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Bituminous Technician  BT Updates   

Bituminous Technician 

2024 Updates 
• No updates for 2024 

2023 Updates 
• AASHTO T166:  

o Water Bath:  The thermometer for measuring the temperature of 
the water bath shall meet the requirements of M339M/M339 with a 
temperature range of at least 20 to 45°C (68 to 113°F) and an 
accuracy of ±0.25°C (±0.45°F) (see note 2), 
  NOTE 2:  Thermometer types to use include: 

• ASTM E1 Mercury Thermometer 
• ASTM E879 thermistor thermometer 
• ASTM E1137/E1137M Pt-100 RTD platinum resistance 

thermometer, Class A 
• IEC 60751:  2008 Pt-100 RTD platinum resistance 

thermometer, Class AA 
o Room Temperature:  Meeting the requirements of M339M/M339 

with a temperature range of at least 15 to 45°C (59 to 113°F) and an 
accuracy of ± 0.5°C (± 0.9 °F) (see note 3), 
 NOTE 3:  Thermometer types to use include: 

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

Special Class 
• IEC 60584: thermocouple thermometer, Type T, Class 1 

o Oven:  The thermometer for measuring the oven temperature shall 
meet the requirements of M339M/M339 with a range of at least 40 to 
60°C (104 to 140°F) and an accuracy of ± 0.75°C (± 1.35°F) (see 
note 4), 
 NOTE 4:  Thermometer types to use include: 

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

Special Class 
• IEC 60584: thermocouple thermometer, Type T, Class 1 

o Method C (Rapid Test) Oven:  The thermometer for measuring 
the oven temperature shall meet the requirements of M339M/M339 
with a range of at least 90 to 130°C (194 to 266°F) and an accuracy 
of ± 1.25°C (± 2.25°F) (see note 9), 
 NOTE 9:  Thermometer types to use include: 

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

,any Class 
• ASM E879 thermistor thermometer 

 
• AASHTO T329:  

o Asphalt Mixtures:  The thermometer for measuring the 
temperature of asphalt mixtures shall meet the requirements of 
M339M/M339 with a temperature range of at least 50 to 200°C (122 
to 392°F) and an accuracy of ±2°C (±3.6°F) (see note 1), 
  NOTE 1:  Thermometer types to use include: 

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

,Standard Class 
• IEC 60584 thermocouple thermometer, Type T, Class 2 
• Dial gauge metal stem (Bi-metal) thermometer 

 
• AASHTO TM 54:  

o The thermometer shall meet the requirements of M339M/M339 with 
a range of at least 10 to 260°C (50 to 500°F) and an accuracy of ± 
0.5°C (± 9°F) (see note 1), 
 NOTE 1:  Thermometer types to use include: 

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

• IEC 60584: thermocouple thermometer, Type T, Class 1 

2022 – Updates 
• AASHTO T166 – updated temperature (77 ± 1.8 °F)  to (77 ± 2 °F) 

2021 – Updates 
• No updates for 2021 

2020 – Updates 
• NOTIFICATION:  To all material testers who work on Missouri Highways, this includes 

Consultants, Contractors, City, County, and MoDOT workers; you will be audited by 
MoDOT IAS Inspectors and sometimes FHWA personnel.  
 

• The term Bituminous Mixtures has been replaced with Asphalt Mixtures 
 

• The term HMA = “Hot Mix Asphalt”  has been replaced with Asphalt Mixtures 
 

• The term Bituminous has been replaced with Asphalt in all methods 
 

• The name “Bituminous Technician”  for this certification will remain  
 

• AASHTO T 168 is now AASHTO R 97 Sampling Asphalt Mixtures 
 

• AASHTO R 97 Sampling Asphalt Mixtures, is different than the old method T 168  
 

• Most slide shows have been updated in this manual to clarify methods 
 

• EPG has been updated to the changes 
 

• Proficiencies have been updated to the changes 
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Required Audits
All testers on Federal-Aid Projects (MoDOT or Off-
System) are required by the FHWA to be audited at 
least once per year.

Reasons:

• To ensure proper test procedures are being utilized.

• To ensure testing equipment is calibrated and
operating properly.

• Types of Audits;  procedure or comparison.

• Be Proactive; schedule your audit as early as 
possible with MoDOT Materials in district offices, do 
NOT wait until the end of the year.

• Provide Proof; when audited, present a MoDOT 
Certification Card, or a MoDOT Letter.

MoDOT TM 20

Measurement of Air, Surface, or Asphalt 
Mixture Temperature

05/13/2021

2

WHY IS TEMPERATURE IMPORTANT?

• The temperature is required of many
AASHTO specifications in testing of asphalt
materials as well as concrete.

• Temperature is used to provide quality
assurance and to prevent early pavement
deterioration.

3

1

2

3
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EQUIPMENT CALIBRATION

• Calibrate thermometers annually.

• Calibration of a thermometer will establish 
a correction factor to adjust the 
thermometer reading to the true 
temperature.

• Information on how MoDOT owned 
thermometers are verified may be obtained 
from the District Materials Staff.

• Thermometers can be sent to the 
manufacturer on a yearly basis to be 
verified/calibrated.  

4

5

A Record of calibration/verification that is 
traceable to

National Institute of Standards and Technology 

(NIST) Traceable Standards
is needed for thermometers. 

Keep a copy of this record in the Laboratory’s 
Quality Control Manual.

Infrared Thermometer
Surface, Asphalt Mixture

Range: 20o F to 400o F 

Increment: 2o F

6

4

5

6
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Mercury Thermometer

Air and Surface 

Range:  20o F to 130o F 
Increment:  2o F

7

Note: Mercury Thermometers are rarely
used due to the potential of mercury 
contamination, if broken.  Today technicians 
are using digital type thermometers with a 
metal probe.

