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A CASE STUDY FOR CUTS IN SOFT SOILS
LANDSLIDE AT TAG MOTORWAY BETWEEN KM.141+400 AND KM.141+760

ABSTRACT

The slope stability problems resulting from soft subsoil conditions on the
unbraced excavated cuts are usually observed as rapid and sudden landslides.
This is even more evident in the case of inappropriate slope application on this
kind of soil conditions. The approaches for the remedial sqlutions of such problems
generally concentrate on the regrading of the inappropriate material and
flattening the applied slopes. However, in such cases, itis more important to
identify the subsoil conditions properly and to perform the detailed analyses
accordingly.

In this respect, the landslide which had occurred at TAG motorway during the
excavation of cut slopes between Km.141+400 and Km.141+700 is investigated as a case
study. The required analyses are performed in order to determine the residual strength
parameters by both laboratory tests and back calculation method. In the light of these
analyses, it is determined that the real cause to slip is the inadeqﬁate slope application
on the soft soil conditions.

During the analyses, it is also observed that there is a logical relationship between
soil properties and residual strength parameters which can give profitable data for
designers where the remedial solutions are urgent. The residual internal friction angle

of slipped soil is obtained as 14 degree.



YUMUSAK ZEMINLERDEKI YARMALAR iCiN VAKA INCELEMESI
TAG OTOYOLU KM.141+400 KM.141+700 ARASI HEYELANI

OZET

Istinatsiz yarma kazlarinda, yumusak zemin durumundan dogan sev stabilitesi
problemleri genellikle hizh ve ani toprak kaymas seklinde olmaktadir. Bu durum, uygun
olmayan sev kriterlerinin bu gibi zemin kosullarinda uygulanmas: durumunda dahada
belirli olmaktadir. Bu konu ile ilgili toprak kaymalan icin iyilestirme calismalan genellikle
uygun olmayan zeminin temizlenmesi ve sevin yatirilmas: iizerinde yogunlastmimstir.
Ancak, yinede bu gibi durumiarda, zemin kosullarmm dogru olarak tammlanmasi, ve
ona gore detayh analizlerin yapiimasi 6nem kazanmaktadir.

Bu acidan, TAG (Tarsus - Adana - Gaziantep) otoyolundaki, Km.141+4400 ile
Km.141+700 arasindaki yarmalarn kazis1 sirasinda olusan toprak kaymast bir vaka analizi
olarak incelenmistir. Laboratuar deneyleri ve geri hesap metodu ile gerekli analizler
yapilmistir. Bu analizlerin sonucu altinda, kaymay olusturan gercek nedenin yumusak
zemin kosullarnda yetersiz sev uygulamas: olarak tesbit edilmistir.

Analizler esnasinda, zemin ozellikleri ile kalica mukavemet parametreleri arasinda,

iyilestirme calismalan asamasinda kullamimak tizere yararh datalar veren bir mantiksal
iliskinin oldugu gozlenmistir. Hesaplarda kayan zeminin kalict icsel stirtiinme agis1 14

derece olarak bulunmustur.
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CHAPTER 1. INTRODUCTION
In many engineering projects, especially in the construction of motorway projects,
the stability of cut slopes have been always considered as primary importance and often
attracted the attention of many engineering authorities in the history. The importance
of the cut stabilities are more pronounced when they cause great problems and
economic losses. In our country, with the increasing of motorway projects in recent years,
these problems have been more encountered and subjected to the new researches.

For this purpose, a case study is presented for the stabilities of the cuts which
are located at the Tarsus - Adana - Gaziantep (TAG) motorway construction between
Km.141+4400 and Km.141+700. A landslide had occurred at the relevant sections of
the motorway on October 17th, 1991 and it was reported that approximately 1 million m3
mass of soil had slided. After the slide event, the required analyses were performed
under the cooperation of Zetas Earth Technology Corporation.

In order to assist the better understanding of the problem, the general
considerations and theoretical method of the stability analysis are first presented
in ChapterIl.

At the previous stage of the design, two borings were performed to identify the
subsoil conditions. According to these borings, the cut slopes were arranged based on the
K Terzagh’s (1) recommended cut slope criteria. The slide event and previous studies are
reported at the Chapter IIL

In Chapter IV. the subsoil conditions are summarized as a result of performed trial

pits and additional borings.



An important stage of the stability analysis is to determine the shear strength
characteristics such as internal friction angle phi ()") and cohesion (). Therefore,
mathematical analysesare performed based on the data from the borings and tests are
performed on the biock samples, obtained from the slide area, in the laboratory. The
evaluation on the slide mechanism is presented in Chapter V.

" In Chapter VI the remedial solutions are briefly discussed on account of the
performed tests and back calculation analyses results . The required alternative solutions
were evaluated by Zetas Earth Technology Corporation.

In Chapter VII. the conclusions are given. Based on the compared solutions, it was
determined that the most optimum and feasible solution is the regrading of the slope

areas.



CHAPTER II. SLOPE STABILITY PROBLEMS

2.1. Introduction

Most of the problem involving the stability of slopes are associated with the design
and construction of unbraced cuts for highways, railways and canals. The excavations
of the deep cuts have been started after the construction of the first railways at the early
i9th century.

According to Terzaghi 1967 (1) ; every mass of soil located beneath a sloping sides '
of an open cut, has a tendency to move downward and outward under the influence of
gravity. If this tendency is counteracted by the shearing resistance of the soil, the slope
is stable. Otherwise a slide oocurs. Slides may occur in every conceivable manner, slowly
or suddenly, with or without any apparent provocation. Basically, they are caused by
excavation, by undercutting the foot of an existing soil, by an increase of the pdre
water pressure in a few exceptionally permeable layers, or by a shock force that
liquifies the soil.

There are numerous methods proposed for stability computations assuming
homogeneous or nonhomogeneous soil conditions. In this chapter, first, the theoretical
methods are summarized, and then the cut stabilities based on the soil conditions are

discussed.

2.2. Types of the Problems

There are two types of slope stability problems that occur in clays; short-term

stability (end-of-cons&uction case) and long-term stability (steady seepage case). The



short term case is a teinporary case in which the stability is designed to secure the
structure until the end of construction. However the stability in the long-term case
should be maintained permanently.

In short-term stability, during the excavating for a cut, shear stresses are induced
which may cause failure in undrained state. Theoretically, it is possible to analyze the
stability of a newly cut slope on the basis of either total or effective stresses, however,
since it is difficult to ascertain the distribution of pore pressure under these conditions,
it has been proved that total stresses have given much more satisfactory results.

