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Stability Analysis of Very Soft Soils Using Geotextiles . The Role
of Model Test and Finite Element Analysis
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Summary

To investigate the behaviour of the embankment on very soft foundation reinforced geotex-
tiles, the laboratory model test in order to analyze the elementary effects of geotextile reinfor-
cement and the finite element program analyzing the stresses and deformations characteristics
was carried out.

A two-dimensional nonlinear finite element program called GEOTEXT(a modification of
ISBILD) for the static analysis of embankment on very soft foundation reinforced geotextiles
has been developed. Both linear and nonlinear hyperbolic stress-strain soil models are inclu-
ded, and incremental and stage construction can be simulated. However, the program GEO-
TEXT is not developed herein as an adaptable design tool for practicing engineer.

It was found that the geotextile reinforcement significantly reduced the shear stresses
in the foundation and decreased the vertical differential settlements at the top of the embank-
ment. This influence was more pronounced as the tensile strength of the geotextile was

increased,
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Table-1. Physical properties of soil tested

Samnle Grain size percent(%) Atterberg limit( %) Specific | Dry Density
P Sand | Silt Clay LL PL PI Gravity | (gf/em®)
Foundation 2.20 57.55 40.25 48.28 1845 29.83 2.623 1423
Embankment | 53.78 34.90 11.32 45.11 19.29 25.82 2.657 1.681
Table-2. Mechanical properties of soil tested
Triaxial compression Test _
Sampl P, bili Classificat
ample Angle of internal friction | Cohesion (kgf/cm?) ermeability (cm/s) assification
Foundation 2 0.098 2.1X10°% CL
Embankment 26 0.340 1.9Xx10°% sC
Table-3. Properties of geotextiles
Structure Material Weight(gf/m?) Tensile Permeability(cm/s) | Trade name
g strength(kgf/in) Y
700 635 KM 80001
600 508 KM 70001
500 458 KM 60001
I 2~4
Woven Polyester 400 181 10 KM )
330 331 KM 30001
170 178 . KM 7001
300 90 P 530
Nonwoveri | Polypropylene 200 51 axX10*(a=1~9) P 520
150 39 P 515
Test method KS K 0514 KS K 0520 KS K 2322
78 AHgs 1 AYAEE 64kel/in~381 T
kgf/in W9 7FFHE TRIACD. LARMKES)
A @23+ Table 37 2.
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Embankment |90cm
7 } *;ﬂ p eotextile
2 3o Fig. 1A B ubsl Zo] 712 120
cm, A1 30cm, ¥°] 90cm Z7]0]W, FHEH Soft foundation
(2-dimensional plane strain) JEie] 2F-& J TT 4

Ao

DA A Wy

Azt BERPOR HIE 23
g JAxEF T4 1256mme] 5573 fdE
At

Lt My HE R o4

23 o AE s e ggsih

-+

Binquet 5(1977), Guido %(1985), Holtz
(1977), Lee 5(1973), Petrik S(1982)&

120cm

L

Fig. 1. Structure of model

[ of



BRBTHEGE $36% F15 19944 37

E AR 2 FAKEH 5 #FEitHE
2349 & &o vjAsl S8 WY =
s vy S AHE3l9th. Schwab 5-(1979),
Smith 5(1976)& 23U & & G24&
A3 Xray2 #ESe HS AHES A
B dAFqAM= Bell 5(1977), McGown ¥
(1981), Schlosser 5(1982) 9] HERE WAL
o] &3},

4, R A TE
7h RHMES| SERIRE M40l TE WMt

Fig. 2& #&7 2%, Fig. 3& Tl 2
SolMe AAwgge 28 Rolch, TP
B vl o] FEmEROI LAMMER WET
Ag-ol ALt Kty FHe] AFW e Bt
Z9R olgolq 7b 2 ;e Bol:, RIES)
K REAE R Aol BB o] B
BHLS MEoA Fe) Bojd Foz shaA
AR Base A% Byt o)XY HAK
® MR, R A BT uE dge
A & THo) P Ro|Au, WE
Fol e R A7 R vistd A3
Wl ey ol Bastg. oze £k

[Ty Woven
KM7001
KNEI0001
s
KM70001
KMB0OD1
Embankment

- N
Geotextile ~(

Soft foundation

Fig. 2. Vertical displacement of ground sur-
face ; Woven

1 1
" Nonwoven
a3
|4 F520
Embankment

Geotextile -

Fig. 3. Vertical displacement of ground sur-
face ; Nonwoven

i) Ml NS F3o) RYF AFo|Y
o}

o] A= LABMS Ritke W3l wE
HYEAY A o A7l RS
Biko] 42 I EH7L e Jarret F
(197719 A dXFgch. B ohg) o
219l A7ZHHAJessberger, 1977 3 Schwab
%, 1977 ; Petrik, 1982 ; Yasuhara 5, 1982
Guido, 19851°l141¢} o] L AEHES] Mol
RS XA Yo Halel WMy AFAA F
Wkl w9 A 2 AeF da a3t oe
FAT 2 EEN Zole AAT HA £
Ao Me LA 3.

