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Preface

This manual provides a compilation of approved Test Methods, Forms and Standard Practices to be used to test
materials on Alaska Department of Transportation & Public Facilities (DOT&PF) projects.

Most of these testing procedures follow two nationally recognized standards; American Society for Testing and
Materials (ASTM), and the American Association of State Highway and Transportation Officials (AASHTO).
Modifications to these standards are in recognition of the necessity of adjusting test requirements to meet local
demands and/or naturally occurring materials.

This manual also includes Field Operating Procedures (FOPs) for existing AASHTO test methods. These
procedures are developed and maintained by the Western Alliance for Quality in Transportation Construction
(WAQTC). The FOPs select options and provide concise directions in the use of the AASHTO methods.

In addition, this manual includes WAQTC test methods that are not covered by AASHTO or ASTM. These
methods have been submitted to AASHTO for adoption. Other procedures were developed by the Alaska
DOT&PF to address specific needs in the State of Alaska that are not adequately covered in AASHTO, ASTM or
WAQTC.

The Appendix contains standardized practices to be used by all DOT&PF regional and/or field laboratories
including consultant fixed and field laboratories.

The test methods (including referenced test methods) in this manual refer to the most recent issue in effect on the
date of the test, including interim publications or errata; unless the test methods (including referenced test
methods) are specified by year or date.

Submit suggested additions, deletions or revisions to these procedures to the Statewide Materials Engineer and the
Statewide Construction Standards Engineer.
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List of Revisions for this edition:
Global - “Family of Curves” renamed “Soil moisture-density relations” and “family” renamed “group.”

Global —=ATM 216 WAQTC FOP for AASHTO R 75 Developing a Family of Curves is renamed to ATM
216 WAQTC FOP for AASHTO R 75 Developing Moisture-Density Relations

Note: In 2024, AASHTO released updated test Methods for
Earthwork (200): R 75
Concrete (500): T 121, T 152

Section 200
ATM 202 - Addition and clarifications of soil sample lid requirements.

ATM 204- Grooving tool photo added. Weighing containers clarified. Table 1 relocated. Dispute
resolution added.

ATM 215 — “family of curves” is renamed “soil moisture-density relations.” Calculations section
Updated.

ATM 216 — Renamed to ATM 216 WAQTC FOP for AASHTO R 75 as Developing Moisture -Density
Relations

Section 300

)

ATM 303 — Additional clarification of use of “tarp.” “Method B Sectoring” separated from “Quartering’
and direction expanded.

ATM 304 — “Utensil” and “Wetting Agent” added to Apparatus and Procedure. Drying procedure
clarified as “FOP for AASHTO T255.”

ATM 307 - #4 sieve added to apparatus section meeting the requirements of the FOP for AASHTO T 27/T
11.



ATM 310 — ATM 202 replaced with AASHTO T255 and AASHTO T265. Serial number for LWD and
compactor make and model removed from report requirements. Method seperated to
create ATM 311.

ATM 311- ATM 310 separated to create new test method, “Obtaining Percent Deflection of
Embankment Materials using a Light Weight Deflectometer (LWD)

Section 400

ATM 402 — “Haul Unit” renamed to “Transport Unit.” Minor editorial revisions.

ATM 404 - “Quartering “ and Sectoring” separated and clarified.

ATM 406 - “Sampling” changed to “Sample Preparation.” Calculations section modified.
ATM 408 — Added “Utensil” to Apparatus and Procedure.

ATM 409 - Added direction to “record the standardized container mass.” Note 3 added below note 2.
Clarification of suspension apparatus added.

ATM 410 — Added “Potable Water” to Apparatus and Procedure. “Sample” changed to “Specimen.”

ATM 411 — Added “Direct transmission shall be used on crushed asphalt base materials. Procedure step
4 allows two 1-minute tests pending engineers approval.” to Guidance Page.

ATM 412 — 5. Procedure step 5 changed to “(Direct transmission shall be used on crushed asphalt
products).”

ATM 415 — Deleted pressure and angle check under Compaction Procedure step 7.
Section 500

ATM 501 — Added direction to remix the sample.

ATM 503 — Added “wet sieving” for aggregate exceeding 1 % inch to Procedure, Step 1.
ATM 504 — Updated Example and Calculations sections.

ATM 505 - Added “wet sieving” for aggregate exceeding 1 % inch to Procedure, Step 1. Note 1 added as
a check for meter leakage after pressure determined. Added note to Guidance page for
Annex A, tubing “sock.”

ATM 506 — Cylinder casting rewritten, separating 4” X 8” cylinders and 6” X 12” cylinders

ATM 530 — Editorial revision to method steps. Directions for measuring shrinkage added. Updated
report sheets and worksheets.
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ATM 201 Sticks & Roots Content of Aggregate and Soil

1. Scope

This is the procedure for determining the percent of sticks & roots by wet mass of the total aggregate or soil
sample.

2. Significance

Use this test to quantify the organic content of soils for particles that are too large to test in accordance with ATM
203, Organic Content of Soils by Ignition.

3. Apparatus

e Balance or scale: Capacity sufficient for the field sample mass, readable to 0.1 percent or 0.1 g and
meeting the requirements of AASHTO M 231.

e 2.00 mm (No. 10) sieve conforming to AASHTO M 92 (ASTM E11).
e Miscellaneous equipment including pans, gloves, etc.
4. Sampling and Sample Preparation

Obtain the sample in accordance with WAQTC FOP for AASHTO T 2 (ASTM D75). Perform the test on the
complete as-received sample before drying.

5. Procedure

1. Determine the mass of the as-received sample to 0.1 percent or 0.1 g. Record this as the Total Sample
Mass.

2. Separate the sample on a 2.00 mm (No. 10) sieve to ease identification of sticks & roots.

3. Separate the sticks & roots from the plus 2.00 mm (No. 10) material and place in a separate pan.

4. Determine the mass of the sticks & roots to 0.1 percent or 0.1 g. Record this as the Sticks & Roots Mass.
6. Calculations

Calculate the percentage of sticks & roots by:

Sticks & Roots Wet M
Sticks & Roots, percent = ( RS T0OB e asijlOO

Total Wet Sample Mass

7. Report
e Results on forms approved by the Department

e Stick and Root Content to nearest 1 percent
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ATM 202 Moisture Content of Aggregate and Soils

The following are guidelines for using WAQTC FOP for AASHTO T 255/T 265 by the State of Alaska
DOT&PF.

1. Use controlled methods of drying for most samples. It is assumed that constant mass has been reached
for soils and aggregates when dried overnight at 230° F (110° C ) = 9°. Drying for 8-16 hours is sufficient
in most cases. Shorter drying times require reweighing of samples until constant mass is achieved.

2. Uncontrolled methods of drying may be used when time is of the essence. These methods require
reweighing of samples until constant mass is achieved.
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TOTAL EVAPORABLE MOISTURE CONTENT OF AGGREGATE BY DRYING
FOP FOR AASHTO T 255

LABORATORY DETERMINATION OF MOISTURE CONTENT OF SOILS

FOP FOR AASHTO T 265

Scope

This procedure covers the determination of moisture content of aggregate and soil in accordance with AASHTO T
255-22 and AASHTO T 265-22. It may also be used for other construction materials.

Overview

Moisture content is determined by comparing the wet mass of a sample and the mass of the sample after drying to
constant mass. The term constant mass is used to define when a sample is dry.

Constant mass — the state at which a mass does not change more than a given percent, after additional drying for a
defined time interval, at a required temperature.

Apparatus

e Balance or scale: capacity sufficient for the principal sample mass, accurate to
0.1 percent of sample mass or readable to 0.1 g, and meeting the requirements of AASHTO M 231

e Containers: clean, dry, and capable of being sealed
e Suitable drying container
- For soils: container requires close-fitting lid
- For aggregate: container lid is optional
e Microwave safe container with ventilated lid (for drying aggregate only)
e Heat source, thermostatically controlled, capable of maintaining 110 £+ 5°C (230 + 9°F).
— Forced draft oven (preferred)
— Ventilated oven
— Convection oven

e Heat source, uncontrolled, for use when allowed by the agency, will not alter the material being dried, and
close control of the temperature is not required:

— Infrared heater/heat lamp, hot plate, fry pan, or any other device/method allowed by the agency .
—  Microwave oven (900 watts minimum)

e Utensils such as spoons

e Hot pads or gloves

Sample Preparation

Obtain a representative sample according to the FOP for AASHTO R 90 in its existing condition. If necessary,
reduce the sample to moisture content sample size according to the FOP for AASHTO R 76.

For aggregate, the moisture content sample size is based on Table 1 or other information that may be specified by
the agency.
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TABLE 1
Sample Sizes for Moisture Content of Aggregate

Nomlnaélizlvelgnmum Minimum Sample Mass
mm (in.) g (Ib)
150 (6) 50,000 (110)
100 (4) 25,000 (55)
90 (31/2) 16,000 (35)
75 (3) 13,000 (29)
63 (21/2) 10,000 (22)
50 (2) 8000 (18)
37.5 (11/2) 6000 (13)
25.0 (1) 4000 9)
19.0 (3/4) 3000 (7)
12.5 (1/2) 2000 (4)
9.5 (3/8) 1500 (3.3)
4.75 (No. 4) 500 (1.1)

* One sieve larger than the first sieve to retain more than 10
percent of the material using an agency specified set of sieves
based on cumulative percent retained. Where large gaps in
specification sieves exist, intermediate sieve(s) may be inserted
to determine nominal maximum.

For soils the moisture content sample size is based on Table 2 or other information that may be specified by the
agency.

TABLE 2
Sample Sizes for Moisture Content of Soil
Maximum Particle Minimum Sample Mass
Size

mm (in.) g

50 (2) 1000

25.0 (1) 500

12.5 (1/2) 300

4.75 (No. 4) 100
0.425 (No. 40) 10

Immediately seal or cover moisture content samples to prevent any change in moisture content or follow the steps
in “Procedure.”

Procedure
Determine and record the sample masses as follows:

e For aggregate, determine and record all masses to the nearest 0.1 percent of the sample mass or to the
nearest 0.1 g.

e For soil, determine and record all masses to the nearest 0.1 g.
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When determining the mass of hot samples or containers or both, place and tare a buffer between the sample
container and the balance. This will eliminate damage to or interference with the operation of the balance or scale.

1. Determine and record the mass of the container.
a. For aggregate: the lid is optional unless drying with a microwave then a ventilated lid is required.
b. For soils: the container includes the mass of the close-fitting lid.
2. Place the wet sample in the container.
Determine and record the total mass of the wet sample and container with lid, when used.
a. For oven(s), hot plates, infrared heaters, etc.: Spread the sample in the container.
b. For microwave oven: Heap sample in the container; cover with ventilated lid.

4. Subtract the container mass determined in Step 1 from the mass of the container and sample determined in
Step 3 and record the wet mass of the sample (Mw).

5. Remove the lid, if used, and place the sample in one of the following drying apparatuses:
a. For aggregate —
i. Controlled heat source (oven): at 110 £5°C (230 £9°F).

ii. Uncontrolled heat source (Hot plate, infrared heater, or other heat source as allowed by the agency):
Stir frequently to avoid localized overheating.

b. For soil — controlled heat source (oven): at 110 +£5°C (230 £9°F).

Note 1: Soils containing gypsum or significant amounts of organic material require special drying. For reliable moisture
contents dry these soils at 60°C (140°F). For more information see AASHTO T 265, Note 2.

6. Dry until sample appears moisture free.
7. Determine mass of sample and container and lid, when used.

8. Subtract the container mass determined in Step 1 from the mass of the container and sample determined in
Step 7 and record the mass of the sample.

9. Return sample and container to the heat source for the additional time interval.
a. Drying intervals for aggregate —
i. Controlled heat source (oven): 30 minutes

ii. Uncontrolled heat source (Hot plate, infrared heater, or other heat source as allowed by the agency):
10 minutes

iii. Uncontrolled heat source (Microwave oven): 2 minutes

Caution: Some minerals in the sample may cause the aggregate to overheat, crack, and explode; altering the
aggregate gradation.

b. Drying interval for soil — controlled heat source (oven): 1 hour
10. Determine mass of sample and container with lid, if used.

11. Subtract the container mass determined in Step 1 from the mass of the container and sample determined in
Step 10 and record the mass of the sample.

12. Determine percent change by subtracting the new mass determination (M,) from the previous mass
determination (M), dividing by the previous mass determination (M,), and multiplying by 100.
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13. Continue drying, performing steps 9 through 12, until there is less than a 0.10 percent change after additional
drying time.

14. Constant mass has been achieved; sample is defined as dry.
15. Allow the sample and container with lid, when used, to cool. Determine and record the total mass.

16. Subtract the mass of the container determined in Step 1 from the mass of the container and sample determined
in Step 15 and record the dry mass of the sample (Mp).

17. Determine and record percent moisture (w) by subtracting the final dry mass determination (Mp) from the
initial wet mass determination (Mw), dividing by the final dry mass determination (Mp), and multiplying by
100.

Table 3
Methods of Drying
Aggregate
Drying intervals to
achieve constant mass
Heat Source Specific Instructions (minutes)

Controlled:
Forced draft (preferred), ventilated, or 110 +£5°C (230 £9°F) 30
convection oven
Uncontrolled:
Hot plate, infrared heater, or any other Stir frequently 10

device/method allowed by the agency

Heap sample and cover

Microwave with ventilated lid 2
Soil
. . Drying interval to
Heat Source Specific Instructions .
achieve constant mass
Controlled:
Forced draft (preferred), ventilated, or 110 +£5°C (230 £9°F) 1 hour

convection oven
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Calculation

Constant Mass

Calculate constant mass using the following formula:

o _ M,u - M,
Yo Change = M % 100

Mp

Where:
M, = previous mass measurement
M; = new mass measurement
Example:

Mass of container: 1232.1 ¢
Mass of container and sample after first drying cycle: 26372 ¢g
Mass, M,, of possibly dry sample: 26372 g-1232.1g=1405.1¢g
Mass of container and sample after second drying cycle: 2634.1 ¢
Mass, My, of sample: 2634.1 g-1232.1 g=1402.0¢g

1405.1g — 14020 g
% Change = 14051 g % 100 = 0.22%

0.22 percent is not less than 0.10 percent, so continue drying.

Mass of container and sample after third drying cycle: 2633.0 g
Mass, My, of sample: 2633.0 g-1232.1 g=14009 g

1402.0 g — 14009 g
% Change = 1402.0 g % 100 = 0.08%

0.08 percent is less than 0.10 percent, so constant mass has been reached.
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Moisture Content Aggregate and Soils:

Calculate the moisture content, as a percent, using the following formula:

My, — My
=—"x100
M

Where:

w = moisture content, percent

Mw = wetmass

Mp = dry mass
Example:

Mass of container:
Mass of container and wet sample:
Mass, Mw, of wet sample:

1232.1¢g
2764.7 g
2764.7g-1232.1g=15326¢g

Mass of container and dry sample (COOLED): 26335¢g

Mass, Mp, of dry sample:

153269 — 14014 g
W= 14014 g

Report

On forms approved by the agency
Sample ID

Myw, wet mass

Mp, dry mass

w, moisture content to the nearest 0.1 percent

2633.5g-1232.1g=14014¢g

31.2g

=——"9 100 =9.36% report 9.42
14014 g %o report 9.4%
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ATM 203 Organic Content of Soils

1. Scope

This method describes the procedure for determining organic content of soils by loss on ignition as adopted from
ASTM D2974.

This standard involves hazardous materials, operations and equipment. This standard does not purport to address
all of the safety problems associated with its use. It is the responsibility of the agency to establish appropriate
safety and health practices and to train the user of this standard prior to use. It is the responsibility of the user to
consult the appropriate agency authority for and to practice and maintain the appropriate safety and health
practices.

2. Apparatus

Sieves conforming to AASHTO M 92 (ASTM E11)

Pulverizing apparatus suitable for breaking up aggregations of soil particles without reducing the size of
individual grains

Balance or scale: Class G1, sensitive to 0.01 g with a capacity sufficient for the principle sample mass,
and meeting the requirements of AASHTO M 231

For this test, this would require a scale with a capacity of at least 150 g and readable to 0.01 g

Muffle Furnace, thermostatically controlled, capable of maintaining a temperature of 445 £+ 10°C (830
+15°F). The combustion chamber will be capable of accommodating the designated container(s) and
sample(s). The furnace shall be equipped with a pyrometer recorder that will indicate chamber
temperature while in use.

Crucible, with covers, having a minimum volume of 100 ml and capable of withstanding repeated
exposure to temperatures of 500°C (950°F)

Non-asbestos, heat-resistant, gauntlet-type gloves capable of withstanding temperatures of 500°C (950°F)
Desiccator of sufficient size containing an effective desiccant

Miscellaneous equipment including tongs, spatulas, wire brushes, etc.

3. Sampling and Sample Preparation

1.
2.

Obtain the sample in accordance with WAQTC FOP for AASHTO T 2 (ASTM D75).

Dry the sample to constant mass in accordance with the soil procedure of WAQTC FOP for AASHTO T
255/T 265.

If the material contains lumps of organics or aggregations of soil, they shall be broken up by such means
that will not reduce the size of the aggregate particles. Sieve the dry sample through the 4.75 (No. 4)
sieve.

Note 1: Sticks and roots shall not be broken up, but shall be removed by hand and reported as Sticks and Roots (see
ATM 201).

Reduce the sample to a mass of approximately 50 g in accordance with WAQTC FOP for AASHTO T
248.
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4. Procedure

4,
5.

Determine the mass of a crucible to the nearest 0.01 g and record as Tare.

Place the sample into the crucible, determine the mass to the nearest 0.01 g and record as Mass Before
Ignition + Tare.

Note 2: Sample masses for lightweight materials such as peat may be less than 50 g but should be of sufficient
amount to fill the crucible to at least 3/4 depth. A cover may initially be required over the crucible during the initial
phase of ignition to decrease the possibility of the sample being "blown out" from container.

Place the crucible into a pre-heated muffle furnace at a temperature of 445°C (835°F) for a minimum of
six hours until the sample is completely ashed (no change of mass occurs after at least 1 hr. of additional
heating. If a cover has been used, it shall be removed after approximately 2 hours of combustion.

Remove the test sample from the muffle furnace and cool it to room temperature in a desiccator.

Determine the mass to the nearest 0.01 grams and record as Mass After Ignition + Tare.

5. Calculations

Calculate the percent organic content by the following formula:

A-B

Organic Content = [ e

JXlOO

Where:

A = Mass Before Ignition + Tare,
B = Mass After Ignition + Tare,
C = Tare.

6. Report

Results on forms approved by the Department

Organic Content to nearest 0.1 percent
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ATM 204 Determining the Liquid Limit of Soils

Use WAQTC FOP Module T 89-1 for AASHTO T 89.
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DETERMINING THE LIQUID LIMIT OF SOILS
FOP FOR AASHTO T 89
Scope

This procedure covers the determination of the liquid limit of a soil in accordance with AASHTO T 89-22. Itis
used in conjunction with the FOP for AASHTO T 90, Determining the Plastic Limit and Plasticity Index of Soils.
The three values are used for soil classification and other purposes.

Apparatus
e Dish: preferably unglazed porcelain or similar mixing dish, about 115 mm (4.5 in.) in diameter.
e Spatula: having a blade 75 to 100 mm (3 to 4 in.) long and about 20 mm (3/4 in.) wide.

e Liquid Limit Device: manually or mechanically operated, consisting of a brass cup, carriage, and base plate
and conforming to the critical dimensions shown in AASHTO
T 89 Figure 1.

e Grooving Tool: used to cut the soil in the liquid limit device cup and conforming to the critical dimensions
shown in AASHTO T 89 Figure 1.

Grooving tool Alternate Flat Grooving Tool

Figure 1

e Gauge: either part of the grooving tool or a separate metal bar, 10.0 £0.2 mm (0.394 £0.008 in.) thick and
approximately 50 mm (2 in.) long.

e Containers: corrosion resistant, suitable for repeated heating and cooling, having close fitting lids to prevent
the loss of moisture. One container is needed for each moisture content determination.

e Balance: conforming to AASHTO M 231, class G1, sensitive to 0.01 g with a minimum capacity of 100 g.
e Oven: thermostatically controlled, capable of maintaining temperatures of 110 £5°C (230 £9°F).
e Graduated cylinders for measuring distilled or demineralized water.

e Sieve: 0.425 mm (No. 40) sieve meeting the requirements of the FOP for AASHTO
T27/T 11.

Adjustment of Liquid Limit Device

The liquid limit device shall be inspected to determine that the device is in good working order; that the pin
connecting the cup is not worn to permit side play; that the screws connecting the cup to the hanger are tight; that
the points of contact on the cup and base are not excessively worn; that the lip of the cup is not excessively worn;
and that a groove has not been worn in the cup. The grooving tool shall be inspected to determine that the critical
dimensions are correct.
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Note 1: Wear is considered excessive when the point of contact on the cup or base exceeds approximately 13 mm (0.5 in.) in
diameter, or when any point on the rim of the cup is worn to approximately 1/2 the original thickness. A slight
groove in the center of the cup is not objectionable. If the groove becomes pronounced, the cup shall be replaced. A
base that is excessively worn may be refinished as long as it is maintained within the tolerances specified.

Adjust the height of drop of the cup so that the point on the cup that comes in contact with the base rises to a
height of 10.0 £0.2 mm (0.394 £0.008 in.).

Note 2: Check the height of the drop, before each new sample, by turning the crank at two revolutions per second while
holding the gauge in position against the cup. If a ringing or clicking sound is heard without the cup rising from the
gauge, the adjustment is correct. If no ringing is heard or if the cup rises from gauge, readjust the height of the drop.
If the cup rocks on the gauge during this checking operation, the cam follower pivot is excessively worn and should
be replaced.

Sample

Samples must be prepared per the AASHTO R 58 or R 74. Obtain a sample with a mass of about 100 g taken
from the portion of the material passing the 0.425 mm (No. 40) sieve.

The mass required depends upon the method chosen. Method A (multi-point method) requires approximately 100
g. Method B (single point method) requires approximately 50 g.

Procedure — Method A (Multi-Point)

1. Determine mass of empty dry container(s) and lid(s) to the nearest 0.01 g.

2. Place the sample in the dish and thoroughly mix with 15 to 20 mL of distilled or demineralized water by
alternately and repeatedly stirring, kneading, and chopping with a spatula. Further additions of water shall be
in increments of 1 to 3 mL. Each increment shall be thoroughly mixed with the soil before another increment
is added. Once testing has begun, no additional dry soil should be added to the moistened soil. The cup of
the Liquid Limit device shall not be used for mixing soil and water. If too much water is added, the sample
shall either be discarded or mixed and kneaded until natural evaporation lowers the moisture content.

Note 3: Some soils are slow to absorb water. It is possible to add water so fast that a false LL value is obtained. This can be
avoided by allowing more mixing and/or time. Also, tap water may be used for routine testing if comparative tests
indicate no differences in results between using tap water and distilled or demineralized water.

3. Add sufficient water to form a uniform mass of a stiff consistency.

4. Place enough material in the cup so that, when squeezed and spread with the spatula, the soil will rest in the
cup above the spot where the cup rests on the base and will be 10 mm thick at the point of maximum
thickness. Use as few strokes of the spatula as possible, taking care to prevent the entrapment of air bubbles
in the sample.

5. Divide the soil in the cup with a firm stroke of the grooving tool. Avoid tearing of the sides of the groove or
slipping of the soil cake on the cup. Up to six strokes are permitted with a stroke from front to back or from
back to front counting as 1 stroke. The depth of the groove should be increased with each stroke, and only the
last stroke should scrape the bottom of the cup.

6. Lift and drop the cup by turning the crank at a rate of approximately two revolutions per second until the two
halves of the soil pat come together along a distance of about 13 mm (0.5 in.). Do not hold the base while the
crank is turned. Record the number of shocks required to close the groove this distance.

Note 4: Some soils tend to slide on the cup instead of flowing. If this occurs, water should be added, the sample remixed,
and the procedure repeated. If the soil continues to slide on the cup, the test is not applicable, and a note should be
made that the liquid limit could not be determined.

7. Use the spatula to obtain a moisture content sample by slicing through the soil pat perpendicularly to the
groove. Remove the sample extending edge to edge and including the portion of the groove that flowed
together. Place it into a suitable container and cover for subsequent moisture determination.
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10.

11.

Determine the moisture percentage of the moisture content sample in accordance with the FOP for AASHTO
T 255/T 265 (Soil).

Place the soil remaining in the cup back in the mixing dish and add 1 to 3 mL of water or use previously
prepared portions to which sufficient water has been added to result in a more fluid condition.

Repeat Steps 4 through 9, a minimum of two times. The object is to have a determination in all three shock
ranges 25-35, 20-30, and 15-25 and span a range of at least 10 shocks.

Determine the moisture content of the moisture content sample in accordance with the FOP for AASHTO T
255/T 265 (Soil). (Remove lids and keep with containers while drying.)

Flow Curve — Method A

Prepare a flow curve on a semi-logarithmic graph with moisture content on the arithmetic vertical axis and the
number of shocks on the logarithmic horizontal axis. The flow curve is a straight line drawn as closely as
possible through three or more plotted points.

Liquid Limit — Method A

Determine the liquid limit. The moisture content at the intersection of the flow curve and the 25 shock line is the
liquid limit.

Procedure — Method B (Single-Point)

L.
2.

Determine mass of empty dry container(s) and lid(s) to the nearest 0.01 g.

Place the sample in the dish and thoroughly mix with 8 to 10 mL of distilled or demineralized water, and
follow the mixing procedure in Method A, Step 1.

Follow the procedure in Method A except that the soil pat should be prepared with water to produce a
consistency that will close the two halves of the soil pat at least 13 mm
(0.5 in.) within 22 to 28 shocks of the cup.

Note 5: Groove closures occurring between 15 and 40 blows may be accepted if variations of £5 percent of the true liquid

limit are tolerable.

Return the soil remaining in the cup to the mixing dish and, without adding any additional water, repeat Step
2. If'the closure again occurs within the acceptable range and is within 2 shocks of the first, obtain a moisture
content specimen as described in Method A.

Determine the moisture content of the moisture content sample in accordance with the FOP for AASHTO T
255/T 265 (Soil).

Determine the moisture content of the moisture content sample in accordance with the FOP for AASHTO T
255/T 265 (Soil). (Remove lids and keep with containers while drying.)

Liquid Limit — Method B

Calculate the liquid limit as follows:

LL = (Wy)(N/25)%=

Where:

LL = liquid limit

wn = moisture content of sample at N blows
= number of blows

z
|

Example:

wn =16.0% and N =23
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23 0.121
LL=160% x (=) = 158%, report 16%

Or using Table 1 (when number of shocks to closure of gap is 22-28):

LL = 16.0% x 0.990 = 15.8%, report 16%

Table 1
N (N/25) 121
22 0.985
23 0.990
24 0.995
25 1.000
26 1.005
27 1.009
28 1.014

Use Method A for referee testing to settle a dispute.
Report
e Results on forms approved by the agency.

e LL rounded to the nearest 1 percent.
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ATM 205 Determining the Plastic Limit and Plasticity Index of Soils

Use WAQTC FOP Module T 90 for AASHTO T 90.
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DETERMINING THE PLASTIC LIMIT AND PLASTICITY INDEX OF SOILS
FOP FOR AASHTO T 90

Scope

This procedure covers the determination of the plastic limit and plasticity index of soil in accordance with
AASHTO T 90-22. It is used in conjunction with the FOP for AASHTO

T 89, Determining the Liquid Limit of Soils. The three values are used for soil classification and other purposes.
Two procedures, hand rolling and an alternate rolling method, are covered. The hand rolling method is to be used
as the referee method.

Apparatus

e Dish: preferably unglazed porcelain or similar mixing dish, about 115 mm (4.5 in.) in diameter.
e Spatula: having a blade 75 to 100 mm (3 to 4 in.) long and about 20 mm (3/4 in.) wide.
e Rolling Surface:

- A ground glass plate or piece of smooth, unglazed paper.

- Plastic Limit Rolling Device: (Optional) A device made of acrylic conforming to the dimensions shown
in AASHTO T 90 Figure 1.

- Paper for Rolling Device: Unglazed paper that does not add foreign matter to the soil during the rolling
process. Paper is attached to both the top and bottom plates of the rolling device by either spray-on
adhesive or self-adhesive backing. Remove all adhesive from the rolling device after each test to prevent
buildup.

e Containers: corrosion resistant, suitable for repeated heating and cooling, having close fitting lids to prevent
the loss of moisture before initial mass determination and while sample is cooling before final mass
determination. One container is needed for each moisture content determination.

e Balance: conforming to AASHTO M 231, class G1, sensitive to 0.01 g with a minimum capacity of 100 g.
e Oven: thermostatically controlled, capable of maintaining temperatures of 110 +£5°C (230 £9°F).

e Sieve: 0.425 mm (No. 40) sieve meeting the requirements of the FOP for AASHTO
T27/T 11.

Sample

The plastic limit procedure is often run in conjunction with the liquid limit procedure. If this is the case, the
plastic limit sample should be obtained from the soil prepared for the liquid limit test, FOP for AASHTO T 89, at
any point in the process at which the soil is plastic enough to be easily shaped into a ball without sticking to the
fingers excessively when squeezed. Obtain approximately 10 g of soil to run the plastic limit test.

If only the plastic limit is to be determined, the sample must be prepared according to AASHTO R 58 or R 74.
Obtain about 20 g of material passing the 0.425 mm (No. 40) sieve. Mix the soil with distilled or demineralized
water until the mass becomes plastic enough to be easily shaped into a ball. Use approximately 10 g of the soil
ball to run the plastic limit test.

Note 1: Tap water may be used for routine testing if comparative tests indicate no differences in results between using tap
water and distilled or demineralized water.

Procedure

1. Determine and record the mass of the container and lid.

2. Obtaina 1.5 to 2 g mass test sample from the initial 10 g.
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3. Squeeze and form the test sample into an ellipsoidal-shape mass.
4. Use one of the following methods to roll the mass.

¢ Hand Rolling Method—Roll the mass between the fingers or palm and the rolling surface with just
sufficient pressure to roll the mass into a thread of uniform diameter along its length. The sample must be
rolled into the 3 mm (1/8 in.) thread in no longer than 2 minutes.

e Alternate Rolling Method, Plastic Limit Device Method—Place the soil mass on the bottom plate. Place
the top plate in contact with the soil mass. Roll the mass between the plates with sufficient pressure to
form the mass into a thread of uniform diameter along its length so that top plate contacts the side rails
within 2 minutes. During this rolling process, do not allow the soil thread to contact the side rails. Rolling
multiple threads at once is allowed.

5. Break the thread into six or eight pieces when the diameter of the thread reaches 3 mm (1/8 in.).

6. Squeeze the pieces together between the thumbs and fingers of both hands into an ellipsoidal-shape mass and
reroll.

Continue this process of alternately rolling to a thread 3 mm (1/8 in.) in diameter, cutting into pieces,
gathering together, kneading and rerolling until the thread crumbles under the pressure required for rolling
and the soil can no longer be rolled into a thread 3 mm in diameter.

Crumbling may occur when the thread has a diameter greater than 3 mm (1/8 in.). This shall be considered a
satisfactory end point, provided the soil has been previously rolled into a thread 3 mm (1/8 in.) in diameter.
At no time, shall the tester attempt to produce failure at exactly 3 mm (1/8 in.) diameter. It is permissible,
however, to reduce the total amount of deformation for feebly plastic soils by making the initial diameter of
the ellipsoidal-shaped mass nearer to the required 3 mm (1/8 in.) final diameter.

Note 2: The crumbling will manifest itself differently with various types of soil. Some soils fall apart in many pieces; others
form an outside tubular layer that splits at both ends; splitting progresses toward the middle, and the thread falls
apart in small platy particles. Heavy clay requires much pressure to deform the thread, particularly as it approaches
the plastic limit, and the thread breaks into a series of barrel-shaped segments each 6 to 9 mm (1/4 to 3/8 in.) long.

7. Gather the portions of the crumbled soil together, place in the moisture content container and cover.
8. Repeat steps one through seven until 10 g of sample have been tested and placed in the covered container.

9. Determine the moisture content of the sample in accordance with the FOP for AASHTO T 255/T 265 (Soil)
and record the results. (Remove lids and keep with containers during drying.)

Plastic Limit
The moisture content, as determined in Step 9 above, is the Plastic Limit.

Note 3: It is advisable to run several trials on the same material to ensure a proper determination of the Plastic Limit of the
soil.

Plasticity Index

The Plasticity Index (PI) of the soil is equal to the difference between the Liquid Limit (LL) and the Plastic Limit
(PL). If either the liquid limit or plastic limit cannot be determined, report the plasticity index as NP (non-
plastic). If the plastic limit is equal to, or greater than the liquid limit, report the plasticity index as NP.

Pl=LL-PFL
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Examples:

No. 1

LL=34and PL=17

No. 2

LL=16and PL=10

PI=34-17=17 PI=16-10=6
Example Calculation
Container Container
Container | and Wet Soil Wet Soil and Dry Soil Dry Soil
Container Mass, g Mass, g Mass, g Mass, g Mass, g
1 14.44 25.21 10.77 23.62 9.18
2 14.18 24.84 10.66 23.90 9.72
Water Mass, g Moisture Content Plastic Limit
1.59 17.3% 17
0.94 9.7% 10

Report

e Results on forms approved by the agency

e PL and PI rounded to the nearest 1 percent and reported as a whole number.
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ATM 206 pH of Topsoil

1. Scope
This method describes the procedure for determining the pH of topsoil.
2. Apparatus

e A soil test kit capable of determining the pH of soils. These are available from commercial greenhouses.
Verify reagent expiration dates and replace as needed.

e pH Meter—Calibrate according to manufacturer’s recommendations.
e 2.00 mm (No. 10) sieve conforming to ASTM E11.
3. Sampling and Sample Preparation
1. Obtain the sample in accordance with WAQTC FOP for AASHTO T 2 (ASTM D75).

2. Prepare the soil sample in accordance with AASHTO R 58 and the manufacturer's instructions for the
soils kit.

4. Procedure

1. Separate sample on a 2.00 mm (No. 10) sieve. Discard the plus 2.00 mm (No. 10) material unless
required for other testing.

2. Determine the pH of the minus 2.00 mm (No. 10) material in accordance with the manufacturer's
instructions.

5. Report

e PH value to the nearest 0.5.
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ATM 207 Moisture Density Relations of Soil

The following are DOT&PF guidelines for using WAQTC FOP for AASHTO T 99/T 180.

1. ASTM D4253 or ATM 212 are more appropriate to determine standard density values for compaction
control of non-plastic or manufactured aggregate materials.

2. Moisture content shall be determined using the mass requirements listed in table 2 of WAQTC FOP for
AASHTO T 255/T 265.

3. Under Table 1 and 2 insert:

Molds Out of Tolerance Due to Use — A mold that fails to meet manufacturing tolerances after continued
service may remain in use provided those tolerances are not exceeded by more than 50 percent; and the
volume of the mold, calibrated in accordance with Annex B of this method, is used in the calculations.

4. For Procedure step #5, to attain a true representation based on the volume of the mold, use a No. 4,
No. 8, or No. 10 sieve to generate fine material suitable for filling any voids remaining after
trimming.

5. In order to properly draw the moisture-density curve, it may be helpful to plot a Zero Air Voids (ZAV)
curve. The ZAV curve must be to the right of the wet side of the curve. To plot the curve, you will need
to establish the specific gravity of the soil. Specific gravity of the soil can be estimated, assumed to be
2.700, or it can be determined in accordance with AASHTO T 100.

6. The points for plotting the ZAV shall be calculated by selecting dry unit masses and calculating a
corresponding moisture content value as follows:

W = (}/W)GS _yd XlOO

A (<

Where:
W, = Water content for complete saturation, %
Yw = Unit Mass of water 9.789 kN/m? (62.4 1bf/ft®)
Y4 = Dry unit mass of soil, kKN/m? (Ibf/ft®)
G, = Specific Gravity of soil or Gayg as described below

7. When the material includes plus 4.75 mm (No. 4) materials, the plus 4.75 mm (No. 4) specific gravity
may be estimated, assumed to be 2.700 or it can be tested in accordance with WAQTC FOP for AASHTO
T 85. If a weighted average is used, it shall be calculated as follows:

1
G =
=" R P

+
100G, 100G,

Where:
Gave = Weighted average specific gravity of soils
R = Percent of soil particles retained on the 4.75 mm (No. 4) sieve
P, = Percent of soil particles passing the 4.75 mm (No. 4) sieve
G = Apparent specific gravity of soil particles retained on the 4.75 mm (No. 4) sieve
G; = Specific gravity of soil particles passing the 4.75 mm (No. 4) sieve

8. The use of an extruder is optional when the sample being tested is granular.

9. Calculate wet density by Measured Volume as shown in Calculations 1.
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Annex A

1. The maximum allowable oversized (+19 mm [3/4 in]) material is 40 percent. The maximum dry density
to be used with material containing 30 to 40 percent oversized is the oversized correction calculated at 30
percent.

