EMBANKMENT AND BASE WAQTC / IDAHO FOP AASHTO T 99/ T 180 (19)
IN-PLACE DENSITY

MOISTURE-DENSITY RELATIONS OF SOILS:
USING A 2.5 kg (5.5 Ib) RAMMER AND A 305 mm (12 in.) DROP
FOP FOR AASHTO T 99

USING A 4.54 kg (10 Ib) 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 99-19: Methods A, B, C, and D
e AASHTO T 180-19: 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 (%2 in.) 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 the FOP for
AASHTO T 99 and T 180.
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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 Ib) and a sensitivity of 1 ¢
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.
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.

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

IN-PLACE DENSITY

WAQTC / IDAHO F

Table 1

OP AASHTO T 99/T 180 (19)

Comparison of Apparatus, Sample, and Procedure — Metric

T99

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 305 457
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®

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

T99

T 180

Mold Volume, ft®

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, Ib 5.5 +0.02 10 +0.02
Rammer Drop, in. 12 18
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

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.
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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: It 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. 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.

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.

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

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

7. Determine and record the mass of the mold, base plate, and wet soil to the nearest 1 g
(0.005 Ib) or better.

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

9. Calculate the wet density, in kg/m? (Ib/ft3), by dividing the wet mass by the measured
volume (Vm).

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

.-/"".-. - ---..""-\__
'\.\_.-_- \\ -___J,-f
X ——
r/ )
-\'H-.., ,.--"/.

Extruded material Representative 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.
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11.

12.

13.

14.

15.

Determine and record the moisture content 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.

Calculations

Wet Density
M
Where:
Dw = wetdensity, kg/m® (Ib/ft%)
Mw = wet mass
Vm = volume of the mold, Annex B

47_T99_T180_short_19 E&B/ID 14-6 Pub. October 2019



EMBANKMENT AND BASE
IN-PLACE DENSITY

Dry Density

g
I

=
I

Example for 4-inch mold, Methods A or C
Wet mass, Mw
Moisture content, w

Measured volume of the mold, V

Wet Density

1.928 kg

D, =——2""9  _ 9038 kg/m?
W = 0.000946 m3 g/m

Dry Density

= 1831 kg/m3

D 2038 kg/m3 100
=|——+]X
d 11.3 + 100

WAQTC / IDAHO

FOP AASHTO T 99/ T 180 (19)

dry density, kg/m?® (Ib/ft3)

moisture content, as a percentage

1.928 kg (4.25 Ib)

11.3%

= 0.000946 m3 (0.0334 ft)

4.251b

D, =—— " =127.21b/ft3
W 7 0.0334 ft3 /f

b 127.2 Ib/ft3
427\ 11.3 + 100

) x 100 = 114.31b/ft3

Or
2038 kg/m?3 127.2 Ib/ft3
Dy = 2038 kg/m” =1831kg/m® D, = 127.2 b/ft” =114.31b/ft3
11.3 41 11.3 41
100 100
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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/m3 Ib/ft3

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/m?3 (117.3 lbs/ft3) i

Optimum Moisture = 13.2%

1880
117.0

116.0 \\ 1860
115.0 /

114.0

Dry Density Ib/ft
Dry Density kg/m®

1860

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:

Maximum dry density 1880 kg/m?® (117.3 Ib/ft3)
Optimum moisture content = 13.2%

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/ft3)

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

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

(% in.) 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 (Gsb) 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.

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 C and D.

3. Determine the dry mass of the oversized and fine fractions (Mpc and 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 (Mwur) and oversized (Mmc):

2. Obtain moisture samples from the fine and oversized material.
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3.

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

Calculate the dry mass of the oversize and fine particles.

