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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