2. Along with density, the moisture content can be corrected. The moisture content can be determined by the
FOP for AASHTO T 255/ T 265, other agency approved methods, or the nuclear density gauge moisture
content reading from the FOP for AASHTO T 310. If the nuclear gauge moisture reading is used, or
when the moisture content is determined on the entire sample (both fine and oversized particles), the use
of the “Optimum Moisture Correction Equation” is not needed. Combined moisture contents with
material having an appreciable amount of silt or clay should be performed using FOP for AASHTO T 255
/ T 265 (Soil). Moisture contents used from FOP for AASHTO T 310 must meet the criteria for that
method.
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MOISTURE-DENSITY RELATIONS OF SOILS:

USING A 2.5 KG (5.5 LB) RAMMER AND A 305 MM (12 IN.) DROP
FOP FOR AASHTO T 99

USING A 4.54 KG (10 LB) RAMMER AND A 457 MM (18 IN.) DROP
FOP FOR AASHTO T 180

Scope

This procedure covers the determination of the moisture-density relations of soils and soil-aggregate mixtures in
accordance with two similar test methods:

e AASHTO T 99-22: Methods A, B, C, and D
e AASHTO T 180-22: Methods A, B, C, and D

This test method applies to soil mixtures having 40 percent or less retained on the 4.75 mm (No. 4) sieve for
methods A or B, or 30 percent or less retained on the 19 mm (%4 in.) sieve with methods C or D. The retained
material is defined as oversize (coarse) material. If no minimum percentage is specified, 5 percent will be used.
Samples that contain oversize (coarse) material that meet percent retained criteria should be corrected by using
Annex A, Correction of Maximum Dry Density and Optimum Moisture for Oversized Particles. Samples of soil or
soil-aggregate mixture are prepared at several moisture contents and compacted into molds of specified size, using
manual or mechanical rammers that deliver a specified quantity of compactive energy. The moist masses of the
compacted samples are multiplied by the appropriate factor to determine wet density values. Moisture contents of
the compacted samples are determined and used to obtain the dry density values of the same samples. Maximum
dry density and optimum moisture content for the soil or soil-aggregate mixture is determined by plotting the
relationship between dry density and moisture content.

Apparatus

e Mold — Cylindrical mold made of metal with the dimensions shown in Table 1 or Table 2. If permitted by the
agency, the mold may be of the “split” type, consisting of two half-round sections, which can be securely
locked in place to form a cylinder. Determine the mold volume according to Annex B, Standardization of the
Mold.

e Mold assembly — Mold, base plate, and a detachable collar.

e Rammer — Manually or mechanically operated rammers as detailed in Table 1 or Table 2. A manually
operated rammer shall be equipped with a guide sleeve to control the path and height of drop. The guide
sleeve shall have at least four vent holes no smaller than 9.5 mm (3/8 in.) in diameter, spaced approximately
90 degrees apart and approximately 19 mm (3/4 in.) from each end. A mechanically operated rammer will
uniformly distribute blows over the sample and will be calibrated with several soil types, and be adjusted, if
necessary, to give the same moisture-density results as with the manually operated rammer. For additional
information concerning calibration, see AASHTO
T 99 and T 180.

e Sample extruder — A jack, lever frame, or other device for extruding compacted specimens from the mold
quickly and with little disturbance.

e Balance(s) or scale(s) of the capacity and sensitivity required for the procedure used by the agency.

A balance or scale with a capacity of 11.5 kg (25 1b) and a sensitivity of 1 g
for obtaining the sample, meeting the requirements of AASHTO M 231,
Class G 5.

A balance or scale with a capacity of 2 kg and a sensitivity of 0.1 g is used for moisture content
determinations done under both procedures, meeting the requirements of AASHTO M 231, Class G 2.

Alaska Test Methods Manual 207-3 Effective May 19, 2025



e Drying apparatus — A thermostatically controlled drying oven, capable of maintaining a temperature of 110
+5°C (230 +£9°F) for drying moisture content samples in accordance with the FOP for AASHTO T 255/T 265.

e Straightedge — A steel straightedge at least 250 mm (10 in.) long, with one beveled edge and at least one
surface plane within 0.1 percent of its length, used for final trimming.

e Sieve(s) —4.75 mm (No. 4) and/or 19.0 mm (3/4 in.), meeting the requirements of FOP for AASHTO T 27/T
11.

e Mixing tools — Miscellaneous tools such as a mixing pan, spoon, trowel, spatula, etc., or a suitable mechanical

device, for mixing the sample with water.

Containers with close-fitting lids to prevent gain or loss of moisture in the sample.

TABLE 1

Comparison of Apparatus, Sample, and Procedure — Metric

T 99

T 180

Mold Volume, m?

Methods A, C: 0.000943 +0.000014

Methods A, C: 0.000943 +0.000014

Methods B, D: 0.002124 +0.000025

Methods B, D: 0.002124 +0.000025

Mold Diameter, mm

Methods A, C: 101.60 +0.40

Methods A, C: 101.60 +£0.4

Methods B, D: 152.40 +0.70

Methods B, D: 152.40 +0.70

Mold Height, mm 116.40 £0.50 116.40 £0.50
Detachable Collar Height, mm 50.80 +0.64 50.80 +0.64
Rammer Diameter, mm 50.80 £0.25 50.80 £0.25
Rammer Mass, kg 2.495 +0.009 4.536 +0.009
Rammer Drop, mm 305 £2 457 £2
Layers 3 5

Blows per Layer

Methods A, C: 25

Methods A, C: 25

Methods B, D: 56

Methods B, D: 56

Material Size, mm

Methods A, B: 4.75 minus

Methods A, B: 4.75 minus

Methods C, D: 19.0 minus

Methods C, D: 19.0 minus

Test Sample Size, kg

Method A: 3
Method C: 5 (1)

Method B: 7
Method D: 11(1)

Energy, kN-m/m?3

592

2,693

(1) This may not be a large enough sample depending on your nominal maximum size for moisture content samples.

TABLE 2

Comparison of Apparatus, Sample, and Procedure — English

T 99

T 180

Mold Volume, ft3

Methods A, C: 0.0333 +0.0005

Methods A, C: 0.0333 +0.0005

Methods B, D: 0.07500 +0.0009

Methods B, D: 0.07500 +0.0009

Mold Diameter, in.

Methods A, C: 4.000 £0.016

Methods A, C: 4.000 +0.016

Methods B, D: 6.000 +£0.026

Methods B, D: 6.000 +0.026

Mold Height, in. 4.584 £0.018 4.584 £0.018
Detachable Collar Height, in. 2.000 £0.025 2.000 £0.025
Rammer Diameter, in. 2.000 +£0.025 2.000 +£0.025
Rammer Mass, 1b 5.5+0.02 10 £0.02
Rammer Drop, in. 12 £0.06 18 +£0.06
Layers 3 5

Blows per Layer

Methods A, C: 25

Methods A, C: 25

Methods B, D: 56

Methods B, D: 56

Material Size, in.

Methods A, B: No. 4 minus

Methods A, B: No.4 minus
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T 99 T 180
Methods C, D: 3/4 minus Methods C, D: 3/4 minus
Test Sample Size, Ib Method A: 7 Method B: 16
Method C: 12y Method D: 25
Energy, Ib-ft/ft 12,375 | 56,250

(1) This may not be a large enough sample depending on your nominal maximum size for moisture content samples.

Sample

If the sample is damp, dry it until it becomes friable under a trowel. Drying may be in air or by use of a drying
apparatus maintained at a temperature not exceeding 60°C (140°F). Thoroughly break up aggregations in a
manner that avoids reducing the natural size of individual particles.

Obtain a representative test sample of the mass required by the agency by passing the material through the sieve
required by the agency. See Table 1 or Table 2 for test sample mass and material size requirements.

In instances where the material is prone to degradation, i.e., granular material, a compaction sample with differing
moisture contents should be prepared for each point.

If the sample is plastic (clay types), it should stand for a minimum of 12 hours after the addition of water to allow
the moisture to be absorbed. In this case, several samples at different moisture contents should be prepared, put in
sealed containers, and tested the next day.

Note 1: Both T 99 and T 180 have four methods (A, B, C, D) that require different masses and employ different sieves.
Procedure

During compaction, rest the mold firmly on a dense, uniform, rigid, and stable foundation, or base. This base
shall remain stationary during the compaction process.

1. Determine the mass of the clean, dry mold. Include the base plate but exclude the extension collar. Record
the mass to the nearest 1 g (0.005 Ib).

2. Thoroughly mix the selected representative sample with sufficient water to dampen it to approximately 4 to 8
percentage points below optimum moisture content. For many materials, this condition can be identified by
forming a cast by hand.

a. Prepare individual samples of plastic or degradable material, increasing moisture contents 1 to 2 percent
for each point.

b. Allow samples of plastic soil to stand for 12 hrs.

3. Form a specimen by compacting the prepared soil in the mold assembly in approximately equal layers. For
each layer:

a. Spread the loose material uniformly in the mold.

Note 2: 1t is recommended to cover the remaining material with a non-absorbent sheet or damp cloth to minimize loss of
moisture.

b. Lightly tamp the loose material with the manual rammer or other similar device, this establishes a firm
surface.

c. Compact each layer with uniformly distributed blows from the rammer. See Table 1 for mold size,
number of layers, number of blows, and rammer specification for the various test methods. Use the
method specified by the agency.

d. Trim down material that has not been compacted and remains adjacent to the walls of the mold and
extends above the compacted surface.
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Sl

10.

Remove the extension collar. Avoid shearing off the sample below the top of the mold. The material
compacted in the mold should not be over 6 mm (% in.) above the top of the mold once the collar has been
removed.

Trim the compacted soil even with the top of the mold with the beveled side of the straightedge.
Clean soil from exterior of the mold and base plate.
Determine and record the mass of the mold, base plate, and wet soil to the nearest 1 g (0.005 1b).

Determine and record the wet mass (My) of the sample by subtracting the mass in Step 1 from the mass in
Step 7.

Calculate the wet density (p.), in kg/m? (1b/ft?), by dividing the wet mass by the measured volume (V).

Extrude the material from the mold. For soils and soil-aggregate mixtures, slice vertically through the center
and remove one of the cut faces for a representative moisture content sample. For granular materials, a
vertical face will not exist. Take a representative sample ensuring that all layers are represented. This sample
must meet the sample size requirements of the test method used to determine moisture content.

Extruded material Eepresentative moisture

content sample

Note 3: When developing a curve for free-draining soils such as uniform sands and gravels, where seepage occurs at the
bottom of the mold and base plate, taking a representative moisture content from the mixing bowl may be preferred in order
to determine the amount of moisture available for compaction.

1.

12.

13.

14.

15.

Determine and record the moisture content (w) of the sample in accordance with the FOP for AASHTO T 255
/T 265.

If the material is degradable or plastic, return to Step 3 using a prepared individual sample. If not, continue
with Steps 13 through 15.

Thoroughly break up the remaining portion of the molded specimen until it will again pass through the sieve,
as judged by eye, and add to the remaining portion of the sample being tested.

Add sufficient water to increase the moisture content of the remaining soil by 1 to 2 percentage points and
repeat steps 3 through 11.

Continue determinations until there is either a decrease or no change in the wet mass. There will be a
minimum of three points on the dry side of the curve and two points on the wet side. For non-cohesive,
drainable soils, one point on the wet side is sufficient.
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Calculations

Wet Density
pw - Vm
Where:
P = wet density, kg/m* (Ib/ft?)
My = wet mass
Vi = volume of the mold, Annex B
Dry Density
Py Py
Pa = (—) X100 or py =7~ —
w + 100 LA
(700) +1
Where:
pd = dry density, kg/m* (Ib/ft)
W = moisture content, as a percentage
Example for 4-inch mold, Methods A or C
Wet mass, My, = 1.928 kg (4.25 1b)
Moisture content, w = 11.3%
Measured volume of the mold, Vi, = 0.000946 m? (0.0334 ft%)
Wet Density
_ 1.928 kg — 2038 kg/m? _ 4.251b — 127.21b/ ft?
Pw = 0.000926 m® grm Pw = 4033a 2 " !
Dry Density
_ (2038 kg/m’ x 100 = 1831 kg/m® p,; = 127.2 Ib/ft° x 100 = 114.3 b/ ft3
Pa =\ 113+ 100 a g/ Pa =\"113+ 100 = 11431b/1
Or
2038 kg /m*® 127.2 Ib/ft3
Pa = m—gj = 1831 kg;’ma Pa = lef =114.3 Ibfffa
o0 T 1 00 T 1
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Moisture-Density Curve Development

When dry density is plotted on the vertical axis versus moisture content on the horizontal axis and the points are
connected with a smooth line, a moisture-density curve is developed. The coordinates of the peak of the curve are
the maximum dry density, or just “maximum density,” and the “optimum moisture content” of the soil.

Example

Given the following dry density and corresponding moisture content values develop a moisture-density relations
curve and determine maximum dry density and optimum moisture content.

Dry Density Moisture Content,

kg/m? Ib/ft? %

1831 114.3 11.3
1853 115.7 12.1
1873 116.9 12.8
1869 116.7 13.6
1857 115.9 14.2

1900
118.0 Maximum Dry Density = 1880 kg/m3 (117.3 Ibs/ft3) 1

Optimum Moisture = 13.2%

/6\/ 1880
117.0

E
o 2
S >
> 160 \\ 1860 @
G &
/ :
3 g
g 1150
1860
114.0
1820
113.0

10 % 11 %) 12 % 13 % 14 % 15 % 16 %
Moisture Content (%)
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In this case, the curve has its peak at:

1880 kg/m’ (117.3 Ib/fY)
13.2%

Maximum dry density

Optimum moisture content

Note that both values are approximate since they are based on sketching the curve to fit the points.

Report
e Results on forms approved by the agency
e Sample ID
e Maximum dry density to the nearest 1 kg/m? (0.1 Ib/ft?)

e Optimum moisture content to the nearest 0.1 percent
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ANNEX A

Correction of Maximum DRY Density and Optimum Moisture for
Oversized Particles

(Mandatory Information)

This section corrects the maximum dry density and moisture content of the material retained on the 4.75 mm (No.
4) sieve, Methods A and B; or the material retained on the 19 mm

(¥ain.) sieve, Methods C and D. The maximum dry density, corrected for oversized particles and total moisture
content, are compared with the field-dry density and field moisture content.

This correction can be applied to the sample on which the maximum dry density is performed. A correction may
not be practical for soils with only a small percentage of oversize material. The agency shall specify a minimum
percentage below which the method is not needed. If not specified, this method applies when more than 5 percent
by weight of oversize particles is present.

Bulk specific gravity (Gs) of the oversized particles is required to determine the corrected maximum dry density.
Use the bulk specific gravity as determined using the FOP for AASHTO T 85 in the calculations. For
construction activities, an agency established value or specific gravity of 2.600 may be used.

This correction can also be applied to the sample obtained from the field while performing in-place density.

Procedure

1. Use the sample from this procedure or a sample obtained according to the FOP for AASHTO T 310.

2. Sieve the sample on the 4.75 mm (No. 4) sieve for Methods A and B or the 19 mm (% in.) sieve, Methods
Cand D.

3. Determine the dry mass of the oversized and fine fractions (Mpcand Mpr) by one of the following:

a. Dry the fractions, fine and oversized, in air or by use of a drying apparatus that is maintained at a
temperature not exceeding 60°C (140°F).

b. Calculate the dry masses using the moisture samples.

To determine the dry mass of the fractions using moisture samples.

1. Determine the moist mass of both fractions, fine (M) and oversized (Ma.):

2. Obtain moisture samples from the fine and oversized material.

3. Determine the moisture content of the fine particles (MCy) and oversized particles (MCc) of the material
by FOP for AASHTO T 255/T 265 or agency approved method.

4. Calculate the dry mass of the oversize and fine particles.
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Where:
Mp = mass of dry material (fine or oversize particles)
m = mass of moist material (fine or oversize particles)
MC = moisture content of respective fine or oversized, expressed as a decimal

5. Calculate the percentage of the fine (Pr) and oversized (P.) particles by dry weight of the total sample as
follows: See Note 2.

100 X Mp; 100 x 15.4 b 100 x 6.985 kg
Pp=———"7— =73% =73%
Mpr + Mp,~ 15.4lbs+ 5.7 b 6.985 kg + 2.585 kg
And
100 x My, 100 x 5.7 Ib 100 x 2.585kg
P = =27% =27%
Mpr + My~ 15.41bs + 5.7 b 6.985 kg + 2.585 kg
Or for P.:
P. = 100 — P;
Where:
Ps = percent of fine particles, of sieve used, by weight
P. = percent of oversize particles, of sieve used, by weight
Mpr = mass of dry fine particles
Mpc = mass of dry oversize particles
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Optimum Moisture Correction Equation
1. Calculate the corrected moisture content as follows:

_ (MCp x P) + (MC, X P,) (13.2% x 73.0%) + (2.1% X 27.0%)

MCy
100 100

= 10.2%

MCr = corrected moisture content of combined fines and oversized particles, expressed as a % moisture
MCr = moisture content of fine particles, as a % moisture
MCc = moisture content of oversized particles, as a % moisture

Note 1: Moisture content of oversize material can be assumed to be two (2) percent for most construction applications.

Note 2: In some field applications agencies will allow the percentages of oversize and fine materials to be determined with
the materials in the wet state.

Density Correction Equation

2. Calculate the corrected dry density (pq) of the total sample (combined fine and oversized particles) as follows:
100%

ARG

pas = corrected total dry density (com  :d fine and oversized particles)
kg/m® (Ib/ft %)
pr = dry density of the fine particles kg/m* (Ib/ft*), determined in the lab

P. = percent of dry oversize particles, of sieve used, by weight.

Py = percent of dry fine particles, of sieve used, by weight.

k = Metric: 1,000 * Bulk Specific Gravity (Gs) (oven dry basis)
of coarse particles (kg/m?).

k = English: 62.4 * Bulk Specific Gravity (Gs) (oven dry basis)

of coarse particles (1b/ft?)

Note 3: If the specific gravity is known, then this value will be used in the calculation. For most construction activities
the specific gravity for aggregate may be assumed to be 2.600.
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Calculation

Example
e Metric:
Maximum laboratory dry density (pf): 1880 kg/m?
Percent coarse particles (P.): 27%
Percent fine particles (Py): 73%
Mass per volume coarse particles (k): (2.697) (1000) = 2697 kg/m?
100%
Pa = P P
il —c
152+ ()]
100%
Pa = [( 73% ) . ( 27% )]
1880 kg /m? 2697 kg /m?
_ 100%
Pa = 1003883 kg /m? + 0.01001 kg /m?]
pg = 2047.5kg/m? report 2048 kg/m?
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English:

Maximum laboratory dry density (py): 117.3 Ib/ft?
Percent coarse particles (Pc): 27%
Percent fine particles (Py): 73%

Mass per volume of coarse particles (k): (2.697) (62.4) = 168.3 Ib/ft?

100%
Pa = P P
2f Ic
(55)+ 2]
100%
Pd:{( 73% )Jr( 27% )]
117.31b/fC3 168.31b/f3
100%

Pd = 106223 Ib/ft? + 0.1604 1b/fr%]

100%

Pa =4 7827 Ib/ft?

pg = 127.76 Ib/ft* Report 127.8 Ib/ft?

Report

e On forms approved by the agency

e Sample ID

e Corrected maximum dry density to the nearest 1 kg/m? (0.1 1b/ft?)

e Corrected optimum moisture to the nearest 0.1 percent
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ANNEX B

Standardization of The Mold

(Mandatory Information)

Standardization is a critical step to ensure accurate test results when using this apparatus. Failure to perform the
standardization procedure as described herein will produce inaccurate or unreliable test results.

Apparatus
e Mold and base plate

e Balance or scale — Accurate to within 45 g (0.1 Ib) or 0.3 percent of the test load, whichever is greater, at any
point within the range of use.

e Cover plate — A piece of plate glass, at least 6 mm (14 in.) thick and at least 25 mm
(1 in.) larger than the diameter of the mold.

o Thermometers — Standardized liquid-in-glass, or electronic digital total immersion type, accurate to 0.5°C
(1°F)

Procedure
1. Create a watertight seal between the mold and base plate.
2. Determine and record the mass of the dry sealed mold, base plate, and cover plate.

3. Fill the mold with water at a temperature between 16°C and 29°C (60°F and 85°F) and cover with the cover
plate in such a way as to eliminate bubbles and excess water.

4. Wipe the outside of the mold, base plate, and cover plate dry, being careful not to lose any water from the
mold.

5. Determine and record the mass of the filled mold, base plate, cover plate, and water.

6. Determine and record the mass of the water in the mold by subtracting the mass in Step 2 from the mass in
Step 5.

7. Measure the temperature of the water and determine its density from Table B1, interpolating, as necessary.

8. Calculate the volume of the mold, Vi, by dividing the mass of the water in the mold by the density of the
water at the measured temperature.
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Calculations

. M
. pwm‘:qr
Where:

Vm = volume of the mold

M = mass of water in the mold

pwater = density of water at the measured temperature

Example
Mass of water in mold = 0.94367 kg (2.0800 1b)
Pwarer At 23°C (73.4°F) = 997.54 kg/m? (62.274 1b/ft%)
Vo 0.94367 kg — 0.000946 13 V- 2.0800 b 00334 ftg
™ 99754 kg/m?® m ™ 62274 Ib/ft2
Table B1
Unit Mass of Water
15°C to 30°C
°C (°F) kg/m3 (Ib/ft3) °C (°F) kg/m3 (Ib/ft3)
15 (59.0) 999.10 (62.372) 23 (73.4) 997.54 (62.274)
15.6 (60.0) 999.01 (62.366) 239 (75.0) 997.32 (62.261)
16 (60.8) 998.94 (62.361) 24 (75.2) 997.29 (62.259)
17 (62.6) 998.77 (62.350) 25 (77.0) 997.03 (62.243)
18 (64.4) 998.60 (62.340) 26 (78.8) 996.77 (62.227)
18.3 (65.0) 998.54 (62.336) 26.7 (80.0) 996.59 (62.216)
19 (66.2) 998.40 (62.328) 27 (80.6) 996.50 (62.209)
20 (68.0) 998.20 (62.315) 28 (82.4) 996.23 (62.192)
21 (69.8) 997.99 (62.302) 29 (84.2) 995.95 (62.175)
21.1 (70.0) 997.97 (62.301) 294 (85.0) 995.83 (62.166)
22 (71.6) 997.77 (62.288) 30 (86.0) 995.65 (62.156)
Report
e MoldID

e Date Standardized
o Temperature of the water

e Volume, Vi, of the mold to the nearest 0.000001 m? (0.0001 ft*)
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ATM 211 Density of Soil In-Place by the Sand-Cone Method

1. Scope

This method is a Field Operating Procedure adapted from AASHTO T 191. It is intended for use in determining
the in-place density of soils. The apparatus described herein is restricted to tests in soils containing maximum
particle size not larger than 1% in.

2. Referenced Documents
e WAQTC Standards:
o FOP for AASHTO T 99/ T 180, Moisture-Density Relations of Soils

o FOP for AASHTO T 255/ T 265, Total Evaporable Moisture Content of Aggregate by Drying and
Laboratory Determination of Moisture Content of Soils

e AASHTO Standards:
o AASHTO T 19, Bulk Density (“Unit Weight”) and Voids of Aggregate
o AASHTO T 191, Density of Soil In-Place by the Sand-Cone Method
3. Significance and Use

This method has been created to have an alternate when circumstances make having a nuclear gauge for density
testing difficult, if not impossible.

4. Apparatus
e Sand-cone apparatus with base plate conforming to AASHTO T 191

e Sturdy cylindrical container of known volume (V), dimensionally approximate to the largest test hole that
will be dug and calibrated according to AASHTO T 19M/T 19.

e Any clean, dry, free-flowing, uncemented sand composed mostly of particles retained on the No. 200 and
passing the 2.00-mm (No. 10) sieves. Determine the bulk density from multiple determinations using the
same representative sample for each determination. Any sand having a variation in bulk density less than
1 percent is acceptable.

e Balances conforming to the requirements of M 231, one with capacity of at least 16 kg readable to 1g and
the other with a capacity of at least 5 kg readable to 0.1g.

e Stove or oven or other suitable equipment for drying moisture content samples
e Containers, clean, dry and capable of being sealed
e Suitable drying containers
e Small pick, chisels, screw drivers and/or spoons for digging test hole
5. Bulk Density of Sand and Cone Correction (C)
1. Fill the apparatus by:

a. Place the empty sand-cone apparatus upright on a firm level surface and fill with sand.

Note 1: Appreciable time intervals between the bulk density determination of the sand and its use in the field
may result in change in the bulk density caused by a change in the moisture content or effective gradation.
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b.

Determine and record the initial mass of the sand-cone apparatus filled with sand (mj).

2. Determining the bulk density of sand (py) to be used in the field test.

a.

b.

Determine the mass of the empty calibration container (my).

Position the calibration container on a clean, level, plane surface. Invert the apparatus and seat the
funnel over the calibration container.

Open the valve fully and keep open until the sand stops flowing .
Close the valve sharply, and remove the sand-cone apparatus from the calibration container.

Strike off the sand even with the top of the calibration container being careful to not disturb the sand
in the container. Determine the mass of the calibration container and sand (my).

Determine and record the bulk density of the sand (py) by dividing the mass of the sand needed to fill
the calibration container (my - m;), by it’s volume (V ) as determined according to T 19M/T 19.

3. Determine the volume of sand required to fill the funnel and base plate (C).

Fill the sand-cone apparatus, determine and record the mass in accordance with step 1.

Place the base plate on a clean, level, plane surface. Close the valve and invert the sand-cone
apparatus filled with sand and seat the funnel in the recess of the base plate.

Open the valve fully; allow the sand to flow until the sand stops flowing.

Close the valve sharply, remove the sand-cone apparatus and determine the final mass of the sand-
cone apparatus and the remaining sand (my).

Determine the volume of the cone and base plate (C) by dividing the mass of sand required to fill the
cone and base plate (m; — m¢) by the density of the sand (py). (Note 2).

Note 2: For each lot of sand there will be a unique bulk density. If the lot consists of several bags, verify that
each bag is within 1% of the lot density. Each sand-cone and matched base plate will also have a unique
volume. If more than one sand cone apparatus is available, the sand-cone and base plate should be marked and
the associated volume recorded.

6. Procedure

1. Determine the density of the soil in place as follows:

a.

Fill the sand-cone apparatus with sand. Record the initial mass of the sand and sand-cone apparatus

(m;).

Fill in surface voids with fines of the material being tested passing the 4.75 mm (No. 4) sieve or finer.
Smooth the surface with the base plate or other suitable tool. The depth of the filler should not
exceed approximately 3 mm (1/8 in.).

Place the base plate on the prepared surface and seat. Remove the material from the test hole by
digging the soil out, being careful to avoid disturbing the soil that will bound the hole. Soils that are
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granular require extreme care. Remove all loosened soil and place in a container, being careful to
avoid losing any material. Care must be taken to avoid moisture loss during excavation. The test hole
volume must conform to those given in Table 1.

Table 1
Maximum Particle Size Minimum Test Hole,
Volume

mm Alternate cm? ft3
4.75 No. 4 710 0.0250
12.5 2% 1415 0.0500
25.0 17 2125 0.0750
37.5 1 % 2830 0.1000

d. Close the valve and invert the sand-cone apparatus filled with sand and seat the funnel in the recess of
the base plate.

e. Open the valve fully; allow the sand to flow until the sand stops flowing.

f.  Close the valve sharply, remove the sand-cone apparatus and determine the final mass of the sand-
cone apparatus and the remaining sand (my).

Determine the final mass of the apparatus with the remaining sand (ms) and record.
Determine the mass of the moist material that was removed from the test hole.

i. Mix the material thoroughly and determine the moisture content in accordance with WAQTC FOP for
AASHTO T 255/ T 265.

7. Calculation

1. Calculate the volume of the test hole (V) to the nearest 0.0001 ft*:

Where:
Vi = volume of the test hole,
m; = initial mass of the apparatus and sand,
mr = final mass of the apparatus and sand,
C = Cone Correction, and
pv= bulk density of the sand.

2. Determine the dry mass of the material removed from the test hole to the nearest 1 g by either drying the
entire sample or calculate as follows:

— w
M, =

Mg = dry mass of the material removed from the test hole,

M, = moist mass of the material removed from the test hole, and

w = moisture content of the material removed from the test hole as determined by
WAQTC FOP for AASHTO T 255/ T 265.
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3. Calculate the in-place dry density of the material removed from the test hole as follows:

M,

pd:7h

Where:
p4 = in-place dry density of the material removed from the test hole,
Mg = dry mass of the material removed from the test hole, and
Vi = volume of the test hole (from Calculations Step 1)

4. Calculate the in-place dry density to the nearest 0.1 Ib/ft.

5. Calculate the percentage compaction by dividing the in-place dry density by the standard density
determined in accordance with WAQTC FOP for AASHTO T 99/ T 180, ATM 212, or ATM 309, and
report to the nearest 0.1 percent.

8. Report
Results shall be reported on standard forms approved by the Department. Report the following information:
e Date and location of test.
e (Calibration bulk density of the sand
e Identification of the standard density used
e Volume of the test hole, 0.0001 ft*
e In-place dry density, 0.1 Ib/ft?

e Percent compaction, 0.1%
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ATM 212 Determining the Standard Density of Coarse Granular
Materials Using the Vibratory Compactor

1. Scope

This method determines the maximum density values of granular materials for a standard compaction energy.
The method accounts for variations in the maximum attainable density of a given material due to fluctuations in
gradation.

With the specific gravity and the compacted density of the plus 4.75 mm (no. 4) and the minus 4.75 mm (No. 4)
fractions, a chart and/or curve of standard density values versus percent passing the No. 4 sieve can be plotted.

This test method is conducted using the minus 75 mm (3 in) portion of the sample. It applies to free-draining
cohesionless materials with the minus 4.75 mm (No. 4) portion of the sample having 10 percent or less passing
the 75 um (No. 200) sieve.

Note 1: The Vibratory Compaction Test was developed for sandy gravels whose fine fraction is non-plastic and highly
permeable or free draining. When the fine fraction is primarily a soil with some plasticity and low permeability or not free
draining, WAQTC FOP for AASHTO T 99/T 180 will be used. With borderline materials, both tests shall be applied, and
the one yielding the highest unit weight value will be used.

2. Apparatus

e A vibratory spring-loaded compactor essentially conforming to specifications that can be obtained from the
State Materials Engineer or the Vibratory Table specified in ASTM D4253.

e Standard Mold and base with a piston to fit inside the mold that has a maximum 1.5 mm (1/16 in) clearance
between piston and mold.

e A 0.014 m? (1/2 ft*) mold with a piston to fit inside mold that has a maximum 1.5 mm (1/16 in) clearance
between piston and mold.

Note 2: The molds and pistons will be constructed of metal of such dimensions as to remain rigid and inflexible under
test conditions.

e Spacer blocks of varying heights compatible with the compactor and pistons.
e Measuring device, accurate and readable to 0.1 mm (0.01 in) with a minimum 150 mm (6 in) length.
e A 75mm (3 in) and a 4.75 mm (No. 4) sieve conforming to AASHTO M 92 (ASTM E11) requirements.

e Balance or scale: Capacity sufficient for the sample mass, readable to 0.1 percent or 0.1 g and meeting the
requirements of AASHTO M 231.

Note 3: The compaction tests require a scale with a capacity of at least 40 kg (90 1b),readable to 5 g (0.01 1b) or better.

Note 4: The moisture content tests require a scale with a capacity of at least 1000 g and readable to 0.1 g or better.
e A 2.5kg (5.5 1b) metal rammer conforming to the requirements of WAQTC FOP for AASHTO T 99/T 180.

e Tamping rod of straight steel, 16 mm (5/8 in) in diameter and approximately 600 mm (24 in) long having at
least one end rounded to a hemispherical tip.

e Graduated cylinder, 1000 ml capacity, readable to 5 ml.
e A stopwatch or timer accurate to 1 second.

e Miscellaneous tools including pans, spoon, trowel, mechanical mixer (optional), etc.
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3. Mold Calibration

The following calibration of test apparatus should be performed before initial use and at intervals not exceeding
1000 tests, or annually, whichever occurs first. Additionally, the ATM apparatus or Vibrating Table should be
calibrated after any event (including repairs) which might affect its operation.

Molds — Determine the volume of each mold by the water-filling method described below. Enter data and
perform calculations on the included worksheet.

1. Measure inside height of cylindrical mold to nearest 0.001 inch at three locations around mold circumference
approximately 120 degrees apart and record as (hy, hz, h3).

2. Average the three inside height readings, divide by 12 to convert from inches to feet, and record as (h),
Average Inside Mold Height (ft). Equation: h = (h; + h; + h3) / (3 x 12)

3. Measure thickness of steel top plate, that confines soil in mold, to nearest 0.001 inch at three locations
around plate circumference approximately 120 degrees apart and record as (t, tz, t3).

4. Average the three plate thickness readings and record as (t), Average Plate Height.

5. Determine mass of mold, glass cover plate, and any grease or silicone lubricant used on mold rim to make a
watertight seal with the glass plate to nearest 0.001 1b Record as (b), Mass of Mold + Glass.

6. Fill mold with room temperature water and record water temperature to nearest 0.1°F under (d), Water
Temperature.

7. Look up the water density for this temperature in the included "Table 1: Water Density variation with
Temperature" and record this density under (e), Water Density.

8. Determine mass of mold, water and glass cover plate to nearest 0.001 1b and record as (a), Mass of Mold +
Glass + Water.

9. Determine Water Mass, (¢) required to fill mold completely, by subtracting mass of mold and plate (b) from
mass of mold, plate, and water (a). Equation:c=a-b

10. Calculate Mold Volume (f). Density = Mass / Volume. Solving for Volume gives: Volume = Mass /
Density. The Volume of water contained = Mold Volume. Equation: f=c¢/e

11. Calculate Mold Cross-Sectional Area (g). Volume of a cylinder = Area of base x Height, (or Mold Cross-
Sectional Area x Height). Solving for Mold Cross-Sectional Area gives:

Mold Cross-Sectional Area = Volume / Height. Equation: g=f/h

CALIBRATION DATA & CALCULATIONS Formulae Data and Calculations

h1 (in) h2 (in) hs (in)

h. Mold Inside Height Readings (in)

Average Height (ft) (h1+h2+h3)/36

a. Mass of Mold + Glass + Water (Ib)

b. Mass of Mold + Glass (Ib)

c. Water Mass (Ib) c=a-b

d. Water Temperature (°C)

e. Water Density (Ibm/ft® at temp d)

f. Water Volume = Mold Volume (ft%) f=cle

g. Mold Cross-Sectional Area (ft?) g=f/h

t1 (in) t2 (in) ts (in)

t. Top Plate Thickness Readings (in)

Average Thickness (ft) (t1+t2+t3)/36
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Table 1: Water Density variation with Temperature
Temp Water Temp Water Temp Water
Density, p Density, p Density, p
’C g/cm’ Ibm/ft} ’C g/cm? Ibm/ft} ’C g/cm® Ibm/ft}
15.0 0.9991016 62.37187 20.0 0.9982063 62.31598 25.0 0.9970480 62.24367
15.1 0.9990864 62.37092 20.1 0.9981856 62.31469 25.1 0.9970223 62.24206
15.2 0.9990712 62.36997 20.2 0.9981649 62.31339 25.2 0.9969965 62.24045
15.3 0.9990558 62.36901 20.3 0.9981440 62.31209 253 0.9969707 62.23884
15.4 0.9990403 62.36804 20.4 0.9981230 62.31078 254 0.9969447 62.23722
15.5 0.9990247 62.36707 20.5 0.9981019 62.30946 25.5 0.9969186 62.23559
15.6 0.9990090 62.36609 20.6 0.9980807 62.30814 25.6 0.9968925 62.23396
15.7 0.9989932 62.36510 20.7 0.9980594 62.30681 25.7 0.9968663 62.23233
15.8 0.9989772 62.36411 20.8 0.9980380 62.30547 25.8 0.9968399 62.23068
15.9 0.9989612 62.36311 20.9 0.9980164 62.30412 25.9 0.9968135 62.22903
16.0 0.9989450 62.36209 21.0 0.9979948 62.30278 26.0 0.9967870 62.22738
16.1 0.9989287 62.36108 21.1 0.9979731 62.30142 26.1 0.9967604 62.22571
16.2 0.9989123 62.36005 21.2 0.9979513 62.30006 26.2 0.9967337 62.22405
16.3 0.9988957 62.35902 21.3 0.9979294 62.29869 26.3 0.9967069 62.22237
16.4 0.9988791 62.35798 214 0.9979073 62.29731 26.4 0.9966800 62.22070
16.5 0.9988623 62.35693 21.5 0.9978852 62.29593 26.5 0.9966530 62.21901
16.6 0.9988455 62.35588 21.6 0.9978630 62.29455 26.6 0.9966259 62.21732
16.7 0.9988285 62.35482 21.7 0.9978406 62.29315 26.7 0.9965987 62.21562
16.8 0.9988114 62.35375 21.8 0.9978182 62.29175 26.8 0.9965714 62.21392
16.9 0.9987942 62.35268 21.9 0.9977957 62.29035 26.9 0.9965441 62.21221
17.0 0.9987769 62.35160 22.0 0.9977730 62.28893 27.0 0.9965166 62.21049
17.1 0.9987595 62.35051 22.1 0.9977503 62.28751 27.1 0.9964891 62.20878
17.2 0.9987419 62.34942 222 0.9977275 62.28609 27.2 0.9964615 62.20706
17.3 0.9987243 62.34832 223 0.9977045 62.28465 27.3 0.9964337 62.20532
17.4 0.9987065 62.34721 224 0.9976815 62.28322 274 0.9964059 62.20358
17.5 0.9986886 62.34609 22.5 0.9976584 62.28178 27.5 0.9963780 62.20184
17.6 0.9986706 62.34496 22.6 0.9976351 62.28032 27.6 0.9963500 62.20009
17.7 0.9986525 62.34383 22.7 0.9976118 62.27887 27.7 0.9963219 62.19834
17.8 0.9986343 62.34270 22.8 0.9975883 62.27740 27.8 0.9962938 62.19659
17.9 0.9986160 62.34156 22.9 0.9975648 62.27593 27.9 0.9962655 62.19482
18.0 0.9985976 62.34041 23.0 0.9975412 62.27446 28.0 0.9962371 62.19305
18.1 0.9985790 62.33925 22.1 0.9975174 62.27297 28.1 0.9962087 62.19127
18.2 0.9985604 62.33809 23.2 0.9974936 62.27149 28.2 0.9961801 62.18949
18.3 0.9985416 62.33691 233 0.9974697 62.26999 28.3 0.9961515 62.18770
18.4 0.9985228 62.33574 234 0.9974456 62.26849 28.4 0.9961228 62.18591
18.5 0.9985038 62.33455 23.5 0.9974215 62.26699 28.5 0.9960940 62.18411
18.6 0.9984847 62.33336 23.6 0.9973973 62.26548 28.6 0.9960651 62.18231
18.7 0.9984655 62.33216 23.7 0.9973730 62.26396 28.7 0.9960361 62.18050
18.8 0.9984462 62.33096 23.8 0.9973485 62.26243 28.8 0.9960070 62.17868
18.9 0.9984268 62.32974 23.9 0.9973240 62.26090 28.9 0.9959778 62.17686
19.0 0.9984073 62.32853 24.0 0.9972994 62.25936 29.0 0.9959486 62.17504
19.1 0.9983877 62.32730 24.1 0.9972747 62.25782 29.1 0.9959192 62.17320
19.2 0.9983680 62.32607 24.2 0.9972499 62.25627 29.2 0.9958898 62.17137
19.3 0.9983481 62.32483 24.3 0.9972250 62.25472 29.3 0.9958603 62.16952
19.4 0.9983282 62.32359 244 0.9972000 62.25316 29.4 0.9958306 62.16767
19.5 0.9983081 62.32233 24.5 0.9971749 62.25159 29.5 0.9958009 62.16582
19.6 0.9982880 62.32108 24.6 0.9971497 62.25002 29.6 0.9957712 62.16396
19.7 0.9982677 62.31981 24.7 0.9971244 62.24844 29.7 0.9957413 62.16209
19.8 0.9982474 62.31855 24.8 0.9970990 62.24685 29.8 0.9957113 62.16022
19.9 0.9982269 62.31727 24.9 0.9970735 62.24526 29.9 0.9956813 62.15835
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4. Sample Preparation

1. Sample the material in accordance with WAQTC FOP for AASHTO T 2 (ASTM D75). Initially prepare the
field sample by splitting out representative portions in accordance with WAQTC FOP for AASHTO T 248,
Method A, to provide sufficient material for the following tests:

a. Retain an as-received compaction sample of approximately 20 kg (45 1b) to be used if verification of the
end result "Maximum Dry Density vs. the Percent Passing 4.75 mm (No. 4) Sieve" curve is needed. (See
Section 11, Supplementary Requirement.)

b. Sieve Analysis in accordance with WAQTC FOP for AASHTO T 27/T 11.

c. Coarse Aggregate Apparent Specific Gravity in accordance with WAQTC FOP for AASHTO T 85.
d. Fine Aggregate Apparent Specific Gravity in accordance with AASHTO T 84 or AASHTO T100.
e. Compaction sample to provide sufficient material for the compaction specimens detailed below.

