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Introduction

In general, the term specific gravity is defined as the ratio of the mass of a given volume of material to the mass of an equal volume of water. In effect, it tells how much the material is heavier (or lighter) than water. The particular geotechnical term specific gravity of soil actually denotes the specific gravity of the solid matter of the soil and refers, therefore, to the ratio of the mass of solid matter of a given soil sample to the mass of an equal volume (i.e., equal to the volume of the solid matter) of water. Alternatively, specific gravity of soil may be defined as the ratio of the unit mass of solids (mass of solids divided by volume of solids) in the soil to the unit mass of water. In equation form,


(5–1)

where:


Gs 5 specific gravity of soil (dimensionless)


Ms 5 mass of solids, g


Vs 5 volume of solids, cm3

rw 5 unit mass (mass density) of water (1 g/cm3)

The method given in this chapter covers determination of specific gravity of soils that pass the 4.75-mm (No. 4) sieve, using a pycnometer. When the soil contains particles larger than the 4.75-mm sieve, ASTM Test Method C 127 shall be used for the material retained on the 4.75-mm sieve and this test method shall be used for the material passing the 4.75-mm sieve. When the specific gravity value is to be used in calculations in connection with the hydrometer portion of ASTM Test Method D 422 (Chapter 9), it is intended that the specific gravity test be made on the portion of the sample that passes the 2.00-mm (No. 10) sieve. [1]

Pycnometer (volumetric flask), with a minimum capacity of 250 mL, preferably with a volume of 500 mL; the volume of the pycnometer must be two to three times greater than the volume of the soil-water mixture used during the deairing portion of the test (see Figure 5–1)

Balance (with accuracy to 0.01 g)

Thermometer

Desiccator

Drying oven

Vacuum pump

Evaporating dish

Spatula

Mechanically operated stirring device (malt mixer) (see Figure 5–1)

Large beaker

Distilled water is used in this test method. This water may be purchased and is readily available at most grocery stores; hereafter, distilled water will be referred to as water.

One parameter that is required in order to compute the specific gravity of soil is the mass of the pycnometer when filled with water, Mpw. The value of Mpw is not constant; it varies slightly as a function of water temperature (for the same volume of water). Furthermore, Mpw must be known at a temperature that equals the temperature of the same pycnometer when filled later with a mixture of water and soil sample. The value of Mpw at any desired temperature can be obtained by proper calibration of the pycnometer. The following procedure may be used to calibrate the device:

1. The pycnometer must be cleaned and dried, and its mass (Mp) determined and recorded.

2. The pycnometer is then filled with water that is approximately at room temperature, and the mass of the pycnometer plus water, Mpw, is accurately determined and recorded.

3. The water temperature Ti must be determined (and recorded) to the nearest 0.1°C (0.2°F) by inserting a thermometer in the water.

4. The value of Mpw can then be computed for any other water temperature, Tx, from the equation [1]

(5–2)

where:


Mpw 5 mass of pycnometer and water, g


Mp 5 mass of pycnometer, g


Ti 5 observed temperature of water, °C


Tx 5 any other desired temperature, °C

The required densities of water may be obtained from Table 5–1.

If many determinations of specific gravity are to be made using a particular pycnometer, it would be helpful to prepare a table (or graph) from which values of Mpw could be read for any desired water temperatures. Such tables (or graphs) can be developed by using Eq. (5–2) to determine values of Mpw corresponding to a sufficient number of different temperatures Tx.

(1) The test specimen may be moist or oven-dry soil and shall be representative of the soil solids that passes the U.S. Standard No. 4 sieve in the total sample. Table 5–2 gives guidelines on recommended dry soil mass versus soil type and pycnometer size.

(1.1) Two important factors concerning the amount of soil solids being tested are as follows. First, the mass of the soil solids divided by its specific gravity will yield four-significant digits. Secondly, the mixture of soil solids and water is a slurry not a highly viscous fluid (thick paint) during the deairing process.

