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Studies on Dynamic MNon-Linear Behavior
of Rock-Fill Dam

Masahiko KUROIWA*
Terushi TANIBA**

This paper presents investigations of non-linear behavior during the process
up to frilure of rock-fill dam subjected to eathquake motion, by means of struc-
tural model studies and mathematical simulations. When the size of structural
model is small, the use of field granular materials make it difficult to keep
strict similarity. So the model is formed by artificial granular to avoid the
violation of similarity lows. The artificialmaterials is produced by mixing
sands, steel powders and epoxy-rosin. And the mixtures are solidified, crushed
and classified. The mechanical similarity between the model and the real dam is
satisfied in regard to unit weight, grading curve, elastic wave velocities, coef-
ficient of internal friction and dependence of these mechanical properties on
strain beyond elastic limit up to failure as well as within elastic region.

According to the response of the dam model to the low acceleration input less
than 20 gals, the model yields good correspondence to the actual prototype. As
the acceleration input increases over 100 gals, the model shows non-linear be-
haviors. The behaviors are caused by strain hardening and then by softening
effect together with large deformation. 1In the later condition, amplitude versus
frequency responses show non-linear vibration characteristics of mass-softening
spring system.

For the higher input over 250 gals failure of the model begins and various
failure modes correspond to the input forms. 1In case of harmonic excitation,
the failure starts at dam crest. On the contrary, for impulse wave excitation
the failure occurs at the toe end of slope on the apposite side of exciting di-
rection.

The mathematical simulation are carried out using the F.E.M. in which consti-
tutive equation for non-linear viscoelastic model, composed of a Maxwell model
in parallel with a non-linear spring. The non-linear spring is used in order to
represent the properties of the granular materials. The value of spring con-
stants are specified with confining pressures acting on them. The finite defor-
mation is considered in the analysis.

The numerical results of mathematical simulation, such as vibration mode,
hysteresis loops and some failure modes for harmonic and non harmonic excitation

of 250 gals, are apploximatly coincident with the experimental resalts in the
model dam.
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