However, in the long-term stability, pore pressures may be assumedto be in
equilibrium and are determined from the considerations of steady seepage, thus , no
excess pore pressure are included. This case is the analogous to that of the drained
shear test, therefore effective shear stress parameters should be used.

Stability analysis depends on an accurate assessment of the strength of the soil
along the potential sliding surfaces. In the majority of cases, the correct value of strengt
for stability analysis will be close to the residual strength of the soil. Skempton 1964 2)
for overconsolidated clays, suggested to use of residual shear strength concept for long-
term slope analysis. In Figure 2.1, it is shown the shear strength characteristics of an

overconsolidated clay in terms of effective stress.

Peak strength, S

Residual
strength, S,

e

o Displacement (,I' o

Shear strength

[
i
|
1
}
|
!
1

" Effective pxe;ure on shear plane

FIGURE 2.1. Shear Strength Characteristics Skempton 1964 (2)



2.3. Method of Analysis and Design

The method of analysis of slope stability problems is mostly depended on the
accuracy degree of determination of the many factors; failure plane geometry,
nonhomogeneity of soil layers, tension cracks, dynamic loading or earthquakes and
seepage flow. By determining these factors, field observations, test borings, laboratory
tests and slope stability calculations are performed to construct the design method.

The first step in evaluating a slope stability is based on the determination of the
failure geometry. By doing this, firstly existing data is reviewed and checked. Soil
stratification should be clearly identified from the data of performed boring logs.
After the identification of the subsoil profile, the required evaluations can be proceed.

At the calculation stage, all data should be already available in order to perform
the analysis. All methods of analyses are based on the correct determination of the shear
parameters such as internal friction angle (°) and cohesion (¢’), and by utilizing these
parameters, factor of safety against sliding is checked. Factor of safety is indicated that
~ whether or not an earth structure will fail under the worst service conditions for which
it was designed. The present concept for determining the factor of safety for a slope

is based on Coulomb’s Law;

t=c+otand (eg.1)

Generally, the factor of safety is described as the sum of resisting moments (Mr)

divided by the sum of the moments tending to cause failure (Mo).



2.4. Theoretical Method of Slope Stability

There are numerous methods currently available for performing slope stability
analysis in the literature. The majority of these may be categorized as limit equilibrium
methods. The basic assumption of the limit equilibrium approach is that Coulomb’s
failure criterion is satisfied along the assumed failure surface which may be a straight
line, circular arc, logarithmic spiral, or other irregular surface. Basically the methods
are divided into two category;

a. Methods utilizing circular slip surface

a. Methods utilizing non-circular slip surface

In the case of circular slip surface, Bishop’s modified method is widely used .
Formulation of the factor of safety based on this method is summarized below;

In Bishop modified method, the mass of soil as illustrated at Figure 2.2. is divided

into many vertical slices. The forces acting on each slice are evaluated from the limit
equilibrium of the slices. The equilibrium of the entire mass is determined by the

summation of the forces on all the slices. A typical slice (cdfe) is shown in Figure 2.3.

FIGURE 22 Modified Bishop Method
Bishop A.W. 1955 (14) |



After required statical equilibrium, the factor of safety is determined from the ratio

of required shear strength ( 7 ) to the available shear strength (5 ).

F=

(eq.2)

d

\ . "&_Q

FIGURE 2.3. Method of Shices
Bishop A.W. 1955 (14)

Substituting (eq.2) and solving for v and S, we obtain;

. Y (c/aL+ [ (W+Q) cosa-uaLl] tangd’)
Y (W+Q) sina

(eq3)
in general form;

E (c’/alcosea+ [ (W+Q-ualcose) +(T,-T,) ] tand’) [cosa+ (tan¢’—s—iF‘£) ]t
F=

4
E (W+Q) sina (eq4

2.5, Cut stabilities

The slope stabilities of open cuts in practice is mostly ensured by the a definite



criterion. In experience, this criterion is defined as 1 1/2 (horizontal) to 1 (vertical).
It is shown that this slope is commonly stable and considered as a standard value for
the construction of highway cut stabilities. As a matter of fact, it is clear that the slope
of cuts are mostly depended on the subsoil conditions. According to Terzaghi (3)
the standard slopes are only stable at cohesionless or cohesive sandy or gravelly N
soil in a moist or dry state. However in soft clay or in stiff fissured clay, the excavation
of even a very shallow cut with standard slopes may cause the soil to move toward the
cut, and the movement may spread to a distance from the cut equal to many times
the depth. Clay soils containing layers or pockets of water-bearing sand may react to a
disturbance of their equilibrium in a similar manner. Deposits with properties of this

type constitute troublesome ground.

2.5.1. Slides in Homogeneous Soft Clays

Terzaghi (4) stated that if the standard criterion is applied at the soft clay slopes,
a slide is ﬁely to occur before the cut reaches a depth of 10 ft. The movement has a
charter of base failure as illustrated in Figure 2.4.

There is no significant cut criteria in the clayey soils. The cuts should be
determined according to the performed analysis and subsoil conditions. However,
it is evident that stability calculation on soft soil conditions should be performed with

great care.

FIGURE 2.4. Firm Base
K.Terzaghi and R. Peck 1967 (4)



CHAPTER IIL IDENTIFICATION OF THE PROBLEM

3.1. Description of the Project

The project of TAG (Tarsus - Adana - Gaziantep) motorway is designed as totally
258 Km. long, starting from Tarsus - Pozanti Interchange (Km.44) and passing from
Adana bypass (Km.70) and ends up at Gaziantep (Km.302) by following the alignment
of Ceyhan, Toprakkale and Nur mountains respectively. The first part of the project
with 70 Km. had opened to service last year.

Some specific characteristics of the motorway are summarized at the following ;
Total lenght :258 Km.
No.of lane :2x4 (between Tarsus - Pozanti Interchange and Adana )
2 x 3 (at the remaining sections)

Width of the Lane : 3.75 m.

Design Speed  : 120 Km/hr.

Min. Curb Diameter : 550 m.

Max. Slope :%4, %4.5 at mountainous sections -

Structures  : 13 each Bridge and Viaduct .. total 16 Km.

4 tunnel total 2684 m.

In this study, the cuts of the relevant motorway between Km.141+400 and

Km.141+700 are investigated and stability analyses are evaluated.



10

3.2. Previous Studies

In 1990, a final design geotechnical report was prepared by A. Saglamer (5) for
TAG motorway for the sections ranged between Km.139+000 and Km.153+400. In this
report, the implemented design procedures are summarized. It was pointed out that the
most critical sections were located between Km.141+200 and Km.141+750, and a slope
as 3(horizontal) to 2 (vertical) was recommended based on the Terzaghi and Peck (3)
criterion for the excavations on the slope debris formation. According to this slope
criterion, it was reported that ‘the excavation was reached 32 m. height at Km.141+530
on the left side of the motorway.

