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Development of Constitutive Equation for Soils
Under Cyclic Loading Conditions
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Summary

Various soil behaviors usually occurring in the geotechnical problems, such as, cutting
and embankments, stability of slope, seepage, consolidations, shearing failures and liquefaction,
should be predicted and analyzed in any way. An appoach of these predictions may be
followed by the development of the constitutive equations at first and subsequently solved
by numerical methods.

The purpose of this paper is to develop the constitutive equation of sands uder monotonic
or cyclic loadings. The constitutive equation which is based on elasto-plastic theory, modified
anisbtropic consolidated stress parameter by Sekiguchi et al and Pender’s theory is derived.
And the equation is included a new stress parameter, hardening function, Bauschinger’s
effects and Pender’s theory.

The model is later evaluated and confirmed the validity by the test data of Ottawa sand,
Banwol sand Hongseong sand.

The following conclusions may be drawn :

1. The constitutive equation which is based on elasto-plastic theory, modified anisotropic
consolidated stress parameter by Sekiguchi et al and Pender’s theory is derived. The equation
is included a new stress parameter, hardening function, Bauschinger's effect and Pender’s
theory.

2. For Ottawa sand, the result of the constitutive equation shows a better agreement
than that of Oka et al. The result of axial strain agrees well with the tested data. However,
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the result of horizontal strain is little bit off for the cyclic loadings or large stress. It is

thought that the deviation may be improved by considering Poisson’s ratio and precise measu-

rement of shear modulus.

3. Banwol sand is used for the strain and stress tests with different relative densities

and confining pressures. The predeicted result shows a good agreement with the tested

data because the required material parameters were directly measured and determined form

this laboratory.

4. For Hongseong sand, the tests under same amplitude of cyclic deviatoric stress shows

a similar result with the tested data in absolute strain. It shows the acute shape of turning

point because the sine wave of input is used in the test but the serrated wave in prediction.
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Fig. 3. Flow chart

Table- 1. Z2io| #iPay MR

Ottawa sand Banwol sand Hongseong sand*
G 2.67 2.64 2.67
C. 2.10 1.84 3.40
€max 0.82 0.80 148
€min 0.54 0.68 0.81
Avg.grain size 040 045 0.29
USCS SP SP SW-SM
g Ede 19789 109 7Y WA BumE gl AAT A
Table- 2. Zt E¥io| HH¥NK
Sample Dr K G G' Mn M R G, Crnax Gmin
Ottawa - 11000 | 2100 750 0.96 1.55 1.07 10 50 10
20 300 350 620 0.95 1.26 175 1.20 4.62 1.20
Banwol 40 400 400 750 0.98 1.32 179 0.80- 3.23 0.80
sand 60 550 500 800 0.99 1.37 1.60 0.80 3.66 0.80
80 850 650 900 116 142 1.65 1.20 5.21 1.20
Hongseong 58 550 180 1500 0.80 1.80 1.00 1.00 0.75 0.25
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