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STANDARD OPERATING PROCEDURE NO. 75 

 
SPECIFIC GRAVITY TEST 

 

REVISION LOG 

Revision Number Description Date 
75.0 Original SOP by FFJ (UBC) 02/02/05 
75.1 Revisions by BEB (UBC) 2/04/05 
75v1 Lynne rmember to look at email 

notes that came with this one 
from BEB dated 8Febo5 

8/15/05 

75v2 VCV, LMK final edits 8/24/05 
75v3 Procedural Corrections made by 

KMD 
2/12/2007 

75v3 Minor corrections by LMK 
Finalized by LMK for posting on 
the Molycorp project website and 
to send to George Robinson for lab 
audit.  

4/4/07 

75v4 Editorial by SKA 10/28/08 

 
1.0 PURPOSE AND SCOPE 
 
These test methods cover the determination of the specific gravity of soil solids. Two 
different procedures are provided to test soil particles that pass the 4.75 mm (No. 4) 
sieve, Standard Test Methods for Specific Gravity of Soils by Water Pycnometer, 
Designation D-854-02 and to calculate the specific gravity of aggregates coarser than the 
No. 4 (4.75 mm) sieve, Standard Test Method for Specific Gravity and Absorption of 
Coarse Aggregate, Designation C 127-04.  An average of the calculated specific gravity 
is used as the specific gravity of the entire sample.  
 
2.0 RESPONSIBILITIES AND QUALIFICATIONS 
 
The Team Leader will have the overall responsibility for implementing this SOP. He/she 
will be responsible for assigning appropriate staff to implement this SOP and for ensuring 
that the procedures are followed accurately.  
 
All personnel performing these procedures are required to have the appropriate health and 
safety training. In addition, all personnel are required to have a complete understanding 
of the procedures described within this SOP, and to receive specific training regarding 
these procedures, if necessary. 
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All environmental staff and assay laboratory staff are responsible for reporting deviations 
from this SOP to the Team Leader. 
 
3.0 DATA QUALITY OBJECTIVES 
 
• Perform specific gravity test in order to support other geotechnical tests such as grain 

size analysis as well as the calculation of the volume - mass properties of the sample.  
• To perform geotechnical testing of the rock pile and weathered material followed by 

mathematical modeling of the future stability of the rock piles. 
 
 
4.0 RELATED STANDARD OPERATING PROCEDURES 
 
The procedures set forth in this SOP are intended for use with the following SOPs: 
 
• SOP 1 -  Data management (including verification and validation) 
• SOP 2 -  Sample management (chain of custody) 
• SOP 4 -     Taking photographs 
• SOP 5 -  Sampling outcrops, rock piles, and drill core (solid) 
• SOP 6 - Drilling, logging and sampling of subsurface materials (solid) 
• SOP 8 - Sample preparation (solids) 
• SOP 9 - Test pit excavation, logging and sampling 
 
The procedures set forth in this SOP are also intended for use with the ASTM standard 
designations D854-02  and C127-04 (Appendices 2 and 3, respectively). 
 
5.0 EQUIPMENT LIST 
 
a) For material passing the No. 4 (4.75 mm) sieve: 

- Pycnometer: a volumetric flask with a minimum capacity of 500 ml 
- Balance: with 0.01 g readability and a capacity of at least 1000 g. 
- Drying Oven: capable of maintaining a uniform temperature of 110 +- 

5°C.  
- Thermometer: with a –1 to 60°C range. 
- Entrapped Air Removal Apparatus:  Hot Plate and/or Vacuum System.  
- Sieve No. 4 (4.75 mm). 
- Hot Plate or Bunsen Burner – capable of maintaining a temperature 

adequate to boil water. 
- Pycnometer filling tube: It can be 25 ml pipettes, beaker, or plastic tubes 

fine enough not to disturb the slurry solution. 
- Miscellaneous Equipment, such as a computer or calculator, spray bottle, 

mortar and pestle, funnel, paper towels, specimen dishes, and insulated 
gloves.  

- Distilled Water 
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- Test data sheet (Appendix 1) and pen 
 
b) For aggregates coarser than the No. 4 (4.75 mm) sieve: 

- Balance - A device for determining mass that is sensitive, readable, and 
accurate to 0.5 g. The balance shall be equipped with suitable apparatus 
for suspending the sample container in water from the center of the 
platform or pan of the balance. 

- Sample Container - A wire basket of 3.35 mm (No. 6) or finer mesh, or a 
bucket of approximately equal breadth and height, with a capacity of 4 to 
7 L for 37.5 mm. The container shall be constructed so as to prevent 
trapping air when the container is submerged. 

- Water Tank - A watertight tank into which the sample container is placed 
while suspended below the balance. 

