15 ± 1 min.

• Agitate the pycnometer & sample during the 
vacuum period by vigorously shaking at intervals of 
about 2min.  

• Glass vessels should be shaken on a resilient
surface such as a rubber or plastic mat to avoid 
excessive impact while under vacuum. 17

18

• After 15 ± 1 min slowly release the  
vacuum at a rate of 60mm Hg/sec.

• Disassemble apparatus. 

Procedure - Water

16

17

18
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• Weigh suspended pycnometer with sample below the 
scale in water 25 ± 1°C (77 ± 2°F) without lid
for 10 ± 1 min:

[pycnometer + specimen] under water= “C”

(Report to 0.1)

Procedure - Water
19Avoid loss of fine particles

Weigh in Water - Pycnometer 
Standardization

• Remove specimen from pycnometer. 
Immediately determine weight under water of 
empty pycnometer.

[pycnometer]  under water= “B”  (Report to 0.1)

20Procedure - Water

Fill the pycnometer with 
water and bring the 

specimen to test 
temperature (25 ± 1ºC).

21

Weigh in Air - PROCEDURE

19

20

21
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After 10 ± 1 min. determine weight of 
[specimen + pycnometer + water] = “E”

(Report to 0.1)

22Procedure - Air

Determine weight of pycnometer 
full of water to determine its 
volume.  The water is required 
to be at 25 ± 1.0 ºC.

Report as “D” 

(Report to 0.1)

“D” will be too high with cold 
temperature & cloudiness.

“D” will be too low with high 
temperature.

23Procedure - Air

𝐺𝑚𝑚 =
𝐴

(𝐴 + 𝐷 − 𝐸)
• A=Dry Sample Mass in Air

• D=Container & Water

• E=Container, Water & Sample

24

Report Gmm to nearest 0.001

Procedure - Air

22

23

24
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Calculate Gmm for Sample #ZZTOP

• A = Dry Sample Mass in air  = 2,510.5 g

• D = Container & Water = 7,442.6 g

• E = Container, Water & Sample = 8,974.1 g

What is the Gmm?  ___________

25

Report Gmm to nearest 0.001

Procedure - Air Answer is 2.564

• A=Dry Sample Mass in Air.

• B=Container & Water

• C=Container, Water & Sample

26

CALCULATON

Report Gmm to nearest 0.001

Weigh in Water - Calculation

N

Weight in Water - Sample Calculation

Calculate Gmm for Sample #ACDC

• A = Dry Sample Mass in air = 2,510.5 g

• B = Container & Water = 7,440.8 g

• C = Container, Water & Sample = 8,966.1 g

What is the Gmm?  ___________

27

Report Gmm to nearest 0.001

Answer is 2.548

25

26

27
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* 100[ ]

Rice Gmm

Gmb

Pb

coress

28

Spreadsheet Calculations

29

Dry-Back

• Purpose - to see if water has penetrated 
the binder coating.

• Dry the sample back to a surface-dry 
condition --don’t oven dry all the way           
to ~ zero moisture.

30

SUPPLEMENTAL PROCEDURE

28

29

30



51

* 100[ ]

Rice Gmm

Gmb

Pb

cores

Superpave Module  8 Mixture  Properties  wksheet



SPREADSHEET 
CALCULATIONS

Superpave Module 8 Properties Worksheet
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Dry-Back Step
• If absorption of any coarse aggregate (+4) fraction 

is greater than 2.0%, dry back the specimen to a 
surface dry condition and weigh. Use this weight   
“A2” in the denominator in place of “A”.

• Absorption data is on the JMF. 

31

• Continue drying in front of a fan.

• Determine and record the mass at 15-minute 
intervals.

•When the loss in mass is less than 0.05% for 
this interval the sample may be considered 
surface dry.  (SSD state)

• Procedure generally takes approximately 2 hr.

32

Dry-Back Step

Dry-Back
Calculation  “A2”

• Knowing mass of specimen and mass of 
water displaced (volume of specimen), 
calculate Gmm

“C” will be incorrect if water temperature is not 
standard.

33

Report Gmm to nearest 0.001

31

32

33
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Calculate Gmm for Sample #ACDC

A = Dry Sample Mass in air = 2,510.5 g

• A2 = Dry Sample Mass in air = 2,511.9 g

• B = Container & Water = 7,440.8 g

• C = Container, Water & Sample = 8,966.1 g

What is the Gmm?  ___________ What is the new 
Gmm2 ?  ___________

34
Report Gmm2 to nearest 0.001

Updated slide 

Sample Problem – Dry Back 

Answer is 2.545

When to Implement Dry Back

• If coarse aggregate absorptions are excessive, 
perform on first lot (all sublots).

• If initial Gmm and the dry-back Gmm are 
within 0.002 of each other in each of the first 
4 sublots, the dry-back procedure may be 
reduced to once per 4 sublots.

35

REPORT

• Gmm and density to the nearest 0.001

• All weighs to nearest 0.1

• Temperature of the water

• Type of asphalt mixture

• Type of sample 

• Sample ID

• Date

• Type of procedure “Water” or “Air”

• Report if used dry back procedure

• Report Gmm2 to the nearest 0.001
36

34

35

36
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CHANGES IN “Gmm”
In silo, trucks, MTV

• Time interval at high temperature

• Absorptiveness of aggregate

37

Time at High Temperature

SURGE 

SILO

38

Absorbed 
asphalt

Effective 
asphalt

39

Absorptiveness of  Aggregate

37

38

39
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COMMON TESTING ERRORS

• Not allowing specimen to cool to proper 
temperature.

• Over-manipulating the specimen, producing 
broken, uncoated particles

• Not having a manometer connected directly to 
the pycnometer

• Not maintaining the proper level of vacuum.

• Not breaking up sample completely

• Not agitating sample enough

• Agitating sample too much
40

• If the specimen was too warm when placed in the 
pycnometer: after the vacuum step, if stirring is done, 
aggregate may be broken.

• Not placing the lid in the same position each time.

• Not sufficiently drying the outside of the pycnometer 
before weighing.

• Allowing entrapped air bubbles in pycnometer.

• Not performing the dry-back procedure for highly 
absorptive aggregates.

• Not calibrating the pycnometer often enough.

• Not maintaining proper water temperatures.
41

Common Testing Errors, cont’d

40

41



 
AASHTO T 209: Theoretical maximum Specific Gravity 

(Rice Test): “Weigh in Air” Method Rev:  10/02/2023 
 

Pre-Procedure Checklist:  (Note:  State operation & frequency). 1 2 R 

State the following requirements for routine testing of a particular mix: 

1.  Pycnometer calibration required daily    
2.  Sample moisture content must be <0.1%:  Verify by either 

a. Oven drying until mass repeats within 0.1%, or 
b. Use results of AASHTO T329 

   

3. Perform “dry-back” procedure if ANY coarse aggregate fraction has  
Absorption >2.0% (use surface-dry weight “A2” in place of “A” in the denominator of 
the non-dry-back Gmm equation. 

   

Routine Rice Test Procedure: 
(Demonstrate procedure, Proctor will shorten time frames) 
4. Separate particles while cooling sample:   

a. Don’t break aggregate  
b. Reduce sand-binder clumps to ≤ ¼ inch 
c. Cool until mix is at room temperature 

   

5.  Determine and record empty weight of the pycnometer (without lid).   a.  Place and 
level sample in pycnometer. 
b.  Record weight of sample + pycnometer.  
c.  Calculate oven-dry weight of sample [A] 

   

6. Cover sample with approximately 1” of bath water    
7. Subject to specified vacuum of 30 ±5 mm Hg while agitating for 15 ± 1 min.  

(Manually agitate at intervals of 2 min for 15 ± 1 min using a rubber/plastic mat.)    

8. Immediately after the 15± 1 min. time period (i.e., the vacuum application stops), 
very slowly release vacuum at 60mm Hg/sec.    

9. Start 10 ± 1 minute time period in which the final weight must be obtained (i.e., finish 
the test).  Disassemble apparatus.    

10. Being careful not to expose the mix to the air slowly submerge pycnometer in water 
bath at the specified temperature (is it?) and carefully place capillary lid on 
pycnometer. 

   

11.  Just prior to end of 10 ± 1 min. time period, remove pycnometer, dry off the exterior, 
then determine and record total weight [E].    

12.  After recording E, completely remove contents, re-submerge empty pycnometer in 
water bath, place capillary lid on pycnometer, wait 10 ± 1 min. for temperature 
stabilize, remove pycnometer, dry off the exterior, then determine and record total 
weight [D]. 

   

13.  Calculate non-dry-back Gmm = A / (A + D - E) :  Nearest 0.001?    

14.  Calculate dry-back Gmm = A / (A2 + D - E) :  Nearest 0.001?     

PASS?    

