21

(Geosynthetic)
test section
(Model)

211
(Case Study of a Geotextile Reinforced Levee on a Soft Clay
Foundation) (F.M. Duarte ,G.s. Satterlee . . Army Corps of Engineers ,U.S.A | 1989)

Duarte  Satterlee (1989)

2.13
100 test section 150

85 13
2



strain
composite structure

strain gauges Lsettlement

plates , piezometers  inclinometers strain gauge inclinometer

strain gauges

inclinometers
(Failure Plane)
(Driving Force)
(Resistance Force)
(Slope Stability)

11 2

080 085  slope
(High Strength Woven Geotextile)

(Ultimate Tensile Strength) 665.4 kN/m (Allowable Tensile
Strength)  297.7 kN/m strain 5% Polyester
(Single Layer) 13



strain

strain slope 3.5%
slope stress-strain
wide width tensile test strain 3.5%
57.6 kN/Im
0.356 -34 -34
slip plane
2.0 strain
edge  Method
Circular Arc Method slip plane -34
10 2
strain 203 167
2 Wedge Method ~ Circular Arc
Method (Conservative)
85
54.2 13 6

4000 100



2.1.2 Synthetic - Grid Reinforcement
(Design and Construction of Synthetic - Grid Reinforced
Embankment over Soft Waste) (M.F. Houlihan , W.K. Rodgers , G. Willibey , N.D.
Williams , 1989)

(Soda Ash)

average shear strength 5kPa
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L 100
2.
3
4,
5. FactorofSafety  Slope Stability 14
6.
2
(Long Term)
3
3.7 9.0
(Synthetic ~ Grid)
bearing capacity , slope stability , block sliding , plastic failure
finite element l
stress-strain characteristics , creep characteristics ~ chemical
compatility
polyester elastic
modulus

Inclinometer
stress-strain



wide width tensile test

strain gauge , extensometer
stress-strain
Inclinometer max. strain
2% stress wide width tensile test 135
kN/m 2.6

21 Summary of Embankment Analysis Results

Results
Analysis Method Unreinforced Reinforced
Bearing Capacity Fsi'= 18 FS. = 26
Circular Arc Slope Stability Fs. = 10 FS. = 14
Block Sliding Slope Stability Eoe—s 18
Finite Element Settlement = 50 cm  Settlement = 20 cm

Plasticity - Lower bound Emb. Height = 29 m  Emb. Height = 39 m
Plasticity - Upper bound Emb. Height = 43 m Emb Height = 59 m



2.2

(Particle Friction)

Shapes and Packing)
(Compressive Stresses)

direct shear test

Applied Stress (CTV)

(Shear Stress)

(Reinforcement)

(Particle

(Normal Stress)

(PRSIn0)

21



0\, Normal Stress ~ Applied Stresses

Applied Shear Stress T

MINUTINOUBN
{ AS

AT

R

V

Resultant Stresses

Shear Stress Normal Stress

P,sind P, cosO
7—-R ] (cv-f- R J
Ag Ag

2.1

(Shearing Resistance)
(Bearing  Capacity)
slope

(Consolidation)

(Short Term)

stiffness
(Differential Settlement)



With reinforcement

Without reinforcement

Overall factor of safety
S
|
|

End of construction

Time

2.2

2.2

(Creep)

14



(Earth
Pressure) (Slope  Stability)
(Limit Equilibrium) 2.3

(23 Vertical
Loading  Outward Shear Stress

(Reinforcement) (2.3 )

(Outward Shear Stress)
(Inward Shear Stress)

(Reinforced Embankment) Finite Element , Finite Difference |,
Plasticity Analysis Design Charts

Wager (1968) , Maagdenberg (1977)
Broms (1977), Hoedt (1978), Fowler (1979), Bell (1980)

(Highly Cohesive Layer) (The Failure
Mechanism)

(The  Reinforcement
Tensile Strength)
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c’\:’
1
ch__)é
c P O
fill A ] $T.. = P
Vertical Loading
Outward Shear Stress
ArX X XA
N
[ Soft Foundation 777/
@)
Unreinforced Reinforced

reinforcement

\EA S5 5AS AN

V4

Soft Foundation

Outward Shear Stress

Inward Shear Stress

(b)

2.3 (a)
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- The Required Reinforcement Forces

(Soil
Strength Properties)

- The Available Reinforcement Forces
(Elongation)
(Material ~ Stiffness  and
Stength Properties) (Interaction)

the required reinforcement forces
the available reinforcement forces
2 Working Limit State ~ Ultimate
Limit State Ultimate Limit State
(The Full Soil Shear Strength)
Working Limit State shear strength