8

Digital Thermometers

Air, Surface, Asphalt Mixture
Range:  0°F to 400°F, 

Increment:  1°F

NIST Traceable 

Max-Min Thermometer
Air, Surface

Range: 20o F to 130o F 

Increment:  2o F

9

7

8

9
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Spot Check Disc Thermometer  

Surface 

Range: 32o F to 250o F

Increment:  2o F 

10

BI-Therm Dial Thermometer
Asphalt Mixture

Range:  50o F to 400o F

Increment:  5o F

11

Armored Thermometer
Asphalt Mixture

Range: 50o F to 400o F 

Increment: 5o F

12

10

11

12



MoDOT - TCP    TM20 CF or BT 5

Wooden Box

Surface 

See EPG Test Method TM 20 for dimensions.

(included in EPG at the end of this section)

13

PRECAUTIONS

• Do not use BI-Therm Dial thermometer 
(poker) for surface or air temperature.

• Infrared thermometers are for surface or 
asphalt mixture temperature only.

• Do not check surface temperature of 
asphalt immediately after roller has 
passed.

• Always check surface temperatures on a 
stationary target. 14

PROCEDURE

Air Temperature 

• Thermometers: Mercury, Digital, Max-Min

• Location:

• Shaded area

(Not exposed to direct sunlight).

• Safe area 

• Position: 4.5 ft. above the surface

• Report to nearest 2°F
15

13

14

15
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Surface Temperature 

• Infrared Thermometer 

• Follow the manufacturer’s recommendations

• Spot Check Disc Thermometer

• Place on surface

• Read when needle stops moving

16
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• Report to nearest 2°F

Surface Temperature (continued)

•Max-Min or Mercury Thermometer

• Place thermometer on surface

• Place wooden box over top (open side 
down covering thermometer)

• Leave thermometer under box for a 
minimum of 5 minutes

• Lift the box enough to read the 
temperature.

17
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Report to nearest 2°F

•Asphalt Mixture Temperature 
•Digital, Armored or BI-Therm Dial 
Thermometer 

• Place stem in loose asphalt mixture.

• Do not disturb until reading has stabilized.

• Read temperature.

18
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• Report to nearest 5°F

16

17

18
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•Asphalt Mixture Temperature 
(continued)

• Infrared Thermometer

• Follow manufacturers instructions.

• Direct reading of asphalt loose mix 
located in truck, a receiving hopper, or 
material at the end of paver augers.

• Read temperature.

19
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Report to nearest 5°F

DOCUMENTATION

• Read and record the air, surface or asphalt 
mixture temperature to the accuracy listed 
below in a bound field book.

• Air, nearest  2o F

• Surface, nearest  2o F

• Asphalt Mixture, nearest 5o F

20

19

20
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AASHTO R 66
Sampling Asphalt Materials

1

Rev 09/26/2023

SCOPE

• This standard applies to sampling asphalt 
materials at production facilities,  storage 
facilities, or the point of delivery.  Samples 
may be taken from tanks, stockpiles, 
vehicles, or containers used for the storage 
or shipping of asphalt materials.

2

SIGNIFICANCE AND USE

• Sampling is a critical step in determining 
the quality of the material being sampled.  
Care shall be exercised to ensure that the 
sample is representative of the material in 
the line or vessel being sampled.

3
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DEFINITIONS

• Asphalt Materials:  A solid, liquid, or 
semisolid mixture of heavy hydrocarbons 
and nonmetallic derivatives; obtained from 
naturally occurring bituminous deposits or 
from residues of petroleum refining.

• Bituminous Materials: Materials 
containing bitumen, bitumen is a sticky 
black liquid or semi-solid form of petroleum.  

• Note: More definitions are located in the back of 
this manual.

4

SAFTEY FIRST !

•When sampling HOT asphalt material, 
always wear the proper safety attire and 
follow required safety procedures.

• Always use extreme caution when sampling 
HOT asphalt material around pipes and 
valves.

• A supply of clean cool water should be 
readily available in case of exposure to HOT
asphalt materials. If not carry have several 
ice packs with you in a cooler and have it near 
you as you sample. 

5

• If HOT Asphalt Material lands on your clothing, 
remove the article of clothing, unless it 
adheres to your skin. In that instance, 
submerse in cool water.  (A bucket or cooler 
with Ice Water is best)

• If it lands on your skin, DO NOT touch it, rub 
it, or try to remove solidified asphalt binder.  
Instead, immediately submerse the affected 
area in cool water or cover with ice packs until 
you can get help.

• DO NOT try to remove the material from your 
skin with solvents. (BAD IDEA!)

• SEEK IMMEDIATE MEDICAL ATTENTION!
6
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EQUIPMENT

• Safety equipment

• Hardhat

• Insulated gloves

• Eye protection

• Long sleeve shirt

• Bucket of water or source of cool water, Ice packs

• Different types of sample containers

• Appropriate dipper or sampling device

• Labeling materials, such as markers, tags, clean 
dry cloth

• Thermal cooler; if needed
7

8

Sample Containers:

• Must be new

• Lid and container shall 
fit tightly together.

• Clean and dry

• Shall correspond to the 
required amount of 
sample

• Containers for liquid 
asphalt materials, except 
emulsified asphalt, shall 
be double-seal friction top 
cans, cans with screw 
caps or small-mouth cans 
with screw caps.

• Containers for emulsified 
asphalt samples (tack 
coats) shall be in plastic 
wide-mouth jars or 
bottles with screw caps.

9
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•Optional: Clips can provide additional 

security in protecting friction type cans 
from leakage and contamination. 

10
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SAMPLING ASPHALT MATERIALS 

Liquid Materials

Sampled from: Pipes, Tanks, Drums, Barrels

Types of Liquid Asphaltic Materials:

PG Binders, Emulsions, Cut-Backs

Semisolid Materials

Sampled from: Drums, Barrels, Cartons, Bags

Types of Semisolid Materials:  

Crack Sealers,  Asphalt Patch Material 11

Liquid Materials

Liquid asphaltic materials can be 
sampled from a Sample Valve attached 
to a  tank or a line.  (Preferred method )

OR

by the Dip Method from above down into 
a tank or barrel.

12
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Sampling Valve;
Use a Sample Valve on a storage tank

13
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Gloves?

Or use a Sample Valve on a line located 
down stream of blending or other 
processing at the plant.

14
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Continue with the following 
steps or observe the 
following steps:

3. Discard at least 
one gallon of the 
material.

4. Have a new, 
clean, dry 
container ready.

5. Fill the container 
to within ½”
from the top.

16
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6. Immediately put the 

lid on the container.