FAIL?    
 
Proctor__________________________________________Date__________________ 
 
Reviewer________________________________________Date__________________ 





AASHTO T 209: Theoretical Maximum Specific Gravity 
(Rice Test): “Weigh In Water” Method rev 01/05/2024 

Trial# 1 2 R 

Pre-Procedure Checklist: (State for proctor operation and frequency) 

State the following requirements for routine testing of a particular mix: 

1. Pycnometer calibration required daily    
2. Sample moisture content must be <0.1%: Verify by a) oven drying 

until mass repeats within 0.1% OR b) use results of AASHTO T 
329  

   

3. Perform “dry-back” procedure if ANY coarse aggregate fraction 
has absorption > 2.0% (use surface-dry weight “A2” in place of “A” 
in the denominator of the non-dry-back Gmm equation 

   

Routine Rice Test Procedure: (Demonstrate procedure, proctor will shorten 
time frames where needed.) 
4. Separate particles while cooling sample: 1) Don’t break aggregate; 

2) Reduce sand-binder clumps to ≤ ¼”; 3) Cool until mix is at room 
temperature 

   

5. Determine and record empty weight of the pycnometer (without 
lid). Place and level sample in pycnometer. Record weight of 
sample + pycnometer. Calculate and record oven-dry weight of 
sample [A] 

   

6. Cover sample with approximately 1” of bath water    
7. Subject to specified vacuum of 30 ± 5 mm Hg while agitating for 

15 ± 1 minutes    

8. Very slowly release vacuum at a rate not to exceed 60 mm Hg, 
then disassemble apparatus    

9. Confirm that water bath temperature is in spec. and water is at 
default level (are they?), then zero out the weigh-in-water system.    

10. Being careful not to expose the mix to the air, suspend 
pycnometer (without lid) and contents in water bath    

11. Determine and record combined mass of pycnometer and 
contents [C] after 10 ± 1 minutes of immersion    

12. After recording C, remove pycnometer from water bath, completely 
remove the contents, reset the weigh-in-water system to its default 
condition, re-suspend empty pycnometer (without lid) in water 
bath, then determine and record mass [B] after steady-state has 
been achieved (tank stops overflowing). 

   

13. Calculate non-dry-back Gmm = A / (A + B – C): Nearest 0.001?    

14. Calculate dry-back Gmm = A / (A2 + B – C): Nearest 0.001?    

PASS?    

FAIL?    
 
Proctor__________________________________________Date__________________ 
 
Reviewer________________________________________Date__________________ 
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MODULE 9

BINDER IGNITION OVEN 
AC CONTENT

AASHTO T308

Rev 10/10/2023

This test method AASHTO T308:

• Covers the determination of asphalt binder content of 
asphalt mixtures by ignition at temperatures that reach 
the flashpoint of the binder in a furnace.

• Heating may be convection method or direct infrared 
(IR) irradiation method.

• Two Methods, 

• Method A requires an ignition furnace with an 
internal balance.  

• Method B requires an ignition furnace with an 
external balance.  

2

SCOPE

This method can be used for:

• Quantitative determinations of asphalt binder 
content.

• Gradation in asphalt mixture and pavement 
specimens for quality control.

• Specification acceptance.

• Mixture evaluation studies.

• For gradation analysis according to AASHTO T30.

3

SIGNIFICANCE AND USE

1

2

3
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• Ignition Furnace – A forced air oven that heats 
by convection or direct IR irradiation. The 
convection type must be capable of maintaining 
538 + 5°C (1000 + 9°F).
• For Method A the oven shall have an internal 

balance.

• Specimen basket assembly consisting of
• Specimen Baskets
• Catch Pan
• Assembly guard

• See appendix, Item #7 for more information on 
equipment. 4

EQUIPMENT

Oven Verification:

• The oven must be “verified’ every 12 months and 
after each move.

• Temperature

• Balance

Methods:

• Yearly outside service (usually along with gyro 
and mold calibrations, etc.)

• In-house

5

Ignition Oven Basics:

• % Binder: Loss in mass of specimen 

• Problem: Other materials also burn off

• Moisture

• Aggregate

• Miscellaneous

6

4

5

6
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1. Moisture

• Moisture Content “MC”

2. Aggregate Burn Loss

• Aggregate Correction Factor  “Cf”

3. Temperature effects on weighing

• Temperature Correction Factor “TCF”

7

CORRECTIONS

1. Moisture

• Moisture in mix will evaporate.   

• This will count as binder unless corrected.

• There are two methods to correct for moisture:

▪Dry mix to a constant mass at 110 ± 5°C      
(230 ±9°F) prior to testing. 

▪ “Aging”—must still verify that constant mass has 
been achieved.

▪Determine moisture content of mix        
(AASHTO T 329), subtract it from the apparent 
binder content. 8

M

• Temperature:     (See BT Manual for T329)

• Within the JMF mixing temperature range.
• If unavailable, use 163 ±14°C (325 ±25°F)

• ≥1,000g sample, Initial drying time is 90 ± 5 min.

• Continue drying checking at 30 ± 5 min intervals 
until the mass changes less than 0.05% (̴ 1g per sample)

from the previous mass = Constant Mass. 
…………….Report to nearest 0.01%

• Moisture is calculated based on dry weight of HMA.  

Moisture Content (AASHTO T 329):

7

8

9
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Calculate the PERCENT CHANGE as follows:

% Change =

A = Previous mass determination

B = Newest mass determination

REPORT = To the nearest 0.01%

Reminder from BT certification: 

First subtract the container weight from the total 
weight for A and B then record the weights to the 
nearest 0.01 g before calculating % change. 10

(

(

Where:
M

i
= Mass of initial, moist test sample

M
f

= Mass of the final, dry test sample
Report = % Moisture to the nearest 0.01%

11Updated slide

Moisture Content (AASHTO T 329):

Mi =  1134.9

Mf =  1127.3

% Moisture =    _____________  %

Report to the nearest 0.01%  

12
Moisture Content Ans:  0.67% Updated slide

Moisture Content (AASHTO T 329):

Classroom Practice

10

11

12
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• When calculating, moisture content, binder 
content, and Cf, round to nearest 0.01%

Side note: 

Binder Content:  When comparing to 
specification, round binder content to nearest 
0.1%.  

13
Moisture Content

Rounding:

“Common Wisdom”   As needed

Moisture Testing Frequency: 

“Common Wisdom” as needed . . .
• High RAP/RAS mixtures especially prone to 

moisture.
• Rainy weather
• “Warm mix”
• New aggregate
• If plant operator reports burning more fuel to 

maintain temperature.
• Fluctuating volumetrics or binder contents
• Watering piles per DNR.
• Same stockpiles
• Dry weather
• No moisture when tested

14Moisture Content

2. Aggregate Burn Loss

• To correct for loss of mass during the mix 
ignition due to aggregate burn-off.

• Determined during mix design by mix 
designer (usually QC).

• Re-determined if mix design changes         
(e.g.  >5% change in stockpiled aggregate 
proportions).

• Re-determined if a different oven is used     
(QA or QC).

15

Aggregate Correction Factor :

Aggregate Correction

13

14

15
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CF Procedure:

• Mix specimen in lab with dry aggregate at a 
known (actual ) % binder. 

• Input “zero” for the CF 

• Burn, obtain measured (apparent ) % binder. 

• The difference between the measured and the 
actual % binder is the Asphalt Binder 
Correction Factor (CF ).  

• If the CF is > 1.0%, re-determine at a lower 
temperature.

16Aggregate Correction

Definitions:

• M = mass (g)

• Mi(dry) = Mass of mix before burning, dry 
already.

• Mf = Final mass of mix after burning (binder 
and some aggregate burned off).

• (Mi(dry) – Mf) = Binder & aggregate burned 
off.

• Magg = Initial unburned mass of just the 
aggregate, dry.

• (Mi(dry) – Mi(agg)) = Mix mass minus 
aggregate mass is the mass of binder, initially.

17
Aggregate Correction

CF Calculations:

• Lab-produced sample (dry)

• The difference is the aggregate mass loss

• The Measured binder content can be from the oven ticket

• The Actual binder content can be from a bench scale

• If the CF is > 1.0%, re-determine at a lower temp.

• Report to the nearest 0.1%

( ) ( ) ( )

( ) ( )

i dry f i dry i agg

f

i dry i dry

M M M M
C

M M

   − −
= −   
      

fC Measured Actual= −

18
Aggregate Correction

16

17

18
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M

Two types of Ovens

19

Infrared Oven

Convention Oven

New Slide

• AASHTO:
• Normal: 538 °C   (1000.4 °F)

• High CF ’s (>1.0%): 482 °C    (899.6 °F)

• MoDOT:
• Normal: 538 °C    (1000.4 °F)

• High CF ’s: if >1.0% try 482 C   (899.6 °F)

• Very high CF ’s: if  >1.0% at 482 C, use 427 C
Very high CF ’s: if  >1.0% at (899.6 °F), use (800.6°F) 

20Aggregate Correction

Convection Oven Temperatures :

Cf Determination:
Number of Replicate Specimens

• Use two

• If the difference in measured asphalt contents 
is  > 0.15%, test two more replicates.

