


moisture content. As a result the relation between soil moisture and nuclear-
count rate is determined by correlation tests of materials at known moisture
content. Individual equipment manufacturers supply a calibration curve with each
set of their equipment. It has been found that these curves do not necessarily
hoeld for all soils and scil-aggregates because of differences in chemical
composition. Apparent variations in calibration curves may also be induced by
differences in seating, in background count, and other test variations. Because
of these considerations, provisions are included in this method for checking for
variations or changes. Different approaches may be used in checking calibration
curves and those in more general use are given. For good practice these should
be followed with newly purchased equipment and with major component replacement
of in-service equipment.

Al.4 The moisture content determined by this method is the amount of
moisture that is contained in a given volume of soil. It should be noted that
the volume of soil and soil-aggregate represented in the measurement is
indeterminate and will vary with the source-detector geometry of the equipment
used and with the characteristics of the material tested. In general, and with
all other conditions constant, the greater the moisture content of the material,
the smaller the volume involved in the measurement. Unlike oven drying tests,
the moisture content so determined is not necessarily the average moisture within
the volume involved in the measurement. For the usual surface test equipment and
materials, for example, about 50 percent of the measured count rate is determined
by the upper 75 to 100 mm (3 to 4 in.) of soils and soil-aggregate.

Al.5 The number of fast neutrons emitted from a given source over a given
time period are statistically random and follow a Gaussian distribution. Because
of this, the actual number of modified neutrons that are detected and counted in
the moisture measuring process should be sufficiently large to minimize the
probability that the observed count reflects unacceptable variations. This is
reflected in the standard deviation which is the square root of the total count.
The over-all system accuracy in determining moisture is also statistical in
nature and appears to vary with equipment used, test conditions of laboratory
versus field, materials, and operators. Because of these variables it is not
possible to give precise numbers for system accuracy and precision for these test
methods. It is believed, however, that if the procedures herein are carefully
followed, the standard deviation of the nuclear measured values, in terms of
accuracy, will not be greater than on the order of some 8 to 16 kg/m3
(0.5 to 1.0 ]b/ftS). Precision, determined without moving the test equipment,
should be better than 5 kg/m® (0.3 1b/ft%).

Al.6 One of the fast neutron sources used, americium, is man-made and as
such its use is regulated by the Federal Government through the Atomic Energy
Commission as well as by some state and local governments. Because radium and
beryilium are naturally occurring material, their use is not now reguiated by the
Federal Government but is regulated by some state and Tocal governments. Among
others, the objectives of these regulations are the use of radioactive materials
in a manner safe to the operator and all others.

Al.7 The in-place nuclear"moisture tests of this method offer several
advantages over conventional methods, such as oven drying of samples,
particularly in tests performed for the continuing control of construction. Its
greatest advantage is perhaps the short time required to obtain a moisture
content. An answer is available on the spot in a manner of minutes after
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completing the test. When conducting both moisture and density tests, many more
tests per day can be conducted than by older methods in current use. 1In
addition, apparently erratic measurements can be immediately detected and checked
since the nuclear tests are more nearly nondestructive. These advantages accrue
to organizations that are engaged in moisture measurements on a more or less
continuous basis. Organizations that make infrequent or occasional moisture
determinations may find that the advantages of the nuclear methods can be offset
by maintenance and start up considerations such as periodically charging
batteries, maintaining radiation exposure records, etc.
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Standard Methods for

Reducing Field Samples of Aggregate to Testing Size
WFLHD Designation: T 248-94 (Modified AASHTO T 248)

1. SCOPE

1.1 These methods cover the reduction of field sampies of aggregate to the
appropriate size for testing employing techniques that are intended to minimize
variations in measured characteristics between the test samples so selected and
the field sample.

Hote 1 - Under certain circumstances, reduction in size of the field sample
prior to testing is not recommended. Substantial differences between the
selected test samples sometimes cannot be avoided, as for example, in the case
of an aggregate having relatively few large size particles in the field sample.
The laws of chance dictate that these few particles may be unequally distributed
among the reduced size test samples. Similarly, if the test sample is being
examined for certain contaminants occurring as a few discrete fragments in only
small percentages, caution should be used in interpreting results from the
reduced size test sample. Chance inclusion or exclusion of only one or two
particles in the selected sample may importantTy influence interpretation of the
characteristics of the field sample. In these cases, the entire field sample
should be tested.