In order to determine the subsoil profile, two borings at the relevant section of
the motorway are perfdrmed before the excavation of the cuts. Among these, boring
with no $22 was performed on the motorway axis at Km.141+500 and it was observed
a clay-claystone layer underneath a 6.0 m. thick slope debris material down to 20.0 m
depth. The surface elevation of this boring log was +252.50 m.

An other boring with no.BH3181 was performed from the 100 m. to the left of
the motorway axis at Km.141+530 and it is encountered a talus breccia material down
to 25.0m. depth. The surface elevation of this boring was +261.20 m. The performed
boring logs are given in Figure 3.1.

The required analyses and tests were carried out on the samples, which were taken
from these borings ,and it was determined that the TCR and RQD values in the
samples of the S22 and BH3181 borings wefe below the acceptable li:ﬁits. Also the
standard penetration test was performed on the claystone and slope debris. It was

concluded from all these results that slope debris material was in a weakly cemented
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Location of Trial Pits and Previous Borings

¢/, //, FIGURE3.L




TABLE 3.1.  Soil Conditions from the Previous Boring Logs

LEVEL |S22 BORING BH 3181 BORING
(m.) |Elevation :252.50 Elevation :269.20
-1 TALUS CLAY
-2. (Clayey Gravelly) |Diywhitelime  16780m
-3 249.50 m.
-4. CLAY
-5. TALUS BRECCIA  |with calcarous gravel
-6. 263.00 m.
-7 Lime cemented
-8. vesicular CLAY with claystone
-9. closely :
-10. fractures
-11. 25820 m.
-12. CLAYSTONE

12
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3.3. Slide Event

A slide event had occurred between the sections Km.1414400 and Km.141+700
of the motorway on the left edge in the direction of N/S (North to South) as rapid and
sudden action on October 17th,1991 during the excavating for relevant cuts. Based on
the first estimation it was reported that the slide mass was 400m. in the N/S direction
and 300-350m. in the E/W (East to West) direction. The slide material had a 25 or
30 degree angle on the slope.

The area where the sﬁde took place is a hilly to almost mountainous zone. The orlgm
is rocky and spilit formations. However, in the course of time, slope debris material was
accumulated by weathering and erosion of the rock formations. This was formed as a
coverage on the rock formation at the end.  The slide has occurred as a result of sliding
this slope debris material. The depth of the slide material was 10 = 20 m. During the
slide, tension cracks were formed approximately 200 m. away from the motorway
platform. The width and depth of these cracks were 5710 m. The slide topography
is fllustrated at Figure 3.2. '

According to Bength B. Broms (6), this kind of slides are categorized as Rotational
slides. Rotational slides are relatively common in soft soils and occur when the inclination
| of the slope exceeds the angle of internal friction of soil along the bedding plane.
After the slide, the required evaluations and developments have been started in

order to analyze the slide mechanism and proposed remedial measures. At the first

stage, a 1/1000 scaled map of landslide region including the nearby surroundings has



- aydeldodo], 9Py ¢v ddiluld

3 BB
-t
,.mV/.n@_0 .hmmuh .
) _.%U,A <.
2
\N\.\N\A\ IﬂQ.Q.V .
< <
v 00"“““0‘ S
\S OG> ” OSS ”
S <L 'f¢;””"”.’ = -
~ RS OO SISETT S
v XS4 "”"3@&(’/ e S .
KNS L P
S NN ST S
”0”"‘(’&&’5’5 o

N

O Y% gX S PR T .

O RN a Wy  Wise
s s A A S e o>
4 Dv‘ uts\‘\ S /.A

S RS R AR A RS S T B335

2L/ E L 5K KK

L SN

O {7 Aoe1D N\WWN.Q’Q’Q’O"’Q“’ VNVav
0‘“‘“’“’5’0

Q

§

ass PSS SasS 85 e dsi tg
= ’

////f/////////l/l/////l///\




15

been prepared in order té determine after-slide topography. Following this,five (5) trial
pits reaching down to max. 7.0 m. from motorway platform are excavated at the toe
of the slide. Location of these pits are shown in Figure3.1. and the pits logs are
given in the appendix(2). In order to determine the shear strength parameters two
samples are obtained and sent to KGM (General Directorate of Highways) laboratories
The evaluations on the slide mechanism are discussed in Chapter V.

The views from the slide area are given at Figures 3.3. and 3.4.
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CHAPTER IV. SUBSOIL CONDITIONS

4.1. Introduction

As it was stated in Chapter I1I,, two borings with S22 and BH3181 were
performed on the motorway platform before the excavation. However, the depths of
these borings were not sufficient to identify the real subsoil conditions of the slide
area. Although the relevant sections of this area were reported, in previous
design (5) as critical, the slide had occurred. It was evident that the subsoil
conditions prevailing underneath the slopes of the cuts exhibit an important role,
since no other effect such as earthquake. or rainfall etc. are reported.

This chapter mainly summarizes the effect of the subsoil conditions on the slide
event.
4.2. Subsoil Inveétigations

For the purpose of determining the geological properties of slide area, at the first
stage, 5 (five) trial pits were excavated along the toe of the slide on the present
motorway elevation in order to verify the bedrock profile. However, the bedrock was
encountered only in 2 (two) of them; at the pits with no.P1 and no.P5 which were at
- Km.141+500 and Km.141+650 respectively. The locations of these trial pits are shown
at Figure 4.1 and relevant logs results are given at Appendix (2).

Since the bedrock location was not sufficiently determined between the sections
Km.141+500 and Km.141+650, five (5) additional borings basically at the Km.141+4550
and Km.141+600 were performed until the bedrock was reached. The locations of these

borings are also given at Figure 4.1. and the boring logs are given at Appendix (2).



@ Trial Pits

® Previous Borings

\* __~ 1@ Additional Borings
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TABLE 4.1. Summary of Additional Boring Logs
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Location

Elevation

Level

Soll Proﬂle

Bl

Km.141+550

+260.99

-25.00 m
-40.30 m
43.20m

Slope Debris
Gravelly Clay
S_plllt ’

B2

Km.141+600

+260.86

470 m
-16.70 m

=29.20m

-30.00 m

Slope Debris
Slope Breccla
Gravelly Clay
Spilit

B3

Km.141+550

+260.00

-1.80 m
-10.80 m
-1340m

Slope Debrls
Sitty Clay
Spilit

Km.141+600

+232.75

9.30m
-14.40 m
-19.30 m
-20.00 m

Slope Debris
Gravelly Clay
Spllit Agglomerate
Spliit

BS

Km.141+600

+295.94

-8.80m
-1200m
-17.00m

Gravelly Clay
Gravelly Clay
Spiitt
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4.3. Subsoil Profile

During the subsoil investigations, a clay layer just underlaying the slope debris
material was encountered. The encountered layer is formed by gravelly material in

dense and hard condition.

