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The present study is concerned with the stability of side slope for the
highways lying between two canals, eastern Nag Hamady canal and western
side canal at Km(70.8).The canals and highway are located on the right bank
of the Nile, and pass through the governorates of Assiut and Sohag. The side
slope cracks as well as cracksin the asphalt road usually happen after winter
closing period in the left side slope of the road. This is attributed to the
difference in water levels between the two neighboring canals and soil
weakness. The present study deals with this problem and can be divided into
two main parts:

» Thefirst part is an experimental work using triaxial test, shear box test,
and consolidation test, which are carried out on undisturbed samples to
determine physical and mechanical soil properties.

e The second part is the numerical investigation using the obtained soil
properties from the experimental work. Two computer programs are used
from GEOSTUDIO 2004 library. First (SLOPE/W) is used for slope
stability analysis by limit equilibrium method. This program deals with
dope dability methods such as Ordinary, Bishop, Janbu and
Morgenstern- price methods. The second is the stress analysis program
(SGMA/W).This programis based on finite e ement technique. The Mohr-
Coulomb yield criteria is used to represent soil layers. Sudy results
showed that slopes at the investigated seating sites are unsafe.

The numerical smulation with GEOSTUDIO 2004 is powerful to determine

the location of the cracks for highway side slope of eastern Nag Hamadey

canal, and isin good agreement with the actual observation in the field. Also,
proposed practical methods are suggested to improve stability properties for
the highway side slope using piles, cut- off wall to obtain factor of safety,

greater than 1.5

KEYWORDS: Sability of highway side slopes, triaxial test, shear box test,
and finite element method.
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1. INTRODUCTION

Analyzing the stability of earth structures is thllest type of numerical
analysis in geotechnical engineering. The ideaisdrdtizing a potential sliding mass
into slices was introduced early in the™2Qentury. The stability analysis of the
Stigberg Quay in Gothenberg was presented, Swedenrevthe slip surface was taken
to be circular and the sliding mass was divided siices. Fellenius introduced the
Ordinary or Swedish method of slices [4]. In thedhB50 Janbu [9], and Bishop
developed advances in the method [1]. The adverglexdtronic computers in the
developed made it possible to more readily hati#aterative procedures inherent in
the method which led to mathematically more rigerdarmulations such as those
developed by Morgenstern and Price[10]. One of rdasons the limit equilibrium
method was adopted so readily, is that solutionaldcdoe obtained by hand-
calculations. Simplifying assumption had to be addpo obtain solutions, but the
concept of numerically dividing a larger body istmaller pieces for analysis purposes
was rather novel at the time.

Modern limit equilibrium software is making it pase to handle ever-
increasing complexity within an analysis. It is ng@essible to deal with complex
structures, highly irregular pore-water pressuned@mns, various linear and nonlinear
shear strength models, almost any kind of slipas@fshape, concentrated loads. Limit
equilibrium formulations based on the method ofediare also being applied more
and more to the stability analysis of structureshsas cut-off walls.

Many different solution techniques for the methofl stices have been
developed over the years. Basically, all are varylar. The differences between the
methods are what equations of static are includedsatisfied, which inter slice forces
are included and what is the assumed relationséipvden the inter slice shear and
normal forcesFigure 1 illustrates a typical sliding mass discretizeaislices and the
possible forces on the slice. Normal and sheare®sct on the slice base and on the
slice sides.

Fig. 1. Slice discretization and slice forces in a sliding mass.

The Ordinary, or Fellenius method was the first hodt developed. The
method ignored all inters slice forces and satisfiely moment equilibrium. Adopting
these simplified assumptions made it possible topde a factor of safety using hand
calculations, which was important since there weoecomputers available. Later
Bishop [1], devised a scheme that included inteeshormal forces, but ignored the
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inter slice shear forces. Again, Bishop's Simplifimethod satisfies only moment

equilibrium. Of interest and significance with tmgethod is the fact that by including

the normal inter slice forces, the factor of safetyation became nonlinear and an
iterative procedure was required to calculate thetor of safety. The Janbu's

Simplified method is similar to the Bishop's Sinfiglil method in that it includes the

normal inter slice forces and ignores the inteceslshear forces. The difference
between the Bishop's Simplified and Janbu's Simepliimethods is that the Janbu's
Simplified method satisfies only horizontal forogugibrium, as opposed to moment

equilibrium as shown ifable 1.