2. SELECTION OF METHOD

2.1 Fine Aggregates - Field samples of fine aggregate that are drier than
the saturated-surface-dry condition shall be reduced in size by a mechanical
splitter according to Method A. Field samples having free moisture on the
particle surfaces may be reduced in size by quartering according to Method B, or
the entire field sample may be dried to at least the surface-dry condition, using
temperatures that do not exceed those specified for any of the tests
contemplated, and then reduced to test sample size using Method A.

2.1.1 Field samples of fine aggregate having free moisture on particle
surfaces may be reduced to testing size by treatment as a miniature stockpile as
described in Method C.

2.1.2 If a moist field sample is very large, a preliminary split may be
made using a mechanical splitter having wide chute openings 37.5 mm (1-1/2 in.)
or more to reduce the sample to not less than 5000 g, the portion so obtained is
then dried, and reduction to test sample size is completed using Method A.

Note 2 - The method of determining the saturated-surface-dry condition is
described in AASHTO T 84. As a quick approximation, if the fine aggregate will
retain its shape when molded in the hand, it may be considered to be wetter than
saturated-surface-dry.

2.2 Coarse Aggregate - Use"of a mechanical splitter in accordance with
Method A is preferred; otherwise the field sample shall be reduced by quartering
in accordance with Method B.
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3. FIELD SAMPLE SIZE

3.1 When gradation tests only are contemplated, the size of the field
sample shall conform to the requirements of AASHTO T 2. When additional tests
are to be conducted, the user shall satisfy himself that the initial size of the
field sample is adequate to accomplish all intended tests.

METHOD A - MECHANICAL SPLITTER
4. APPARATUS

4.1 Sample Splitter - Sample splitters shall have an even number of equal
width chutes, but not Tess than a total of eight for coarse aggregate, or twelve
for fine aggregate, which discharge alternately to each side of the splitter.
The minimum width of the individual chutes shall be approximately 50 percent
larger than the largest particles in the sample to be split. The splitter shall
be equipped with two receptacles to hold the two halves of the sample following
splitting. It shall also be equipped with a hopper or straightedged pan which
has a width equal to or slightly less than the over-all width of the assembly of
chutes, by which the sample may be fed at a controlled rate to the chutes. The
splitter and accessory equipment shall be so designed that the sample will flow
smoothly without restriction or loss of material (Fig. 1).

Note 3 - Mechanical splitters are commonly available in sizes adequate for
coarse aggregate having the largest particle not over 37.5 mm (1-1/2 in.). For
fine aggregate, a splitter having chutes 12.5 mm (1/2 in.) wide will be
satisfactory when the entire sample will pass a 9.5 mm (3/8 in.) sieve.

Note 4 ~ Mechanical splitters shall not be used for reducing samples of
asphaltic mixtures.

5. PROCEDURE

5.1 Place the field sample in the hopper or pan and uniformly distribute
it from edge to edge, so that when it is introduced into the chutes,
approximately equal amounts will flow through each chute. The rate at which the
sample is introduced shall be such as to allow free flowing through the chutes
into the receptacles below. Reintroduce the portion of the sample in one of the
receptacles into the splitter as many times as necessary to reduce the sample to
the size specified for the intended test. The portion of the material collected
in the other receptacle may be reserved for reduction in size for other tests.

HETHOD B - QUARTERING
6. APPARATUS
6.1 Apparatus shall consist of a straightedge scoop, shovel, or trowel;

a broom or brush; and a blanket made of canvas or other suitable material
approximately 2 by 2.5 m (6 by 8 ft).
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7. PROCEDURE

7.1 Use either the procedure described in 7.1.1. or 7.1.2 or a combination
of both.

7.1.1 Place the field sample on a hard, clean, level surface where there
will be neither loss of material nor the accidental addition of foreign material.
Mix the material thoroughly by turning the entire sample over three times. With
the last turning, shovel the entire sample into a conical pile by depositing each
shovelful on top of the preceding one. Carefully flatten the conical pile to a
uniform thickness and diameter by pressing down the apex with a shovel so that
each quarter sector of the resulting pile will contain the material originally
in it. The diameter should be approximately four to eight times the thickness.
Divide the flattened mass into four equal quarters with a shovel or trowel and
remove two diagonally opposite quarters, including all fine material, and brush
the cleared spaces clean. Successively mix and quarter the remaining material
until the sample is reduced to the desired size (Fig. 2).