- Test data sheet (Appendix 1) and pen 

6.0 TEST SPECIMEN 
 
a) For material passing the No. 4 (4.75 mm) sieve: 
The test specimen shall be oven-dry soil and shall be representative of the soil solids in 
the total sample that pass the No. 4 sieve. If the material is predominantly composed of 
silt and clay about 50 g is required for the test. If the material is mainly composed of sand 
and gravel about 100 g shall be used. 
 
b) For aggregates coarser than the No. 4 (4.75 mm) sieve: 
From the oven-dried material retained on the No. 4 (4.75 mm) sieve, the minimum mass 
of test sample to be used is given as follows:  
 
Maximum size, mm (in)  Mass kg (lb)  
12.5 (1/2) or less   2 (4.4)  
19.0 (3/4)   3 (6.6)  
25.0 (1)   4 (8.8)  
37.5 (11/2)   5 (11)  
50 (2)   8 (18)  
63 (21/2)   12 (26)  
75 (3)   18 (40) 
90 (31/2)   25 (55)  
100 (4)   40 (88)  
 
7.0 TEST PROCEDURES 
 
7.1  For particles passing the No. 4 (4.75 mm) sieve: 
 
- Dry the specimen to a constant mass in an oven maintained at 110 +- 5°C. Break up any 
clods of soil using a mortar and pestle. Record the mass of dry soil used for the test.  Note 
however, that it is preferable to use the dry mass calculated at the end of the test in 
calculations. 
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- Place the funnel into the pycnometer. 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. 
- 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 a slurry is formed. Rinse any soil adhering to the 
pycnometer into the slurry. If the slurry is not formed but you have a viscous paste, use a 
pycnometer with a larger volume or reduce the mass of soil used. 
- Entrapped air in the soil slurry can be removed using either heat (boiling), vacuum, or a 
combination of heat and vacuum: 

a) 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. 

b) If only 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. 

c) If a combination of heat and vacuum are 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. 

- Fill the pycnometer with deaired water (by heat and/or vacuum) to the calibration mark. 
- If heat has been used, allow the specimen to cool to approximately room temperature. 
- Adjust the water to the calibration mark and dry the rim using a paper towel. Be sure the 
entire exterior of the flask is dry. 
- Measure and record the mass of pycnometer, soil, and water to the nearest 0.01 g using 
the same balance used for pycnometer calibration. 
- Measure and record the temperature of the slurry/soil-water mixture to the nearest 
0.1°C.  This is the test temperature.  
- Determine the mass of a pan to the nearest 0.01 g. Transfer the soil slurry to the tare or 
pan. It is of paramount importance that all of the soil be transferred.  Measure the wet 
mass of soil solids plus tare to the nearest 0.01 g using the designated balance and oven 
dry the sample at 110 +- 5ºC to a constant weight. Calculate and record the mass of dry 
soil solids to the nearest 0.01 g. 
- Record all measurements on data sheet and enter into computer spreadsheet. 
 
7.2 Coarse fraction – retained on the No. 4 (4.75 mm) sieve 
- Dry the test sample in the oven to a constant mass at a temperature of 110 +- 5 °C, cool 
in air at room temperature for 1 to 3 h. 
- Immerse the aggregate in water at room temperature for a period of 24 h. 
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- Remove the test sample from the water and roll it in a large absorbent cloth until all 
visible films of water are removed. Determine the mass of the test sample in the saturated 
surface-dry condition. Record this and all subsequent masses to the nearest 0.5 g. 
- After determining the mass in air, immediately place the saturated surface-dry test 
sample in the sample container and determine its apparent mass in water at 23 +- 2.0 °C. 
The difference between the mass in air and the mass when the sample is submerged in 
water equals the mass of water displaced by the sample. 
- Dry the test sample in the oven to constant mass at a temperature of 110 +- 5 °C, cool in 
air at room temperature 1 to 3 h, and determine the mass. 
 
8.0 CALCULATIONS 
 
 
8.1 For material passing the No. 4 (4.75 mm) sieve: 
 
- Calculate the mass of the pycnometer and water at the test temperature as follows: 
 

Mpw,t = Mp +( Vp . ρ w,t) 
where: 
Mpwt = mass of pycnometer and water at the test temperature (Tt), g 
Mp = the average calibrated mass of dry, clean pycnometer, g 
Vp = the average calibrated volume of the pycnometer, ml 
ρ w,t = the density of water at the test temperatuere (Tt), g/ml from Table 2 in Apendix 2 
- Calculate the specific gravity Gt as follows: 
 
or, 

Mpwt = Wp + Vp (1 + ΔTε) x (γT – γa) 
where: 
Mpwt = weight of pycnometer plus water at test temperature 
Wp = weight of dry, clean pycnometer 
Vp = calibrated volume of the pycnometer at Tc 
ΔT = T – Tc 
T = Temperature in degrees centigrade at which Wp  is desired 
Tc  = Calibration temperature of pycnometer (usually 20oC)  
ε = Thermal coefficient of cubic expansion for Pyrex glass = 0.1 x 10-4 per oC  
γT = unit weight of water at the test temperature (see ASTM 854-02 in Appendix 2) 
γa = unit weight of air (0.0012 g/cm3) 
 

