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(Referenced Document: ASTM D 1556) Determining the Density and Unit Weight of Soil in Place by the Sand-Cone Method

Introduction

In certain cases, it is necessary to determine the density and/or unit weight of a soil either as it exists naturally in the ground or as it may be compacted in a fill. In the former case, the density of soil in place may be used to evaluate the comparative strength of the soil; in the latter, the unit weight may be used to document results of field compaction to meet contract specifications. The principal use of the in-place soil unit weight test is in documentation of field compaction.

In Chapter 11 the laboratory compaction test was described. In practice, representative samples of the soil to be used for fill material are subjected to the laboratory compaction test to determine the optimum moisture content and maximum dry unit weight. The maximum dry unit weight is used by designers in specifying design shear strength, resistance to future settlement, and permeability characteristics. The fill soil is then compacted mechanically in the field by field compaction methods to achieve the laboratory maximum dry unit weight (or a percentage of it). In order to determine whether the laboratory maximum dry unit weight (or an acceptable percentage thereof) has been achie-ved, in-place soil unit weight tests must be performed in the field on compacted soil.

There are several methods for finding the density/unit weight of soil in place. This chapter discusses the “sand-cone” method, and Chapter 14 considers the “rubber-balloon” method. In-place soil density and unit weight can also be determined with nuclear equipment, utilizing radioactive materials. This method, which is called “density of soil and soil-aggregate in place by nuclear methods,” is covered in Chapter 15.

In documenting field compaction, it is necessary to determine the moisture content of each sample, in addition to in-place unit weight of the soil. The moisture content is needed to compute the dry unit weight of the compacted soil. A relatively quick method for determining moisture content was described in Chapter 12. Thus, Chapters 11, 12, and either 13, 14, or 15 are generally all used in an overall compaction project.

Density/unit weight apparatus: composed of a jar and detachable appliance consisting of a cylindrical valve with an orifice and having a small funnel continuing to a standard G mason jar top on one end and a large funnel on the other end. Figure 13–1 gives specific requirements for a standard density/unit weight apparatus suitable for testing soils having maximum particle sizes of approximately 11_2 in. (37.5 mm) and test hole volumes of approximately 0.1 ft3 (2830 cm3); Figure 13–2 shows a photograph of the apparatus.

Base plate: a square or rectangular metal plate with a flanged center hole cast or machined to receive the large funnel (cone) of the sand-cone apparatus (Figure 13–1)

Sand: a clean, dry, free-flowing, uncemented sand having a maximum particle size smaller than 2.0 mm (No. 10) sieve and less than 3% by weight passing 250 mm (No. 60) sieve; the uniformity coefficient (Cu 5 D60/D10) must be less than 2.0

Balances: one with a 10-kg capacity and accuracy to 1.0 g, and one with a 500-g capacity and accuracy to 0.1 g

Drying equipment: calcium carbide gas moisture tester or oven or other suitable equipment for drying moisture content samples

Digging tools: chisels, hammers, picks, and spoons

Miscellaneous equipment: suitable containers for retaining density samples, moisture samples, and salvaged density sand

Two calibration procedures are required for this test—one to determine the density and unit weight of the sand used in the test and the other to determine the mass of sand required to fill the sand cone (the funnel). These procedures are as follows (see ASTM D 1556-90 (Reapproved 1996) and ASTM D 4253-00 [1]):

[A] Determination of Bulk Density and Unit Weight of Sand

The bulk density of sand to be used in the field test is determined by first determining the volume of the container and then by using the container to measure a volume and mass of sand as follows:

(1) Select a container of known volume. The 1_30 ft3 (944 cm3) and 1/13.33 ft3 (2,124 cm3) molds specified in ASTM Test Method D 698 (Chapter 11), or the 0.1 ft3 (2,830 cm3) mold specified in Test Method D 4253 are recommended.

(2) Determine the volume of the container by the water-filling method, as described in ASTM D 4253. Completely fill the mold with water. Slide a glass plate carefully over the top surface (rim) of the container to ensure that the mold is completely filled with water. A thin film of grease or silicone lubricant on the rim of the container will make a watertight joint between the glass plate and the rim of the container. Determine the mass and temperature of the water required to fill the container.

(3) Fill the assembled sand-cone apparatus with sand. Invert and support the apparatus over the calibrated container so that the sand falls approximately the same distance and location as in a field test, and fully open the valve.

(4) Fill the container until it just overflows and close the valve. Using a minimum number of strokes and taking care not to jar or densify the sand, carefully strike off excess sand to a smooth, level surface.