7.1.2 As an alternative to the procedure described in 7.1.1 when the the
floor surface is uneven, the field sample may be placed on a canvas blanket and
mixed with a shovel as described in 7.1.1, or by alternately T1ifting each corner
of the canvas and pulling it over the sample toward the diagonally opposite
corner causing the material to be rolled. Flatten the pile as described in
7.1.1. Divide the sample as described in 7.1.1 or if the surface beneath the
blanket is uneven, insert a stick or pipe beneath the blanket and under the
center of the pile, then 1ift both ends of the stick, dividing the sample into
two equal parts. Remove the stick Teaving a fold of the blanket between the
divided portions. Insert the stick under the center of the pile at right angles
to the first division and again 1ift both ends of the stick, dividing the sample
into four equal parts. Remove two diagonally opposite quarters, being careful
to clean the fines from the blanket. Successively mix and quarter the remaining
material until the sample is reduced to the desired size (Fig. 3).

METHOD C - MINIATURE STOCKPILE SAMPLING
8. APPARATUS

8.1 Apparatus shall consist of either a small sampling thief, small scoop
or spoon of appropriate size for the size of test sample being obtained.

9. PROCEDURE

9.1 Place the entire field sample (meeting the minimum size requirements
for the material being reduced) on a hard, clean, level, non-absorbent surface.
Thoroughly mix the sample and spread the material out so as to form a miniature
stockpile not exceeding 75 mm (3 in.) in depth and having a diameter to height
ratio of approximately 5:1. Obtain sample for each test by selecting a minimum
of five increments and a maximum of eight increments of material at random
locations from the miniature stockpile, using any of the devices described in
8.1. -
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METHOD D - PAN SPLITTING

10. APPARATUS

16.1 Apparatus shall consist of a minimum of three square or rectangular
pans having a depth of at least 38 mm (1-1/2 in.).

11.  PROCEDURE

11.1 Thoroughly mix the sampie to be split and place in a pan to a uniform
depth. Place two empty pans side by side and dump the contents of the third pan
over the two empty pans so that approximately equal portions are obtained in each
of the two pans. Repeat this procedure as many times as necessary to obtain a
sample of the appropriate size for testing.
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Feed chute

At least
eight
openings

Riffle sample splitter

{a) Large riffle samplers for coarse aggregate.

Al least
twelve
openings
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NOTE—May be constructed as either closed or open type. Closed type is preferred.
{b) Smallriffle sampler for fine aggregate

Fig. 1. Sam'ple Splitters
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Cone sample on hard clean surface Quarter after flattening cone

Sample divided into quarters Retain opposite quarters
reject the other two quarters

Fig. 2. Quartering on a Hard, Clean, Level Surface

Mix by roling on blanket Form cone after mixing Quarter after tlattening cone

% -

Sample divided into guarters Retain opposite quarters
reject the other two
quariers

Fig. 3. Quaﬁer?ng on a Canvas Blanket
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Standard Method of Test for

Total Hoisture Content of Aggregate by Drying
WFLHD Designation: T 255-94 (Modified AASHTO T 255)

1. SCOPE

1.1 This method covers the determination of the percentage of evaporable
moisture in a sample of aggregate by drying.

1.2 This method may also be used to determine whether high drying
temperatures affect sieve analysis. If the operator determines by comparison
that high drying temperatures do not cause breakdown of particle size sufficient
to affect acceptance of the aggregates, high drying temperatures may be used for
sjeve analysis.

2. APPLICABLE DOCUMENTS
2.1 AASHTO Standards:
T 2 Sampling Aggregates
T 27 Sieve Analysis of Fine and Coarse Aggregate
T 84 Specific Gravity and Absorption of Fine Aggregate
T 85 Specific Gravity and Absorption of Coarse Aggregate
3. SIGNIFICANCE AND USE

3.1 This method is sufficiently accurate for usual purposes such as
adjusting baich weights of concrete. It will generally measure the moisture in
the test sample more reliably than the sample can be made to represent the
aggregate supply. In rare cases where the aggregate itself is altered by heat,
or where more refined measurement is required, the test may not be applicable or
will require modification.

4, APPARATUS

4.1 Balance - The balance shall conform to the requirements of AASHTO M
231 for the class of general purpose balance required for the principal sample
weight of the sample being tested.

4.2 Source of Heat - A suitable source of heat such as an electric or gas
hot plate, electric heat Tamps, or a ventilated oven capable of maintaining the
temperature surrounding the sample at 110 £ 5 € (230 £ 9 F).