Table 1: Summary of different limit equilibrium methods of slices.

Force equilibrium Inter slice
sl nd

Method ) 1 ) .2 . M(_)r_ne_nt

Direction | Direction | equilibrium| Normal | Shear

vertical | horizontal

Ordinary or Fellenius Yes No Yes No N
Bishop's Simplified Yes No Yes Yes Ng
Janbu's Simplified Yes Yes No Yes NoO

Morgenstern and Price Yes Yes Yes Yes Yes

Later, computers made it possible to more readiydie the iterative
procedures inherent in the limit equilibrium methaad this lead to mathematically
more rigorous formulations which include all ingdice forces and satisfy all equations
of static such as the Morgenstern-Price methods.

The problem of slope failure happens every year,yars ago after winter
closing period in the left side slope of the roadwaell as cracks in the asphalt road.
This is attributed to the difference in water lsvbetween two neighboring canals and
weakness of road soil. The location of highway sild@e failure happened in Salmona
village of Akhmim city, Sohag governorate at Km @0for head regrator of Nag
Hamady canal. Therefore, previous strengthenirthisoproblem such as lining of the
western side canal by box culvert and pitching wiibrtar for the failure side slope in
eastern Nag Hamady canal are uneconomic and uadtabpitching so searching for
new strengthening methods are necessary. The sifafslure and its location is
shown inFig. 2.

2. THEORETICAL APPROACH

2.1 Slope/w Computer Program
SLOPE/W is a program of the packaggEOSTUDIO2004 [4]. One of the
powerful features of this integrated approach it tih opens the door to types of
analyses of a much wider and more complex spectfupmoblems, including the use
of finite element computed pore-water pressuresstiedses in a stability analysis. Not
only does an integrated approach widen the anghgsisibilities, it can help overcome
some limitations of the purely limit equilibriumrfoulations. The very large number
of options inSLOPE/W can be summarized in terms of three components:
» Geometry - description of the stratigraphy analp&s of potential slip surfaces.
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* Soil strength parameters used to describe thereperties.
» Pore-water pressure means of defining the potesnpaiessure conditions.

Fig. 2. Failure example of the highway.

SLOPE/W is used for slope stability using, limit equilibniuanalysis and finite
element simulation. Different methods were usedshebhas different limits but
generally they are unlimited soil layers and eletsielm define input the Ordinary or
Fellenius, Bishop’s simplified, Janbu’s simplifiadd Morgenstern-Price methods are
used for calculating the factors of safety.

2.2 SIGMA/W Computer Program

SIGMA/W is a finite element software product that can beduto perform
stress and deformation analyses of earth structltesomprehensive formulation
makes it possible to analyze both simple and higbiyplex problems. For example,
you can perform a simple linear elastic deformatoalysis or a highly sophisticated
nonlinear elastic-plastic effective stress analysiWhen coupled with other
GEOSTUDI02004 software products, it can also model the pore-wat@ssure
generation and dissipation in a soil structureegponse to external loads using either a
fully coupled or un-coupled formulatio8l GMA/W has application in the analysis and
design for geotechnical, civil engineering projects
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2.3 Factor of Safety Methods

Over the past years, many different methods haven badeveloped for
computing factors of safety. This part describesheaf the methods available in
SLOPE/W. All the methods are based on limit equilibriunnnfiilations except for one
method, the finite element method, which usesdielement computed stresses.

2.3.1 Ordinary or Fellenius Method

This method is also sometimes referred to as thed&iv method of slices.
This is the first method of slices developed andsented in the literature. The
simplicity of the method made it possible to coneptdctors of safety using hand
calculations. In this method, all inter slice fascare ignored. The slice weight is
resolved into forces parallel and perpendicular the slice base. The force
perpendicular to the slice base is the base ndioneé¢, which is used to compute the
available shear strength. The weight componentllparep the slice base is the
gravitational driving force. Summation of momenk®at a point used to describe the
trial slip surface is also used to compute thediact safety. The factor of safety is the
total available shear strength along the slip serfdivided by the summation of the
gravitational driving forces (mobilized shear).