2.3

(The  Minimum Factor of Safety) (The
Maximum Required Reinforcement Force)
3
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1 Horizontal Slope/Lateral Spreading Failure

2. Rotational Slope/Foundation Bearing Failure

(Slip Circle)
3. Excessive Foundation Displacement Failure

24

2.3.1 Horizontal Sliding/Lateral Spreading of Embankment

(Lateral Spreading) (Active
Earth Pressure) (fiydrostatic Pressure)
tension crack

(Slope)

(liding)



(a) Horizontal Slope/Lateral Spreading Failure

(b) Rotational Slope/Foundation Bearing Failure

(c) Excessive Foundation Displacement Failure

24

¥ ¢m\
P Eaae H

| £

<
< =l

25 Horizontal Sliding



Pa

.

Ka

2.5

Active Earth Pressure Coefficients =

g

pr

tan<j)y = /btan(L

Coefficient of Interaction =

0509

Mohr-Coulomb

21)

tan245 - —é‘ )

(23)

20



Sliding , F.5. 501

(Pa)

Strength , Tul)

(Tensile Modulus)

Ef

ult

(Factor of Safety Against

F-S-siding = (2-4)

(Ultimate  Tensile
(Pa)

(Minimum ~ Tensile  Modulus)

Tult (25)

max

Tensile Modulus

20 (PaxF.S)

American (The Corps of Engineers)
10%
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Tensile Modulus (Ef)

Tensile  Modulus

2.3.2 Rotational Slope/Foundation Bearing Failure
(Soft Foundation Soil)
slope failure (Slip

Circle)
Rotational Slope Failure

JEWELL , RA. (1982) Slip Circle Analysis

2.6

(The Required Reinforcement Forces)



failure)
(Md)

23

+ Trial Circle Center

o Trial Position on the Reinforcement

;\

2.6
(Normal Stress)
2.1 (Unreinforced Embankment)
slope failure (Factor of safety against slope
Restoring Moments (MR Disturbing Moments
(26)



24

Y

v \ﬂ

S i

xwﬁw

2.7 Definitions and Forces for a Slip Circle Analysis

M

F-S. unreinforced ’ (2.6)

Mr = the restoring moments
= (rrsbsR
Md = the disturbing moments = X
(Reinforced Embankment)
Restoring
Moment (aMr) (2.7)
AMr = TgY (2.7)

Tg =



L

2.

FS. reinforced

Working Limit State

Ultimate Limit State

1Ug

slope failure
M +AM
M
(28)
M
Mp- E3;
Y
M xF.S.-M

29)

2.10)

25
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FOWLER 1J. (1979) BISHOP
(The Simplified Bishop Slope Stability)

1. Slope
Failure
2, tension cracks

3. (Critical Slip Circle)

2.8

c C+C (2.11)



Geotextile
A r %
\ “ / Soft Clay Layer
N Z
—1
e
c,tc,

2.8 FOWLER

C

C =

(2.12)
e 2.12
T =
L - 1 vV A d

(Driving Force , FD

(Resisting Force

 FR

21
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Fr = CL
= (@+cuL
= Tg+CL (2.13)
()
(Slices)
Fd = ZWisin0i (2.14)
Tg = F.s. x IWjSing, - QL (2.15)
2
charts
charts Pinto Pass
Embankment The . . Army Engineer Waterways Experiment Station
2 charts 29 210 charts

(Preliminary  Design)

design curves

(c)
curves 2
Depth Ratio (D)~ Stability Number (N)
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H) (h)
(cy )
1. The Depth Ratio (D) (H)
(h) (H)
_ H+h
D = H (2.16)
2. The stability Number (N) (c)
(ym (H)
design charts
1 Depth Ratio , D
2, FS =130
3 chat 29 Stability Number , N
4 ility N = ——
Stability Number , ﬂ Vi
D Stability Number N = N-Nu
6. ¢, = NYH
7. chart 2.10 , Tg

(Slipe Circle Type Failure or Rotational Type Failure)



(Horizontal Sliding or Lateral Spreading of Embankment)

