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Introduction

Chapter 3 presented the conventional oven method for determining moisture content of soil. That method has been used for many years in soils laboratories everywhere. It has one disadvantage, however; the time required to completely dry a soil sample in a conventional oven can be rather lengthy, while an assessment of moisture content may be needed quickly.

Soil can be dried faster in a modern microwave oven, and in 1987 ASTM published for the first time a standard test method (D 4643-87) for determining moisture content of soil using a microwave oven. This method is much quicker than the conventional oven method and has been found to give reliable results for most soil types. (The method may not give reliable results for (1) soils containing significant amounts of mica, gypsum, halloysite, montmorillonite, or other hydrated materials; (2) highly organic soils; or (3) soils in which the pore water contains dissolved solids.)

The microwave oven method generally gives results comparable to those obtained using conventional ovens, but ASTM states that if there are questions of accuracy between the two methods, the conventional oven method shall be the referee method. Furthermore, the microwave oven method is intended not as a replacement for the conventional oven method, but rather as a supplement when rapid results are needed to expedite other phases of testing.

In using microwave ovens for drying, care must be exercised to ensure that soil is not overheated, thereby causing a spuriously high reading of moisture content. To avoid this happening, the method presented uses an incremental drying procedure. Using microwave ovens having settings at less than full power can also be helpful in reducing overheating.

It should also be noted that when soil is subjected to microwave energy, its behavior depends on its mineralogical composition. Therefore, no one procedure is applicable to all types of soil. The procedure discussed in this chapter serves only as a guide when using microwave ovens to determine moisture content of soils.

Microwave oven (preferably with a vented chamber and variable power controls; input power ratings of 700 W are adequate)

Balance (with accuracy of 0.01 g)

Containers (must be suitable for microwave ovens—i.e., nonmetallic and resistant to sudden and extreme temperature change; porcelain, glass, and even paper containers are generally satisfactory)

Glove or potholder

Desiccator (a cabinet or jar of suitable size containing silica gel, anhydrous calcium phosphate, or equivalent)

Heat sink (a material or liquid placed in the microwave to absorb energy after the moisture has been driven from the test specimen; the heat sink reduces the possibility of overheating the specimen and damage to the oven; glass beakers filled with water and materials that have a boiling point above water, such as nonflammable oils, have been used successfully; moistened bricks have also been used)

Stirring tools (spatulas, putty knives, and glass rods for cutting and stirring the test specimen before and during the test; short lengths of glass rods have been found useful for stirring and may be left in the specimen container during testing, reducing the possibility of specimen loss due to adhesion to the stirring tool)

(1) Handle hot containers with a container holder. Some soil types can retain considerable heat, and serious burns could result from improper handling.

(2) Suitable eye protection is recommended due to the possibility of particle shattering during the heating, mixing, or mass determinations.

(3) Safety precautions supplied by the manufacturer of the microwave should be observed. Particular attention should be paid to keeping the door sealing gasket clean and in good working condition.

Note 1—The use of a microwave oven for the drying of soils may be considered abusive by the manufacturers and constitute voiding of warranties. Microwave drying of soils containing metallic materials may cause arcing in the oven. Highly organic soils and soils containing oils and coal may ignite and burn during microwave drying. Continued operation of the oven after the soil has reached constant weight may also cause damage or premature failure of the microwave oven.

Note 2—When first introduced, microwave ovens were reported to affect heart pacemakers, primarily because of the operating frequencies of the two devices. Since that time, pacemakers have been redesigned, and the microwave oven is not regarded as the health hazard it once was. However, it is advisable to post warnings that a microwave is in use.

(4) Highly organic soils and soils containing oil or other contaminants may ignite into flames during microwave drying. Means for smothering flames to prevent operator injury or oven damage should be available during testing. Fumes given off from contaminated soils or wastes may be toxic, and the oven should be vented accordingly.

(5) Due to the possibility of steam explosions, or thermal stress shattering porous or brittle aggregates, a covering over the sample container may be appropriate to prevent operator injury or oven damage. A cover of heavy paper toweling has been found satisfactory for this purpose. This also prevents scattering of the test sample in the oven during the drying cycle.

