QH”) Designation: D 4944 — 98

Standard Test Method for
Field Determination of Water (Moisture) Content of Soil by
the Calcium Carbide Gas Pressure Tester Method *

This standard is issued under the fixed designation D 4944; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.

1. Scope * priate safety and health practices and determine the applica-

1.1 This test method outlines procedures for determining th&ility of regulatory limitations prior to use. For specific
water (moisture) content of soil by chemical reaction usingh@zards statementsee Section 7.
calcium carbide as a reagent to react with the available watef oo torenced Documents
in the soil producing a gas. A measurement is made of the gas
pressure produced when a specified mass of wet or moist soil 2-1 ASTM Standards: _ _
is placed in a testing device with an appropriate volume of D 653 Terminology Relating to Soil, Rock, and Contained

reagent and mixed. Fluids® o
1.2 This test method is not intended as a replacement for D 2216 Test Method for Laboratory Determination of Water
Test Method D 2216; but as a supplement when rapid results _(Moisture) Content of Soil and Roﬁk _
are required, when testing is done in field locations, or where E 11 Specification for Wire-Cloth Sieves for Testing Pur-
an oven is not practical for use. Test Method D 2216 is to be poses
used as the test method to compare for accuracy checks a@d
correction. '
1.3 This test method is applicable for most soils. Calcium
carbide, used as a reagent, reacts with water as it is mixed witl?
the soil by shaking and agitating with the aid of steel balls in,_ Summary of Test Method
the apparatus. To produce accurate results, the reagent must . S
react with all the water which is not chemically hydrated with 4.1 Ameasureq volume of C"?"C'“m ca(blde, In €Xcess of that
soil minerals or compounds in the soil. Some highly p|asticneeded to react with the water, is placed in the testing apparatus

clay soils or other soils not friable enough to break up may no long with two steel balls and a representative specimen of soil

produce representative results because some of the water m ?,vmg all particles smaller than the No. 4 sieve size and having

be trapped inside soil clods or clumps which cannot come i Mass equal to.that specified by the manufacturgr of the
contact with the reagent. There may be some soils containin strument or equipment. The apparatus is shaken vigorously
certain compounds or chemicals that will react unpredictabl)} ”arzotatlngl rE:)tlon SO the ﬁaIC|ur|r1 Zarbldle reagent' can %onta(cj:t
with the reagent and give erroneous results. Any such problelﬂ the avallable water in the soil. _cety ene gas Is produce
will become evident as calibration or check tests with TesProportionally to the amount of available water present. The
Method D 2216 are made. Some soils containing compound'%l,pparent water content Is ree}d from a pressure gage on the
or minerals that dehydrate with heat (such as gypsum) whicAPParatus pahbra‘@d to read in percent water content for the
are to have special temperature control with Test Method"3SS of so!l spgufled. . .
D 2216 may not be affected (dehydrated) in this test method. 4.2 A_callbratlon curveis developed for each instrument and
1.4 This test method is limited to using calcium carbideeaCh soil type by plotpng the pressure gage reading and_ the
moisture test equipment made for 20 g, or larger, soil Speci\_/vater content determined from Test Method D 2216 using

mens and to testing soil which contains particles no larger thaffPresentative specimens of the soil. The calibration curve is
the No. 4 Standard sieve size. used to determine a corrected water content value for subse-

1.5 This standard does not purport to address all of theguent tests on the same type of soil.
safety concerns, if any, assqciated with its use. It is they Significance and Use
responsibility of the user of this standard to establish appro-

Terminology

3.1 Definitions of terms used in this test method can be
und in Terminology D 653.

5.1 The water content of soil is used throughout geotechni-
cal engineering practice, both in the laboratory and in the field.

Results are sometimes needed within a short time period and in
1 This test method is under the jurisdiction of ASTM Committee D-18 on Soil
and Rock and is the direct responsibility of Subcommittee D18.08 on Special and
Construction Control Tests. -
Current edition approved May 10, 1998. Published January 1999. Last previous 2 Annual Book of ASTM Standardéyl 04.08.
edition D 4944 — 89 (1994). 2 Annual Book of ASTM Standardgl 14.02.

