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DISCUSSION

Liquefaction and liquefaction-induced ground failure are major causes of earthquake damage (Keller and
Blodgett, 2006). During liquefaction, a soil loses its strength and ability to support the weight of overlying
structures or sediment. Soil liquefaction is caused by strong earthquake ground shaking where saturated,
cohesionless, granular soil is transformed from a solid to a nearly liquid state. Soil liquefaction generally occurs
in sand, silty sand, and sandy silt soils (Youd and Idriss, 1997). All of the following conditions are required for
liquefaction to occur:

*The soils must be submerged below the water table.

*The soils must be loose/soft to moderately dense/stiff.

*The ground shaking must be intense.

*The duration of ground shaking must be sufficient for the soils to lose their shearing resistance.

Plastic or clay-rich soils having either a clay content greater than 15 percent, a liquid limit greater than 35
percent, or a moisture content less than 90 percent of the liquid limit are generally immune to liquefaction (Seed
and Idriss, 1982; Youd and Gilstrap, 1999).

Four types of ground failure commonly result from liquefaction: (1) loss of bearing capacity, (2) ground oscillation
and subsidence, (3) lateral spreading, and (4) flow failure (Youd, 1978, 1984; Tinsley and others, 1985). The
expected mode of ground failure at a given site largely depends upon the ground-surface slope. Where slope
inclination is less than 0.5 percent, liquefaction may cause damage in one of two ways. The first is the loss of
bearing capacity and resulting deformation of soil beneath a structure, which causes the structure to settle or tilt.
Differential settlement is commonly accompanied by cracking of foundations and damage to structures. Buoyant
buried structures, such as underground storage or septic tanks, may also float upward under these conditions.
The second results from liquefaction at depth below soil layers that do not liquefy. Under these conditions,
blocks of the surficial, non-liquefied soil detach and oscillate back and forth on the liquefied layer. Damage to
structures is caused by subsidence of the blocks, opening and closing of fissures between and within the blocks,
and formation of sand blows as liquefied sand is ejected through the fissures from the underlying pressurized
liquefied layer.

Lateral spreading may occur where the ground surface slopes from 0.5 to 5 percent, particularly near a “free
face” such as a stream bank or cut slope. Lateral spreads are characterized by surficial soil blocks that are
displaced laterally downslope as a result of liquefaction in a subsurface layer. Lateral spreading can cause
significant damage to structures and may be particularly destructive to pipelines, utilities, bridges, roadways, and
structures with shallow foundations.

Flow failures may occur where the ground surface slopes more than about 5 percent. Flow failures are
composed chiefly of liquefied soil or blocks of intact material riding on a liquefied layer. Flow failures can cause
soil masses to be displaced several miles and are the most catastrophic mode of liquefaction-induced ground
failure.

For additional information about the liquefaction hazard in the Zion National Park Geologic-Hazard Study Area,
refer to the Earthquake Hazards chapter in this report.

USING THIS MAP

This map shows areas where liquefaction may be possible in the Zion National Park Geologic-Hazard Study
Area. The map is based on limited information about the textural characteristics of unconsolidated geologic units
and the distribution and depth of ground water in the study area. The map does not integrate earthquake ground
motions with material characteristics and depth to ground water, which is required to determine relative
liquefaction potential in susceptible deposits. Consequently, the map does not differentiate ground-failure types
or amounts, which are needed to fully assess the hazard and evaluate possible mitigation techniques.

This map is intended for general planning and design purposes to indicate where liquefaction hazards may exist
and to assist in liquefaction-hazard investigations. In Utah, soil-test requirements are specified in chapter 18
(Soils and Foundations) of the IBC (International Code Council, 2009a) and chapter 4 (Foundations) of the IRC
(International Code Council, 2009b), which are adopted statewide. IBC Section 1803.2 requires a geotechnical
investigation be performed in accordance with IBC sections 1803.3 through 1803.5. Section 1803.3 requires an
investigation to evaluate liquefaction, and Section 1803.5.11 requires a liquefaction evaluation for structures in
Seismic Design Categories C through F (see Earthquake-Ground-Shaking Hazard section in chapter 5 of
accompanying text). In general, seismic design categories in the Zion National Park Geologic-Hazard Study Area
for structures built on unconsolidated materials fall into Seismic Design Categories C and D (see chapter 5, table
5.4), thus triggering the IBC requirement for a liquefaction investigation. Although the IRC does not specifically
mention liquefaction, IRC Section R401.4 states that the local building official determines whether to require soll
tests in areas likely to have expansive, compressive, shifting, or other unknown soil characteristics, such as
liquefiable soils.