The simplest form of the Ordinary factor of safetyuation in the absence of
any pore-water pressures for a circular slip serfd¢ and [7] is:

S:Z[C'G+ N tarw} _Z Sr&sistance
>Wsina

= 1)
XS bilized

Where:

¢ = cohesion,

S = slice base length,

N = base normal forg@\icos o),

¢ = friction angle,

W = slice weight, and

o = slice base inclination.

2.3.2 Bishop's simplified method

In the (1950) Professor Bishop [1] at Imperial @g# in London devised a
method which included inter slice normal forcest tgnored the inter slice shear
forces. Bishop developed an equation for the noanhttie slice base by summing slice
forces in the vertical direction. The consequentdah@s is that the base normal
becomes a function of the factor of safety. Thigum makes the factor of safety
eqguation nonlinear and an iterative procedure isequently required to compute the
factor of safety. A simple form of the Bishop's $lified factor of safety equation in
the absence of any pore-water pressure is:

> {(C,B +W tanqo){cosa + Sim;::m[)H

>Wsina

FS= (2
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FSis on both side of the equation as noted above. 8duation is not unlike the
Ordinary factor of safety equation except for thg, term, which is defined as:

sina tang
my =Ccosq + —— 3
o Fs 3)
To solve for the Bishop's Simplified factor of dgfat is necessary to start with agues
for FS. In SLOPE/W, the initial guess is taken as the Ordinary factbsafety. The

initial guess forFSis used to computen, and then a newSis computed. Next the

newFSis used to computel, and then another nelas are computed. The procedure

is repeated until the last computE8 is within a specified tolerance of the previous
FS Fortunately, usually it only takes a few iteragdn reach a converged solution.

2.3.3 Janbu's simplified method

The Janbu's Simplified method is similar to thenBig's Simplified method except that
the Janbu's Simplified method satisfies only overatizontal force equilibrium, but
not overall moment equilibrium. Failure is assun@accur by the sliding of a block
of soil on a non-circular slip surface, as shownFig. 3, [6]. In this method the
assumption is made that the inter slice shear fr@ero. Assuming X= X, =0 i.e.
Inter slice forces are horizontal.

Fig. 3. Janbu’s simplified method.

The equilibrium parallel to base of slice:

T+(Ex—E )cosa =[W~(Xg=X,)] sinx (4)
Again assume X= Xr =0; rearrange, and substitute for T, so:
ER - EL :Wtana—%[CI +(P-ul )tanquecn )

Overall forces equilibrium if there is no surfacad is:

Z(ER_EL):O (6)
So:

Z(ER—EL):ZWtana—%Z[CI +(P-ul Ytang|seca =0 (7)
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Whence
B Z[CI +(P—-ul )tanqo]seca (8)
>Wsina
Where u is thepore water pressure.To take account of the integ shear forces, the

correction factoff, was applied, which was dependent on the geométheagoroblem
as well as the soil condition, where:

=f..F ©)]
f
In original formulation, P was eliminated and tixpression obtained:
_ Z[Cb +(W - ub)tan¢)]/ Ny
>Wtana

(10)

In which  ng = my, cosa

In this method, the body mass contained within dssumed slip surface and free
ground surface is divided intoslices. Then fon slices, we have the following: n of

the P forces and (n — 1) numbers for the magnitidie X forces (X = 0). Since one

additional assumption is made, technically it canbe a rigorous solution. This

method is suitable for total and effective strasalyses [7] and [8].

