URBAN SOILS
Part 2: Measuring Compaction

By James R. Urban

We are pleased to present a thrée-part series of excerpls from
ISA’s upcoming book, Up By Roots: Healthy Soils and Trees in
the Built Environment, by noted landscape architect Jim Urban.

Soil compaction is measured as bulk density, which is the soil’s dry
weight divided by its volume. In agronomic soil science, this is
normally expressed in megagrams per cubic meter (Mg/m?), also
expressed as grams per cubic centimeter (g/cm"). Note: Mg/m® and
glem® are the same value—just a different notation. For example,
1.5 Mg/m’ equals 1.5 g/em®.

Different soils have different densities at which they will no longer
allow roots to penetrate. Different plants vary in their ability to pene-
trate dense soil. As soil moisture increases, plants may be able to
penetrate a soil that, at lower moisture levels, would be root limit-
ing. This may explain why urban trees can form roots in seemingly
root-limiting compacted

Compaction Measurement by Proctor Test
Engineers often measure compaction as a percentage of maximum
dry density that may be obtained under conditions of optimum
moisture content as determined by the Proctor density test.

Table 1 illustrates the relationship of Proctor levels to bulk den-
sity levels in different soils. Note that compaction rates specified for
engineering fills, typically 90 or 95 percent of maximum dry den-
sity, are substantially higher than the bulk density that limits root
penetration. Depending on the soil type, compaction rates between
80 and 85 percent dry density will begin to restrict root growth.
The data in Table 1 suggest that il planting soil compaction is
specified in Proctor units, then the maximum compaction should
be 80 percent of maximum dry density, except in sandy soils.

To use Proctor measurements in field soils, a geotechnical soils
lab must first determine the maximum soil density and its optimum
moisture curve. With that information, the soil can then be tested
using a nuclear densiometer (Figure 1). The compaction reading

on the densiometer is noted as a percentage of the

soil, but only during wet

seasons of the year.
Generally, coarse-grained

soils may be compacted to

Table 1. Bulk density and levels affecting rooting com-
pared to several Proctor densities. This table should >
not be used to evaluate compaction in soil mixes that =

include organic amendments or lightweight aggregates.

lab-determined Proctor value.
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Urban Soils (continued)

is often quoted as the density for planting soil, yet research indi-
cates that 85 percent is becoming root limiting for many plants. A
percentage lower than 835, more likely lower than 80, is a better
standard for planting soil.
The advantage of the Proctor test is that it is precise and accepted
industry-wide, but a number of problems are associated with its use:
e Each soil type must be tested by a geotechnical lab before a
Proctor test can be conducted.
Testing equipment is expensive and requires a trained
technician.
Only limited samples can be studied because of set-up time.
A nuclear densiometer can read soil compaction only to the
depth of the probe, or about 6 1o 12 inches, and does not
give reliable readings in soils with elevated organic content.
* Densiometer readings in organic soil are generally higher by
5 to 15 percent over actual density:
Maximum and minimum Proctor densities for soil use as a
planting medium have not been researched sufficiently.

L]

For those reasons, the Proctor test is an impractical way to ana-
lvze soil compaction in existing soil in the site analysis phase. It is
a useful tool during the construction phase when the installed
planting soils are uniferm and a technician skilled in the use of the
equipment is available.

Compaction Measurement by
Penetration Resistance
The words compaction, bulk density, and penetration resistance are
often misused in discussing the level of compression in soil. Remermber
that all soil has some level of compaction. Compaction is best expressed
as the soil's bulk density (weight divided by volume) and is a measur-
able quality if the proper tools are available. Penetration resistance
reflects how hard it is to push an object into the soil; resistance changes
with soil type and soil moisture, Soil will have low resistance when
it is wet and high when it is dry. A perfectly good garden soil may
resist all attempits to insert the penetrometer when dry. Unless soil
type and moisture are known, penetration resistance is not a good
way to evaluate the level of compaction in a soil.

Penetration resistance is measured by a cone penetrometer
(Figure 2). This device can provide instant readings of relative soil
resistance to depths of 24 inches or greater. It is pushed slowly

Figure 2. Penetrometers.

through the soil, and resistance is measured on a gauge. A pene-
trometer is easy to use and relatively inexpensive to purchase. The
soil's ability to resist penetration is measured in megapascals (MPa).
Moist, sandy loam soil with a resistance lower than 2 MPa is con-
sidered appropriate [or roat penetration. When soil moisture is at
about 50 percent of field capacity, penetrometer readings may pro-
vide rough data.

