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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 epsilon (&) indicates an editorial change since the last revision or reapproval.

1. Seepe-Scope*

1.1 This test method covers the determination of instantaneous and mean values of the specific heat of rock and soil.

1.2 This test method employs the classical method of mixtares—TFhis—providesmixtures, which involve procedures and an
apparatus that are s1mpler than those gencrally used in sc1ent1ﬁc calorlmetry, but with an accuracy that is adequate for most rocks
and —soils. While this test method
was dcvelopcd for tcstmg rock and so1l it ts—easﬁy—adapta-b-}e—te—measuﬂﬂgcan be adapted t0 measure the specific heat of other
materials.

1.3 The testing procedure provides an instantaneous specific heat over the-temperature-temperatures ranging from 25 to 300°C
or a mean specific heat in that temperature range.

1.4 The test procedure is limited to dry samples-specimens of soil and rock.
1.5 Umts—The values stated in SI units are to be rcgarded as the standard. The—val-ues—g-rveﬁ—m—pafeﬂtheses—afe—mafhemaﬁea-}

...... No other units of measurements are

mcluded in this standard.

1.6 All observed and calculated values shall conform to the guidelines for significant digits and rounding established in Practice
D6026.

1.6.1 The procedure used to specify how data are collected/recorded or calculated in this standard are regarded as the industry
standard. In addition, they are representative of the significant digits that generally should be retained. The procedures used do not
consider material variation, purpose for obtaining the data, special purpose studies, or any considerations for the user’s objectives;
and it is common practice to increase or reduce significant digits of reported data to be commensurate with these considerations.
It is beyond the scope of this standard to consider significant digits used in analytical methods for engineering design

1.7 This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety and health practices and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents
2.1 ASTM Standards

D618 Practlce for Condltlomng Plastics for Testing
D653 Terminology Relating to Soil, Rock, and Contained Fluids

bB2766D3740 Test Method-for-Speetfie Heat-of Liquitds—and-SetlidsPractice for Minimum Requirements for Agencies Engaged

in Testing and/or Inspection of Soil and Rock as Used in Engineering Design and Construction

D6026 Practice for Using Significant Digits in Geotechnical Data

E122 Practice for Calculating Sample Size to Estimate, With Specified Precision, the Average for a Characteristic of a Lot or
Process

E23O Spec1ﬁcat10n and Tempcraturc Electromotlve Force (EMF) Tables for Standardized Thermocouples

! This test method is under the jurisdiction of ASTM Committee D18 on Soil and Rock and is the direct responsibility of Subcommittee D18.12 on Rock Mechanics.

Current edition approved Futy—+-2008May 1, 2016. Published Futy—2668May 2016. Originally approved in 1986. Last previous edition approved in 26642008 as
P46H—86(2604)-D4611 — 08. DOI: +6-1526/D46+-68:10.1520/D4611-16.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on the ASTM website.

*A Summary of Changes section appears at the end of this standard
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3. Terminology
3.1 For definitions of common technical terms used in this standard, refer to Terminology D653.

3.2 Definitions:
3.2.1 instantaneous specific heat—the rate of change of sample enthalpy, 4, per unit mass with respect to temperature, 7, at
constant pressure, p,

¢ = (8h/ST) 1)
4 P

J/kgK).

3.2.2 mean specific heat—the quantity of heat required to change the temperature of a unit mass of a substance one degree
measured as the average quantrty over the temperature range h m-trie—speeific

3.2. 3 thermal capacity—the amount of heat necessary to change the temperature of the body one degree—Fer—a—hemegeneeus
bedy—rt—rs—@gwme product of Fass . . )

and its spec1ﬁc heat (J/K)

3.2.4 thermal diffusivity—the ratio of thermal conductivity of a substance to the product of its density and specific heat:
Common unit-for this property-is mheat (n-/s./s).

3.3 Symbols:

3.3.1 AH—enthalpy change (J/kg).

3.3.2 (AH), _—enthalpy change of the calorimeter (J/kg).
3.3.3 m—mass (kg).
3.3.4 m, ,—mass of calorimeter (kg).

335 m 4p—INass of capsule (kg).
3.3.6 M
3.3.7 mc,—thermal capacity (J/K).

3.3.8 T,—final temperature of the mixture ebtained-by—extrapotation-(K).

3.3.9 T —temperature of the calorimeter immediately prior to drop ebtained-byextrapoetation—(K).

3.3.10 T,—temperature of capsule and sample;eapsule-or-standard-specimen in the heater prior to drop (K).

3.3.11 AT—temperature difference (K).

3.3.12 (AT), —temperature change of the calorimeter (K).