2.3.4 Morgenstern and price method

Morgenstern and Price were describe of a meth@halysis which may be applied to
circular and non-circular slip surfaces, as shawfid. 4, the essence of the method is
to divide the sliding mass into a relatively smalimber of linear sections or wedges
which are vertical sided in the conventional wa@][Within each of these sections,
which may be many times wider than the slice carsid in most other methods, an
element (in the calculus sense) can be consid@étedconditions of force equilibrium
can be considered, taking directions normal andllghrto the slip surface. In the
normal direction the equilibrium equation yields:

dN +dR, =dW cosa —dX cosr —dE sim -dP, sior (11)
And in the shear direction,
dS=dEcosa +dP, cogr—dX sim+dW sior (12)

Suppose that the errorsinandR at the end of the slip surface akEeanddR.
A fresh estimate for the values Bf and A can be obtained by adding and A
respectively to the starting estimates, whéfeand o1 are evaluated by two-variable
Newton approximation method:

5R3§—5Egj
oF =3 0R _OE 0R (13)
OF 04 9A OF
And
R
N=3E 0R , OE OR (14)

OF 04 6/1 oF
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(a) An element of infinitesimal width (b) Sliding mass subdivided into small slices.

Fig. 4. A typical element in the Morgenstern.

In this method, the body mass contained withinagsumed slip surface and free
ground surface is divided into n slices. Then,f@lices, we have the following: n of
the P forces and (n — 1) numbers for the magnitidbe X forces (X = 0). Since one
additional assumption is made. This method theeefeatisfies static equilibrium
conditions rigorously. It is useful for soil ancckoslopes, with effective and total stress
analyses. It is applicable to failure surface diiteary shape and arbitrary boundary
conditions but the use of computer is essentiad fllstor of safety can be determined
using numerical methods, and the acceptabilityohfteon must be checked as in Janbu
method [9] and [11].

3. EXPERIMENTAL WORK PROGRAM
To study the factors affecting on the stabilitytioé asphalt road between two
canals, site investigation was carried out throexggtavation of 9 bore holes at eastern
side of the road as shownfiy. 5. The undisturbed samples are extracted to carry ou
experimental investigation for the soil profile. si® are performed on undisturbed
samples to determine the water content, bulk, énsilies, shear strength parameters,
and initial modulus of elasticity.

3.1 Triaxial Test Results

Undrained quick triaxial tests are carried out uraid| pressuré; equal to (5, 10, and
15) kN/n? on different samples to determine the shear stneafjthe soil samples.
Undisturbed samples with inner diameter 3.81 cm lagight 7.62 cm are used. The
failure envelope is determined from triaxial teatsshown irFigs. 6, 7 and the soill
parameterare presented in terms of half-Mohr circles; hetieefailure envelope is
referred to as the Mohr-Coulomb failure envelope.

The results between devotric str¢és 6;) and axial strain were drowning. The slope
of initial tangency was obtained for determinate ofig's module§able 2, andsuch
as show irFigs. 8 and9, respectively.
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Bore hole location

: G.W.L. (62.85 7 :
w' /L (6285 F.W.L.(60.70) o
A 2 o _A57.60),
: <—118—>
Western side canal J

I I
Eastern Nag Hamady canal

Fig .5. Bore holes location at km (70.8).
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Fig. 6. Triaxial Undrained quick test for Fig. 7. Triaxial Undrained quick test for
specimen No(1). specimen No (2).

Table 2: Triaxial test results for specimens at location (70.8) Km.

E
1 C ¢
Specd{ TEST| Depth | 65 | 6, | Youngs | .7 . _ o
No. | No.| m [k knim? | modulus U”Ilt ‘/’VG'sgh Cl‘zh/enﬁz"’” Friction ang|
KN/ N/m N Degree
1----1 5 12 40000 17.5
ol 20 10 | 21.7] 36000 18.2 0.8 19
2--1 5 [54.65] 31000 17.4
2----2 10 | 59.85 38000 17.7
2 3.0 24.8 0
2---3 15 | 64.65 34000 17.6
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(61- 65) KN/
(61- 63) KN/Y

0.0 0.1 0.1 02 02 0.3 03 04 04

Axial strain € %
Fig. 8. Stress strain relationship for
specimen No (1-1).

Axial strain € %
Fig. 9. Stress strain relationship for
specimen No (1-2).

3.2 Shear Test Results

The most common way of describing the shear stheoiggeotechnical materials is by
Coulomb's equation, which is:

7 =c+otang (15)

T = Shear stress.

c = Cohesion.

o = Normal stress on shear plane.
¢ = Angle of internal friction (phi).