7. Use a clean-dry cloth 
to wipe the can clean 
while it is still very 
warm.

8. Write the ID, Supplier, 
Grade and the Date 
sampled on the can  
“Not the lid”.
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9. Place the can into a 
heavy-duty sealable 
plastic bag and place 
it into the proper 
shipping container.

10. ID the shipping 
container and ship or 
deliver to the MoDOT 
Central Lab ASAP.

18
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19

Ship or deliver to the MoDOT Central Lab
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Things to know:

• The use of filters or screens in sampling

devices or nozzles are not allowed.

• Avoid transferring the sample from one 
container to another, except where required 
by the sampling method.

• Do not submerge the container in solvent or 
wipe it down with a solvent-saturated cloth.

• Avoid breathing any fumes, mists and or 
vapors.

• Do not smoke near asphalt materials.
20
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• Liquid asphalt materials, including the 
materials liquefied by heating may be 
taken by the Dip Method using a clean 
wide-mouth plastic jar or friction-top can in 
a suitable holder.

• A clean container must be used to take 
each sample, and the materials sampled 
shall then be transferred to another new 
and clean container for retaining or testing 
the sample. 21

Sampling Liquids By The Dip Method

19

20

21
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• Select barrels or drums at random, 
thoroughly mix the material in the drum or 
barrel, use the Dip Method to take a quart 
of material from each barrel or drum 
selected.  

• Combine the quart

samples, thoroughly 

mix and take a gallon

from the combined 

material.

22

Sampling Liquids From Drums/Barrels 

Sampling Semisolid Materials

23

24

Table 1 – Sample Size Selection

Containers in 
Shipment 

Containers to 
Select

2 to 8 2

9 to 27 3

28 to 64 4

65 to 125 5

126 to 216 6

217 to 343 7

344 to 512 8

513 to 729 9

730 to 1000 10
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•When the lot of material is from a single 
run or batch, all samples from the lot shall 
be melted and thoroughly mixed, and an 
average of one-gallon sample taken from 
the combined material.  

• If more than a single run or batch is 
included and the batches can be clearly 
differentiated, a composite  one-gallon 
sample shall be prepared from each batch.

•Where it is not possible to differentiate 
between the various batches, each sample 
shall be tested separately.

26

S
a
m

p
lin

g
 –

S
e
m

iso
lid

 M
a
te

ria
ls

S
a
m

p
lin

g
 –

S
e
m

iso
lid

 M
a
te

ria
ls

• Sampling of asphalt materials shall be 
completed as soon as practical after the 
asphalt material has arrived at the site or 
at the time of unloading.

•Deliver the samples to the MoDOT 
laboratory as soon as practicable.

27

SAMPLING AT THE POINT OF 
SHIPMENT DELIVERY

25

26
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EXAMPLES
of 

Liquid Asphalt Materials

1. PG Binder

2. Emulsions

3. Cut-Back

28

• PG Binder:  Acts as a binding agent to glue 
aggregate particles into a cohesive mass called 
Asphalt Mixture to create pavement. Binders 
are liquid when hot, when cooled it becomes 
sticky and hardens into a solid.

• Sample PG Binders
while HOT!

PG stands for: 
Performance Grade

29
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1.  PG BINDERS

• PG Binder - Grades

PG 64-22

PG 64-22H

PG 58-28

PG 70-22

PG 64-22VH, etc.  

Note:  PG = Performance Grade

H = Heavy Traffic

VH = Very Heavy Traffic

30

S
a
m

p
lin

g
 –

P
G

 B
in

d
e
rs

S
a
m

p
lin

g
 –

P
G

 B
in

d
e
rs

PG Binders
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31

• Use sample containers with double-seal 
friction type lids.

Gallon Can: For Trial Mixes.

Quart Can: For Tank Samples 

Pint Can: For Daily Plant Samples.

Double-seal friction lid
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PG Binders

• Liquid asphalt materials will be sampled at 
the source by Materials Inspectors.

• Truck shipments of liquid asphalt materials 
may be accepted by a copy of the shipping 
ticket.

• Plant inspectors must ensure that properly 
certified asphalt is on hand prior to use and 
obtain daily plant samples during 
production.

32

S
a
m

p
lin

g
-

P
G

 B
in

d
e
rs

S
a
m

p
lin

g
-

P
G

 B
in

d
e
rs

PG Binders

• Emulsified Asphalt - A mixture of 
asphalt cement, water and emulsifying 
agent (free flowing liquid at room 
temperature  34 - 86°F ). 

33
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2.  EMULSIONS
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34Need one gallon, 
plastic container 
with screw top.
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Emulsions

• Emulsified Asphalt 
Grades:  RS-2, RS-1, 
CPEM-1, SS-1, HFMS-2H, 
EA-90, EA-150, CSS-
1HM, scrub seal,      
CMS-2M, etc.  

(Tack Coat Materials)

MS = Medium Set

RS = Rapid Set

The numbers describe the 
viscosity of the emulsion.

• Emulsified Asphalt Samples:

• Protect from freezing.

• Do not sample under pressure.

• Limit air in the container by: 

• Filling a container with emulsified asphalt until 
a small amount of space remains, squeeze the 
container to cause the content to fill to the 
top then place the cap and tighten it. 

• Use a plastic gallon container with screw           
tight lid.

35
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Emulsions

• Cutback Asphalt is manufactured by 
blending asphalt cement with a petroleum 
solvent like kerosene.  Cutback Asphalt is 
liquid at room temperature 34 - 86°F.

36
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3.  CUTBACK ASPHALT
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37

Cut-Back Grades
RC-70, MC-800, RC-800, MC-3000, SC-250, 
etc. 

RC = Rapid Cure
MC = Medium Cure
SC = Slow Cure

Need 
one quart (1L)
screw top can,

place in a sealed
bag in an 

approved box.
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Cutback Asphalt

MoDOT Sampling Notes

• For truck, refinery, or terminal 

sampling requirements, see EPG section 
1015.

• For daily plant samples of asphalt binder, 
see EPG  Section 460.

• Sampling procedures are further defined in 
the EPG section 106.