Based on the performed borings and trial pits, the subsoil profile is categorized

as three (3) different layer as follows;

1 - Slope debris
2 - Gravelly Clay

3 - Spilit

In Table 4.1. ,additional boring logs are summarized.

Although a thin gravelly clay layer is encountered between slope debris aﬁd
bedrock, the slope debris layer played an important role in order to trigger the slide
event. This layer was formed from the weathered rock fragments , gravel particles Jsilt
and clay. Since it is formed in loose and weak state, it affected the slide mechanism by

increasing the gravitational forces and caused to slip.
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CHAPTER V. EVALUATIONS ON THE SLIDE MECHANISM

5.1. Introduction
For the proper identification of the slide mechanism, it is needed to determine

the residual shear strength parameters such as (@’) and (¢’) and soil properties. The
residual shear strength parameters were obtained by both laboratory tests and back
calculation analysis, whereas the soil properties are determined by laboratory tests.

| The stability analyses for determining the residual shear strength parameters,
are performed on the excavated slopes before the slide topography. These analyses
are evaluated by utilizing circular and non-circular slip surfaces. In this chapter, the

implemented evaluations on slide mechanism are summarized.

5.2, Laboratory Tests

After the landslide, block samples were obtained from the sllde area in order to
determine the residual shear strength parameters and soil properties. The importance of
the determination of the residual strength parameters was explained in Chapter II. The
purpose of determining the soil properties is to make some correlations which is useful
in the preliminary design of remedial measures.

The residual direct shear test was performed on the first series of block samples.
However, it was shown that the test results indicated more gravelly material such that
it cannot represent the similar properties of the real slip surface. Therefore, the
second group of the block samples was obtained by using special mould in the slide

area and tests are performed on these samples. The results from the second group of



samples are found to be satisfactory, since its index properties might reflect the

properties of the real slip surface. Consequently, the test’s results from second group of

samples are utilized during the evaluations.

5.2.1. Residual Direct Shear Test

Because of the giving rapid results and low cost, the direct shear tests are the most
common method of obtaining the residual strength and the peak strength of the soils.
The illustrated peak and residual shear strengths are given in the Figure 5.1.

The test is usually saturated consolidated drained (CD) with the sample sheared
at slow constant rate of displacement, so that ﬁore pressures due to shearing are
dissipated giving drained conditions. Typical load displacement curves for "turbulent”
and "sliding" shear are shown in Figure 5.2.

In literature, test has been investigated by many researches such as Bishop et al

(1971), Bromhead (1979), Saada and Townsend (1981) and Bromhead and Curtis (1983).

5.2.2. Test Procedure and Application

In 1964, Skempton (2) has pointed out that the strength remaining in the
laboratory samples after large shearing displacements was corresponded closely with
the computed strength from slide. This concept is brought the idea of using residual
strength parameters in determining the slide analysis.

The residual shear test which is summarized herein is described by Kenny (7).
Kenny has applied this technique to very fine grained soils and technique is described

as a modification of direct shear test.
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In this test,a sluri'y of remolded clay or shale is smeared on a porous stone in a
layer about 0.25 in. (6.4 mm.) thick and then consolidated under a vertical load for 18hr
to 24 hr. Following consolidation, a shearing displacement is applied at the rate of
about 0.1 in. (0.25 mm.) per hr. After about 0.1 in. (0.25 mm.) displacement, the shearing
load is reversed in direction. About 10 to 15 reversals of shear are required before the
shearing load to a constant value. This constant value is the residual shear strength of
the soil. Eachtime, the tests are repeated for different consolidated forces and the
residual shear strengths are determined for each reversals. At the end, the normal
forces and obtained residual shear strengths are plotted in a coordinate system. The
required shear parameters are obtained from these plotted graphs. The cohesion (c) is
the point where the graph cuts the ordinate. The slope of this graph gives the internal
frictioln angle. |

The residual direct shear test results are given in the Table 5.1 and the graphical

solutions are presented in Appendix (3).

5.2.3. Determination of Soil Properties

In order to determine the geotechnical properties of the slide area, laboratory
laboratory tests such as sieve analysis, hydrometer test and determination of index
properties are performed on the both sets of samples. As stated previously, the
results obtained from first block of samples have not been found to be satisfactory
whereas the other block sample indicated mucﬁ satisfactory results. Tests results are
given in Table 5.2 and Table 5.3 . The hydrorneter test results are given in Appendix (2).

Based on these tests, the average geotechnical properties could be summarized as follow
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TABLE 5.1. Laboratory Test Results - Shear Strength Parameters

GROUP Sampie Test Ccp &p Cr -1}
Method kPa deg kPa deg

Samp.1A cD 24 38 7 32

1 Samp.1B cD 32 48 - -

()

Artificlal cD 4 35 0 34
Samp.CBR1 cD 7 15 0 14

2 Samp.CBR2 CcD 42 13 15 13

Samp.CBR3 cb . - - .

(*) Gravelly material therefore does not represent the shear strength on the slip surface.

cb

Zp
Cr
or

Consolidated - Drained test

Peak Cohesion

Peak Internal friction angle

Resldual cohesion

Resldual internal friction angle



TABLE 5.2. Laboratory Test Results - Soil Properties

GROUP Sample +No.4 ~No.200 USCs
% %

Samp.1A 1 81 CL
1 Samp.1B 2 74 cL

™
Artificlal - - -
Samp.CBR1 3 84 CH
2 Samp.CBR2 - 98 CH
Samp.CBR3 4 84 CH

(*) Gravelly material therefore does not represent the shear strength on the slip surface.

+No.4 Percent Paseing No.4 Sleve
-N0.200 Percent Retained on No.200 Sieve
uscs Unified Soll Classification




TABLE 5.3. Laboratory Test Results - Soil Properties

ATTENBERG LIMITS
GROUP Sample wn Yn LL PL Pl CF
% kN/m3 % % % %
Samp.1A 23 20.03 44 27 17 16.6
1 Samp.1B 23 18.82 42 30 12 107
*
Artificial - 18.69 - - -
Samp.CBR1 35 17.12 78 32 44 48.9
2  |samp.CBR2 35 17.64 72 27 43 38.2
Samp.CBR3 26 - 7 4 17 40

(*) Gravelly material therefore does not represent the shear strength on the slip surface.

wn Natural water content
¥n natural unit weight

LL Liquid Limit

PL Plastic Limit

Pl Piastic Index

CF Clay Fraction
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For Group(1):
Natural water content (in percent) =23
Liquid limit (in percent) =43
Plastic Limit (in percent) =28.5
Plasticity Index (in percent) =145
Clay Fraction (in percent) = 13.7

Obviously, this cannot represent the real slip surface because of low piasticity.