To date, there is not sufficient data on the relationships of the
two variables of moisture and soil type to make the penetrometer
useful in site assessment. With a little practice, a small-bore soil
probe can provide about the same level of information about sl
compaction as a penetrometer. Penetrometers may have value dur-
ing the installation of new soil to determine where a contractor has
compacted soils to different levels compared 1o a reference site that
is of acceptable compaction and moisture.

Compaction Measurement by Bulk Density
Bulk density of an undisturbed sample is a common measuring
standard used by agronomic soil scientists and is the most useful
method to measure compaction levels of soil during the analysis
phase. Obtaining bulk density is time consuming and requires that
samples be taken to a lab, dried, and weighed—a process that takes
several days or longer. Special equipment is needed to collect the
samples, and special care must be taken in their shipping. Often,
the timing of construction does not allow for processing multiple
bulk density tests during the soil installation phase.

Despite these problems, this method is still easier than a Proctor
test and much more accurate than a penetrometer. Reasonable bulk
density measurements can be made by investing in a limited amount
of equipment. Approximately $300 will buy a scale, slide hammer,
and other sampling tools.

Figure 3 shows the process of measuring bulk density. The length
of the sample soil in the liner is measured, removed from the liner
tube, and placed in an oven set at 215°F to dry overnight. The sam-
ple is then weighed. All measurements should be made in metric
units. The measurements and calculations determine the weight,
volume, and finally bulk density .

Having the capability to determine bulk density in the office
speeds up the process to just one day. Samples can be removed in
the afternoon, dried overnight, and a report issued the next momn-
ing. This is well within the schedule constraints for most projects.
While an office-generated bulk density test is useful, the authority
of a test performed by a soil testing laboratory may be required if
the results are likely to be challenged or used 1o defend an action.
Several helpful hints to improve the taking of a bulk density test

* Do not screw the sampling core tight to its top piece to make

it easier to remove.

e Spray the inside of the plastic liner with silicon lubricant

to ease the removal of the soil.

e Clean out all soil from the liner and threads of the tool

between tests.

* If the sample is weighed before it is dried, the moisture

content of the soil can be calculated.

In their book, Trees in the Urban Landscape, Bassuk and Trow-
bridge (2004) describe a lower-tech method of measuring bulk
density that requires less field equipment. Dig a small hole in the
soil and fill it with a plastic bag. Pour water into the bag to fill the
space and record the amount of water required to fill the hole. It is
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Figure 3. Bulk density sampling method.
a. Tools needed in the field:
. Shovel to remove organic layer.
2. Core sampler and slide hammer.
3. Plastic core liners with caps.
4. Cleanup tools. Water required for tool cleanup and to

make it easier to remove the sampling tool from soeil.

b. Taking an undisturbed sample with a slide hammer and core
tube. Note that the cylinder is driven only to the level of the bottom
of the cap inside the core, so as to not change the compaction
of the sample. Mark this depth on the outside of the tool.

c. After the sample is removed, the length of the sample in the
sleeve is measured. The soil may not completely fill the sleeve.

oy

critical that the volume of water be accurately determined,
and that the water be filled precisely to the level of soil
removal. This gives a reasonably accurate volume of the soil
removed. The removed soil can then be dried and weighed to cal-
culate the bulk density, as illustrated in Figure 3.

Each method of assessing soil compaction has advantages and dis-
advantages. Calculating bulk density is likely the best diagnostic
tool for existing soil, while checking Proctor density with a den-

UP BY ROOTS is a manual for land-
scape architects, architects, urban
foresters, and planners who design,
specify, install, and manage trees in
the built environment.

Author James Urban provides an
overview of basic soil science and
tree biology and how they interact
and then explains the process of
designing and implementing land-
scapes to ensure healthy trees that
can contribute to healthy places for
people to live, work, and play.

Healthy soil and other essential Commg m J mw2008.' | The two-part, seventeen-chapter
requirements are critical to the suc- UP BY ROOTS ' book contains hundreds of illustra-
cess of trees but are often missing in _ - tions and data in graphic form to
the design concepts of contemporary : Healthy S oils a‘:ad Trees guide the design of soils and trees.
wiban Hndscipes. ¢ in the Built Environment

siometer is often the better
tool at a large construc-
tion site where a geotech-
nical soil technician may
already be on the site
checking engineering con-
ditions. A penetrometer is
most useful to check the
relative compaction of plant-
ing soil installations where
the soil type and moisture
are relatively consistent.
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