The relationship can be represents by straight.liie shear strength versus normal
stress relationship are plottedHigs. 10, and11. The intercept on the shear strength

axis is the cohesioft) and the slope of the line is the angle of intefriefion (¢ ).

|
T kN /n? - KN /n?

c=25, @=0
c=0, @=194

e |
~{5.00 - 6 KN/t
= 10.00

£3.10
= 15.00 3010

-

|
"6 kN /n?

F—— 55,20
240 =1 50,20
10.00 f= :

Fig.10. graphical representation of
coulomb shear strength equation test
No.1.

Fig.11. graphical representation of
coulomb shear strength equation test
No.2.
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4. RESULTS AND DISCUSSIONS

4.1 Shape of Failure Before Strengthening
The input data which are required 8wOPE/W, SGMA/W are shown in
Table 3, [3] and [4].

k. =Coefficient of earth pressure at rest,
K.=6,/6, or =6s/6; (16)
where k. =1-sing

From GEOSTUDIO 2004 software productsSLOPE/W, SGMA/W) computer
programs can obtain the critical slip surface bglying a wide range of potential slip
surfaces and used dual axle loads as slrgvri2.

Table 3: Input data and the values of description layers and soil.

Sectmrl fS | Th|cl;ness Descr:cptlon £ ) . P ‘
K.M o ol o kN/m?  |[kN/mPlkN/ m i Dol °
specimelf specimen Soil g
1 10 cm Asphalt 125000001 23.5 10 30 | 0.33 0.5
2 15 cm Base 11200000 21 8 45| 0.3% 0.3
70.8 3 25 cm Sub base 1040000] 21 5 38.5] 0.35] 0.38
4 2.0m | Sub grade Sojl 38000 179] 0.8 19 | 0.490.67
5 3.0m Soil 31000 17.4] 24.8 0 04§ 1
Concrete | 25000000] 25 1000 45 | 0.2] 0.3

ey

—-as =T
DE?E—!’— — 29
"E'?E'_TThDEBEATT—
A:.J =0 J l: :‘ —|'—|:|5|:;u
1436

bz — 0.292

Fig .12. Dual axle loads =22.5*4=90 kN.

The factor of safety of Slope stability own weightly at section km (70.8) results
were obtained iffrig. 13.

The results which were obtained frad8fGMA/W without load (own weight) pressure
section at km (70.8) are showFHiy. 14.



1776 M.A. Ashour, M.H. Hussein, M. Enieb and M.F. Abed Elkader

The factors of safety of Slope stability loadingcteen at km (70.8) results were
obtained irFig. 15.
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Fig. 13. Slope stability factor of safety for own weight only.
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Fig. 15. Slope stability factor of safety for loading.
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The results which were obtained from SIGMA/W loadgsure section at km (70.8) is
show inFig. 16.

Y
© \AAAAAA2222222%)
. B5ss
Tz &
EX5 S
B ] . X
uijt%k % H o
S cRE b e s O, B g il -
%E x%x 00 KX X & . =N, xA 0,004 o 4 o \
'{\’/& e 0.002 0002
/\J %\\\ e AVAVAVAY ‘_\’/\J v A A \ s A
X- Distance(m)

Fig.16. Contours X- Displacement due to load pressure

The factors of safety values from different methasle Compared and reported in
Table 4.

Table 4: results output data from computer before strengthening.

Method Ordinary | Bishop. | Janbul Morgenstern
or Fellenius and Price
FS Slope stability for own weight only 0.843 0.936 | 0.846 0.89
FS Slope stability for loading 0.907 1.005 | 0.907 0.953

The results show that the factor of safety is thas (1.0), This mean the cross section
is not safe at km (70.8). Therefore same trialsevused to solve this problem.