The initial step of the procedure is to put the soil sample in a pycnometer, which is then filled with water, taking care to eliminate air bubbles (by methods described in detail shortly). The next step is to determine the mass of the pycnometer when filled with water and soil, Mpws, and then measure the temperature of the soil-and-water mixture. If samples containing natural moisture content are used, the soil-and-water mixture must be poured onto an evaporating dish and then dried in an oven to determine the mass of solids, Ms. With the temperature of the soil-and-water mixture known, the mass of the pycnometer when filled with water, Mpw, can be found from the calibration of the pycnometer. With these data now known, the specific gravity of soil can be computed by dividing the mass of solids, Ms, by the mass of an equal volume of water, Ms 1 Mpw 2 Mpws.

The actual step-by-step procedure is as follows (ASTM D 854-00 [1]):

(1) Pycnometer Mass—Using the same balance used to calibrate the pycnometer, verify that the mass of the pycnometer is within 0.06 g of the average calibrated mass. If it is not, re-calibrate the dry mass of the pycnometer.

(2) Method A—Procedure for Moist Specimens:

(2.1) Determine the water content of a portion of the sample in accordance with Test Method D 2216. Using this water content, calculate the range of wet masses for the specific gravity specimen in accordance with No. (1) under the Section “Test Specimen.” From the sample, obtain a specimen within this range. Do not sample to obtain an exact predetermined mass.

(2.2) Disperse the soil using a blender or equivalent device to disperse the soil. Add the soil to about 100 mL of water. The minimum volume of slurry that can be prepared by this equipment will typically require using a 500-mL pycnometer.

(2.3) Using the funnel, pour the slurry into the pycnometer. Rinse any soil particles remaining on the funnel into the pycnometer using a wash/spray squirt bottle.

(2.4) Proceed as described in (4).

(3) Method B—Procedure for Oven-Dried Specimens:

(3.1) Dry the specimen to a constant mass in an oven maintained at 110 6 5°C. Break up any clods of soil using a mortar and pestle. If the soil will not easily disperse after drying or has changed composition, use Test Method A. [Method A shall be used for organic soils; highly plastic soils; fine grained soils; tropical soils; and soils containing halloysite.]

(3.2) Place the funnel into the pycnometer. The stem of the funnel must extend past the calibration mark or stopper seal. Spoon the soil solids directly into the funnel. Rinse any soil particles remaining on the funnel into the pycnometer using a wash/spray squirt bottle.

(4) Preparing the Soil Slurry—Add water until the water level is between 1_3 and 1_2 of the depth of the main body of the pycnometer. Agitate the water until slurry is formed. Rinse any soil adhering to the pycnometer into the slurry.

(4.1) If slurry is not formed, but a viscous paste, use a pycnometer having a larger volume. See No. (1.1) under the Section “Test Specimen.”

Note 1—For some soils containing a significant fraction of organic matter, kerosene is a better wetting agent than water and may be used in place of water for oven-dried specimens. If kerosene is used, the entrapped air should only be removed by use of an aspirator. Kerosene is a flammable liquid that must be used with extreme caution.

(5) Deairing the Soil Slurry—Entrapped air in the soil slurry can be removed using either heat (boiling), vacuum or combining heat and vacuum.

(5.1) When using the heat-only  method (boiling), use a duration of at least 2 h after the soil-water mixture comes to a full boil. Use only enough heat to keep the slurry boiling. Agitate the slurry as necessary to prevent any soil from sticking to or drying onto the glass above the slurry surface.

(5.2) If only a vacuum is used, the pycnometer must be continually agitated under vacuum for at least 2 h. Continually agitated means the silt/clay soil solids will remain in suspension, and the slurry is in constant motion. The vacuum must remain relatively constant and be sufficient to cause bubbling at the beginning of the deairing process.

(5.3) If a combination of heat and vacuum is used, the pycnometers can be placed in a warm water bath (not more than 40°C) while applying the vacuum. The water level in the bath should be slightly below the water level in the pycnometer. If the pycnometer glass becomes hot, the soil will typically stick to or dry onto the glass. The duration of vacuum and heat must be at least 1 h after the initiation of boiling. During the process, the slurry should be agitated as necessary to maintain boiling and prevent soil from drying onto the pycnometer.

