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prevent road damage. In highway foundations a combination of
hydrated lime, cement, and organic compounds can be added to
road subgrade materials to stabilize the underlying soil (Costa
and Baker, 1981). If the presence of expansive soils is
suspected, a 24-hour "presoak” of the material before determin-
ing percolation rates for wastewater disposal systems can
reduce the potential for system failure.

Collapsible Soil

The phenomenon of hydrocompaction, which causes sub-
sidence in collapse-prone soil, occurs in loose, dry, low-density
deposits, which decrease in volume or collapse when saturated
for the first time since deposition (Costa and Baker, 1981).
Collapsible soils are geologically young materials, such as
Holocene-age alluvial-fan and debris-flow sediments, and some
wind-blown silts. These deposits have a loose, "honeycomb”
structure and high dry strength, resulting from rapid deposition
and drying. When saturated, the "honeycomb" structure collap-
ses and the ground surface subsides, damaging property and
structures,

Alluvial-fan deposits are the most susceptible materials for
hydrocompaction in Utah. Fans commonly have steep surface
gradients, allowing rapid runoff of surface water during fan-
building depositional events. This allows deposits to dry quick-
ly and retain a relatively low density. The sediments are
commonly covered by similar material from subsequent deposi-
tional events creating a thick sequence of collapse-prone
material. Collapsible soils have a high dry strength resulting
from the bonding produced by dry clay films and soluble
minerals on or between particles. Between the particles are
voids formed by air entrapped in the sediments at the time of
deposition. Hydrocompaction is generally initiated by human
activities that involve applying water to the deposit such as ir-
rigation, water impoundment, lawn watering, alterations to
natural drainage, or wastewater disposal. The water wets the

susceptible materials, weakening the bonds between particles -

and reducing the strength of the material, which causes it to col-
lapse and subside.

Field identification of hydrocompactible deposits is difficult,
however, most are classified as sandy silt (ML) or silty sand
(SM) in the Unified Soil Classification System. In general,
though, soil thought to be susceptible to hydrocompaction
should be tested in the laboratory for positive identification.
Costa and Baker (1981) outline four conditions as conducive to
the development of hydrocompactible soils: (1) High voxd ratio
- matenals with bulk dry densities less than 1.3 g/cm (80
1is ) are subject to Iarge ameunts of settlement. Bulk densities
greater than 1.4 g/cm (90 b/’ ) generally have less settlement.
(2) Clay content of about 12 percent - if deposits contain more
than this amount of clay, swelling of the clay generally reduces
the amount of subsidence. Deposits with less than 12 percent
clay do not have enough clay to provide intergrain bonds that
maintain a large void ratio. (3) Predominant clay mineral is

montmorillonite, which becomes hard when dry and acts as a
strong binder. (4) Deposit should be dry.

Collapsible soil is present in southwestern Utah, particularly
near the Cedar City and Hurricane Cliffs area, and around Rich-
field and Monroe in south-central Utah. In Cedar City, ap-
proximately 3 million dollars in damage to public and private
structures has been attributed to collapsible soil (Kaliser, 1978).
Elsewhere in Utah, areas most susceptible commonly occur
along any mountain front where alluvial-fan deposits contain
fine-grained deposits derived from shales, mudstones, and pos-
sibly volcanic rocks. Climate is also critical to the development
of hydrocompactible soil. The drier areas of Utah such as the
Great Basin and Colorado Platean, where rainfall seldom
penetrates below the root zone (annual precipitation of 9 to 15
inches; 23-38 cm), provide the best conditions for development
of hydrocompactible soil.

Damage and problems associated with collapsible soil all re-
late to the introduction of water (usually by man) into the soil in
greater amounts than the average annual precipitation. This ex-
cess leads to eventual collapse of the soil (figure 5). Collapse
of the soil structure causes differential settlement, damaging
structures, Landscaping requiring irrigation is the most com-
mon reason for application of additional water. The soil around
structares is wetted to a depth below that reached by rainfall,
destroying the bonding between grains, and collapse occurs.
Collapse may also occur due to crop irrigation, concentrated
runoff from paved surfaces, and water introduced into the sub-
surface by wastewater disposal systems.

The most common procedure to detect and avoid collapsible
soils is a soil consolidation test. If collapsible soils are dis-
covered at a site several methods can be used to reduce the
potential for damage. Most are expensive and lengthy. The
building site can be deeply wetted and compacted to densities
that will support the building. Building sites can also be over-
excavated and backfilled with suitable material, and runoff col-
lection or landscaping designed to direct water away from the
structure. Avoiding areas containing collapsible soils is the

least expensive and best mitigation method.

Gypsiferous Soil and Rock

Gypsiferous deposits are subject to settlement caused by
dissolution of gypsum, creating a loss of internal structure and
volume within the deposit. Gypsum is a primary component in
some rocks and in soils derived form those rocks. Gypsum-rich
soil may also be formed in two other ways, as a secondary
mineral deposit leached from surficial layers and concentrated
lower in the soil profile, or as a material transported by wind or
water from outside sources. The most common sources for air-
borne gypsum are playas, on which crusts of gypsum salts are
formed as the wetted playa surface dries during the warmer
months of the year. These crusts of gypsum are easily eroded
and transported by wind.
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precautions to mitigate the potential hazards they represent can
reduce the need for costly corrective measures after damage to
structures and roads has occurred.
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