1

|
P
DEPTH RATIO, D

|
£
w

2.0

r 1 1 1 1
18 - 1% 10 05
SPECIFIED SAFETY FACTOR, FS

2.9 Design Chart for Determining stability Number

REQUIRED FABRIC STRENGTH Tf

01----21--/-\0 T 801 KNM

TN Y 4 S RIPSFY

DEPTH RATIO, D

FABRIC STRENGTH,
T = LIK/FT-WIOTH OR
T = 54 KN:M-WIDTH

Cel g 10
. c=0
-0z 30

{ . ) 4 1 )
] 0.02 0.08 0.0¢ 0.08 . 0.10  0.12 KSF

L | 1L 1 1 L J
0 1.0 20 3.0 4.0 5.0 G-0 KPj

UNIT COHESIVE STRENGTH OF FABRIC c,

2.10 Design Chart for Determining Fabric strength

30



a

2.3.3 Foundation Extrusion Failure

(Extrusion)
24¢
(Excessive Displacement) (Excessive Elongation)
1 side slope
Plasticity Solution  Terzaghi (1943)
2.11
Foundation Extrusion
Surcharge, 5
AAAARARAAR
q Embankment , v, i
L L, afl
Reinforcement > i
% / o ........................................................... —r TIAAT
R,, Soft Foundation ,y, S, Z, € R,o
-

2.11 Force Component in Foundation Extrusion Stability Analysis



32

R
Rip
Rr
Rs
Foundation Extrusion
Rh Rip, Rr
Rs
Re RptRr+Rs (2.18)
Undrained Shear Strength
2.12a Undrained Shear Strength
2.12b
2120 2120 (2.18) side slope
Foundation
Extrusion
L < (yH+W-4Su) zc
e (1+a) 1 219)
Le = side slope
y- =

<<
o
1



3

Surcharge1 5

LYVyvyivivy

H Embankment , y,

Reinforcement

/ / / / / VWS
(o] 28
Opa = Y,H+ W -28, <«—\ hpl u
Soft Foundation,y, S, Z <
R
— chpz Yzzc

u

Cp = YH+W,-28 +7v,Z

a. Simple Block Analysis of Foundation Extrusion Stability for the Soft Foundation
is of Limited Depth and has Constant Undrained Shear strength with Depth

Surcharge, 5

TR IRR IR I R

Embankment , v,

Reinforcement ; =
- AL A

H

S LS

o] =y H+W_-2S <
hal 1 s u Soft Foundation,y, S, Z,

><—<—<—<?—<—-<—-<—-—-‘
u

Oz = YHFW_-28 +¥.Z.

b. Simple Block Analysis of Foundation Extrusion stability for the Soft Foundation
has Increase Undrained Shear strength with Depth

2.12 Analysis of Foundation Extrusion stability
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H =
= Undrained Shear Strength
L =
d = Interaction Coefficient
Tg = aSulL6+0.5L0 (2.20)
Tg = Rr
Lc = (Width of Embankment Crest)
Lc> Le (2.20) (L5Le
critical failure plane Le (Le+05LQ
2.4
3
1 Woven Geotextiles

Monofilament Wovens 3
Multifilament Wovens ,Tape Wovens Geotextiles (  2.13)  Knitted Wovens Geotextiles
( 2.14)
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weft threads
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warp threads

Woven Geotextile (John, 1987)

2.13
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Polyester , Polypropylene Polyethylene 2.15

(High Tensile Strength)
(Low Extension)

2.14 Knitted Woven Geotextile (John, 1987)

MIRAFI woven filter

2.15 0 - "
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2. Nonwoven Geotextiles
resin

Thermally Bonded Melt Bonded
Needle Punched  Resin Bonded Geotextiles 216 217
(Low Tensile Strength)

(High Extension)

2.16
Nonwoven Geotextile (John, 1987)



2.17

3 Composite  Geotextile
Nonwoven Geotextile Woven Geotextile

Nonwoven Geotextile
218

1 Strength

2. Stiffness  stiffness

Needle Punched

Woven Geotextile

(Tension Strain)
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+————— about 6mMmM —— —‘

multifilament
stitching

highly aligned thermally bonded
multifilament warp yarns non-woven base

2.18 "»  Composite Geotextile (John, 1987)

4
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3. Bond

4. Durability

25
(Interaction between Geotextile Reinforcement and Soil)
(Interaction) 2
L Friction Bond
(Friction)
2.19
(T) Pull out Pull out T
§ M13; Aa £ <qa
Tg < 2avLihban<t)y (2.21)
Failure Plane |

t J/ Development of shear resistance

Tensile load in reinforcement /[ \"Jorcesdu<yc®nction 4 » 4 M 4 IL-

N —  Geotextile reinforcement

2.19 Reinforcement and Soil Bond by Friction
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—
[{en]
1

! Effective Normal Stress

Q
Il

2. Sliding Resistance

2.20
(Active
Earth Pressure , Pa) (Center of Embankment)
pa < avlsan()y 2.22)
C\V = Effective Normal Stress
Ls =
/\Sg
CL
H c, = yH
g P,
A LT
| L L Geotextile Reinforcement
|

2.20 Sliding Resistance along Surface of Geotextile Reinforcement
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