(5) Clean any sand from outside the calibrated container. Determine the mass of the container and sand. Determine the net mass of the sand by subtracting the mass of the empty container.

(6) Perform at least three bulk-density determinations and calculate the average. The maximum variation between any one determination and the average will not exceed 1%.

[B] Determination of Mass of Sand Required to Fill Sand Cone and Base Plate

(1) Fill the assembled apparatus with sand and determine the mass of apparatus and sand.

(2) Place the base plate on a clean, level, plane surface. Invert the apparatus and seat the large funnel into the flanged center hole in the base plate, and mark and identify the funnel and plate so that the same funnel and plate can always be matched and reseated in the same position during testing.

(3) Open the valve fully and keep open until the sand stops running, making sure the apparatus, base plate, or plane surface are not jarred or vibrated before the valve is closed.

(4) Close the valve sharply, remove the apparatus, determine the mass of the apparatus with remaining sand, and calculate the loss of sand. This loss represents the mass of sand required to fill the funnel and base plate.

(5) Repeat the procedures in (1) to (4) at least three times. The mass of sand used in the calculations shall be the average of three determinations. The maximum variation between any one determination and the average shall not exceed 1%.

The general procedure for determining in-place soil density/unit weight is to find the mass/weight and volume of an in-place soil sample, from which the density/unit weight can be computed. In the sand-cone method, a quantity of soil is removed from the ground or compacted fill. The mass of the soil removed is determined directly, whereas the volume is obtained indirectly by finding how much sand is required to fill the hole. The mass/weight of soil removed from the hole divided by the volume gives the density/unit weight.

The actual step-by-step procedure is as follows (ASTM D 1556-00 [1]):

(1) Select a location/elevation that is representative of the area to be tested, and determine the density of the soil in-place as follows:

(1.1) Inspect the cone apparatus for damage, free rotation of the valve, and properly matched baseplate. Fill the cone container with conditioned sand for which the bulk-density has been determined and determine the total mass.

(1.2) Prepare the surface of the location to be tested so that it is a level plane. The base plate may be used as a tool for striking off the surface to a smooth level plane.

(1.3) Seat the base plate on the plane surface, making sure there is contact with the ground surface around the edge of the flanged center hole. Mark the outline of the base plate to check for movement during the test, and if needed, secure the plate against movement using nails pushed into the soil adjacent to the edge of the plate, or by other means, without disturbing the soil to be tested.

(1.4) In soils where leveling is not successful, or surface voids remain, the volume horizontally bounded by the funnel, plate, and ground surface must be determined by a preliminary test. Fill the space with sand from the apparatus, determine the mass of sand used to fill the space, refill the apparatus, and determine a new initial mass of apparatus and sand before proceeding with the test. After this measurement is completed, carefully brush the sand from the prepared surface (see Note 1).

Note 1—A second calibrated apparatus may be taken to the field when this condition is anticipated (instead of refilling and making a second determination). The procedure in (1.4) may be used for each test when the best possible accuracy is desired; however, it is usually not needed for most production testing where a relatively smooth surface is obtainable.

(1.5) The test hole volume will depend on the anticipated maximum particle size in the soil to be tested. Test hole volumes are to be as large as practical to minimize the errors and shall not be less than the volumes indicated in Table 13–1. A hole depth should be selected that will provide a representative sample of the soil. For construction control, the depth of the hole should approximate the thickness of one, or more, compacted lift(s). The procedure for calibrating the sand must reflect this hole depth.

(1.6) Dig the test hole through the center hole in the base plate, being careful to avoid disturbing or deforming the soil that will bound the hole. The sides of the hole should slope slightly inward, and the bottom should be reasonably flat or concave. The hole should be kept as free as possible of pockets, overhangs, and sharp obtrusions since these affect the accuracy of the test. Soils that are essentially granular require extreme care and may require digging a conical-shaped test hole. Place all excavated soil, and any soil loosened during digging, in a moisture tight container that is marked to identify the test number. Take care to avoid losing any materials. Protect this material from any loss of moisture until the mass has been determined and a specimen has been obtained for a water content determination.