Where:

Mp = mass of dry material (fine or oversize particles)
Mm = mass of moist material (fine or oversize particles)
MC = moisture content of respective fine or oversized, expressed as a decimal

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

100 X Mpp 100 x 15.4 1b 100 x 6.985 kg
Pp=——— = 73% = 73%
Mpr + Mpe 15.4 lbs + 5.7 lb 6.985 kg + 2.585 kg
And
100 X Mp, 100 x 5.7 lb 100 x 2.585kg
Mpr + Mpe 15.4 lbs + 5.7 lb 6.985 kg + 2.585 kg
Or for Pc:
P, =100 — P;
Where:
P¢+ = percent of fine particles, of sieve used, by weight
Pc = 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 Pe) + (MC. x P.) (13.2% x 73.0%) + (2.1% x 27.0%)

= — 0,
MCy 50 50 10.2%

MC+ = corrected moisture content of combined fines and oversized particles,
expressed as a % moisture

MCFr = 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 of the total sample (combined fine and oversized
particles) as follows:

@)

Where:

Dg = corrected total dry density (combined fine and oversized particles)
kg/m? (Ib/ft 3)

D= dry density of the fine particles kg/m3 (Ib/ft®), determined in the lab
Pc=  percent of dry oversize particles, of sieve used, by weight.
Pf = percent of dry fine particles, of sieve used, by weight.

k = Metric: 1,000 * Bulk Specific Gravity (Gsp) (oven dry basis)
of coarse particles (kg/m?3).

k= English: 62.4 * Bulk Specific Gravity (Gsb) (oven dry basis)
of coarse particles (Ib/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 (Ds): 1880 kg/m?®
Percent coarse particles (Pc): 27%
Percent fine particles (Py): 73%

Mass per volume coarse particles (k):

47_T99_T180_short_19

100%

100%

(om0 kg 7) + (28970 7|
1880 kg/m3 2697 kg/m3

Dd:

100%

Da = 1503883 kg /m® + 0.01001 kg /m?]

D, = 2047.5kg/m3 report 2048 kg/m?3

E&B/ID 14-13
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English:

Maximum laboratory dry density (Df): 117.3 Ib/ft3

Percent coarse particles (P¢): 27%

Percent fine particles (Py): 73%

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

100%

(AR

b 100%
" ) * (a3 e
117.316/ft3) T \16831b/f 3
100%
Dq

~ [0.6223 Ib/ft3 + 0.1604 Ib/ft3]

b 100%
47 0.7827 Ib/ft3

D; = 127.76 lb/ft® Report 127.8 Ib/ft3

Report

Results on forms approved by the agency
Sample ID
Corrected maximum dry density to the nearest 1 kg/m? (0.1 lb/ft?)

Corrected optimum moisture to the nearest 0.1 percent
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ANNEX B

STANDARDIZATION OF THE MOLD

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

Mold and base plate

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 (1/4 in.) thick and at least 25 mm (1
in.) larger than the diameter of the mold.

e 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, Vm, 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
™D
Where:
Vm = volume of the mold
M = mass of water in the mold
D = density of water at the measured temperature

Example

Mass of water in mold=0.94367 kg (2.0800 Ib)

Density of water at 23°C (73.4°F) = 997.54 kg/m? (62.274 Ib/ft3)

L 094367kg _ oo . __ 2.08001b
™= 99754 kg/m® e m = 62274 b/ ft3

= 0.0334 ft3
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Table B1
Unit Mass of Water
15°C to 30°C

°C (°F) kg/m? (Ib/ft3) °C (°F) kg/m? (Ib/ft3)
15 (59.0) 999.10 (62.372) 23 (73.4) 997.54 (62.274)
15.6 (60.0) 999.01 (62.366)  23.9 (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)  29.4 (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
e Temperature of the water

e Volume, Vnm, of the mold to the nearest 0.000001 m* (0.0001 ft°)
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PERFORMANCE EXAM CHECKLIST

MOISTURE-DENSITY RELATION OF SOILS
FOP FOR AASHTO T 99

Participant Name Exam Date

Record the symbols “P” for passing or “F” for failing on each step of the checklist.

Procedure Element

1.

10.
11.
12.

13.
14.
15.

If damp, sample dried in air or drying apparatus, not exceeding
60°C (140°F)?

Sample broken up and an adequate amount sieved over the appropriate
sieve (4.75 mm/ No. 4 or 19.0 mm / 3/4 in.) to determine oversize (coarse
particle) percentage?

Sample passing the sieve has appropriate mass?
If material is degradable:

a. Multiple samples mixed with water varying moisture content
by 1 to 2 percent, bracketing the optimum moisture content?

If soil is plastic (clay types):

a. Multiple samples mixed with water varying moisture content by 1 to
2 percent, bracketing the optimum moisture content?

b. Samples placed in covered containers and allowed to stand for
at least 12 hours?

Sample determined to be 4 to 8 percent below expected optimum
moisture content?