(6) Do not use metallic containers in a microwave oven because arcing and oven damage may result.

(7) Observe manufacturer’s operating instructions when installing and using the oven.

(8) The placement of the test specimen directly on the glass liner tray provided with some ovens is strongly discouraged. The concentrated heating of the specimen may result in the glass tray shattering, possibly causing injury to the operator.

A representative sample of the moist soil to be tested should be taken in an amount as indicated in Table 4–1. If cohesive soil samples are tested, break them to approximately 1_4-in. (6-mm) particles in order to speed drying and prevent overheating of the surface while drying the interior.

Table 4–1  Test Specimen Masses [1]


Sieve Retaining Not More Than
Recommended Mass of

about 10% of Sample
Moist Specimen, g


2.0 mm (No. 10)
100 to 200


4.75 mm (No. 4)
300 to 500


19 mm (3_4 in.)
500 to 1,000

The procedure for finding moisture content using microwave ovens is virtually the same as that given in Chapter 3 for conventional ovens, except for the manner in which soil specimens are dried.

The actual step-by-step procedure is as follows (ASTM D 4643-00[1]):

(1) Determine the mass of a clean, dry container or dish, and record.

(2) Place the soil specimen in the container, and immediately determine and record the mass.

(3) Place the soil and container in a microwave oven with the heat sink and turn the oven on for 3 min. If experience with a particular soil type and specimen size indicates shorter or longer initial drying times can be used without overheating, the initial and subsequent drying times may be adjusted.

Note 3—The 3-min initial setting is for a minimum sample mass of 100 g, as indicated in Table 4–1. Smaller samples are not recommended when using the microwave oven because drying may be too rapid for proper control. When very large samples are needed to represent soil containing large gravel particles, the sample may need to be split into segments and dried separately to obtain the dry mass of the total sample.

Note 4—Most ovens have a variable power setting. For the majority of soils tested, a setting of “high” should be satisfactory; however, for some soils such a setting may be too severe. The proper setting can be determined only through the use of and experience with a particular oven for various soil types and sample sizes. The energy output of microwave ovens may decrease with age and usage; therefore, power settings and drying times should be established for each oven.

(4) After the set time has elapsed, remove the container and soil from the oven, either weigh the specimen immediately, or place in desiccator to cool to allow handling and to prevent damage to the balance. Determine and record the mass.

(5) With a small spatula, knife, or short length of glass rod, carefully mix the soil, taking special precaution not to lose any soil.

(6) Return the container and soil to the oven and reheat in the oven for 1 min.

(7) Repeat (4) through (6), until the change between two consecutive mass determinations would have an insignificant effect on the calculated moisture content. A change of 0.1% or less of the initial wet mass of the soil should be acceptable for most specimens.

(8) Use the final mass determination in calculating the water content. Obtain this value immediately after the heating cycle, or, if the mass determination is to be delayed, after cooling in desiccator.

(9) When routine testing of similar soils is contemplated, the drying times and number of cycles may be standardized for each oven. When standardized drying times and cycles are utilized, periodic verification to assure that the results of the final dry mass determination are equivalent to the procedure in (7) should be performed.

Note 5—Incremental heating, together with stirring, will minimize overheating and localized drying of the soil, thereby yielding results more consistent with results obtained by Method D 2216. The recommended time increments have been suitable for most specimens having particles smaller than a No. 4 sieve and with a mass of approximately 200 g; however, they may not be appropriate for all soils and ovens, and adjustment may be necessary.

Note 6—Water content specimens should be discarded after testing and not used in any other tests due to particle breakdown, chemical changes or losses, melting, or losses of organic constituencies.

Inasmuch as the microwave oven method for determining moisture content differs from the conventional oven method only in the manner in which soil specimens are dried, data collected are the same as indicated in Chapter 3.

See Chapter 3.

See Chapter 3.

[1]  ASTM, 2001 Annual Book of ASTM Standards, West Conshohocken, PA, 2001. Copyright, American Society for Testing and Materials, 
100 Barr Harbor Drive, West Conshohocken, PA 19428-2959. Reprinted with permission.##
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