Table 13–1  Minimum Test Hole Volumes Based on Maximum Size of Included Particle [1]

Maximum Particle Size
Minimum Test Hole Volumes


in.
(mm)
cm3
ft3

1_2
(12.7)
1,415
0.05


1
(25.4)
2,125
0.075


11_2
(38)
2,830
0.1

(1.7) Clean the flange of the base plate hole, invert the sand-cone apparatus, and seat the sand-cone funnel into the flanged hole at the same position as marked during calibration. Eliminate or minimize vibrations in the test area due to personnel or equipment. Open the valve and allow the sand to fill the hole, funnel, and base plate. Take care to avoid jarring or vibrating the apparatus while the sand is running. When the sand stops flowing, close the valve.

(1.8) Determine the mass of the apparatus with the remaining sand, record, and calculate the mass of sand used.

(1.9) Determine and record the mass of the moist material that was removed from the test hole. When oversize material corrections are required, determine the mass of the oversize material on the appropriate sieve and record, taking care to avoid moisture losses. When required, make appropriate corrections for the oversize material using ASTM Practice D 4718.

(1.10) Mix the material thoroughly, and either obtain a representative specimen for water content determination or use the entire sample.

(1.11) Determine the water content in accordance with ASTM Test Method D 2216 (Chapter 3), D 4643 (Chapter 4), D 4944 (Chapter 12), or D 4959. Correlations to Method D 2216 will be performed when required by other test methods.

(2) Water content specimens must be large enough and selected in such a way that they represent all the material obtained from the test hole. The minimum mass of the water content specimens is that required to provide water content values accurate to 1%.

Data collected in this test should include the following:

Calibration Data

[A] Determination of Bulk Density and Unit Weight of Sand

Volume of container

Mass of container

Mass of container plus water required to fill it

Temperature of water

Bulk density of sand

Mass of container plus sand required to fill it

[B] Determination of Mass of Sand Required to Fill Funnel 
and Base Plate

Mass of sand-cone apparatus plus sand required to fill it (before filling funnel and base plate)

Mass of sand-cone apparatus plus remaining sand (after filling funnel and base plate)

Determination of Density of Soil in Place

[A] Moisture Content of Material from Test Hole

Mass of container

Mass of container plus moist mass of moisture sample

Mass of container plus dry mass of moisture sample

Note—These data are not collected if moisture content is determined using a calcium carbide gas moisture tester (Chapter 12).

[B] In-Place Density and Unit Weight

Mass of apparatus plus mass of remaining sand (after filling hole)

Mass of pan

Mass of pan plus wet mass of soil from hole

Calibration Data

[A] Determination of Bulk Density and Unit Weight of Sand

The volume of the container can be calculated using the equation [1]


V1 5 GT(13–1)

where:


V1 5 volume of container, mL


G 5 mass of water required to fill container, g


T 5 water temperature-volume correction shown in column 3 of Table 13–2

Table 13–2  Volume of Water per Gram Based on Temperature [1]


Temperature
Volume of Water

°C
°F
(mL/g)

12
53.6
1.00048

14
57.2
1.00073

16
60.8
1.00103

18
64.4
1.00138

20
68.0
1.00177

22
71.6
1.00221

24
75.2
1.00268

26
78.8
1.00320

28
82.4
1.00375

30
86.0
1.00435

32
89.6
1.00497

The bulk density of the sand (r1 in g/cm3 or g/mL) can be calculated by dividing the mass of sand required to fill the calibration container (M1 in g) by the volume of the calibration container (V1 in cm3 or mL). Hence,


(13–2)

The unit weight of the sand can be determined by:


g1 5 62.427 r1(13–3)

where:


g1 5 unit weight in lb/ft3

r1 5 density in g/mL

[B] Determination of Mass of Sand Required to Fill Funnel 
and Base Plate

The mass of sand required to fill the funnel and base plate can be found by subtracting the mass of the remaining sand (after filling the funnel and base plate) from the mass of sand required to fill the apparatus.

Determination of Density of Soil in Place

[A] Moisture Content of Material from Test Hole

Note—If moisture content is determined by a calcium carbide gas tester, the calculations that follow are not required.

Moisture content can be calculated using equation [1]


(13–4)

where:


w 5 moisture content of material from test hole, %


M2 5 moist mass of moisture sample, g


M3 5 dry mass of moisture sample, g

Note—Equation (13–4) is an alternative form of Eq. (3–1).

