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A Stability Analysis of Geosynthetics Reinforced Soil Slopes IL
- Evaluation of Required Reinforcement Tensile Force -
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Abstract

Generally, when the stability of the geosynthetic reinforced soil slopes is analyzed, the required tensile forces of each
reinforcement layers are calculated from total reinforcement forces which are necessary to retain the equilibrium state
of slip mass in which the slip surfaces are assumed to be a linear or bilinear. It is assumed that the reinforcement
forces are increased or constant with depth. However, according to the instrumented field data and laboratory model
test results, the maximum tensile strain of reinforcement in a reinforced soil slope is developed in a certain elevation,
not a bottom of the slope. In the concept of reinforced soil, postulated failure surfaces are the traces of the position
in which the reinforcement tensile forces are maximum in the layer, and the reinforcement tensile forces are related
to the stress state on the postulated failure surface. Therefore, in this study, based on the distribution of normal stress
on the slip surface, a new method for the evaluation of required tensile forces is suggested and a number of the
instrumented field data are analyzed by newly suggested method. As a result, it is shown that the newly suggested
method produces relatively accurate reinforcement tension forces.
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A Full-scale Geosynthetic-reinforced Slope

A Centrifuge Model Test (Arriaga, 2003)
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Tension defined
using 2*

Tension defined
using z
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EP1 (Fannin & Hermann, 1990)

EP2 (Ali, 1993)

EP3 (itoch S, 1994)

Project Oslo. Norway Fraser's Hill, Malaysia Test Embankment, Japan

Height / Surcharge H=48m/Hs=230m H=70m/1i=25deg H=75m/qg=20kPa

Slope, B 64 deg 70 deg 73.3 deg

Soil

Description uniformly graded fine to medium sand minning sand cohesive soil

G(r;:i“(;”dw /75 um) 16 mm / 0.25 mm / 3% 18 mm / 1.4 mm / 0% -/ - ] 23.4%

~ (kN/m?) 17.0" 19.6" 16.45"

¢ (deg) Poes = 33, By, =38, &y, = 4 |4y, =30, ¢y, = 42 (38~47)| ¢, = 25, ¢, = 35(2)
* Section J | N - -

Reinforcement

Product Name Z ; Tensar SR—55 / § ; Tensar $S1 Tensar SR2 Tensar SR2
Product Type E-GG / HDPE E-GG / HDPE E-GG / HDPE
Strength (KN/m) SR-55; 47.0 / 851 ; 19.6 SR2 ; 79.0 SR2 ; 79.0

Notes E-GG = extruded geogrid
(1) Measured in—situ during compaction of backfill

(2) (c—¢) soil peak strength envelopes corrected to equivalent peak secant friction angle using tang, ... .. =c/vH + tang

where ¢ = soil cohesion

3.3 BN Q1A= HI1HE HiW

3.3.1 EP1 ; Oslo, Norway Geogrid Reinforced Slope
(Fannin & Hermann, 1990)

1987'd, Norway Oslo A|of| 4] 1£0] H = 4.8m, 9%+
L =20 m&] B7 JEAMH(IH : 2V)o|, gt A-23
B o], YTt FET F3F WA AR S
ArgEtod ZH2E QI ARESE RARAY A xT
2T 4, = 16.78kN/m’0|Q) o n, HAF4H] oMC =
13%0}0 1, dAoA ZA3 Z9] FAUASTH v, = B
17.0kN/m’0}iek. o] Zof| that AAHATAIFHo) 3=
o, Jewell 5(1987)0] A|A3H 2 HATAIF| 25t 52

Secondary

2

0.5 mﬂ

3.0m welded Wire
Facing Units

0.6m (typ.)

Secondary (L=1.5m)

Primary

4.8m 2
1.2m (typ.)

"0.6m (typ.)

(a) Section J

WHEaEEZY ¢, 9 WHHE E(plane strain) el 49 &
ol WRatzzk ¢, Ato]e] A ¢, = tan™!(1.2tang,, ) S
Agte] H7hEl & wflolA HHHEE Aol YR
opzkzk ¢, = 38t Aol HHE F, = 128 HE
3t ¢, = 33°5 ALE-5}9 cHFannin & Hermann, 1990).

H7F JEAHE 19 504} o] H7kAj2] Hol¢t
X7t -& E2l8t & ThH(Section J&} Section N) .2
AA, Agste] B dolet 1A o] FERe HIHE 4
Q=2 3rt B2 = Tensar SR557} FH 7MY 2
AREEI o, = B S A0l 0.9mE Z23E ol
= HERANZA SSI& ARt B JEARES]

T Secondary
30 2 L=1.5m)
.om .
Welded Wire
Facing Units 0"5.1% 0.6m (typ.)
, 1 Primary
4.8m 2
0.6m (typ.)

I 2.2m

(b} Section N

1% 5. Cross-section for EP1{Fannin & Hermann, 1990)
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Ao 247 9K welded wire)S 2|5t Hx|-2
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LA B AWM S ARSI WIS ZH 2 Bk oAk

3B Aol Aeket el eJstel Brker B
QgL A Vehhsich 1Y 63 19 T4 71
spe] ofste] H7hE 2t 3 B QgL WA
Zo| ofsto] ojxl gt Mok AE| ATkE AL 4 5
otek

13 6o A Hi= vle}l 7o), Section JO|A] HZHT}F

AE

At Agole 2 Aol AT Fyie= A

Abgl QAelo] Wis B RO tehtol, BaR

A aaE defste] At Aaeld s d5ast

o}

$Ak BEFYE AR Ao Uepic,

Y TANE & AFolA AR o= AL

BAA QEHol 7lE B

HEAME A =R 9 2A

o A A Hok A dojyd © Ide

Height {m)