4.3 Sample Container - A metal container not affected by the heat, and of
sufficient volume to contain the sample without danger of spilling, and of such
shape that the depth of sample will not exceed one fifth of the least lateral
dimension.

T255-1U Revised 12/1/94



Note 1 - Except for testing Targe sampies, an ordinary frying pan is suitable for
use with a hot plate, or any shallow flat-bottomed metal pan with heat Tamps or
oven.

4.4 Stirrer - A metal spoon or spatula of convenient size.

4.5 Sieves - Woven wire cloth sieves conforming to AASHTO M 92.

5. SAMPLING

5.1 Sampling shall generally be accomplished in accordance with AASHTO T
2.
6. SAMPLE

6.1 Secure a sample of the aggregate representative of the moisture
content in the supply being tested and, in the case of normal -weight aggregate,
weighing not Tless than the amount Tisted in Table 1.

7. PROCEDURE

7.1 Weigh the sample to the nearest 0.1 percent, avoiding the loss of
moisture to the extent possible.

7.2 Dry the sample thoroughly in the sample container by means of the
selected source of heat, exercising care to avoid loss of any particles. If a
source of heat other than the controlled temperature oven is used, stir the
sample during drying to accelerate the operation and avoid localized overheating.
The sample is thoroughly dry when further heating causes, or would cause, less
than 0.1 percent additional loss in weight.

7.3 Heigh the dried sample to the nearest 0.1 percent after it has cooled
sufficiently not to damage the balance.

7.4 To determine whether high drying temperatures affect sieve analysis
results, obtain a sample with a minimum mass of double that indicated in Table 1.
Split the moist sample in accordance with AASHTO T 248. Dry one split at a
maximum temperature of 110 C (230 F) and dry the other split at a minimum
temperature of 205 C (400 F).

7.5 In accordance with AASHTO T 27, sieve the dried sample splits through
nested sieves of the appropriate size for the material being tested and compare
the results. If there is no appreciable difference in the results, then higher
drying temperatures [greater than 110 C {230 F)] may be used for drying samples
used for sieve analysis.

Note 2 - Infrared heaters should be set up in an area free of drafts. This
will enable the operator to obtain temperatures from 110 C to 315 C (230 F to
approximately 600 F) by raising or lowering the heating unit on the adjustable
frame. If it is impractical to set the heater in a draft-free area, skirting the
heater with tin or other non-flammable material will prove satisfactory.
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Note 3 - When drying the aggregate, the use of a large pan or pans is
recommended. This will enable the operator to spread the sample in a thin 1ift;
also repeated stirring will speed the drying.

Note 4 - Using an 5 to 7 kg (11 to 15 1b.) sample and drying at 205 C
(400 F) plus, the sample will dry in one hour or less in most cases. A 500 to
700 g sampTe of 4.75 mm minus material dries in approximately 20 minutes.

Hote § - When using microwave ovens, try various power settings to
determine the highest setting which can be used without causing the aggregate to
break down. If breakdown occurs at all continuous power settings, try using the
pulsed power setting (Defrost/Reheat).

Tabie 1
Sample Size for Normal Weight Aggregate

Mass of
Nominal Size Max® Sample min.

m (in.) ~ kgP

6.3 (1/4)(sand) 0.5

9.5 (3/8) 1.5

12.5 (1/2) 2

i9.0 (3/4) 3

25.0 (1) 4

37.5 (1-1/2) 6

50 (2) 8

63 (2-1/2) 10

75 (3) 13

90 (3-1/2) 16

100 (8) 25

150 (6) 50
a Size of sieve upon which less than 10 percent will be retained
b To determine the minimum sample weight for Tlightweight

aggregate, multiply the value by the approximate dry loose
density (unit weight) of the aggregate in kg/m® and divide by
1600.

8. CALCULATION
8.1 Calculate total moisture content as follows:
p = 100(W - D)/D

Where: -

p = moisture content of sample, percent,

W = mass of original sample, g, and
D = mass of dried sample, g.
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8.2 Surface moisture content is equal to the difference between the total
moisture content and the absorption. Absorption may be determined in accordance
with AASHTO T 85, Test for Specific Gravity and Absorption of Coarse Aggregate,
or AASHTO T 84, Test for Specific Gravity and Absorption of Fine Aggregate.