5. Dry the compaction sample to constant mass in accordance with the aggregate section of WAQTC FOP for
AASHTO T 255/ T 265.

6. Scalp the plus 75 mm (3 in) material from the compaction sample (e.) and discard, if not needed for any
other tests. Separate the remainder of the compaction sample into coarse [minus 75 mm (3 in) to 4.75 mm
(No. 4)] and fine [minus 4.75 mm (No. 4)] aggregate fractions.

7. The quantity of material necessary to complete tests on both fractions is:
a. Fine aggregate, minimum of 3 portions approximately 6 kg (13 1b) each.
b. Coarse aggregate:

1) For material containing 5 percent or less of 19.0 mm (3/4 in) material, a portion of the minus 19.0
mm (3/4 in) aggregate of approximately 6 kg (13 1b).

2) For material containing more than 5 percent plus 19.0 mm (3/4 in) aggregate a portion of 18 to 20 kg
(40 to 45 1b).

5. Procedure
1. Compaction Test of the Fine Fraction:

a. Assemble the Standard Mold and determine its mass, along with the Piston, to the nearest 5 g (0.01 1b).
Record this as the Mass of Mold Assembly.

b. Using one of the fine aggregate portions, add an amount of water estimated to produce a saturated
sample when compacted and mix thoroughly.

1) When the material is at its saturation point, free water (a drop or two) will show at the base of the
mold at about the 227 kg (500 1b) load of the first compression run. The ideal saturation point would
be a bead of water around the base of the mold at the end of the 10-minute compaction run. Most
materials will yield the highest density at that moisture content. Some materials may continue to
gain density at higher moisture contents; however, this is due to the washing out of fines, which will
alter the character of the sample. Therefore, if severe washing-out or pumping of fines occurs (as
evidenced by dirty water flooding off of the base or pumped on top of the piston), the sample is
beyond the saturation point, will be discarded and a lower moisture content tried for the saturation
point.

2) Moisture contents beyond the saturation point need not be tested.
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c. Set the piston aside and place the sample in the mold in three approximately equal layers. Consolidate
each lift by 25 strokes of the tamping rod followed by 25 blows of the manual rammer. If severe
displacement of the material occurs, adjust the blow strength by limiting the height of each blow to
produce the maximum compaction and minimum displacement. The surface of the top lift should be
finished as level as possible.

d. Place the piston on top of the sample and mount the mold on the jack platform in the compactor.
Spacers between the load spring and piston must be used to adjust the elevation of the mold so the
hammers strike the mold in the center of the lift area. Elevate the mold until the loading head seats on
top of the piston. Apply an initial seating load of approximately 45 kg (100 Ibs) on the sample.

e. Start the vibratory hammers and, by elevating the jack, begin the loading application rate procedure.

The load application rate to 2000 lbs. is applied as follows:

Load Elapsed Time
0to 225 kg (500 1b) 1 minute
225 kg to 450 kg (1000 1b) | 1-1/2 minutes
450 kg to 900 kg (2000 Ib) | 2 minutes

f.  Upon reaching the 900 kg (2000 Ib) load at the end of the 2-minute cycle, stop the hammers, release the
load on the jack, and return to zero pressure.

Repeat Steps (e) and (f) four additional times. After the last run remove the mold from the compactor.

Measure the height of the compacted sample, to the top of the piston, to the nearest 0.1 mm (0.01 in) by
measuring from the top of the mold to the surface of the sample at a minimum of 4 different places
evenly spaced around the circumference of the mold. Record and average these measurements. Subtract
this average from the overall height of the mold and record as the Height of Sample.

i. Determine the mass of the specimen in the mold to the nearest 5 g (0.01 1Ib). Record this as Mass of
Mold Assembly + Aggregate.

j-  Remove the specimen from the mold and determine the moisture content in accordance with WAQTC
FOP for AASHTO T 255, recording the data on the Vibratory Compaction Worksheet.

k. Repeat Steps (b) thru (j) at lower or higher moisture content increments of approximately 1 percent
intervals to determine the maximum density value for the material. Three tests are usually sufficient.

2. Compaction Test of the Coarse Fraction:
a. For minus 19 mm (3/4 in) aggregates:

1) Determine the mass of the coarse aggregate to the nearest 5 g (0.01 lIb). Record this mass as Net
Mass of Coarse Aggregate.

2) Add 2.5 percent moisture to the sample, mix thoroughly and place in the Standard CBR mold in
approximately three equal lifts. Compact each lift with 25 blows of the tamping rod (omit
hammering). Avoid the loss of any material during this operation, or the net mass of coarse
aggregate must be determined again, after determining the height of the sample and drying the
material to constant mass.

3) Follow the procedures outlined in Steps 5.1.d. through 5.1.h.
b. For plus 19 mm (3/4 in) aggregates:

1) Determine the mass of the coarse aggregate to the nearest 5 g (0.01 Ib) or better. Record this mass
the Net Mass of Coarse Aggregate.
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2) Divide the sample into three representative and approximately equal portions.

3) Place one of the portions into the 0.014 m?® (1/2 ft*) mold. Level the surface by hand and consolidate
the layer with 25 strokes of the tamping rod, using the rounded end. Distribute the strokes evenly
over the entire cross section of the material rodding full depth, if possible, without hitting the bottom
too hard.

4) Repeat this procedure for the other lifts, penetrating, if possible, into the lower layer. Avoid the loss
of any material during this operation, or the net mass of coarse aggregate must be re-determined after
determining the height of the sample. Position the piston on the sample, mount the mold in the
compactor and follow the procedure described in Steps 5.1.d. through 5.1.h.

6. Calculations

Calculate the dry density of each of the fine and coarse aggregate fractions following steps 1-17 below. The
maximum dry density for the fine aggregate fraction is the highest density at or below the saturation point.

1.
2.
3.

10.

1.
12.

13.
14.
15.
16.
17.
18.

Enter mold inside height (a) from current mold calibration form.
Enter mold cross-sectional area (b) from current mold calibration form.

Enter thickness of steel top plate (¢), that confines aggregate in mold, from current mold calibration
form.

Determine mass of empty mold and top plate (d) to nearest 0.001 1b.
Determine mass of mold + aggregate + top plate (e) to nearest 0.001 1b.

Subtract mass of empty mold and top plate (d) from aggregate filled mold assembly (e) to get mass
of aggregate (f). Equation: f=e—d

After compaction take four height measurements from top of mold to top of plate, approximately 90
degrees apart, record as (di, d2, d3, d4), then average the four values and convert to feet (g).
Equation: g=(di +d. +ds +ds) / (4 x 12)

Subtract distance from top of mold to top plate (g) + thickness of top plate (¢) from mold height (a)
to get height of aggregate (h). Equation:h=a-c-g

Calculate aggregate volume (i) by multiplying mold cross-sectional area (b) by the aggregate height
(h). Equation: i = (b)(h)

Calculate Wet Density of Compacted Aggregate (j) by dividing aggregate mass (f) by aggregate
volume (i). Equation: j = f/i

Determine the tare mass (k) of pan to be used for a wet aggregate moisture test.

Remove the wet aggregate from the mold and immediately record mass of tare and representative
moisture sample (1I).

Dry moisture sample to constant mass and record mass of dry aggregate and tare (m).

Calculate Dry Aggregate mass (n). Equation: n=m —k

Calculate Water mass (0). Equation: 0 =1-m

Calculate decimal fraction of water in aggregate (p). Equation: p = o/n

Calculate Dry Density of Compacted Aggregate (q). Equation: q =j/(1 + p)

Determine the apparent specific gravity of the fine aggregate in accordance with AASHTO T 84.
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19. Determine the apparent specific gravity of the coarse aggregate in accordance with WAQTC FOP

for AASHTO T 85.

20. Plotting the "Maximum Dry Density vs. the Percent Passing 4.75 mm (No. 4) Sieve" curve is based
on complex theoretical formulae. Programs for solution of these formulae, which produce curve
data points and charts, have been developed for spreadsheets. These programs are available from

the Statewide/ Regional laboratories.

TEST DATA & CALCULATIONS:

Formulae

Data

a. Mold Inside Height (ft)

b. Mold Cross-Sectional Area (ft?)

c. Top Plate Thickness (ft)

d. Mass Empty Mold + Top Plate (Ib)

e. Mass Mold + Aggregate + Top Plate (Ib)

f. Mass of Compacted Aggregate (Ib)

d1 (in)

dz (in)

ds (in) d4 (in)

Distance, top of mold to plate (in)

g. Average Distance (ft)

g =
(d1+d2+ds+ds)/48

h. Height of Compacted Aggregate (ft) h=a-c-g
i. Volume of Compacted Aggregate (ft%) i = (b)(h)
j. Compacted Aggregate Wet Density (Ib/ft3) j=fi
Moisture Content of Aggregate:

k. Tare mass (g)

I. Wet Aggregate + Tare (9)

m. Dry Aggregate + Tare ()

n. Dry Aggregate mass (g) n=m-k
0. Water mass (g) o=l-m
p. Decimal Fraction of Water in Aggregate p=o/n

g. Compacted Aggregate Dry Density (Ib/ft3) | q = j/(1+p)

7. Report

e Results on forms approved by the Department

e Standard Conformance tests for the material

e Maximum dry density in chart form to the nearest 1 kg/m?® (0.1 Ib/ft®) vs. the Percent Passing 4.75 mm
(No. 4) in whole percentages from 0 to 100 percent.

e The data may be displayed graphically in addition to the chart.

8. Supplementary Requirement
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The following supplementary requirement shall apply only when specified, or when required by the Regional
Quality Assurance or Materials Engineer.

1. Using the sample obtained in Step 4.1.a., adjust its moisture content to optimum as determined by the

following:
MCt = (MCf x Pf)+ (MCc x Pc)
100
Where:
MCt = total moisture content of combined fine and coarse fractions, expressed asa %
moisture

MCf= moisture content of the fine fraction corresponding to the maximum dry density
determined in Step 6.1.d., expressed as a % moisture

Pf = percent fine fraction determined from original gradation, in Step 4.1.b.

MCc = moisture content of the coarse fraction when Step 5.2 was performed, expressed as a %
moisture (if moisture was not used, two (2) percent can be assumed)

Pc=  percent coarse fraction determined from original gradation, in Step 4.1.b.

2. Compact the sample per Step 5.2.b.
3. Determine maximum dry density of the sample per Step 6.17

4. Plot the sample point on the graph containing the “Maximum Dry Density vs. the Percent Passing 4.75 mm
(No. 4) sieve” curve generated in Step 6.20.

5. If the sample point falls more than 4 pcf below (or above) the point on the curve corresponding to its
respective FA percentage then produce 2-4 additional CA/FA blends spaced evenly through the range of
gradation. Compact these points per Step 5.2.b. Plot this series of dry densities at their respective FA
percentages and draw a best-fit curve through the points to establish the compaction curve.
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ATM 213 In-Place Density and Moisture Content of Soil and Soil-

Aggregate by Nuclear Methods (Shallow Depth)

Following are guidelines for the use of WAQTC FOP for AASHTO T 310 by the State of Alaska DOT&PF.

1.

el

The procedure designated as Method A will be used.
Report percent compaction to the nearest whole percent.
The visual description of the material will be the material classification, i.e. Borrow, D-1, etc.

A representative sample of material is required from beneath the gauge for purposes of: verification of
moisture content for nuclear gauge according to ATM 213; correcting the Standard Density determined
by ATM 207, Annex A, when greater than 5% coarse particles are present; and determining the minus
No. 4 for ATM 212.

A sample of material will not be required when any one of the following conditions applies:

a. The Standard Density is determined by ATM 212 or ATM 215, and the test meets the minimum
density requirement using the maximum density from the peak of the curve.

b. The Project Engineer may waive this requirement when testing top layer of surface or base course and
the Standard Density is determined using ATM 207. In this case, the percent coarse (oversized) for
calculating the corrected density is established from proctor gradation of the material being tested.

c. A sample is not required for moisture content when the nuclear gauge moisture has been determined
to be within 1% of the oven dry moisture and is verified at least every 90 days.

The offset factor (k) shall be used to correct the moisture content reading from the gauge.

THE OFFSET FACTOR IS GAUGE-SPECIFIC AND MATERIAL-SPECIFIC and must be established
for each gauge and material type tested.

5. Determine the offset factor (k) by:
5. Average minimum five gauge derived moisture contents.

5. Average minimum five moisture contents determined by ATM 202, taken from the locations
used to determine the gauge derived moistures.

5. Calculate the offset factor (k) using the following formula.

k_(%MLab —%M

Gauge % 1000
100 + %M

Gauge

5. Follow the gauge Manufacturer’s instructions to enable the offset function to correct the moisture
reading.

5. Be sure to disengage the offset function upon completion of test.
Note: This procedure is set up for Troxler gauges.

When allowed by the Project Engineer, a standard density value may be developed using a one-point
proctor compacted in accordance with ATM 207, or ATM 309.
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7. When the Standard Density is determined using ATM 309, use the average of the tests performed
according to ATM 213, taken at three separate random test locations, as the acceptance test value.

8. For “Procedure step 9, Replace “Pull gently on the gauge” with “Pull gently on the base of the gauge”
9. Delete “Procedure” Step 10.a and replace with:

9. Method A Single Direction: Take a test consisting of the average of two one minute readings, or one
four minute reading, and record both density and moisture data. When performing two one minute
readings, the two wet density readings should be within 32 kg/m? (2.0 Ib/ft®) of each other. The
average of the two wet densities and moisture contents will be used to compute dry density. When
performing one four minute reading the gauge will average four one minute readings.

10. Delete section “Percent Compaction” and replace with:
“Percent Compaction”

“Percent compaction is determined by comparing the in-place dry density as determined
by this procedure to the maximum dry density of the appropriate Standard Density curve.

“For plastic or cohesive soil or soil-aggregate mixes, develop the Standard Density curve
using the FOP for AASHTO T 99/T 180. When using curves developed by the FOP for
AASHTO T 99/ T 180, it may be necessary to use Annex A from FOP for AASHTO T
99/T 180 and FOP for AASHTO T 272 to determine the corrected maximum dry density
and optimum moisture.

“For non-plastic coarse granular materials, develop the Standard Density curve using
ATM 212 to determine maximum dry density and optimum moisture. Maximum dry
density values may also be determined by ATM 309 or ASTM D4253.”

11. Density measured using a low activity nuclear densometer used per ASTM D8167 Standard Test Method
for In-Place Bulk Density of Soil and Soil Aggregate by a Low Activity Nuclear Method (Shallow Depth)
is an approved alternate to this method.
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IN-PLACE DENSITY AND MOISTURE CONTENT OF SOIL AND SOIL-AGGREGATE BY
NUCLEAR METHODS (SHALLOW DEPTH)

FOP FOR AASHTO T 310

Scope

This procedure covers the determination of density, moisture content, and relative compaction of soil, aggregate,
and soil-aggregate mixes in accordance with AASHTO

T 310-22. This procedure provides a rapid, nondestructive technique for determining the in-place wet density and
moisture content of soil, aggregate, and soil-aggregate mixes. This field operating procedure is derived from
AASHTO T 310. The nuclear moisture-density gauge is used in the direct transmission mode.

Apparatus

e Nuclear density gauge with the factory matched standard reference block.
e Drive pin, guide/scraper plate, and hammer for testing in direct transmission mode.
e Transport case for properly shipping and housing the gauge and tools.
¢ Instruction manual for the specific make and model of gauge.
e Radioactive materials information and calibration packet containing:
— Daily Standard Count Log.
— Factory and Laboratory Calibration Data Sheet.
— Leak Test Certificate.
— Shippers Declaration for Dangerous Goods.
— Procedure Memo for Storing, Transporting and Handling Nuclear Testing Equipment.
— Other radioactive materials documentation as required by local regulatory requirements.
e Secalable containers and utensils for moisture content determinations.

Radiation Safety

This method does not purport to address all of the safety problems associated with its use. This test method
involves potentially hazardous materials. The gauge utilizes radioactive materials that may be hazardous to the
health of the user unless proper precautions are taken. Users of this gauge must become familiar with the
applicable safety procedures and governmental regulations. All operators will be trained in radiation safety prior
to operating nuclear density gauges. Some agencies require the use of personal monitoring devices such as a
thermoluminescent dosimeter or film badge. Effective instructions together with routine safety procedures such
as source leak tests, recording and evaluation of personal monitoring device data, etc., are a recommended part of
the operation and storage of this gauge.
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Calibration

Calibrate the nuclear gauge as required by the agency. This calibration may be performed by the agency using
manufacturer’s recommended procedures or by other facilities approved by the agency. Verify or re-establish
calibration curves, tables, or equivalent coefficients every 12 months.

Standardization

1. Turn the gauge on and allow it to stabilize (approximately 10 to 20 minutes) prior to standardization.
Leave the power on during the day’s testing.

2. Standardize the nuclear gauge at the construction site at the start of each day’s work and as often as
deemed necessary by the operator or agency. Daily variations in standard count shall not exceed the daily
variations established by the manufacturer of the gauge. If the daily variations are exceeded after
repeating the standardization procedure, the gauge should be repaired and/or recalibrated.

3. Record the standard count for both density and moisture in the Daily Standard Count Log. The exact
procedure for standard count is listed in the manufacturer’s Operator’s Manual.

Note 1: New standard counts may be necessary more than once a day. See agency requirements.
Overview

There are two methods for determining in-place density of soil / soil aggregate mixtures. See agency
requirements for method selection.

e Method A Single Direction
e Method B Two Direction

Procedure

1. Select a test location(s) randomly and in accordance with agency requirements. Test sites should be
relatively smooth and flat and meet the following conditions:

a. Atleast 10 m (30 ft) away from other sources of radioactivity
b. Atleast 3 m (10 ft) away from large objects
c. The test site should be at least 150 mm (6 in.) away from any vertical projection.

d. Correct for trench wall effect according to manufacturer’s correction procedures if the test site is
closer than 600 mm (24 in.) to vertical projection. See Note 2.

Note 2:  To perform moisture and density tests in a trench or against a large solid object, it is necessary to perform a
trench offset correction to adjust the gauge, or it may read a falsely high moisture content. Moisture present
in the walls can thermalize neutrons which return to the gauge and are read as moisture by the detector in the
gauge.

2. Remove all loose and disturbed material and remove additional material as necessary to expose the top of
the material to be tested.

3. Prepare a flat area sufficient in size to accommodate the gauge. Plane the area to a smooth condition so as
to obtain maximum contact between the gauge and the material being tested. For Method B, the flat area
must be sufficient to permit rotating the gauge 90 or 180 degrees about the source rod.

4. Fill in surface voids beneath the gauge with fines of the material being tested passing the 4.75 mm (No. 4)
sieve or finer. Smooth the surface with the guide plate or other suitable tool. The depth of the filler
should not exceed approximately 3 mm (1/8 in.).
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5. Make a hole perpendicular to the prepared surface using the guide plate and drive pin. The hole shall be
at least 50 mm (2 in.) deeper than the desired source rod depth and shall be aligned such that insertion of
the source rod will not cause the gauge to tilt from the plane of the prepared area. Remove the drive pin
by pulling straight up and twisting the extraction tool.

6. Place the gauge on the prepared surface so the source rod can enter the hole without disturbing loose
material.

7. Lower the source rod into the hole to the desired test depth using the handle and trigger mechanism.

8. Seat the gauge firmly by partially rotating it back and forth about the source rod. Ensure the gauge is
seated flush against the surface by pressing down on the gauge corners and making sure that the gauge
does not rock.

9. Pull gently on the gauge to bring the side of the source rod nearest to the
scaler / detector firmly against the side of the hole.

10. Perform one of the following methods, per agency requirements:

a. Method A Single Direction: Take a test consisting of the average of two, one-minute readings, and
record both density and moisture data. The two wet density readings should be within 32 kg/m?
(2.0 Ib/ft*) of each other. The average of the two wet densities and moisture contents will be used to
compute dry density.

b. Method B Two Direction: Take a one-minute reading and record both density and moisture data.
Rotate the gauge 90 or 180 degrees, pivoting it around the source rod. Reseat the gauge by pulling
gently on the gauge to bring the side of the source rod nearest to the scaler/detector firmly against
the side of the hole and take a one-minute reading. (In trench locations, rotate the gauge
180 degrees for the second test.) Some agencies require multiple one-minute readings in both
directions. Analyze the density and moisture data. A valid test consists of wet density readings in
both gauge positions that are within
50 kg/m? (3.0 Ib/ft’). If the tests do not agree within this limit, move to a new location. The average
of the wet density and moisture contents will be used to compute dry density.

11. If required by the agency, obtain a representative sample of the material, 4 kg (9 1b) minimum, from
directly beneath the gauge full depth of material tested. This sample will be used to verify moisture
content and / or identify the correct density standard. Immediately seal the material to prevent loss of
moisture.

The material tested by direct transmission can be approximated by a cylinder of soil approximately 300
mm (12 in.) in diameter directly beneath the centerline of the radioactive source and detector. The height
of the cylinder will be approximately the depth of measurement. When organic material or large
aggregate is removed during this operation, disregard the test information, and move to a new test site.

12. To verify the moisture content from the nuclear gauge, determine the moisture content with a
representative portion of the material using the FOP for AASHTO
T 255/T 265 or other agency approved methods. If the moisture content from the nuclear gauge is within
+1 percent, the nuclear gauge readings can be accepted. Moisture content verification is gauge and
material specific. Retain the remainder of the sample at its original moisture content for a one-point
compaction test under the FOP for AASHTO T 272, or for gradation, if required.

Note 2: Example: A gauge reading of 16.8 percent moisture and an oven dry of 17.7 percent are within the +1
percent requirement. Moisture correlation curves will be developed according to agency guidelines. These
curves should be reviewed and possibly redeveloped every 90 days.

13. Determine the dry density by one of the following.
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a. From nuclear gauge readings, compute by subtracting the mass (weight) of the water (kg/m? or 1b/ft?)
from the wet density (kg/m® or Ib/ft*) or compute using the percent moisture by dividing wet density
from the nuclear gauge by
1 plus the moisture content expressed as a decimal.

b. When verification is required and the nuclear gauge readings cannot be accepted, the moisture content
is determined by the FOP for AASHTO T 255/T 265 or other agency approved methods. Compute
dry density by dividing wet density from the nuclear gauge by 1 plus the moisture content expressed
as a decimal.

Percent Compaction

Percent compaction is determined by comparing the in-place dry density as determined by this procedure to the
appropriate agency density standard. For soil or soil-aggregate mixes, these are moisture-density curves
developed using the FOP for AASHTO

T 99/T 180. When using maximum dry densities from the FOP for AASHTO T 99/T 180 or FOP for AASHTO T
272, it may be necessary to use the Annex in the FOP for

T 99/T 180 to determine corrected maximum dry density and optimum moisture content.

For coarse granular materials, the density standard may be density-gradation curves developed using a vibratory
method such as AKDOT&PF’s ATM 212, ITD’s T 74, WAQTC TM 15, or WFLHD’s Humphres.

See appropriate agency policies for use of density standards.
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Calculation

Calculate the dry density as follows:

_ Pw _ Pw
pd_(iw-l—lﬂﬂ)XlOG or pd_%+1

Where:
Dry density, kg/m® (Ib/ft%)
Wet density, kg/m® (Ib/ft})
= Moisture content from the FOP’s for AASHTO T 255/ T 265, as a percentage

Pd
Pw
w
Calculate percent compaction as follows:

Pd

x 100
Agency density standard

% Compaction =

Where:
pa= Dry density, kg/m? (Ib/ft®)

Agency density standard = Corrected maximum dry density
from the FOP from T 99/T 180 Annex

Example:
Wet density readings from gauge: 1948 kg/m?® (121.6 1b/ft%)
1977 kg/m® (123.4 1b/ft’)
Avg: 1963 kg/m? (122.5 Ib/ft’)
Moisture readings from gauge: 14.2% and 15.4% = Avg 14.8%

Moisture content from the FOP’s for AASHTO T 255/ T 265: 15.9%

Moisture content is greater than 1 percent different so the gauge moisture cannot be used.
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Calculate the dry density as follows:

(1963 kg/m3®or 1225 Ib/ft3
Pa =

1963 kg/m?® or 1225 Ib/ft?

x 100 S
15.9 + 100 ) or Pa 159
100

= 1694 kg/m?®or 105.7 Ib/ft?

Given:
pw= 1963 kg/m® or 122.5 1b/ft>
w=159%

Calculate percent compaction as follows:

. L 105.7 Ib/ft3  are
Yo Compaction = 1113100 /fc X 100 = 95%

Given:
Agency density standard = 111.3 Ib/ft®

Report

On forms approved by the agency

Sample ID

Location of test, elevation of surface, and thickness of layer tested

Visual description of material tested

Make, model and serial number of the nuclear moisture-density gauge

Wet density to the nearest 0.1 Ib/ft*

Moisture content as a percent, by mass, of dry soil mass to the nearest 0.1 percent
Dry density to the nearest 0.1 1b/ft?

Density standard to the nearest 0.1 1b/ft3

Percent compaction the nearest 1 percent

Name and signature of operator
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ATM 215 One-Point Method for Determining Maximum Dry Density
and Optimum Moisture

Following are guidelines for the use of WAQTC FOP for AASHTO T 272 by the State of Alaska DOT&PF.
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ONE-POINT METHOD FOR DETERMINING MAXIMUM DRY DENSITY AND OPTIMUM
MOISTURE
FOP FOR AASHTO T 272

Scope

This procedure provides for a rapid determination of the maximum dry density and optimum moisture content of a
soil sample, using a one-point determination in accordance with AASHTO T 272-18. This procedure is related to
the FOPs for AASHTO T 99/T 180 and

R 75.

One-point determinations are made by compacting the soil in a mold of a given size with a specified rammer
dropped from a specified height and then compared to an individual moisture-density curve (FOP for AASHTO T
99 or T 180) or soil moisture-density relations group (FOP for AASHTO R 75). Four alternate methods — A, B,
C, and D — are used and correspond to the methods described in the FOP for AASHTO T 99/T 180. The method
used in AASHTO T 272 must match the method used for the reference curve or to develop the soil moisture-
density relations. For example, when moisture-density relationships as determined by T 99 — Method C are used
to form the soil moisture-density relations group or an individual moisture density curve, then T 99 — Method C
must be used to for the one-point determination.

Apparatus
See the FOP for AASHTO T 99/T 180.

Sample

Sample size determined according to the FOP for AASHTO T 310. In cases where the existing individual curve
or soil moisture-density relations group cannot be used a completely new curve will need to be developed and the
sample size will be determined by the FOP for AASHTO T 99/T 180.

1. If the sample is damp, dry it until it becomes friable under a trowel. Drying may be in air or by use of a
drying apparatus maintained at a temperature not exceeding 60°C (140°F).

2. Thoroughly break up aggregations in a manner that avoids reducing the natural size of individual particles.
3. Pass the material through the appropriate sieve.
Procedure

Use the method matching the individual curve or soil moisture density relations group. Refer to Table 1 of the
FOP for AASHTO T 99 / T 180 for corresponding mold size, number of layers, number of blows, sieve size, and
rammer specification for the various test methods.

1. Determine the mass of the clean, dry mold. Include the base plate but exclude the extension collar. Record
the mass to the nearest 1 g (0.005 1b).

2. Thoroughly mix the sample with sufficient water to adjust moisture content to 80 to 100 percent of the
anticipated optimum moisture.

3. Form a specimen by compacting the prepared soil in the mold (with collar attached) in approximately equal
layers. For each layer:

a. Spread the loose material uniformly in the mold.

Note 1: 1t is recommended to cover the remaining material with a non-absorbent sheet or damp cloth to minimize loss of
moisture.

b. Lightly tamp the loose material with the manual rammer or other similar device, this establishes a firm
surface.
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c. Compact each layer with uniformly distributed blows from the rammer.

d. Trim down material that has not been compacted and remains adjacent to the walls of the mold and
extends above the compacted surface.

4. Remove the extension collar. Avoid shearing off the sample below the top of the mold. The material
compacted in the mold should not be over 6 mm (% in.) above the top of the mold once the collar has been
removed.

Trim the compacted soil even with the top of the mold with the beveled side of the straightedge.

5

6. Clean soil from exterior of the mold and base plate.

7. Determine the mass of the mold and wet soil to the nearest 1 g (0.005 1b).
8

Determine the wet mass of the sample by subtracting the mass in Step 1 from the mass in Step 7.

9. Calculate the wet density (pw) as indicated below under “Calculations.”

10. Extrude the material from the mold. For soils and soil-aggregate mixtures, slice vertically through the center
and remove one of the cut faces for a representative moisture content sample. For granular materials, a
vertical face will not exist. Take a representative sample ensuring that all layers are represented. This sample
must meet the sample size requirements of the test method used to determine moisture content.

Extruded material Representative moisture
content sample

11. Determine the moisture content (w) of the sample in accordance with the FOP for AASHTO T 255/ T 265.
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Calculations

Wet Density
— M“-
=,
Where:
Pw = wet density, kg/m* (Ib/ft)
M., = wet mass
A = volume of the mold, (FOP for AASHTO T 99/T 180)
Dry Density
Puw Puw
Pa = (—:] X100 or pg=7y—~—
w+ 100 L
705) + 1
Where:
pd = dry density, kg/m* (Ib/ft*)
w = moisture content, as a percentage
Example for 4-inch mold, Methods A or C
Wet mass, My, = 2.0055 kg (4.42 1b)
Moisture content, w = 13.5%
Measured volume of the mold, Vi = 0.0009469 m? (0.0334 ft*)
Wet Density
__20095k9 51454 /m? p, = 220 1322 Ib/ft3
Pw = 0.0009469 m® 9/m* P =G033a 3 0220/
Where:
Ov = Wet density, kg/m? (Ib/ft%)
Dry Density
2118kg/m?3 a 132.21b/ft3 .
P2a = (m)x 100 = 1866 .ﬂ.g.e":rn Pa = m % 100 = 1165 Eb.-"llft
or
2118 kg/m? 132.21b/ft3
Pa = % = 1866 kg,-"llﬂla Pa = T}E = 1155 EEJ,-"'I}CE'E
T fon L
Oi = Dry density, kg/m? (Ib/ft%)
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Maximum Dry Density and Optimum Moisture Content Determination Using an
Individual Moisture - Density Curve

1.

The moisture content must be within 80 to 100 percent of optimum moisture of the reference curve. Compact
another specimen, using the same material, at an adjusted moisture content if the one-point does not fall in the
80 to 100 percent of optimum moisture range.

Plot the one-point, dry density on the vertical axis and moisture content on the horizontal axis, on the
reference curve graph.

If the one-point falls on the reference curve or within £2.0 1bs/ft’, use the maximum dry density and optimum
moisture content determined by the curve.

Use the FOP for AASHTO T 99/T 180 Annex A to determine corrected maximum dry density and optimum
moisture content if oversize particles have been removed.

Perform a full moisture-density relationship if the one-point does not fall on or within £2.0 Ibs/ft* of the
reference curve at 80 to 100 percent optimum moisture.

Effective May 19, 2025 215-6 Alaska Test Methods Manual



Example

Dry Density Ib/ft’

Reference Curve

122.0 e
120.0 " Maximum DryDensity = 118.1 Ibs/ft3
Optimum Moisture =

one-point density =116.5 Ibs/ft?
118.0 i one-point moisture content = 13.5%
116.0 o A

y/
114.0 i intersects at115.1 Ibs/ft® at13.5%
one-point determination is within
/ 2.0 Ibs/ft® of reference curve
112.0 e /
80% of optimum moisture
110.0 o
108.0 '
8 % 10 %) 12 %) 14 % 16 %) 18 %) 20 % 22 %

Moisture Content (%)

The results of a one-point determination were 116.5 Ib/ft* at 13.5 percent moisture. The point was plotted on
the reference curve graph. The one-point determination is within
2.0 Ib/ft? of the point on the curve that corresponds with the moisture content.
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Maximum Dry Density and Optimum Moisture Content Determination Using Soil
Moisture-Density Relations

L.

Plot the one-point, dry density on the vertical axis and moisture content on the horizontal axis, on the
reference soil moisture-density relations graph.

If the moisture-density one-point falls on one of the curves in the soil moisture-density relations, use the
maximum dry density and optimum moisture content defined by that curve.

If the moisture-density one-point falls within the soil moisture-density relations but not on an existing curve,
draw a new curve through the plotted single point, parallel and in character with the nearest existing curve in
the soil moisture-density relations. Use the maximum dry density and optimum moisture content as defined
by the new curve.

a. The one-point must fall either between or on the highest or lowest curves. If it does not, then a full
curve must be developed.

b. If the one-point plotted within or on the soil moisture-density relations group does not fall in the 80 to
100 percent of optimum moisture content, compact another specimen, using the same material, at an
adjusted moisture content that will place the one point within this range.

Use the FOP for AASHTO T 99/T 180 Annex A to determine corrected maximum dry density and optimum
moisture content if oversize particles have been removed.

If the new curve through a one-point is not well defined or is in any way questionable, perform a full
moisture-density relationship to correctly define the new curve and verify the applicability of the soil
moisture-density relations.

Note 2: New curves drawn through plotted single point determinations shall not become a permanent part of the soil

moisture-density relations until verified by a full moisture-density procedure following the FOP for AASHTO T
99/T 180.
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Example

Soil Moisture-Density Relations

Ib/ft?
122.0 Estimate
Maximum density = 119.3 Ib/ft®
[80% Line | J Optimum moisture = 15.9%
120.0 /% \

d

\

one-point moisture
one-point density = 116.5 Ib/ft?

content = 13

.5%

Dry Density Ib/ft’

118.0 M/ft°

Ib/ft?

116.0

Ib/ft*

114.0

Ib/ft*

112.0

Ib/ft*

110.0

Ib/ft?

108.0

8 %

10 %

12 %

14 % 16 % 18 %

20 %
Moisture Content (%)

22 %

The results of a one-point determination were 116.5 Ib/ft* at 13.5 percent moisture. The point was plotted on

the reference curve graph. The point was plotted on the appropriate group between two previously developed
curves near and intermediate curve.

The “dotted” curve through the moisture-density one-point was sketched between the

existing curves. A maximum dry density of 119.3 Ib/ft® and a corresponding optimum
moisture content of 15.9 percent were estimated.
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Report

On forms approved by the agency

Sample ID

Maximum dry density to the nearest 1 kg/m? (0.1 Ib/ft?)
Corrected maximum dry density (if applicable)
Optimum moisture content to the nearest 0.1 percent
Corrected optimum moisture content (if applicable)

Reference curve or Soil Moisture-Density Relations used
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ATM 216 Developing MOISTURE-DENSITY RELATIONS FOP FOR
AASHTO R 75

Following are guidelines for the use of WAQTC FOP for AASHTO R 75 by the State of Alaska DOT&PF.

Alaska Test Methods Manual 216-1 Effective May 19, 2025



This page intentionally left blank.

Effective May 19, 2025 216-2 Alaska Test Methods Manual



DEVELOPING MOISTURE-DENSITY RELATIONS FOP FOR AASHTO R 75

Scope

This procedure provides a method to develop soils moisture density relations in accordance with AASHTO R 75-
24 using multiple moisture-density curves developed using the same method, A, B, C, or D, from the FOP for
AASHTO T 99/T 180.

All curves used in a group must be developed using a single Method: A, B, C, or D of a procedure for AASHTO
T 99 or T 180. See the FOP for AASHTO T 99/T 180.