—e—Measured (Self Wt. Fannin & Hermann, 1990)
-m—- Measured (with Surcharge, Fannin, 1994)
~Calculated {Leshchinsky & Boedeker, 1989)
~/— Calculated (Jewell, 1980)
=O=Calculated (Leshchinsky, 1997)
=i Calculated (This Study)
== Calculated (This Study - Secondary Reinf.)
4.8
42 T
36 T
30 T
24 T
1.8 T
1.2 T
06 T
L
0-0_ VIR SO T T B T W |

0.0 2.0 4.0 6.0 8.0
Tensile Force (KN/m)

S8 6. BUR QAR Wk HIE - EP1(Section J)
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3.3.2 EP2 ; Fraser's Hill Geogrid Reinforced Slope
(Ali, 1993)

atgjolAlote] 913t BoFx] 9] s}l Fraser's
Hillo| A BN JEARC) A B 9] $oAta
7} vkAEte] Gabion walloly} Crib wall-& AME-sle] &

FE o, TES SPHF o] WSt =2 Y
3t o] 16m2] AtHo] B3 &= Aps7} WASEGT) o
£ B3] Yoto] Aeasier BibHE B JEA
Ho| HxE|9lon, By B JEAPES 1 Fol7t
Tm, AFE7ARZbo] 70°0] 1L, 1 olls AFEA AR o] 25
ol AEANAO] UTH1E 8 Fx). B JEANES] 4
A= WAGGLE o|g}= xZ13(Binnie & Partners,
1982)& AMg-3te] 2H3El HAZEE ARSSIE o™, 2
AR S FES7| 9lste] GEOSLOPEO|2hi dh=
ARy A ER RS 2R Ao
of AFSF Bo] WHIHEZRE g, = 30°0)915, B
2 o = 19.0m'o| Ak BRoIN 2HT 5
ABLL 19.6kNm'o| L, HYHBAPOZRE ¢
Fo| YrupRzte 3°~4TAE Utk RAARE

AA AT 18.0kN/mQ) Y=A1% HDPE E7FA1E A

S o?L ﬂll

&5
<t
A

%
_]
=
A%

rlo rL oo

- Measured (Fannin, 1994)

=+ Measured (Allen & Bathurst, 2003)

=0~ Calculated (Leshchinsky & Boedeker, 1989)
== Calculated (Jewell, 1990)

—o=Calculated (Leshchinsky, 1997)

=iz Calculated (This Study)

4.8

Height (m)

0.0 2.0 4.0 6.0 8.0 10.0
Tensile Force (kN/m)

T8 7. 22 QIR 71H HIR - EP1(Section N)
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L3519 om, S1to] ulalA < (interaction coefficient)=
096~1.04 A Fct
I8 9o M= FAAASE T3t I wolof &
A Qg Hag Hojso|, siek Btkajo] o
M= = Ho AFA7F Ueht 7HFEE ol 2AHE
glolE & ARSI, “Nod”2 FEAH dofel= uj
x| A" AEHA AoA|oA ZgH Ftolct
EY 29 990l 71 B HAEANA g a4t
2 dFolA Aokt o R AR ZF 8 BAR)
FEHE A Uetigien, o] agdorRE 2 g7
< @RAS HolE et A dA|eh=
B Qe AlseFAn, 71E B AEAM A

n]

SECONDARY

REINFORCEMENT

TENSAR S§S¢
CLOSE TURFING

SUB ~ SOIL PIPE

CO3 8. SUAH EFE I8 BY MEAIH TIMET(ANL 1993)

—&—Measured (Ali, 1993)
== Calcuiated (Leshchinsky & Beodeker, 1989)
=2 Calculated (Jewell, 1990)
=O=Calculated (Leshchinsky, 1997)
=&~ Calculated (This Study)
7.0
6.0 +
50 1
E40 1
= [
p=4 L
230 T
20 1
1.0 +
0.0

0.0 2.0 4.0 6.0 8.0 10.0 12.0
Tensile Force (kN/m)

27 9. B QI3 BRI HID - EP2

114 E=Ijussz=8d H21d Mgz

ATEE 27 QS BBt Ak A &
9T}, Leshchinsky(1997)9] 19 4% AR oA B2
A Qo] YR 27 HrE, SR AL N

A BrE A walk

3.3.3 EP3 ; Trial Geogrid Reinforced Soil Slope (Itoh,
s, 1994)

PE2 HAE AR JAHEE AME3lord 73
7t gok, HEAIR AR A8 7} JEAbe
248 B71l7] $18ke] o] 7.5m, & 15mel 2|91
T K7} JEAHO] 1 : 039 AR Atelx|dof &
HATHIE 10 =),
g0l 83t Fol HAFF v = 16.9KN/m’, Fakg
7t ¢ = 25°90.00, HAARE AR T 31.4kN/m
¢l Tensar SR2E AMG-315T}E RARA R AMESE S2] A
EAE 302F0 2349, ARk 14.52kN/m’
olglom, vxnbaztal Hatel e 7k 7t 206°9} 42.2kPa
o|qlck EollA SHe ol TFFL 157~ 17.2kNm’
olglem, ojufo] ghnliz 22~28%2] W ¢lel AT
28 HoldE HEgRo] Be 9 ZEAS o9
62 571 FEnpEZoR Faksto A4k B
g8 ASdolE et A UEh o, B AT
b o oSt B Aol 7|2 o

£ W st A% Holeg o 23S & 5

r

o
52

By

[+
=
A

d

S~
)

2.0m _

v
M10

7.5m

ODQQOOQOOOOD%O [eX=] CMJ
0 230 %g&@%% 52
SUEPH & 20 o@RPSSES
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