5. METHODS OF STRENGTHENING WORKS
The methods for slope strengthening can be sumeth&g follows:
1) Soil reinforcement:
Soil reinforcement is commonly accomplished withogmthetics such as woven
geotextiles, geogrids, or steel strips. The regodorent should extend beyond the
failure surface that has a minimum factor of satdty.5.
The presence of water in a slope can reduce thar sitrength of the soil, reduce the
shear resistance through buoyancy effects, andsengeepage forces. Those effects
reduce the factor of safety of the slope and caise#ailure of the slope. Both passive
and active dewatering/subsurface-water-controksystcan be used. Reinforcement of
soil and of ground has become extensive and vemyanly preferred alternative to
enhance the performance of the earth structures.r&imforcement in all the above
instances is in the form of strips, bars, gridslweets fabricated or manufactured from
metals or geosynthetics. The reinforcement is pnesito restrain tensile deformations
of the soil and thus increases the over all resigteof the composite soil through
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interfacial bond resistance but limited by its owensile strength. The Soil
reinforcement consists of:

* Geotextile

 Geomembrane

* Geogrid

2) Vertical cut off wall:

A retaining wall can be constructed through an alvist slope to provide additional

resistance and raise the factor of safety for riatbehind the wall to an acceptable
level. Retaining structures should be founded ablst earth materials. The retaining
structure should be evaluated for possible slidimggrturning, and bearing failures

using standard techniques. Consideration must\mndo whether material in front of

the wall that is assumed to provide passive resistaould be removed or excavated in
the future.

3) Vertical piles:

The factor of safety of a slope, can be increaseiddialling soldier piles/drilled shafts
through the unstable soil into competent underlyimagerials. The piles/drilled shafts
are sized and spaced so as to provide the reqailditional resisting force to achieve
adequate slope stability. The piles drilled shaffscally provide resistance through
the bending capacity of the shaft anchored by passesistance in stable earth
materials underlying the slide mass.

4) soil replacement:

Resistance to failure is provided by passive epréssure within the "stable earth
materials.” In this context, stable earth matergas defined as those materials located
beneath the potential failure surface having dcstaS> 1.5.Generally is calculated
assuming no lateral support from the same matéoiah slope of the soil replacement.

5) Soil stabilitation:
* Cement
e Lime
e Some other methods

6) Lining of the side canals.

5.1 Numerical Idealization For Piles

GEOSTUDIO 2004 program studies two dimensional problems .Pilesius
reinforce the slope are installed at regular dista in the longitudinal directions (s),
to idealize the piles to resist axial and latesalds they are transformedequivalent
material is the axial and lateral direction.
For axialstiffnessfor any layer Eig. 17):

E +E_A
E.A +E,A, =E_ A, = E, :% (17)

Where: A, =<,

Equivalent lateral stiffness of piles as wall canchlculated as follows:
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If bending stiffness was neglected for soil anddrdayers between the piles. The
following equation can be given:
m™? Sl
=E 18
64 12 (18)
Assumed = 0.4, S =1.0nandEp=25*10°kNIn ——>  Eo, =5890486 kN/nv?
By substituted for above equation gé{s-0.36 m take d,=0.4 m for safe.

AVstAY, = Ae = Vo (19)

The factors of safety of slope stability with ecalent cut off wall 40 cm

section at km (70.8) results were obtaine#ii 18.
The results which were obtained fraddGMA/W with equivalent cut off wall

40 cm section at km (70.8) is showHig. 19.

E,l, =Eyly = E,

p-p €q - eq

d d __?a
= H
(Elevation.) |

E..b, L

Piles G— Equivalent wall
Fig .17. Piles equivalent wall.

1687

25 5 25 Y ¢
25: 25 %%5 2222*; FS=1.687

Critical dice 20

5
I

Y -Elevation(m)
—

x
o = N w E: (4] [=2] ~ % ©
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Fig. 18. Slope stability factor of safety with equivalent cut off wall 40 cm.
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The factor of safety values after using piles eglgint cut-off wall are shown
in the followingTable 5.
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Fig. 19. Contours X- Displacement due to equivalent cut off wall 40 cm

Table 5: Slope stability factor of safety with equivalent cut off wall 40 cm.

Method | Ordinary or FelleniysBishop. Janbu. Morgenstern-Price

FS 116 1.7 1.279 1.687

5.2 Factor of Safety after Using Retaining Wall with Thickness 25cm
The factors of safety of slope stability with usirggaining wall 25 cm section at km
(70.8) results were obtainedfiy. 20, [2]and [5].
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Fig. 20. Slope stability factor of safety with using retaining wall 25 cm

The results which were obtained from SIGMA/W withing retaining wall 25 cm
section at km (70.8) is show fig. 21.
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Fig. 21. Contours X- Displacement due to retaining wall 25 cm loaded case

The horizontal effective stresss) distribution with different cases for vertical

cross section Y-Y at failure location At (X=18.6r{9wn weight, loading with vehicle,
equivalent wall 40cm and cut off wall 25cm lefght wall) show irFig. 22.

