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(Referenced Document: ASTM D 2167)Determining the Density and Unit Weight of Soil in 
Place by the Rubber-Balloon Method

Introduction

Apparatus 
and Supplies

The necessity for finding the density and unit weight of soil in place was mentioned in the introduction to Chapter 13, which presented the sand-cone method for determining in-place density and unit weight. The rubber-balloon method differs from the sand-cone method primarily in the manner in which the volume of soil removed from the ground or compacted fill is determined.

Balloon apparatus: a calibrated vessel designed to contain a liquid within a relatively thin, flexible, elastic membrane (rubber balloon) for measuring the volume of the test hole (see Figures 14–1 and 14–2)

Base plate (see Figures 14–1 and 14–2)

Balances: one with a 20-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/ unit weight samples, moisture samples, and salvaged density sand

Calibration equipment: thermometer, accurate to 1°F (0.5°C); glass plate, 1_4 in. (6 mm) or thicker; grease

(1) Verify the procedure to be used and the accuracy of the volume indicator by using the apparatus to measure containers or molds of known volume that dimensionally simulate test holes that will be used in the field (Note 1). The apparatus and procedures shall be such that these containers will be measured to within 1% of the actual volumes (Note 1). Containers of different volumes shall be used so that the calibration of the volume indicator covers the range of anticipated test volumes.

Note 1—The 4- and 6-in. (102- and 152-mm) molds described in ASTM Test Methods D 698 and Test Methods D 1557 or any other molds prepared to simulate actual test hole diameters and volumes may be used. When several sets of balloon apparatus are used, or long-term use is anticipated, it may be desirable to cast duplicates of actual test holes. This can be accomplished by forming plaster of paris negatives in actual test holes over a range of volumes, and using these as forms for portland cement concrete castings. They should be cast against a flat plane surface and, after the removal of the negative, sealed water-tight.

(2) Volume Determination—Determine the mass of water, in grams, required to fill the containers or hole molds. Using a glass plate and a thin film of grease, if needed for sealing, determine the mass of the container or mold and glass plate to the nearest gram. Fill the container or mold with water, carefully sliding the glass plate over the opening in such a manner as to ensure that no air bubbles are entrapped and that the mold is filled completely with water. Remove excess water and determine the mass of the glass plate, water, and mold or container to the nearest gram. Determine the temperature of the water. Calculate the volume of the mold or container. Repeat this procedure for each container or mold until three consecutive volumes having a maximum variation of 0.0001 ft3 (2.8 2 1026 m3) are obtained. Record the average of the three trials as the mold or container volume, Vt. Repeat the procedure for each of the containers or molds to be used.

(3) Calibration Check Tests—Place the rubber balloon apparatus and base plate on a smooth horizontal surface. Applying an operating pressure, take an initial reading on the volume indicator (Note 2). Transfer the apparatus to one of the previously calibrated molds or containers with a horizontally leveled bearing surface. Apply the operating pressure as necessary until there is no change indicated on the volume indicator. Depending on the type of apparatus, the operating pressure may be as high as 5 psi (34.5 kPa), and it may be necessary to apply a downward load (surcharge) to the apparatus to keep it from rising (Note 3). Record the readings, pressures, and surcharge loads used. The difference between the initial and final readings is the indicated volume. Determine the volumes of the other molds or containers. A satisfactory calibration check of an apparatus has been achieved when the difference between the indicated and calibrated volume of the container or mold is 1%, or less, for all volumes measured. Select the optimum operating pressure and record it for use with the apparatus during field testing operations.

Note 2—Before any measurements are taken, it may be necessary to distend the rubber balloon and, by kneading, remove the air bubbles adhering to the inside of the membrane. If the calibration castings or molds are airtight, it may be necessary to provide an air escape to prevent erroneous results caused by the trapping of air by the membrane. One means of providing air escape is to place small diameter strings over the edge of and down the inside, slightly beyond bottom center of the mold or casting. This will allow trapped air to escape during the measurement of the calibrated mold or container.

Note 3—It is recommended that the operating pressure of the apparatus be kept as low as possible while maintaining the 1% volume accuracy. The use of higher pressures than necessary may require the use of an additional load or surcharge weight to prevent uplift of the apparatus. The combined pressure and surcharge loads may result in stressing the unsupported soil surrounding the test hole, causing it to deform.

(4) Calculate the volume of the calibration containers or molds as follows:



(14–1)

where:


V 5 volume of the container or mold, mL,


M2 5 mass of mold or container, glass, and water, g,


M1 5 mass of mold or container and glass, g, and


Vw 5 volume of water based on temperature taken from Table 14–1, mL/g.