3.3.13 e%(c_,)s..—mean specific heat of the specimen (J/kgK).
3.3.14 e(c,),..—instantaneous specific heat of the specimen (J/kgK).

—mass of the specimen (kg).

3.3.15 (c,).,—instantaneous specific heat of the calorimeter (J/kgK).

3.3.16 ( c},) ,,‘,,—instantaneous specific heat of the capsule (J/kgK).

4. Summary of Test Method

4.1 The method of mixtures consists essentially of adding a known mass of material at a known temperature to a known mass
of calorimetric fluid at a known lower temperature and determining the equilibrium temperature that results. The heat absorbed
by the fluid and containing vessel can be calculated from calibrations and this value equated to the expression for the heat given
up by the hot material. From this equation, the unknown specific heat can be calculated. If only one drop from a single temperature
is performed, then only the mean specific heat can be calculated. If several drops are performed, the instantaneous specific heat
can be calculated.

5. Significance and Use

5.1 Specific heat is a basic thermodynamic property of all substances. The value of specific heat depends upon chemical or
mineralogical composition and temperature. The rate of temperature diffusion through a material, thermal diffusivity, is a function
of specific heat; therefore, specific heat is an essential property of rock and soil when these materials are used under conditions
of unsteady or transient heat flow.

Note 1—The quality of the result produced by this standard is dependent on the competence of the personnel performing it, and the suitability of the
equipment and facilities used. Agencies that meet the criteria of Practice D3740 are generally considered capable of competent and objective
testing/sampling/inspection/etctesting. Users of this standard are cautioned that compliance with Practice D3740 does not in itself assure reliable results.
Reliable results depend on many factors; Practice D3740 provides a means of evaluating some of those factors.
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6. Apparatus

6.1 Eatorimeter-and-Accessories—Calorimeter—The calorimeter shall be an unlagged Pewarvacuum flask. The capacity of the
Pewarvacuum flask shall be such as to yield a 1 to 5 K temperature rise of the recelver fluid W1th average sample 51ze used durlng
testing (Note +2). The flask shall have an insulated cover or stopper.-Oth d g g

with-a—speed-regulating-device:

Note 2—Typical volumes of vacuum flasks used for this type of measurement are approximately 500 to 750 mL withfor rock or soil samples of 50
g in thin—wak-thin-wall copper or stainless steel eentatners-capsules.

6.2 Magnetic stirrer equipped with a speed regulating device.

6.3 Calorimeter Temperature-Sensing Device—A temperature-sensing device eapabte-with a minimum resolution of 0.0025 K

resotution-and-covering-a-minimum-of S Krange-and an accuracy of £0.5 % and capable of measuring a change in temperature
of at least 5 K shall be used.

Norte 3—A suitable temperature sensor is a multijunction thermopile typically referenced to an ice bath.
6.4 Calorimeter Fluid—The calorimeter fluid shoutdshall be a high specific heat fluid, stable to 256520 to 386°€-570 K and
having a low vapor pressure. Silicone-based-fluids-are-frequentlyused:

Note 4—Silicone based fluids have been found to meet this requirement.

6.5 Heater—The heater shall be designed to provide a uniform heating zone. A maximum variation of =1 % of the mean heater
temperature along the heater length corresponding to the sample is permitted.

Note 5—Typically, open-end radiation type heaters similar to the cylindrical device shown in Fig. 1 are used. Such heaters are usually heated by
electricity; however, other means of heating are acceptable as long as the requirements for the heater can be met. The relative dimensions of the heater
and capsule shall be such that the specimen will be heated to a uniform and constant temperature as required. The heater should be provided with an
insulated removable cover designed to permit passage of sample capsule temperature sensing devices and suspension wire. The bottom should be closed
with a removable insulated cover to permit free dropping of the capsule. Typically, the heater assembly is mounted so it can be swung quickly into place
over the calorimeter immediately prior to drop and swung away after the sample has been dropped.

6.6 Capsule—The capsule shall be of the hermetically sealed type. The capsule heat capacity shewldshall be minimized and in
no instance shouldshall be greater than the heat capacity of the sample. The capsule shotuldshall be made of high conductivity
material. Typically, capsules are thin wall copper or stainless steel containers.

6.7 Specimen Temperature Readout Device—A convenient method of measuring the temperature of the sample in the heater unit
shall be provided. It is desirable to measure the sample temperature inside the eentainer;capsule; however, measuring of the outside
of the eontatnercapsule is permitted. Typically, a thermocouple calibrated to the special limits of error specified in EMF Tables
E230 is used for sample temperature readout. The temperature shall be measured to =1 % of the test temperature.

6.8 Test Room—The room temperature in which the tests are conducted shall be maintained at 23296 * 2°€-2 K.
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