*A Summary of Changes section appears at the end of this standard.
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locations where it is not practical to install an oven or tolids, to store it in a dry place, to keep the lid on the container

transport samples to an oven. This test method is used for theag all times except when measuring out a portion for use in a

occasions. test, and to use a complete container before opening a new one.
5.2 The results of this test have been used for field controCalcium carbide quality will deteriorate with time after it

of compacted embankments or other earth structures such asbecomes exposed to the atmosphere or any source of moisture.

the determination of water content for control of soil moisturePeriodic purchase of a new supply is recommended.

and dry density within a specified range. 6.7 Miscellaneous Clothing or Safety Equipmestich as
5.3 This test method requires specimens consisting of sogoggles to protect the operator (see 7.2).
having all particles smaller than the No. 4 sieve size. 6.8 Equipment,as listed in Test Method D 2216, for per-

5.4 This test method may not be as accurate as othdorming comparison tests to make calibration curves.
accepted methods such as Test Method D 2216. Inaccuracieﬁ\‘ G . )

. ote 1—Calibration kits are available from manufacturers for testing
may result because_ specimens are t°_° small to. pmperlyasket leakage and for calibrating the gage. Periodic checks for gasket
represent the total soil, from clumps of soil not breaking up tQeakage are recommended. The gasket should be changed when leakage is
expose all the available water to the reagent and from othejuspected. Gage calibration problems can usually be detected as the
inherent procedural, equipment or process inaccuracies. Therestrument calibration curves are made (see Section 8). When the gage
fore, other methods may be more appropriate when highweeds adjusting, any good quality calibrating gage can be used.
accurate results are required, or when the use of test results.ﬁ Safety Hazards

sensitive to minor variations in the values obtained. ] ) ) )
7.1 When combined with water, the calcium carbide reagent
6. Apparatus produces a highly flammable or explosive acetylene gas.

6.1 Calcium Carbide Pressure Tester Sgtcluding testing Testing should not be carried out in confined spaces or in the

chamber with attached pressure gage and a set of tar&(finity of an open flame, embers or other source of heat that
balances), for water content testing of specimens having a maS&n cause combustion. Care should be exercised when releas-
of at least 20 g, (10 g for the half measure required for wettef9 the gas from the apparatus to direct it away from the body.
specimens). Testers that use a smaller mass are available, bighted cigarettes, hot objects or open flames are extremely
are considered too inaccurate for this standard. The testirfg@@ngerous in the area of testing.

chamber with pressure gage and the balances are calibrated ad-2 AS an added precaution, the operator should use a dust
a set (see Section 8). A typical apparatus is shown in Fig. 1.M@sk, clothing with long sleeves, gloves and goggles to keep

6.2 Small Scoopfor measuring reagent. the reagent from irritating the eyes, respiratory system, or
6.3 Two Steel Balls(manufacturer supplied). hands and arms.

6.4 Brush and Cloth,for cleaning and other incidental 7.3 A.ttempts to test excessjvely wet soils orimp.roper use of
items. the equipment, such as adding water to the testing chamber,

6.5 SieveNo. 4 (4.75 mm), conforming to the requirements could cause pressures to exceed the safe level for the apparatus.
of Specification E 11. ’ his may cause damage to the equipment and an unsafe

6.6 Calcium Carbide Reagenfinely pulverized, of a grade condition for the operator. . o
that will readily combine with the available sample moisture /-4 Care should be taken not to dispose or place a significant
and is capable of producing acetylene gas in the amount of &mount of the calcium carbide reagent where it may contact
least 0.14 cubic meters/kg (2.25 cu fi/lb). It is best to purchas¥/ater because it will produce an explosive gas.

calcium carbide in small containers with air tight replaceable& Calibration

8.1 The manufacturer-supplied equipment set, including the
testing chamber with attached gage and the balance scales, are
calibrated as a unit and paired together for the testing proce-
dure.

8.2 Calibration curves must be developed for each equip-
ment set using the general soil types to be tested and the
expected water content range of the soil. As new materials are
introduced, further calibration is needed to extend the curve
data for the specific instrument. If tests are made over a long
period of time on the same soil, a new calibration curve should
be made periodically, not exceeding 12 months. Before a new
batch of reagent is used for testing, two checkpoints shall be
compared to the existing curve. If variation is exceeded by
more than 1.0 % of moisture, a new calibration curve shall be
established.

8.3 Calibration curves are produced by selecting several
samples representing the range of soil materials to be tested
FIG. 1 Typical Calcium Carbide Gas Pressure Test Apparatus for and having a relatively wide range of water content. Each

Water Content of Soil sample is carefully divided into two specimens by quartering
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procedures or use of a sample splitter. Taking care to not lossoil. Extra care must be exercised to select specimens that are
any moisture, one specimen is tested in accordance with thepresentative of the soil.
procedure of this test method (see 10.1-10.6) without using a 9.3 Specimens are to contain only soil particles smaller than
calibration curve, and the other specimen is tested in accothe No. 4 Standard sieve size.
dance with Test Method D 2216.

8.4 The results of the oven dry water content determined byt0. Procedure
Test Method D 2216 from all the selected samples are plotted 10.1 Remove the cap from the testing chamber of the
versus the gage reading from the calcium carbide tester for thgpparatus and place the recommended amount of calcium
corresponding test specimen pair. A best fit curve is plotte@arbide reagent along with the two steel balls into the testing
through the points to form a calibration curve for each soilchamber. Most equipment built to test 20-g samples requires
type. Comparisons should be relatively consistent. A wideapproximately 22 g of reagent (measured using the supplied
scatter in data indicates that either this test method or Tesicoop, which is filled two times).