(6) Filling the Pycnometer with Water—Fill the pycnometer with deaired water by introducing the water through a piece of small-
diameter flexible tubing with its outlet end kept just below the surface of the slurry in the pycnometer or by using the pycnometer filling tube. If the pycnometer filling tube is used, fill the tube with water, and close the valve. Place the tube such that the drainage holes are just at the surface of the slurry. Open the valve slightly to allow the water to flow over the top of the slurry. As the clear water layer develops, raise the tube and increase the flow rate. If the added water becomes cloudy, do not add water above the calibration mark or into the stopper seal area. Add the remaining water the next day.

(6.1) If using the stoppered iodine flask, fill the flask, such that the base of the stopper will be submerged in water. Then rest the stopper at an angle on the flared neck to prevent air entrapment under the stopper. If using a volumetric or stoppered flask, fill the flask to above or below the calibration mark depending on preference.

(7) If heat has been used, allow the specimen to cool to approximately room temperature.

(8) Thermal Equilibrium—Put the pycnometer(s) into the insulated container. The thermometer (in a beaker of water), and some deaired water in a bottle along with either an eyedropper or pipette should also be placed in the insulated container. Keep these items in the closed container overnight to achieve thermal equilibrium.

(9) Pycnometer Mass Determination—If the insulated container is not positioned near a balance, move the insulated container near the balance or vice versa. Open the container and remove the pycnometer. Only touch the rim of the pycnometer because the heat from hands can change the thermal equilibrium. Place the pycnometer on an insulated block (Styrofoam or equivalent).

(9.1) If using a volumetric flask, adjust the water to the calibration mark as follows: If using a volumetric flask as a pycnometer, adjust the water to the calibration mark, with the bottom of the meniscus level with the mark. If water has to be added, use the thermally equilibrated water from the insulated container. If water has to be removed, use a small suction tube or paper towel. Check for and remove any water beads on the pycnometer stem or on the exterior of the flask. Measure and record the mass of pycnometer and water to the nearest 0.01 g.

(9.2) If a stoppered flask is used, place the stopper in the bottle while removing the excess water using an eyedropper. Dry the rim using a paper towel. Be sure the entire exterior of the flask is dry.

(10) Measure and record the mass of pycnometer, soil, and water to the nearest 0.01 g using the same balance used for pycnometer calibration.

(11) Pycnometer Temperature Determination—Measure and record the temperature of the slurry/soil-water mixture to the nearest 0.1°C using the thermometer and method used during calibration. This is the test temperature, Tx.

(12) Mass of Dry Soil—Determine the mass of a tare or pan to the nearest 0.01 g. Transfer the soil slurry to the tare or pan. It is imperative that all of the soil be transferred. Water can be added. Dry the specimen to a constant mass in an oven maintained at 110 6 5°C and cool it in a desiccator. If the tare can be sealed so that the soil cannot absorb moisture during cooling, a desiccator is not required. Measure the dry mass of soil solids plus tare to the nearest 0.01 g using the designated balance. Calculate and record the mass of dry soil solids to the nearest 0.01 g.

Note 2—This method has been proven to provide more consistent, repeatable results than determining the dry mass prior to testing. This is most probably due to the loss of soil solids during the deairing phase of testing.

Data collected in this test should include the following:

[A] Calibration of Pycnometer

Mass of pycnometer, Mp (g)

Mass of pycnometer plus water, Mpw (g)

Observed temperature of water, Ti (°C)

[B] Specific Gravity Determination

Mass of pycnometer plus water and soil, Mpws (g)

Temperature of contents of pycnometer when Mpws was determined, Tx (°C)

Mass of large evaporating dish or beaker, Md (g)

Mass of large evaporating dish or beaker plus oven-dried soil, Mds (g)

Calculate the specific gravity of soil to the nearest 0.01 using the equa-
tion [1]


(5–3)

where:


Gs @ 20°C 5 specific gravity of soil based on water at 20°C


K 5 conversion factor used to report specific gravity based on water at 20°C, which is the usual practice; the value of K can be determined from Table 5–1