Determine mass of clean, dry mold without collar to nearest 1 g?
Mold placed on rigid and stable foundation?

Layer of soil (approximately one third compacted depth) placed in mold
with collar attached, loose material lightly tamped?

Soil compacted with appropriate number of blows (25 or 56)?
Material adhering to the inside of the mold trimmed?

Layer of soil (approximately two thirds compacted depth) placed in mold
with collar attached, loose material lightly tamped?

Soil compacted with appropriate number of blows (25 or 56)?
Material adhering to the inside of the mold trimmed?

Mold filled with soil such that compacted soil will be above the mold,
loose material lightly tamped?

OVER

21 T99 pr 18 E&B/ID 4-25

Trial 1 Trial 2

Pub. October 2019



EMBANKMENT AND BASE WAQTC/IDAHO FOP AASHTO T 99/T 180 (18)
IN-PLACE DENSITY

Procedure Element Trial 1 Trial 2
16. Soil compacted with appropriate number of blows (25 or 56)?

17. Collar removed without shearing off sample?

18. Approximately 6 mm (1/4 in.) of compacted material above the
top of the mold (without the collar)?

19. Soil trimmed to top of mold with the beveled side of the straightedge?

20. Remove all soil from exterior surface of mold and base plate?

21. Mass of mold and contents determined to appropriate precision (1 g)?

22. Wet density calculated from the wet mass?

23. Soil removed from mold using a sample extruder if needed?

24. Soil sliced vertically through center (non-granular material)?

25. Moisture sample removed ensuring all layers are represented?

26. Moist mass determined immediately to 0.1 g?

27. Moisture sample mass of correct size?

28. Sample dried, and water content determined according to the FOP for
T 255/T 265?

a. Remainder of material from mold broken up until it will pass through
the sieve, as judged by eye, and added to remainder of original test
sample?

b. Water added to increase moisture content of the remaining sample
in approximately 1 to 2 percent increments?

c. Steps 7 through 29 repeated for each increment of water added?

29. Process continued until wet density either decreases or stabilizes?
30. Moisture content and dry density calculated for each sample?

31. Dry density plotted on vertical axis, moisture content plotted on
horizontal axis, and points connected with a smooth curve?

32. Moisture content at peak of curve recorded as optimum water content
and recorded to nearest 0.1 percent?

33. Dry density at optimum moisture content reported as maximum density to
nearest 1 kg/m?® (0.1 lb/ft3)?

34. Corrected for coarse particles if applicable?

Comments: First attempt:  Pass Fail Second attempt: Pass Fail

Examiner Signature WAQTC #:
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DEVELOPING A FAMILY OF CURVES
FOP FOR AASHTO R 75

Scope

This procedure provides a method to develop a family of curves in accordance with
AASHTO R 75-16 using multiple moisture density relationships developed using the same
method, A, B, C, or D, from the FOP for AASHTO T 99/T 180.

All curves used in a family 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

family of curves — a group of soil moisture-density relationships (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/optimum moisture
content of a family 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 to develop a family.

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 family
of curves.

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 1—Intermediate template curves using slopes similar to those of the original moisture-density curves may
be included when maximum density points are more than 2.0 Ib/ft® apart. Template 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 family.

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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EMBANKMENT AND BASE
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WAQTC/IDAHO

Calculations
Calculate 80 percent of optimum moisture of each curve:
Example:
Optimum moisture of the highest density curve = 14.6%

80
— X 14.6% = 11.7%

80% point = 100

FOP AASHTO R 75 (16)
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EMBANKMENT AND BASE WAQTC/IDAHO FOP AASHTO R 75 (18)

PERFORMANCE EXAM CHECKLIST

DEVELOPING A FAMILY OF CURVES
FOP FOR AASHTO R 75

Participant Name Exam Date

Record the symbols “P” for passing or “F” for failing on each step of the checklist.

