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SUMMARY

The paper describes the application of a generalised plasticity model to the seismic security
analysis of Los Reyunos earthdam.  A modified version of Pastor – Zienkiewics model was used to
evaluate dam deformation under seismic loads for undrained conditions. The model was modified
in order to represent more accurately the steady state strengths of the dam materials. The
parameters used for the model were estimated from cyclic triaxial tests.  Comparisons of these
tests performed on the shell material with model response and some results of dam deformation are
presented.

INTRODUCTION

Los Reyunos is a 132-m high dam located in Department San Rafael, Mendoza Province Argentina, which is a
zone of moderated seismic risk. The dam section that was used for a seismic security analysis is shown in Figure
1. Shell material is gravel (GP) compacted to a relative density of  70%.

Gravely soils compacted at high relative densities have high residual or steady state strength after liquefaction
since shear straining causes dilation and drop of the pore pressures. This fact determines that the final stability of
dams built with such materials is ensured for most earthquakes.  However, the seismic security assessment of
these structures requires not only the final stability check but also the evaluation of the seismic caused
deformations and cracking. Deformations can cause loss of freeboard with overtopping hazard and cracking can
lead to erosion due water flow.

The simulation of earthdams dynamic behaviour should consider the pore pressure generation phenomenon due
to cyclic loads, the stiffness and strength degradation in contractive materials or the stiffness degradation in
materials of dilatant behaviour and the post-earthquake dissipation of the pore pressures. This highly complex
non-linear coupled problem requires a suitable mathematical treatment and a constitutive model, which represent
the granular material features.

The following methodology was used to evaluate the seismic assessment of Los Reyunos Dam:

•  Selection of the verification accelerogram. This was derived for a 6.8 Ms magnitude earthquake at a short
epicentral distance. ( Figure 2).

•  Evaluation of materials properties from cyclic triaxial tests.

•  Simulation of dam construction and reservoir filling.

•  Limit equilibrium check under gravity load using steady state strengths.

•  Estimation of dam deformations using fluid coupled non-linear dynamic analysis of a finite element model.
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Material: SHELL LOS REYUNOS
DR=70%; consolidation pressure=2,5 Kg/cm²; Kc=1,7; Desv. cíclico=3,5 Kg/cm²
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Figure 1. Los Reyunos dam analysis section. Gravel shell, (2) clay core, and (3) foundation

Figure 2.Verification Accelogram.

CYCLIC TRIAXIAL TESTS

Series of cyclic triaxial test were performed in order to identify some characteristics of the shell material.  Figure
3 shows curves of axial tension vs. axial deformation and curves of effective pressure p’ vs. deviator q for one of
the tests. Once the material reached 5 % of axial deformation, the tests were continued as deformation controlled
until the residual strength is developed.  Comparisons of different test results of stress paths are shown in Figure
4.  Critical state line and steady state strengths were estimated from these tests.

Figure 3. Cyclic triaxial tests of shell material
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Figure 4. Different tests stress paths

PASTOR-ZIENKIEWICZ MODEL

Pastor – Zienkiewicz model (Pastor, et al, 1990) for sands was used for the analysis. This model is formulated in
the frame of generalised plasticity. This theory postulate at every point of stress space one direction that serves to
distinguish between loading and unloading and another direction for the direction of plastic flow. Constitutive

matrix is defined as:
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The scalar value H called plastic modulus is a hardening parameter that is a function of effective stress ratio,
effective pressure and accumulated strain. The model is formulated in terms of the three invariant: effective
mean pressure p’, deviatoric stress q, and Lode angle. The flow direction is a function of dilatance d, for loading
and unloading.
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The loading direction vector is defined in a similar form:
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and the  plastic modulus H  for loading
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Modification of P-Z model.

The model was modified due to the difficulties founded on selecting appropriate parameters that can represent
accurately the material steady state strength for a great number of applied cycles.

The model was modified using:
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This stress ratio is a limit that causes H=0 and p’cr is the maximum effective pressure that the material can reach
under steady state conditions.

The unloading plastic modulus was modified also as

)exp(0 ξBuHuHu −=

SIMULATION OF TRIAXIAL TESTS.

Shown in Figure 5 are pore pressure increment and axial deformation vs. number of cycles for one of the tests.
The green curve was traced using actual test results and the blue one corresponds to the simulation. The model
was checked with one set of parameters to the available tests. As can be seen the model simulates with good
approximation the observed behaviour. Figure 6 shows deviator q vs. axial deformation q vs. effective pressure p’
curves for the same test: green for the test and blue for the model response.

Figure 5. Comparison of model prediction and test results: pore pressure increment and axial deformation
vs. Number of cycles
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Figure 6. Comparison of model prediction and test result: q vs. Axial def. and q vs. p’

RESPONSE ANALYSIS RESULTS.

The model was implemented in a finite element program developed at the Instituto de Investigaciones
Antisismicas de la Universidad de San Juan . This program can simulate dam construction and reservoir filing.
The dynamic analysis is carried out using Wilson scheme of step by step integration. Figure 7 shows the mesh
displacements computed at the end of the input accelerogram amplified by 50.

CONCLUSIONS

An attempt is made for modelling the post-liquefaction displacements of an earthdam with the purpose of
checking its seismic security. In this study, the influence of residual or steady state strength and the loss of
stiffness due to cyclic mobility were considered.  The parameters of the generalised plasticity model used were
chosen using cyclic triaxial test performed on shell material.

Figure 7. Mesh displacements at the end of the earthquake
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