Soil Bulk Density Measurement

USDA ARS Hydrology and Remote Sensing Laboratory

The Bulk Density Apparatus -

The Bulk Density Apparatus itself consists of a 12" diameter plexiglass piece with a 5" diameter hole in
the center and three 3/4" holes around the perimeter. Foam is attached to the bottom of the plexiglass.
The foam is 2 inches high and 1 1/2 inches thick. The foam is attached so that it follows the circle of the
plexiglass.

Other Materials Required for Operation.
Three 12" (or longer) threaded dowel rods and nuts are used to secure the apparatus to the ground.
A hammer or mallet is used to drive the securing rods into the ground.
A bubble level is used to insure the surface of the apparatus is horizontal to the ground.
A trowel is used to break up the soil and to remove the soil from the hole.
Oven-safe bags are used to hold the soil as it is removed from the ground. The soil is left in the
bag when it is dried in the oven.
Water is used to determine the volume of the hole.
A plastic jug is used to carry the water to the site.
One-gallon plastic storage bags are used as liners for the hole and to hold the water.
A 1000 ml graduated cylinder is used to determine the volume of the water. Plastic is best because
glass can be easily broken in the field.
A hook-gauge is used to insure water fills the apparatus to the same level each time.

Selecting and Preparing an Appropriate Site -

1. Select a site. An ideal site to conduct a bulk density experiment is: relatively flat, does not
include any large (>2 cm) rocks or roots in the actual area that will be tested and has soil
that has not been disturbed.

2. Ready the site for the test. Remove all vegetation, large (>2 cm) rocks and other debris
from the surface prior to beginning the test. Remove little or no soil when removing the
debris.



Figure P10. How to take a bulk density sample

Bulk Density Procedure -

Securing the Apparatus to the Ground

1. Place the apparatus foam-side-down on the ground.
. Place the three securing rods in the 3/4" holes of the apparatus.
3. Drive each dowel into the ground until they do not move easily vertically or horizontally.

(Figure 10a)

Leveling the Apparatus Horizontally to the Ground

1. Tighten each of the bolts until the apparatus appears level and the foam is compressed to a
height of 1" to 1 1/2".
2. Place the bubble level on the surface of the apparatus and tighten or loosen the bolts in

order to make the surface level. Place the level in at least three directions and on three
different areas of the surface of the apparatus.

Determining the Volume from the Ground to the Hook Gauge

1. Pour exactly one liter of water into the graduated cylinder.
2. Pour some of the water into a plastic storage bag.
3. Hold the plastic bag so that the water goes to one of the lower corners of the bag.
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Place the corner of the bag into the hole. Slowly lower the bag into the hole allowing the
bag and the water to snugly fill all of the crevasses.

Slightly raise and lower the bag in order to eliminate as many air pockets as possible.

Lay the remainder of the bag around the hole.

Place the hook-gauge on the notches on the surface of the apparatus.

Add water to the bag until the surface of the water is just touching the bottom of the hook
on the hook-gauge. A turkey-baster works very well to add and subtract small volumes of
water. Be sure not to leave any water remaining in the turkey-baster. (Figure 34b)

Place the graduated cylinder on a flat surface. Read the cylinder from eye-level. The
proper volume is at the bottom of the meniscus. Read the volume of the water remaining
in the graduated cylinder. Record this volume. Subtract the remaining volume from the
original 1000 ml to find the volume from the ground surface to the hook-gauge.

Carefully transfer the water from the bag to the graduated cylinder. Hold the top of the
bag shut, except for two inches at either end. Then use the open end as a spout. (It is best
to reuse water, especially when doing multiple tests in the field.)

Loosening the Soil and Digging the Hole

1.

2.

Label the oven-safe bag with the date and test number and other pertinent information using
a permanent marker.

Loosen the soil. The hole should be approximately six cm deep and should have vertical
sides and a flat bottom. (The hole should be a cylinder: with surface area the size of the
hole of the apparatus and height of six cm.)

Remove the soil from the ground and very carefully place it in the oven-safe bag. (Be
careful to lose as little soil as possible.) (Figure 34c and d)

Continue to remove the soil until the hole fits the qualifications.

Loosely tie the bag so that no soil is lost in transportation.

Finding the Volume of the Hole

1.

Determine the volume from the bottom of the hole to the hook-gauge as described in
Determining the Volume from the Ground to the Hook-Gauge. Record this volume.
Reusing the water from the prior measurement presents no potential problems and is
necessary when performing numerous experiments in the field.

Subtract the volume of the first measurement from the second volume measurement. The
answer is the volume of the hole.

Calculating the Bulk Density of the Sample

b=

Weigh the sample, and subtract the tare weight of the bag. Record the weight.

Dry the soil in an oven at 105 °C for at least 24 hours.

Reweigh the sample, and subtract the tare weight of the bag. Record the weight.

Divide the mass of the sample by the volume of the hole. The result is the bulk density of
the sample.