For Group(2) :
Natural water content (in percent) = 35
Liquid limit (in percent) =74
Plastic Limit (in percent) =29.5
Plasticity Index (in percent) = 43.5
Clay Fraction (in percent) = 42.6

The index properties were plotted on the plasticity chart of the Unified Soil
Classification System (USCS) according to (ASTM D-2487) and presented in Table 5.4.
According .to USCS, the subsoil is classified as CH.

5.3. Slip Surface

The geology of the subject area is complex and indicates variations within short
distances. Therefore, bedrock agglomerate could be encountered in only two of the trial
pits performed along the toe of slide area. The other five(5) borings also supported
this concept so that geology has a three dimensional shape. During borings, no ground

water was reported.



TABLE 5.4. Unified Soil Classification System
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For the determination of the position of the slip surface, basically three point
should be clearly identified. These are the tension cracks, toe of the slided material
and the bedrock position. On the light of the performed borings, the bedrock position
had been determined.

Based on the performed b;)ﬁngs, it is determined that slip surface passes
through gravelly clay layer (ILlayer). However, the real factor that cause to slip is the
slope debris layer (Llayer). This layer is contained bedrock particles; such as boulders
gravel, siltor clay. Therefore, it is also evident that the slide was triggered during
the excavation of the cut slopes. Furthermore it can be concluded that the equilibrium

between resisting forces and sliding forces are broken down and slide had occurred.

5.4. Back Calculation Analysis

One other way of the determination of the residual shear strength parametefs
is to utilize the back calculation method on the slipped surface. In this method, the
required shear parameters are determined based on the just-before slide topography
of the cut slopes. The theory and method are summarized at Appendix (1).

The slide event is investigated basically on 4(four) different sections; Km.141+500
Km.1414550, Km.141+600 and Km.141+650 respectively. Therefore the back
calculation method is performed on these sections by assuming two different slip
surfaces; circular and non-circular slip surface.

During the evaluation of the parameters (¢’) and (c’), a computer program (8),
which utilizes the modified Bishop’s method for circular slip surface and other program

(9); which utilizes the Janbu’s inclined method of slices are used. Also following values
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are taken into account;

For Clay layer ...;
Natural unit weight ..: 19 kN/m3

cohesion.........eeeeeveeees: O KN/m2

For Bedrock...;
Natural unit weigth ..: 30 kN/m3

cohesiON....cceeeccueeeennnest 200 kKN/m2

5.4.1. Back Calculation Analysis on Km.141+500

The first case study is performed onthe Km.141+500 section. The subsdil
conditions had been determined previously during the trial pits excavation. In figure
5.3 the section is illustrated and the back calculation ﬁxethod 'is performed based
on this section. As stated before, a computer program (8) hasbeeﬁused, the data -
and the results of the computer calculations are given in the Appendix (4). |

Based on the before landslide topography and factor of safety equals to unity,

the slip circle coordinates are obtained as follows;

X = 67.00m.
Y =519.00m.
R = 287.00 m.

@'= 10 ( initial value) degree
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In the case of factor of safety equals to 1.00 (unity) (FS=1.00), the shear strength
parameters are obtained By utilizing a computer program (8), and found as follows;
FS =1.00
¢’ =0.35kN/m2
@’ = 10.60 kN/m2

ru = 0.10 kN/m2

5.4.2. Back Calculation Analysis on Km.141+550

The subsoil profile on this sectioﬁ was prevailed by the borings with no.B1 and
B3. According to these borings, the position of the slip surface which passing from
tension crack and bedrock formation was determined. In this section, two analyses are
performed by considering circular slip surface and non-circular slip surface. These are
shown at Figure 5.4. and Figure 5.5. respec’tivel'y.

Based on the before landslide topography and the factor of safety equals to unity,

the slip circle coordinates are obtained as follows;

X = 46.50 m.
Y = 540.50 m.
R =339.00 m.

@'= 12 ( initial value) degree

In the case of factor of safety equals to 1.00 (unity) (FS=1.00), the shear strength

parameters are obtained by utilizing a computer program (8) and found as follows;
FS = 1.00

¢’ =0.81 kN/m2
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@’ = 12.20 degree

ru = 0.00 kN/m2

In the non-circular slip surface analysis, for the following assumed shear parameters
@'=16.0 degree and c¢’= 0.0 kN/m2

the factor of safety is obtained by utilizing a computer program (9) as equal to 1.017.

5.4.3. Back Calculation Analysis on Km.141+600

The subsoil profile on this section was prevailed by the borings with no.B4 and
B2 and BS. According to these borings, the position of the slip surface which passing
from tension crack and bedrock formation was determined. The section is presented
at the Figure 5.6.

Based on the before landslide topogfaphy and the factor of safety equals to unity,

the slip circle coordinates are obtained as follows;

X = 26.00m.
Y = 604.00 m.
R = 384.00 m.

@'= 11.5 ( initial value) degree
In the case of factor of safety equals to 1.00 (unity) (FS=1.00), the shear strength
parameters are obtained by utilizing a computer program (8) and found as follows;
FS =1.00
¢’ = 0.89 kN/m2
@ ‘= 11.70 degree

ru = 0.00 kN/m2
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5.4.4. Back Calculation Analysis on Km.141+650

In this section, the subsoil profile had been determined by the trial pits excavation.
Two type of analyses as being circular and non-circular anlysis are performed on this
case. In Figure 5.7., the circular analysis and in Figure 5.8.,noncircular analysis are give
As it was stated previously, two computer programs,which one of them (8) for circular
slip surface in Figure 5.7 and the other one(9) for non-circular slip surface in Figure 5.8
have been used and the relevant computer results are given in Appendix (4).

In the circular slip surface analysis, based on the before landslide topography

and factor of safety equals to unity, the slip circle coordinates are found as follows;

X = 65.00m.
Y = 434.00 m.
R = 196.00 m.

@’= 13 (initial value) degree
In the case of factor of safety equalS to 1.00 (unity) (FS=1.00), the shear strength
parameters are obtained by utilizing a computer program (8) and shown at the following;
FS =1.00
c ’ = 0.00 kN/m2
@’ = 14.00 degree
ru = 0.00 kN/m2
In the non-circular slip surface analysis for the shear parameters ;
@'= 13.0 degree and c = 0.0 kN/m2
the factor of safety is obtained as equal to 1.004

Consequently, all results are summarized at Table 5.5.