EE dAHEE AR IFA=e =
719 wmeba 1 A7)0 WEkEle e B
o RS 7 el x g8 AnE
B ol#d Ane 7|€9 d72ans A9
A A3} tH Kinney, 1979 ; Yamanouchi, 1982 ;
Yasuhara, 1982]. ¥l HE ulel Zo
A AFAEE dAXH Adegky I
A AAE oY, AR I3 F=rt
39 45 AW EE Fhdte Aol B
Rk, RS QA= T Kt
fig Ao Hd AFAHF Fig. 494 EHe
uke} Zol FUYF T AN A
EfRel MBS 2



FAMMEE R et el RERE M BARERS FRERMN
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Fig. 4. Relationship between the tensile st-
rength of geotextile and the maximum
vertical displacement of ground sur-
face
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Fig. 6. Vertical displacement of ground sur-
face ; one and two layer of geotexti-
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| Read number of problems

I

| Loop on number of problems
I

| Call SUBROUTINE GDATA
[

l Calculate number of equation—l
[

‘ Call SUBROUTINE PRECOND J

l

Loop on number of loading
increments

I

l Loop on number of iterations }—-—

I

‘ Call SUBROUTINE LOAD

I

[ Call SUBROUTINE FORMX

I

Call SUBROUTINE SOLVE

[
[ Call SUBROUTINE RESLLTS

|
|
|

End loop on iterations

I

LEnd loop on loading increments —}—

[

LEnd loop on number of problems

Fig. 8. Flow charts of FEM program(GEO-
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Table-6. Hyperbolic parameters for interface

friction
_Contact with geotextile | Ki | m | Ra | 8
Foundation 20 102 |08 17
Embankment 8 | 05| 05 [221

Fig. 99} Zo] 84 % EE3IUT. 1YA
R ule} o] Kpsitify ol AAAS AP
nFaeg, #F-$& ZAAEL E(Roller)
goz 3t £ BEHS AAHT B A3
o2 @Esle Aoz 3. A7IM &L
Bt 1570, s 36709 a2 s,
+ A 6719 24 (Line element), &-
+ RS A& A(Interface) & 14719 AT
842 FA3AG.

TEXT)
Table-4. Hyperbolic parameters for soils
Sample C(kgf/cm®) 0° K n R d G F
Foundation 0.098 2 35 0.3 0.95 8 0.30 0.15
Embankment 0.340 26 100 0.6 0.70 5 0.15 0.15
Table-5. Polynomial coefficients for geotextiles
Trade name a a a3 ay as a5 az
KM60001 1130.0 —-1517.0 956.0 3686.0 —11160.0 12280.0 —5045.0
KM50001 832.7 —799.5 369.3 1023.0 —1936.0 905.8
P530 161.2 8604 |—5123.0 112100 —10910.0 3843.0
P520 1485 —110.3 185
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Fig. 10(a). Comparison between the measu-
red value of model test and the
predicted value of Finite Element
Method ; Woven
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Fig. 10(b). Comparison between the measu-
red value of model test and the
predicted value of Finite Element
Method ;: Nonwoven
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Fig. 11. Embankment geometry and finite
element mesh for analysis of geote-
xtile reinforced embankments. Both
elements and nodes are numbered
as shown
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Fig. 12. Response of the unreinforced emba-
nkment on the foundation after the
embankment dead load is activated.
Orientation and relative magnitude
of the principal stresses are shown.
Numerical values within each ele-
ment indicate the maximum shear
stress in kgf/cm?
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Fig. 13. Response of the embankment on the
foundation reinforced with the wo-
ven geotextile after the embankment
dead load is activated. Orientation
and relative magnitude of the princi-
pal stresses are shown. Numerical
values within each element indicate
the maximum shear stress in kgf/cm?
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Table-7. Summary of settlement and deflection response for various reinforcement configuration

Maximum Vertical | Maximum Horizontal ) Max.
) . Ratio of , .
Case Figure Settlement Deflection Max. H to V Differential
ax. o
(m) Node (m) Node Settlement{m)
Unreinforced 12 0.35 52 0.24 3 0.69 0.040
Woven geotextile 13 031 52 0.22 K21 0.71 0.033
Nowoven geotextile | 14 0.32 52 0.23 34 0.72 0.035
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Fig. 14. Response of the embankment on the Fig. 15. Percent reduction in maximum

foundation reinforced with the non-
woven geotextile after the embank-
ment dead load is activated. Orien-
tation and relative magnitude of the
principal stresses are shown. Nume-
rical values within each element in-
dicate the maximum shear stress in
kgf/cm?
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