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1. Introduction

The reduction effects of the deep mixing method (DSM) on soil liquefaction have been investigated as case
studies physical and laboratory models and numerical methods. In most research, to determine the
effectiveness of DSM, the cyclic shear stress ratio (CSR) presented by Seed and Idriss is calculated for the two
conditions with and without improvement, and then the ratio is measured. These coefficients are determined
from the following relationships:
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Where 1,0, ,a.. Tq» @nd g are average shear stress, effective stress, total stress at the desired depth,
maximum acceleration at the soil surface, shear stress-reducing factor, and gravitational acceleration,
respectively. Note that the index U is for the free environment mode and the index I is for the improved case
with DSM.

The ratio of coefficients CSR, over CSRy is called cyclic shear stress reduction factor (Rcsz), which is
determined as follows:
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2. Numerical Modeling

In this research, 3D fully coupled, effective stress, dynamic nonlinear finite analyses were performed to
examine the effective influences of DSM. The DSM and soil parameters have been selected based on the studies
of Rayamajhi etal. (2014). The soil was represented as three layers, where the upper and lower layers of dense
sand were simulated at heights of 1 and 2m, respectively, and the middle layer of loose sandy soil at a 10m
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height. DSM thickness for all models is considered constant and equal to 1m. Fig. 1 exhibits the finite element
mesh for various numerical models.

In this research, two types of materials have been modeled with the Pressure-Depend-Multi-Yield02
(PDMYO02) model available in the OpenSees platform. The symmetry of the model allowed for half of it to be
simulated. The soil and DSM domains were represented using BrickUP 8 node elements. Natural frequencies
of 1 and 4 Hz and a damping ratio of 2% have been considered for all dynamic analysis.

The framework of analysis and its suppositions, boundary conditions (BCs), and constitutive model for
sandy soil were regarded according to Refs.
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Fig 1. A 3D improved geometric model of liquefiable soil with DSM accompanying its meshing technique

3. Results and Discussions

In this examination, the effects of grid distance and shear modulus ratio on the reduction factor in both
linear and non-linear cases of soil are evaluated. The analysis models were subjected to a harmonic load with
a frequency of 2Hz and an amplitude of 0.2g. The reduction factor, R, is calculated from the 3D back-
calculation in two cases with and without DSM. Fig. 2 illustrates the impacts of grid spacing and shear modulus
ratio on the reduction factor in linear elastic and non-linear cases. The R,,; increases with the spacing of DSM.
Considering the nonlinear behavior of soil and DSM reduces the R,,; compared to the case of linear elastic
behavior. Instead, the R, increases greatly by considering the nonlinear effect.

The R, 4 decreases with the shear modulus ratio. This reduction is more pronounced and noticeable in linear
models. On the other hand, the reduction factors in the nonlinear models are consistently lower than in the
elastic models at intermediate and greater depths.

4. Conclusions

The main conclusions of this study are as follows:

e Decreasing the spacing and increasing the shear modulus ratio in the DSM causes a reduction in the R,.4,
which is more prominent in linear models.

¢ Considering the nonlinear behavior of the soil, the DSM causes a decrease inthe R, ; and an increase in R .4
compared to the state of linear elastic behavior.

e The relationships derived from the assumption of shear strain compatibility and incompatibility in the
previous research are conservative for estimating the R,;. Still, there is a large difference in the R .., Values

(d): side view of shear wall unit cell
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due to the lack of consideration of excess pore pressure in the linear elastic model. Finally, the lower R g
values were estimated, which causes uncertainty.
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Fig 2. The influences of grid spacing and shear modulus ratio on the reduction factor in linear elastic and non-linear cases
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