Ms 5 mass of sample of oven-dried soil (i.e., Mds 2 Md), g


Mpw(at Tx) 5 mass of pycnometer filled with water at temperature Tx [see Eq. (5–2)], g


Tx 5 temperature of contents of pycnometer when Mpws was determined, °C


Mpws 5 mass of pycnometer plus water and soil (at Tx), g

The weighted average specific gravity for soils containing particles both larger and smaller than the 4.75-mm sieve can be calculated using the equation [1]


(5–4)

where:


Gavg @ 20°C 5 weighted average specific gravity of soils composed of particles larger and smaller than the 4.75-mm sieve


R1 5 percent of soil particles retained on 4.75-mm sieve


P1 5 percent of soil particles passing the 4.75-mm sieve


G1 @ 20°C 5 apparent specific gravity of soil particles retained on the 4.75-mm sieve as determined by Test Method C 127


G2 @ 20°C 5 specific gravity of soil particles passing the 4.75-mm sieve as determined by this test method

A laboratory test was conducted according to the procedure described previously. The following data were obtained:

[A] Calibration of Pycnometer

Mass of pycnometer, Mp 5 158.68 g

Mass of pycnometer plus water, Mpw 5 656.43 g

Observed temperature of water, Ti 5 24°C

[B] Specific Gravity Determination

Mass of pycnometer plus water and soil, Mpws 5 718.52 g

Temperature of contents of pycnometer when Mpws was determined, Tx 5 22°C

Mass of evaporating dish, Md 5 289.14 g

Mass of evaporating dish plus oven-dried soil, Mds 5 387.15 g

Equation (5–2) can be used to evaluate Mpw (at Tx):

(5–2)

(Note that the density values were determined from Table 5–1 for a value of Tx equal to 22°C and a value of Ti equal to 24°C.)

The mass of the solids, Ms, can be computed by subtracting the mass of the evaporating dish, Md, from the mass of the dish plus oven-dried soil, Mds:

Ms 5 387.15 2 289.14 5 98.01 g

Equation (5–3) can now be used to compute the specific gravity of the soil, Gs @ 20°C:


(5–3)

(Note that the value of K was determined from Table 5–1 for a value of Tx equal to 22°C.)

These results, together with the initial data, are summarized in the form on the following page. At the end of the chapter, two blank copies of this form are included for the reader’s use.

Soils Testing Laboratory
Specific Gravity Determination

Sample No.
16
Project No.
SR2828
Boring No.
B-7
Location
Newell, N.C.
Depth
4 ft
Description of Sample
Brown silty clay
Tested by
John Doe
Date
1/23/02
[A] Calibration of Pycnometer

(1)  Mass of dry, clean pycnometer, Mp   158.68   g

(2)  Mass of pycnometer 1 water, Mpw   656.43   g

(3)  Observed temperature of water, Ti   24   °C

[B] Specific Gravity Determination

Test Method used (check one)
h Method A


H Method B

Maximum particle size of test specimen (check one)


H No. 4 (4.75 mm)


h No. 10 (2 mm)

The single value determined (and therefore reported) in this test procedure is the specific gravity of soil, Gs. For most soils, the value of Gs falls within the range 2.65 to 2.80. Table 5–3 gives some typical values of Gs for different types of soil.

Table 5–3  Expected Value for Gs [2]


Type of Soil
Gs
Sand

2.65–2.67

Silty sand
2.67–2.70

Inorganic clay
2.70–2.80

Soils with mica or iron
2.75–3.00

Organic soils
Variable, but may be under 2.00

Although the procedure for determining specific gravity of soils is relatively simple, several warnings are in order. To begin with, all data measurements—particularly the mass measurements—must be done extremely accurately in order to get an accurate value of Gs. It is good practice to use the same instrument for all mass determinations in a specific gravity test in order to eliminate any variations among instruments. The accuracy of the test is also highly dependent on how well air has been removed from the soil-and-water mixture in the pycnometer. Both soil and water can contain air, and if not completely removed from the soil-and-water mixture, any air entrapped inside the pycnometer will decrease the value of Mpws. This will, in turn, decrease the computed value of the specific gravity [see Eq. (5–3)]. Finally, care must be exercised to prevent (or at least minimize) the effects of nonuniform temperature of the soil-and-water mixture in the pycnometer.