Terminology

soil moisture-density relations — a group of soil moisture-density relations (commonly known as a family of
curves) determined using AASHTO T 99 or T 180, which reveal certain similarities and trends characteristic of
the soil type and source.

spine — smooth line extending through the point of maximum density and optimum moisture content of a group
of moisture-density curves.

Procedure

1. Sort the curves by Method (A, B, C, or D of the FOP for T 99/T 180). At least three curves are required per
group.

2. Select the highest and lowest maximum dry densities from those selected to assist in determining the desired
scale of the subsequent graph.

3. Plot the maximum density and optimum moisture points of the selected curves on the graph.

4. Draw a smooth, “best fit,” curved line through the points creating the spine of the soil moisture-density
relations.

5. Remove maximum density and optimum moisture points that were not used to establish the spine.

6. Add the moisture-density curves associated with the points that were used to establish the spine. It is not
necessary to include the portion of the curves over optimum moisture.

Note I—Intermediate curves using slopes similar to those of the original moisture-density curves may be included when
maximum density points are more than 2.0 1b/ft? apart. Intermediate curves are indicated by a dashed line.

7. Plot the 80 percent of optimum moisture range when desired:

a. Using the optimum moisture of an existing curve, calculate 80 percent of optimum moisture and plot this
value on the curve. Repeat for each curve in the group.

b. Draw a smooth, “best fit,” curved line connecting the 80 percent of optimum moisture points plotted on
the curves that parallel the spine.
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Calculations
Calculate 80 percent of optimum moisture of each curve:

Example:

Optimum moisture of the highest density curve = 14.6%

80
80% point = 100 % 14.6% = 11.7%

|
122.0 it

:
|
'
|
IR R AR S
|
|
|
.

120.0 ™1

Intermediate Curves |

118.0 ™

116.0 't

Dry Density Ib/ft’

114.0 '

112.0 0

110.0 ™

108.0 ™1

8 %) 10 % 12 %) 14 % 16 %) 18 % 20 % 22 %
Moisture Content (%)
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ATM 301 Sampling Aggregate Products

Following are guidelines for the use of WAQTC FOP for AASHTO R 90 by the State of Alaska DOT&PF.
1. Sample sizes in Table 2 may be used when sampling for WAQTC FOP for AASHTO T 27/T 11.

(See Procedure General Note 1).

Table 2
Sample Sizes
Nominal
Maximum Size*,
Standard
Alternate Minimum Mass,
mm in g 1b
2.36 No. 8 10,000 25
4.75 No. 4 10,000 25
9.5 3/8 10,000 25
12.5 1/2 15,000 35
19.0 3/4 25,000 55
25.0 1 45,000 100
37.5 1-1/2 65,000 145
50 2 85,000 190
75 3 125,000 275

*Nominal Maximum Size: One sieve larger than the first
sieve to retain more than 10 percent of the material using an
agency specified set of sieves based on cumulative percent
retained. Where large gaps in specification sieves exist,
intermediate sieve(s) may be inserted to determine nominal
maximum size.

Note 1: Sample size is based upon the test(s) required. As a general rule, the field sample size should be such that, when
split twice will provide a testing sample of proper size. For example, the sample size may be four times that shown in
Table 1 of the FOP for AASHTO T 27/T 11 (ATM 304), if that mass is more appropriate.

2. Samples with a nominal maximum size greater than 3-inch will be sampled using the 3-inch
line in Table 2.

3. Field samples containing +3 in. material may be reduced in the field. If allowed, the +3 in. material may
be removed. Record the mass of +3 in. material, Note the presence of cobble material.

4. Under section “Report,” change “Location” to “Location, source and sampling method.”
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SAMPLING AGGREGATE PRODUCTS

FOP F

Scope

OR AASHTO R 90

This procedure covers sampling of coarse, fine, or a combination of coarse and fine aggregates (CA and FA) in
accordance with AASHTO R 90-18. Sampling from conveyor belts, transport units, roadways, and stockpiles is

covered

Apparatus

Shovels or scoops, or both
Brooms, brushes, and scraping tools
Sampling tubes of acceptable dimensions

Mechanical sampling systems: normally a permanently attached device that allows a sample container to
pass perpendicularly through the entire stream of material or diverts the entire stream of material into the
container by manual, hydraulic, or pneumatic operation

Belt template

Sampling containers

Procedure — General

Sampling is as important as testing. The technician shall use every precaution to obtain samples that are
representative of the material. Determine the time or location for sampling in a random manner.

L.
2.

Wherever samples are taken, obtain multiple increments of approximately equal size.

Mix the increments thoroughly to form a field sample that meets or exceeds the minimum mass
recommended in Table 1.

TABLE 1
Recommended Sample Sizes
Nominal Maximum
Size* Minimum Mass

mm (in.) g (Ib)

90 (31/2) 175,000 (385)

75 (3) 150,000 (330)

63 (21/2) 125,000 (275)

50 (2) 100,000 (220)
375 (11/2) 75,000 (165)
25.0 (1) 50,000 (110)
19.0 (3/4) 25,000 (55)
12.5 (1/2) 15,000 (35)

9.5 (3/8) 10,000 (25)
475 (No.4) 10,000 (25)
2.36 (No. 8) 10,000 (25)

* One sieve larger than the first sieve to retain more than 10 percent of
the material using an agency specified set of sieves based on cumulative
percent retained. Where large gaps in specification sieves exist,
intermediate sieve(s) may be inserted to determine nominal maximum
size. Maximum size is one size larger than nominal maximum size.
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Note 1: Sample size is based upon the test(s) required. As a general rule, the field sample size should be such that, when split
twice will provide a testing sample of proper size. For example, the sample size may be four times that shown in Table 1 of
the FOP for AASHTO T 27/T 11 (ATM 304), if that mass is more appropriate.

(See 301 Guidance Page, guideline no. 1)
Procedure — Specific Situations
Conveyor Belts

Avoid sampling at the beginning or end of the aggregate run due to the potential for segregation. Be careful when
sampling in the rain. Make sure to capture fines that may stick to the belt or that the rain tends to wash away.

Method A (From the Belt)

1. Stop the belt.
Set the sampling template in place on the belt, avoiding intrusion by adjacent material.
Remove the material from inside the template, including all fines.

Obtain at least three approximately equal increments.

A

Combine the increments and mix thoroughly to form a single sample.
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Method B (From the Belt Discharge)

1. Pass a sampling device through the full stream of the material as it runs off the end of the conveyor belt.
The sampling device may be manually, semi-automatic or automatically powered.
2. The sampling device shall pass through the stream at least twice, once in each direction, without
overfilling while maintaining a constant speed during the sampling process.
3. When emptying the sampling device into the container, include all fines.
4. Combine the increments and mix thoroughly to form a single sample.
Transport Units

1. Visually divide the unit into four quadrants.

2. Identify one sampling location in each quadrant.

3. Dig down and remove approximately 0.3 m (1 ft.) of material to avoid surface segregation. Obtain each
increment from below this level.

4. Combine the increments and mix thoroughly to form a single sample.

Roadways

Method A (Berm or Windrow)

1.
2.

4.

Obtain sample before spreading.

Take the increments from at least three random locations along the fully formed windrow or berm. Do
not take the increments from the beginning or the end of the windrow or berm.

Obtain full cross-section samples of approximately equal size at each location. Take care to exclude the
underlying material.

Combine the increments and mix thoroughly to form a single sample.

Note 2: Obtaining samples from berms or windrows may yield extra-large samples and may not be the preferred
sampling location.

Method B (In-Place)

1.
2.
3.

Obtain sample after spreading and before compaction.
Take the increments from at least three random locations.

Obtain full-depth increments of approximately equal size from each location. Take care to exclude the
underlying material.

Combine the increments and mix thoroughly to form a single sample.
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Stockpiles

Method A — Loader Sampling

1.

8.

Direct the loader operator to enter the stockpile with the bucket at least 150 mm
(6 in.) above ground level without contaminating the stockpile.

Discard the first bucketful.

Have the loader re-enter the stockpile and obtain a full loader bucket of the material, tilt the bucket back
and up.

Form a small sampling pile at the base of the stockpile by gently rolling the material out of the bucket
with the bucket just high enough to permit free flow of the material. (Repeat as necessary.)

Create a flat surface by having the loader back drag the small pile.
Visually divide the flat surface into four quadrants.

Collect an increment from each quadrant by fully inserting the shovel into the flat pile as vertically as
possible, take care to exclude the underlying material, roll back the shovel and lift the material slowly out
of the pile to avoid material rolling off the shovel.

Combine the increments and mix thoroughly to form a single sample.

Method B — Stockpile Face Sampling

L.

4.
5.

Create horizontal surfaces with vertical faces in the top, middle, and bottom third of the stockpile with a
shovel or loader.

Prevent continued sloughing by shoving a flat board against the vertical face. Sloughed material will be
discarded to create the horizontal surface.

Obtain sample from the horizontal surface as close to the intersection as possible of the horizontal and
vertical faces.

Obtain at least one increment of equal size from each of the top, middle, and bottom thirds of the pile.

Combine the increments to and mix thoroughly form a single sample.

Method C — Alternate Tube Method (Fine Aggregate)

1.
2.

Remove the outer layer that may have become segregated.

Using a sampling tube, obtain one increment of equal size from a minimum of five random locations on
the pile.

Combine the increments to and mix thoroughly form a single sample.
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Identification and Shipping
e Identify samples according to agency standards.
e Include sample report (below).

e Ship samples in containers that will prevent loss, contamination, or damage of material.

Report
e On forms approved by the agency
e Date
e Time
e Sample ID

e Sampling method

e Location

¢ Quantity represented
e Material type

e Supplier
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ATM 303 Reducing Samples of Aggregates to Testing Size

Following are guidelines for the use of WAQTC FOP for AASHTO R 76 by the State of Alaska DOT&PF.

1. When determining the correct number of chutes, the chutes will be a minimum of 1.5 times larger than the
largest particle, utilizing the maximum even number of chutes possible.

2. AASHTO R 76 Method B may also be used for Fine Aggregate.

3. The check for effective reduction applies to assurance sample splits, at a minimum.
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REDUCING SAMPLES OF AGGREGATE TO TESTING SIZE
FOP FOR AASHTO R 76
Scope

This procedure covers the reduction of samples to the appropriate size for testing in accordance with AASHTO R
76-23. Techniques are used that minimize variations in characteristics between test samples and field samples.
Method A (Mechanical Splitter) and Method B (Quartering) are covered.

This FOP applies to fine aggregate (FA), coarse aggregate (CA), and combinations of the two (FA / CA) and may
also be used on soils.

Terminology

Saturated Surface-Dry (SSD) — condition of an aggregate particle when the permeable voids are filled with water,
but no water is present on exposed surfaces.

Note 1: As a quick approximation, if the fine aggregate will retain its shape when molded in the hand, it may be considered
wetter than saturated surface-dry.

Apparatus
Method A — Mechanical Splitter
Splitter chutes:
e Even number of equal width chutes
e Discharge alternately to each side
e  Minimum of 8 chutes total for CA and FA / CA, 12 chutes total for FA
e Width:
- Minimum 50 percent larger than largest particle
- Maximum chute width of 19 mm (3/4 in.) for fine aggregate passing the 9.5 mm (3/8 in.) sieve
e Feed Control:

- Hopper or straightedge pan with a width equal to or slightly less than the overall width of the assembly of
chutes

- Capable of feeding the splitter at a controlled rate
e  Splitter receptacles / pans:
- Capable of holding two halves of the sample following splitting

The splitter and accessory equipment shall be so designed that the sample will flow smoothly without restriction
or loss of material.

Method B — Quartering and Sectoring
e Straightedge scoop, shovel, or trowel
e Broom or brush

e Stick or pipe
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e Tarp: A tear resistant rectangular tarp, appropriate for the amount and size of the material being reduced.

e Quartering Template: Formed in the shape of a 90-degree cross with equal length sides that exceed the
diameter of the flattened pile of material sufficient to allow complete separation of the quartered sample. The
height of the sides must be sufficient to extend above the thickness of the flattened pile of the sample to be
quartered.

Method Selection
Selecting the method of sample reduction depends on:
e The type of material: fine aggregate (FA), coarse aggregate (CA), and combinations of the two (FA / CA)

e The moisture content: drier than saturated surface-dry (SSD), SSD, or wetter than SSD.

Note 2: To use Method A on samples of FA and CA/FA that are at SSD or wetter, the entire sample may be dried — using
temperatures that do not exceed those specified for any of the tests contemplated — and then reduced.

Select from the following methods based on the material type and moisture condition.
Method A Mechanical

e CA

e FA/CA drier than SSD

e FA drier than SSD

Method B Quartering
e CA
e FA/CA

e FA at SSD or wetter
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Method B Sectoring

e FA at SSD or wetter

Table 1
Drier than SSD SSD or Wetter
. Method A Method B Quartering
Fine Aggregate (FA) Mechanical Method B Sectoring
. Method A Mechanical .

Mixture of FA/CA izTod 5 Qe Method B Quartering
Coarse Aggregate (CA) Method A Mechanical Method A Mechanical
oarse Aggregate Method B Quartering Method B Quartering

Procedure

Method A — Mechanical Splitter

1. Place two clean empty receptacles under the splitter.

2. Empty the sample into the hopper or pan without loss of material.
Uniformly distribute the material in the hopper or pan from edge to edge so that approximately equal amounts
flow through each chute.

4. Discharge the material at a uniform rate, allowing it to flow freely through the chutes.

5. Remove any material retained on the surface of the splitter and place into the appropriate receptacle.

6. Using one of the two receptacles containing material, repeat Steps 1 through 6 until the material in one of the
two receptacles is the appropriate sample size for the required test.

7. Retain and properly identify the remaining unused sample for further testing if required.

Mechanical Splitter Check

e Determine the mass of each reduced portion. If the percent difference of the two masses is greater than 5
percent, corrective action must be taken.

Calculation

Smaller Mass Ratio (1 —ratic) x 100 = % Di .
Larger Mass e A mrane ~ Ve perence

Splitter check: 5127 g total sample mass
Splitter pan #1: 2583 g
Splitter pan #2: 2544 g
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2544 g
2583 g

= 0.985 (1 —0.985) x 100 = 1.5%

Alternative to Mechanical Splitter Check

e In lieu of determining the mass of each reduced portion, use the method illustrated in Figure 1 or 2 during
reduction.

Figure 1

e Sample (S) is an amount greater
than or equal to twice the mass
needed for testing. Sample (S) is
reduced in a mechanical splitter to
yield parts (1) and (2).

1/\2

e Part (1) is further reduced yielding

(A) and (B) while part (2) is
reduced to yield (B) and (A).

o Final testing sample is produced by
combining alternate pans, i.e. A/A
or B/B only.

\

/
\/

A

t —

Figure 2

Sample (S) is an amount greater or equal to twice the mass needed for testing.
Sample (S) is reduced in a mechanical splitter to yield parts (1) and (2).

Part (1) is further reduced,
yielding (A) and (B).

Switch pans (A) and (B) so that they
are now in the opposite sides of the
mechanical splitter, leaving the material

B from Part (1) in the pans.
Reduce part (2) into pans (A) and (B).
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Method B
Method B Quartering

Use either of the following two procedures or a combination of both.

Surface

1.

Place the sample on a hard, clean, level surface where there will be neither loss of material nor the
accidental addition of foreign material.

2. Mix the material thoroughly by turning the entire sample over a minimum of four times. With the last
turning, shovel the entire sample into a conical pile by depositing each shovelful on top of the preceding
one.

3. Flatten the conical pile to a uniform thickness and diameter by pressing down with a shovel. The
diameter should be four to eight times the thickness.

4. Divide the flattened pile into four approximately equal quarters with a shovel or trowel.

5. Remove two diagonally opposite quarters, including all fine material, and brush the cleared spaces clean.

6. Successively mix and quarter the remaining material until the sample is reduced to the desired size.

7. The final test sample consists of two diagonally opposite quarters.

Tarp

1. Place the sample on the tarp.

2. Mix the material thoroughly a minimum of four times by pulling each corner of the tarp horizontally over
the sample toward the opposite corner. After the last turn, form a conical pile.

3. Flatten the conical pile to a uniform thickness and diameter by pressing down with a shovel. The
diameter should be four to eight times the thickness.

4. Divide the flattened pile into four approximately equal quarters with a shovel or trowel or insert a stick or
pipe beneath the tarp and under the center of the pile, then lift both ends of the stick, dividing the sample
into two roughly equal parts. Remove the stick leaving a fold of the tarp between the divided portions.
Insert the stick under the center of the pile at right angles to the first division and again lift both ends of
the stick, dividing the sample into four roughly equal quarters.

5. Remove two diagonally opposite quarters, being careful to clean the fines from the tarp.

6. Successively mix and quarter the remaining material until the sample size is reduced to the desired size.

7. The final test sample consists of two diagonally opposite quarters.

Method B Sectoring

1. Place the sample on a hard, clean, level surface or tarp where there will be neither loss of material nor the

acci

dental addition of foreign material.

2. Mix the material thoroughly a minimum of four times by one of the following:
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a. Turning the entire sample over with a shovel or scoop. On the final turning, shovel the entire sample
into a conical pile by depositing each shovelful on top of the preceding one.

b. Pulling each corner of the tarp horizontally over the sample toward the opposite corner. After the final
turn, form a conical pile.

3. Flatten the conical pile to a uniform thickness and diameter by pressing down with a shovel or scoop. The
diameter should be four to eight times the thickness.

4. Divide the flattened pile into four approximately equal quarters using a quartering template, straightedge,
shovel, or trowel, assuring complete separation.

5. Using a straightedge, obtain a sector by slicing through a quarter of the material from the center point to the
outer edge of the quarter.

6. Pull or drag the sector from the quarter with two straight edges or hold one edge of the straightedge in contact
with quartering device.

7. Remove an equal sector from the diagonally opposite quarter and combine to create the appropriate sample
mass.

8. Continue obtaining sectors from diagonally opposite quarters until the required sample size has been obtained
for all required tests.
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ATM 304 Sieve Analysis of Fine and Coarse Aggregates and
Materials Finer than 75-uym (No. 200) Sieve in Mineral
Aggregate by Washing

Following are guidelines for the use of WAQTC FOP for AASHTO T 27/T 11 by the State of Alaska DOT&PF.

1. Use Table 3 for all aggregate sizes:

Table 3
Sample sizes for Aggregate Gradation Test

Nominal Maximum  Minimum Dry Mass
Size*

Standard  Alternate

mm in g 1b
4.75 No. 4 500 1
6.3 1/4 1000 2
9.5 3/8 1000 2
12.5 1/2 2000 4
19.0 3/4 5000 11
25.0 1 10,000 22
37.5 1-1/2 15,000 33
50 2 20,000 44
75 3 30,000 66

75 plus 3 plus 125,000 275

*Nominal Maximum size: One sieve larger than the first
sieve to retain more than 10 percent of the material using an
agency specified set of sieves based on cumulative percent
retained. Where large gaps between specification sieves
exist, intermediate sieve(s) may be inserted to determine
nominal maximum size.

2. DOT&PF does not allow the coarse aggregate to be run in a moist condition for sieve analysis.

3. Use Method C unless otherwise specified. Methods A or B may be used for concrete aggregate,
cover- coat aggregate and materials with %4” nominal maximum size or less.

4. All methods may use the alternative calculation of:

(M —CMR)
P=————x100
M
Where:
CMR = Cumulative Mass Retained
M = Total Dry Sample mass before washing
PP = Percent Passing
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5. For calculating Fineness Modulus, subtract reported percent passing from 100 to determine percent
retained.

6. When testing Crushed Asphalt Base Course (CABC) or Recycled Asphalt Pavement (RAP), obtain
samples in accordance with FOP for AASHTO T 2. Determine and record the total mass of the
sample to the nearest 0.1 percent. Perform procedural Method C, steps 3-5 and step 12, except in step
4 the sample may be hand-shaken for the necessary time determined to provide complete separation;
taking care not to overload sieves.

7. For material greater than 3 inch nominal maximum size, use minimum sample size of 275 pounds.
Run entire sample for test. When required, collect and rebag minus 3 inch material and provide to
independent assurance. Record the plus 3 inch material and transmit those numbers with the
independent assurance sample.

8. For embankment material containing large oversize particles, which are not able to be tested
according to conventional sieve analysis test methods (ATM 304), it is acceptable, subject to the
approval of the RQE or RME, to provide pictorial evidence of the size and nature of the material
being placed. The pictures shall either be embedded into the respective regional sieve analysis
form(s) or attached to them. Utilize an object for scale reference that demonstrates size of
embankment material containing large particles. The sieve analysis form must include: project name
and number(s), field test number, pay item name and number, sample location (station, offset, depth),
sample date, material source/Contractor, and quantity represented. Also include an acceptance
statement with the inspector’s name, date, and signature. The sieve analysis is to be signed and dated
by the Project Engineer.

9. ANNEX B — use only the values from TABLE B1 to determine sieve overloading.
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SIEVE ANALYSIS OF FINE AND COARSE AGGREGATES
FOP FOR AASHTO T 27

MATERIALS FINER THAN 75 pM (NO. 200) SIEVE IN MINERAL AGGREGATE BY
WASHING
FOP FOR AASHTO T 11

Scope
A sieve analysis, or ‘gradation,” measures distribution of aggregate particle sizes within a given sample.

Accurate determination of the amount of material smaller than 75 pum (No. 200) cannot be made using just
AASHTO T 27. If quantifying this material is required, use AASHTO T 11 in conjunction with AASHTO T 27.

This FOP covers sieve analysis in accordance with AASHTO T 27-24 and materials finer than 75 pm (No. 200) in
accordance with AASHTO T 11-24 performed in conjunction with AASHTO T 27. The procedure includes three
methods: A, B, and C.

Apparatus

e Balance or scale: Capacity sufficient for the masses shown in Table 1, readable to 0.1 g, and meeting the
requirements of AASHTO M 231

e Sieves: Meeting the requirements of ASTM E11
e Mechanical sieve shaker: Meeting the requirements of AASHTO T 27

Note 1: Sieves with a large sieving area, greater than 304.8 mm (12 in.) diameter may not be practical for all sizes of
samples. The large sieving area needed for practical sieving of a large nominal size coarse aggregate could
result in loss of a portion of the sample if used for a smaller sample of coarse aggregate or fine aggregate
affecting final test results.

e Suitable drying equipment (refer to FOP for AASHTO T 255)

e Containers: A pan or vessel of sufficient size to contain the sample covered with water and permit
vigorous agitation without loss of material or water

e Optional
o Utensil: device for agitating the sample during the washing procedure.
o Mechanical washing device

o Mallet: With a rubber or rawhide head having a mass of 0.57 +0.23 kg
(1.25£0.5 1b)

o Wetting Agent: A dispersing agent that will promote separation of the fine materials without
degrading the aggregate. Any detergent used shall not leave a residue on the sample during the
washing procedure.

Sample Sieving

e In all procedures, the sample is shaken in nested sieves. Sieves are selected to furnish information
required by specification. Intermediate sieves are added for additional information or to avoid
overloading sieves, or both.

o The sieves are nested in order of increasing size from the bottom to the top, and the sample, or a portion
of the sample, is placed on the top sieve.
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e The loaded sieves are shaken in a mechanical shaker for approximately 10 minutes, refer to Annex A,

Time Evaluation.

e Care must be taken so that sieves are not overloaded, refer to Annex B, Overload Determination. The
sample may be sieved in increments and the mass retained for each sieve added together from each
sample increment to avoid overloading sieves.

Sample Preparation

Obtain samples according to the FOP for AASHTO R 90 and reduce to sample size, shown in Table 1, according

to the FOP for AASHTO R 76.

Sample Sizes for Aggregate Gradation Test

TABLE 1

Nominal Maximum

Minimum Dry Mass

Size*
mm (in.) g (Ib)
125 (5) 300,000 (660)
100 (4) 150,000 (330)
90 (3172) 100,000 (220)
75 (3) 60,000 (130)
63 (21/2) 35,000 (77)
50 (2) 20,000 (44)
375 (1172) 15,000 (33)
25.0 (1) 10,000 (22)
19.0 (3/4) 5000 (11)
12.5 (1/2) 2000 (4)
9.5 (3/8) 1000 (2)
6.3 (1/4) 1000 (2)
475 (No. 4) 500 (1)

*Nominal maximum size: One sieve larger than the first sieve to

retain more than 10 percent of the material using an agency
specified set of sieves based on cumulative percent retained.

Where large gaps between specification sieves exist, intermediate

sieve(s) may be inserted to determine nominal maximum size.

Sample sizes in Table 1 are standard for aggregate sieve analysis, due to equipment restraints samples may need
to be divided into several “subsamples.” For example, a gradation that requires 100 kg (220 lbs.) of material
would not fit into a large tray shaker all at once.

Some agencies permit reduced sample sizes if it is proven that doing so is not detrimental to the test results.
Some agencies require larger sample sizes. Check agency guidelines for required or permitted sample sizes.

Selection of Procedure

Agencies may specify which method to perform. If a method is not specified, perform Method A.

Overview
Method A

e Determine original dry mass of the sample

e Wash over a 75um (No. 200) sieve

e Determine dry mass of washed sample
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Sieve washed sample

Calculate and report percent retained and passing each sieve

Method B

Determine original dry mass of the sample

Wash over a 75 um (No. 200) sieve

Determine dry mass of washed sample

Sieve sample through coarse sieves, 4.75 mm (No. 4) sieves and larger
Determine mass of fine material, minus 4.75 mm (No. 4)

Reduce fine material

Determine mass of reduced portion

Sieve reduced portion

Calculate and report percent retained and passing each sieve

Method C

Determine original dry mass of the sample

Sieve sample through coarse sieves, 4.75 mm (No. 4) sieves and larger
Determine mass of fine material, minus 4.75 mm (No. 4)

Reduce fine material

Determine mass of reduced portion

Wash reduced portion over a 75um (No. 200) sieve

Determine dry mass of washed reduced portion

Sieve washed reduced portion

Calculate and report percent retained and passing each sieve

Procedure Method A

1. Dry the sample to constant mass according to the FOP for AASHTO T 255. Cool to room temperature.

2. Determine and record the original dry mass of the sample to the nearest 0.1 g. Designate this mass as M.

When the specification does not require the amount of material finer than 75 um (No. 200) be determined by
washing, skip to Step 11.

3. Nest asieve, such as a 2.0 mm (No. 10), above the 75 pm (No. 200) sieve.

4. Place the sample in a container and cover with water.

Note 2: When required by the agency, add a detergent, dispersing solution, or other wetting agent to the water to assure a

thorough separation of the material finer than the 75 pm (No. 200) sieve from the coarser particles. There should be
enough wetting agent to produce a small amount of suds when the sample is agitated. Excessive suds may overflow
the sieves and carry material away with them.
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5. Agitate vigorously to ensure complete separation of the material finer than 75 um
(No. 200) from coarser particles and bring the fine material into suspension above the coarser material. To
aid in the agitation process, a utensil may be used. To avoid degradation of the sample when using a
mechanical washing device do not exceed 10 minutes.

6. Immediately pour the wash water containing the suspended material over the nested sieves; be careful not to
pour out the coarser particles or over fill the 75 um (No. 200) sieve.

7. Add water to cover material remaining in the container and repeat Step 5. Continue until the wash water is
reasonably clear. Rinse utensil, if used, into the washed sample.

8. Remove the upper sieve and return material retained to the washed sample.

9. Rinse the material retained on the 75 um (No. 200) sieve until water passing through the sieve is reasonably
clear and detergent or dispersing agent is removed, if used.

10. Return all material retained on the 75 um (No. 200) sieve to the container by rinsing into the washed sample.

Note 3: Excess water may be carefully removed with a bulb syringe; the removed water must be discharged back over the 75
um (No. 200) sieve to prevent loss of fines.

11. Dry the washed sample to constant mass according to the FOP for AASHTO T 255. Cool to room
temperature.

12. Determine and record the dry mass of the sample.

13. Select sieves required by the specification and those necessary to avoid overloading as described in Annex B.
With a pan on bottom, nest the sieves increasing in size starting with the 75 pm
(No. 200).

14. Place the sample, or a portion of the sample, on the top sieve. Sieves may already be in the mechanical
shaker, if not place sieves in mechanical shaker and shake for the minimum time determined to provide
complete separation for the sieve shaker being used (approximately 10 minutes, the time determined by
Annex A).

Note 4: Excessive shaking (more than 10 minutes) may result in degradation of the sample.

15. Determine and record the individual or cumulative mass retained for each sieve and in the pan. Ensure that
all material trapped in full openings of the sieve are removed and included in the mass retained.

Note 5: For sieves 4.75 mm (No. 4) and larger, check material trapped in less than a full opening by sieving over a full
opening. Use coarse wire brushes to clean the 600 um (No. 30) and larger sieves, and soft bristle brushes for
smaller sieves.

Note 6: In the case of coarse / fine aggregate mixtures, distribute the minus 4.75 mm (No. 4) among two or more sets of
sieves to prevent overloading of individual sieves.

16. Perform the Check Sum calculation — Verify the fotal mass after sieving compared to the dry mass before
sieving is not more than 0.3 percent. The dry mass before sieving is the dry mass after wash or the original
dry mass (M) if performing the sieve analysis without washing. Do not use test results for acceptance if the
Check Sum result is more than
0.3 percent.

17. Calculate the total percentages passing, and the individual or cumulative percentages retained to the nearest
0.1 percent by dividing the individual sieve masses or cumulative sieve masses by the original dry mass (M)
of the sample.

18. Report total percent passing to 1 percent except report the 75 um (No. 200) sieve to
0.1 percent.
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Method A Calculations
Check Sum

dry mass before seiving — total mass after sieving
Check Sum= — = 100
dry mass before sieving

Percent Retained

IPR = IMR % 100 . CPR = CMR % 100
=7 o1 =
Where:
IPR = Individual Percent Retained
CPR = Cumulative Percent Retained
M = Original dry mass of the sample
IMR = Individual Mass Retained

CMR = Cumulative Mass Retained
Percent Passing (PP)
PP = PPP — PR or PP = 100—CPR

Where:
PP = Percent Passing
PPP = Previous Percent Passing

Method A Example Individual Mass Retained

Original dry mass of the sample (M): 5168.7¢g
Dry mass of the sample after washing: 49113 ¢
Total mass after sieving equals

Sum of Individual Masses Retained (IMR),

including minus 75 um (No. 200) in the pan: 49059 g
Amount of 75um (No. 200) minus washed out (5168.7 g—4911.3 g): 2574 ¢
Check Sum

Check sum = 21139~ 290599 150 _ 19,
eck Sum= 19113 g =0.1%

The result is not more than 0.3 percent therefore the results can be used for acceptance purposes.

Individual Percent Retained (IPR) for 9.5 mm (3/8 in.) sieve:

619.2 g
IPR = c1og7 g ¢ 100 = 12.0%
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Percent Passing (PP) 9.5 mm (3/8 in.) sieve:

PP = 86.0% — 12.0% = 74.0%
Reported Percent Passing = 74%

Method A Individual
Gradation on All Sieves
Individual | Determine IPR
Mass by dividing IMR | Individual | Determine PP
Sieve Size Retained by M and Percent by subtracting | Percent | Reported
mm g multiplying by Retained IPR from Passing | Percent
(in.) (IMR) 100 (IPR) previous PP (PP) Passing*
19.0
(3/4) 0 0 100.0 100
12.5 7247
724.7 % 100 = 14.0 100.0 —14.0 = 86.0 86
(1/2) 5168.7
9.5 619.2
619.2 % 100 = 12.0 86.0 —12.0 = 74.0 74
(3/8) 5168.7
4.75 1189.8
1189.8 % 100 = 23.0 740 -230= 51.0 51
(No. 4) 5168.7
2.36 877.6
877.6 % 100 = 17.0 51.0-170= 34.0 34
(No. 8) 5168.7
1.18 5748
574.8 % 100 = 11.1 3d0-111= 22.9 23
(No. 16) 5168.7
0.600 329.8
329.8 % 100 = 6.4 229 -84 = 16.5 17
(No. 30) 5168.7
0.300 228.5
228.5 % 100 = 4.4 165 —44 = 12.1 12
(No. 50) 5168.7
0.150 205.7
205.7 % 100 = 4.0 121 —4.0 = 8.1 8
(No. 100) 5168.7
0.075 135.7
135.4 »* 100 = 2.6 8.1—26= 5.5 5.5
(No. 200) 5168.7
minus 0.075
(No. 200) 20.4
in the pan
Total mass after sieving = sum of sieves + mass in the pan =4905.9 g
Original dry mass of the sample (M): 5168.7¢g

* Report total percent passing to 1 percent except report the 75 pum (No. 200) sieve to 0.1 percent.
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Method A Example Cumulative Mass Retained

Original dry mass of the sample (M): 5168.7 g
Dry mass of the sample after washing: 49113 ¢
Total mass after sieving equals Final Cumulative Mass Retained
(FCMR) (includes minus 75 um (No. 200) from the pan): 49059 ¢
Amount of 75pm (No. 200) minus washed out (5168.7 g—4911.3 g): 2574 ¢
Check Sum
Check Sum= 21139 =490599 0 _ 015,
eck Sum= 19113 g =0.1%

The result is not more than 0.3 percent therefore the results can be used for acceptance purposes.

Cumulative Percent Retained (CPR) for 9.5 mm (3/8 in.) sieve:
9
CPR = ——— = 100 = 26.0%
4 g
Percent Passing (PP) 9.5 mm (3/8 in.) sieve:

PP = 100.0% - 26.0% = 74.0%
Reported Percent Passing = 74%
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Method A Cumulative
Gradation on All Sieves

Cumulative | Determine CPR
Mass by dividing CMR | Cumulative
Sieve Size | Retained by M and Percent Determine PP Percent | Reported
mm g multiplying by Retained by subtracting Passing Percent
(in.) (CMR) 100 (CPR) CPR from 100.0 (PP) Passing*
19.0
(3/4) 0 0.0 100.0 100
12.5 7247
724.7 % 100 = 14.0 100.0 —14.0 = 86.0 86
(1/2) 5168.7
9.5 13439
1343.9 % 100 = 26.0 100.0 — 26.0 = 74.0 74
(3/8) 5168.7
4.75 2533.7
2533.7 % 100 = 49.0 100.0 —49.0 = 51.0 51
(No. 4) 5168.7
2.36 3411.3
3411.3 % 100 = 66.0 100.0 —aa.0 = 34.0 34
(No. 8) 5168.7
1.18 3986.1
3986.1 % 100 = 77.1 100.0 - 771 = 22.9 23
(No. 16) 5168.7
0.600 4315.9
4315.9 % 100 = 83.5 100.0 — 835 = 16.5 17
(No. 30) 5168.7
0.300 45444
4544 .4 % 100 = 87.9 100.0 —87.9 = 12.1 12
(No. 50) 5168.7
0.150 4750.1
4750.1 % 100 = 91.9 100.0 —919 = 8.1 8
(No. 100) 5168.7
0.075 4885.5
4885.5 % 100 = 94.5 100.0 —94.5 = 5.5 5.5
(No. 200) 5168.7
FCMR 4905.9
Total mass after sieving: 4905.9 g
Original dry mass of the sample (M): 5168.7 g

* Report total percent passing to 1 percent except report the 75 um (No. 200) sieve to 0.1 percent.
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Procedure Method B

Dry the sample to constant mass according to the FOP for AASHTO T 255. Cool to room temperature.
Determine and record the original dry mass of the sample to the nearest 0.1g. Designate this mass as M.

When the specification does not require the amount of material finer than 75 um (No. 200) be determined by
washing, skip to Step 11.

Nest a protective sieve, such as a 2.0 mm (No. 10), above the 75 um (No. 200) sieve.

Place the sample in a container and cover with water.

Note 2: If required by the agency, add a detergent, dispersing solution, or other wetting agent to the water to assure a

10.

11.

12.
13.
14.

15.

16.

17.

thorough separation of the material finer than the 75 pm (No. 200) sieve from the coarser particles. There should be
enough wetting agent to produce a small amount of suds when the sample is agitated. Excessive suds may overflow
the sieves and carry material away with them.

Agitate vigorously to ensure complete separation of the material finer than 75 pm

(No. 200) from coarser particles and bring the fine material into suspension above the coarser material. To
aid in the agitation process, a utensil may be used. To avoid degradation of the sample when using a
mechanical washing device do not exceed 10 minutes.

Immediately pour the wash water containing the suspended material over the nested sieves; be careful not to
pour out the coarser particles or over fill the 75 um (No. 200) sieve.

Add water to cover material remaining in the container and repeat Step 5. Continue until the wash water is
reasonably clear. Rinse utensil, if used, into the washed sample.

Remove the upper sieve and return material retained to the washed sample.

Rinse the material retained on the 75 pm (No. 200) sieve until water passing through the sieve is reasonably
clear and detergent or dispersing agent is removed, if used.

Return all material retained on the 75 um (No. 200) sieve to the container by rinsing into the washed sample.

Note 3: Excess water may be carefully removed with a bulb syringe; the removed water must be discharged back over
the 75 um (No. 200) sieve to prevent loss of fines.

Dry the washed sample to constant mass according to the FOP for AASHTO T 255. Cool to room
temperature.

Determine and record the dry mass after wash.
Determine and record the dry mass after wash.

Select sieves required by the specification and those necessary to avoid overloading as described in Annex B.
With a pan on bottom, nest the sieves increasing in size starting with the 4.75 mm (No. 4).

Place the sample, or a portion of the sample, on the top sieve. Sieves may already be in the mechanical
shaker, if not place the sieves in the mechanical shaker and shake for the minimum time determined to
provide complete separation for the sieve shaker being used (approximately 10 minutes, the time determined
by Annex A).

Note 4: Excessive shaking (more than 10 minutes) may result in degradation of the sample.

Determine and record the individual or cumulative mass retained for each sieve. Ensure that all particles
trapped in full openings of the sieve are removed and included in the mass retained.