• For the four replicates, discard the high and low 
results.

21
Aggregate Correction

19

20

21
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Updated Slide

23

New Slide

24

22

23

24
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Use of Cf :

• Before production, when Cf is the 
unknown:

Cf = Measured Content – Actual Content

• During production, when Actual Content is 
unknown:

Actual = Measured Content – Cf

25Aggregate Correction

• “Default”
Most mixes

• “Option 1”
(Less) - For Cf > 
1.0% e.g., RAP 
containing dolomite.

• “Option 2” 
(More) – Hard to burn 
mixes

26Aggregate Correction

Infrared Burn Profiles:

RAP Aggregate Correction Factor : 
(Asphalt Binder Correction Factor)

• Follow TM-77:

• Assumes aggregate CF for RAP aggregate is 
same as CF for virgin aggregate.

• Follow the standard procedure as if there was 
no RAP, i.e., use only the virgin aggregate, and 
only the binder content associated with the 
virgin aggregate portion when fabricating the 
specimen.

• So, the Cf from the virgin materials test is used 
as the Cf for the whole mix.

27
Aggregate Correction

25

26

27
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Convection Oven:

• Material “weighs” differently at elevated 
temperatures.

• Mass loss shown on the oven printout must be 
corrected.

• Oven calculates and prints the “Temperature 
Correction Factor (TCF)” for the particular test run.

• TCF = Apparent loss in mass due to heating.

28

3.  Temperature Effects on Weighing
Temperature Compensation Factor (TCF)

Use of Temperature Correction Factor: 

• When determining the Aggregate 
Correction Factor, if the oven printout 
is used for determination of the 
Measured Asphalt Content, include the 
Temperature Correction Factor (TCF).

• If all weighing is performed outside of 
the oven and specimen is cooled to 
room temperature, do not use the TCF

29

Second Generation Infrared oven:

• No Temperature Correction Factor

• Anecdotal: Scale is better insulated from the 
chamber. 

30

28

29

30
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PROCEDURE FOR T308

31
Determining the Asphalt Binder Content of Asphalt Mixtures

by the Ignition Method

Test Methods

• Method A – Furnace with internal scale

• Method B – Furnace without internal scale

32

Sampling:
• Obtain samples of Loose Mix according to 

AASHTO R97.   (See Module 5 on Sampling)

Reheating:
• Place the box or bucket of sample in an oven 

110 ± 5°C (230 ± 9°F)
gently warm the sample until workable.
• Remove the sample from box or bucket.

33

Engineering_Policy_Guide (modot.org)EPG 403.1.5   Link:

SAMPLING/REHEATING

31

32

33

http://epg.modot.org/index.php?title=Main_Page
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Reducing:

• Reduce the sample per AASHTO R47 
(see module 6) to amount listed on Table 1.

• Spread sample in a large pan or two.

If needed, reheat the pan just until sample is  
…….workable.  110 ± 5°C (230 ± 9°F)

NOTE: Monitor the heating, do not leave sample in 
the oven too long.

34Sampling

35

Ignition Oven Specimen Size (TABLE 1)

Mix NMS, in. Specimen Size, g

SP048 & BP-3 #4 1200-1700

SP095 3/8 1200-1700

SP125, BP-1 & BP-2 1/2 1500-2000

SP190 & Bit Base 3/4 2000-2500

SP250 1 3000-3500

Sampling

PROCEDURE  
Method A

Using the Convection Oven

• Preheat the furnace to 
538±5°C (1000±9°F), 
or use temperature 
determined by the 
correction factor. 

• Enter the chamber 
set point .

36

34

35

36
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37

• Record weight of 
empty basket 
assembly. (0.1g)

• Place ~ half of the 
mix in each basket.

• Use a spatula or 
trowel to level and 
move the mix 
about one inch 
away from the 
edges of the 
basket.

Method A

At the bench…

• Cool to room temp.

• Weigh the test specimen 

and basket on external 

bench scale. (0.1g)

• Calculate and record the 

initial weight of the 

sample. 

• Record to nearest 0.1g

38
Method A

39

• Input the initial sample weight in whole grams into 
the ignition furnace controller. 

• Enter the asphalt correction factor (CF).

• Reset the internal scale to zero.

Method A

37

38

39
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• Put on safety gear.

• Open the chamber door and place the specimen 
basket with sample in the furnace.

• Make sure basket is not touching the walls.

• Close the door.

40Method A

41

• Verify that the specimen weight is displayed on the

furnace scale equals the total massinital weighed

on bench scale ± 5 grams.

• Start the oven. “Burn”

Method A

• Oven will stop when burn is complete.

• Tare off ticket of burn results.
• Put on safety gear, open the door, carefully pull 

out the basket and place it on a cooling plate.

• Place a protective cage on top of the basket 
assembly.

• Allow to cool to room temperature. ~ 60min.

42Method A

40

41

42
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43

• Move the basket
assembly with
sample to a scale
and record the total
weight after ignition.
(0.1g)

• Calculate and record
the final weight of
the specimen to
nearest 0.1g

Method A

• The furnace will calculate % binder
based on the:

• Original specimen weight entered

• Total loss

• Asphalt correction factor (CF ) that
you entered.

• “Temperature Compensation Factor”
that the oven calculates = apparent
loss in weight due to heating.

• You must then correct (subtract) for
moisture if started with a wet sample.

44

CALCULATION/REPORTING

45

Test 
Results 
Printout

Method A

43

44

45



Superpave Module 9, Binder Ignition                                  10/25/2022                                  Test Results Printout 

 

 

TEST RESULTS PRINT OUT FROM IGINITION OVEN 



ASPHALT CONTENT IGNITION METHOD 
(AASHTO T 308-10) METHOD A 

Reproducing Oven Ticket Values 
Revised 12-9-15 
*If wi = wet 

 
Project No. 

 
Job No. 

 
Route 

 
County 

 
Technician 

 
Date 

 
Sublot No. 

 
Mix No. 

 
Empty Basket Assembly Weight (g), [Te] 

 
3000.2 

 
Basket Assembly + Wet (or dry) Sample Weight (g), [Ti] 

 
4270.2 

 
Wet (or dry) Sample Weight (g), [Wi = (Ti - Te)] 

 

 
Loss in Weight (g), [L]  (from tape) 

 

 
Total % Loss, [PL= (L / Wi) x100] 

 

 
Temperature Compensation (%), [Ctc]  (from tape) 

 

% AC, uncorrected, [Pbu = PL - Ctc] 
 

 
Aggregate Correction (Calibration) Factor (%), [Cf] (from tape) 

 

Calibrated %AC (from ignition oven tape), [Pbcal = Pbu – Cf] 
 

 
% Moisture Content, [MC]  (previous test)* 

 
0.13 

% AC, corrected (by weight of mix), [Pb = Pbcal – MC]* 
 

Superpave Module 9 Reproducing Oven Ticket values T308 
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Project No. Job No. Route County

Technician Date Sublot No. Mix No.

Empty Basket Assembly Weight (g), [Te] 3000.2

Basket Assembly + Wet (or dry) Sample Weight (g), [Ti] 4270.2

Wet (or dry) Sample Weight (g), [W i = (Ti - Te)]  

Loss in Weight (g), [L]  (from tape)

Total % Loss, [PL= (L / Wi) x100]

Temperature Compensation (%), [Ctc]  (from tape)

% AC, uncorrected, [Pbu = PL - Ctc]

Aggregate Correction (Calibration) Factor (%), [Cf] (from tape)

Calibrated %AC (from ignition oven tape), [Pbcal = Pbu – Cf]

% Moisture Content, [MC]  (previous test)* 0.13

% AC, corrected (by weight of mix), [Pb = Pbcal – MC]*

Asphalt Content Ignition Method
(AASHTO T 308-10) Method A

Reproducing Oven Ticket Values

46

*If wi = wet

Method A

Classroom Practice

If final weighing is performed on bench top scale, 
calculation:

Where:

Mi = initial weight of mix, wet or dry
Mf = final mass of mix
MC = % moisture
Cf = Asphalt Binder Correction Factor 

(old Aggregate Correction Factor)

100
i f

b f

i

M M
P C MC

M

− 
=  − − 
 

48Method A

Asphalt Binder Correction Factor 
(Formerly Aggregate Correction Factor)

Calculation

46

47

48
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PROCEDURE  
Method B

• Note the special heat 
resistant shirt.

