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Improvement on Earthquake Resistance of
Asphalt Facing Embankment Dam

SUMMARY

A medium-scale earthquake happened to cause severe damages on the asphalt facing zone
of an earth-dam. Many cracks appeared on the slope surface especially near the crest and on
the bottom surface of the reservoir, though the dam body itself was scarcely damaged. Due to
viscous natures of bitumen, asphalt mixtures are in general highly flexible, accompanying
much stress relaxation, and can follow large deformation without serious damages, as
compared with cement mixtures. It is well known, however, that under low temperature in
winter season and under high rate of cyclic loading during earthquake, asphalt mixtures are
often to be damaged by reducing flexibility due to their temperature and strain rate
dependencies on mechanical behaviors.

This paper focuses on such causes and influential factors associated with cracking in the
dam during earthquake and rational remedial measures for the damaged asphalt facing zone.
The objectives of the paper are then listed as, 1) development of a new asphalt bitumen to
improve flexibility nature of asphalt mixtures to have much more resistance against stronger
earthquake, 2) proposal of appropriate experimental methods to prove effectiveness of
improvement as a facing material, 3) proposal of evaluation methods of earthquake resistance
of asphalt facing impervious zone, on the basis of the concept of accumulation of damage
caused by dynamic strain developed in the facing zone.

Development of new asphalt bitumen is discussed in Chapter 3, from viewpoints of
visco-elasticity and sensitivity to temperature, in order to improve flexibility under low
temperature, and also to have sufficient resistance against flow under high temperature.
Several laboratory tests are carried out to investigate mechanical properties of the asphalt
mixtures made with this new bitumen, and the results are compared with those of usual
straight asphalt mixtures to verify improvement of high flexibility and stress relaxation, and
of high ductility under low temperature and cyclic loading conditions.

FEM dynamic response analysis of the asphalt facing earth dam is made in Chapter 4 to

“understand its behavior during earthquake. Overall stability is discussed first for circular
sliding surfaces to reveal sufficient safety of the dam body and effectiveness of the present
method of earthquake resistant design of embankment dam. Cyclic strain developed in the
facing zone is then evaluated to investigate cracking potential of the zone through two
approaches. One is the way to examine safety by comparing the maximum cyclic strain with
the tensile strain at failure, and the other to introduce the accumulated damage as a threshold
index. The concept of safety factors used in the limit state design method is also introduced in
these two appfoaches to discuss their applicability as practical design method.
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