• EPG Section 400.
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AASHTO R 97

SAMPLING ASPHALT 

MIXTURES

1

Rev 09/27/2023

SCOPE

• This practice covers sampling of asphalt 
paving mixtures at points of manufacture, 
storage, delivery, or in place.

• QA – Quality Assurance = MODOT

• QC – Quality Control = Contractors 

• Definitions located in the Glossary.

2

MoDOT

• Sampling asphalt mixtures for MoDOT 
typically occurs behind the paver prior to 
compaction.

• On rare occasions, sample may need to be 
taken from asphalt mixture stockpiles or 
elevators.

3

1

2

3



MoDOT - TCP     R97 Bituminous 2

SIGNIFICANCE AND USE

• Sampling is equally as important as testing.

• Use care to obtain samples that are 
representative of the material.

• Avoid segregation and contamination of the 
material during sampling.

NOTE:  Use AASHTO R 67 when obtaining cores 
from compacted asphalt mixtures.

4

EQUIPMENT

• Square nose shovel, scoop, trowel

• Sample containers – buckets, pan, boxes

• Safety equipment – protective garments 

• Labeling material – markers, tags, etc.

• Square steel sample template

• Thick metal sampling plate (sheet)

• Quartering equipment

• Mechanical sampling systems

• Release agent 

• Insulated carrier
5

PROCEDURE BASICS

• Inspection - The material shall be 
inspected to determine discernible 
variations.

• Random Sampling – Select sample locations 
using a random sampling procedure.   
(ASTM D3665)

• Release Agents – If used, the user and 
producer of the asphalt paving mixtures 
must mutually agree upon the use of a 
MoDOT approved release agent.

6
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• Sample Size – Depends on the test 
methods to be performed.  Obtain enough 
material to perform all tests.

7
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SAMPLING PROCEDURES
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Roadway Samples

• Roadway samples are obtained to 
determine the properties of the material 
being placed on the roadway.

• Roadway samples are the only choice for 
pay factor volumetric tests.  

10

MoDOT

Roadway Sampling Procedure

• Sample should be taken in one increment, 
selected at a random location behind the 
paver by the inspector.

• If using a “Cookie Cutter” template, may 
need to use more than once to acquire 
enough material for the increment.

• The quantity should be roughly 100 lbs. for 
QC and 100 lbs. for QA.

NOTE: This varies from AASHTO R 97 which 
requires 3 locations be sampled.

11

• It is acceptable to place a metal sheet on 
the base or pavement to be paved to 
reduce chances for contamination by the 
underlying material.

• If the option of a metal plate is used under 
the template, place the metal plate at the 
prescribed location prior to paver passing 
over that location.

12
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When using a template, if 
you need more material to 
obtain 200 lbs. in the 
selected spot     , move 
the template up the road 
adjacent to the first cut-
out for more sample.
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Sampling with a metal sheet and a shovel

15
Sampling with a “Square” template

M
o
D

O
T
 R

o
a
d
w

a
y
 S

a
m

p
lin

g

13

14

15



MoDOT - TCP     R97 Bituminous 6

• Using a template or a 
square nose shovel, 
clearly mark out an area 
to be removed.

• Remove all mixture within 
the area.

• Do Not contaminate 
sample with underlying 
material.

• Place material into a 
clean container.

16
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CAUTION!
• Filling one box (or bucket) 

at a time may render 
different characteristics  
box to box (or bucket to 

bucket), better to place one 
shovelful per box at a time.

17New slide

2.  Stockpile Samples

• Stockpile samples are collected under 
special circumstances defined by MoDOT 
procedures.

• Examples: 

tensile strength 

ratio (TSR) 

testing or 

other testing

requiring a large

amount of mix.

18
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Sampling from Bituminous Stockpiles 
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3.  Truck & Plant Sampling
• Sampling from a truck is not recommended by 
MoDOT.

• However, truck sampling may be used for TSR 
samples.    TSR = Tensile Strength Ratio

20

4. Stream Samples

• Stream samples are collected under special 
circumstances defined by MoDOT procedures.

• Examples:  Tensile Strength Ratio testing and 
plant control testing requiring a large amount 
of mix.

21
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Stream Sampling Procedure

• Sample is to be taken in at least 3 equal 
increments.

• An increment is a pass of the sample 
catcher completely through the stream of 
the flow at an even speed.

• Pass the sample catcher through the full 
flow of the material. (Do Not overflow the 
catcher)

22
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• If the passes of the sample catcher yields 
the proper amount of material combine the 
material into a sample container for 
shipping.

• If it yields more material than necessary for 
the sample, then reduce the material to the 
proper size by AASHTO R 47.
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SAMPLE  IDENTIFICATION 
&  SHIPPING
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• Transport samples in containers constructed 
to prevent loss or contamination of any part 
of the sample, or damage to the contents 
from mishandling during shipment.
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COMMON SAMPLING ERRORS

• Segregating the material while sampling.

• Not taking sample in designated location.

• Contaminating sample with underlying 
material.

• Not getting the amount of field samples 
from the production to be sufficient to give 
a representative sample for testing.

• Over filling the sample catcher.

• Inconsistent speed of moving the sample 
catcher through the flow.
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AASHTO R 47

Reducing Samples 

of 

Asphalt Mixtures

to Testing Size
1

Rev 09/27/2023

SCOPE

• This standard practice outlines methods for 
reduction of large amounts of Asphalt 
Mixtures to test sample size while 
minimizing variations in measured 
characteristics.

• Examples of test samples: Gyratory, Gmm
or “Rice”, Moisture, %AC

2

SIGNIFICANCE AND USE

• This method provides procedures for 
reducing the large sample obtained in the 
field or produced in the laboratory to a 
convenient size for conducting a number of
tests to describe the material and measure 
its quality in such a manner that the smaller 
test sample portion is most likely to be a 
representation of the larger sample, and 
thus of the total supply.

3
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SAMPLING

• Obtain samples of asphalt mixtures 
according to AASHTO R97 or as required by 
individual test methods.

•When additional tests are to be conducted, 
ensure that the initial size of the field 
sample is adequate to accomplish all 
intended tests.