Dr. Richardson

Use SAFETY gear!

• Weigh out specimen.

• Burn for about 45 minutes.

• Remove, cool, weigh.

• Burn for another 15 minutes.

• Remove, cool, weigh.

• Keep repeating the 15-minute burn intervals 
until 2 consecutive mass weighings do not 
change by > 0.05%.

• Subtract moisture % if necessary.

50Method B

Method B - No internal scale – Manual Weigh

Information needed for the report:

• Moisture = 0.05%

• Cf = 0.22%

• Initial wet mass = 5400.2 g

• Final burned mass (after cooling to room 
temperature) = 5256.2 g

51

Method B  - No internal scale – Manual Weigh

Method B

49

50

51
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Nuclear gage
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Ignition oven

52

Reporting binder content of mix

Binder Portion

53

Reporting binder content of mix

RAP Binder Content

• Per Spec 403.19.3; RAP binder content 
must be determined.

• QC: 1 per 4 sublots

• QA: 1 per project

• T164 (solvent extraction)

• Can use T308 (ignition) if a correction factor 
is determined which is the difference 
between T164 & T308 (best to use your 
own oven when T164 is determined by 
another lab).

54

Binder content of RAP

52

53

54



Binder Portion

Superpave Module 9 Binder Portion
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RAP & RAS

• Some contractors stockpile RAP & RAS, 
prepare (grind) it, and sample it.

• Send sample to a commercial lab to have 
extractions run (T164), obtain binder 
content & gradation.

• This is what is submitted to MoDOT during 
mix design.

• During production, RAP is sampled, and 
ignition oven used to get binder content & 
gradation.

55

Binder content of RAP

• MoDOT allows gradation sample testing to be 
satisfied by using the residue from the HMA 
ignition oven sample.

• An aggregate (gradation) correction factor 
(AGCF) may be necessary to account for the 
breakdown in rock.

• RAP gradation in the field is determined with 
ignition oven.

56

Aggregate Gradation

Gradation Samples

• Not recommended to use T308 on RAS (too 
dangerous).

• Fan will suck fines out.

• Use extraction to get gradation or use the 
standard gradation.

57

RAS Gradation

Aggregate Gradation

55

56

57
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• Ground to minus 3/8 
inch.

• Gradation from solvent 
extraction, or assumed 
from table:

58

RAS Gradation

Aggregate Gradation

• When determining the aggregate (gradation) 
correction factor (AGCF), prepare an aggregate 
blank (no binder) specimen.

• Do a washed gradation analysis (AASHTO -T 30 Test 

for Mechanical Analysis of Extracted Aggregate) of 
the blank.

• Do a washed gradation analysis of the burned 
HMA specimen (T 30): Two replicates.

59

Aggregate Gradation

Mix Gradation Samples

When is Aggregate 
Gradation  

Correction Factor 
Required?

60

58

59

60
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Gradation Samples 
Burned and Unburned

Plus #200 Portion

• Determine a difference for each sieve, each 
replicate, say, for the #4 sieve:

(%-#4)blank - (%-#4)burned , replicate #1 

(%-#4)blank - (%-#4)burned, replicate #2 

• Calculate the average difference for that sieve (#4).

• The difference is called the  AGCF for #4 sieve 
material.

61

• If the difference on any sieve exceeds the 
allowable (see below), then each sieve must have 
its own AGCF applied to the result. 

• Allowable differences:

• ≥ #8:                         ± 5.0%

• ≥ #200 to < #8:         ± 3.0%

• ≤#200                        ± 0.5%

62

Gradation Samples 
Burned and Unburned

Plus #200 Portion

Gradation Samples
Passing the #200 Portion

• If only the #200 sieve exceeds the limit, 
apply the AGCF only to the #200 sieve

63

61

62

63
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Example
Adapted From FHWA “Addendum T308”

For #4 sieve:

Rep#1: 53.9-52.1 = 1.8

Rep#2: 53.9-55.6 = -1.7

Avg diff = [1.8 + (-1.7)] /2 = 0.05 = 0.1 (rounded)

Compare to ±5.0:  0.1 < 5.0  OK
64

• Starting test when oven is cold: incomplete burn; 
can affect TCF.

• Neglecting to push “Start” (binder burns but is not 
recorded).

• Not cleaning oven & vents often enough.

• Tip: Perform “Lift” test regularly to verify clean 
oven.

• Using vent pipe less than 4 in, diameter.

65

Common Testing Errors 
of 

Non-Comparison/Early Shut-off

• Asphalt correction factor (CF) not used.

• Not cleaning baskets.

• Allowing scale plate or support tubes to rub.

• Not spreading specimen out. 

• Not tearing off ticket before opening oven door.

• Allowing door to not latch correctly.

• Not correcting for moisture (e.g., when plant speed 
increases, etc.). 

66Common Testing Errors 

64

65

66



Example
Adapted from FHWA “Addendum 

T308”
Sieve Burned 

Rep#1
Burned 
Rep#2

Unburn
ed 
Blank

Rep#
1 
Diff

Rep#
2 
Diff

Avg
Diff=
AGCF

Allow
able

1” 100.0 100.0 100.0 0.0 0.0 0.0 ±5.0
¾” 100.0 100.0 100.0 0.0 0.0 0.0 ±5.0
½” 86.5 89.5 89.7 3.2 0.2 1.7 ±5.0
3/8” 69.3 72.1 70.4 1.1 -1.7 -0.3 ±5.0
#4 52.1 55.6 53.9 1.8 -1.7 0.1 ±5.0
#8 38.5 42.3 41.0 2.5 -1.3 0.6 ±3.0
#30 32.7 37.0 34.4 1.7 -2.6 -0.5 ±3.0
#40 16.1 17.9 18.3 2.2 0.4 1.3 ±3.0
#50 12.6 13.4 14.5 1.9 1.1 1.5 ±3.0
#200 6.8 7.4 7.1 0.3 -0.3 0.0 ±0.5

For #4 sieve:

Rep#1: 53.9-52.1 = 1.8

Rep#2: 53.9-55.6 = -1.7

Avg diff = [1.8 + (-1.7)] /2 = 0.05 = 0.1 (rounded)

Compare to ±5.0:  0.1 < 5.0  OK

Superpave Module 9 FHWA Addendum T308 chart
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• Using an oversize specimen.

• Not using the same size specimen for asphalt 
correction factor (CF) determination and all 
production tests.

• Using a plant-made specimen instead of a lab-
made specimen for (CF) determination.

• Not double-checking specimen weight on oven 
scale against exterior scale weight.

67Common Testing Errors 

• Materials used for (CF) determination not the same 
as project materials.

• Inaccurate asphalt contents used for (CF) 
determination.

• QA & QC starting with different temperature 
specimens.

• Door left open too long between loadings.

• Wrong chamber set point.

• Wrong burn profile.

• Weighing on bench balance when specimen is hot.

68Common Testing Errors 

• Oven won’t shut itself off—it’s OK to manually shut 
off as long as 3 consecutive readings show less 
than 0.01% loss, and the sample appears to be 
completely burned (EPG 403.1.5). 

69

Operation Problems

67

68

69
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• Vibrations

• Basket or strap up against wall or top of 
chamber.

• Clogged port

• Used U.S. date, not European date (1998-2000 
NCAT models).

More information on Binder Ignition in the 
Appendix item #5.

70

Premature Burn Stop

Incomplete Burn Pattern:
Shingle Mix

71

Soot

72

70

71

72
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Coke

73

73



AASHTO T 308: Asphalt Content by Ignition; Method A 
 
 

Trial# 1 2 R 

Pre-Production Oven Parameters Checklist: (Demonstrate oven setup) 

Input required parameters for routine production of a particular mix: 

1. Enter TEMP setpoint [chamber temperature]    

2. Enter CALIB. FACTOR [binder (aggregate) correction factor]     
Routine Production Ignition Oven Procedure: (Demonstrate test procedure with 
proctor instruction) 
3. Obtain weight of empty basket assembly    
4. Place ~½ of hotmix sample in each basket; move mix ~¾” away 

from sides; re-assemble basket. Cool to room temperature.    

5. Obtain total weight of sample plus basket then calculate initial 
weight of hotmix sample    

6. Enter initial sample WEIGHT    

7. Zero oven scale (push the number 0)    
8. After putting on safety gloves, face shield, etc., carefully load 

sample into oven, making sure basket is not touching walls; close 
door 

   

9. Check total weight: oven vs. exterior scale: No good if > 5 grams 
difference: Is it?    

10. Initiates burn-off program by pressing START/STOP    

11. After burn-off stops, remove and examine paper readout    
12. Again, with safety gear on, open oven door, remove basket & place 

on cooling rack. Cool to room temperature.    