9. PRECISION AND ACCURACY

9.1 Data are not available to develop a statement of precision and
accuracy. Since any size of sample above the minimum quantities given in Table 1
are permitted, it is believed that a meaningful statement is not possible.

9.2 For each particular application of this test method an indication of
the precision associated with the actual sample sizes and equipment utilized can
be developed by: (1) running tests on duplicate test portions taken from the
same sample or (2) taking duplicate samples representing the same Tot of
aggregate. Data on accuracy of the procedures used might also be developed by
adding a known quantity of water to a dry aggregate taking care that no water is
Tost prior te testing.
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Standard Method of Test for

Laboratory Determination of Moisture Content of Soils
WFLHD Designation: T 265-94 (Modified AASHTO T 265)

1. SCOPE

1.1 This method covers the laboratory defermination of the moisture
content of soil.

2. DEFINITION

2.1 Hoisture or HWater Content of a Soil - The ratio, expressed as a
percentage, of the weight of water in a given mass of soil to the weight of the
solid particles. Practical application is to determine the weight of water
removed by drying the moist soil to a constant weight in a drying oven controiled
at 110 + 5 C (230 £ 9 F) and to use this value as the weight of water in the
given soil mass. The weight of soil remaining after oven drying is used as the
weight of the solid particles.

3. APPARATUS

3.1 Drying Oven - Thermostatically controlled, preferably of the forced
draft type, capable of being heated continuously at a temperature of 110 + 5 €
(230 + 9 F).

3.2 Balance - The balance shall conform to the requirements of AASHTO
M 231, for the class of general purpose balance required for the principal sample
weight of the sample being prepared.

3.3 Containers - Suitable containers made of material resistant to
corrosion and not subject to change in weight or disintegration on repeated
heating and cooling. Containers shall have close fitting Tids to prevent loss
of moisture from samples before initial weighing and to prevent absorption of
meisture from the atmosphere following drying and before final weighing. One
container is needed for each moisture content determination.

4, TEST SAMPLE
4.1 Select a representative quantity of moist soil in the amount indicated

in the method of test. If no amount is indicated, the minimum weight of the
sample shall be in accordance with the following table:

Maximum Minimum Weight
Particle Size of Sample, g
425 pm (No. 40) 10
4.75 mm (No. 4) 100
12.5 mm (1/2 in.)} 300
25 mm (1 in.) - 500
50 mm (2 in. 1000
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5. PROCEDURE

5.1 Weigh a clean, dry container with its 1id, and place the moisture
content sample in the container. Replace the Tid immediately, and weigh the
container, including the 1id and the moist sample. Remove the 1id and place the
container with the moist sample in the drying oven maintained at a temperature
of 110 £ 5 C (230 + 9 F) and dry to a constant weight. Immediately upon removal
from the oven, place the 1id and allow the sample to cool to room temperature.
Weigh the container including the 1id and the dried sampie.

Note 1 - Checking every moisture content sample to determine that it is
dried to a constant weight is impractical. In most cases, drying of a moisture
content sample overnight (15 or 16 h) is sufficient. In cases where there is
doubt concerning the adequacy of overnight drying or results are required in less
time, drying should be continued until the weights after two successive periods
(30 min. minimum between weighings) of drying indicate no change in weight.
Samples of sand may often be dried to constant weight in a period of several
hours. Since dry soil may absorb moisture from wet samples, dried samples should
be removed before placing wet samples in the oven.

Note 2 - Oven drying at 110 + 5 ¢ (230 £ 9 F) does not result in reliable
moisture content values for soil containing gypsum or other minerals having
loosely bound water of hydration or for soil containing significant amounts of
organic material. Reliable moisture content values for these soils can be
obtained by drying in an oven at approximately 60 C (140 F), or by vacuum
desiccation at a pressure of approximately 10 mm Hg and at a temperature not
tower than 23 C (73 F).

Note 3 - A container without a 1id may be used provided the moist sample
is weighed immediately after being taken and providing the dried sample is
weighed immediately after being removed from the oven or after cooling in a
desiccator.

Note 4 - Moisture content samples should be discarded and should not be
used in any other tests.

6. CALCULATION
6.1 Calculate the moisture content of the soil as follows:
W= [(weight of moisture)/(weight of oven dry soil)] X 100
W= [(W - W)/, - ¥)] X 100

Where:

W = moisture content, %

W, = weight of container and moist soil, g

W, = weight of container and oven dried soil, g, and
W, = weight of container, g B
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