• Use similar procedures for asphalt mixtures 
produced in the laboratory.

4

• Heat-Resistant Gloves, Safety Glasses, Apron, 
Long Sleeves

• Scoop, Buckets, Cans, Hot-Plate, Spoon

• MoDOT approved Release Agent

• Mechanical Splitter A or B

• Quartering Template

• Flat-Bottom Scoop

• Large Spatulas, Trowels, Metal Straight Edge

• Nonstick Heavy Paper or Heat-Resistant Plastic

NOTE: See Appendix for more information.

EQUIPMENT

5

Release Agent

• Use Sparingly – avoid 
contamination of sample.

•Must be approved for use 
by MoDOT.

• Release agent used shall 
not contain any solvents 
or petroleum based
products that could affect 
asphalt binder properties. 6
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SELECTION OF METHOD

•Mechanical Splitter Method

• Type A  (Quartermaster)

• Type B  (Riffle Splitter)

•Quartering Method

• Quartering Template

• Incremental Method (Not Recommended)

• Incremental Loaf

• More information on the Incremental 
Method can be found in the Appendix

7

• The selection of a particular method to 
reduce the large field sample to test size, 
depends on the amount of material being 
reduced.

Option for Splitters:

• Splitter A or B and accessory may be 
heated up to 230°F (110°C).

8
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MECHANICAL SPLITTER METHOD

9

Type A - (Quartermaster)
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Mechanical Splitter Type A 
(Quartermaster)

• Designed so that the field sample (Asphalt 
Mixture) will flow smoothly and freely 
through the divider without restriction or 
loss of materials into four equal portions.

• Splitter has four equal width chutes.

• Four appropriate sized containers.

• Hopper with release handle.
10

Procedure for Type A

(Quartermaster)

1. Place the splitter on a level surface, 
check for cleanliness, lightly coat the 
surfaces with a release agent.

2. Position four sample receptacles to 
receive the quartered portions without 
loss of material.

11

3. Close and secure the hopper doors.

4. Fill the hopper with Asphalt Mixture in a 
continuous or segmented pour from 
multiple directions around the hopper.

5. Release the handle to drop the Asphalt 
Mixture through the dividers down into 
the receptacles.

6. Remove any material retained on the 
surface and place it into the appropriate 
receptacle. 12
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7. To further reduce the sample, 
reintroduce receptacles from opposite 
corners back into the hopper.   

8. Repeat the process as many times as 
necessary to further reduce the Asphalt 
Mixture sample to testing size.

NOTE:  Samples come from opposite 
quarters, in this case opposite buckets.
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TYPE A
Quartermaster

MECHANICAL SPLITTER METHOD

15

Type B - Riffle Splitter
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• Mechanical Splitter Type B

(Riffle Splitter)

• Shall have even number of equal width 
chutes, which discharge alternately to each 
side, with no less than a total of eight 
chutes.

• Openings 50% larger than largest particle 
to be split.

• Shall be equipped with two receptacles to 
catch the two halves of the sample 
following splitting.

16

• Hopper or straight-edged pan that has a 
width equal to or slightly less than the overall 
width of the assembly of chutes.

• Commonly used for Asphalt Mixture having 
a nominal maximum aggregate size not 
over 1 inch.
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Procedure for Type B

(Riffle Splitter)

1. Check for cleanliness.

2. Coat the surfaces with an approved 
release agent.

3. Place the receptacles under the splitter.

4. Place the sample uniformly into the 
hopper from edge to edge.                  
(Can use a straight edge pan)

18
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5. Introduce the sample at a rate to allow 
free flow through the chutes into the 
receptacles below.

6. Reintroduce the portion of the sample 
from one of the receptacles into the pan 
or hopper as many times as needed to 
reduce the sample to the test size.

• The portion of Asphalt Mixture collected in 
the other receptacle may be reserved for 
other tests.

NOTE: The entire sample may be mixed by repeated use of the splitter.

19
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QUARTERING METHOD

20

Quartering Template Method

• Quartering Template – A quartering 
template manufactured from a suitable 
metal that withstands heat and without 
deforming is recommended.

• The template should be configured in the 
form of a cross with sides of equal length 
sufficient to be 1.1 times the diameter of a 
flattened cone of the Asphalt Mixture 
sample to be quartered.

21
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• The height of the sides should be sufficient to 
extend above the thickness of the flattened 
cone of the Asphalt Mixture sample to be 
quartered.

• The sides shall form a 90-degree angle at their 
juncture.

22
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Procedure for Quartering Template:

1. Sample placed on a hard, non-stick, 
clean, level surface.

NOTE: Approved release agent, non-stick  
paper, or heat resistant plastic may be used to 
make surface non-stick.

2. Thoroughly mix

the sample by turning 

it over at least 4 times

using a flat bottom 

scoop.
23

• Sample can also be mixed by alternately lifting 
each corner of a non-stick paper or plastic and 
pulling toward the opposite corner.
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3. After the last turning, form a conical pile 
by depositing each scoop full on top of 
previous one or by lifting two opposite 
corners of the paper or plastic.

25
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4. Flatten the pile into a uniform thickness 
and diameter by pressing down on the 
apex.

• Diameter should be approximately 4 to 8 
times the thickness.

• A visual check is done to ensure that the 
material is homogenous.

26
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5. Divide the flattened mass into four 
quarters using quartering template or 
straight edge.

• Press the quartering template down until it 
has complete contact with the surface of the 
pan or non-stick paper.

27
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6. Select and remove two diagonally 
opposite quarters  as “quartered” 
material.  (including the fines)

7. Repeat steps 2 through 6 until the 
desired sample size is obtained.

28
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Common Errors

• Not keeping equipment adequately clean.

• Using unapproved release agent.

• Not thoroughly cleaning equipment when 
changing mixes (binder type or source).
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AASHTO T 329
Moisture Content of Asphalt 
Mixtures by Oven Method

Rev 05/14/2021

1

SCOPE

• This method is intended for the
determination of moisture content of
asphalt mixtures by drying in an oven.

•Moisture content is an indicator of potential
stripping, leading to poor asphalt coating of
the aggregate which produces early failure
of the bituminous mix.