13. Determine and record basket + specimen weight, then calculate 
and record final specimen weight (for manual calculations and/or 
verification of %AC). 

   

14. Obtain Calibrated %AC through calculations (NOTE: in the field, this 
value will automatically be on the printout tape)    

15. Correct the Calibrated %AC for moisture    

PASS?    

FAIL?    
 
Proctor__________________________________________Date__________________ 
 
Reviewer________________________________________Date__________________ 



Module 10 
 

Job Mix Formula 
(JMF) 
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Pay Factors 
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Superpave Module 11 Equatons





MoDOT Pay Factor 
Spreadsheet

MoDOT Module 11 MoDOT Pay Factor Spread sheet



Traveled Way Lot 
Testing Results

Superpave Module 11 Traveled Way Lot Testing Results



Ave = 92.87%
Std. Dev. = 0.57

USL = 94.0 + 2.0% = 96.0%

LSL = 94.0 – 2.0 = 92.0%

= (96.0 - 92.87)/0.57=5.49

= (92.87 – 92.0)/0.57=1.53

PWLt = (PWLu + PWLl) - 100

PF = 0.50(PWLt) + 55 = 0.50(100)+55 

→ Obsolete: is currently 94.5 ± 2.5

Superpave Module 11 Sublot Calculations



QL & PWLL

Superpave Module 11 QL and PWL L chart



Qu & PWLu

Superpave Module 11 Qu and PWLu chart





Traveled Way Lot 
Testing Results

Superpave Module 11 trveled Way Lot Results  adjustment





Unconfined Joint 
Factor

Use smaller of 90% or 84.2% 

(3000 tons)($45.00/ton)(0.842-1.000) = 

Superpave Module 11 Unconfined Joint Factor





TSR Results

(0.98-1.00)(10,000 tons)($45/ ton)= -$9000

Superpave Module 11 TSR Results





Superpave Module 11 Asphalt QA/ Analysis/ QC 

 

 

 

 

 

 

“Asphalt QA” / Analysis / QC 



 3.3 → 100.00

VARIABILITY-UNKNOWN PROCEDURE
STANDARD-DEVIATION METHOD

QUALITY 
INDEX

PERCENT WITHIN LIMITS FOR SELECTED SAMPLE SIZES

(QU or QL) n=3 n=4 n=5 n=6 n=7 n=8 n=9 n=10

2.56 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.98

2.57 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.98

2.58 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.99

2.59 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.99

2.60 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.99

2.61 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.99

2.62 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.99

2.63 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

2.64 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

2.65 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Superpave Module 11 Variability Unknown Procedure chart



Pay Factors (%AC)

 USL = Target + Tolerance = 5.1 + 0.3 = 5.4
 LSL = Target – Tolerance = 5.1 - 0.3 = 4.8

 PWLT = (PWLU + PWLL) – 100 = 98.97 = 99.0

 PFAC = 0.50(PWLT) + 55 = 0.50(99.0) + 55 = 104.4
 PFT= (104.4 + 101.2 + 96.8 + 99.6)/4 = 100.8

= (5.4 – 5.0)/0.12 = 3.33 = 3.3 →PWLU = 100.00

= (5.0 – 4.8)/0.12 = 1.67 =1.7 → PWLL = 98.97

Mix Adj=(3000tons)($65.80)(1.008-1.000)=$1579.20

Superpave Module 11 Pay Factors (%AC)





VARIABILITY-UNKNOWN PROCEDURE
STANDARD-DEVIATION METHOD

QUALITY INDEX PERCENT WITHIN LIMITS FOR SELECTED SAMPLE SIZES

(QU or QL) n=3 n=4 n=5 n=6 n=7 n=8 n=9 n=10

1.27 100.00 92.33 91.04 90.64 90.44 90.32 90.25 90.19

1.28 100.00 92.67 91.29 90.86 90.65 90.53 90.44 90.38

1.29 100.00 93.00 91.54 91.09 90.86 90.73 90.64 90.58

1.30 100.00 93.33 91.79 91.31 91.07 90.94 90.84 90.78

1.31 100.00 93.66 92.03 91.52 91.27 91.13 91.03 90.96

1.32 100.00 94.00 92.27 91.73 91.47 91.32 91.22 91.15

1.33 100.00 94.33 92.50 91.95 91.68 91.52 91.40 91.33

1.34 100.00 94.67 92.74 92.16 91.88 91.71 91.59 91.52

1.35 100.00 95.00 92.98 92.37 92.08 91.90 91.78 91.70

1.36 100.00 95.33 93.21 92.57 92.27 92.08 91.96 91.87

1.37 100.00 95.67 93.44 92.77 92.46 92.26 92.14 92.04

1.38 100.00 96.00 93.66 92.97 92.64 92.45 92.31 92.22

1.39 100.00 96.34 93.89 93.17 92.83 92.63 92.49 92.39

1.40 100.00 96.67 94.12 93.37 93.02 92.81 92.67 92.56

1.41 100.00 97.00 94.33 93.56 93.20 92.98 92.83 92.72

1.42 100.00 97.33 94.55 93.75 93.37 93.15 93.00 92.88

1.43 100.00 97.67 94.76 93.94 93.55 93.31 93.16 93.05

1.44 100.00 98.00 94.98 94.13 93.72 93.48 93.33 93.21

1.45 100.00 98.33 95.19 94.32 93.90 93.65 93.49 93.37

1.46 100.00 98.66 95.39 94.49 94.06 93.81 93.64 93.52

1.47 100.00 99.00 95.59 94.67 94.23 93.97 93.80 93.67

1.48 100.00 99.33 95.80 94.84 94.39 94.12 93.95 93.83

1.49 100.00 99.67 96.00 95.02 94.56 94.28 94.11 93.98

1.50 100.00 100.00 96.20 95.19 94.72 94.44 94.26 94.13

1.51 100.00 100.00 96.39 95.35 94.87 94.59 94.40 94.27

1.52 100.00 100.00 96.57 95.51 95.02 94.73 94.54 94.41

1.53 100.00 100.00 96.76 95.68 95.18 94.88 94.69 94.54

1.54 100.00 100.00 96.94 95.84 95.33 95.02 94.83 94.68

1.55 100.00 100.00 97.13 96.00 95.48 95.17 94.97 94.82

1.56 100.00 100.00 97.30 96.15 95.62 95.30 95.10 94.95

1.57 100.00 100.00 97.47 96.30 95.76 95.44 95.23 95.08

1.58 100.00 100.00 97.63 96.45 95.89 95.57 95.36 95.20

1.59 100.00 100.00 97.80 96.60 96.03 95.71 95.49 95.33

1.60 100.00 100.00 97.97 96.75 96.17 95.84 95.62 95.46

1.61 100.00 100.00 98.12 96.88 96.30 95.96 95.74 95.58

1.62 100.00 100.00 98.27 97.02 96.43 96.08 95.86 95.70

1.63 100.00 100.00 98.42 97.15 96.55 96.21 95.98 95.81

1.64 100.00 100.00 98.57 97.29 96.68 96.33 96.10 95.93

1.65 100.00 100.00 98.72 97.42 96.81 96.45 96.22 96.05

1.66 100.00 100.00 98.84 97.54 96.92 96.56 96.33 96.16

1.67 100.00 100.00 98.97 97.66 97.04 96.67 96.44 96.27

1.68 100.00 100.00 99.09 97.78 97.15 96.79 96.54 96.37

1.69 100.00 100.00 99.22 97.90 97.27 96.90 96.65 96.48

Superpave Module 11 variability unknown procedure  Chart
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Quality Level Analysis 
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Test Equipment & Plant 
Calibration/Verification Records 

• Results of calibration

• Description of equipment calibrated

• Date of calibration

• Person calibrating

• Calibration procedure 10

• Next calibration due date

• 10 of calibration device & trace ability
of calibration

64 

64 

Calibration 

Equipment Requirement Interval (month) 

Gyro Calibrate 

Gyro Verify 

12 

Daily ; when moved 

Gyro molds Dimensions 12 

Thermometer Calibrate 12 

Vacuum Pressure 12 

Pycnometer Calibrate Daily 

Ignition oven Verify 12 or when moved 
t::.i: 

65 

Calibration, Cont'd 
Equipment Requirement Interval 

(month) 

Nuclear gage Drift & stability 1 

Shakers Sieving thoroughness 12 

Sieves Physical condition 12 

Ovens Verify settings 12 

Balances Verify 12 or when 
moved 

Timers Accuracy 12 
t::.t::. 

66 
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MODULE 13

Balanced Mix Design 
Performance Testing

MoDOT SUPERPAVE QC/QA 
TRAINING/CERTIFICATION 

COURSE

Balanced Mix Design 
Performance Testing and 

Increased Density

• Moving from materials & methods.
specifications to performance specifications. 
(Balanced Mix Design = BMD).