Procedure Element Trial 1 Trial 2
1. Curves sorted by method and procedure (A, B, C, or D of the FOP for
T 99/T 180)?
a. At least three curves per family?
b. Curves within family are similar soil type and from same source?
2. Maximum density and optimum moisture points plotted on the graph?
Spine drawn correctly?
4. Maximum density and optimum moisture points removed that were
not used for the spine?
5. Moisture/density curves added?
6. Optimum moisture range?
a. 80 percent of optimum moisture calculated for each curve?
b. Curved line through 80 percent of optimum moisture drawn correctly?
Comments: First attempt: Pass__ Fail__ Second attempt: Pass Fail
Examiner Signature WAQTC #:
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EMBANKMENT AND BASE WAQTC/IDAHO FOP AASHTO T 255/ T 265 (16)
IN-PLACE DENSITY

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 255-00 and AASHTO T 265-15. 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 principle 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 containers
e Microwave safe container with ventilated lid
e Heat source, controlled:
— Forced draft oven
— Ventilated oven
— Convection oven
e Heat source, uncontrolled:

— Infrared heater/heat lamp, hot plate, fry pan, or any other device/method that will dry
the sample without altering the material being dried

— Microwave oven (900 watts minimum)
e Utensils such as spoons

e Hot pads or gloves
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EMBANKMENT AND BASE WAQTC/IDAHO FOP AASHTO T 255/ T 265 (16)
IN-PLACE DENSITY

Sample Preparation

In accordance with the FOP for AASHTO R 90 obtain a representative sample in its existing
condition.

For aggregates the representative sample size is based on Table 1 or other information that
may be specified by the agency.

TABLE 1
Sample Sizes for Moisture Content of Aggregate
Nominal Minimum Sample
Maximum Size* Mass
mm (in.) g (Ib)
4.75 (No. 4) 500 (1.1)
9.5 (3/8) 1500 (3.3)
125 (1/2) 2000 (4)
19.0 (3/4) 3000 (7)
250 (1) 4000 (9)
375 (11/2) 6000 (13)
50 (2) 8000 (18)
63 (21/2) 10,000 (22)
75 (3) 13,000 (29)
90 (31/2) 16,000 (35)
100 (4) 25,000 (55)
150 (6) 50,000 (110)

* 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.

46_T255 T265 short 16 E&B/ID 13-2 Pub. October 2019



EMBANKMENT AND BASE WAQTC/IDAHO FOP AASHTO T 255/ T 265 (16)
IN-PLACE DENSITY

For soils the representative 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 g
mm (in.)
0.425 (No. 40) 10
4.75 (No. 4) 100
12.5 (1/2) 300
25.0 (1) 500
50 (2) 1000

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

Procedure
Determine and record the sample mass 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.

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 (and lid for microwave drying).

2. Place the wet sample in the container.
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.
Determine and record the total mass of the container and wet sample.

4. Determine and record the wet mass of the sample by subtracting the container mass
determined in Step 1 from the mass of the container and sample determined in Step 3.

5. Place the sample in one of the following drying apparatus:
a. For aggregate —
i. Controlled heat source (oven): at 110 £5°C (230 £9°F).

ii. Uncontrolled heat source (Hot plate, infrared heater, etc.): Stir frequently to avoid
localized overheating.

b. For soil — controlled heat source (oven): at 110 £5°C (230 £9°F).
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EMBANKMENT AND BASE WAQTC/IDAHO FOP AASHTO T 255/ T 265 (16)
IN-PLACE DENSITY

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.
Determine mass of sample and container.

Determine and record the mass of the sample by subtracting the container mass
determined in Step 1 from the mass of the container and sample determined in Step 7.

9. Return sample and container to the heat source for additional drying.
a. For aggregate —
i. Controlled heat source (oven): 30 minutes
ii. Uncontrolled heat source (Hot plate, infrared heater, etc.): 10 minutes
iii. Uncontrolled heat source (Microwave oven): 2 minutes

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

b. For soil — controlled heat source (oven): 1 hour
10. Determine mass of sample and container.

11. Determine and record the mass of the sample by subtracting the container mass
determined in Step 1 from the mass of the container and sample determined in
Step 10.

12. Determine percent change by subtracting the new mass determination (Mn) from the
previous mass determination (Mp) divide by the previous mass determination (M)
multiply by 100.

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 to cool. Immediately determine and record the total mass of the
container and dry sample.

16. Determine and record the dry mass of the sample by subtracting the mass of the container

determined in Step 1 from the mass of the container and sample determined in Step 15.