L

< 000
1

0'0S5e
!

(‘w) eujpelued woiy eous)s|qg

o.._uow 0°0St 0’004 0'0S
i I

0ST/1 : 9[e3s

wnds-yo0apeg
£o) Apavip
suqa(] odojs

TW/NY ¢'Q = UOIs3Y0d
y1= (&) g eutd
€1 = (@) md enruy
£W/NY 61 = 1YS1oM 1up)
w96l = U

WOOPEY = X

‘megs9 =X

spyjspue] a10Jog

aojng difs 1e[noar) adots tonened

059+ I#1 Try 20e}mS dIi§ (NI - GONEMO[E) Yool °L'S HAINOIA

uLojie]J AemIOlON

-0G€
-09€
-0.€
-08E
—-06€
- 00V
-0y
- 0ct

(‘w) uoperell



(‘w) eujpreued woyy soumys|g

~ ,
M 0°00€ 0'05¢ 0°002 0°0S} 0'00} 0'0S 00 (0'0g)
] 1 1 v | 1 | | 002
1/1 : 3Jeds
0sS -01¢S
REKTRE wdgxeapogl AR _0z2
—— o) Aoamsp
TR 1395 3dois -0E¢
-0ve
-062
....... wogzt -092
spspueyoropeg  ONId AEMIOION -0./2
sadojg uoneaeoxy _ogz
-062
—-00€
-01€
-0ct
+00°1 : K19)es Jo 3010 ose
S€: (@ mud B
edy00z: UOIS9YOO -0te
£W/NY 0Z : 14Som nun ~-0SE
}ooIpag IMWM
E1r (@wmd | oge
edq 0pg: UuOISIYOD
£U0/NI 8T : 13om nun —06€
sugaq adojg 059+ Tp1 Uy 2oejing dIIS IENONOUON - UCNE[MO[ED) Yord  "8'S HUNOIA - 00¥
: -0y
- 02t
y = Qg ,
L OVvYy

110\ LHIONRASI



5.5. Shear Strength Parameters
The results from back calculation analyses and laboratory tests are compared
with each others and as a result of this comparison, it was shown that both results are
in good agreement with each others. The implement‘ed correlation is given in the
Table 5.6.
As a conclusion, the shear strength parameters are obtained as follows;
@ = 14 degree

¢’ = 0kN/m2

5.5.1. Correlation Between @’ ,Gradation and Index Properties

In the recent years, a new correlation between residual internal friction angle ()
gradation and index properties of cohesive soils has been carried out by some Italian
researchers (10). The proposed correlation was obtained on the basis of the results |
of laboratory analyses carried out on more than 150 samples at 20 Italian sites along the
"Autostrade Spa" motorway network.

The aim of this correlation is to give a profitable and practical data as a guideline
for designers where the remedial works are very urgent. It can give reliable qualitative
indications when the input data for design cannot be obtained from an extensive
laboratory test program.

The correlation makes reference to the comprehensive study by Lupini et al (1981)
(11) on the drained residual strength of cohesive soilé.
It was confirmed after several tests that the residual friction angle, @r, is influence

by both the clay fraction (CF) and the consistency index properties of the clay as Liquid



TABLE 5.6. Summary of Laboratory Test and Back Calculation Analysis

TEST or ./
(kpa) (degree)
Back Calculation 0 varies 11 - 16’
Laboratory 0 varles 13- 14
Cr Residual cohesion (kpa)

o

Residual internal friction angle (deg.)

45



TABLE 5.7. Soil Properties for CALIP

Sample | Clay Fraction | Liquid | Plasticity @r
Limit Index
(%) (%) (%) (deg)
1A 16.6 44 17 38’
1B 10.7 42 12 48’
CBR1 46.9 76 44 15°
CBR2 38.2 72 43 13°

47



TABLE 5.8. Results of CALIP - @’ Correlation

Sample CALIP gr or gr
from fig.18 from fig.19 from lab.test
(deg) (deg) (deg)
1A 2.08 32° >32° 32°
1B 0.58 >32° >32° 34°
CBR1 73.55 10° 14° 1‘4 °
CBR2 45.18 13° 22° 13°
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Sample LL Dr’(degree)
(percent) from Figure 5.1.
1A 44 32
1B 42 34
CBR1 76 14
CBR2 72 13

51

@r’ (degree)
from Figure 5.11.

>24

>24
11.5
12

It can be concluded that the resuits from laboratory tests and Figure 5.11. indicate

no diffrence, and also it is observed that the results which has high liquid limit has low

internal friction angle.
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CHAPTER V1. REMEDIAL DESIGN MEASURES

6.1. Introduction

In this section of the analysis, remedial design measures that are recommended to
stabilize the area are presented as alternative §olutions and at the final section of this
chapter , these alternatives are compared with each others.

Many methods can be proposed to correct the landslide problem; such as flattening
of slopes, pressure berms, lowering of the groundwater table, erosion protection etc.

But it is a fact that the most important one is to find the most safe and economical one.

In the remedial stage of the landslide area , the solutions are studied under the
title of two'main groups;

- Geometrical methods

- Mechanical methods

In each group, the alternative solutions are summarized and discussed as
comparing their feasibilities.
6.2. Geometrical Methods

The stability of a slipped slope can be increased by some arrangement on the
deformed shape by flattening of the slope, by removal of the soil or other loads at the
top of the slope, by placing pressure berms at certain level of the slope, or by relocation
of the motorway alignment.

Among these methods, the removal of ma jof part of the sliding material is
considered as a most proper solution. For this purpose, an excavation proceeding from

the top of the slide down to grade elevation is necessary. Two alternative solutions
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are studied within the content of this solution.

6.2.1. Alternative solution 1. Slope Regrading and Exéavation

This alternative solution is recommended the removal of the ma jor part of the
sliding mass together with a slope arrangement. Slope arrangement is consisted of
pressure berms with 5.0 m. at 10.0 m. height intervals from the platform. Duriné the
excavation, a composition of various slopes is proposed based on the approximate
location of the bedfock.

In principle, the slope will be shaped to a flatter slope i.e. h/v (horizontal over
vertical) of 10/1 followed by a slope of h/v=>5/1 after the first berm beginning from the
motorway platform until the bedrock is encountered. A steeper slope ie. h/v=2/1 and
h/v=3/2 will be applied within the bedrock. This slope regrading work will be carried
out along a 350m. section between Km.141+400 and Km.141+750. However, since the
topography has a concave shape the major part of the excavation will be performed

between Km.141+550 and Km.141+650.