[B] In-Place Density and Unit Weight

The dry mass of material from the test hole can be calculated using the equation


(13–5)

where:


M5 5 dry mass of material from test hole, g


M4 5 moist mass of material from test hole, g


w 5 moisture content of material from test hole, %

The volume of the test hole can be calculated using the equation


(13–6)

where:


V 5 volume of test hole, mL


M6 5 mass of sand used, g


M7 5 mass of sand in funnel and base plate, g


r1 5 density of sand, g/mL

Dry density (in place) of the tested material can be calculated using the equation


(13–7)

where:


r2 5 dry density (in place) of tested material, g/mL


M5 5 dry mass of material from test hole, g


V 5 volume of test hole, mL

The dry unit weight (in place) of the tested material can be found by


g2 5 62.43 r2(13–8)

where:


g2 5 unit weight in lb/ft3

r2 5 density in g/mL

A field test was conducted according to the preceding procedure. The following data were obtained:

Calibration Data

[A] Determination of Bulk Density of Sand

Volume of container (i.e., volume of 6-in. mold specified in ASTM D 698, Chapter 11)

Mass of container

Trial no. 1
2,783 g

Trial no. 2
2,780 g

Trial no. 3
2,783 g

Average
2,782 g

Mass of container plus water required to fill it:

Trial no. 1
4,922 g

Trial no. 2
4,919 g

Trial no. 3
4,922 g

Average
4,921 g

Temperature of water 5 24°C

Bulk density of sand

Mass of container plus sand required to fill it 5 6,139 g

[B] Determination of Mass of Sand Required to Fill Funnel 
and Base Plate

Mass of sand-cone apparatus plus sand required to fill it 5 8,045 g

Mass of sand-cone apparatus plus remaining sand (after filling funnel and base plate) 5 6,378 g

Determination of Density and Unit Weight of Soil in Place

[A] Moisture Content of Material from Test Hole

Mass of container 5 42.6 g

Mass of container plus moist mass of moisture sample 5 295.6 g

Mass of container plus dry mass of moisture sample 5 250.7 g

[B] In-Place Density and Unit Weight

Mass of apparatus plus mass of remaining sand 5 4,867 g

Mass of pan 5 815 g

Mass of pan plus wet mass of soil from hole 5 2,669 g

With these data known, calculations proceed as follows:

Calibration Data

[A] Determination of Bulk Density of Sand

Volume of container:


V1 5 GT(13–1)


G 5 4,921 2 2,782 5 2,139 g

T 5 1.00268 (from Table 13–2 for a temperature of 24°C)


V1 5 (2,139)(1.00268) 5 2,145 mL

Bulk density of sand:


(13–2)

M1 5 6,139 2 2,782 5 3,357 g


V1 5 2,145 mL


g1 5 62.43 r1(13–3)


g1 5 (62.43)(1.565) 5 97.7 lb/ft3
[B] Determination of Mass of Sand Required to Fill Funnel 
and Base Plate (M7)

M7 5 8,045 2 6,378 5 1,667 g

Determination of Density and Unit Weight of Soil in Place

[A] Moisture Content of Material from Test Hole

                              (13–4)


M2 5 295.6 2 42.6 5 253.0 g


M3 5 250.7 2 42.6 5 208.1 g

[B] In-Place Density and Unit Weight

                            (13–5)


M4 5 2,669 2 815 5 1,854 g


w 5 21.6%

                               (13–6)

M6 5 8,045 2 4,867 5 3,178 g


M7 5 1,667 g


r1 5 1.565 g/mL


(13–7)


g2 5 62.43 r2(13–8)


g2 5 (62.43)(1.579) 5 98.6 lb/ft3
All data—both given and calculated—are presented on the form shown on pages 196–197. (At the end of the chapter, two blank copies of this form are included for the reader’s use.) Careful study of this form should facilitate understanding of the calculations required to determine in-place dry density and unit weight.

Because test holes are relatively small, it is important that no soil be lost while excavating and that volume determinations be done very carefully to ensure accurate evaluations of in-place density. To get an accurate moisture content of the soil, excavation should be done as quickly as possible. Also, vibration of the ground and the jar should be avoided to prevent too much sand from entering the hole.

As explained in the introduction to this chapter, unit weight of soil in place is used primarily in documenting field compaction. The sand-cone method provides a convenient and accurate means of determining in-place density and unit weight, although the volume of the sample is determined indirectly. An alternative procedure, the rubber-balloon method, makes a more direct measurement of the volume of the sample. This procedure is described in Chapter 14.

[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.