17. Determine and record percent moisture (w) by subtracting the final dry mass
determination (Mp) from the initial wet mass determination (Mw) divide by the final dry
mass determination (Mp) multiply by 100.
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IN-PLACE DENSITY

Table 3

Methods of Drying

FOP AASHTO T 255 / T 265 (16)

Aggregate

Heat Source

Specific Instructions

Drying intervals to
achieve constant
mass (minutes)

with ventilated lid

Controlled:

Forced draft (preferred), ventilated, or 110 +5°C (230 +9°F) 30
convection oven

Uncontrolled:

Hot plate, infrared heater, etc. Stir frequently 10
Microwave Heap sample and cover 5

Soil

Heat Source

Specific Instructions

Drying increments
(minutes)

Controlled:

Forced draft (preferred), ventilated, or
convection oven

110 +5°C (230 +9°F)

1 hour
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EMBANKMENT AND BASE WAQTC/IDAHO FOP AASHTO T 255/ T 265 (16)
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Calculation
Constant Mass:
Calculate constant mass using the following formula:

M
% Change = % x 100

P
Where:
M, = previous mass measurement
My = new mass measurement
Example:
Mass of container: 1232.1 ¢
Mass of container and sample after first drying cycle: 2637.2 ¢
Mass, Mp, of possibly dry sample: 2637.29-1232.1g=1405.1¢g
Mass of container and dry sample after second drying cycle:  2634.1g
Mass, Mn, of dry sample: 2634.19-1232.19=14020¢

1405.1 g — 1402.0 g
% Change = 14051 g X 100 = 0.22%

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

Mass of container and dry sample after third drying cycle: 2633.0 g
Mass, M, of dry sample: 2633.0 g - 1232.1 g =1400.9¢g

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

0.08 percent is less than 0.10 percent, so constant mass has been reached.

46_T255 T265 short 16 E&B/ID 13-6 Pub. October 2019



EMBANKMENT AND BASE WAQTC/IDAHO FOP AASHTO T 255/ T 265 (16)
IN-PLACE DENSITY

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

w = MWM—_DMD x 100
Where:
w = moisture content, percent
Mw = wet mass
Mp = dry mass

Example:
Mass of container: 12321 ¢
Mass of container and wet sample: 2764.7 g
Mass, Mw, of wet sample: 2764.7 g -1232.1g=1532.6 g
Mass of container and dry sample (COOLED): 2633.5¢
Mass, Mp, of dry sample: 2633.59-1232.19g=1401.4¢
_153269 140149 o 13129 o oo 9.4
W= 1401.4 g T 140144 — 0% Teport 2A
Report

e Results on forms approved by the agency
e Sample ID

e My, wet mass

e Mp, dry mass

e W, moisture content to the nearest 0.1 percent
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EMBANKMENT AND BASE WAQTC/IDAHO FOP AASHTO T 255/T 265 (18)
IN-PLACE DENSITY

PERFORMANCE EXAM CHECKLIST

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

Participant Name Exam Date

Record the symbols “P” for passing or “F” for failing on each step of the checklist.

Procedure Element Trial 1 Trial 2
Representative sample of appropriate mass obtained?

Mass of container determined to 0.1 g?

Sample placed in container and mass determined to 0.1 g?

Test sample mass conforms to the required mass?

Wet sample mass determined to 0.1 g?

Loss of moisture avoided prior to mass determination?

N o gk~ o Dd e

Sample dried by a suitable heat source?

a. Describe suitable heat sources for aggregate?

b. Describe suitable heat sources for soils?

8. If aggregate heated by means other than a controlled oven, is
sample stirred to avoid localized overheating?

9. For microwave, aggregate heaped and covered with a ventilated lid?

10. For aggregate, heated for the additional, specified time?

a. Forced draft, ventilated, convection ovens — 30 minutes;
b. Microwave — 2 minutes
C. Other — 10 minutes

11. For soil:

a. Heated for at least 1hour additional drying time using a
controlled heat source?

12. Mass determined and compared to previous mass - showing less than
0.10 percent loss?

13. Sample cooled, dry mass determined and recorded to the nearest
0.1 percent?

14. Moisture content calculated correctly and recorded to the nearest
0.1 percent?

OVER
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Comments: First attempt:  Pass Fail Second attempt: Pass Fail

Examiner Signature WAQTC #:
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EMBANKMENT AND BASE WAQTC/IDAHO FOP AASHTO T 85 (16)
IN-PLACE DENSITY

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 85-14. Specific gravity may be expressed as bulk
specific gravity (Gsp), bulk specific gravity, saturated surface dry (Gsp SSD), or apparent
specific gravity (Gsa). Gsp 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 (Gsa)- 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 (Gsh)- 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) (Gsp 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 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 4to 7 L (1 to 2 gal) to contain aggregate with a nominal maximum size of 37.5 mm
(1 2/2 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.
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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

Sample Preparation

1.
2.