• What properties of the final product are we 
interested in, rather than some component of 
the final product.

• Via Job Special Provisions (JSP’s) at this point. 

2

Properties of Interest

• Fatigue cracking-
Ideal CT or 
“CTIndex”

• Rutting (and 
stripping)-
“Hamburg Wheel 
Tracker”

3

32

Fatigue Cracking

Function of repeated traffic loads over time
(in wheel paths)

6

Permanent Deformation

Function of warm weather and traffic

Courtesy of FHWA

1

2

3
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Performance Testing

•Fatigue Cracking

•Rutting

4

CTIndex = 
Cracking 

Test

• Simple 
specimen 
preparation

• ASTM 
D8225

5

IDEAL-CT

6

Gf=Area under curve/tD

4

5

6
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Performance Testing

•Fatigue Cracking

•Rutting

7

Hamburg Wheel Tracker
AASHTO T 324

• Capacity to resist rutting 
(and stripping)

• Warm temperatures

• Under water

8

Hamburg Plot

9

7

8

9
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Good  Marginal (Barely In-Spec)
Poor (In-Tolerance/Out-of-Spec)

10

QC/QA
BMD Projects

• QC: 1 per 10,000 tons

• QA: 1 per 20,000 tons

• Up to 3% incentive for CTIndex in range and 

• Hamburg is  <12.5 mm

• 1% incentive for greater field density 
(>94 for non SMA and with unconfined joint 
density >90.0%).

• Favorable comparison: QA and QC are within 20%.

11

Number and Size 
of Specimens

12

Performance 
Test

Min # of 
Pucks/Set

Molded Ht. mm

CTIndex 3 62

HWT 4 62

AMPT 5 180

Cracking Tolerance Index – CTIndex

Hamburg Wheel Track – HWT
AMPT – Samples for Research Purposes

10

11

12
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CTIndex
Tested according to ASTM D8225 @ 25±1°C

Non SMA Mixtures

CTIndex % of Contract Price

< 45 97%

45-97 100%

>97 103%

SMA Mixtures

CTIndex % of Contract Price

< 135 97%

135 – 240 100%

➢240 103% 13

Hamburg Wheel Track

14

Design Gyrations

15

13

14

15
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More Information

• You can find more and current information on 
the MoDot Web Site under Missouri Standard 
Specifications for Highway Construction.

• Job Special Provisions

• NJSP2001 or newer

16

Alternate to Rutting Test: IDT
Indirect Tensile Test (ASTM D6931)

• Test is run on Volumetric Specimen (150x115mm)

• Placed in bags in 52° water bath for 30-60 
minutes.

• Broke with TSR Apparatus, Speed

• Results correlate closely with Hamburg

17On the Horizon

16

17
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day following placement of the mixture. The engineer will randomly determine test 
locations. 

Delete Section 403.23.7.3 and replace with the following ... 

403.23.7.3 Removal of Material. All lots of material with a PFT less than 50.0 shall be 
removed and replaced with acceptable material by the contractor. Any sublot of material 
with a percent of theoretical maximum density of less than 90.0 percent or greater than 
98.0 percent shall be removed and replaced with acceptable material by the contractor. 
For SMA mixtures, any sublot of material with a percent of theoretical maximum density 
of less than 92.0 percent shall be removed and replaced with acceptable material by the 
contractor. Any sublot of material with air voids in the compacted specimens less than 
2.0 percent shall be evaluated with Hamburg testing and removed and replaced with 
acceptable material by the contractor if the rut depth is greater than 14.0 mm at the 
designated number of wheel passes above. No additional payment will be made for 
such removal and replacement. The replaced material will be tested at the frequencies 
listed in Sec 403.19. Pay for the material will be determined in accordance with the 
applicable portions of Sec 403.23 based on the replacement material. 

Delete Section 403.23.7.4.1 and replace with the following ... 

403.23. 7.4.1 Small Quantities. Small quantities are defined in Sec 403.19.3.2.1. Unless 
the contractor has elected to use the normal evaluation in the Bituminous QC Plan for 
small quantities, the following shall apply for each separate mixture qualifying as a small 
quantity 

(a) QLA and PWL will not be required.

(b) Mixtures shall be within the specified limits for VMA, Va, AC and density. In
addition to any adjustments in pay due to profile, the contract unit price for the
mixture represented by each set of cores will be adjusted based on actual field
density above or below the specified density using the following schedule:

Field Density Pay Factor 
(Percent of Laboratory Max. Theoretical (Percent of Contract Unit 

Density) Price) 

For all SP mixtures other than SMA: 

92.0 to 97.5 100 

inclusive 

97.6 to 98.0 or 91.5 to 91.9 90 

inclusive 

or 91.0 to 91.4 85 

inclusive 

or 90.5 to 90.9 80 

inclusive 

or 90.0 to 90.4 75 

inclusive 

Above 98.0 or Below 90.0 Remove and Replace 

For SMA mixtures: 

>94.0 100 

Superpave Module 13 JSP



93.5 to 93.9 90 
inclusive 

93.0 to 93.4 85 
inclusive 

92.5 to 92.9 80 
inclusive 

92.0 to 92.4 75 
inclusive 

Below 92.0 Remove and Replace 

9.0 Elevated Density. Sublots with a QC density test result which compares favorably 
with QA, has a density result of 97% - 94% and have unconfined joint densities of 90% 
or greater shall receive a 1% incentive based on the bituminous mixture unit price for 
non-SMA mixtures. 

10.0 Basis of Pavement. Payment for compliance with this provision will be made at 
the contract unit price for Item No. 403-10.56, Asphalt Performance Testing, lump sum. 

Superpave Module 13 JSP
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Appendix 
Items:  

1.   Outlier Evaluation ASTM E178 
2.   ASTM E178 Dealing with Outlying Observations 
3.   Mix Design Overview Binder, Rap, Shingles  Module 2C(1) 
4.   Mix Design Overview Testing and Evaluation Module 2C(2) 
5.   Ignition Oven Test Cookbook 
6.   Rice Test (Maximum Specific Gravity) Cookbook 
7.   Equipment Information for :  

• AASHTO T312 Gyratory 
• AASHTO T209 Maximum Specific Gravity 
• AASHTO T308 Binder Ignition 

 

 

 

 

 

 

 





Superpave Appendix Outliers

Appendix Item #1.





max

min

<1.463

<1.463

Appendix Item #2.

Superpave Appendix Outliers

























































Ignition Oven Test (3-22-19).docx 

ASPHALT CONTENT IGNITION METHOD 
(AASHTO T 308-18) METHOD A 

Asphalt Binder Correction Factor (CF) Determination 
(formerly “aggregate correction factor”) 

1. Run a butter mix through the mixing equipment.

2. For a given mix, prepare two asphalt binder correction factor (CF)
specimens at the design asphalt content using oven dry aggregate. It is
recommended that the CF and field verification specimen sizes be the
same.

3. Obtain the tare weight of the baskets, pan, and lid.

4. Place the hot mix into the sample basket. If the mix has cooled, oven dry
at 110 ± 5°C to constant mass prior to placing in the basket. Spread the
mix in the basket, being careful to keep the mix away from the sides. Allow
at least ¾” clearance.

5. Test (burn) the specimens as discussed in “Test Procedure.”

6. If the difference between the measured binder contents of the two
replicate specimens is more than 0.15%, test two more specimens.
Discard the high and low values.

7. Calculate the CF by determining the difference between the actual and
measured asphalt binder contents [Actual %AC – Measured %AC] for
each sample, and averaging the two differences. The “Actual %AC” is the
amount weighed out in the batching process, expressed as a percent by
weight of the mix.

8. If the CF exceeds 1.0%, MoDOT Standard Specification Section
403.19.3.1.1 modifies AASHTO T 308-18 in the following manner:

A. According to AASHTO T 308-18, if the CF exceeds 1.0% at the typical
chamber temperature of 538°C (1000°F), lower the chamber
temperature to 482 ± 5°C (900 ± 8°F). If the CF determined at this
lower temperature is less than or equal to 1.0%, use that CF for
subsequent testing on that particular mix.

B. However, according to MoDOT Standard Specification Section
403.19.3.1.1, if the CF determined at 482 ± 5°C (900 ± 8°F) exceeds
1.0%, lower the chamber temperature to 427 ± 5°C (800 ± 8°F). Use
the CF obtained at 427°C even if it exceeds 1.0%.
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ASPHALT CONTENT IGNITION METHOD 
(AASHTO T 308-18) 

METHOD A 

Asphalt Binder Correction Factor (CF) Determination 
Sample_____________________Lab No.________Date______Initials______ 

Replicate 1 2 3 4 

Test Temperature 

Tare (basket, etc.) Mass (g) 

Total Dry Mass (g) 

Initial Dry Specimen Mass (g) 

Loss in Weight (g) 

%AC, measured = M 

%AC, actual = A 

%ACdiff (M1 – M2) > 0.15%? If so, 2 more replicates

CF = M – A 

CF, average 
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ASPHALT CONTENT IGNITION METHOD 
(AASHTO T 308-18) 

METHOD A 

Specimen size: Use the following table. It is recommended that the field 
verification specimen size be the same as the correction factor specimen size. 

