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ABSTRACT

Frozen soils, especially seasonally frozen soils, have a significant effect on the seismic
performance of bridge pile foundations. To account for this effect, it is necessary to evaluate
frozen soils” mechanical properties. This report focuses on obtaining the mechanical properties of
naturally frozen silty soils in Alaska. High-quality specimens of both permafrost and seasonally
frozen soil were prepared by block sampling and machining following a procedure designed to
minimize mechanical and thermal disturbances. Both horizontal and vertical specimens were
prepared to investigate the effect of specimen orientation. Unconfined compression tests were
performed at temperatures ranging from -0.7° to -11.6°C at a constant deformation rate that
corresponds to a strain rate of about 0.1%/s. This strain rate is equivalent to that expected in the
frozen soil during a design earthquake in Interior Alaska. Test results including soil
characteristics and mechanical properties (stress-strain curves, compressive strength, yield
strength, and modulus of elasticity) are presented and compared with data in the literature. The
impact of temperature, dry density, water content, and specimen orientation on mechanical
properties is discussed. These mechanical properties can be directly used to evaluate frozen soil
lateral resistance in the analyses of laterally loaded pile foundations during seismic or other

events in cold regions.
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EXECUTIVE SUMMARY

This report describes the sampling, machining, conditioning, and unconfined compression
testing procedures used to determine the mechanical properties of naturally frozen soils in
Alaska—both seasonally frozen soil and permafrost—and presents the testing data and analyses

that resulted from that work. The main findings from this project are summarized below:

1. The ultimate compressive strength decreases with increasing temperature; it decreases
with increasing dry density, or increases with increasing water content. This trend for the
latter is clearer at lower temperatures. In addition, there is a correlation between yield

strength and ultimate compressive strength.

2. The Young’s modulus decreases with increasing temperature. The horizontal specimens
tend to have higher Young’s modulus, especially for permafrost. Similarly, the shear

wave velocity of frozen soils decreases with increasing temperature.

3. For permafrost, the ultimate strength of horizontal specimens is substantially higher than
that of vertical specimens at the same testing temperature. This strength anisotropy is
likely due to ice wedge formation commonly observed in permafrost.

4. The ultimate strength of naturally frozen soils is lower than that obtained from remolded

frozen soils.

5. Factors that affect the mechanical properties of frozen soils include temperature, water
content or dry density, specimen orientation, and soil type.
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