The vertical effective stres®+) results distribution with different cases for

cross section X-X at 4.0m level (own weight, loadinith vehicle ,equivalent wall
40cm and cut off wall 25cm left ,right wall) showHig. 23.

The X-Displacement at (X=18.6m) for different cages/n weight, loading
with vehicle ,equivalent wall 40cm and cut off wabcm left ,right wall) show in
Figure 24 .
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Fig. 22. Effective stress 63 distribution with different cases.
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Effective strss in Y-direction (KN/n?).

140

¢~ Ownweight
S S S S i - Loading with Vehicle _
=~ Equiralent wall 40 cm
- = Cut offwall25 em

o
=

-
=

.
=

___________________________________________________________________

_______________________________________________________________________________________

—————————————————————————————————————————————————————————————

______________

__________________

] 5 PSS S S a5 5 5 S S S S 5 S s 5 5 S S S S S S S SIS S S S S E -----------------------------------------
4 it 1 0 P 3
w0 . . . . .
X-coordinate (m)
Fig. 23. Effective stress distribution with different cases.
9 T T
| |
E 8- e
N—r
L
I T i e o i e
A=
T 4l —+-Ownweight | N N N ]
o —#- L oading with Vehicle
3 .| |*Eouvaentwall oom Righ| N
> Equivalent wall 40 cm (L eft)
4| |7 cut offwall 25em (Righty | ~/ )y, ]
—e— Cut off wall 25 cm (L eft)

X-Displacement (m)
Fig. 24. X-Displacement for different cases.

The effective stress distribution in the side slope cross section:

The following discussions on the effective streisritbution in the clay soil in side
slope can be made fro@EOSTUDIO 2004 program. The effective in X-direction,
and Y- direction were plotted for own weight, loaglwith vehicle, equivalent wall 40

cm and cut-off wall 25cm.
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The effective stress in X-direction

The effective stress in X-direction is shown Riy. 22. It can be notice that the
effective stress in the case of loading with vehid higher than that of the own
weight. The values of effective stress in X-direotfor equivalent wall 40cm and cut
off wall 25cm were approximately the same and thasa that of own weight case.

The effective stress in Y-direction:

The effective stress in Y-direction in case of Liogdwith vehicle is also higher than
the own weight case, but the effective stress md¢ases of equivalent wall 40 cm and
cut off wall 25 cm lies between own weight, loadimigh vehicle.

Horizontal displacement in X-direction:

The Horizontal displacement approximately equab zdrdepth 4 m below the
failure location for various cases, and the maxiniarizontal displacement at failure
location, but the horizontal displacement are senalalue than with cut-off wall and
equivalent wall.

The factor of safety values after using cut off MaR5cm are shown in the
following Table 6.

Table 6: Slope stability factor of safety using cut off wall 0.25cm.

Method | Ordinary or FelleniusBishop. Janbu. Morgenstern and Pyice

FS 1.807 1.788 1.525 1.829

The final factors of safety results from computesgram for three methods are
shown in the followingTable 7, and from these results can be noticed thatfactor
of safety more than 1.5, therefore section is safe.

Table 7: Final results from computer for three methods by Morgenstern and Price.

Sections | without | loading | equivalent soil cut -off wall | Retaining wall 25
(70.8) Km load 40 cm cm

FS 0.89 0.953 1.687 1.829

6. CONCLUSIONS

* Experimental determination of the physical and raeatal soil properties is
essential to obtain good numerical results.

* The proposed strengthening methods have greatteaffeaeducing the lateral
displacement of the road section with a factorabéty greater than 1.5.

» The Horizontal effective stresses at the critiegdt®n decreased at the location of
the strengthening walls or piles by about 30 %.

* The results of the numerical model at the examsextions before strengthening
give the same insite observation.
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