Note 5: For sieves 4.75 mm (No. 4) and larger, check material trapped in less than a full opening by sieving over a
full opening. Use coarse wire brushes to clean the 600 pm (No. 30) and larger sieves, and soft hair bristle for
smaller sieves.

Determine and record the mass of the minus 4.75 mm (No. 4) material in the pan. Designate this mass as M.
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18.

19.

20.

21.

22.

23.

24.

25.
26.

Perform the Coarse Check Sum calculation — Verify the total mass after coarse sieving compared to the dry
mass before sieving to not more than 0.3 percent. The dry mass before sieving is the dry mass after wash or
the original dry mass (M) if performing the sieve analysis without washing. Do not use test results for
acceptance if the Check Sum result is more than 0.3 percent.

Reduce the minus 4.75 mm (No. 4) according to the FOP for AASHTO R 76 to produce a sample with a
minimum mass of 500 g. Determine and record the mass of the minus
4.75 mm (No. 4) split, designate this mass as M>.

Select sieves required by the specification and those necessary to avoid overloading as described in Annex B.
With a pan on bottom, nest the sieves increasing in size starting with the 75 pm (No. 200) up to, but not
including, the 4.75 mm (No. 4) sieve.

Place the sample portion on the top sieve and place the sieves in the mechanical shaker. Shake for the
minimum time determined to provide complete separation for the sieve shaker being used (approximately 10
minutes, the time determined by Annex A).

Determine and record the individual or cumulative mass retained for each sieve and in the pan. Ensure that
all particles trapped in full openings of the sieve are removed and included in the mass retained. (See Note 5.)

Perform the Fine Check Sum calculation — Verify the fotal mass after sieving compared to the dry mass before
sieving (M>) is not more than 0.3 percent. Do not use test results for acceptance if the Check Sum result is
more than 0.3 percent.

Calculate to the nearest 0.1 percent, the Individual Mass Retained (IMR) or Cumulative Mass Retained
(CMR) of the size increment of the reduced sample and the original sample.

Calculate the total percent passing.

Report total percent passing to 1 percent except report the 75 pm (No. 200) sieve to 0.1 percent.
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Method B Calculations
Check Sum

drvmass before sieveing — total mass after coarse sieving
Coarse Check Sum = — = 100
drymass before sieving

) M, — total mass after fine sieving
Fine Check Sum = i = 100
Mz

Percent Retained for 4.75 mm (No. 4) and larger

IMR CMR
» 100 or CPR =——x100

IPR =
M M

Where:
IPR = Individual Percent Retained

CPR = Cumulative Percent Retained
M = Original dry mass of the sample
IMR = Individual Mass Retained
CMR = Cumulative Mass Retained

Percent Passing (PP) for 4.75 mm (No. 4) and larger

PP = PPP —IFR or PP =100—CPR

Where:
PP = Percent Passing
PPP = Previous Percent Passing

Minus 4.75mm (No. 4) adjustment factor (R)

The mass of material retained for each sieve is multiplied by the adjustment factor, the total mass of the minus
4.75 mm (No. 4) from the pan, M;, divided by the mass of the reduced split of minus 4.75 mm (No. 4), M>. For
consistency, this adjustment factor is carried to three decimal places.

=
Where:
R = minus 4.75 mm (No. 4) adjustment factor

M, = total mass of minus 4.75 mm (No. 4) before reducing
M, = mass of the reduced split of minus 4.75 mm (No. 4)

Total Individual Mass Retained (TIMR):

TIMR=ERxBE
Where:
TIMR = Total Individual Mass Retained
R = minus 4.75 mm (No. 4) adjustment factor
B = individual mass of the size increment in the reduced portion

sieved
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Total Cumulative Mass Retained (TCMR)

TIMR=(RxB)+D

Where:
TCMR = Total Cumulative Mass Retained
R = minus 4.75 mm (No. 4) adjustment factor
B = cumulative mass of the size increment in the reduced portion sieved
D = cumulative mass of plus 4.75mm (No. 4) portion of sample

Method B Example Individual Mass Retained

Dry mass of total sample, before washing: 32140 ¢
Dry mass of sample after washing: 3085.1g
Total mass after sieving

Sum of Individual Masses Retained (IMR) plus the

minus 4.75 mm (No. 4) from the pan: 3085.0 g
Amount of 75 pm (No. 200) minus washed out (3214.0 g —3085.1 g): 1289 ¢
Coarse Check Sum

c Check S 308519~ 308500 _ 40 = 0.0
" [ = by = I,
oarse = U 3{]8513 (4]

The result is not more than 0.3 percent therefore the results can be used for acceptance purposes.

Individual Percent Retained (IPR) for 9.5 mm (3/8 in.) sieve

4814 g

= x 100 = 15.0°
32140 g %

IPR

Percent Passing (PP) for 9.5 mm (3/8 in.) sieve:

PP = 95.0% — 15.0% = 80.0%
Reported Percent Passing = 80%
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Method B Individual
Gradation on Coarse Sieves

Individual Determine IPR
Sieve Mass by dividing IMR | Individual | Determine PP
Size Retained by M and Percent by subtracting | Percent
mm g multiplying by Retained IPR from Passing
(in.) (IMR) 100 (IPR) previous PP (PP)
16.0
1
(5/8) 0 0 00
12.5 161.1
161.1 % 100 = 5.0 100.0 =50 = 95.0
(1/2) 32140
9.5 451.4
481.4 x 100 = 15.0 95.0 — 15.0 = 80.0
(3/8) 3214.0
4.75 475.8
475.8 % 100 = 14.8 80.0 —148 = 65.2
(No. 4) 32140
Minus 4.75
(No. 4) 1966.7 (M)
in the pan
Total mass after sieving: sum of sieves + mass in the pan = 3085.0 g
Original dry mass of the sample (M): 3214.0 g

Fine Sample

The minus 4.75 mm (No. 4) from the pan, M; (1966.7 g), was reduced according to the FOP for AASHTO R 76,
to at least 500 g. In this case, the reduced mass was determined to be 512.8 g. This is M.

The reduced mass was sieved.
Total mass after sieving equals

Sum of Individual Masses Retained (IMR) including

minus 75 um (No. 200) in the pan 5118 g
Fine Check Sum
512.8g —5118g
Fine Check Sum= * 100 = 0.2%
5128 g

The result is not more than an 0.3 percent therefore the results can be used for acceptance purposes.
Adjustment Factor (R) for Total Individual Mass Retained (TIMR) on minus 4.75 (No. 4) sieves

The mass of material retained for each sieve is multiplied by the adjustment factor (R) carried to three decimal
places.

My 19667 g
"M, 5128y

= 3.835
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Where:
R
M1 =
M,

= minus 4.75 mm (No. 4) adjustment factor
total mass of minus 4.75 mm (No. 4) from the pan
mass of the reduced split of minus 4.75 mm (No. 4)

Each “individual mass retained” on the fine sieves must be multiplied by R to obtain the Total Individual Mass

Retained (TIMR).

Total Individual Mass Retained (TIMR) for 2.00 mm (No. 10) sieve

TIMR =3.835 x 207.1g = 794.2 g

Individual Percent Retained (IPR) for 2.00 mm (No. 10) sieve:

IPR

_ 79429
"~ 32140g

Percent Passing (PP) 2 mm (No. 10) sieve:

Reported Percent Passing = 41%

» 100 = 24.7%

PP = 65.2% — 24.7% = 40.5%

Method B Individual
Gradation on Fine Sieves
Individual Determine TIMR Total
Sieve Size Mass Retained by multiplying Individual
mm g IMR by R (X2 Mass Retained
(in.) (IMR) Y (?) (TIMR)
2.00
. o ane
(No. 10) 207.1 207.1 % 3.835 = 794.2
0.425 2 pae _
(No. 40) 187.9 187.9 % 3.835 = 720.6
0.210 oo
(No. 80) 59.9 59.9 % 3.835 = 229.7
0.075 —
(No. 200) 49.1 49,1 % 3.835 = 188.3
minus 0.075
(No. 200) 7.8
in the pan
Total mass after sieving: sum of fine sieves + the mass in the pan=511.8 g
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Method B Individual
Final Gradation on All Sieves

Total
Individual | Determine [PR
Mass by dividing Individual | Determine PP
Sieve Size Retained | TIMR by M and Percent by subtracting | Percent | Reported
mm g multiplying by Retained IPR from Passing | Percent
(in.) (TIMR) 100 (IPR) previous PP (PP) Passing*
16.0
(5/3) 0 0 100 100
12.5 lal.1
161.1 % 100 = 5.0 1000 =50 = 95.0 95
(1/2) 32140
9.5 481.4
481.4 % 100 = 15.0 95.0 — 15.0 = 80.0 80
(3/8) 32140
4.75 475.8
475.8 % 100 = 14.8 80.0 —14.8 = 65.2 65
(No. 4) 3214.0
2.00 7942
794.2 % 100 = 24.7 65.2 —24.7 = 40.5 41
(No. 10) 3214.0
0.425 720.6
720.6 % 100 = 22.4 405 — 224 = 18.1 18
(No. 40) 3214.0
0.210 229.7
229.7 % 100 = 7.1 181 -71= 11.0 11
(No. 80) 32140
0.075 188.3
(No. 200) 188.3 33140 % 100 = 5.9 11.0 -59 = 5.1 5.1
minus 0.075
(No. 200) 29.9
in the pan
Original dry mass of the sample (M): 3214.0 g

* Report total percent passing to 1 percent except report the 75 um (No. 200) sieve to 0.1 percent.

Method B Example Cumulative Mass Retained

Original dry mass of the sample (M):

Dry mass of sample after washing:

Total mass after sieving equals

Cumulative Mass Retained (CMR) on the 4.75 (No. 4)
plus the minus 4.75 mm (No. 4) in the pan:

Amount of 75 um (No. 200) minus washed out (3214.0 g —3085.1 g):

3214.0¢g
3085.1 g

3085.0 g
1289 ¢
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Coarse Check Sum

Coarse Check Sum = 20229 ~308500 06— 0.0
oarse ec U = 3{]8513 = L (4]

The result is not more than 0.3 percent therefore the results can be used for acceptance purposes.

Cumulative Percent Retained (CPR) for 9.5 mm (3/8 in.) sieve

642.5 g

CPR =
32140 g

¥ 100 = 20.0%

Percent Passing (PP) for 9.5 mm (3/8 in.) sieve

PP =100.0% — 20.0% = 80.0%
Reported Percent Passing = 80%

Method B Cumulative
Gradation on Coarse Sieves

Cumulative | Determine CPR
Sieve Mass by dividing CMR | Cumulative
Size Retained by M and Percent Determine PP Percent
mm g multiplying by Retained by subtracting Passing
(in.) (CMR) 100 (CPR) CPR from 100.0 (PP)
16.0
1
(5/8) 0 0 00
12.5 161.1
161.1 % 100 = 5.0 100.0 =50 = 95.0
(1/2) 32140
9.5 642.5
642.5 x 100 = 20.0 100.0 —20.0 = 80.0
(3/8) 3214.0
4.75 1118.3
1118.3 (D % 100 = 34.8 100.0 — 348 = 65.2
(No. 4) ) 32140
Minus 4.75
(No. 4) 1966.7 (M)
in the pan
CMR: 1118.3 +1966.7 = 3085.0
Original dry mass of the sample (M): 3214.0 g

Fine Sample

The mass of minus 4.75 mm (No. 4) material in the pan, M; (1966.7 g), was reduced according to the FOP for
AASHTO R 76, to at least 500 g. In this case, the reduced mass was determined to be 512.8 g. This is M.

The reduced mass was sieved.

Total mass after fine sieving equals
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Final Cumulative Mass Retained (FCMR) (includes minus

75 pm (No. 200) from the pan): 511.8 g
Fine Check Sum
) 51289 —5118g
Fine Check Sum = % 100 = 0.2%
5128g

The result is not more than 0.3 percent therefore the results can be used for acceptance purposes.

The cumulative mass of material retained for each sieve is multiplied by the adjustment factor (R) carried to three
decimal places to obtain the Adjusted Cumulative Mass Retained (ACMR) and added to the cumulative mass
retained on the 4.75 mm (No. 4) sieve, D, to obtain the Total Cumulative Mass Retained (TCMR).

Adjustment factor (R) for Adjusted Cumulative Mass Retained (ACMR) in minus 4.75 (No. 4) sieves.

M, 19667g

=—1= =3.835
M, ©5128g

Where:
R = minus 4.75 mm (No. 4) adjustment factor
M; = total mass of minus 4.75 mm (No. 4) from the pan
M, = mass of the reduced split of minus 4.75 mm (No. 4)

Adjusted Cumulative Mass Retained (ACMR) for the 2.00 mm (No. 10) sieve

ACMR=3.835x207.14=794.2
Total Cumulative Mass Retained (TCMR) for the 2.00 mm (No. 10) sieve

TCMR=794245 +11183 g=19125g
Cumulative Percent Retained (CPR) for 2.00 mm (No. 10) sieve:

19125 g

€PR =———=
32140 g

» 100 = 59.5%

Percent Passing (PP) 2.00 mm (No. 10) sieve:

PP = 100.0% — 59.5% = 40.5%
Reported Percent Passing = 41%

Alaska Test Methods Manual 304-19 Effective May 19, 2025



Method B Cumulative
Gradation on Fine Sieves

. . Cumulat'ive Determine TCMR by Total .
Sieve Size Mass Retained, ltilvi b My Cumulative
mm g multiplying CMR by R (?) Mass Retained
(in.) (CMR) and adding D (TCMR)
2.00
2 =
(No. 10) 207.1 2071 = 3.835+ 1118.3 1912.5
0.425
(No. 40) 395.0 395.0 x 3.835 + 11183 = 2633.1
0.210 454.9 4549 x 3.835 + 11183 = 2862.8
(No. 80) ' ' ' o '
0.075
(No. 200) 504.0 504.0 % 3835+ 11183 = 3051.1
FCMR 511.8
Total: sum of masses on fine sieves + minus 75 um (No. 200) in the pan = 511.8

Method B Cumulative
Final Gradation on All Sieves

Total
Cumulative | Determine CPR
Mass by dividing Cumulative Reported
Sieve Size Retained CMR by M and Percent Determine PP Percent Percent
mm g multiplying by Retained by subtracting Passing | Passing*
(in.) (TCMR) 100 (CPR) CPR from 100.0 (PP)
16.0
(5/8) 0 0 100.0 100
12.5 lal.1
161.1 = 5.0 1000 —5.0 = 95.0 95
(1/2) 32140 < %
9.5 5425
642.5 = 20.0 100.0 — 20.0 = 80.0 80
(3/8) 32120 1%
4.75 1118.3
1118.3 (D = 34.8 100.0 — 348 = 65.2 65
(No. 4) & 32140 0
2.00 1912.5
1912.5 x 100 = 59.5 100.0 =595 = 40.5 41
(No. 10) 3214.0
0.425 2633.1
2633.1 » 100 = 81.9 100.0 — 819 = 18.1 18
(No. 40) 3214.0
0.210 2862.8
2862.8 100 = 89.1 100.0 —89.1 = 10.9 11
(No. 80) 3214.0
0.075 3051.1
(No. 200) 3051.1 37140 x 100 = 94.9 100.0 —94.9 = 5.1 5.1
FCMR 3081.1
Original dry mass of the sample (M): 3214.0 g

* Report total percent passing to 1 percent except report the 75 um (No. 200) sieve to 0.1 percent.
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Procedure Method C

1. Dry the sample to constant mass at according to the FOP for AASHTO T 255. Cool to room temperature.
2. Determine and record the original dry mass of the sample to the nearest 0.1g. Designate this mass as M.

3. Break up any aggregations or lumps of clay, silt, or adhering fines to pass the 4.75 mm (No. 4) sieve.
4

Select sieves required by the specification and those necessary to avoid overloading as described in Annex B.
With a pan on bottom, nest the sieves increasing in size starting with the 4.75 mm (No. 4) sieve.

5. Place the sample, or a portion of the sample, on the top sieve. Sieves may already be in the mechanical
shaker, if not place the sieves in the mechanical shaker and shake for the minimum time determined to
provide complete separation for the sieve shaker being used (approximately 10 minutes, the time determined
by Annex A).

Note 2: Excessive shaking (more than 10 minutes) may result in degradation of the sample.

6. Determine and record the cumulative mass retained for each sieve. Ensure that all material trapped in full
openings of the sieve are removed and included in the mass retained.

Note 3: For sieves 4.75 mm (No. 4) and larger, check material trapped in less than a full opening sieving over a full
opening. Use coarse wire brushes to clean the 600 pm (No. 30) and larger sieves, and soft bristle brush for smaller
sieves.

7. Determine and record the mass of the minus 4.75 mm (No. 4) material in the pan. Designate this mass as M.

8. Perform the Coarse Check Sum calculation —Verify the fotal mass after coarse sieving compared to the
original dry mass (M) is not more than 0.3 percent.

9. Reduce the minus 4.75 mm (No. 4) according to the FOP for AASHTO R 76, to produce a sample with a
minimum mass of 500 g.

10. Determine and record the mass of the minus 4.75 mm (No. 4) split, designate this mass as M3.
11. Nest a protective sieve, such as a 2.0 mm (No. 10), above the 75 pm (No. 200) sieve.
12. Place the sample in a container and cover with water.

Note 4: If required by the agency, add a detergent, dispersing solution, or other wetting agent to the water to assure a
thorough separation of the material finer than the 75 pm (No. 200) sieve from the coarser particles. There should
be enough wetting agent to produce a small amount of suds when the sample is agitated. Excessive suds may
overflow the sieves and carry material away with them.

13. Agitate vigorously to ensure complete separation of the material finer than 75 um (No. 200) from coarser
particles and bring the fine material into suspension above the coarser material. To aid in the agitation
process, a utensil may be used. To avoid degradation of the sample when using a mechanical washing device
do not exceed 10 minutes.

14. Immediately pour the wash water containing the suspended material over the nested sieves; be careful not to
pour out the coarser particles or over fill the 75 um (No. 200) sieve.

15. Add water to cover material remaining in the container and repeat Step 12. Repeat until the wash water is
reasonably clear. Rinse utensil, if used, into the washed sample.

16. Remove the upper sieve and return material retained to the washed sample.

17. Rinse the material retained on the 75 um (No. 200) sieve until water passing through the sieve is reasonably
clear and detergent or dispersing agent is removed, if used.

18. Return all material retained on the 75 pm (No. 200) sieve to the container by flushing into the washed sample.

Note 5: Excess water may be carefully removed with a bulb syringe; the removed water must be discharged back over the
75 um (No. 200) sieve to prevent loss of fines.

Alaska Test Methods Manual 304-21 Effective May 19, 2025



19.

20.
21.

22.

Dry the washed sample portion to constant mass according to the FOP for AASHTO T 255. Cool to room
temperature.

Determine and record the dry mass, designate this mass as dry mass before sieving.

Select sieves required by the specification and those necessary to avoid overloading as described in Annex B.
With a pan on bottom, nest the sieves increasing in size starting with the 75 um (No. 200) sieve up to, but not
including the 4.75 mm (No. 4) sieve.

Place the sample portion on the top sieve. Place the sieves in the mechanical shaker and shake for the
minimum time determined to provide complete separation for the sieve shaker being used (approximately 10
minutes, the time determined by Annex A).

Note 6: Excessive shaking (more than 10 minutes) may result in degradation of the sample.

23.

24.

25.

26.

27.

Determine and record the cumulative mass retained for each sieve. Ensure that all material trapped in full
openings of the sieve are removed and included in the mass retained. See Note 3.

Perform the Fine Check Sum calculation — Verify the total mass after fine sieving compared to the dry mass
before sieving is not more than 0.3 percent. Do not use test results for acceptance if the Check Sum is more
than 0.3 percent.

Calculate the Cumulative Percent Retained (CPR) and Percent Passing (PP) for the 4.75 mm (No. 4) and
larger.

Calculate the Cumulative Percent Retained (CPR ) and the Percent Passing (PP.44) for minus 4.75 mm (No.
4) split and Percent Passing (PP) for the minus 4.75 mm (No. 4).

Report total percent passing to 1 percent except report the 75 um (No. 200) sieve to 0.1 percent.

Method C Calculations
Check Sum

M — total mass after coarse sieving
Coarse check sum = m = 100
i

_ dry mass before sieving — total mass after fine sieving
Fine check sum= — = 100
dry mass before sieving

Where:
M = Original dry mass of the sample

Cumulative Percent Retained (CPR) for 4.75 mm (No. 4) sieve and larger

CPR CMR 100
=——x
M

|

Where:
CPR = Cumulative Percent Retained of the size increment for the total sample
CMR = Cumulative Mass Retained of the size increment for the total sample
M = Total dry sample mass before washing

Percent Passing (PP) 4.75 mm (No. 4) sieve and larger

PP =100—CPR
Where:
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PP = Percent Passing of the size increment for the total sample
CPR = Cumulative Percent Retained of the size increment for the total sample

Or calculate PP for sieves larger than 4.75 mm (No. 4) sieve without calculating CPR

M—-CMR
M

% 100

Cumulative Percent Retained (CPR.4) for minus 4.75 mm (No. 4) split

CMR _sa
CPR_.o = ———— « 100
M3
Where:
CPR.«4+ = Cumulative Percent Retained for the sieve sizes of M3
CMR.«4 = Cumulative Mass Retained for the sieve sizes of M3
M; = Total mass of the minus 4.75 mm (No. 4) split before washing

Percent Passing (PP.44) for minus 4.75 mm (No. 4) split

PP_#'Q_ = lﬂﬂ - CPR_#'q_

Where:
PPy = Percent Passing for the sieve sizes of M3
CPR.44 = Cumulative Percent Retained for the sieve sizes of M3

Percent Passing (PP) for sieves smaller than 4.75 mm (No. 4) sieve

_ (PP_yy x#4 PP)

pp
100
Where:
PP = Total Percent Passing
PP = Percent Passing for the sieve sizes of M3

#4 PP = Total Percent Passing the 4.75 mm (No. 4) sieve

Or calculate PP for sieves smaller than 4.75 mm (No. 4) sieve without calculating CPR 4 and PPy

#4 PP
PP = X (M3 — CMR_,,)
M
Where:
PP = Total Percent Passing
#4 PP = Total Percent Passing the 4.75 mm (No. 4) sieve
M; = Total mass of the minus 4.75 mm (No. 4) split before washing

CMR.» = Cumulative Mass Retained for the sieve sizes of M3
Method C Example
Original dry mass of the sample (M): 33045¢
Total mass after sieving equals

Cumulative Mass Retained (CMR) on the 4.75 (No. 4) plus the
minus 4.75 mm (No. 4) from the pan: 3085.0 g
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Coarse Check Sum

Coarse Check Sum = —oo2 9 =330458 06 — 0.0
oarse eC um = 33{]453 = W%

The result is not more than 0.3 percent therefore the results can be used for acceptance purposes.
Cumulative Percent Retained (CPR) for the 9.5 mm (3/8 in.) sieve:

lg

CPR= ————
33045 g

% 100 = 18.3%

Percent Passing (PP) for the 9.5 mm (3/8 in.) sieve:

PP =100.0% — 18.3% =81.7%
Reported Percent Passing = 82%
Example for Alternate Percent Passing (PP) formula for the 9.5 mm (3/8 in.) sieve:

_ 33045 —o604.1

= % 100 = 81.7¢
PP 3304.5 %

Reported Percent Passing = 82%

Method C Cumulative
Gradation on Coarse Sieves

Cumulative | Determine CPR
Sieve Mass by dividing CMR | Cumulative
Size Retained, by M and Percent Determine PP | Percent | Reported
mm g multiplying by Retained by subtracting | Passing | Percent
(in.) (CMR) 100 (CPR) CPR from 100.0 (PP) Passing*
16.0
0.0 100.0 100
(5/8) 0
12.5 1259
125.9 w 100 = 3.8 100.0 — 38 = 96.2 96
(1/2) 33045
9.5 604.1
604.1 % 100 = 18.3 1000 — 183 = 81.7 82
(3/8) 33045
4.75 1295.6 60.8
1295.6 x 100 = 39.2 100.0 —39.2 = 61
(No. 4) 33045 (#4 PP)
Mass in 2008.9
pan
CMR: 1295.6 + 2008.9 = 3304.5
Original dry mass of the sample (M): 3304.5
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Fine Sample

The pan (2008.9 g) was reduced according to the FOP for AASHTO R 76, to at least 500 g. In this case, the

reduced mass was determined to be 527.6 g. This is M;.

Dry mass of minus 4.75mm (No. 4) reduced portion before wash (M5): 527.6¢g
Dry mass of minus 4.75mm (No. 4) reduced portion after wash: 4953 ¢
Total mass after fine sieving equals

Final Cumulative Mass Retained (FCMR)

(includes minus 75 pm (No. 200) from the pan): 495.1¢g
Fine Check Sum
Fine Check Sum = 2229 — 29319 105 _ 0.0y
ine Check Sum = 2953 5 = 0.0%

The result is not more than 0.3 percent therefore the results can be used for acceptance purposes.

Cumulative Percent Retained (CPR.44) for minus 4.75 mm (No. 4) for the 2.0 mm (No. 10) sieve:

194.3 g
= x 100 = 36.8%

Percent Passing (PP.x) for minus 4.75 mm (No. 4) for the 2.0 mm (No. 10) sieve:
PP_s, = 100.0% — 36.8% = 63.2%

Method C Cumulative
Gradation on Fine Sieves

Sieve Cumulative Determine
Size Cumulative Mass | Determine CPR.y4 by Percent PP by Percent
mm Retained g dividing CMR by M3 Retained.ss | subtracting CPR.w | Passing 44
(in.) (CMR . 44) and multiplying by 100 (CPR.44) from 100.0 (PP_y4)
2.0 194.3
(No. 10) 194.3 T97 6 % 100 = 36.8 1000 —36.8 = 63.2
0.425 365.6
(No. 40) 365.6 E37 6 % 100 = 69.3 1000 —89.3 = 30.7
0.210 430.8
(No. 80) 430.8 5376 » 100 = 81.7 100.0 —81.7 = 18.3
0.075 4844
(No. 200) 484.4 5376 » 100 = 91.8 1000 —91.8 = 8.2
FCMR 495.1
Dry mass of minus 4.75mm (No. 4) reduced portion before wash (M3): 527.6 g
Dry mass after washing: 495.3 g

Percent Passing (PP) for the 2.0 mm (No. 10) sieve for the entire sample:
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#4 PP (Total Percent Passing the 4.75 mm (No. 4) sieve) = 60.8%

_ 63.2% = 60.8%

= 38.49
100 %

PP

Reported Percent Passing = 38%

Method C Cumulative
Final Gradation on All Sieves

Determine PP
Cumulative by multiplying
Mass Cumulative PP.s4 by
Sieve Size Retained Percent Percent #4 PP and Percent | Reported
mm g Retained Passing dividing by Passing Percent
(in.) (CMR) (CPR) (PP -#4) 100 (PP) Passing*
16.0
(5/8) 0 0.0 100.0 100
12.5
(1/2) 125.9 3.8 96.2 96
9.5
(3/3) 604.1 18.3 81.7 82
4.75 60.8
(No. 4) 1295.6 39.2 (44 PP) 61
2.0 63.2 x60.8
194.3 36.8 63.2 B 38.4 38
(No. 10) 100
0.425 30.7 x60.8
365.6 69.3 30.7 —_— = 18.7 19
(No. 40) 100
0.210 18.3 x 60.8
430.8 81.7 18.3 _— = 11.1 11
(No. 80) 100
0.075 8.2 x 60.8
(No. 200) 484.4 91.8 8.2 —100 " 5.0 5.0
FCMR 495.1

* Report total percent passing to 1 percent except report the 75 um (No. 200) sieve to 0.1 percent.
Example for Alternate Percent Passing (PP) for the 4.75 mm (No. 4) sieve for the entire sample:

#4 PP (Total Percent Passing the 4.75 mm (No. 4) sieve) = 60.8%

60.8%

PP =376

% (527.6 —194.3) = 38.4%

Reported Percent Passing = 38%
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Alternate Method C Cumulative

Gradation on Coarse Sieves

Cumulative
Mass Determine PP by subtracting
Sieve Size Retained, CMR from M, and dividing | Percent | Reported
mm g the result by M then Passing Percent
(in.) (CMR) multiplying by 100 (PP) Passing*
16.0
(5/3) 0.0 100.0 100
12.5 33045 — 1259
125.9 x 100 = 96.2 96
(1/2) 3304.5
9.5 33045 — 6041
604.1 » 100 = 81.7 82
(3/8) 3304.5
4.75 33045 —1295.6 60.8
1295.6 » 100 = 61
(No. 4) 3304.5 (#4 PP)
Mass in Pan 2008.9
Cumulative sieved mass: 1295.6 + 2008.9 = 3304.5
Original dry mass of the sample (M): 3304.5
Alternate Method C Cumulative
Gradation on Fine Sieves
Cumulative Determine PP .44 by subtracting
Sieve Size Mass Retained CMR_44 from M3, dividing Percent
mm g result by M3 and multiplying Passing_
(in.) (CMR 1) by 100 (PP_x)
2.0 527.6 —1943
194.3 - w100 = 63.2
(No. 10) 527.6
0.425 527.6 —365.6
365.6 ——— 30.7
(No. 40) 527.6
0.210 527.6 —430.8
430.8 ——— T 18.3
(No. 80) 527.6
0.075 527.6 —4844
484.4 i = 8.2
(No. 200) 527.6 x 100
FCMR 495.1
Dry mass of minus 4.75mm (No. 4) reduced portion before wash (M3): 527.6 g
Dry mass after washing: 495.3 g
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Alternate Method C Cumulative
Final Gradation on All Sieves

Determine PP
. . © e.rmn.le by Determined Reported
Sieve Size Percent multiplying PP_y
. Percent Percent
mm Passing.. by Passin Passing*
(in.) (PP.s) #4 PP and oP) g g
dividing by 100
16.0
100. 1
(5/8) 00.0 00
12.5
2
(12) 96 96
9.5
1. 2
(3/8) 81.7 8
4.75 60.8 61
(No. 4) (#4 PP)
2.0 63.2 x 60.8
63.2 s - 38.4 38
(No. 10) 100
0.425 30.7 = 60.8
30.7 - = 18.7 19
(No. 40) 100
0.210 18.3 x 60.8
18.3 s - 11.1 11
(No. 80) 100
0.075 8.2 x60.8
2 - = . .
(No. 200) 8 100 30 30

* Report total percent passing to 1 percent except report the 75 pm (No. 200) sieve to 0.1 percent.

FINENESS MODULUS

Fineness Modulus (FM) is used in determining the degree of uniformity of the aggregate gradation in PCC mix
designs. It is an empirical number relating to the fineness of the aggregate. The higher the FM the coarser the
aggregate. Values of 2.40 to 3.00 are common for fine aggregate in PCC.

The sum of the cumulative percentages retained on specified sieves in the following table divided by 100 gives

the FM.

Effective May 19, 2025
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Sample Calculation

Example A Example B
Percent Percent
Retained Retained
Sieve Size On Spec’d On Spec’d
mm (in) Passing Sieves* Passing Sieves*
75*(3) 100 0 0 100 0 0
37.5%(11/2) 100 0 0 100 0 0
19*(3/4) 15 85 85 100 0 0
9.5*%(3/8) 0 100 100 100 0 0
4.75*(No.4) 0 100 100 100 0 0
2.36*(No.8) 0 100 100 87 13 13
1.18*(No.16) 0 100 100 69 31 31
0.60*(No.30 0 100 100 44 56 56
0.30*(No.50) 0 100 100 18 82 82
0.15*(100) 0 100 100 4 96 96
2 =785 2 =278
FM =17.85 FM =2.78

In decreasing size order, each * sieve is one-half the size of the preceding * sieve.
Report

e On forms approved by the agency
Sample ID

o Individual mass retained for each sieve

e Individual percent retained for each sieve
or

e Cumulative mass retained for each sieve

e Cumulative percent retained for each sieve

e FM to the nearest 0.01

e Report percent passing to the nearest 1 percent except for the 75 um (No. 200) sieve, report to the nearest
0.1 percent.
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ANNEX A

Time Evaluation
(Mandatory information)

The sieving time for each mechanical sieve shaker shall be checked at least annually to determine the time
required for complete separation of the sample by the following method:

Shake the sample over nested sieves for approximately 10 minutes.
Provide a snug-fitting pan and cover for each sieve and hold in a slightly inclined position in one hand.

Hand shake each sieve by striking the side of the sieve sharply and with an upward motion against the heel of the
other hand at the rate of about 150 times per minute, turning the sieve about one sixth of a revolution at intervals
of about 25 strokes.

Note A1: A mallet may be used instead of the heel of the hand if comparable force is used.

If more than 0.5 percent by mass of the total sample before sieving passes any sieve after one minute of
continuous hand shaking adjust shaker time and re-check.

In determining sieving time for sieve sizes larger than 4.75 mm (No. 4), limit the material on the sieve to a single
layer of particles.
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ANNEX B

Overload Determination
(Mandatory information)
The amount of material retained on a sieve may be regulated by:

e adding a sieve with larger openings immediately above the given sieve
e sieving the sample in multiple increments
e sieving the sample over a nest of sieves with a larger sieve-frame dimension.

TABLE B1
Maximum Allowable Mass of Material Retained on a Sieve, g
Nominal Sieve Size, mm (in.)
Exact size is smaller (see AASHTO T 27)

Sieve Size 203 dia 305 dia 305 by 305 350by350 372 by 580
mm (in.) ®) 12) (2x12)  (14x14) (16 x 24)
Sieving Area m?
0.0285 0.0670 0.0929 0.1225 0.2158
90 (31/2) * 15,100 20,900 27,600 48,500
75 3) * 12,600 17,400 23,000 40,500
63 21/72) * 10,600 14,600 19,300 34,000
50 ) 3600 8400 11,600 15,300 27,000
37.5 (11/2) 2700 6300 8700 11,500 20.200
25.0 (D) 1800 4200 5800 7700 13,500
19.0 (374) 1400 3200 4400 5800 10,200
16.0 (5/8) 1100 2700 3700 4900 8600
12.5 (172) 890 2100 2900 3800 6700
9.5 (3/8) 670 1600 2200 2900 5100
6.3 (1/4) 440 1100 1500 1900 3400
4.75 (No. 4) 330 800 1100 1500 2600
-4.75 (-No. 4) 200 470 650 860 1510

For sieves with openings smaller than 4.75 mm (No. 4), the mass retained on any sieve shall not exceed 7 kg/m?
(4 g/in?) of sieving surface.

For sieves with openings 4.75 mm (No. 4) and larger, the mass, in grams shall not exceed the product of 2.5 x
(sieve opening in mm) X (effective sieving area). See Table B1.
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ATM 305 Determining the Percentage of Fracture in Coarse
Aggregate

Following are guidelines for the use of WAQTC FOP for AASHTO T 335 by the State of Alaska DOT&PF.
e Fracture is determined by Method 1 unless otherwise specified.
e Unless otherwise specified the 4.75 mm (No.4) sieve shall be used to obtain the test sample.

e  When determining the fracture on a post ignition sample from ATM 406 Determining the Asphalt Binder
Content of Hot Mix Asphalt (HMA) by the Ignition Method, use the entire coarse (+#4 sieve) portion of
the post-ignition aggregate, regardless if it less than the minimum required in Table 1.
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DETERMINING THE PERCENTAGE OF FRACTURE IN COARSE AGGREGATE
FOP FOR AASHTO T 335

Scope

This procedure covers the determination of the percentage, by mass, of a coarse aggregate (CA) sample that
consists of fractured particles meeting specified requirements in accordance with AASHTO T 335-09.

In this FOP, a sample of aggregate is screened on the sieve separating CA and fine aggregate (FA). This sieve
will be identified in the agency’s specifications but might be the 4.75 mm (No. 4) sieve. CA particles are visually
evaluated to determine conformance to the specified fractured criteria. The percentage of conforming particles,
by mass, is calculated for comparison to the specifications.

Apparatus

e Balance or scale: Capacity sufficient for the principal sample mass, accurate to 0.1 percent of the sample
mass or readable to 0.1 g and meeting the requirements of AASHTO M 231.

e Sieves: Meeting requirements of the FOP for AASHTO T 27/T 11.
e Splitter: Meeting the requirements of FOP for AASHTO R 76.
Terminology

1. Fractured criteria: Determined by the agency to define a fractured particle.

2. Fractured face: An angular, rough, or broken surface of an aggregate particle created by crushing or by other
means. A face is considered a “fractured face” whenever one-half or more of the projected area, when viewed
normal to that face, is fractured with sharp and well-defined edges. This excludes small nicks.

3. Fractured particle: A particle of aggregate having at least the minimum number of fractured faces specified.
(This is usually one or two.)

Sampling and Sample Preparation

1. Sample and reduce the aggregate in accordance with the FOPs for AASHTO R 90 and
R 76.

2. When the specifications list only a total fracture percentage, the sample shall be prepared in accordance with
Method 1. When the specifications require that the fracture be counted and reported on each sieve, the
sample shall be prepared in accordance with Method 2.

3. Method 1 - Combined Fracture Determination
a. Dry the sample sufficiently to obtain a clean separation of FA and CA material in the sieving operation.

b. Sieve the sample in accordance with the FOP for AASHTO T 27/ T 11 over the 4.75 mm (No. 4) sieve, or
the appropriate sieve listed in the agency’s specifications for this material.

