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Analysis of Fine Particle Transfer and Shear Strength Increase
Using PFC in Permeation Grouting
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Abstract

Numerical experiments using a distinct element code (PFC3D) were carried out for the analysis of grout-material
transfer in soil layers and also for the analysis of increase in mechanical strength after permeation grouting. For rapid
analysis, up-scaling analysis in length scale was adopted, and the following observations were made from the numerical
experiments. Firstly, the relative size of grout material with respect to the in situ soil particles controlled the transfer
distance of the grout particles. When the size of grout particle was 0.2 to 0.25 times of the in sifu soil particles, clogging
of pore spaces among the in sifu soil particles occurred, resulting in restricted propagation of grout particles. It was
also found that there was a threshold value in the size of grout particle. Below the threshold value, the transfer distance
of the grout particle did not increase with the decrease of particle size of the grout material. Secondly, the increase
in cohesion and internal friction angle was observed in the numerical specimen with grouting treatment, but not with
the untreated specimen.
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Fig. 1. Data structure, contact relation and constitutive law in PFC3D
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Fig. 7. Numerical specimen used for triaxial compression tests.
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Table 1. Micro-mechanical properties of numerical experiments
designed for the verification of grouting effect

Values and Units
2630 Kg/m’
1.2x10° N/m

0.4 of normal stiffness value

Micro properties

Density
Normal stiffness

Shear stiffness

Ball friction 0.5
Parallel—bond normal stiffness  1.6x10'° N/m
Parallel—bond shear stiffness ~ 1.6x10"° N/m
Parallsl—bond normal strength  1.0x10° Pa
Pparallel—bond shear strength  1.0x10° Pa
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Fig. 8. Stress-strain curves from triaxial compression tests of numerical specimen. The elastic part in stress—strain curves is not shown
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Fig. 9. Changes in mechanical properties before and after grouting
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