Gt =    Ms / (Mpwt – (Mpwst – Ms)) 
where:  
Gt = specific gravity at test temperature 
Ms = the mass of dry soil solids, (g) and 
Mpwst = the mass of pycnometer, water and soil at the test temperature (oC).  
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8.2 For aggregate coarser than the No. 4 (4.75 mm) sieve: 
 
- Calculate the specific gravity on the basis of oven-dry aggregate as follows: 

 
Specific Gravity OD = A / (B – C) 

where: 
A = mass of oven dry test sample in air, g, 
B = mass of saturated surface-dry test sample in air, g, and 
C = apparent mass of saturated test sample in water, g. 
 
 
 
8.3 Average Specific Gravity 
- Calculate an average specific gravity combining the two fractions as follows: 
 

 
 
where: 
R = the percentage of soil retained on the 4.75 mm sieve 
P = the percentage of soil passing the 4.75 mm sieve 
G1 = the specific gravity of soil retained on the 4.75 mm sieve and, 
G2 = the specific gravity of soil passing the 4.75 mm sieve. 
 
9.0 REPORTING 

Test data sheets will be stored electronically and are available upon request (Appendix 1).  
Data are recorded in the data base. 

Record as a minimum the following information: 
- Identification of the soil (material) being tested, such as boring number, sample 

number, depth, and test number. 
- Visual classification of the soil being tested  
- Percent of soil particles passing the No. 4 (4.75 mm) sieve. 
- If any soil or material was excluded from the test specimen, describe the excluded 

material. 
- All mass measurements (to the nearest 0.01 g for fines and 0.5 g for coarse 

aggregates). 
- Test temperature (to the nearest 0.1°C). 
- Specific gravity to the nearest 0.01.  
- Average specific gravity to the nearest 0.01, if applicable. 
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10.0 QUALITY ASSURANCE/QUALITY CONTROL 
 
All equipment used in this test shall be calibrated, including the volume and dry weight 
of the pycnometer (Refer to ASTM 854-02 for details on pycnometer calibration). The 
same scale shall be used to weigh the pycnometer when it is dry and when it is filled with 
soil and water. The pycnometer shall be filled to the exact calibration mark existing on 
the volumetric flask. 
Where feasible, samples should be archived for future studies. 
 
11.0 REFERENCES 

- ASTM D854-02; Standard Test Method for Specific Gravity of Soil Solids by Water 
Pycnometer. 

- ASTM C127-04. Standard Test Method for Density, Relative Density (Specific 
Gravity) and Absorption of Coarse Aggregate. 
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APPENDIX 1.   FORMS (Test Data Sheets) 
 

   Specific Gravity Test   
        
Sample:     Place:         
Depth:         Date:     
        
        
   Passing the No 4 (4.75 mm)   
        
  Hygroscopic moisture Specific gravity # 4.75 mm Soil (g)   = 
Tare N°       Pycnometer N°       
Tare (g)       Temperature (°C)       
Tare + WS (g)       Pyc. + water (g) (1)       
Tare + DS (g)       Pyc.+water+soil(g)       
Moisture (%)       G ( g/cm3) (2)       
  w (%):     Gs :    
        

 
(1) Mpwt = Wp + Vp (1 + ΔTε) x (γT – γa) 
(2) Gs =    Ms / (Mpwt – (Mpwst – Ms)) 

 
   Fraction retained on the No 4 (4.75 mm)  
        
A = Mass of oven drdy test sample in air =         
B = Mass of saturated-surface-dry of test sample in air (g) =     
C = Aparent mass of saturated test sample in water (g) =       
Specific Gravity of coarse agregate (g/cm3) (3) =     
        

(3) Specific Gravity OD = A / (B – C) 
 
Average Specifc Gravity (g/cm3) (4) =      

 
(4)  

 
 
Where: 
R = the percentage of soil retained on the 4.75 mm sieve 
P = the percentage of soil passing the 4.75 mm sieve 
G1 = the specific gravity of soil retained on the 4.75 mm sieve and, 
G2 = the specific gravity of soil passing the 4.75 mm sieve. 
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Date start Technicians:

Maximum Particle size No4 sieve (4.75mm) Flask - C

1
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o
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Sample Mass  (g)                                   M s

Temperature of soil+water when weighed  (
o
C)

Mass flask+water+soil at (
o
C) above         M !ws ,t

Mass flask+water at (
o
C) from calibration   M ws,t

Correction factor (ASTM Procedure)          K

Specific gravity of soil at 20ºC                  G

PYCNOMETER CALIBRATION - FLASK C

Project

SPECIFIC GRAVITY TEST 

Molycorp Questa Mine
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APPENDIX 2.  ASTM D854-02 
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APPENDIX 3.  ASTM C127-04 
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