Note 1: Where necessary, wash the sample over the sieve designated for the determination of fractured particles to
remove any remaining fine material, and dry to a constant mass in accordance with the FOP for AASHTO T 255.

c. Reduce the sample using Method A — Mechanical Splitter, in accordance with the FOP for AASHTO R
76, to the appropriate test size. This test size should be slightly larger than shown in Table 1, to account
for loss of fines through washing if necessary.
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TABLE 1
Sample Size
Method 1 (Combined Sieve Fracture)

Minimum Cumulative

Sample Mass
Nominal Retained on 4.75 mm (No.
Maximum Size* 4) Sieve
mm (in.) g (b)
375 (11/2) 2500 (6)
25.0 (1) 1500 (3.5
19.0 (3/4) 1000 (2.5)
12.5 (172) 700 (1.5)
9.5 (3/8) 400 (0.9)
475 (No. 4) 200 (0.4)

* One sieve larger than the first sieve to retain more than 10 percent of the
material using an agency specified set of sieves based on cumulative

percent retained. Where large gaps in specification sieves exist,

intermediate sieve(s) may be inserted to determine nominal maximum size.

Method 2 — Individual Sieve Fracture Determination

a. Dry the sample sufficiently to obtain a clean separation of FA and CA material in the sieving operation.
A washed sample from the gradation determination (the FOP for
T 27/T 11) may be used.

b. Ifnot, sieve the sample in accordance with the FOP for AASHTO T 27 over the sieves listed in the
specifications for this material.

Note 2: 1f overload (buffer) sieves are used the material from that sieve must be added to the next specification sieve.

c. The size of test sample for each sieve shall meet the minimum size shown in Table 2. Utilize the total
retained sieve mass or select a representative portion from each sieve mass by splitting or quartering in
accordance with the FOP for AASHTO R 76.

Note 3: Where necessary, wash the sample over the sieves designated for the determination of fractured particles to
remove any remaining fine material, and dry to a constant mass in accordance with the FOP for AASHTO T 255.

TABLE 2
Sample Size
Method 2 (Individual Sieve Fracture)

Effective May 19, 2025

Sieve Size Minimum Sample Mass
mm _(in.) g (Ib)
315 (11/4) 1500 (3.5)
25.0 (1) 1000 (2.2)
19.0 (3/4) 700 (1.5)
16.0 (5/8) 500 (1.0)
12.5 (1/2) 300 (0.7)

9.5 (3/8) 200 (0.5)

6.3 (1/4) 100 (0.2)
4.75 (No. 4) 100 (0.2)
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Sieve Size Minimum Sample Mass

mm (in.) g (b)
2.36 (No. 8) 25 (0.1)
2.00 (No. 10) 25 (0.1)

Note 4: If fracture is determined on a sample obtained for gradation, use the mass retained on the individual sieves, even
if it is less than the minimum listed in Table 2. If less than 5 percent of the total mass is retained on a single
specification sieve, include that material on the next smaller specification sieve. If a smaller specification sieve does not
exist, this material shall not be included in the fracture determination.

Procedure
1. After cooling, spread the dried sample on a clean, flat surface.
2. Examine each particle face and determine if the particle meets the fractured criteria.
3. Separate the sample into three categories:
e Fractured particles meeting the criteria
e Particles not meeting the criteria
e Questionable or borderline particles
4. Determine the dry mass of particles in each category to the nearest 0.1 g.
5. Calculate the percent questionable particles to the nearest 1 percent.
6. Re-sort the questionable particles when more than 15 percent is present. Continue sorting until there is no
more than 15 percent in the questionable category.
7. Calculate the percent fractured particles meeting criteria to nearest 0.1 percent. Report to 1 percent.
Calculation

Calculate the percent questionable particles to the nearest 1 percent using the following formula:

B = M% = 100
Where:
%Q = Percent of questionable particles
F Mass of fractured particles
Q = Mass of questionable or borderline particles

Example:

N = Mass of unfractured particles
%Q = 768 x 100 = 9%
Q= 63269 +97.6 g+352.69 o
Given:
F = 6326¢
Q=0976¢g
N = 3526¢
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Calculate the percent fractured particles to the nearest 0.1 percent using the following formula:

S+F
P=—=—— %100
F+@+N
Where:
P = Percent of fractured particles
F = Mass of fractured particles
Q = Mass of questionable particles
N = Mass of unfractured particles
Example:
9?'25 9 t63268
P= » 100 = 62.99
63265 +97.6g +3526g %
Given:
F 632.6 g
Q=976¢g
N = 3526¢g
Report

e On forms approved by the agency
e Sample ID

e Fractured particles to the nearest 1 percent.

Report 63%
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ATM 306 Determining the Percentage of Flat and Elongated Particles
in Coarse Aggregate

1. Scope

This procedure covers the determination of the percentages of flat (thin) and elongated particles in coarse
aggregates.

2. Apparatus

The apparatus used shall consist of any suitable equipment, by means of which aggregate particles may be tested
for compliance, at the dimensional ratios desired, with the definitions given below. Types of acceptable apparatus
are:

e ASTM Proportional Caliper Device meeting the requirements of ASTM D 4791. Illustrated in Fig.1

e Balance or scale: Capacity sufficient for the sample mass, readable to 0.1 g and accurate to 0.1 percent of
test load, meeting the requirements of AASHTO M 231, Class G 2.

Note: This test requires a scale with a capacity of at least 1200 g and readable to 0.1 g, or better.
e Sieves, meeting the requirements of AASHTO M 92 (ASTM E11)
3. Definitions
1. Length — maximum dimension of the particle.
2. Thickness — maximum dimension perpendicular to the length and width.
3. Flat & Elongated Particle — a particle having a ratio of length to thickness greater than that specified.
4. Sampling and Sample Preparation
1. Sample and reduce the aggregate in accordance with the FOPs for AASHTO T 2 (ASTM D75) and R 76.
2. Flat and Elongated Determination

a. Dry the sample sufficiently to obtain a clean separation of FA and CA material in the sieving
operation.

b. Sieve the sample in accordance with the FOP for AASHTO T 27/ T 11 over the 4.75 mm (No. 4)
sieve.

¢. Reduce the sample using Method A — Mechanical Splitter, in accordance with the FOP for AASHTO
T 248, to the appropriate test size. This test size should be slightly larger than shown in Table 1, to
account for loss of fines through washing if necessary.
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TABLE 1
Sample Size

Size Fraction Minimum Sample
Mass
(mm) (in) g
-37.5 to +19.0 -1% to +% 1000
-19.0 to +9.5 Y to +% 500
-9.5 to +4.75 -% to +No. 4 100

Note 1: If this test is performed using a sample obtained for gradation, use the
mass retained for the size fraction, regardless of the sample mass required by
Table 1. If less than 5 percent of the total mass is retained on a single specification
sieve, include that material on the next smaller specification sieve.

5. Procedure

el S

S.

Unless specified, the caliper ratio shall be 1:5.
Determine and record the total dry mass of the size grouping to be tested to the nearest 0.1g.
Flat and Elongated Particle Test — Recombine, if necessary, all of the particles from the above process.

Set the larger opening to the particle’s length. The particle is flat and elongated if the particle’s thickness
can pass completely through the smaller opening.

Determine and record the mass of the flat and elongated particles to the nearest 0.1 g.

6. Calculation

1.

Calculate the cumulative percent retained.

CPR= 100 - CPP

Where :

CPR = Cumulative percent retained on original sample gradation
CPP = Cumulative percent passing from original sample gradation.

Calculate the cumulative percent retained of each size group flat and elongated (F&E) in relation to the
total plus 4.75 mm (No. 4).

F&E Group CPR = (CPR + #4 CPR) x100
Calculate the individual percent retained of each size.

F&E Group Individual Percent Retained (IPR) = F&E Group CPR - Next Larger Group CPR
Calculate the percent flat and elongated for each size group.

% F&E for Size Group = [(Mass F&E Size Group) / (Size Group Mass)] x 100
Calculate the weighted percent for each size to 0.1%.

Weighted % F&E Size Group = (% F&E for Size Group x F&E Group IPR) + 100

Calculate the total percentage of FnE by determining the sum of all the weighted % F&E for Size Groups.
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7. Report

e Report the total percentage for F&E on Department forms to the nearest whole percent.

Figure 1
ASTM Proportional Caliper

Caliper set to 1:5 ratio

Length Determination Flat Determination
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ATM 307 Plastic Fines in Graded Aggregates and Soils by Use of the
Sand Equivalent Test

Following are guidelines for the use of WAQTC FOP for AASHTO T 176 by the State of Alaska DOT&PF.
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PLASTIC FINES IN GRADED AGGREGATES AND SOILS BY THE USE OF THE SAND
EQUIVALENT TEST

FOP FOR AASHTO T 176

Scope

This procedure covers the determination of plastic fines in accordance with AASHTO T 176-22. It serves as a
rapid test to show the relative proportion of fine dust or clay-like materials in fine aggregates (FA) and soils.

Apparatus

e See AASHTO T 176 for a detailed listing of sand equivalent apparatus. Note that the siphon tube and blow
tube may be glass or stainless steel as well as copper.

e Graduated plastic cylinder.
e Rubber stopper.
e Irrigator tube.

e  Weighted foot assembly: Having a mass of 1000 £5g. There are two models of the weighted foot assembly.
The older model has a guide cap that fits over the upper end of the graduated cylinder and centers the rod in
the cylinder. It is read using a slot in the centering screws. The newer model has a sand-reading indicator 254
mm (10 in.) above this point and is preferred for testing clay-like materials.

e Bottle: clean, glass or plastic, of sufficient size to hold working solution

e Siphon assembly: The siphon assembly will be fitted to a 4 L (1 gal.) bottle of working calcium chloride
solution placed on a shelf 915 £25 mm (36 =1 in.) above the work surface.

e Measuring can: With a capacity of 85 £5 mL (3 oz.).

e Balance or scale: Capacity sufficient for sample mass, accurate to 0.1 percent of the sample mass or readable
to 0.1 g and meeting the requirements of AASHTO M 231.

e Funnel: With a wide mouth for transferring sample into the graduated cylinder.

e Quartering cloth: 600 mm (2 ft.) square nonabsorbent cloth, such as plastic or oilcloth.
e Mechanical splitter: See the FOP for AASHTO R 76.

e Strike-off bar: A straightedge or spatula.

e Clock or watch reading in minutes and seconds.

e Manual shaker: A manually operated sand equivalent shaker capable of producing an oscillating motion at a
rate of 100 complete cycles in 45 5 seconds, with a hand assisted half stroke length of 127 £5 mm (5 £0.2
in.). It may be held stable by hand during the shaking operation. It is recommended that this shaker be
fastened securely to a firm and level mount, by bolts or clamps, if many determinations are to be made.

e Mechanical shaker: See AASHTO T 176 for equipment and procedure.
e Oven: Capable of maintaining a temperature of 110 £5°C (230 £9°F).

e Thermometer: Calibrated liquid-in-glass or electronic digital type designed for total immersion and accurate
to 0.1°C (0.2°F).
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e Sieve: 4.75-mm (No. 4) sieve meeting the requirements of the FOP for AASHTO
T27/T 11

Materials

e Stock calcium chloride solution: Obtain commercially prepared calcium chloride stock solution meeting
AASHTO requirements.

e Working calcium chloride solution: Make 3.8 L (1 gal) of working solution. Fill the bottle with 2 L (1/2 gal)
of distilled or demineralized water, add one 3 oz. measuring can (85 +5 mL) of stock calcium chloride
solution. Agitate vigorously for 1 to 2 minutes. Add the remainder of the water, approximately 2 L (1/2 gal.)
for a total of 3.8 L (1 gal) of working solution. Repeat the agitation process. Tap water may be used if it is
proven to be non-detrimental to the test and if it is allowed by the agency. The shelf life of the working
solution is approximately 30 days. Label working solution with the date mixed. Discard working solutions
more than 30 days old.

Note 1: The graduated cylinder filled to 4.4 in. contains 88 mL and may be used to measure the stock solution.
Control

The temperature of the working solution should be maintained at 22 +3°C (72 £5°F) during the performance of
the test. If field conditions preclude the maintenance of the temperature range, reference samples should be
submitted to the Central/Regional Laboratory, as required by the agency, where proper temperature control is
possible. Samples that meet the minimum sand equivalent requirement at a working solution temperature outside
of the temperature range need not be subject to reference testing.

Sample Preparation

1. Obtain the sample in accordance with the FOP for AASHTO R 90 and reduce in accordance with the FOP for
AASHTO R 76.

2. Sieve the sample over the 4.75 mm (No. 4) sieve. If the material is in clods, break it up and re-screen it over a
4.75 mm (No. 4) sieve. Clean all fines from particles retained on the 4.75 mm (No. 4) sieve and include with
the material passing that sieve.

3. Split or quarter 1000 to 1500 g of material from the portion passing the 4.75 mm (No. 4) sieve. Use extreme
care to obtain a truly representative portion of the original sample.

Note 2: Experiments show that, as the amount of material being reduced by splitting or quartering is decreased, the accuracy
of providing representative portions is reduced. It is imperative that the sample be split or quartered carefully. When it
appears necessary, dampen the material before splitting or quartering to avoid segregation or loss of fines.

Note 3: All tests, including reference tests, will be performed using Alternative Method No. 2 as described in AASHTO T
176, unless otherwise specified.

4. The sample must have the proper moisture content to achieve reliable results. This condition is determined by
tightly squeezing a small portion of the thoroughly mixed sample in the palm of the hand. If the cast that is
formed permits careful handling without breaking, the correct moisture content has been obtained.

Note 4: Clean sands having little 75 um (No. 200), such as sand for Portland Cement Concrete (PCC), may not form a cast.

If the material is too dry, the cast will crumble, and it will be necessary to add water and remix and retest until
the material forms a cast. When the moisture content is altered to provide the required cast, the altered sample
should be placed in a pan, covered with a lid or with a damp cloth that does not touch the material, and
allowed to stand for a minimum of 15 minutes. Samples that have been sieved without being air-dried and
still retain enough natural moisture are exempted from this requirement.
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If the material shows any free water, it is too wet to test and must be drained and air dried. Mix frequently to
ensure uniformity. This drying process should continue until squeezing provides the required cast.

5. Place the sample on the quartering cloth and mix by alternately lifting each corner of the cloth and pulling it
over the sample toward the diagonally opposite corner, being careful to keep the top of the cloth parallel to
the bottom, thus causing the material to be rolled. When the material appears homogeneous, finish the mixing
with the sample in a pile near the center of the cloth.

6. Fill the measuring can by pushing it through the base of the pile while exerting pressure with the hand against
the pile on the side opposite the measuring can. As the can is moved through the pile, hold enough pressure
with the hand to cause the material to fill the tin to overflowing. Press firmly with the palm of the hand,
compacting the material and placing the maximum amount in the can. Strike off the can level with the
straightedge or spatula.

7. When required, repeat steps 5 and 6 to obtain additional samples.

Procedure

1. Start the siphon by forcing air into the top of the solution bottle through the tube while the pinch clamp is
open. Siphon 101.6 £2.5 mm (4 +0.1 in.) of working calcium chloride solution into the plastic cylinder.

2. Pour the prepared test sample from the measuring can into the plastic cylinder, using the funnel to avoid
spilling.

3. Tap the bottom of the cylinder sharply on the heel of the hand several times to release air bubbles and to
promote thorough wetting of the sample.

4. Allow the wetted sample to stand undisturbed for 10 =1 minutes.

5. Atthe end of the 10-minute period, stopper the cylinder and loosen the material from the bottom by
simultaneously partially inverting and shaking the cylinder.

6. After loosening the material from the bottom of the cylinder, shake the cylinder and contents by any one of

the following methods:

a. Mechanical Method — Place the stoppered cylinder in the mechanical shaker, set the timer, and allow the
machine to shake the cylinder and contents for 45 +1 seconds.

Caution: Agencies may require additional operator qualifications for the next two methods.

b. Manual Method — Secure the stoppered cylinder in the three spring clamps on the carriage of the
manually-operated sand equivalent shaker and set the stroke counter to zero. Stand directly in front of the
shaker and force the pointer to the stroke limit marker painted on the backboard by applying an abrupt
horizontal thrust to the upper portion of the right hand spring strap.

Remove the hand from the strap and allow the spring action of the straps to move the carriage and
cylinder in the opposite direction without assistance or hindrance. Apply enough force to the right-hand
spring steel strap during the thrust portion of each stroke to move the pointer to the stroke limit marker by
pushing against the strap with the ends of the fingers to maintain a smooth oscillating motion. The center
of the stroke limit marker is positioned to provide the proper stroke length and its width provides the
maximum allowable limits of variation.

Proper shaking action is accomplished when the tip of the pointer reverses direction within the marker
limits. Proper shaking action can best be maintained by using only the forearm and wrist action to propel
the shaker. Continue shaking for 100 strokes.

c. Hand Method — Hold the cylinder in a horizontal position and shake it vigorously in a horizontal linear
motion from end to end. Shake the cylinder 90 cycles in approximately 30 seconds using a throw of 229
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mm £25 mm (9 £1 in.). A cycle is defined as a complete back and forth motion. To properly shake the
cylinder at this speed, it will be necessary for the operator to shake with the forearms only, relaxing the
body and shoulders.

7. Set the cylinder upright on the worktable and remove the stopper.

8. Insert the irrigator tube in the cylinder and rinse material from the cylinder walls as the irrigator is lowered.
Force the irrigator through the material to the bottom of the cylinder by applying a gentle stabbing and
twisting action while the working solution flows from the irrigator tip. Work the irrigator tube to the bottom
of the cylinder as quickly as possible, as it becomes more difficult to do this as the washing proceeds. This
flushes the fine material into suspension above the coarser sand particles.

Continue to apply a stabbing and twisting action while flushing the fines upward until the cylinder is filled to
the 381 mm (15 in.) mark. Then raise the irrigator slowly without shutting off the flow so that the liquid level
is maintained at about 381 mm (15 in.) while the irrigator is being withdrawn. Regulate the flow just before
the irrigator is entirely withdrawn and adjust the final level to 381 mm (15 in.).

Note 5: Occasionally the holes in the tip of the irrigator tube may become clogged by a particle of sand. If the obstruction
cannot be freed by any other method, use a pin or other sharp object to force it out, using extreme care not to enlarge the size
of the opening. Also, keep the tip sharp as an aid to penetrating the sample.

9. Allow the cylinder and contents to stand undisturbed for 20 minutes £15 seconds. Start timing immediately
after withdrawing the irrigator tube.

Note 6: Any vibration or movement of the cylinder during this time will interfere with the normal settling rate of the
suspended clay and will cause an erroneous result.

10. Clay and sand readings:

a.

At the end of the 20-minute sedimentation period, read and record the level of the top of the clay
suspension. This is referred to as the clay reading.

If no clear line of demarcation has formed at the end of the 20-minute sedimentation period, allow the
sample to stand undisturbed until a clay reading can be obtained, then immediately read and record the
level of the top of the clay suspension and the total sedimentation time. If the total sedimentation time
exceeds 30 minutes, rerun the test using three individual samples of the same material. Read and record
the clay column height of the sample requiring the shortest sedimentation period only. Once a
sedimentation time has been established, subsequent tests will be run using that time. The time will be
recorded along with the test results on all reports.

After the clay reading has been taken, place the weighted foot assembly over the cylinder and gently
lower the assembly until it comes to rest on the sand. Do not allow the indicator to hit the mouth of the
cylinder as the assembly is being lowered. Subtract 254 mm (10 in.) from the level indicated by the
extreme top edge of the indicator and record this value as the sand reading.

If clay or sand readings fall between 2.5 mm (0.1 in.) graduations, record the level of the higher
graduation as the reading. For example, a clay reading that appears to be 7.95 would be recorded as 8.0; a
sand reading that appears to be 3.22 would be recorded as 3.3.

If two Sand Equivalent (SE) samples are run on the same material and the second varies by more than +4,
based on the first cylinder result, additional tests shall be run.

If three or more Sand Equivalent (SE) samples are run on the same material, average the results. If an
individual result varies by more than +4, based on the average result, additional tests shall be run.
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Calculations

Calculate the SE to the nearest 0.1 using the following formula:

Sand Reading
=——x 100
Clay Reading

Example

3.3
S5E = 30 x 100 = 41.250r41.3 Report 42

Given:
Sand Reading = 3.3
Clay Reading = 8.0

Note 7: This example reflects the use of equipment made with English units. At this time, equipment made with metric units
is not available.

Report the SE as the next higher whole number. In the example above, the 41.3 would be reported as 42. An SE
of 41.0 would be reported as 41.

When averaging two or more samples, raise each calculated SE value to the next higher whole number (reported
value) before averaging.

Example:

calculated value 1 41.3
calculated value 2 = 428

These values are reported as 42 and 43, respectively.

Average the two reported values:

If the average value is not a whole number, raise it to the next higher whole number.

42 +43

Average 5E = =425 Report43

Report

On forms approved by the agency
Sample ID
Results to the next higher whole number

Sedimentation time if over 20 minutes
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ATM 308 Specific Gravity and Absorption of Coarse Aggregate

Following are guidelines for the use of WAQTC FOP for AASHTO T 85 by the State of Alaska DOT&PF.
1. Add to Terminology:

Size Fraction — Material retained on a single sieve, excluding material that would be retained on
larger sieves.

2. When Specific Gravity is determined on portions of the sample, determine the total sample specific
gravity with the following formula:

G- 100
P, P P
1y 2, n
Gl G2 Gn
Where:

G= average specific gravity
Py, P2, P, = mass percentages of each portion tested from the original sample;
Gi1, G2, Gy, = specific gravity values of each portion tested from the original sample;

3. The sample size shown in Table 1 represents the material that will be tested. When the material contains
both coarse and fine, or there will be material rejected over either the No. 4 or % in. sieves; the size of the
field sample must be increased to compensate for the rejected material.

4. When a specific size fraction of an aggregate is tested, the minimum mass of the test sample shall be the
difference between the masses prescribed for the maximum and minimum sizes of the fraction.

5. Between step 4 and 5 of procedure:
Re-inspect the immersion tank to insure the water level is at the overflow outlet height.
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SPECIFIC GRAVITY AND ABSORPTION OF COARSE AGGREGATE
FOP FOR AASHTO T 85

Scope

This procedure covers the determination of specific gravity and absorption of coarse aggregate in accordance with
AASHTO T 85-22. Specific gravity may be expressed as bulk specific gravity (Gs), bulk specific gravity,
saturated surface dry (Gs SSD), or apparent specific gravity (Gsa). G and absorption are based on aggregate
after soaking in water. This procedure is not intended to be used with lightweight aggregates.

Terminology

Absorption — the increase in the mass of aggregate due to water being absorbed into the pores of the material, but
not including water adhering to the outside surface of the particles, expressed as a percentage of the dry mass.
The aggregate is considered “dry” when it has been maintained at a temperature of 110 £5°C (230 £9°F) for
sufficient time to remove all uncombined water.

Saturated Surface Dry (SSD) — condition of an aggregate particle when the permeable voids are filled with water,
but no water is present on exposed surfaces.

Specific Gravity — the ratio of the mass, in air, of a volume of a material to the mass of the same volume of gas-
free distilled water at a stated temperature.

Apparent Specific Gravity (Gs)— the ratio of the mass, in air, of a volume of the impermeable portion of
aggregate to the mass of an equal volume of gas-free distilled water at a stated temperature.

Bulk Specific Gravity (Gs)— the ratio of the mass, in air, of a volume of aggregate (including the permeable and
impermeable voids in the particles, but not including the voids between particles) to the mass of an equal volume
of gas-free distilled water at a stated temperature.

Bulk Specific Gravity (SSD) (Gs, SSD) — the ratio of the mass, in air, of a volume of aggregate, including the
mass of water within the voids filled to the extent achieved by submerging in water for 15 to 19 hours (but not
including the voids between particles), to the mass of an equal volume of gas-free distilled water at a stated
temperature.

Apparatus

e Balance or scale: with a capacity of 5 kg, sensitive to 0.1 g. Meeting the requirements of AASHTO M
231.

e Sample container: a wire basket of 3.35 mm (No. 6) or smaller mesh, with a capacity of 4 to 7 L (1 to 2
gal) to contain aggregate with a nominal maximum size of 37.5 mm (1 1/2 in.) or smaller; or a larger
basket for larger aggregates, or both.

e  Water tank: watertight and large enough to completely immerse aggregate and basket, equipped with an
overflow valve to keep water level constant.

e Suspension apparatus: wire used to suspend apparatus shall be of the smallest practical diameter.

e Sieves: 4.75 mm (No. 4) or other sizes as needed, meeting the requirements of FOP for AASHTO T 27/T
11.

e Large absorbent towel.
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Sample Preparation
1. Obtain the sample in accordance with the FOP for AASHTO R 90 (see Note 1).

2. Mix the sample thoroughly and reduce it to the approximate sample size required by Table 1 in accordance
with the FOP for AASHTO R 76.

3. Reject all material passing the appropriate sieve by dry sieving.
4. Thoroughly wash sample to remove dust or other coatings from the surface.

5. Dry the test sample to constant mass according to the FOP for AASHTO T 255/T 265 at a temperature of 110
+5°C (230 +£9°F) and cool in air at room temperature for 1 to 3 hours.

Note 1: Where the absorption and specific gravity values are to be used in proportioning concrete mixtures in which the
aggregates will be in their naturally moist condition, the requirement for initial drying to constant mass may be eliminated,
and, if the surfaces of the particles in the sample have been kept continuously wet until test, the 15-to-19-hour soaking may
also be eliminated.

6. Re-screen the sample over the appropriate sieve. Reject all material passing that sieve.
7. The sample shall meet or exceed the minimum mass given in Table 1.

Note 2: If this procedure is used only to determine the Gy, of oversized material for the FOP for AASHTO T 99 / T 180, the
material can be rejected over the appropriate sieve. For T 99 / T 180 Methods A and B, use the 4.75 mm (No. 4) sieve; T 99/
T 180 Methods C and D use the 19 mm (3/4 in).

Table 1
Minimum Mass of
Nominal Maximum Size* Test Sample
mm (in.) g (lb)
12.5 (1/2) or less 2000 4.4
19.0 (3/4) 3000 (6.6)
25.0 (1) 4000 (8.8)
37.5 (11/2) 5000 (11)
50 2) 8000 (18)
63 (21/2) 12,000 (26)
75 3) 18,000 (40)

* One sieve larger than the first sieve to retain more than 10 percent of the
material using an agency specified set of sieves based on cumulative percent
retained. Where large gaps in specification sieves exist, intermediate sieve(s)
may be inserted to determine nominal maximum size.

Procedure

1. Immerse the aggregate in water at room temperature for a period of 15 to 19 hours.

Note 3: When testing coarse aggregate of large nominal maximum size requiring large test samples, it may be more
convenient to perform the test on two or more subsamples, and then combine the values obtained.

2. Place the empty basket into the water bath and attach to the balance. Inspect the immersion tank to ensure the
water level is at the overflow outlet height and basket is fully submerged. Tare the balance with the empty
basket attached in the water bath.
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3.

Remove the test sample from the water and roll it in a large absorbent cloth until all visible films of water are
removed. Wipe the larger particles individually. If the test sample dries past the SSD condition, immerse in
water for 30 min, and then resume the process of surface-drying.

Note 4: A moving stream of air may be used to assist in the drying operation but take care to avoid evaporation of water
from aggregate pores.

4.

Determine the SSD mass of the sample, and record this and all subsequent masses to the nearest 0.1 g or 0.1
percent of the sample mass, whichever is greater. Designate this mass as “B.”

Immediately place the SSD test sample in the sample container and weigh it in water maintained at 23.0
+1.7°C (73.4 £3°F). Shake the container to release entrapped air before recording the weight. Re-inspect the
immersion tank to ensure the water level is at the overflow outlet height and basket is fully submerged.
Designate this submerged weight as “C.”

Note 5: The container should be immersed to a depth sufficient to cover it and the test sample during mass determination.
Wire suspending the container should be of the smallest practical size to minimize any possible effects of a variable
immersed length.

6.

8.

Remove the sample from the basket. Ensure all material has been removed. Place in a container of known
mass.

Dry the test sample to constant mass according to the FOP for AASHTO T 255/
T 265 at 110 £5°C (230 £9°F) and cool in air at room temperature for 1 to 3 hours.

Determine and record the dry mass. Designate this mass as “A.”

Calculations

Perform calculations and determine values using the appropriate formula below.

Bulk specific gravity (Gsp)

A
b =F_c
Bulk specific gravity, SSD (Gs, SSD)
G, 55D = 3_c
Apparent specific gravity (Gsa)
A
G =a-C
Absorption
B —
Absorption = » 100
Where:
A = ovendry mass, g
B = SSDmass, g

C = weight in water, g
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Sample Calculations

Sample A B C B-C A-C B-A
1 2030.9 2044.9 1304.3 740.6 726.6 14.0
2 1820.0 1832.5 1168.1 664.4 651.9 12.5
3 2035.2 2049.4 1303.9 745.5 731.3 14.2
Sample Gsp Gsp SSD Gsa Absorption
1 2.742 2.761 2.795 0.7
2 2.739 2.758 2.792 0.7
3 2.730 2.749 2.783 0.7

These calculations demonstrate the relationship between G, Gsb SSD, and Gs.. G 1s always lowest since the
volume includes voids permeable to water. G, SSD is always intermediate. Gg, is always highest since the
volume does not include voids permeable to water. When running this test, check to make sure the values
calculated make sense in relation to one another.

Report

On forms approved by the agency

Sample ID

Specific gravity values to the nearest 0.001

Absorption to the nearest 0.1 percent
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ATM 309 Relative Standard Density of Soils by the Control Strip
Method

1. Scope

This method describes a procedure for determining the relative standard dry density of a material by the control
strip testing method. This is applicable to soils and soil mixtures.

Standard density values established with this method are GAUGE-SPECIFIC and must be determined for each
gauge used in acceptance testing of the material. Assurance checks should be of uncorrected wet density
readings.

2. Significance and Use

Site conditions and/or logistics may make determining the standard density difficult with conventional test
methods used in the laboratory. When these problems occur a method that allows the determination of a relative
standard density in the field can facilitate the verification of compaction efforts. This method describes a
procedure to determine the relative standard density to be used in these circumstances.

3. Apparatus
e Nuclear Moisture/Density Gauge—Calibrate and standardize in accordance with ATM 213.

e Compaction equipment that meets the requirements of the contract and of sufficient size and compaction
energy to compact the material.

4. Site Preparation

1. The Engineer will designate the location of the control strip, as well as minimum compaction equipment
to be used. If size of control strip is not specified, use a 12 ft. x 300 ft. control strip.

2. A representative lift of the material being evaluated will be placed and prepared for compaction.
5. Procedure

1. Attention should be paid to the requirements of the material being placed so that moisture requirements
are maintained in an acceptable range.

2. A minimum of 3 test locations will be selected with-in the control strip. The locations will be in the
middle 1/2 of the control strip and at least 12 in from the edge of the control strip. The Engineer will
select test locations.

3. The locations will be marked in such a way as not to be lost during the compaction of the control strip.
This can be accomplished by marking the side of the strip with stakes or surveyors tape, or by marking
with paint beside the location on the control strip.

4. Care should be taken when choosing and preparing the test location, so that it is flat and the surface voids
filled. If necessary, use a small quantity of native fines to fill the voids. The thickness of added fines
shall not exceed 1/8 in.

5. Tests shall be taken with nuclear moisture/density gauge in backscatter mode. A test will consist of the
average of two 15 second readings (fast mode), or one 1 minute reading. Record all readings, and in the
case of the 15 second readings record the average dry density determination at each location.

6. After the first pass with the compaction equipment, an initial density is determined by averaging the
densities of the selected test locations.
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Note 1: One pass of the roller will be defined as one roll over the location.

7. After each subsequent pass and for each piece of compaction equipment used, a test is taken at each
location, recorded and then averaged to produce the density value for that pass.

8. Continue the compaction and testing cycle until there is a pass with less than 16 kg/m?® (1 1b/ft®) increase
in the average dry density of the test locations; and a second consecutive pass with less than 16 kg/m? (1
Ib/ft?) increase in the average density of the test locations.

9. Select ten random locations on the completed control strip, and test by averaging two one minute readings
or one four minute reading, at each location in accordance with ATM 213. Average the results from the
ten locations and this value will be the relative standard dry density for this material. Tests shall be
performed in direct transmission mode when practicable.

Note 2: 1t may be necessary to repeat the procedure for additional roller types depending on the material to be tested
and the requirements of sequencing for the finished surface.

10. Additional control strips may be required if there are changes in the material, lift thickness or compaction
equipment.

6. Calculations
The Relative Standard Dry Density value will be calculated as follows:

(A + A, + A+ A, + A+ A + A, + A + A, + A,

D. =
§ 10

Where:
Ds = Relative Standard Dry Density for the material.
A, = Average Dry Density for random test location n.

7. Report
e Report the average dry density for each pass

e Report the relative standard dry density to the nearest 0.1 1b/ft?
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ATM 310 Relative LWD Deflection of Embankment Materials by the
Control Strip Method

1. Scope

This method describes a procedure for utilizing a Lightweight Deflectometer (LWD) for compaction quality
assurance by the control strip method. This test method is applicable to unbound soils and aggregates.

LWD Target Values (LWD-TV) established with this method are device specific and must be determined for each
device used in acceptance testing of the material. Assurance checks should be of the LWD-TVs determined
during this procedure. The moisture content values should be determined using an engineer- approved method to
measure in-situ soil moisture content.

2. Significance and Use

LWD devices provide an alternative to traditional quality assurance (QA) acceptance testing methods such as
nuclear moisture density gauges. This method describes a procedure to determine the LWD-TV for use when
acceptance testing will be completed using an LWD device.

3. Apparatus
e L WD meeting the requirements of ASTM D2583 or D2835.

e Compaction equipment that meets the requirements of the contract and of sufficient size and
compaction energy to compact the material.

¢ Equipment to measure in-situ moisture content per AASHTO T 255 or T 265.
4. Site Selection and Preparation

The Engineer will designate the location of the control strip. A representative lift of the material being evaluated
will be placed and prepared for compaction. For control strip dimensions, see Table 1 below.

TABLE 1:
LWD Control Strip Dimensions

Embankment Length Width Fill Thickness
Roadbed Embankment Soil and
Base 2 200 feet 12 feet Equal to the planned layer

thickness for base & 12 inch
maximum for embankment

Miscellaneous trench, culvert or

other tapered construction 2 60 feet Planned width

Level the test area so that the entire surface area of the load plate is in contact with the material. Remove loose
material, protruding rocks, and other debris from an area 1.5 times larger than the loading plate. Fill uneven spots
with fine to medium sand if necessary.

5. Procedure — Control Strip Method

1. Construct a control strip to determine the LWD-TV for each type or source of material. Construct a
new control strip when there is a new source, an observable variation in material properties, the
moisture content of the material varies more than 2 percent from the control strip moisture content, or
as requested by the Engineer. Perform tests when the material is within the moisture content range
specified in the contract.
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TABLE 2:
Target Moisture Content Ranges For Material Classes

Moisture
Material Content
Selected Material, Type A 4-6%
Base Course, Gradation D-1 6-8%
Surface Course, Gradation E-1 5-8%
Subbase: 4-20%
Gravel 4-7%
Sandy Gravel 5-8%
Sand 8-12%
Silty Sand 10-15%
Non-plastic Silt 14-20%

2. The Engineer will select test locations. Control strip test locations should be a minimum of 20 feet
apart for base and embankment and a minimum of 6 feet apart for trenches. For road embankment
and base, there should be 3 test locations per pass and for trenches there should be 2 test locations
per pass (a “pass” is one coverage of the material). Choose the testing locations with care and
prepare the area by ensuring the surface is flat, fill any voids with fine to medium sand if necessary.

3. Mark the locations so as not to be lost during compaction of the control strip. Mark the side of the
strip with stakes or surveyors tape, or mark with paint beside the location on the control strip or use
other engineer-approved method.

4. Begin test curve determination at least 2 roller passes before you believe desired compaction will be
reached. Take tests with a LWD device at each of the designated locations in the control strip.
Perform tests in accordance with the LWD manufacturer’s recommendations.

5. Record deflection measurements from measurement drops on the data collection form. Record any
additional supporting information such as location measurements and identification data in field book
or reporting forms.

6. Once LWD test curve determination has begun, determine initial deflection by averaging the
deflections of the three selected test locations. After each subsequent pass, perform an LWD and
moisture content test at each location. Record and average the results to produce the deflection value
of that pass.

7. Continue compaction and LWD testing cycle until the moisture content is within the acceptable range
and the average deflection for three consecutive passes, does not change more than 10% with
additional compaction.

8. Obtain a moisture content sample from each of the 3 test locations at 2 to 4 inches below LWD test
surface. Determine the average moisture for the three locations using AASHTO T 255 or T 265.
Record the moisture content information on the data collection form.

9. Select ten random locations within the control strip, perform three measurement drops at each
location, and average those three deflections to calculate the deflection at each location. Average the
results from these ten locations to determine the LWD-TV for this material.
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10. Obtain a new LWD-TYV if the material changes, more than 20 percent of the measured deflections are

<0.60 x (LWD-TV) and/or failing results consistently occur with adequate compaction effort and
moisture conditions.

6. Calculations

Calculate the LWD-TV as follows:

(D1+Dy+D3+Dy+Ds+ Dg+Dy+ Dg+ Dg + Djp) 10

LWD-TV =

Where:
LWD-TV = Deflection Target Value (mm)
D, = Average Deflection for random test location n (mm)

7. Acceptance Testing

The average of the three measurement drops per location in a LWD test is the Deflection Test Measurement
(DTM) and is used as the acceptance criteria when compared to the LWD-TV. See project contract for detailed
acceptance criteria.

8. Report

Include the following on the test report:

Material type, lift number, and lift thickness.

Acceptable moisture content range.

Moisture content measuring device, test location, test number, in-situ moisture content.
Assumed Poisson Ratio from the table provided in the specifications.

Target deflection values (LWD-TV).

The LWD device brand & model.

LWD test number and the DTM.

Identifying information — project number, lab sample number, technician, date, etc.

Any additional notes such as excess moisture, weather, etc.
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ATM 312 Nordic Abrasion Value of Coarse Aggregate

1. Scope

This method describes the test procedure for the simulation of the abrasive action of traffic on coarse aggregates
used in a surface layer to determine the ability of the aggregate to resist wear by abrasion from studded tires.