The specific gravity of soil is an important parameter that is used together with other soil parameters (such as void ratio and degree of saturation) to compute additional useful information. Of particular note among the latter are the density and unit weight of soil, which are used in many soil engineering problems.

[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.

[2]  Joseph E. Bowles, Engineering Properties of Soils and Their Measurement, 2d ed., McGraw-Hill Book Company, New York, 1978.
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[A] Calibration of Pycnometer

(1) Mass of dry, clean pycnometer, Mp         g

(2) Mass of pycnometer 1 water, Mpw         g

(3) Observed temperature of water, Ti         °C

[B] Specific Gravity Determination

Test Method used (check one)
h Method A


h Method B

Maximum particle size of test specimen (check one)


h No. 4 (4.75 mm)


h No. 10 (2 mm)
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[B] Specific Gravity Determination
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h Method A
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Figure 5–1   Apparatus for Determining Specific Gravity of Soil (Courtesy of Cheng Liu.)
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Chapter 5Table 5–1  Density of Water and Temperature Coefficient (K) for Various TemperaturesA[1]




Temperature


Temperature


Temperature


Temperature
Temperature
Density
Coefficient
Temperature
Density
Coefficient
Temperature
Density
Coefficient
Temperature
Density
Coefficient

(°C)
(g/mL)B
(K)
(°C)
(g/mL)B
(K)
(°C)
(g/mL)B
(K)
(°C)
(g/mL)B
(K)


15.0
0.99910
1.00090
16.0
0.99895
1.00074
17.0
0.99878
1.00057
18.0
0.99860
1.00039


.1
0.99909
1.00088
.1
0.99893
1.00072
.1
0.99876
1.00055
.1
0.99858
1.00037


.2
0.99907
1.00087
.2
0.99891
1.00071
.2
0.99874
1.00054
.2
0.99856
1.00035


.3
0.99906
1.00085
.3
0.99890
1.00069
.3
0.99872
1.00052
.3
0.99854
1.00034


.4
0.99904
1.00084
.4
0.99888
1.00067
.4
0.99871
1.00050
.4
0.99852
1.00032


.5
0.99902
1.00082
.5
0.99886
1.00066
.5
0.99869
1.00048
.5
0.99850
1.00030


.6
0.99901
1.00080
.6
0.99885
1.00064
.6
0.99867
1.00047
.6
0.99848
1.00028


.7
0.99899
1.00079
.7
0.99883
1.00062
.7
0.99865
1.00045
.7
0.99847
1.00026


.8
0.99898
1.00077
.8
0.99881
1.00061
.8
0.99863
1.00043
.8
0.99845
1.00024


.9
0.99896
1.00076
.9
0.99879
1.00059
.9
0.99862
1.00041
.9
0.99843
1.00022


19.0
0.99841
1.00020
20.0
0.99821
1.00000
21.0
0.99799
0.99979
22.0
0.99777
0.99957


.1
0.99839
1.00018
.1
0.99819
0.99998
.1
0.99797
0.99977
.1
0.99775
0.99954


.2
0.99837
1.00016
.2
0.99816
0.99996
.2
0.99795
0.99974
.2
0.99773
0.99952


.3
0.99835
1.00014
.3
0.99814
0.99994
.3
0.99793
0.99972
.3
0.99770
0.99950


.4
0.99833
1.00012
.4
0.99812
0.99992
.4
0.99791
0.99970
.4
0.99768
0.99947


.5
0.99831
1.00010
.5
0.99810
0.99990
.5
0.99789
0.99968
.5
0.99766
0.99945


.6
0.99829
1.00008
.6
0.99808
0.99987
.6
0.99786
0.99966
.6
0.99764
0.99943


.7
0.99827
1.00006
.7
0.99806
0.99985
.7
0.99784
0.99963
.7
0.99761
0.99940


.8
0.99825
1.00004
.8
0.99804
0.99983
.8
0.99782
0.99961
.8
0.99759
0.99938


.9
0.99823
1.00002
.9
0.99802
0.99981
.9
0.99780
0.99959
.9
0.99756
0.99936


23.0
0.99754
0.99933
24.0
0.99730
0.99909
25.0
0.99705
0.99884
26.0
0.99679
0.99858