Note 4—Multiply milliliters by 3.5315 2 1025 for ft3 if needed for equipment usage.

Table 14–1  Volume of Water per Gram Based on TemperatureA [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

AValues other than shown may be obtained by referring to Handbook of Chemistry and Physics, Chemical Rubber Publishing Co., Cleveland, OH.

As explained in Chapter 13, the general procedure for determining in-place soil density/unit weight is to obtain the mass/weight and volume of an in-place soil sample, from which the density/unit weight can be computed. In the rubber-balloon method, a quantity of soil is removed from the ground or compacted fill. The mass/weight of the removed soil is determined directly, whereas its volume is found by measuring the volume of water required to fill the hole.

The actual step-by-step procedure is as follows (ASTM D 2167-94 [1]):

(1) Prepare the surface at the test location so that it is reasonably plane and level. Dependent on the water (moisture) content and texture of the soil, the surface may be leveled using a bulldozer or other heavy equipment blades, provided the test area is not deformed, compressed, torn, or otherwise disturbed.

(2) Assemble the base plate and rubber balloon apparatus on the test location. Using the same pressure and surcharge determined during the calibration of the apparatus, take an initial reading on the volume indicator and record. The base plate shall remain in place through completion of the test.

(3) Remove the apparatus from the test hole location. Using spoons, trowels, and other tools necessary, dig a hole within the base plate. Exercise care in digging the test hole so that soil around the top edge of the hole is not disturbed. The test hole shall be of the minimum volume shown in Table 14–2 based on the maximum particle size in the soil being tested. When material being tested contains a small amount of oversize, and isolated large particles are encountered, either move the test to a new location or change to another test method, such as ASTM Test Method D 4914 or 
D 5030. When particles larger than 11_2 in. (37.5 mm) are prevalent, larger test apparatus and test volumes are required. Larger test-hole volumes will provide improved accuracy and shall be used where practical. The optimum dimensions of the test hole are related to the design of the apparatus and the pressure used. In general, the dimensions shall approximate those used in the calibration check procedure. The test hole shall be kept as free of pockets and sharp obtrusions as possible, since they may affect accuracy or may puncture the rubber membrane. Place all soil removed from the test hole in a moisture-tight container for later mass and water (moisture) content determination.

Table 14–2  Minimum Test Hole Volumes Based on Maximum Size of Included Particles [1]

Maximum Particle Size
Minimum Test Hole Volumes


in.
(mm)
cm3
ft3

1_2
(12.5)
1,420
0.05


1
(25.0)
2,120
0.075


11_2
(37.5)
2,840
0.1

(4) After the test hole has been dug, place the apparatus over the base plate in the same position as used for the initial reading. Applying the same pressure and surcharge load as used in the calibration check, take and record the reading on the volume indicator. The difference between the initial and final readings is the volume of the test hole, Vh.

(5) Determine the mass of all the moist soil removed from the test hole to the nearest 5 g. Mix all the soil thoroughly and select a representative water (moisture) content sample and determine the water (moisture) content in accordance with ASTM Method D 2216 (Chapter 3), D 4643 (Chapter 4), D 4959, or D 4944 (Chapter 12). If oversize particles are present, perform field corrections in accordance with ASTM Test Method D 4718.

Data collected in this test should include the following:

[A] Calibration of Balloon Apparatus

Mass of calibration mold or container and glass

Mass of calibration mold or container, glass, and water

Temperature of water

Operating pressure

Surcharge load

Initial reading of volume indicator

Final reading of volume indicator

[B] Field Data

Initial reading of volume indicator on rubber-balloon apparatus

Final reading of volume indicator on rubber-balloon apparatus

Mass of pan

Mass of pan plus all moist soil from test hole

Data for moisture content determination

Mass of container

Mass of container plus moist weight of moisture sample

Mass of container plus dry weight of moisture sample

Note—These data for moisture content determination would not be collected if the moisture content is determined using a calcium carbide gas moisture tester (Chapter 12).

[A] Calibration of Balloon Apparatus

Calculate the volume of the calibration containers or molds from Eq. (14–1).

[B] Field Data

The volume of the test hole, Vh, can be determined by subtracting the initial volume indicator reading on the rubber-balloon apparatus from the final reading. The mass of all moist soil from the test hole, Mwet, can be computed by subtracting the mass of the pan from the mass of the pan plus moist soil. The (in-place) wet density, rwet, can then be found using the equation


(14–2)

If Mwet is in grams and Vh in cubic centimeters, rwet will be in grams per cubic centimeter. To get (in-place) wet unit weight, gwet, in pounds per cubic foot, merely multiply by 62.427.