The test shall be performed on the specific size aggregate fraction of 11.2 to 16.0 mm (7/16" to 5/8").
Note 1: Variations from this size range will not give consistent results.
The test is applicable to crushed and uncrushed natural and artificial aggregates.

This test method involves potentially hazardous materials, operations and equipment. This method does not
purport to address all of the safety problems associated with it use.

2. Principle

A specimen of an individual size fraction is rotated in a steel drum that contains a steel ball charge and water. The
interior of the drum has three ribs, which add to the abrading. The drum is rolled causing the contents within to
tumble. After the specified number of revolutions, the contents are removed from the drum and the aggregate is
sieved over a 2.00 mm (No. 10) sieve. The measure of wear, as a percentage loss, is calculated.

3. Apparatus
e Testing machine conforming to the design shown in Figure 1.

e The test drum shall have an inside diameter of 206.5 £ 2 mm and an inside length of 335 £ 1 mm. The
drum shall be water-tight and made of a seamless steel tube conforming to grade TS 5 of ISO 2604-2, of
outside diameter 219.1 mm and wall thickness of 6.3 mm. The drum shall rotate centrically with the axis
in a horizontal position at a rate of 90 + 3 rpm. A revolution counter shall automatically stop the rotation
after 5400 revolutions.

Three ribs, each with a length of 333 £ 1 mm, shall be equally spaced around the internal circumference
of the drum. The three ribs shall be removable and made from spring steel as specified in ISO 683-14 and
designed in accordance with Figure 1. The ribs, prior to their use in a test, shall be preground in the drum
for 25 h using a hard aggregate, together with the normal proportions of steel balls and water.

Note 2: Over time, and with repeated use, the ribs will wear and their action will change. Each rib shall be
replaced, when its loss in original mass exceeds 15 g.

e Steel balls (7000 £ 10 g), 14.50-15.01 mm diameter, of a hardness between 62 and 65 HRC, as specified
in ISO 3290.

e  Gauge to control minimum steel ball size, e.g. two parallel bars 14.50 mm apart.

e Magnet (optional) for removal of the steel ball charge from the test specimen after abrasion.

Note 3: Do not use too strong a magnet as the steel balls may become magnetized.
e Oven capable of maintaining a uniform temperature of 110 £ 5 °C (230 = 9°F).

e Balance or scale: Capacity sufficient for the principle sample mass, readable to 0.1 percent or 0.1 g, of the
total sample mass and meeting the requirements of AASHTO M 231.

e Sieves of the following sizes: 2.00 mm, 11.2 mm, and 16.0 mm (No. 10, 7/16" and 5/8").

e Bucket.
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e Washing device
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Figure 1
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4. Sampling

Obtain a sample in accordance with WAQTC FOP for AASHTO T 2 (ASTM D75).

5. Preparation of Test Sample

Unprocessed Aggregate

1. Separate the sample on the 19 mm (3/4") sieve by hand or mechanical shaker, sieving the material for 5
minutes. Discard the minus 19 mm (3/4") material.

2. Crush the plus 19 mm (3/4") material, or a representative portion obtained in accordance with WAQTC
FOP for AASHTO T 248, to pass the 19 mm (3/4") sieve.

3. Separate the crushed material into a test sample, using 16 mm (5/8") sieve and 11.2 mm (7/16") sieves, in
accordance with WAQTC FOP for AASHTO T 27/T 11. Discard all particles retained on the 16 mm
(5/8") sieve and all the particles passing the 11.2 mm (7/16") sieve.

4. Proceed to Step 2 below.

Processed (already crushed) Aggregate

1.

7.

Separate the material into a test sample, using 16 mm (5/8") and 11.2 mm (7/16") sieves, in accordance
with WAQTC FOP for AASHTO T 27/T 11. Discard all particles retained on the 5/8" (16 mm) sieve and
all the particles passing the 11.2 mm (7/16") sieve.

The test sample must have no more than 8 percent Flat and Elongated particles when tested in accordance
with ATM 306 using a caliper ratio of 1:5. Remove Flat and Elongated particles until the test sample
meets this requirement.

Reduce the test sample to a minimum of 3500 g in accordance with WAQTC FOP for AASHTO T 248.

Wash the sample and dry to a constant mass in accordance with WAQTC FOP for AASHTO T 255/T
265.

Determine the apparent specific gravity of the test sample, or a portion thereof, in accordance with
WAQTC FOP for AASHTO T 85.

Determine the individual test specimen mass by:

P
.= — x 1000
2.66
Where:
m; = mass of the individual test specimen
pi = apparent specific gravity of the test sample

Batch 3 test specimens at the calculated weight £ 5 g.

6. Procedure

L.

2.

Place the steel ball charge (7000 £ 10 g) and the test specimen in the drum and add (2000 £ 10) ml. of
water.

Rotate the drum at a speed of 90 £ 3 rpm for 5400 £ 10 revolutions.
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3. After the specified number of revolutions, discharge the contents (steel ball charge, test specimen, and
water) from the drum into a container.

4. Remove the steel ball charge with a magnet, being careful not to degrade and or lose aggregate particles.
5. Wash the remaining contents (test specimen and water) over a 2.00 mm (No. 10) sieve.
Note 4: To avoid overloading the sieve, it may be necessary to divide the test specimen into smaller portions.

6. Dry the test specimen fractions retained on the 2.00 mm (No. 10) sieve, to a constant mass in accordance
with WAQTC FOP for AASHTO T 255 and weigh to the nearest 0.1 g.

7. Calculation and Expression of Results
1. Calculate the individual Nordic Abrasion Values (An) to the nearest 0.1 percent as follows:
A MMy 100
= | ——|Xx
n Ml.

Where
An = Nordic Abrasion Values
Mi = Initial dry mass of the test specimen.
Mf = Final dry mass of the test specimen after the test.

2. Compute and record the average of the individual Nordic Abrasion Values to the nearest 0.1 percent.
8. Report

e The individual and average Nordic Abrasion values shall be reported on Department forms to the nearest
0.1 percent.
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ATM 313 Degradation Value of Aggregates

1. Scope

This test method describes the procedure for determining the durability of an aggregate. The durability of an
aggregate as measured by the Degradation Value indicates the relative resistance of an aggregate to produce
detrimental clay-like fines when subjected to a prescribed abrasion process in the presence of distilled or
demineralized water.

2. Apparatus

Jaw crusher with 150 mm (6") capacity.

Sieves of the following sizes: 12.5 mm (!4"), 6.3 mm (4"), 2.00 mm (No. 10) and 75 pm (No. 200).
Sieves shall conform to ASTM El11.

Balance or scale: Capacity sufficient for the principle sample mass, readable to 0.1 percent or 0.1 g of the
total sample mass and meeting the requirements of AASHTO M 231.

200 mm (8") sieve shaker with 45 mm (1%") throw on cam at 285 + 10 oscillations per minute.

General Laboratory Interval Timer to control On-Off operation of sieve shaker. Timer will have a
minimum 20 minute range accurate to + 5 seconds.

Plastic canister 190 mm (7 '2") in diameter and 150 mm (6") high, having a flat bottom; or metal washing
vessel conforming to AASHTO T 210 - 5.1.

Distilled or demineralized water maintained at 22 £3°C (72 + 5°F).

Sample Washing Apparatus, consisting of a ring stand and ring capable of mounting a 230 mm mouth
funnel with a 2.00 mm (No. 10) and 75 pm (No. 200) sieve setting on top of the funnel and a graduated
cylinder calibrated at 500 ml with a rubber stopper.

Graduated cylinder or pipette with 10 ml capacity graduated in 1 ml increments.

Stock Sand Equivalent Solution prepared in accordance with WAQTC FOP for AASHTO T 176, using
distilled water only. This solution should be stored in dark or opaque containers and protected from direct
sunlight and heat. Solutions that have turned cloudy or formed precipitates will be discarded.

Standard Sand Equivalent Cylinder with rubber stopper as described in WAQTC FOP for AASHTO T
176.

Timer or Stopwatch, preferably with an alarm to indicate end of timed interval.

Miscellaneous equipment including 500 ml wash bottle with a fine spray nozzle, pans, scoops, etc.

3. Degradation Test Area

The degradation test area must be free of vibration and direct sunlight, and maintained at a temperature of 22
+3°C (72 £ 5°F).

4. Sample Preparation

L.

Unprocessed Aggregate

a. Separate the aggregate on the 12.5 mm (}%") sieve by hand or by mechanical shaker, sieving the
material for 5 minutes. Discard the minus 12.5 mm (2") material unless required for other testing.
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b. Crush the plus 12.5 mm ('4") aggregate, or a representative portion obtained in accordance with
WAQTC FOP for AASHTO T 248, to pass the 12.5 mm (2") sieve.

c. Proceed to Step 2 and process the same as already crushed aggregate.

2. Processed (already crushed) Aggregate

a. Separate the material by hand sieving or by mechanical shaker, sieving the material for 5 minutes,
into 2 size groups: minus 12.5 mm (*2") to plus 6.3 mm ('4") and minus 6.3 mm (4") to plus 2.00 mm
(No. 10).

b. Reduce each size grouping to a representative sample in accordance with WAQTC FOP for
AASHTO T 248, Method A, such that there will be a minimum of 500 grams after washing.

¢. Wash each size grouping over a 2.00 mm (No. 10) sieve and dry to a constant mass in accordance
with WAQTC FOP for AASHTO T 255/T 265.

d. Weigh out a 500 =1 g portion of each size grouping.

5. Procedure

L.

Combine both sample portions in the plastic canister, add 200 ml of distilled or demineralized water and
cover tightly. Do not allow the sample to soak more than 5 minutes before testing.

Place the canister in the degradation sieve shaker and run for 20 minutes +5 seconds. Do not allow the
sample to set for more than 5 minutes after agitation is completed.

Remove the canister and wash the material through nested 2.00 mm (No. 10) and 75 um (No. 200) sieves.
Continue washing until the wash water is clear and has reached the 500-ml mark on the graduated
cylinder.

In instances where highly degradable materials are encountered and the sample cannot be washed clean
with 500-ml. of water:

a. Continue washing using water sparingly, until the wash water is clear. If a change in receiver
cylinders is required, be very careful not to lose any of the wash water.

b. To achieve the required 500 ml. volume, allow the wash water to settle until clear, then siphon or
pipette off the excess water, being careful not to remove any of the settled material.

c. Use of a centrifuge to settle the material is allowed but extreme care must be taken to preclude any
loss of material in transferring from the cylinders to the centrifuge bottles and then back to a single
cylinder. The solution must be brought to a volume of 500 ml before proceeding to Step 5.
Removal of extra water by oven-dried evaporation is not allowed.

Place the Sand Equivalent Cylinder upright in a vibration free area out of direct sunlight. Measure and
pour 7 ml of the Stock Sand Equivalent Solution into the cylinder.

Bring all of the solids in the 500 ml of wash water into suspension by capping the graduated cylinder with
the palm of the hand or a rubber stopper, then turning the cylinder upside down and right side up allowing
the bubble to traverse from one end to the other and back again. This is one cycle. Repeat this cycle 10
times as rapidly as possible (approximately 35 seconds).

Immediately pour the solution into the Sand Equivalent Cylinder, fill to the 15 mark, and plug with a
rubber stopper.

Mix the contents of the Sand Equivalent Cylinder by turning the cylinder upside down and right side up
allowing the bubble to traverse from one end to the other and back again. This is one cycle. Repeat this
cycle 20 times as rapidly as possible (approximately 60 seconds).
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9. Place the cylinder on a vibration free platform out of direct sunlight, remove stopper and immediately
start the timer or stopwatch that is pre-set for 20 minutes.

10. After 20 minutes, immediately read and record the height of the sediment to the nearest 0.1 graduation.

6. Calculations

Determine the Degradation Value using the following formula, or by using Table 1 on next page which is derived
from the formula.

Dz[”—'HJ %100

15+1.75H
Where:
D = Degradation value.
H = Height of sediment in cylinder.

Values may range from 0 to 100 with high values representing more suitable material. The formula and chart
place doubtful materials at about the midrange (30-70) of the scale, with poor ones below and good ones above
that range.

7. Report

e Report degradation values to the nearest whole number.
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Table 1
Degradation Value, "D"

H D H D H D H D H D
0.1 98 3.1 58 6.1 35 9.1 19 12.1 8
0.2 96 3.2 57 6.2 34 9.2 19 12.2 8
0.3 95 33 56 6.3 33 9.3 18 12.3 7
0.4 93 34 55 6.4 33 9.4 18 12.4 7
0.5 91 3.5 54 6.5 32 9.5 17 12.5 7
0.6 90 3.6 54 6.6 32 9.6 17 12.6 6
0.7 88 6.7 53 6.7 31 9.7 17 12.7 6
0.8 87 3.8 52 6.8 30 9.8 16 12.8 6
0.9 85 3.9 51 6.9 30 9.9 16 12.9 6
1.0 84 4.0 50 7 29 10.0 15 13.0 5
1.1 82 4.1 49 7.1 29 10.1 15 13.1 5
1.2 81 4.2 48 7.2 28 10.2 15 13.2 5
1.3 79 43 48 7.3 28 10.3 14 13.3 4
1.4 78 4.4 47 7.4 27 10.4 14 13.4 4
1.5 77 4.5 46 7.5 27 10.5 13 13.5 4
1.6 75 4.6 45 7.6 26 10.6 13 13.6 4
1.7 74 4.7 44 7.7 26 10.7 13 13.7 3
1.8 73 4.8 44 7.8 25 10.8 12 13.8 3
1.9 71 4.9 43 7.9 25 10.9 12 13.9 3
2.0 70 5.0 42 8 24 11.0 12 14.0 3
2.1 69 5.1 41 8.1 24 11.1 11 14.1 2
2.2 68 52 41 8.2 23 11.2 11 14.2 2
23 67 53 40 83 23 11.3 11 14.3 2
24 66 5.4 39 8.4 22 11.4 10 14.4 1
2.5 65 5.5 39 8.5 22 11.5 10 14.5 1
2.6 63 5.6 38 8.6 21 11.6 10 14.6 1
2.7 62 5.7 37 8.7 21 11.7 9 14.7 1
2.8 61 5.8 37 8.8 20 11.8 9 14.8 0
2.9 60 5.9 36 8.9 20 11.9 9 14.9 0
3.0 59 6.0 35 9.0 20 12.0 8 15.0 0
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ATM 314 Expansive Breakdown of Stone on Soaking in Ethylene
Glycol

1. Scope

This method covers a procedure for subjecting samples of stone to immersion in ethylene glycol and observation
of the effects of such immersion in accordance with CRD-C 148-69.

2. Principle of Method

Ethylene glycol is one of the materials that reacts with swelling clays of the montmorillonite group to form an
organo-clay complex having a larger basal spacing than that of the clay mineral itself. Hence a sample of stone
containing swelling clay of the montmorillonite group will be expected to undergo expansive breakdown upon
soaking in ethylene glycol, if the amount, distribution, state of expansion, and ability to take up glycol is such as
to cause such breakdown to occur. If such breakdown does occur, it may be expected that similar breakdown may
occur if similar rock samples are exposed, for longer times, to wetting and drying or freezing and thawing in a
water soaked condition in service.

3. Reagent

Ethylene Glycol — The regent used in this method shall be ethylene glycol meeting the requirements of ASTM D
2693.

4. Apparatus
e Jaw crusher with 150 mm (6 in) capacity.

e Sieves of the following sizes: 75 mm (3 in) and 19.0 mm (¥4 in) and conforming to AASHTO M 92
(ASTM El11).

e Balance or scale: Capacity sufficient for the principle sample mass, readable to 0.1 percent or 0.1 g of the
total sample mass and meeting the requirements of AASHTO M 231.

e Container shall be of suitable plastic, non-reactive with the reagent and of sufficient size to hold the test
sample and sufficient reagent to cover all particles of the sample to a depth of not less that 10 mm (1/2 in)
capped with a tight-fitting cover.

5. Sampling and Sample Preparation

1. Obtain representative samples of the stone in accordance with WAQTC FOP for AASHTO T 2 (ASTM
D75).

2. Crush the rock to pass a 75 mm (3 in) sieve.

3. Separate the material into the required test size, using 75 mm (3 in) and 19 mm (% in) sieves, in
accordance with WAQTC FOP for AASHTO T 27/T 11. Discard all particles retained on the 75 mm (3
in) sieve and all particles passing the 19 mm (% in) sieve, unless required for other testing.

4. Reduce the sample to a test size of 5 £2 kg (11 £ 1 Ib) in accordance with WAQTC FOP for AASHTO T
248, Method A.

5. When a sample of the required mass and particle size has been prepared, it shall be washed to remove
dust, loosely adherent coatings, and chips. After being washed, dry to a constant mass in accordance with
WAQTC FOP for AASHTO T 255/T 265 except that constant mass shall be regarded as having been
attained when the loss in weight between successive weighing at intervals of not less than 4 hours does
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not exceed 0.1 percent. Determine the number of particles and the mass before immersion to the nearest
0.1 percent of the total sample mass.

6. Procedure

L.

The sample shall be placed in the container and immersed in the reagent so that all particles are covered
to a depth of at least 12.5 mm (' in).

At intervals not to exceed 3 days, examine the sample and note significant changes. The normal duration
of the test shall be 15 days.

Note 1: Further information of value may be obtained in certain cases by continuing the treatment beyond 15 days:
in other cases expansive breakdown may have been too extensive at earlier periods that no information of value will
be obtained by continuing the treatment for the full 15 days.

When the exposure has been terminated, the sample shall be thoroughly washed and sieved by hand over
a 19 mm (% in) sieve to remove the reagent from the surfaces of the particles and to remove fragments
that will pass a 19 mm (% in) sieve. The material remaining on the sieve shall be dried to constant weight
as described in Step 4 of the Sampling and Sample Preparation, and the total mass after immersion
determined to the nearest 0.1 percent of the total sample mass.

7. Calculations

Calculate the total percent loss by:

M —
B A 100
Mg

04 Loss =

Where:
Mg = Mass before immersion, and
Ma = Mass after immersion.

8. Report

Report the percent loss to the nearest 1 percent on department forms.
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ATM 315 Gradation Count of Riprap

1. Scope
Gradation count determines the distribution of particle masses within a given sample.
Apparatus

e Balance or scale: Accurate to 0.1 percent of the masses being determined and meeting the requirements
of AASHTO M 231.

e Tape measure or rag tape.
2. Procedure (Method A)
1. Obtain a representative sample of the material, 5 CY minimum.
2. By hand, or with mechanical means, place each piece of Riprap on a scale.
3. Record mass on department approved form.
4. Determine the percentage of each weight range specified.
3. Procedure (Method B)
1. Obtain a representative sample of the material, 5 CY minimum.

2. Measure the longest dimension (length ft.) and two orthogonal dimensions (width, height ft.) of aggregate
particles.
3. Record measurements on form.

Lbs
o)

4. Calculate mass by L (ft.) x W (ft.) x H (ft.) x Specific Gravity (Gs) x 62.27

5. Record mass on department approved form.
6. Determine the percentage of each mass range specified.
4. Calculations

% of mass range = total mass within given range x 100

Total mass of sample
5. Report

e Results on forms approved by the Department.

Individual mass of each particle.

Percent of total mass in each category.

Report percentages to the nearest 1 percent.
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ATM 316 Dustfall Column Test

1. Scope

This method describes the procedure for determining the mean particle residence time for dust falling in a dust
column device. The purpose is to quantify the effectiveness of dust palliative on aggregate surface course.

This standard involves hazardous materials, operations and equipment. This standard does not purport to address
all of the safety problems associated with its use. It is the responsibility of the agency to establish appropriate
safety and health practices and to train the user of this standard prior to use. It is the responsibility of the user to
consult the appropriate agency authority for and to practice and maintain the appropriate safety and health

practices.

2. Apparatus

Testing machine conforming to the design shown in Figure 1
Sieves # 4 and # 8 conforming to AASHTO M 92 (ASTM E 11)

Balance or scale: Class G1, sensitive to 0.01 g with a capacity sufficient for the principle sample
mass, and meeting the requirements of AASHTO M 231

Abrader with 80-grit sandpaper, and with ten-pound weight (for laboratory sample testing), and fifteen-
pound weight (for field sample testing)

Compaction mold and collar conforming to ATM 207 (AASHTO T 180), or CBR mold and collar
Graduated pipet with metered pipet pump
Cans/tins with covers, having a minimum volume of 100 ml and capable of holding 100 grams

Containers made of material resistant to corrosion and impervious to moisture, having close-fitting lids to
prevent loss of moisture from soil samples before compaction

Miscellaneous tools, materials, and equipment including spatulas, putty knife, brushes, pan, parchment
paper, laboratory grade acetone, torpedo level, low velocity anemometer, microfiber cloth, antistatic
unscented dryer sheets, cleaning pig, antistatic spray, water bath, plastic beaker, Plexiglas column, intake
tube, drop cone, DustTrak Il Aerosol Monitor 8530 or equivalent

The day before dustfall testing, prepare about five gallons of water and store them overnight adjacent to
the dustfall column device

3. Soil Sample Preparation

Method A (Field-Obtained or Laboratory-Prepared Aggregate Sample)

1.

For field-obtained sample test, obtain field sample according to ATM 301. Go to Section 4 to continue
test procedure

For laboratory-prepared sample test, perform ATM 207 (AASHTO T 180) on the soil/aggregate sample
to determine optimum moisture content

Dry a separate soil/aggregate sample to constant mass in accordance with ATM 202
Sieve over #4 sieve and discard material retained on #4 sieve

Thoroughly mix the selected representative sample with sufficient water to dampen it to approximately
70% of optimum moisture content (£ 5%) as determined by ATM 207 (Step 2 above)
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6.

10.

Place the prepared material in the mixing/storage dish, check its consistency (adjust if required), cover to
prevent loss of moisture, and allow to saturate for at least 16 hours (overnight). After this standing period
and immediately before starting the test, thoroughly remix the soil. Start the test within 36 hours of end
of saturation period

Compact the soil sample in 6-inch diameter Proctor or CBR mold in accordance with ATM 207
Determine the quantity/volume of palliative to be applied using the following expression:

Volume (ml) = 82.58 x Field Application Rate (sq.yd./gallon) , or
Volume (ml) = 743 x Field Application Rate (sq.ft./gallon)

Apply the quantity of palliative evenly over the surface of the compacted soil
Note 1: This may require multiple applications allowing the palliative to soak in between applications.

Allow to maturate at room temperature in open air for fourteen days. If in a dusty environment cover
with breathable cloth or move to dust-free environment. Go to Section 4 to continue test procedure.

Method B (Field-Abraded Sample)

L.

AR

9.

10.

Select locations on palliative treated section to obtain field abraded samples

Carefully sweep loose aggregate from the sample location using a soft brush

Place the abrader guide on the sample location

Load the abrader with 15-lbs weight and place the abrader in the circular hole in the abrader guide
Turn the abrader 10 full clockwise rotations without exerting downward pressure

Tilt the abrader on edge and carefully brush loose material off of the bottom of the abrader back into the
abraded area

Using a soft brush and a putty knife, collect the abraded material from the abraded area and place the
material into a moisture can

Replace the abrader into the hole in the abrader guide and repeat steps 5-7 until moisture can is
approximately one-half full of sample

Repeat steps 1 through 9 (Method B) at other selected locations

Proceed to Section 4 (Soil Sample Abrasion), step 7

4. Soil Sample Abrasion

1.

After fourteen days of maturation of the laboratory-prepared specimen, place the compaction collar on
the mold

Cover a pan with parchment paper and place the mold in the pan

For laboratory-prepared specimen, load the abrader with a 10-1bs weight and place the abrader on top of
the soil in the mold

For field-obtained sample, load the abrader with a 15-1bs weight and place the abrader on top of the
sample

Apply ten full clockwise rotations of the abrader without exerting downward pressure

Clean the abraded soil surface and the sand paper using a regular 3-4 in. paint brush, avoiding
breakdown and the loss of fines
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7.

8.

9.

Note 2: Use new sand paper for each tested specimen.

Gently sieve the abraded material over the #8 sieve over the parchment paper, taking care not to break
down the soil and to prevent material to become airborne. Materials retained on the #8 sieve may be
discarded

Repeat steps 5 and 6 until a minimum of 40 grams of material passing the #8 sieve have been collected.
Limit rotations to twenty revolutions

Place the material passing the #8 sieve in a moisture can carefully to ensure the soil is not broken down

10. Seal the can with electric tape and label the can for content

5. Drop Cone Preparation

1.
2.

Clean the drop cone using a clean cloth dampened with acetone to remove any residual palliative

Using unscented dryer sheet or static-free cloth treated with antistatic spray, wipe the interior surfaces
of the cone and the trap door

Close and latch the trap door

Note 3: Conduct the test within ten minutes.

6. Dust Column Preparation

1.
2.

10.

Rotate the column into the horizontal position and remove the intake tube from the column
Clean the bottom of the column (which come into contact with water bath) with a damp sponge

Carefully clean the interior of the dust column with the cleaning pig covered with a clean microfiber
cloth

Apply antistatic spray using the cleaning pig covered with a cloth treated with antistatic spray.
Repeat this process one more time

Note 4: Perform antistatic spraying either in a different room than the test room or under a fume hood to prevent
aerosol from impacting the test.

Install the intake tube facing downward into the column and tighten its bolts (do not over-tighten)
Note 5: Ensure that the intake tube is facing downward when the column is vertical.

Rotate the column back into the vertical position

Check verticality of column using the torpedo level

Using the water stored overnight next to the device, fill the water bath at the bottom of the column to a
depth of approximately 3.5 inches

Note 6: Refer to the last bullet of Section 2. Addition of a small amount of soap in the water may break up the
surface tension on the water and soften the dust rebound.

Lower the bottom of the column into the water approximately 1 inch

Place the DustTrak device on a pedestal facing the intake tube and attach it to the intake tube using the
rubber hose

Note 7: Ensure rubber hose is almost horizontal. Note that the hose length is not critical.
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7. Procedure

1.

98]

NS vk

10.

11.
12.
13.

Carefully open the moisture can (Step 8 in Section 4) and gently mix the sample to achieve a uniform
sample

Quarter the sample by scoring two orthogonal lines through the sample

Place an empty weighing tin on the balance and tare it. Weigh 5 grams of sample (+/- 0.05 g) taking
small portions from each quarter until the required 5 grams have been collected

Carefully place the sample in the drop cone avoiding contact with the sides of the cone
Place the cone on the column and cover with a plastic beaker

Ensure that the cone is aligned with the column index marks

Zero the DustTrak using the procedure outlined in its manual and let it run for one minute
Note 8: Review the DustTrak manual for operating instructions.

Set the sample interval to 1 second on the DustTrak

Set the testing time using these guidelines:

a. 4 minutes for a treated sample expected to work well

b. 7 minutes for a sample that is anticipated to have marginal performance

c. 20 minutes for an untreated sample

Note 9: 1t is recommended to program longer time if in doubt and stop the test once background has been reached.

Start the DustTrak and allow it to run for one minute to obtain a background level. This will be used in
the analysis and included in the test report

Note 10: Do not stop the DustTrak before tripping the trap door. If the background level exceeds 0.010
mg/m3 either use a dust filter in the room or move to a space which has a background level below 0.010 mg/m3.

Trip the trap door after approximately one minute
Allow the test to run until background level value is reached

Download the data onto a flash drive to transfer to a computer for analysis

8. Calculations and Data Analysis

1.

2
3.
4

Import the test data into a spreadsheet
Plot time (sec) on the horizontal axis and the natural log of concentration (mg/m’) on the vertical axis
Print the graph. Figure 2 shows a typical graph

Starting at the left of the graph (i.e. at the maximum concentration value, typically 1 to 2 seconds after
dropping the sample), draw a best-fit line through the initial linear portion of the graph until there is a
break in linearity. This portion of the data represents the rebound phase of the test

Starting at the right, draw a best-fit line through the data points that comprise the phase following the
initial linear portion of the data set. This portion of the data represents the dustfall phase (if it exists)

Find the intersection of the two lines and select the time coordinate closest to the intersection. Note this
value
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7. Determine the slope of the rebound phase portion of the graph. The linear regression command in the
spreadsheet can be used to determine this slope. Note the slope of this best-fit (slopeR)

8. Determine the slope of the dustfall phase portion of the graph. The linear regression command in the
spreadsheet can be used to determine this slope. Note the slope of this best-fit (slopeD)

9. Calculate the mean particle residence time (T, sec) for the rebound phase as follows: T =1/ slopeR

Note 11: Alternatively the test data can be imported into the online analysis tool Dust Palliative Calculator found at
http://autc.uaf.edu/engineering-tools/ . Follow the instructions provided.

9. Report
Report the following:
1. The type, source, description and classification of the soil tested
The type, name, source and concentration of the palliative used, if any
The DustTrak background level before starting the test
The coordinates of the intersection of the two lines (Step 6 in Section 8), to the nearest 0.1

The slopes of each line (Steps 7 and 8 in Section 8) to the nearest 0.01

AR

The mean particle residence time (Step 9 in Section 8), to the nearest 0.1

Note 12: Alternatively print out the test results page of the online analysis tool, if used.
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Figure 1 (1 of 2)
Drawings of the Testing Device.
(All Dimensions in Inches)
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Figure 1 (2 of 2)
Drawings of the Testing Device
(All Dimensions in Inches)
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Best-fit line for rebound phase
determined by linear regression
Equation for best-fit line:
InC =-0.27t + 2.18
Rz=097

Mean particle residence
time=1/027s'=37s
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Figure 2

Typical Test Data and Calculation of Mean Particle Residence Time
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ATM 317 Resistance of Coarse Aggregate to Degradation by

Abrasion in the Micro-Deval Apparatus

Following are guidelines for use of ATM FOP for AASHTO T 327 by State of Alaska DOT&PF
Obtain a sample in accordance with ATM 301 - WAQTC FOP for AASHTO R 90 Sampling Aggregate Products.

Reduce sample to testing size in accordance with ATM 303 - WAQTC FOP for AASHTO R 76 Reducing
Samples of Aggregate to Testing Size.

L.
2.

Test sample shall be washed and oven-dried at no less than 110+ 5° C to constant mass.

Sample shall be separated into individual size fractions in accordance with ATM 304 - WAQTC FOP for
AASHTO T 27/T 11Sieve Analysis of Fine and Coarse Aggregates. Recombined to meet the appropriate
grading in Table 1, 2, or 3 of AASHTO T 327, based on the nominal maximum aggregate size of the
embankment, paving, or surfacing layer wherein the aggregate is incorporated.

Record initial dry mass of sample to the nearest 1.0 g.

Sample shall be immersed in 2.0 liters of tap water at 20+5°C for minimum of 1 hour then placed with the
water into the Micro Deval abrasion container with 5000+5 g of steel balls. Attach cover securely and
place container on the machine.

Run the machine at the appropriate rate for the specified number of revolutions for the grading tested.

At the end of the test period carefully pour the sample and steel balls over a 4.75 mm sieve nested on top
of a 1.18 mm sieve and wash until all of the material finer than 1.18 mm has been washed away. Remove
the steel balls. Combine the material retained on the two nested sieves and dry to constant mass. Record
final mass to nearest 1.0 g.

Report percent loss to the nearest 0.1 percent.
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STANDARD METHOD OF TEST FOR RESISTANCE OF COARSE AGGREGATE TO
DEGRADATION BY ABRASION IN THE MICRO-DEVAL APPARATUS
FOP FOR AASHTO T 327

Scope

This procedure covers the determination of resistance to abrasion of coarse aggregate in the Micro Deval
Apparatus in accordance with AASHTO T 327.

The test shall be performed on the specific size aggregate fractions.
The test is applicable to crushed and uncrushed natural and artificial aggregates.

Footnotes or notes within the text of this method provide explanatory information. These footnotes and notes
(excluding those found in tables or figures) shall not be considered requirements of the test method.

This test method involves potentially hazardous materials, operations and equipment. This method does not
purport to address all of the safety problems associated with it use. It is the responsibility of the user of this
method to establish appropriate safety and health practices and to determine the applicability of regulatory
limitation prior to its use.

Referenced Documents
AASHTO Standards

e M 231, Weighing Devices used in The Testing of Materials
e T 27, Sieve Analysis of Fine and Coarse Aggregates

ASTM Standards

e (670, Standard Practice for Preparing Precision and Bias Statements for Test Methods for Construction
Materials
e El1, Standard Specification for Woven Wire Test Sieve Cloth and Test Sieves

ATMM Standards

e ATM 301 WAQTC FOP for AASHTO R 90 Sampling Aggregate Products
e ATM 303 - WAQTC FOP for AASHTO R 76 Reducing Samples of Aggregate to Testing Size.
e ATM 304 WAQTC FOP for AASHTO T 27/T 11 Sieve Analysis of Fine and Coarse Aggregates

Summary of Test Method

The Micro-Deval test measures the abrasion resistance and durability of mineral aggregates resulting from the
abrasion and grinding in the presence of steel balls and water. A standard graded sample is initially soaked in
water for not less than 1 hour. The sample is placed in a steel jar mill with 2.0 L of water and a charge of 5000 g
of 9.5mm diameter steel balls and revolved at 100 rpm for 2 hours, based on particle size. The sample is washed
and oven dried. Loss is the percent by mass of the original sample passing the 1.18 mm sieve.

Apparatus

e Micro-Deval Abrasion Machine—A jar rolling mill capable of running at 100 £ 5 rpm.

Note 1—Micro-Deval abrasion machine fitted with a counter may be used if the test is conducted on the basis of
number of revolutions.

e (Container—Stainless steel Micro-Deval abrasion jars having a 5-L capacity with a rubber ring in the
rotary locking cover; an external diameter of 194 to 202 mm, and an internal height of 170 to 177 mm.
The inside and outside surfaces of the jars shall be smooth and have no observable ridges or indentations.
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o Abrasion Charge — 5000 £5 g of magnetic steel balls having a diameter of 9.5 £0.5 mm for each jar.

e Sieves — Sieves with square openings of 19.0 mm, 16.0 mm, 12.5 mm, 9.5 mm, 6.3 mm, 4.75 mm, 1.18
mm, conforming to ASTM E11.

e (Oven — capable of maintaining a temperature of at least 110 + 5° C.

e Balance — Balance or scale accurate to 1.0 g and conforming to AASHTO M 231.

o Magnet (optional) — for removal of the steel ball charge from the test specimen after abrasion.
Sampling
Obtain a sample in accordance with ATM 301 - WAQTC FOP for AASHTO R 90 Sampling Aggregate Products.
Test Sample

e Test sample shall be washed and oven-dried at no less than 110 £ 5°C to constant mass, separated into
individual size fractions in accordance with ATM 304, and recombined to meet the appropriate grading
below.

e Test Aggregate shall normally consist of 1500 + 5g oven-dried material passing the 19.0 mm sieve and
retained on the 9.5 mm sieve per Table 1.

Table 1
Preparation of an Oven-Dried Sample of 19.0 mm

Passing Retained Mass

19.0 mm 16.0 mm 375¢g

16.0 mm 12.5 mm 375¢g

12.5 mm 9.5 mm 750 g

e If the nominal maximum size of coarse aggregate is 12.5 mm or less, a sample of 1500 £+ 5 g shall be
prepared per Table 2.
Table 2
Preparation of an Oven-Dried Sample of LessThan 16.0 mm

Passing Retained Mass

12.5 mm 9.5 mm 750 g

9.5 mm 6.3 mm 375¢g

6.3 mm 4.75 mm 375¢g

e If the nominal maximum size of coarse aggregate is 9.5 mm or less, a sample of 1500 + 5 g shall be
prepared per Table 3.
Table 3
Preparing an Oven-Dried Sample of LessThan 12.5 mm

Passing Retained Mass

9.5 mm 6.3 mm 750 g

6.3 mm 4.75mm 750 g

Test Procedure
1. Prepare the appropriate 1500 £5 g test sample. Determine mass “A” and record to the nearest 1.0 g.

2. Immerse the sample in 2.0 + 0.05 L of tap water at a temperature of 20 + 5C1C for a minimum of 1 hour in
either the Micro-Deval container or a suitable container.
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3. Place the test sample and water in the Micro-Deval abrasion container with 5000 +5 g of magnetic steel
balls. Install the cover and place the container on the machine.

4. Run the machine at 100 £ 5 rpm for 12,000 + 100 revolutions for the grading shown in Table 1; for
10,500 + 100 revolutions for the grading shown in Table 2; and for 9500 + 100 revolutions for the grading
shown in Table 3.

a. Note 2—If the test machine is not capable of measuring the total number of revolutions of the drum, time
may be used as follows:

b. Run the machine at 100 + 5 rpm for 120 + 1 min for the grading shown in Table 1. For the
grading shown in Table 2, run the machine for 105 + 1 min. For the grading shown in Table 3,
run the machine for 95 + 1 min.

5. Carefully pour the entire sample and steel balls over a 4.75-mm sieve nested on a 1.18-mm sieve.
Confirm that the entire sample has been removed from the stainless steel jar. Using a hand-held water
hose, wash and manipulate the retained material on the sieve until the washings are clear. Assure all
material smaller than 1.18 mm passes that sieve. Remove the stainless steel balls using a magnet or other
suitable means. Discard any material smaller than 1.18 mm.

6. Combine the material retained on the 4.75-mm and 1.18-mm sieves. Be careful not to lose any material.
7. Oven-dry the sample to constant mass at 110 + 5C1C.
8. Weigh the sample to the nearest 1.0 g and record the mass as “B.”
Calculation and Expression of Results
Calculate the Micro-Deval abrasion loss, as follows, to the nearest 0.1 percent:
Percent Loss = 100 (4 — B)/A

Where:
A = mass, as determined in Test Procedure
B = mass, as determined in Test Procedure

Report

Micro Deval percentage of loss shall be reported on Department forms to the nearest 0.1 percent.
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APPENDIX A

Reference Aggregate—The laboratory will establish an adequate supply of material to use for monitoring testing
consistency through the establishment of control limits. A suitable material with an average loss of between 15
and 25 percent shall be established. From this material, 10 samples shall be taken randomly and tested. At any
time a new supply is required, this procedure shall be conducted on a new supply.