Obtain the sample in accordance with the FOP for AASHTO R 90 (see Note 1).

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.

Reject all material passing the appropriate sieve by dry sieving.
Thoroughly wash sample to remove dust or other coatings from the surface.

Dry the test sample to constant mass 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

6.
7.

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.

Re-screen the sample over the appropriate sieve. Reject all material passing that sieve.
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
Nominal Maximum Minimum Mass of Test
Size* Sample, g (Ib)
mm (in.)
12,5 (1/2) or less 2000 (4.4)
19.0 (3/4) 3000 (6.6)
250 (1) 4000 (8.8)
375 (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.
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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. Tare the
balance with the empty basket attached in the water bath.

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.”

5. 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 insure the water level is at
the overflow outlet height. 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. Remove the sample from the basket. Ensure all material has been removed. Place in a
container of known mass.

7. Dry the test sample to constant mass in accordance with the FOP for AASHTO T 255/
T 265 (Aggregate section) and cool in air at room temperature for 1 to 3 hours.
Designate this mass as “A.”
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Calculations

FOP AASHTO T 85 (16)

Perform calculations and determine values using the appropriate formula below.

Bulk specific gravity (Gsb)

. = A
sb — B—C
Bulk specific gravity, SSD (Gsh SSD)
GSbSSD = m
Apparent specific gravity (Gsa)
A
“a=7=C
Absorption
Absorption = 7
Where:
A = oven dry mass, g
B = SSD mass, g
C = weight in water, g

50_T85_short_16 E&B/ID 17-4
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EMBANKMENT AND BASE WAQTC / IDAHO FOP AASHTO T 85 (16)
IN-PLACE DENSITY
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 Gsb Gsb 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 Gsp, Gsp SSD, and Gsa. Gsp IS
always lowest, since the volume includes voids permeable to water. Gsp, SSD is always
intermediate. Gsa 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

e Results on forms approved by the agency

e Sample ID

e Specific gravity values to the nearest 0.001

e Absorption to the nearest 0.1 percent
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EMBANKMENT AND BASE WAQTC/IDAHO FOP AASHTO T 85 (18)

PERFORMANCE EXAM CHECKLIST

SPECIFIC GRAVITY AND ABSORPTION OF COARSE AGGREGATE
FOP FOR AASHTO T 85

Participant Name Exam Date

Record the symbols “P” for passing or “F” for failing on each step of the checklist.

Procedure Element Trial1 Trial 2

1. Sample obtained by FOP for AASHTO R 90 and reduced by FOP for
AASHTO R 76 or from FOP for AASHTO T 99/ T 180?

Screened on the appropriate size sieve?

Sample mass appropriate?

Particle surfaces clean?

o M WD

Dried to constant mass 110 +5°C (230 +£9°F) and cooled to room
temperature?

Re-screen over appropriate sieve?

Covered with water for 15 to 19 hours?

Wire basket completely submerged in immersion tank and attached
to balance?

9. Immersion tank inspected for proper water height?

10. Balance tared with basket in tank and temperature checked
23.0 £1.7°C (73.4 £3°F)?

11. Sample removed from water and rolled in cloth to remove
visible films of water?

12. Larger particles wiped individually?

13. Evaporation avoided?

14. Sample mass determined to 0.1 g?

15. Sample immediately placed in basket, in immersion tank?

16. Entrapped air removed before weighing by shaking basket
while immersed?

17. Immersion tank inspected for proper water height?

18. Immersed sample weight determined to 0.1 g?

19. All the sample removed from basket?

20. Sample dried to constant mass and cooled to room temperature?

OVER
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21. Sample mass determined to 0.1 g?

22. Proper formulas used in calculations?

Comments: First attempt:  Pass Fail

FOP AASHTO T 85 (18)

Trial 1 Trial 2

Second attempt: Pass Fail

Examiner Signature

WAQTC #:
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