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Fig. 2 Monitoring system of the embankment
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Table 1 Soil properties of fill materials

__ Soilparameters |  Properties
Specific gravity _p, (glem’) 2686
Natural water content w (%) 44.2
Void ralio e (%) 1.193
Grain size distribution
Gravel (%) 0
Sand (%) 1.6
Sil (%) 35.t
Clay (%) 633
Liguidlmit (%) | 5737
Plastic limit (%) 22.09
Plasticity index (%) 35.28
Classify Clay (CH)
Unconfined  compressive 882
strength  (kPa) (Undisturbed)
Triaxial compression test
uu cu
Total stress ~ (kPa) 529 127
¢ {degree) 32 134
Effective stress (kPa) - 17.6
) (degree) - 237
Consolidation
Compression index C 0.589
Consolidation  yield 426.3
stress_ p. (kPa)
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Table 2 Material properties of GHDs

Materials Thickness Tensile strength(kN/m) In-plate permeability(cnv/s)
(mm) Tensile strain at | Tensile strain at Tensile strength () Nomal stress at] Nomal stress at| Nomal stress at
5% 10% enstle streng 98kPa 196kPa 294kPa
Reinforced nowoven fabric 8.7 45.0 71.0 74.0 11.4 3.20E-01 1.30E-01 1.00E-01
Plastic core covered by 36 440 56.0 85.0 321 1.60E+01 L60E+01l | 1.60E+01
nonwoven fabric
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(Section B)
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Table 3 Input parameters of clay

Compression index A (unit) | 2.556E-01
Swelling index K 2.556E-02
Clitical state ratio M 1.300E+00
Sewndr]'/ compression| 5.800E-03
index
Initial stiffness ratio | G, kPa | L.307E+04
Poisson's ratio v 3.594E-01
Primary ::r’:::l’da“”“ p. | xpa | L135E+02
Coeflicient of earth
pressure atrestat | K goc) 7.350E-01
nrimary consolidation
Initial effective stress 0',0' kPa | 4.615E+01
Coefficient of earth
e atrest | KOO 5.611E-01
Initial void ratio e, 1.193E+00
Unit weight Yo | kN/m® | 1.570E+01
Reference. volumetric Vo 1.110E-06
strain rate__
Rate of perm?abxllty A 2.556E-01
|__change against e
Horizontal ko |mmour| 6.900E-07
permeability
Vertical permeability | &y, | m/hour{ 6.900E-07
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Table 4 Input parameters of GHD

Young's modulus | E [ 2.240E+05(kPa)
5.000E-01

3.600E-03 (m?)

Poisson's ratio v

Section area A
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Table 5 Case of analysis
case No. GHD function facing stitfness of GHD shear stiftness of permeability of | arrangement of GHD
drainage stilfness(kPa)  Junit weight(kN/m3)| (kPa) joint clement(kPa) GHD (cm/s)
1 x x X X X x x x
2,3,4,5 O [e] 2.24E+405 - 2241405 1.36E+06, 1.36E+05, 1.361:+04, 1.36E+03 same as (st site
6 x o] X x x X same as lest sile
7 [e] X X X 2.24E405 1.36E+05 No drainage same as (est site
8,9, 10 [e] [¢] 2.24E4+05 - R.24L+06, 2.24E+04, 2.2413403 1.36E+05 same as lest site
11 [e] ] 2241405 - 224405 No joint elements same as lest it
12 [e) [e] 2.24E+05 - 2.24E+03 1.36E+03 - same as lest sike
13, 14,15 X (o] X s X X 16.0, 8.0, 0.80 same as test site
16 x (¢} X x x x - same as test site
17 o) o) X X 2.24E405 1.36E+05 same as st site
18, 19 0] [¢] 2.24E+03, 2.24E+07) - 2.24E+05 1.36E+05 same as test site
20,21 (o) [¢] 2.24E+05 0.98, 17.6 2.24E405 1.36E+05 same as (est Site
22,23,24 o [¢] X X 2.24E+05 1.36E+05 Length=15m, 10m, Sm
25,26 o] (o] X X 2.24E+05 1361405 Pitch=0.5m, 1.0m
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Table 6 Result of analysis

Case maximum shear strainat | pore water | maximum | maximum
No. horizontal thetoe of the | pressureat | tensile strain | tensile strain
displacement(m) slope point C(kPa) of GHD of facing
642 5.000% 134.0 X
.035 .200% 28. .417% 3.306%
.047 .600% X .601% 3.026%
138 .100% . 698% 5.903%
.340 .500% 34. .696% 14.397%
.081 .900% . X X
.134 22.400% 159, 664% X
.026 . 700% 29. .204% .574%
.054 .800% 30. .774% . TH0%
.056 . 200% 29, .837% .783%
.034 . 400% 28. .389% 321%
.940 . 500% 33. 11.822 .049%
.015 800% K X X
015 .800% .. X X
.015 800% . X X
.015 -800% E X X
.052 .700% . .800% X
8 .050 .500% 30. .638% .396%
0.024 .100% 21. .454% | 0.308%
0.055 .600% 31 468% ] 1 .505%
0.067 .700% 32. A492% | 2.109%
2 0.063 .800% 30.! .653%
23 0.024% .500% 94. .089% X
0.035%% A400% 136. . 153% X
0.041 .300% 45.] .613% X
0.043 .200% 8. 718% X
Ton the time whon just compieted RilnD

#on the time when filling to 8.1m
*+on the time when filling to 7.5m
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Finite Element Analysis of GHD-reinforced Soft Clay Embankment

Masasﬁi KAMON, Mamoru MIMURA, Takashi KATO and Tomoyuki AKAI*

*Technology Research Institute of Osaka Prefecture

synopsis
Geosynthetic Horizontal Drains (GHDs) are possible to be used in the case of steep soft clay embankments. To

obtain the behavior of GHD-reinforced embankments, the numerical analysis of GHD-reinforced embankments which

are referred to the full scale test embankment in site was conducted. As the result, the FEM used in this study can

simulate the deformation and stress with the comparison between calculated value and measured data. Further evaluation

about material properties of GHD, effects of facing, and arrangement of GHD in the embankment were carried out.

Keywords: geosynthetic horizontal drain; emb.
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