The moisture content, w, can be determined in the usual manner [see Eq. (13–4)] and (in-place) dry unit weight, gd, can be computed using the equation


(14–3)

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

Initial reading of volume indicator on rubber-balloon apparatus 5 51 mL

Final reading of volume indicator on rubber-balloon apparatus 5 1,317 mL

Mass of pan 5 815 g

Mass of pan plus all moist soil from test hole 5 3,172 g

Data for moisture content determination:

Mass of container 5 45.2 g

Mass of container plus moist weight of moisture sample 5 293.8 g

Mass of container plus dry weight of moisture sample 5 258.8 g

With these data known, calculations proceed as follows:


(14–2)


(14–3)

All data—both given and calculated—are presented on the form shown on page212. (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/unit weight by the rubber-balloon method.

Again, as stated in Chapter 13, test holes are relatively small, and it is important that no soil be lost during excavation and that volume determinations be done very carefully to ensure accurate evaluations of in-place density and unit weight. To get an accurate moisture content of the soil, excavation should be done as rapidly as possible, and the soil container should be capped and sealed quickly to prevent loss of natural soil moisture.

The methods for determining the in-place dry unit weight of soil in Chapters 13 and 14 are destructive testing methods, in that a sizable hole must be dug in the ground or compacted soil. Chapter 15 presents a nondestructive method for making such determinations.

[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:
Rubber-Balloon Method

Sample No.
18
Project No.
SR 2828
Location
Newell, N.C.
Date
5/22/02
Description of Soil
Brown silty clay
Tested by
John Doe
 (1) Initial reading of volume indicator on rubber-balloon apparatus on job site
   51   mL

 (2) Final reading of volume indicator on rubber-balloon apparatus on test hole
   1,317   mL

 (3) Volume of test hole [(2) 2 (1)]   1,266   mL

 (4) Mass of all moist soil from test hole 1 of pan   3,172   g

 (5) Mass of pan   815   g

 (6) Mass of all moist soil from test hole [(4) 2 (5)]   2,357   g

 (7) Wet density    1.862   g/cm3
 (8) Wet unit weight [62.427 2 (7)]   116.2   lb/ft3
 (9) Field moisture content determination


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


(a)  Can no.   2-A   


(b)  Mass of moist soil 1 can   293.8   g


(c)  Mass of dry soil 1 can   258.8   g


(d)  Mass of can   45.2   g


(e)  Mass of water   35.0  g


(f)  Mass of dry soil   213.6   g


(g)  Moisture content    16.4   %

(10) In-place dry unit weight of soil    99.8   lb/ft3
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 (1) Initial reading of volume indicator on rubber-balloon apparatus on job site
        mL

 (2) Final reading of volume indicator on rubber-balloon apparatus on test hole
           mL

 (3) Volume of test hole [(2) 2 (1)]           mL

 (4) Mass of all moist soil from test hole 1 of pan           g

 (5) Mass of pan         g

 (6) Mass of all moist soil from test hole [(4) 2 (5)]           g

 (7) Wet density            g/cm3
 (8) Wet unit weight [62.427 2 (7)]           lb/ft3
 (9) Field moisture content determination


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


(a)  Can no.         


(b)  Mass of moist soil 1 can           g


(c)  Mass of dry soil 1 can           g


(d)  Mass of can          g


(e)  Mass of water         g


(f)  Mass of dry soil           g


(g)  Moisture content           %

(10) In-place dry unit weight of soil           lb/ft3
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 (1) Initial reading of volume indicator on rubber-balloon apparatus on job site
        mL

 (2) Final reading of volume indicator on rubber-balloon apparatus on test hole
           mL

 (3) Volume of test hole [(2) 2 (1)]           mL

 (4) Mass of all moist soil from test hole 1 of pan           g

 (5) Mass of pan         g

 (6) Mass of all moist soil from test hole [(4) 2 (5)]           g

 (7) Wet density            g/cm3
 (8) Wet unit weight [62.427 2 (7)]           lb/ft3
 (9) Field moisture content determination


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


(a)  Can no.         


(b)  Mass of moist soil 1 can           g


(c)  Mass of dry soil 1 can           g


(d)  Mass of can          g


(e)  Mass of water         g


(f)  Mass of dry soil           g


(g)  Moisture content           %

(10) In-place dry unit weight of soil           lb/ft3#Figure 14–1  Schematic Drawing of Calibrated Vessel Indicating Principle (not to scale) [1]Figure 14–2  Rubber-Balloon Apparatus for Determining Density/Unit Weight of Soil in Place (Courtesy of Soiltest, Inc.)#
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