.1
0.99752
0.99931
.1
0.99727
0.99907
.1
0.99702
0.99881
.1
0.99676
0.99855


.2
0.99749
0.99929
.2
0.99725
0.99904
.2
0.99700
0.99879
.2
0.99673
0.99852


.3
0.99747
0.99926
.3
0.99723
0.99902
.3
0.99697
0.99876
.3
0.99671
0.99850


.4
0.99745
0.99924
.4
0.99720
0.99899
.4
0.99694
0.99874
.4
0.99666
0.99847


.5
0.99742
0.99921
.5
0.99717
0.99897
.5
0.99692
0.99871
.5
0.99665
0.99844


.6
0.99740
0.99919
.6
0.99715
0.99894
.6
0.99689
0.99868
.6
0.99663
0.99842


.7
0.99737
0.99917
.7
0.99712
0.99892
.7
0.99687
0.99866
.7
0.99660
0.99839


.8
0.99735
0.99914
.8
0.99710
0.99889
.8
0.99684
0.99863
.8
0.99657
0.99836


.9
0.99732
0.99912
.9
0.98707
0.99887
.9
0.99681
0.99860
.9
0.99654
0.99833


27.0
0.99652
0.99831
28.0
0.99624
0.99803
29.0
0.99595
0.99774
30.0
0.99585
0.99744


.1
0.99649
0.99828
.1
0.99621
0.99800
.1
0.99592
0.99771
.1
0.99562
0.99741


.2
0.99646
0.99825
.2
0.99618
0.99797
.2
0.99589
0.99768
.2
0.99559
0.99738


.3
0.99643
0.99822
.3
0.99615
0.99794
.3
0.99586
0.99765
.3
0.99556
0.99735


.4
0.99641
0.99820
.4
0.99612
0.99791
.4
0.99583
0.99762
.4
0.99553
0.99732


.5
0.99638
0.99817
.5
0.99609
0.99788
.5
0.99580
0.99759
.5
0.99550
0.99729


.6
0.99635
0.99814
.6
0.99607
0.99785
.6
0.99577
0.99756
.6
0.99547
0.99726


.7
0.99632
0.99811
.7
0.99604
0.99783
.7
0.99574
0.99753
.7
0.99544
0.99723


.8
0.99629
0.99808
.8
0.99601
0.99780
.8
0.99571
0.99750
.8
0.99541
0.99720


.9
0.99627
0.99806
.9
0.99598
0.99777
.9
0.99568
0.99747
.9
0.99538
0.99716

AReference: CRC Handbook of Chemistry and Physics, David R. Lide, Editor-in-Chief, 74th Edition, 1993–1994.
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Determining the Specific Gravity of Soil#Table 5–2  Recommended Mass for Test Specimen


Specimen Dry Mass (g)
Specimen Dry Mass (g)

When Using 250 mL
When Using 500 mL
Soil Type
Pycnometer
Pycnometer

SP, SP-SM
60 6 10
100
6 10

SP-SC, SM, SC
45 6 10
75 6 10

Silt or Clay
35 6
5
50 6 10Procedure

#
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Determining the Specific Gravity of Soil#numerical example

#
Chapter 5
Determination No.:
1
2
3

Mass of pycnometer 1 soil 1 water, Mpws (g)
718.52
Temperature, Tx (°C)
22
Mass of pycnometer 1 water at Tx,
656.66
Mpw (at Tx) (g)

Evaporating dish no.
1A
Mass of evaporating dish, Md (g)
289.14
Mass of evaporating dish 1 oven-dried soil,
387.15
Mds (g)

Mass of solids, Ms (g)
98.01
Conversion factor, K

0.99957
Specific gravity of soil, 
2.71


##
Chapter 5Conclusions
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