2

TERMINOLOGY

• Asphalt Mixture: A mixture of asphalt
binder and graded mineral aggregate,
mixed at an elevated temperature and
compacted to form a relatively dense
pavement layer.

(≈ 5% binder and ≈ 95% aggregate)

• Constant Mass: The mass at which
further drying does not alter the mass by
more than 0.05%. 3
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SUMMARY

• A test specimen of asphalt mixture is dried 
in a forced-air, ventilated, or convection 
oven to constant mass.

4

• Balance or Scale – 2,000 gram capacity, 
readable to at least 0.1 g.

• Oven – Forced-Air, Ventilated, or Convection, 
capable of maintaining 325 ± 25°F               
(163 ± 14°C)

• Sample Container – A clean and dry container 
of sufficient size to allow sample to be evenly 
distributed in a manner that allows completion 
of test quickly.

• Insulated Gloves

• Thermometers – Readable to nearest 5°F 
(2°C), armored-glass, dial type, or digital 
thermometers with metal stems are 
recommended.

EQUIPMENT

5

SAMPLING

• A sample of asphalt mixture shall be 
obtained in accordance with AASHTO R 97.

• See EPG section 460.

• The sample shall be reduced in size in 
accordance with AASHTO R 47.  The size of 
the test sample shall be a minimum of   
1000 g.

6
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1. Determine and record the mass of the 
.sample container to the nearest 0.1 g.

7

PROCEDURE

2. Place the test sample in the sample 
.container, distributed evenly, and initial 
.temperature taken and recorded = Original 
.Temperature.

3. Determine and record the total mass of the 
.sample and container to the nearest 0.1 g. 

4. Calculate the mass of the moist sample by 
.subtracting the container mass from the 
.total mass. (Mi)

5. Dry the sample initially for 90 minutes.

6. After 90 minutes, determine the sample  
.mass, write it down.  (A)

7. Put the sample back in the oven and dry an 
.additional 30 minutes.

8. After 30 minutes, determine the sample 
.mass, write it down. (B)   8
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9. Calculate the PERCENT CHANGE as follows:

% Change =

A = Previous mass determination

B = Newest mass determination

REPORT = To the nearest 0.01%

Reminder: 

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.

9
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10. Determine if constant mass was reached.

• If the change in mass was NOT ≤ 0.05% = 
NOT constant mass, return the sample back to 
the oven for another 30-minute cycle of 
drying.

• If the change in mass was ≤ 0.05% = 
Constant mass; begin cooling the sample to 
approximately the same temperature as 
determined prior to drying and proceed to 
step 11.

10
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STEPS 7 through 10 may need to be
repeated several times to reach constant mass.

≤0.05% = Constant Mass has been reached

11. After cooling, weigh the sample and 
calculate the final mass of the moist 
sample by subtracting the container mass 
from the total mass. (Mf)   

12. Calculate the % Moisture Content of  the 

Asphalt Mixture to the nearest 0.01%. 11
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MOISTURE CALCULATIONS

12

Where:
Mi = mass of initial, moist test sample
Mf = mass of the final, dry test sample

Report = % Moisture to the nearest 0.01%

(
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NOTE: The following examples are set up for 
practice and designed similar to what will be on 
the written exam. 

•However, in a normal laboratory setting 
you may do several more “30-minute 
drying cycles” than what is shown in 
the practice problems. 

•Also, in the real world the “30- minute 
drying cycles” will stop when constant 
mass is achieved.  13

14

Calculate the percent change using the 
data below.  Circle the weight at 
which the asphalt sample would be 
considered at constant mass. 
Determine the % moisture. 

Container mass = 650.0 g

(Remember to subtract the weight of the container 
from each weight.)
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Back to the oven for 30 min.

At this point, cool back to the original temperature.
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Classroom Practice on your own, 
Calculate the percent change using the data 
below. Circle the weight at which the 
sample would be considered at constant 
mass. Determine the % moisture. 

Container mass = 450.5 g

Initial Weight 1. 2250.8 g

Weight after 90 min    2. 2248.3 g

After 30 min 3. 2246.3 g

After another 30 min    4. 2245.6 g

After another 30 min   5. 2245.2 g 16
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Back to the oven for 30 min.

At this point, cool back to the original temperature.

Practice on your own, 
Calculate the percent change using the data below.
Circle the weight at which the sample would be 
considered at constant mass. 
Determine the % moisture. 

Container mass = 232.6 g

Initial Weight 1. 1367.5 g

Weight after 90 min   2. 1361.8 g

After 30 min 3. 1360.4 g

After another 30 min   4. 1359.9 g

After another 30 min   5. 1359.6 g

After another 30 min 6. 1359.5 g 18
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Common Errors

19

• Not subtracting weight of container from 
total weight in moisture calculation.

• Not drying until mass is constant.

• Not allowing the sample to cool to original 
temperature before weighing the final 
time. 
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AASHTO T 166
Bulk Specific Gravity of 

Compacted Asphalt Mixtures 
Using Saturated Surface-Dry 

Specimens

Rev 09/27/2023

1

SCOPE

• This test method covers the determination 
of bulk specific gravity (Gmb) of specimens 
of compacted asphalt mixtures.

• This method should NOT be used with 
samples that contain open or 
interconnecting voids or absorbs more than 
2.0 percent of water by volume.  If it does, 
use method AASHTO T 275 (Bulk Specific 
Gravity Paraffin Coated) or T 331 (Bulk 
Specific Gravity Vacuum Sealed).

2

• This test is used to determine density and 
volume properties; both are key 
performance indicators for any asphalt mix.

There are three variations of this test 
method defined in AASHTO;

A - Suspension

B - Using a Volumeter

C - Rapid Test

We will only review Method A;

Methods B & C will not be covered. 3
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TERMINOLOGY

•Constant Mass – defined as the mass at 
which further drying of a specimen does not 
alter the mass by more than 0.05%  when 
weighed at 2-hour intervals when using oven 
drying, or by more than 0.05% when weighed 
after at least two drying cycles of the vacuum-
drying apparatus required in AASHTO R 79. 