International Building Code seismic design categories are determined on a site-specific basis, and vary
throughout the study area depending on IBC site class, maximum considered earthquake ground motions, and
the IBC occupancy category of the proposed structure (see Earthquake Ground-Shaking Hazard section in
chapter 5 of accompanying text). Because the risk to human life and the requirement that certain essential
structures remain functional during natural or other disasters varies by occupancy category, we recommend the
following levels of liquefaction-hazard investigation for the different IBC occupancy categories (see table below)
in areas identified on this map as potentially liquefiable. Detailed (quantitative) subsurface investigations should
be performed for Occupancy Category I, lll, and IV structures, and reconnaissance (screening) investigations for
Occupancy Category | structures. Additionally, a reconnaissance investigation should be performed for
Occupancy Category Il, 1ll, and IV structures in areas mapped as not susceptible to liquefaction followed by a
detailed investigation if a liquefaction hazard is determined to be present. Investigations are not recommended
for Occupancy Category | structures in nonsusceptible areas. Martin and Lew (1999) provide guidelines for
conducting both reconnaissance and detailed liquefaction investigations.

Recommended Requirements for Liquefaction-Hazard Investigations

IBC Occupancy Category
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'Detailed evaluation necessary; a detailed liquefaction investigation should be interdisciplinary in nature and performed by qualified experienced
geotechnical engineers and engineering geologists working as a team. 2A reconnaissance investigation should be followed by a detailed investigation
if a liquefaction hazard is determined to be present.

MAP LIMITATIONS

This map is based on limited geological, geotechnical, and hydrological data; a site-specific investigation is
required to produce more detailed information. The map also depends on the quality of those data, which varies
throughout the study area. The mapped boundaries of the Liquefaction-Susceptibility Zone are approximate and
subject to change as new information becomes available. Liquefaction susceptibility at any particular site may be
different than shown because of geologic and hydrologic variations within a map unit, gradational and
approximate map-unit boundaries, and the map scale. Small, localized areas of liquefaction susceptibility may
exist anywhere within the study area, but their identification is precluded because of limitations of either data or
map scale. Seasonal and long-term fluctuations in ground-water levels can affect liquefaction hazard at a site.
The map is not intended for use at scales other than the published scale, and is designed for use in general
planning and design to indicate the need for site-specific studies.

HAZARD REDUCTION

Although potentially costly when not recognized and properly accommodated in project design, problems
associated with liquefaction rarely are life threatening. As with most geologic hazards, early recognition and
avoidance are the most effective ways to mitigate this hazard. However, avoidance may not always be a viable or
cost-effective option and other techniques are available to reduce liquefaction hazards (National Research
Council, 1985).

Liquefaction damage may be reduced either by using ground improvement methods to lower the liquefaction
hazard (for example, compacting or replacing soil; installing drains or pumps to dissipate or lower the water table)
or by designing structures to withstand liquefaction effects (using deep foundations or structural reinforcement).
Existing structures threatened by liquefaction may be retrofitted to reduce the potential for damage. Because the
cost of reducing liquefaction hazards for existing structures may be high relative to their value, and because
liquefaction is generally not a life-threatening hazard, we consider it prudent, although not essential, to reduce
liquefaction hazards for existing structures, unless significant ground deformation (lateral spreading) is
anticipated and the structures fall into IBC Occupancy Categories Il or IV, in which case retrofitting is
recommended.
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This geologic-hazard map was funded by the Utah Geological Survey and the
U.S. Department of the Interior, National Park Service. The views and
conclusions contained in this document are those of the authors and should not
be interpreted as necessatrily representing the official policies, either expressed
or implied, of the U.S. Government.

Although this product represents the work of professional scientists, the Utah
Department of Natural Resources, Utah Geological Survey, makes no warranty,
expressed or implied, regarding its suitability for a particular use. The Utah
Department of Natural Resources, Utah Geological Survey, shall not be liable
under any circumstances for any direct, indirect, special, incidental, or
consequential damages with respect to claims by users of this product.

For use at 1:24,000 scale only. The Utah Geological Survey does not
guarantee accuracy or completeness of data.
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Base map consists of U.S. Department of Agriculture 2006 National Agricultural
Imagery Program natural color aerial photography and shaded relief generated
from digital elevation data acquired from the Utah Automated Geographic
Reference Center.
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EXPLANATION

Liquefaction-Susceptibility Zone — Areas where potentially liquefiable unconsolidated geologic units
may also be saturated. Determining if a liquefaction hazard exists at a particular location requires
acquiring site-specific information about soil texture and density, ground-water conditions, and the
frequency and intensity of anticipated ground shaking.

Unconsolidated Geologic Deposits' that may be Susceptible to Liquefaction if Saturated
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'Refer to UGS geologic quadrangle maps (see Sources of Information and References in accompanying text) for
descriptions of map units.
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