Soils Testing Laboratory
In-Place Density and Unit Weight Determination:
Sand-Cone Method

Project
SR 2828
Location of Test
Newell, N.C.
Tested by
John Doe
Date
5/7/02
Calibration Data

[A] Determination of Bulk Density and Unit Weight of Sand

Volume of container, V1
 (1)  Mass of water required to fill container 1 mass of container


(a)  Trial no. 1
4,922   g


(b)  Trial no. 2
4,919   g   Average mass   4,921   g


(c)  Trial no. 3
4,922   g

 (2)  Mass of container


(a)  Trial no. 1   2,783   g


(b)  Trial no. 2   2,780   g   Average mass   2,782   g


(c)  Trial no. 3   2,783   g

 (3)  Mass of water required to fill container, G   2,139   g

 (4)  Temperature of water   24°C   , T   1.00268   (see Table 13–2)

 (5)  Volume of container,V1 5 GT   2,145   mL

Bulk density and unit weight of sand, r1
 (6)  Mass of sand required to fill apparatus 1 mass of container   6,139   g

 (7)  Mass of container   2,782   g

 (8)  Mass of sand required to fill container, M1   3,357   g

 (9)  Bulk density of sand, r1 5    1.565   g/mL

(10)  Unit weight of sand, g1 5 62.43 r1   97.7     lb/ft3
[B] Determination of Mass of Sand Required to Fill Funnel and Base Plate, M7
(1)  Mass of sand required to fill apparatus 1 mass of apparatus   8,045   g

(2)  Mass of remaining sand (after filling funnel and base plate) 1 mass of apparatus   6,378   g

(3)  Mass of sand required to fill funnel and base plate, M7   1,667   g

Determination of Density and Unit Weight of Soil in Place

[A] Moisture Content of Material from Test Hole

Note—If moisture content is determined by a calcium carbide gas tester, enter moisture content directly in appropriate blank below and skip intervening steps.

(1)  Container no.   10A
(2)  Moist mass of moisture sample 1 mass of container   295.6   g

(3)  Dry mass of moisture sample 1 mass of container   250.7   g

(4)  Mass of container   42.6   g

(5)  Moist mass of moisture sample, M2   253.0   g

(6)  Dry mass of moisture sample, M3   208.1   g

(7)  Moisture content of material from test hole,    21.6   %

[B] In-Place Density and Unit Weight

 (1)  Mass of apparatus 1 mass of sand (before use)   8,045   g

 (2)  Mass of apparatus 1 mass of remaining sand (after use)   4,867   g

 (3)  Mass of sand used in test, M6   3,178   g

 (4)  Mass of sand to fill funnel and base plate, M7   1,667   g 
(see “Calibration Data”)

 (5)  Mass of sand used in test hole, M6 2 M7   1,511   g

 (6)  Density of sand, r1   1.565   g/mL (see “Calibration Data”)

 (7)  Volume of test hole, V 5    965.5   mL

 (8)  Wet mass of soil from hole 1 mass of pan   2,669   g

 (9)  Mass of pan   815   g

(10)  Wet mass of soil from hole, M4   1,854   g

(11)  Moisture content in soil from test hole, w   21.6   %

(12)  Dry mass of soil from test hole,    1,525   g

(13)  Dry density of soil in place,    1.579   g/mL

(14)  Dry unit weight of soil in place, g2 5 62.43 r2   98.6     lb/ft3

Soils Testing Laboratory
In-Place Density and Unit Weight Determination:
Sand-Cone Method

Project

Location of Test


Tested by

Date


Calibration Data

[A] Determination of Bulk Density and Unit Weight of Sand

Volume of container, V1
 (1)  Mass of water required to fill container 1 mass of container


(a)  Trial no. 1
          g


(b)  Trial no. 2
          g   Average mass            g


(c)  Trial no. 3
          g

 (2)  Mass of container


(a)  Trial no. 1           g


(b)  Trial no. 2           g   Average mass            g


(c)  Trial no. 3           g

 (3)  Mass of water required to fill container, G           g

 (4)  Temperature of water          , T             (see Table 13–2)

 (5)  Volume of container,V1 5 GT           mL

Bulk density and unit weight of sand, r1
 (6)  Mass of sand required to fill apparatus 1 mass of container           g

 (7)  Mass of container           g

 (8)  Mass of sand required to fill container, M1           g

 (9)  Bulk density of sand, r1 5            g/mL

(10)  Unit weight of sand, g1 5 62.43 r1            lb/ft3
[B] Determination of Mass of Sand Required to Fill Funnel and Base Plate, M7
(1)  Mass of sand required to fill apparatus 1 mass of apparatus           g

(2)  Mass of remaining sand (after filling funnel and base plate) 1 mass of apparatus           g

(3)  Mass of sand required to fill funnel and base plate, M7           g

Determination of Density and Unit Weight of Soil in Place

[A] Moisture Content of Material from Test Hole

Note—If moisture content is determined by a calcium carbide gas tester, enter moisture content directly in appropriate blank below and skip intervening steps.