•g = gram

•Gmb = Bulk Specific Gravity

•Mass = Weight
4

•Room Temperature: 77 ± 9° F (25 ± 5° C)

•Saturated Surface-Dry: (SSD) the 
condition of a material when it has 
absorbed as much water as it can, and the 
outside of the material has no free water.

(SSD = B in the calculations) 

5
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TEST SPECIMENS

•Test specimens may be either laboratory-
compacted asphalt mixtures or sampled 
from asphalt pavements.
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•Care shall be taken to avoid distortion, 
bending, or cracking of specimens during 
and after the removal from the pavement 
or mold. 

• Specimens shall be stored in a safe, cool 
place.

•Specimens shall be free from foreign 
materials such as seal coat, tack coat, 
foundation material, soil, paper, or foil.

7
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•Specimens may be separated from other 
pavement layers by sawing or other suitable 
means. 

•Care should be exercised to ensure sawing 
does not damage the specimens.
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SPECIMEN PREPARATION

• Before testing, a specimen must be dry and 
at room temperature 77 ± 9° F (25 ± 5° C).

DRY the specimen to a constant mass, if 
needed, either by oven drying or 
vacuum drying.

9
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Information:

•Recently molded specimens which have 
NOT been exposed to moisture do not 
require drying.  (i.e. Gyratory Pucks)

10
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Oven Dried:

1. Initially dry specimen overnight at  
125 ± 5 °F (52± 3°C)

2. Next day weigh in 2-hour intervals 
until change in weight is no more than 
0.05%.

3. Weigh to nearest 0.1g.
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13

METHOD A 

E
q
u
ip

m
e
n
t

EQUIPMENT 

•Scale - Sufficient capacity to weigh to the 
nearest 0.1 gram. 

•Suspension Apparatus - Attachable to 
scale - consisting of a hanger (wire shall be 
smallest practical size) and a specimen 
basket. 

•Thermometer – Having a range of 66 to 
80°F (19 to 27°C), graduated in 0.2°F 
(0.1°C) subdivisions.  ASTM 17C 

thermometer meets this criteria.  Most use 
an electronic thermometer.  

14

•Water Container - Large enough to 
completely immerse the specimen basket 
including bale. 

• A water flow outlet for maintaining a 
constant water level.

•Potable Water - Maintained at a 
temperature of 77 ± 2°F (25 ± 1°C).

•Damp Towels

•Timer

15
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16

EQUIPMENT - PREPARATION 

•Hang the specimen basket from the scale 
and shake to remove any clinging air 
bubbles.

•Make sure the basket is centered in the 
tank, hanging freely and completely 
immersed in the water (including bale).

•Bring water to proper testing level by 
adding water to the bath until it comes out 
of the overflow outlet.

•Check the temperature of the water bath, 
adjust as needed to be 77 ± 2°F (25 ± 1°C 

1. DRY the specimen to a constant mass  by 
oven drying or vacuum drying.

NOTE:  Recently molded specimens NOT exposed to 
moisture do NOT need drying.

2. Cool the specimen to room temperature
77 ± 9°F (25 ± 5°C).

3. Tare the scale (with basket attached) then 
weigh the specimen in air to nearest 0.1g, 
record as A.

17

PROCEDURE – METHOD A
SUSPENSION

4. Remove specimen from the scale, tare the  
.scale, then immerse the specimen in          
.77 ± 2°F (25 ± 1°C) water bath for            
.4 ± 1 minutes.

5. Record the weight of the specimen in 
.water to nearest 0.1g record as C.

18
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6. With in 15 seconds: Remove specimen 
from the water; damp-dry by blotting it with 
a damp towel; tare the scale; weigh the 
surface-dry specimen (SSD) to the nearest 
0.1g as “B” 
• Rolling the specimen in a damp towel for SSD 

weight is NOT allowed.
• Any water that seeps from the specimen while 

weighing is considered part of the saturated 
specimen weight.

• Each specimen shall be immersed and weighed 
individually.

• A damp towel, is attained when no water can be 
wrung from the towel.

• Wring the excess water from the towel between 
specimens or prepare more than one damp towel 
in advance.

19
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Determine the bulk specific gravity of the 
compacted specimen by using the following 
formula:

where:

A = mass in grams of specimen in air, 0.1 g

B = mass in grams of the surface-dry specimen (SSD)    
0.1 g

C = mass in grams of the specimen in water, 0.1 g

Report Gmb to 3 decimal places 0.001

Gmb = Bulk Specific Gravity 

CALCULATIONS

20
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Calculation Example for Gmb

Example: Dry weight in air = 1940.1 grams

Surface dry weight (SSD) = 1946.8 grams

Weight in water = 1163.9 grams

21
Bulk Specific Gravity = Gmb 
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A.

B.

C.

Report Gmb to the nearest 0.001 

(

(

(

(
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where:

A = Mass in grams of dry specimen in air, 0.1 g

B = Mass in grams of surface-dry specimen (SSD) 0.1 g

C = Mass in grams of the specimen in water, 0.1 g

Report to the nearest 0.01%

NOTE: If the percent of water absorbed by the 
specimen exceeds 2.0% this method can not be 
used, use either AASHTO T 275 or T 331 to  
determine the Bulk Specific Gravity.

22
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Classroom Exercise 1

SPECIMEN # 1 2 3
WEIGHT

IN 

AIR 3795.2 3775.0 3778.2

SSD 

WEIGHT 3813.8 3802.0 3795.8
WEIGHT

IN

WATER 2209.0 2193.4 2194.2

% WATER

ABSORBED

BY VOL.

Gmb

A.

B.

C.

24
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Classroom Exercise 1

SPECIMEN 

# 1 2 3
WEIGHT

IN 

AIR 3795.2 3775.0 3778.2

SSD 

WEIGHT 3813.8 3802.0 3795.8
WEIGHT

IN

WATER 2209.0 2193.4 2194.2
% WATER

ABSORBED

BY VOL. 1.16% 1.68% 1.10%

Gmb 2.365 2.347 2.359

ANSWER

A.

B.

C.

25

Common Errors
• Specimen temperature not 77° ± 9 °F       
(25° ± 5 °C).

• Not maintaining water temperature at      
77° ± 2°F (25° ± 1 °C) and/or using dirty 
water.