NMS (mm) Sieve Size Minimum Specimen Size* 
(g) 

4.75 #4 1200 

9.5 3/8” 1200 

12.5 1/2” 1500 

19.0 3/4" 2000 

25.0 1” 3000 

37.5 1 ½” 4000 
*Specimen sizes shall not be more than 500g greater than the minimum.

POSSIBLE SETTING CHANGES 

1. To change the Stability Threshold:

A. With oven off, press the “Calibration Factor” key while
simultaneously pressing the Power Switch “on.”

B. Enter new Stability Threshold value. Observe the Percent Loss
window for the new value. Maximum allowable = 0.02.

C. Press the Power Switch “off” then “on” to return oven to normal
operation.

2. To change filter (afterburner) temperature (750°C typically):

A. Press #5 key while simultaneously pressing the Power Switch “on.”

B. Enter new temperature.

C. Press “Enter.”

D. New setpoint will be displayed.
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MAINTENANCE 
1. To check to see if the venting system is clogged, use the “Lift Test”

procedure while the oven is at room temperature. With the power on,
initiate a test (push “Start” button) without anything in the oven chamber.
The blower fan will turn on. Watch the balance display. The display should
read between -4 and -6 grams if the venting is adequate.

2. Burn accumulated soot out of the chamber by running the testing
procedure at an elevated temperature without a sample.

TEST PROCEDURE 
1. To change setpoint (furnace) temperature (538°C is typical):

A. Press “Temp”

B. Enter new setpoint

C. Press “Enter”

D. Press “Temp” again to verify new setpoint

2. To change the Asphalt Binder Correction Factor (CF):

A. Press “Calib. Factor”

B. Enter new CF

C. Press “Enter”

D. Press “Calib. Factor” again to verify

3. Preheat the oven to the setpoint, typically 538°C.

4. If the moisture content will not be determined, oven-dry the specimen at
110 ± 5°C to a constant mass.

5. Weigh the empty basket, etc. on an external scale to the nearest gram.

6. Place half the sample in the bottom basket and the other half in the top.
Keep the specimen at least ¾” away from the basket sides. For larger
samples, some operators make a hole in the middle of the mix.

7. Cool the loaded assembly to room temperature.

8. Weigh the loaded assembly. Calculate the mass of the specimen.
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9. Press the “Weight” key and enter the specimen mass. Press “Enter.”

10. Press the “Weight” key again to verify specimen mass entry.

11. Press the “0” (zero) key to tare the internal balance.

12. Don your clean gloves, safety face shield, and safety attire.

13. Carefully load the specimen into the oven by inserting the basket until the
handle tines touch the back of the oven. Make sure the basket is centered
and is not touching the walls. Shut the door.

14. Observe the internal scale reading. The displayed value should check with
the external scale value of basket assembly + dry specimen within ± 5
grams.

15. Press the “Start/Stop” key to initiate the ignition procedure.

16. When weight loss stabilizes (the change in %AC readings will not exceed
0.01% for three consecutive minutes), the oven will automatically end the
test and print out the results. Depending on the oven setup, an alarm may
sound and one may have to press the “Start/Stop” key to unlock the door.

17. Remove the printed results before opening the door as the tape is heat-
sensitive.

18. Again don the safety gear, open the door, and remove the basket and
mount it on the cooling plate. Cover with the cooling cage and allow to
cool to room temperature.

19. Determine and record the final mass of the specimen, Mf.

20. From the total % loss, the oven will automatically subtract the CF and the
Temperature Compensation to give the %AC (by weight of mix). The %AC
by weight of aggregate is the “Bitumen Ratio.”

21. Check for unburned asphalt (coke). If present, start with a new specimen.

NOTE: Read the manufacturer’s manual for additional information on
safety and more detailed instructions on maintenance and operation.
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ASPHALT CONTENT IGNITION METHOD 
(AASHTO T 308-18) 

METHOD A 
Manual Weighing Method 

Project No. Job No. Route County 

Technician Date Sublot No. Mix No. 

Empty Basket Assembly Weight (g), [Te] 

Initial Basket Assembly + Wet (or dry) Sample Weight (g), [Ti] 

Initial Wet (or dry) Sample Weight (g), [Wi =  Ti - Te] 

Final Basket Assembly + Burned Sample Weight (g), [Tf] 

Loss in Weight (g), [L= Ti - Tf] 

% Loss, [PL= (L / Wi) x100] 

Aggregate Correction (Calibration) Factor (%), [Cf] 

Calibrated %AC, [Pbcal = PL – Cf] 

% Moisture Content, [MC] 

% AC, corrected (by weight of mix), [Pb = Pbcal – MC] 

Ignition Ovens Forms.doc (11-24-06;12-28-06;12-12-08;3-9-10;12-14-10;4-14-11; 12-18-13; 4-22-15;12-9-15; 12-28-16; 
12-26-18)
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Theoretical Maximum Specific Gravity (Gmm) and Density of 
Asphalt Mixtures: AASHTO T 209-20 

This test method shall be used to determine the maximum specific gravity (Gmm) of 
uncompacted asphalt mixtures. However, an option exists to obtain samples from 
pavement cores (AASHTO R 67) but that procedure is not presented, here. 

APPARATUS    MINIMUM SAMPLE SIZE (MoDOT) 
NOM. MAX SIZE (in.) SAMPLE (g) 

Balance 1     2500 
Container (pycnometer) ¾     2000 
Thermometers ½     2000 
Vacuum Pump/System 3/8     2000 
Water Bath  #4     2000 

PROCEDURE 

Sample Preparation and Agitation 

1. Dry the paving mix to a constant weight (mass repeats within 0.1%) at a
temperature of 105 ± 5°C. This drying step shall be combined with any
warming of the sample necessary to prepare it for separation.

NOTE: The drying of the mix to constant weight prior to separation may be waived 
provided AASHTO T 329 shows the moisture content to be less than 0.1%. If the 
drying step is waived due to T 329 results, this fact must be documented and 
included in the T 209 results.  

2. Separate the particles of the paving mix by hand. A small trowel can be used,
but care must be taken not to fracture the mineral aggregate. Continually
work the mix while, ultimately, cooling to room temperature. The particles of
the fine aggregate portion should not be larger than ¼” at the completion of
the separation step. Periodically, shake the pan back and forth to bring the
larger clumps to the top.

3. Determine and record the weight of the empty pycnometer (without the lid).
4. When the specimen is at room temperature, place and level the sample in the

pycnometer.
5. Determine and record the combined weight of the specimen and pycnometer.
6. Subtract the weight of the pycnometer from the combined weight of the

specimen and pycnometer.
7. Record the net dry sample weight (A).
8. Add sufficient water at a temperature of approximately 25°C (77°F) to cover

the sample completely (≈1 inch).
9. Wet O ring of vacuum lid and secure lid on pycnometer (use vacuum grease if

necessary to obtain a good seal).
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10. Gradually increase the vacuum and hold 27.5 ± 2.5 mm Hg (3.7 ± 0.3 kPa)
absolute vacuum for 15 ± 2 minutes.

11. Agitate the pycnometer and contents using mechanical or manual agitation
during the vacuum period. Mechanical agitation is accomplished using a
shaker device while manual agitation entails vigorously shaking the
pycnometer at intervals of about 2 minutes.

Mass Determination: Weigh in Air Method: 

1. At the end of the 15 ± 2 minute vacuum period, slowly release the vacuum at
a rate not to exceed 60 mm Hg (8 kPa) per second (2.36 in. Hg/sec; gage).

2. Immediately start a 10 ± 1 minute time period. The requirement is to obtain
the final weight of the pycnometer, completely filled, within this second time
period. It is suggested that the timer be set for 9 minutes. Since the
pycnometer is to be placed back in the water bath to bring it and its contents
back to 25 ± 1°C, this will allow 2 minutes after the timer goes off to obtain the
final weight.

3. Slowly submerge the pycnometer in the 25 ± 1°C water bath, being careful
not to expose the sample to the air.

4. Place the capillary lid on the pycnometer ensuring the removal of all air
bubbles inside the pycnometer while retaining as many fines as possible.

5. When the timer goes off, carefully remove the pycnometer from the bath. Dry
off the exterior of the pycnometer. Add water to the lid weephole to ensure
that the pycnometer is full. Dry off the exterior of the pycnometer again.