(1)  Container no.      
(2)  Moist mass of moisture sample 1 mass of container           g

(3)  Dry mass of moisture sample 1 mass of container           g

(4)  Mass of container          g

(5)  Moist mass of moisture sample, M2           g

(6)  Dry mass of moisture sample, M3           g

(7)  Moisture content of material from test hole,           %

[B] In-Place Density and Unit Weight

 (1)  Mass of apparatus 1 mass of sand (before use)           g

 (2)  Mass of apparatus 1 mass of remaining sand (after use)           g

 (3)  Mass of sand used in test, M6           g

 (4)  Mass of sand to fill funnel and base plate, M7           g 
(see “Calibration Data”)

 (5)  Mass of sand used in test hole, M6 2 M7           g

 (6)  Density of sand, r1           g/mL (see “Calibration Data”)

 (7)  Volume of test hole, V 5            mL

 (8)  Wet mass of soil from hole 1 mass of pan           g

 (9)  Mass of pan         g

(10)  Wet mass of soil from hole, M4           g

(11)  Moisture content in soil from test hole, w          %

(12)  Dry mass of soil from test hole,            g

(13)  Dry density of soil in place,            g/mL

(14)  Dry unit weight of soil in place, g2 5 62.43 r2           lb/ft3

Soils Testing Laboratory
In-Place Density and Unit Weight Determination:
Sand-Cone Method

Project

Location of Test


Tested by

Date


Calibration Data

[A] Determination of Bulk Density and Unit Weight of Sand

Volume of container, V1
 (1)  Mass of water required to fill container 1 mass of container


(a)  Trial no. 1
          g


(b)  Trial no. 2
          g   Average mass            g


(c)  Trial no. 3
          g

 (2)  Mass of container


(a)  Trial no. 1           g


(b)  Trial no. 2           g   Average mass            g


(c)  Trial no. 3           g

 (3)  Mass of water required to fill container, G           g

 (4)  Temperature of water          , T             (see Table 13–2)

 (5)  Volume of container,V1 5 GT           mL

Bulk density and unit weight of sand, r1
 (6)  Mass of sand required to fill apparatus 1 mass of container           g

 (7)  Mass of container           g

 (8)  Mass of sand required to fill container, M1           g

 (9)  Bulk density of sand, r1 5            g/mL

(10)  Unit weight of sand, g1 5 62.43 r1          lb/ft3
[B] Determination of Mass of Sand Required to Fill Funnel and Base Plate, M7
(1)  Mass of sand required to fill apparatus 1 mass of apparatus           g

(2)  Mass of remaining sand (after filling funnel and base plate) 1 mass of apparatus           g

(3)  Mass of sand required to fill funnel and base plate, M7           g

Determination of Density and Unit Weight of Soil in Place

[A] Moisture Content of Material from Test Hole

Note—If moisture content is determined by a calcium carbide gas tester, enter moisture content directly in appropriate blank below and skip intervening steps.

(1)  Container no.      
(2)  Moist mass of moisture sample 1 mass of container           g

(3)  Dry mass of moisture sample 1 mass of container           g

(4)  Mass of container          g

(5)  Moist mass of moisture sample, M2           g

(6)  Dry mass of moisture sample, M3           g

(7)  Moisture content of material from test hole,           %

[B] In-Place Density and Unit Weight

 (1)  Mass of apparatus 1 mass of sand (before use)           g

 (2)  Mass of apparatus 1 mass of remaining sand (after use)           g

 (3)  Mass of sand used in test, M6           g

 (4)  Mass of sand to fill funnel and base plate, M7           g 
(see “Calibration Data”)

 (5)  Mass of sand used in test hole, M6 2 M7           g

 (6)  Density of sand, r1           g/mL (see “Calibration Data”)

 (7)  Volume of test hole, V 5            mL

 (8)  Wet mass of soil from hole 1 mass of pan           g

 (9)  Mass of pan         g

(10)  Wet mass of soil from hole, M4           g

(11)  Moisture content in soil from test hole, w          %

(12)  Dry mass of soil from test hole,            g

(13)  Dry density of soil in place,            g/mL

(14)  Dry unit weight of soil in place, g2 5 62.43 r2          lb/ft3##
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Figure 13–1  Density/Unit Weight Apparatus [1]
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