All required works are shown in Figures 6.1. thru 6.5.
Based on this solution the estimated earthwork can be summarized as follows;
. approximate excavation within slope debris and clay .......1,000,000 m3

. approximate excavation within bedrock 300,000 m3

total excavation cersensnnannencenes 1,300,000 m3
After excavation, ultimate importance should be given to the drainage precautions
by constructing drainage ditches on the berms. Since slope is towards Gaziantep side

the flow speed within head ditches at steep areas should be regulated.
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6.2.2. Alternative Solution 2. Slope Regrading and Excavation

The difference of this alternative from alternative 1, is mainly in the proposed
slope arrangement. This proposed slope arrangement is contained a single flat slope
with h/v = 10/1 beginning from the edge of the motorway platform until the first berm
located at 10.0 m. height. The berm width is variable at this elevation and will be
determined in accordance with the location of bedrock. However, practically the slope
debris material should be excavated above this level until the bedrock is reached. Only
a small excavation will be implemented within the bedrock. This slope will be in range
of 400 m. between Km.141+400 and Km.141+800. However, the major portion of the
excavation will be carried out for a 100m. section between Km.141+550 and Km.141+650

Based on the proposed slope regrading pattern shown in Figures 6.6. thru 6.10.
the estimated earthwork cquld be summarized as follows;

total excavation ................: 1,000,000 m3

As stated in alternative 1.,a drainage work should be applied on this slope by
constructing the concrete lined drainage ditches.

Based on this proposed slope,a stability analysis is performed by utilizing a
computer program (9) on this alternative and during the calculations following
properties are considered;

@r = 14deg. Y = 19kN/m3
The relevant computer results are given in Appendix(4) and the factor of safety are
checked on three different cases. The results are summarized at the following;
F.S. = 3.86 inwhich nogroundwater and earthquake case

F.S. = 1.78 in which groundwater conditions. (ru= 145 kN/mz)
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F.S. = L11 inwhich earthquake exists. (k=0.2)

6'2'35 Alternative Solution 3. Réligment of the Motorway

An optimization study should be carried out for the realignment of the motorway
route for a possible solution to the landslide problem. It was shown that 3(three)
criteria should be considered;

i) Shifting the motorway route to a safe distance from the landslide area.

ii) The completed works in the existing motorway should be affected in minimum

level

iii) Following the motorway geometric design standards.

However, it was shown that the realignment design, which fulfills the above
criteria could not be a feasible solution due to its high cost and requirement of

the long construction time.

6.3. Mechanical Methods

This solution is covered the implemented geotechnical design and remedial
measures for the landslide area with the motorway alignment being unchahgecL This
method could be subdivided into two categories based on the evaluations of various

remedial measures. At the following, these alternative solutions are summarized .

6.3.1. Alternative solution 4. Retaining Structure

Construction of a retaining structure in front of the slide is proposed in this
solution. For this purpose, retaining structure composed of the piles with 165 cm.

diameter is considered. The required calculations are shownbelow. During the



analysis, following considerations are taken into account.

- length of slip surface : L=200m.

- Required factor of safety: F.S.=2.0

- Force due to estimated mass = 8,000,000 kN.
- Inclination of the slip surface : = 20 deg.

- Natural unit weight (¥ ) = 19 kN/m3

- Internal Friction Angle (@r’) = 14 deg

- Lateral load for ¢ 165 single pile = 1500 kN.

and

Fr=m.g.Cose (TANY) +F,

(ea?)

Fi=m.g.cosg (eq.8)

FZ
F.S. "5 22.0 (eq.9)

m=8,000, 000kN

u 8,000,000.C0520, (tani4) +F)

2.0 8,000, 000.51in20

F,=3,598, 000kN.

3,598, 000kN

N(no.of piles)= 1500kN

=2400 piles

67



As a conclusion, it was shown that an approximate estimate of number of piles
with 165 cm. diameter that required for this solution is about 2400 piles which makes

this solution unfeasible.

6.3.2. Alternative Solution 5. Rock Buttress and Slope Regrading
This alternative is composed of partial excavation and the formation of the rock
buttress solution. The method is based on the principle of having enough length of the
most critical failure surface through rock buttress, so that overall factor of safety along
the length of failure surface is above the critical value. The procedure of this alternative
can be summarized as follows;
i. removal of the sliding material above the present crack.
ii. removal of the material that has covered the motorway and slope arrangement
ili. and, forming a rock buttress shifted into the gravelly clay layer for an
appropriate depth.
Two sub-alternatives are discussed on this solution based on the size of the rock
buttress formation. The stabilities of each case are checked by utilizing a computer

program (9). and proposed solutions are presented at Figure 6.11. Also the computer

results are given at Appendix 4.

As a most critical section, Km.141+600 is selected and based on thesize of
the rock buttress to be implemented, the factor of safeties wouldbe in order of
FS=1.3and FS = 2.0. Conseqﬁently, the approximate amount of earthwork necessary

for the above given factor of safeties could be summarized as follows;
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a. For F.S.= 1.3
Approximate total éxcavation including rock buttress....... 300,000 m3
Approximate rockfill for rock buttress..........coceceiverererevecenens 50,000 m3
a.For F.S.= 2.0
Approximate total excavation including rock buttress....... 450,000 m3
Approximate rockfill for rock butiress.......ccoeevreervecrscucens 200,000 m3
It should be emphasized that this alternative assumes that the construction will
be proceed from both sides of the slipped mass towards the centerline of the landslide
area. However, in such cases, that the rock buttress does not extend down to bedrock
interface, there is the risk of reslide along the surface remaining within the clay layer
in the long-term, after the rock buttress is formed. In addition, this alternative requires
relatively steep excavations and this might led to cause additional earth movements

during the construction.

Because of all these risky conciusions, this alternative could not be feasible and safe.

6.4. Comparision of the Resuits

Basically, two main alternative solutions were proposed in this Chapter;

i) Improvement of the geometrical measures of the slide area

ii) Construction of additional structures along the motorway platform

In order to able to compare these two main alternative, the subdivisions on each
item should be evaiuated. For this reason, Geometrical solutions are divided into
3(three) subitems and mechanical solutions are divided into 2 (two) subitems.

Based on the above evaluations and analyses, the implemented alternatives are

compared at Table 6.1.
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TABLE 6.1. Comparision of Alternatives

ALTERNATIVE

EVALUATIONS

1. Slope Regrading & Excavation

2. Slope Regrading & Excavation

3. Realignment of the motorway

4.Retaining wall

5. Rock Buttress and Siope Regrading

requires approximately 300,000 m3 excavation

in the bedrock. The siopes will be h/v=5/1 and 10/1
seems applicable but need excavation in bedrock.
Drainage precausition requires.

excavation down to the bedrock surface, the final
regraded slope will be the bedrock surface after first
berm, drainage precausition requires. The slopes varies.
obtained most proper solution.

requires high cost and long construction time. Also need
design studies. Not feasible.