Method D 2216 is not applicable to the soil or conditions. Fig. 10.2 Use the balance to obtain a specimen of soil that has a
2 shows a typical calibration curve. mass recommended for the equipment and contains particles
8.5 A comparison of this test method with Test Methodsmaller than the No. 4 sieve size. One-half specimen size
D 2216 for a given soil can be made by using the calibratiorshould be used when the water content is expected to exceed
curve. Points that plot off the curve indicate deviations.the limits of the gage on the gas pressure chamber or when it
Standard and maximum deviations can be determined ictually reaches or exceeds the gage limitin any test (see 10.6).
desired. 10.3 Place the soil specimen in the testing chamber cap;
then, with the apparatus in the horizontal position, insert the

9. Sampling cap in the testing chamber and tighten the clamp to seal the cap

9.1 For water content testing being done in conjunction withy, the ynit. Take care that no calcium carbide comes in contact
another method (such as Test Method D 2216), the requirgyith the soil until a complete seal is achieved.

ments for sample and test specimen selection and handling in
the Other Standard Sha” govern Note 2—The soil SpeCimen may be placed in the chamber with the

9.2 Equipment limitations require the use of specimeng?lcium carbide in the cap if desired.
smaller than is recommended to properly represent the total 10.4 Raise the apparatus to the vertical (upright) position so
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that the contents of the cap fall into the testing chamber. Strikby touch). This may require warming the instrument up to
the side of the apparatus with an open hand to assure that all tisalibration temperature before use when the temperature is
material falls out of the cap. cold.

10.5 Shake the apparatus vigorously with a rotating motion 10.10 Discard the specimen where it will not contact water
so that the steel balls roll around the inside circumference andnd produce an explosive gas. It is recommended that the
impact a grinding effect on the soil and reagent. This motiorspecimen soil not be used for further testing as it is contami-
also prevents the steel balls from striking the orifice that leadsated with the reagent.
to the pressure gage. Shake the apparatus for at least 1 min fﬂ Report
sands, increasing the time for silts, and up to 3 min for clays. o )
Some highly plastic clay soils may take more than 3 min. 11.1 Reportthe following information:
Periodically check the progress of the needle on the pressure 11-1.1 Tést number assigned and identification of the
gage dial. Allow time for the needle to stabilize as the heaf2MPple by location (segment of the project, station, elevation,
from the chemical reaction is dissipated. zone or feature) and by classification or description of the

10.6 When the pressure gage dial needle stops moving, redgaterial. o
the dial while holding the apparatus in the horizontal position. 11-1.2 Apparatus identification by number. _ _
If the dial goes to the limit of the gage, 10.1-10.6 should be 11.1.3 Specimen mass and final pressure gage dial reading
repeated using a new specimen having a mass half as large &M the apparatus, and .
the recommended specimen. When a half size specimen is 1.1.4 Water content of the sample (from the calibration
used, the final dial reading is multiplied by two for use with the CUrve) to the nearest 1 %.
calibration curve. 12. Precision and Bias

10.7 Record the final pressure gage dial reading and use the5 1 The precision of this test method has not been deter-

appropriate calibration curve to determine the corrected wat€hined. Limited data are being evaluated to determine the

content in percent of dry mass of soil and record. recision of this test method. Subcommittee D18.08 is seeking
10.8 With the cap of the testing chamber pointed away fro”gertinent data from users of this test method.

the operator, slowly release the gas pressure (see Section 7)1 5 There is no accepted reference value for this test

Empty the chamber and examine the specimen for lumps. If thg, o t,4- therefore, bias cannot be determined. Deviations from

material is not completely pulverized, the test should beregt pethod D 2216 can be determined from calibration curves
repeated using a new specimen. (see 8.5).

10.9 Clean the testing chamber and cap with a brush or clot
and allow the apparatus to cool before performing another test3. Keywords
Repeated tests can cause the apparatus to heat up which will13.1 acceptance test; calcium carbide; gas pressure; mois-
affect the results of the test. The apparatus should be at abouire content; pressure-measuring instrument; quick test; soil
the same temperature as it was during calibration (determinemhoisture; soil water content; water content

SUMMARY OF CHANGES

(1) Changes to Sections 4.1, 6.6 and 8.2 to reflect that calciuno obtain. These changes modify the reagent specifications to
carbide particle size, while significant, is not nearly as impor-allow the use of more commonly available calcium carbide.

tant as completely reacting all of the available moisture in theThe changes in the Calibration section reflect that different
sample with the reagent. The particle size specification wapatches of calcium carbide may react at differing rates affecting
inappropriately focused on size, rather than gas output. Thge test results.

particle size specified also made the reagent costly and difficult
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