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An Elasto-Plastic Constitutive Model for Sand and Its Application to
Compacted Sandy Ground

by
Fusao OKA ™, Kazuaki HIOKI**, Takeshi KODAKA* and Hirohisa YAMADA * * *

Sand compaction pile method is an effective soil improvement technique to prevent the liquefaction of loose sandy ground.
Since the current design method of the sand compaction pile method is only incorporating the effect of the densification of sand due
to compaction, the seismic design for this method has been reexamined after the 1995 Hyogoken Nambu Earthquake. However, the
characteristics of compacted sand containing fine contents have not completely been clarified; it is difficult to incorporate all the
complicated improvement effects to the current design code. In the light of recent trend of performance design, the dynamic
numerical analyses by the finite element method have spread in practice. The soil — water coupled liquefaction analysis, among
many existing numerical analyses, can be particularly expected to evaluate the complicated improvement effects of compacted sand.
Oka et al. have proposed the effective stress based liquefaction analysis using an elasto-plastic constitutive model for sand based on
nonlinear kinematic hardening rule. In the present study, in order to explain the compaction effect of sand containing the fine
contents, we have noted the relation between the parameters used in the elasto-plastic constitutive model and the state index of sand,
I;. A series of undrained traixial compression tests of sand were conducted under the conditions that reproduce both the effective
stress state and void ratio before and after compaction. We also simulated the triaxial test results by using the elasto-plastic
constitutive model. It is found that the quasi overconsolidation ratio, OCR’, is correlated to the state index of sand and is one of the
key parameters to evaluate the compaction effect of sand.
Key words: Compaction effect of sand, liquefaction, elasto-plastic constitutive model for sand, state index of sand, triaxial

compression test, numerical simulation
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Table 1 Physical properties of Sawara sand

Density of soil particle p, (g/cm’) 2.763
Maximum void ratio e,,,, 1.361
Minimum void ratio e,,;, 0.864

Sand content (75um-2mm) (%) 86.1

Silt content (2pm-75pm) (%) 10.1

Clay content (<2um) (%) 3.8

Mean grain size Ds, (mm) 0.2675
Uniformity coefficient U, 8.06
Classification Fine content mixed sand

Table 2 Test conditions

€ o-mol (kPa) Note

0.95 49, 96, 196 Before compaction

After compaction

0.80 49, 186, 392 (a=10%)
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Table 3 Material parameters

Before compaction (ey=0.95)

e 0.925 0.895 0.845
o0 (kPa) 49.1 96.1 196.2
2 0.0567 0.0567 0.0567
K 0.0091 0.0091 0.0091
My 1.190 1.190 1.190
M, 1.170 1.170 1.170
o, (kPa) 108.0 144.1 255.1
OCR" 2.2 1.5 2.2
E (kPa) 16,000 26,500 38,000
Gk 150 150 150
Gh 10 10 10
C, 40 40 40

After compaction (e,=0.80) (a,=10%)

e 0.812 0.787 0.749
o0 (kPa) 49.1 186.4 3924
yl 0.0359 0.0359 0.0359
K 0.0082 0.0082 0.0082
M 1.190 1.190 1.190
M) 1.150 1.150 1.150
o, (kPa) 157.1 335.5 588.6
OCR" 32 1.8 1.5
E (kPa) 25,500 41,500 50,000
Gk 250 250 250
Gk 10 10 10
C, 80 80 80
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Table 4 State parameter and state index

Before compaction (e,~0.95)

e 0.925 0.895 0.845
o0 (kPa) 49.1 96.1 196.2
o, (kPa) 108.0 144.1 255.1

OCR" 2.2 1.5 2.2

% -0.059 0.003 0.052

I 1.831 0.950 0.581

S

After compaction (e,=0.80) (a,=10%)

e 0.812 0.787 0.749
o0 (kPa) 49.1 186.4 392.4
o, (kPa) 157.1 335.5 588.6

OCR" 3.2 1.8 1.5

v 0.172 -0.013 0.051

I 3.423 1.107 0.660
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