6. Zero the balance, then obtain and record the combined weight of pycnometer
and contents (E).

7. Completely empty the pycnometer and re-submerge the empty pycnometer in
the 25 ± 1°C water bath.

8. Again, check for air bubbles clinging to the inside of the pycnometer and the
bottom of the capillary lid prior to placement on the pycnometer.

9. Leave it in the water bath for 10 ± 1 minutes of immersion.
10. Remove the pycnometer and dry off the exterior. Add water to the weephole

with an eyedropper until seepage occurs around the lid. Dry off the exterior
again and obtain the total weight of the pycnometer filled with water (D).

Mass Determination: Weigh in Water Method: 

A weigh-in-water station should be available that includes a water bath suitable for 
immersion of the suspended container with its deaerated sample, an overflow outlet 
for maintaining a default water level, a method for controlling or monitoring water 
temperature, a balance with a weigh-below capability, and some type of suspended 
platform on which the pycnometer/flask can be supported while submerged in the 
water bath. The platform and rod/wires that connect the platform to the balance 
should displace a minimum amount of water. 
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1. Prepare and vacuum sample as described earlier. After 15 ± 2 minutes of
agitation and vacuum at the specified level, slowly release the vacuum at a
rate not to exceed 60 mm Hg (8 kPa) per second (2.36 in. Hg/sec; gage) then
disassemble apparatus.

2. The temperature of the water bath should be adjusted to and maintained at
25 ± 1°C, the water level shall be at its default level (full, but not overflowing),
then the weigh-in-water system balance shall be zeroed out (tared).

3. Suspend the pycnometer (without the lid) and deaerated sample in the water
bath and determine the combined weight (C) after 10 ± 1 minutes of
immersion.

4. After recording the combined weight (C), immediately remove the pycnometer
from the water bath, completely remove the sample from the pycnometer, and
then, without delay, obtain the mass of the empty pycnometer (B) after 10 ± 1
minutes of immersion.

Note: It is important that every weight determination begins by returning the water 
level to its default position; i.e. the water has just stopped dripping from the overflow. 

CALCULATIONS 

Weigh in Air Method: Calculation of maximum specific gravity is performed in 
accordance with AASHTO T 209-20, Section 12.1.3. 

Gmm= A
A+D-E

Where: 
Gmm = maximum theoretical specific gravity (reported to three decimal places) 
A = mass of oven-dry sample in air, (gm) 
D = mass of pycnometer filled with water, (gm) 
E = mass of pycnometer filled with water + sample, (gm) 

Weigh in Water Method: Calculation of maximum specific gravity for this method is 
performed in accordance with AASHTO T 209-20, Section 12.1.2.  

Gmm= A
A+B-C

Where: 
Gmm = maximum theoretical specific gravity (reported to three decimal places) 
A = mass of oven-dry sample in air, (gm) 
C = mass of sample + pycnometer in water, (gm)  
B =  mass of pycnometer in water, (gm)  

NOTE: Section 12.2 describes how to calculate a weighted average Gmm for large 
samples tested a portion at a time, if necessary.
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MAXIMUM SPECIFIC GRAVITY: Gmm 
AASHTO T 209 

PROJECT________________ROUTE______________MIX NO._____________ 

________________________________________________________________ 

LOT NO_____________SUBLOT_____________TECHNICIAN_____________ 

PRE-TEST REQUIREMENT: MIX MOISTURE CONTENT < 0.1% 

1) Results from T 329: Moisture Content (%) = ____________________

OR 

2) Mass repeats within 0.1% [percent loss < 0.1% (based on 2nd wt. per interval)]:

PMC = Pan weight (g): ___________ 

T0 = Initial sample + pan weight (g): ___________ 

W0 = T0 – PMC = Initial sample weight (g): ___________ 

1st Drying Interval (DI) 

T1 = 1st DI sample + pan weight (g): ___________ 

W1 = T1 – PMC = 1st DI sample weight (g): ___________ 

L1 = W0 – W1 = 1st Loss in weight (g):  ___________ 

(L1 / W1) × 100 = 1st Percent loss (%):  ___________ 

2nd Drying Interval (DI) 

T2 = 2nd DI sample + pan weight (g): ___________ 

W2 = T2 – PMC = 2nd DI sample weight (g): ___________ 

L2 = W1 – W2 = 2nd Loss in weight (g):  ___________ 

(L2 / W2) × 100 = 2nd Percent loss (%):  ___________ 

3rd Drying Interval (DI) 

T3 = 3rd DI sample + pan weight (g): ___________ 

W3 = T3 – PMC = 3rd DI sample weight (g): ___________ 

L3 = W2 – W3 = 3rd Loss in weight (g):  ___________ 

(L3 / W3) × 100 = 3rd Percent loss (%):  ___________ 

4th Drying Interval (DI) 

T4 = 4th DI sample + pan weight (g): ___________ 

W4 = T4 – PMC = 4th DI sample weight (g): ___________ 

L4 = W3 – W4 = 4th Loss in weight (g):  ___________ 

(L4 / W4) × 100 = 4th Percent loss (%):  ___________ 
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“DRY-BACK” PROCEDURE: REQUIRED WHEN ANY COARSE AGGREGATE 

FRACTION HAS AN ABSORPTION GREATER THAN 2.0%. 

Procedure complete when percent loss < 0.05% based on 2nd wt. per interval 

[mass repeats within 0.05%] 

PDB = Pan weight (g): ___________ 

T0 = Initial sample + pan weight (g): ___________ 

W0 = T0 – PDB = Initial sample weight (g): ___________ 

1st Drying Interval (DI) 

T1 = 1st DI sample + pan weight (g): ___________ 

W1 = T1 – PDB = 1st DI sample weight (g): ___________ 

L1 = W0 – W1 = 1st Loss in weight (g):  ___________ 

(L1 / W1) × 100 = 1st Percent loss (%):  ___________ 

2nd Drying Interval (DI) 

T2 = 2nd DI sample + pan weight (g): ___________ 

W2 = T2 – PDB = 2nd DI sample weight (g): ___________ 

L2 = W1 – W2 = 2nd Loss in weight (g):  ___________ 

(L2 / W2) × 100 = 2nd Percent loss (%):  ___________ 

3rd Drying Interval (DI) 

T3 = 3rd DI sample + pan weight (g): ___________ 

W3 = T3 – PDB = 3rd DI sample weight (g): ___________ 

L3 = W2 – W3 = 3rd Loss in weight (g):  ___________ 

(L3 / W3) × 100 = 3rd Percent loss (%):  ___________ 

4th Drying Interval (DI) 

T4 = 4th DI sample + pan weight (g): ___________ 

W4 = T4 – PDB = 4th DI sample weight (g): ___________ 

L4 = W3 – W4 = 4th Loss in weight (g):  ___________ 

(L4 / W4) × 100 = 4th Percent loss (%):  ___________ 

5th Drying Interval (DI) 

T5 = 5th DI sample + pan weight (g): ___________ 

W5 = T5 – PDB = 5th DI sample weight (g): ___________ 

L5 = W4 – W5 = 5th Loss in weight (g):  ___________ 

(L5 / W5) × 100 = 5th Percent loss (%):  ___________ 
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SPECIFIC GRAVITY DETERMINATION: NO “DRY-BACK” PROCEDURE 

S = Weight of oven-dry sample & empty flask (g): ________________ 

P = Weight of empty flask (g): ________________ 

A = S – P = Weight of oven-dry sample (g):  ________________ 

Weigh-in-air Method 

D = Weight of flask filled with water (g):  ________________ 

X = A + D (g): ________________ 

E = Weight of flask filled with water & sample (g): ________________ 

Y = X – E (g): ________________ 

Gmm = A / Y  ________________ 

Weigh-in-water Method 

C = Weight of flask & sample under water (g): ________________ 

B = Weight of flask under water (g): ________________ 

Q = C – B (g): ________________ 

Z = A – Q (g): ________________ 

Gmm = A / Z  ________________ 

________________________________________________________________ 

SPECIFIC GRAVITY DETERMINATION: WITH “DRY-BACK” PROCEDURE 

A = Weight of oven-dry sample (g):  ________________ 

A2 = Weight of surface-dry sample (g): ________________ 

Weigh-in-air Method 

D = Weight of flask filled with water (g):  ________________ 

X = A2 + D (g): ________________ 

E = Weight of flask filled with water & sample (g): ________________ 

Y = X – E (g): ________________ 

Gmm = A / Y  ________________ 

Weigh-in-water Method 

C = Weight of flask & sample under water (g): ________________ 

B = Weight of flask under water (g): ________________ 

Q = C – B (g): ________________ 

Z = A2 – Q (g): ________________ 

Gmm = A / Z  ________________ 
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