To determine the mean loss and sample standard deviation of the reference aggregate see Section 11 of AASHTO
T 327.

For continued acceptance of data, individual reference aggregate test data must fall within the range of +2
standard deviations of the mean percent loss 95 percent of the time. When test data from the reference aggregate
is outside the limits, an investigation as to the probable cause shall be conducted. The equipment shall be checked
and the testing technique re-examined to detect nonconformance with the test procedure.

Every 10 samples, but at least every week in which a sample is tested, a sample of the reference aggregate shall be
tested. The material shall be taken from a stock supply and prepared according to Section 8. When 20 samples of
reference aggregate have been tested, and the results show satisfactory variation, the frequency of testing may be
changed to a minimum of one sample every month.

Trend Chart Use — The percent loss of the last 20 samples of reference aggregate shall be plotted on a trend chart
in order to monitor the variation in results (see Figure 2). The Upper and Lower Range Limits are defined as +2
standard deviations of the mean percent loss established from AASHTO T327 Section 11.1.1.
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Figure 1
Micro-Deval Abrasion Trend Chart for Reference Aggregate Samples
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ATM 401 Sampling Asphalt Materials

The following guidelines for the use of WAQTC FOP for AASHTO R 66 by the State of Alaska DOT&PF.

1. When obtaining samples from HMA plants, sample only from the line between the storage tank and the
mixing plant while the plant is in operation.

2. Sample containers for elastomer modified asphaltic cements shall conform to requirements under
containers/asphalt binders.

3. When sampling emulsified asphalt, use 1 gallon wide mouth plastic containers.

4. When material is sampled by other than DOT&PF personnel or their agent(s), the sampling must be
witnessed and possession of the sample transferred immediately to DOT&PF personnel or their agent(s).

5. Sampling locations are described in AASHTO R 66. They include the spigot at HMA plant, from barrels,
from the delivery truck or the distributor spray bar.
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SAMPLING ASPHALT MATERIALS
FOP FOR AASHTO R 66
Scope

This procedure covers obtaining samples of liquid asphalt materials in accordance with AASHTO R 66-16.
Sampling of solid and semi-solid asphalt materials — included in AASHTO R 66 — is not covered here.

Agencies may be more specific on exactly who samples, where to sample, and what type of sampling device to
use.

Warning: Always use appropriate safety equipment and precautions for hot liquids.

Terminology

e Asphalt binder: Asphalt cement or modified asphalt cement that binds the aggregate particles into a dense
mass.

e Asphalt emulsion: A mixture of asphalt binder and water.
e Cutback asphalt: Asphalt binder that has been modified by blending with a chemical solvent.
Containers

Sample containers must be new, and the inside may not be washed or rinsed. The outside may be wiped with a
clean, dry cloth.

All samples shall be putin 1 L (1 qt) containers and properly identified on the outside of the container with
contract number, date sampled, data sheet number, brand and grade of material, and sample number. Include lot
and sublot numbers when appropriate.

e Emulsified asphalt: Use wide-mouth plastic jars with screw caps. Protect the samples from freezing
since water is a part of the emulsion. The sample container should be completely filled to minimize a
skin formation on the sample.

e Asphalt binder and cutbacks: Use metal cans

Note: The sample container shall not be submerged in solvent, nor shall it be wiped with a solvent saturated cloth. If
cleaning is necessary, use a clean dry cloth.

Procedure

1. Coordinate sampling with contractor or supplier.

2. Allow a minimum of 4 L (1 gal) to flow before obtaining samples.
3. Obtain samples of:

e Asphalt binder from the line between the storage tank and the mixing plant while the plant is in operation,
or from the delivery truck.

e Cutback and emulsified asphalt from distributor spray bar or application device; or from the delivery
truck before it is pumped into the distributor. Sample emulsified asphalt at delivery or before dilution.
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Report

e On standard agency forms

e Sample ID
e Date
e Time

e [ocation

¢ Quantity represented
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ATM 402 Sampling of Asphalt Mixtures

Following are guidelines for the use of WAQTC FOP for AASHTO R 97 (derived from ASTM D979) by the
State of Alaska DOT&PF.

1. ATM 403 contains additional sampling methods.

2. When sampling asphalt mixture from a mat after compaction, sample in accordance with ATM 413
“Standard Practice for Sampling Asphalt Mixtures after Compaction (Obtaining Cores).”

3. Remove Procedure —Windrow step 3 and replace with:

“Remove and discard the top 12 inches of material or half the depth of the windrow, whichever is less,
from each section.”
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SAMPLING ASPHALT MIXTURES
FOP FOR AASHTO R 97

Scope

This procedure covers sampling asphalt mixtures from plants, transport units, and roadways in accordance with
AASHTO R 97-19. Sampling is as important as testing. Use care to obtain a representative sample. Avoid
segregation and contamination of the material during sampling.

This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appropriate safety and health practices and determine the
applicability of regulatory limitations prior to use.

Apparatus

Shovel or Metal Scoops, or Other Equipment: square-head metal shovels at least
125 mm (5.5 in.) wide.

Sample containers: such as cardboard boxes, metal cans, stainless steel bowls, or other agency-approved
containers

Sampling plate: thick metal plate, minimum 8 gauge, sized to accommodate sample requirements, with a
wire attached to one corner long enough to reach from the center of the paver to the outside of the farthest
auger extension. A minimum of one hole 6 mm (0.25 in.) in diameter must be provided in a corner of the
plate.

Cookie cutter sampling device: formed steel angle with two 100 mm by 150 mm by
9 mm (4 in. by 6 in. by 3/8 in.) handles, sized to accommodate sample requirements. Minimum 50 mm (2
in.) smaller than the sampling plate when used together.

Example: Sampling plate 380 mm (15 in.) square and a cookie cutter sampling device 330 mm (13 in.) square.

Mechanical sampling device: a permanently attached device that allows a sample receptacle to pass
perpendicularly through the entire stream of material or diverts the entire stream of material into the
container by manual, hydraulic, or pneumatic operation.

Agency approved release agent: a non-stick product that prevents the asphalt mixture from sticking to the
apparatus and does not contain solvents or petroleum-based products that could affect asphalt binder
properties.

Sample Size

Sample size depends on the test methods specified by the agency for acceptance. Check agency requirement for
the size required.
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Procedure

General

Select sample locations using a random or stratified random sampling procedure, as specified by the
agency. The material shall be tested to determine variations. The supplier/contractor shall provide
equipment for safe and appropriate sampling, including sampling devices on plants when required.

Ensure the container(s) and sampling equipment are clean and dry before sampling.

For dense graded mixture samples use cardboard boxes, stainless steel bowls or other agency-approved
containers.

For hot open graded mixture samples use stainless steel bowls. Cardboard boxes can be used if the
sample has cooled to the point that asphalt binder will not migrate from the aggregate.

Attached Sampling Devices

These are normally permanently attached devices that allow a sample container to pass perpendicularly through
the entire stream of material. Operation may be manual, pneumatic, or hydraulic and allow the sample container
to pass through the stream twice without overfilling. A sampling device may also divert the entire stream into

container.

1. Lightly coat the container attached to the sampling device with an agency-approved release agent or
preheat it, or both, to approximately the same discharge temperature of the mix.

2. Pass the container twice, once in each direction, through the material perpendicularly without overfilling
the container.

3. Transfer the asphalt mixture to an agency-approved container without loss of material.

4. Repeat until proper sample size has been obtained.

5. Combine the increments to form a single sample.

Conveyor Belts

L.

A e

Avoid sampling at the beginning or end of an asphalt mixture production run due to the potential for
segregation.

Stop the belt containing asphalt mixture.

Set the sampling template into the asphalt mixture on the belt, avoiding intrusion by adjacent material.
Remove the asphalt mixture from inside the template, including all fines, and place in a sample container.
Repeat, obtaining equal size increments, until proper sample size has been obtained.

Combine the increments to form a single sample.

Transport Units

1. Visually divide the transport unit into approximately four equal quadrants.

1.
2.

Identify one sampling location in each quadrant.

Dig down and remove approximately 0.3 m (1 ft.) of material to avoid surface segregation. Obtain each
increment from below this level.

Combine the increments to form a sample of the required size.
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Paver Auger
1. Obtain samples from the end of the auger using a square head shovel.

2. Place the shovel in front of the auger extension, with the shovel blade flat upon the surface to be paved
over.

3. Allow the front face of the auger stream to cover the shovel with asphalt mixture, remove the shovel
before the auger reaches it by lifting as vertically as possible.

4. Place asphalt mixture in a sample container.
5. Repeat until proper sample size has been obtained.
6. Combine the increments to form a sample of the required size.

Note 1: First full shovel of material may be discarded to preheat and ‘butter’ the shovel.

Windrow

1. Obtain samples from the windrow of a transport unit. Avoid the beginning or the end of the windrow
section.

2. Visually divide the windrow into three approximately equal sections.

3. Remove approximately 0.3 m (1 ft) from the top of each section.

4. Fully insert the shovel into the flat surface as vertically as possible, exclude the underlying material, roll
back the shovel and lift the material slowly out of the windrow to avoid material rolling off the shovel.

5. Place in a sample container.
6. Repeat, obtaining equal size increments, in each of the remaining thirds.

7. Combine the increments to form a sample of the required size.

Ty 7 7
s T -
) s
A I A
SIS 5 Discard
s =

SIS

Discard

Sample Sample

Windrow cross section Windrow side view
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Roadway before Compaction

There are two conditions that will be encountered when sampling asphalt mixtures from the roadway before
compaction. The two conditions are:

e Laying asphalt mixture on grade or untreated base material requiring Method 1.
e Laying asphalt mixture on existing asphalt or laying a second lift of asphalt mixture allowing Method 2.

SAFETY:

Sampling is performed behind the Paver, in front of the breakdown roller. For safety, the breakdown roller must
remain at least 3 m (10 ft.) behind the sampling operation until the sample has been obtained and the hole filled
with loose asphalt mixture.

Method 1 requires a plate to be placed in the roadway in front of the paving operation. There is always concern
with moving, operating equipment. It is safest to stop the paving train while a plate is installed in front of the
paver. When this is not possible the following safety rules must be followed.

1. The plate placing operation must be at least 3 m (10 ft.) in front of the paver or pickup device. The
technician placing the plate must have eye contact and communication with the paving machine operator.
If eye contact cannot be maintained at all times, a third person must be present to provide communication
between the operator and the technician.

2. No technician is to be between the asphalt supply trucks and the paving machine. The exception to this
rule is if the supply truck is moving forward creating a windrow, in which case the technician must be at
least 3 m (10 ft.) behind the truck.

If at any time the Engineer feels that the sampling technique is creating an unsafe condition, the operation is to be
halted until it is made safe, or the paving operation will be stopped while the plate is being placed.

Method 1 - Obtaining a Sample on Grade or Untreated Base (Plate Method)
1. Following the safety rules detailed above, the technician is to:
a. Smooth out a location in front of the paver at least 0.5 m (2 ft.) inside the edge of the mat.

b. Lay the plate down diagonally with the direction of travel, keeping it flat and tight to the base with
the lead corner facing the paving machine.

Note 2: The plate may be secured by driving a nail through the hole in the lead corner of the plate.

2. Pull the wire, attached to the outside corner of the plate, taut past the edge of the asphalt mixture mat and
secure it. Let the paving operation pass over the plate and wire.

3. Using the exposed end of the wire, pull the wire up through the fresh asphalt mixture to locate the corner
of the plate.

a. Plate only:

i. Using a small square head shovel, scoop, or both, remove the full depth of the asphalt mixture
from the plate. Take care to prevent sloughing of adjacent material.

ii. Place asphalt mixture, including any material adhering to the plate and scoop or shovel in a
sample container.

iii. Remove the sample cutter from the roadway. The hole made from the sampling must be filled by
the contractor with loose asphalt mixture.

b. “Cookie Cutter”:
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i. Place the “cookie cutter” sample device, just inside the end of the wire; align the cutter over the
plate. Press “cookie cutter” device down through the asphalt mixture to the plate.

ii. Using a small square tipped shovel or scoop, or both, carefully remove all the asphalt mixture
from inside of the cutter and place in a sample container.

iii. Remove the sample cutter and the plate from the roadway. The hole made from the sampling
must be filled by the contractor with loose asphalt mixture.

Method 2 - Obtaining a Sample on Asphalt Surface (Non-plate Method)

1. After the Paver has passed the sampling point, immediately place the “cookie cutter” sampling device on
the location to be sampled.

2. Push the cutter down through the asphalt mixture until it is flat against the underlying asphalt mat.

3. Using a small square tipped shovel, scoop, or both, carefully remove all the asphalt mixture from inside of
the cutter and place in a sample container.

4. Remove the cutter from the roadway. The hole made from the sampling must be filled by the contractor
with loose asphalt mixture.

Stockpiles

Remove at least 0.1 m (4 in.) from the surface before sampling; mixtures in a stockpile may develop an oxidized

crust.

Method 1 — Loader

L.

7.

Direct the loader operator to enter the stockpile with the bucket at least 0.3 m (1 ft) above ground level
without contaminating the stockpile.

Obtain a full loader bucket of the asphalt mixture; tilt the bucket back and up.

Form a small sampling pile at the base of the stockpile by gently rolling the asphalt mixture out of the
bucket with the bucket just high enough to permit free flow of the mixture. Repeat as necessary.

Create a flat surface by having the loader "back-drag" the small pile.

Obtain approximately equal increments from at least three randomly selected locations on the flat surface
at least 0.3 m (1 ft) from the edge.

Fully insert the shovel, exclude the underlying material, roll back the shovel and lift the asphalt mixture
slowly out of the pile to avoid mixture rolling off the shovel.

Combine the increments to form a sample.

Method 2 — Stockpile Face

1.

Create horizontal surfaces with vertical faces in the top, middle, and bottom third of the stockpile with a
shovel or a loader if one is available.

Shove a flat board against the vertical face behind the sampling location to prevent sloughing of asphalt
mixture. Discard the sloughed mixture to create the horizontal surface.

Obtain the sample from the horizontal surface as close as possible to the intersection of the horizontal and
vertical faces.

Obtain at least one sample increment of equal size from each of the top, middle, and bottom thirds of the
pile.
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5. Combine the increments to form a single sample.

Board

Discard

Top

I
/ -

Identification and Shipping
1. Identify sample containers as required by the agency.

2. Ship samples in containers that will prevent loss, contamination, or damage.

Report
e On forms approved by the agency
e Sample ID
e Date
o Time

e [ocation

¢ Quantity represented
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ATM 403 Sampling Asphalt Mixtures

1. Scope

This method describes procedures used for sampling Asphalt Mixtures.

2. Significance and Use

This method provides procedures for sampling Asphalt Mixtures in the field. Sampling is equally as important as
the testing, and the sampler shall use every precaution to obtain samples that will yield an acceptable estimate of
the nature and conditions of the materials for which they represent. Care shall be taken in sampling to avoid
segregation of the material being sampled, and to prevent contamination by dust or other foreign matter.

If material is sampled by other than DOT&PF personnel or their agent(s), the sampling must be witnessed and
possession of the sample transferred immediately to DOT&PF personnel or their agent(s).

The method of sampling must be approved at the project level.

3. Equipment

Flat scoop with vertical sides or a square point shovel.

Plate with small lip (approximately '2”) and of sufficient size and rigidity to accommodate required
sample. Plate to have wire(s) attached to allow the plate to be located and removed from the mat after
paver travels past it.

Approved sample containers including new cardboard boxes, clean metal buckets, cans or bowls.

Miscellaneous tools, scraper, scoop, gloves, etc.

4. Sampling from the Auger

1.
2.
3.

S.

Obtain samples from the accessible portion of the auger, using a square point shovel.
Place the shovel in front of the auger, with the blade flat upon the surface to be paved.

Allow the front face of the Asphalt Mixture coming off the auger to cover the shovel. Remove the shovel
before the auger reaches the shovel by lifting it upward as vertically as possible being careful not to lose
material.

Repeat the procedure at least three times, but as many times as necessary to obtain a sample of the
required size.

Place the sample in an approved container for transport to Lab.

5. Lipped Plate Sampling

1.

2.

When using a pickup machine:
a. Stop the paver and pickup machine.

b. Place plate(s) underneath the pickup machine, midway between and just behind the rear tires and
right in front of the paver.

When using dump trucks:
a. Stop the paver after the truck is attached to the paver.

b. Place plate(s) at the midpoint of the axis of the paver and behind the truck tires.
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Note 1: When placing plate(s), avoid influence from truck tires, pickup machine tires, and paver tracks or tires.

Run an attached wire perpendicular to the direction of the paver, beyond the farthest auger extension
and/or the ski.

Hold the wire to the ground with your foot.
Allow the paving operation to resume.

When the paver has passed over the plate position, pull up on the wire to locate the plate. Remove the
plate(s) laden with mix from the Asphalt Mixture mat by lifting vertically being careful not to disturb the
mix at the edge of the plate.

Place the entire sample in an approved container(s) for transport to the Lab

Note 2: Make sure to hold the wire down on the ground so the ski will not snag it.

6. Windrow Sampling

L.

Sample from the windrow created by a single truck. Visually divide the windrow length into three equal
sections.

Sample from the middle of each of the three sections as shown in the diagrams below. Remove and
discard the top 12 inches of material. Remove one increment for each required sample, from each
location by digging vertically down with a square point shovel.

Place each sample increment from the first location into separate approved containers. Move to the
second location and add one sample increment to each container. Move to third location and repeat
sampling.

Place the acceptance sample containers in an insulated box for transport to the Lab.

Location Location Location
1 2 3

5 , S

Increment Incremert
1 Incremert 3
2

Windrow Longitudinal Section

Discard

Sample

Windrow Cross Section
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ATM 404 Reducing Samples of Asphalt Mixtures to Testing Size

Following are guidelines for the use of WAQTC FOP for AASHTO R 47 by the State of Alaska DOT&PF.
1. The incremental method may be done without sheeting.

2. When project specifications allow the use of a mechanical splitter, care must be taken to ensure the
splitter is level.

3. Aecrosol vegetable cooking spray is approved as a release agent.

4. Under Procedure Mechanical Splitter Type B (Riffle) insert image:
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REDUCING SAMPLES OF ASPHALT MIXTURES TO TESTING SIZE
FOP FOR AASHTO R 47

Scope

This procedure covers sample reduction of asphalt mixtures to testing size in accordance with AASHTO R 47-23.
The reduced portion is to be representative of the original sample.

Apparatus

e Thermostatically controlled oven capable of maintaining a temperature of at least 110°C (230°F) or high
enough to heat the material to a pliable condition for splitting.

e Non-contact temperature measuring device.

e Metal spatulas, trowels, metal straightedges, drywall taping knives, or a combination thereof; for
removing asphalt mixture samples from the quartering device, cleaning surfaces used for splitting, etc.

e  Square-tipped, flat-bottom scoop, shovel, or trowel for mixing asphalt mixture before quartering.

e Miscellaneous equipment including hot plate, non-asbestos heat-resistant gloves or mittens, pans, buckets,
and cans.

e Sheeting: Non-stick heavy paper or other material as approved by the agency.

e Agency-approved release agent, free of solvent or petroleum-based material that could affect asphalt
binder.

e Mechanical Splitter Type B (Riffle): having a minimum of eight equal-width chutes discharging
alternately to each side with a minimum chute width of at least 50 percent larger than the largest particle
size. A hopper or straight-edged pan with a width equal to or slightly smaller than the assembly of chutes
in the riffle splitter to permit uniform discharge of the asphalt mixture through the chutes without
segregation or loss of material. Sample receptacles of sufficient width and capacity to receive the reduced
portions of asphalt mixture from the splitter without loss of material.

e Quartering Template: formed in the shape of a 90- degree cross with equal sides that exceed the diameter
of the flattened cone of material sufficient to allow complete separation of the quartered sample. The
height of the sides must be sufficient to extend above the thickness of the flattened cone of the sample to
be quartered. Manufactured of metal that will withstand heat and use without deforming.

e Non-stick mixing surface that is hard, heat-resistant, clean, level, and large enough to permit asphalt
mixture samples to be mixed without contamination or loss of material.

Sampling
Obtain samples according to the FOP for AASHTO R 97.
Sample Preparation

The sample must be warm enough to separate. If not, warm in an oven until it is sufficiently soft to mix and
separate easily. Do not exceed either the temperature or time limits specified in the test method(s) to be
performed.

Selection of Procedure (Method)

Refer to agency requirements when determining the appropriate method(s) of sample reduction. In general, the
selection of a particular method to reduce a sample depends on the initial size of the sample vs. the size of the
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sample needed for the specific test to be performed. It is recommended that, for large amounts of material, the
initial reduction be performed using a mechanical splitter. This decreases the time needed for reduction and
minimizes temperature loss. Further reduction of the remaining asphalt mixture may be performed by a
combination of the following methods, as approved by the agency.

The methods for reduction are:
e Mechanical Splitter Type B (Riffle) Method
e Quartering and Sectoring Methods
—  Quartering
— Sectoring
e Incremental Method
Procedure

When heating of the equipment is desired, it shall be heated to a temperature not to exceed the maximum mixing
temperature of the job mix formula (JMF).

Mechanical Splitter Type B (Riffle) Method

1. Clean the splitter and apply a light coating of approved release agent to the surfaces that will come in contact
with asphalt mixture (hopper or straight-edged pan, chutes, receptacles).

2. Place two empty receptacles under the splitter.

3. Carefully empty the asphalt mixture from the agency-approved container(s) into the hopper or straight-edged
pan without loss of material. Uniformly distribute from side to side of the hopper or pan.

4. Discharge the asphalt mixture at a uniform rate, allowing it to flow freely through the chutes.

5. Any asphalt mixture that is retained on the surface of the splitter shall be removed and placed into the
appropriate receptacle.

6. Reduce the remaining asphalt mixture as needed by this method or a combination of the following methods as
approved by the agency.

7. Using one of the two receptacles containing asphalt mixture, repeat the reduction process until the asphalt
mixture contained in one of the two receptacles is the appropriate size for the required test.

8. After each split, remember to clean the splitter hopper and chute surfaces if needed.

9. Retain and properly identify the remaining unused asphalt mixture sample for further testing if required by the
agency.

Quartering and Sectoring Methods
1. Ifneeded, apply a light coating of release agent to quartering template.

2. Place the sample from the agency approved container(s) into a conical pile on a hard, “non-stick,” clean, level
surface where there will be neither a loss of material nor the accidental addition of foreign material. The
surface can be made non-stick by the application of an approved asphalt release agent, or sheeting.

3. Mix the material thoroughly by turning the entire sample over a minimum of four times with a flat-bottom
scoop; or by alternately lifting each corner of the sheeting and pulling it over the sample diagonally toward
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the opposite corner, causing the material to be rolled. Create a conical pile by either depositing each scoop or
shovelful of the last turning on top of the preceding one or lifting both opposite corners.

4. Flatten the conical pile to a uniform diameter and thickness where the diameter is four to eight times the
thickness. Make a visual observation to ensure that the material is homogeneous.

5. Divide the flattened cone into four equal quarters using the quartering template or straightedges assuring
complete separation.

6. Reduce to appropriate sample mass by quartering or sectoring.
Quartering

a. Remove diagonally opposite quarters, including all the fine material, and place in a container to be
retained.

b. Remove the quartering template, if used.
c. Combine the remaining quarters.
d. If further reduction is necessary, repeat Quartering Method Steps 3 through 6.

e. Repeat until appropriate sample mass is obtained. The final sample must consist of the two remaining
diagonally opposite quarters.

f. Retain and properly identify the remaining unused portion of the asphalt mixture sample for further
testing if required by the agency.
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Sectoring

a. Using a straightedge, obtain a sector by slicing through a quarter of the asphalt mixture from the center
point to the outer edge of the quarter.

b. Pull or drag the sector from the quarter with two straight edges or hold one edge of the straightedge in
contact with quartering device.

Remove an approximately equal sector from the diagonally opposite quarter and combine.
d. Ifnecessary, repeat until the appropriate sample mass has been obtained.

e. Continue sectoring with the unused portion of the asphalt mixture until samples have been obtained for all
required tests.

f. Retain and properly identify the remaining unused portion of the asphalt mixture sample for further
testing if required by the agency.

Incremental Method

1.

Cover a hard, clean, level surface with sheeting. This surface shall be large enough that there will be neither a
loss of material nor the accidental addition of foreign material.

Place the sample from the agency approved container(s) into a conical pile on that surface.
Mix the material thoroughly by turning the entire sample over a minimum of four times:
a. Use a flat-bottom scoop; or

b. Alternately lift each corner of the sheeting and pull it over the sample diagonally toward the opposite
corner, causing the material to be rolled.

Create a conical pile by either depositing each scoop or shovelful of the last turning on top of the preceding
one or lifting both opposite corners.

Grasp the sheeting and roll the conical pile into a cylinder (loaf), then flatten the top. Make a visual
observation to determine that the material is homogenous.

Remove one quarter of the length of the loaf and place in a container to be saved by either:

a. Pull sheeting over edge of counter and drop material into container.

b. Use a straightedge at least as wide as the full loaf to slice off material and place into container.
Obtain an appropriate sample mass for the test to be performed; by either:

Pull sheeting over edge of counter and drop cross sections of the material into container until proper sample
mass has been obtained.

Use a straightedge at least as wide as the full loaf to slice off cross sections of the material until proper sample
mass has been obtained and place into container.

Note 1: When reducing the sample to test size it is advisable to take several small increments, determining the mass each

8.

time until the proper minimum size is achieved. Unless the sample size is grossly in excess of the minimum or
exceeds the maximum test size, use the sample as reduced for the test.

Repeat Step 7 until all the samples for testing have been obtained or until the final quarter of the
original loaf is reached.
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9. Retain and properly identify the remaining unused portion of the asphalt mixture sample for further testing if
required by the agency.
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ATM 405 Asphalt Binder Content of Asphalt Mixtures by the Nuclear
Method

1. Scope

This method covers the quantitative determination of the asphalt cement content of Asphalt Mixtures by testing a
sample with a device that utilizes neutron thermalization techniques. This is an adaptation of AASHTO T 287.
Job mix design (JMD) calibration, cross calibration of master and field gauges and calibration transfer are
included.

2. Referenced Documents
e  WAQTC Standards:
o FOP for AASHTO T 2 (ASTM D75) , Sampling of Aggregates
o FOP for AASHTO R 97 (ASTM D979), Sampling Asphalt Mixtures
o FOP for AASHTO R47, Reducing Samples of Asphalt Mixtures to Testing Size
o FOP for AASHTO T 329, Moisture Content of Asphalt Mixtures by Oven Method
e Other Documents:
o Manufacturer’s instruction manual.Significance and Use

This method can be used for rapidly determining the binder content of Asphalt Mixtures. Testing can be
completed in a matter of minutes so that adjustments, if necessary, can be made in the asphalt metering system
with a limited amount of mix production. The procedure is useful in the determination of binder content only, as
it does not provide extracted aggregate for the gradation analysis.

3. Apparatus
e Nuclear asphalt content gauge system consisting of:
o Neutron source: an encapsulated and sealed radioactive source
o Thermal neutron detectors
o Read-out instrument displaying, at a minimum, percent binder.
o Two or more stainless steel sample pans conforming to gauge requirements

e Sample containers with lids or other methods of closing to prevent contamination and of sufficient size to
hold the entire sample. The containers should be able to withstand the reheating of the mix to mixing
temperature.

e Sample quartering apparatus conforming to requirements of the WAQTC FOP for AASHTO R 47.

e Balance or scale: capable of determining mass to 15 kg, readable to 1 g and conforming to AASHTO M
231.

e Drying oven, of cither of the following types, capable of handling the volume and sample size expected
for the project:

e Forced air, ventilated or convection oven capable of maintaining a temperature of 177 £3°C (350 £5°F)
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Leveling plate: Flat, rigid plate of metal with a minimum thickness of 10 mm (3% in) and slightly larger
than the sample pans

Thermometer with a temperature range of 10-300°C (50-500°F)

Assorted pans, spoons, spatulas, and mixing bowls

Radioactive materials information and calibration packet containing:

o Daily Background Count Log

o Leak Test Certificate

o Shippers Declaration for Dangerous Goods

o Procedure Memo for Storing, Transporting and Handling Nuclear Testing Equipment

o Other radioactive materials documentation as required by local regulatory requirements

4. Precautions

1.

S.

The equipment shall be so constructed as to be licensable in accordance with applicable health and safety
regulations.

Equipment operators shall wear an approved form of radiation dosimetry (i.e., film badges, thermo
luminescent dosimeter, etc.) capable of monitoring the occupational radiation exposure.

Since nuclear equipment measures the total amount of hydrogen in the sample, this procedure is sensitive
to changes in moisture content. It must be remembered that both asphalt cement and water contain
hydrogen.

Keep any other source of neutron radiation at least 10 m (30 ft.) from the equipment. Do not place the
equipment where large amounts of hydrogenous material may be moved during the calibration or testing
procedures (for example, water or plastic materials).

All personnel shall be kept at least 1 m (3 ft.) away from the gauge during testing.

5. Standardization

L.

Obtain and record a 16 minute background count, in accordance with manufacturer’s procedure, each day
prior to taking test measurements or whenever the gauge has been moved or the conditions within 1 m (3
ft) of the gauge have changed. The measurement time for the background count is the same as that used
for test measurements.

If the background count has not changed by more than 2 percent from the previous background count,
then the apparatus shall be considered stable and acceptable for use. If the gauge has been moved or if
the surrounding conditions have changed, additional background counts must be obtained until the 2
percent standard is met.

6. Calibration

L.

This method is sensitive to the type of aggregate, percentage and source of asphalt binder, and to the
aggregate gradation. Accordingly, a calibration curve must be developed for each mix type. When
changes occur, a new calibration should be run. The curve shall be established with 3 points. (See
Appendix A)

Prior to the start of each test, verify that the activated calibration is correct.

Effective May 19, 2025 405-2 Alaska Test Methods Manual



7. Procedure

1.

Determine the mass of a clean gauge sample pan, and use this to determine the sample mass in the pan, or
tare the pan on the scale.

Using an Asphalt Mixture sample having a temperature of 121° to 149°C (250° to 300°F) obtained in
accordance with WAQTC FOP for AASHTO T 168, and reduced in accordance with WAQTC FOP for
AASHTO R 47, fill the sample pan one-half full, evenly distributing the sample in the pan. Level the
asphalt concrete mixture with a preheated trowel or spatula, spading as necessary to compact (usually 10
to 15 spades are sufficient), being careful to avoid segregating the mix or driving the fines into the
bottom.

Fill the remainder of the pan until the mass of the asphalt mixture in the pan is approximately equal to or
up to 5 grams above the mass of mix used for the calibration samples. Level the top of the asphalt
mixture using a spatula or trowel and spade as necessary to compact (usually 10 to 15 spades are
sufficient), avoiding segregation of the mix. Compact the sample into the pan, until it is level with the top
of the pan, by standing on the metal plate and rocking/twisting back-and-forth.

Verify that the mass of mix is = 5 g of the calibration mass. Record the mass of the asphalt mixture in the
pan.

If the gauge does not have temperature compensation capability, measure and record the temperature of
the compacted specimen. This temperature must be within + 5°C (£ 9°F) of the calibration test specimen
temperature.

Place the pan into the gauge. Perform a 16 minute count.

Determine and record the uncorrected asphalt binder content to the nearest 0.01 percent by direct readout
from the gauge, from the calibration graph, or by the formula supplied by the manufacturer.

Using a representative portion of the original sample or a portion of the material removed from the gauge
pan, determine the moisture in the mixture in accordance with the WAQTC FOP for AASHTO T 329 and
record to the nearest 0.01 percent.

Note 1: When taking the moisture from the gauge pan sample, remove it immediately after completing the oil
content test.

8. Calculation

Subtract the moisture content from the uncorrected asphalt binder content. Record this as the corrected
asphalt binder content.

9. Report

Results shall be reported on standard forms approved by the Department.
Make, model, and serial number of the nuclear asphalt content gauge.
Date and source of calibration.

Date of test.

Name and signature of operator.

Background count for the day of the test.

Mix identification.

Aggregate type and source(s); Asphalt binder source, type and grade.
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e (Calibration sample mass and temperature.

e Test sample mass and temperature, if gauge does not have temperature compensation capability
e Gauge reading, including print-out from gauge.

e Asphalt binder content value to the nearest 0.1 %.

e Attach the Nuclear Gauge print out to the report.
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Appendix A ATM 405

Gauge Calibration

1. Obtain samples of aggregate in accordance with WAQTC FOP for AASHTO T 2 (ASTM D75).
Approximately 50 kg (110 1b.) total will be required for calibration specimens. Dry the aggregates in
accordance with WAQTC FOP for AASHTO T 255/T 265, separate into sieve sizes determined by the
JMD.

2. Blend the aggregate together at the proper proportion to match the job mix formula following steps 3 and
4.

3. Calculate the required cumulative mass for each specified sieve using the following formula:

X = M x T
100
Where:
X = Required cumulative batch mass for each specified sieve

P = Percent passing for each specified sieve according to the job mix formula
T = Initial total aggregate mass

4. Correct for aggregate dust as follows.
a. Prepare a wash gradation sample from the mass calculated in Step 4.
b. Perform a washed gradation following WAQTC FOP for AASHTO T 27/T 11.

c. Compute the corrected batch mass for each specified sieve for the calibration points using the
following formula:

XZ
Y
Where:
Zn = Adjusted cumulative batch mass for sieve size n.

X Pre-wash cumulative batch mass for each specified sieve.
Y = Post-wash cumulative batch mass for each specified sieve.

5. Obtain samples of bituminous materials in accordance with WAQTC FOP for AASHTO T 40.
Approximately 4 L (1 gal) will be required.

Z

6. Calculate the mass of asphalt cement for each calibration point as follows:

B =E x Ppm

Where:
B = mass of asphalt cement to the nearest 0.1 g
E = mass of mix

Pum = percent asphalt cement content by total mass of mixture, expressed as a decimal.
7. Use the three following asphalt cement contents:
a. Specified minus 1.0 percent

b. Specified (mix design value)
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c. Specified plus 1.0 percent
Calculate the mass of aggregate required for each calibration point as follows:
A=E-B

Where:
A = mass of aggregate to the nearest 0.1 g
B = mass of asphalt cement to the nearest 0.1 g
E = mass of mix

Preparation of Calibration Specimens

1.

Heat the prepared aggregate specimens to the mixing temperature range midpoint for the asphalt cement =
5°C (£ 9°F) and hold at that temperature for three hours or to constant mass.

Heat the asphalt cement to the mid-point of the mixing temperature range + 5°C (+ 9°F) in a covered
container(s). It is best to use the asphalt cement as soon as it reaches mixing temperature. If this is not
possible, maintain the asphalt cement at this temperature, rather than cool and reheat it, but do not hold
the sample at this temperature for more than 4 hours.

All bowls, sample pans, and tools should be heated to the mid-point of the mixing temperature range +
5°C (£ 9°F). An initial or “butter” mix is required to condition the mixing equipment. Mix a

minimum of three asphalt concrete specimens to cover the approximate range of the design asphalt
content. Mix one at the design asphalt content, one 1.0 percent above, and one 1.0 percent below, use the
same grade and type of asphalt as will be used in the asphalt concrete mixture to be tested. Mix 7000-
9000g for each specimen.

Fill the sample pan one-half full, evenly distributing the sample in the pan. Level the asphalt concrete
mixture with a spatula or trowel and spade as necessary to compact, avoiding segregation of the mix. Fill
the remainder of the pan until the asphalt concrete mixture is mounded slightly above the top of the pan.
Record the weight of the asphalt concrete mixture in the pan. This is the weight that is to be used for all
calibration and test samples using this calibration. Level the top of the asphalt concrete mixture using a
spatula or trowel and spade as necessary to compact, avoiding segregation of the mix. Use the metal plate
to consolidate the asphalt concrete mixture until it is level with the top edge of the pan. All specimens
should be compacted at the mid-point of the mixing temperature range &+ 5°C (£ 9°F) to ensure that the
mix will compact properly.

Place each calibration pan into the gauge and proceed in accordance with the manufacturer’s instructions
for operation of the equipment and the sequence of operations. Count each calibration sample for 16
minutes.

Note 1: Do not forget to perform and record a background count as per the manufacturer’s instructions.

For gauges that generate the calibration internally, print out the formula coefficients (“A” Values), the
coefficient of fit and the calculated percent difference for each calibration point. The coefficient of fit
must be between 0.998 and 1.000 for dense graded mix or 0.995 and 1.000 for open graded mix.
Calibration points must have a calculated percent difference of less than 0.09 percent. If either
requirement is not met, the calibration must be redone.

Store the acceptable calibration in the gauge’s memory, using the job mix formula and the Contract
number or an easily recognizable calibration number, according to the manufacturer’s instructions.

For gauges other than the Troxler, prepare a calibration curve by plotting the calibration sample gauge
readings versus asphalt cement content on linear graph paper, choosing convenient scale factors for gauge
readings and asphalt cement content.
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9. Calculate the correlation factor for gauges without internal calculations according to the following
formula:

CorrelationFactor =

Where:

# = actual percent asphalt values for each sample

X~

calculated percent asphalt values from curve

B

mean value of the actual percentages asphalt, and

I = number of calibration samples.
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Appendix B ATM 405

Cross Calibration (Troxler 3241)

L.

Cross calibrating creates a relationship between the field gauge and a master gauge. This allows testing
of production mix with a field gauge without the need to perform physical calibrations. When several
gauges are cross calibrated, the mix calibrations may be transferred to each. The master gauge is
normally located where the calibration sample pans are fabricated.

The central lab shall prepare the cross calibration samples. Prepare six calibration samples, using a
locally available specification aggregate, with binder contents between 3 and 8§ percent at 1 percent
increments or per the gauge manufacturer’s instructions. Mix the samples so that each pan o