• Water level not maintained.

• Going over the 15 second time limit for 
blotting and weighing the specimen for SSD.

• Not wringing the excess water from the 
towel between specimens.

26
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AASHTO T 269

Percent Air Voids in Compacted 
Dense and Open Asphalt 

Mixtures

09/27/2023

1

SCOPE

• This method covers the determination of 
the percent air voids (Va) in compacted 
dense and open asphalt mixtures.

2

SIGNIFICANCE AND USE

• The percent air voids in an asphalt mixture 
is used as one of the criteria in the design 
methods and for evaluation of the 
compaction achieved on asphalt paving 
projects.

3

1

2

3
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TERMINOLOGY

• AASHTO T331 – This is the standard 
method of test for Bulk Specific Gravity and 
Density of compacted asphalt               
mixture using an automatic                
vacuum sealing method.

• Air Voids (Va) – Internal spaces in a 
compacted mix surrounded by asphalt-
coated particles, expressed as a percentage 
by volume of the total compacted mix.

4

• Asphalt Mixture =
Aggregate + Binder + Air Voids

• Dense Asphalt Mixture – Asphalt paving 
mixture in which air voids (Va) are less than 
10 percent when compacted.

• Density – Field Bulk Specific Gravity 
compared to the Field Maximum Specific 
Gravity.

• Gmb – Gravity mixture bulk              
(AASHTO T 166) laboratory molded specimen.

• Gmc – Gravity mixture core (AASHTO T 166) 
cored specimens.

• Gmm – Gravity mixture maximum a.k.a. 
Rice (AASHTO T 209). Gmm has zero air 
voids.

5
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• Open Asphalt Mixture – Asphalt mixture 
with air voids (Va) 10 percent or more 
when compacted.

• Theoretical Maximum Specific Gravity
(Gmm) – Is the specific gravity excluding 
air voids. (AASHTO T 209).

6
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SAMPLING

• Samples to determine the air voids shall 
consist of specimens from laboratory 
molded mixtures or cores from roadway 
compacted mixtures.

7

PROCEDURE

For Dense Bituminous Paving Mixtures:
(Air voids (Va) < 10 % when compacted)

1. Determine the bulk specific gravity (Gmb) 
of the compacted mixture by using either

8

AASHTO T 166 
(Bulk Specific Gravity, Suspension in Water)

OR

AASHTO T 331 
(Bulk specific Gravity, Vacuum Sealing)

2. Determine the theoretical maximum 
specific gravity (Gmm) in accordance with 

9
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AASHTO T 209  (Rice Test)

JMF “Job Mix Formula”
(Gmm can be found on the  JMF sheet) 

7
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10

CALCULATIONS 
Volume

Report to the nearest tenth 0.1 g 11

where:
B = Mass in grams of the surface-dry specimen                            

(SSD) 0.1 g

C = Mass in grams of the specimen in water, 0.1 g

Volume = B - C

12

AASHTO T 166 or AASHTO T 331

CALCULATIONS 
Bulk Specific Gravity

Determine the bulk specific gravity of the 
compacted specimen by using the following formula 
where:

A = Mass in grams of specimen in air, 0.1 g

B = Mass in grams of the surface-dry specimen       
(SSD) 0.1 g

C = Mass in grams of the specimen in water, 0.1 g

Report Gmb to 3 decimal places 0.001

Gmb = Bulk specific Gravity = Gmb or Gmc

Report to the nearest 0.001

10

11

12
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CALCULATIONS
Percent Air Voids

Gmb = Bulk Specific Gravity = Gmb or Gmc

Gmm = Maximum Specific Gravity 

Report to the nearest tenth (0.1)%
13

Gmb = Bulk Specific Gravity = Gmb or Gmc

Gmm = Maximum Specific Gravity

Report to the nearest tenth (0.1)% 14

CALCULATIONS
Density

15
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16

Superpave SMA
Air Voids = 6 ±0.5%

17

Superpave SMA
Air Voids = 6 ±0.5%

Notice one Air Void
Is out of tolerance

16

17
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 Proficiency Sheet B 

MoDOT – TCP  11/03/2017 

AASHTO T269:  Percent Air Voids in Compacted Dense and 
Open Bituminous Paving Mixtures 

 
 
Applicant___________________________________________ 
 
Employer___________________________________________ 
 
 
Calculate both % Density and % Air Voids using the following information: 
Report values to the correct decimal place. 
 

Mix Number Supergood    Gmm= 2.485 

       
SPECIMEN # 1 2 3 4 5 6 
WEIGHT IN AIR 3690.3 3691.9 3692.8 3690.6 3698.1 3693.4 
SSD WEIGHT 3714.4 3715.6 3715.3 3716.4 3722.8 3715.2 
WT IN WATER 2100.9 2101.2 2108.0 2099.6 2106.1 2113.7 
VOLUME       
SpG     (Gmb)       
% AIR VOIDS       
% Density       

 
 

 
 
 
Examiner:__________________________________ Date:________________________ 

Trial# 1 2 
Answers Correct   
Reported to proper decimal place   
   
 PASS PASS 
   
 FAIL FAIL 
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MoDOT TM 54:  Determining the Asphalt Content of an 
Asphalt Mixture 

 
PROFICIENCY CHECKLIST 

 
 
Applicant: ___________________________________________ 
 
Employer: ___________________________________________ 
 

Trial# 1 2 
Note:  Student will be allowed to use the module instructions for background count:   

Gauge Preparation Checklist   
1.  Have a current 20 – 1 minute stability test, 3 months or less   
2.  Run a background daily or when conditions change   
3.  Make certain proper calibration is being used   

Explain a Nuclear Sample Preparation and Testing Procedure   
1.  Obtain proper asphalt mixture sample   
2.  Place sample in sample pan in two lifts   
3.  Place on tared scale and check for proper sample weight   
4.  Compact sample into the pan   
5.  Recheck the weight   
6.  Place sample pan in the nuclear machine and press start/enter button   
7.  Record gauge results   
   
 PASS PASS 
   
 FAIL FAIL 
 
                                                                                                                                
 
 
 
 
 
Examiner:_____________________________________Date:________________ 
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