Requires construction of structure in deep foundation
and 2400 piles with 165 cm. diameter to stabilize
the area. Not feasible,

requires 450,00 m3 earthwork for F.S.2.0. there are
difficulties during construction and long-term stability.
Not feasible.
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CHAPTER VII. CONCLUSIONS

The cuts of TAG motorway between Km.141+400 and Km.141+700, constitute
a typical example of a case where the landslide had occurred as a result of deficiencies
of the implemented slopes in soft soils. Most of the time, the remedial solutions for
such cases are very much dependent on the subsoil conditions and require high cost
and long construction time. In this respect, the substantial results of the evaluations
on the landslide are i)resented in this study.

The problem has been identified as the slide of the slope debris formation
during the excavation of relevant cut slopes. During the performed borings, it was
stated that this slope debris layer was formed in loose and weak state by weathering
of the rock formation. The implemented slope criterion for the relevant sections of the
motorway had been proposed as being 3(horizontal) to 2(vertical) in the previous stage
of the design. However, it was realized that the subsoil conditions, especially the
bedrock location was not determined sufficiently so that the proposed slope application
had led to slide in these soil conditions. Hence, it is important to generalize the cause in
terms of applicable slopes i soft soils for the purpose of presenting an example for
similar cases that might be encountered. Therefore the required evaluations are
performed in order to construct the remedial design measures.

The important stage of the slope stability analysis is to determine the residual
strength parameters such as internal friction angle ( @r ) and cohesion (cr ). For the
purpose of détermining these parameters, basically two methods are performed during

the evaluations of the slide mechanism. The back calculation method was performed on
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4(f6ur) different sections of the motorway based on the after slide topography. The
results from back calculation analyses are compared with the results of laboratory
test. The residual direct shea.f test is performed on two block of samples, which are
obtained from the slip surface of the slide. Also a new method, which makes a
correlation between residual strength parameters and soil properties is introduced and
§erified. The results from this correlation are found satisfactory. Consequently, the
residual strength parameters of the slipped soil are found as @r = 14 degree and
cr’ = 0.0 kN/m2

For the rehabilitation of the slide area, 5(five) alternative solutions are proposed
in the remedial design measures. These alternatives are compared with each other by
considering their feasibilities. As a result of the evaluation and comparison of
the alternatives, it is shown that the most préper solution is to regrade the slide area
and to rearrange the slopes as being h/v=10/1 and h/v=5/1.

TAG motorway is one of the remarkable and major projects of our country. The
stability problems that are encountered during the construction of the motorway,
constitute typical examples for the further problems. Therefore the aim of presented
case study is to form a preliminary approach for such cases that might be encountered

in the future.
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APPENDIX 1. BACK DETERMINATION METHOD

A.INTRODUCTION

An important and preminary stage of the landsﬁde prdblem is to determination
the residual strength parameters of the failed slopes. For this purpose, the technique of
the Back Analysis has been served in the stability problems for several decades. The
technique described herein is the same technique that cited by D.H.HE (13). The
shear strength paraméters of the failed slopes have been backcalculated in the
following procedures;
1. Assuming the value of the angle of internal friction angle @ or the cohesion
¢’ to calculate another

2. Or utilizing a main cross section of a failed slope and another cross section
near the main one in the same failed slope to establish two equations from
which the value of ¢’ and @’ can be evaluated.

3. Or utilizing two cross sections in two failed slopes which have similarly
geological and hydrological conditions to establish two equations and the
evaluate the values of the ¢’ and 8 °.

The results obtained by all of these procedures can not be independent of the
will of the engineers. However,there is a logical relation between the shear strength
and the location of the slip surface. In this procedure, the shear strength parameters
such as internal friction angle (@) and the cohesion ¢’ are simultaneously determined

by utilizing a main cross section only without assuming beforehand the value of ¢’ and

a°.
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B. FACTOR OF SAFETY

Before start to derive the back calculation formulas , it is needed to obtain the
factor of safety with great precision by direct integration over the whole slip surface.
It will be assumed that the potential slip surface passing from the beneath the toe of

the slope is a circular arc. A section of a slide is fllustrated at Figure A1.1

(x1y,)

Figure A1.1 Typical geometry in slope stability analysis
'DHHe(13)

The origin of the coordinates defines at the toe of the slope. The point (x0,yo)

is the center of the failure circle. The factor of safety F, is defined as that by which
available shear strength should be reduced so as to bring it into equilibrium with
mobilized shear stress. The available shear strength is calculated on the basis of Mohr’s
Coloumb failure criterion. The sliding mass is divided into slices inwhich i;s width is dx.
Therefore the factor of safety of the Bishop’s modified methodis expressed in the form

of integrations as stated in the chapter L.

1+0 18
c’j £938 Jg+y(1-1,) tancb’fh£°—s—“da
poto ™ o T (eq10)

348
ij hsinecosede
-8
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in which ;
- : ne and’ cos (a-,,)
m,=cose+sing S helih - X
F M= osd, (eq-11)
__tand’
tang, - 22 012
[ — denotes effective cohesion
1) RS- denotes effective angle of internal friction angle
¢ PO denotes pore water pressure

after integration and simplification the factor of safety of the slope can be finally
expressed as a function of a set of variables comprising the location of slip circle and

the shear strength parameters in the following ;

c/
—K+(1-z.)¢t 'K
r=YH ° Zu) tand'K, (eq.13)
Kd

in which;
Xd-% 8in?18in?6( 1—2§+3n (n-—é—n) +% (cot?i+cot?8)) (eq.14)

cos (0+1-¢,)

X =cos’d, (20+tan,ln o5 (0-179,) ) (eq.lS)
B+1- 16)
' K,--% (1+coticotf) K +coa?d, (0+i-urtang,ln cz:;(; _4,:;") ) (eq-16)

1
+—-——-—-c°s¢“ +8inié ln = (45+—2- G178
28inisin® tan(45-% (0-1+d,))

+-:-;- (cos (j-,) ~cos (u+d,)

tan (45+% (u-tb.)‘) cos (u-$,)

+ainjcos, (u+j +tan¢,lnm) ))

1
-=gin2é.ln
2 tan(45--g— (G +da))

where i, () and j denotes the angles specifying the location of the slip circle

B:/lofslopeinclination (eq.17)
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sinu=2nsinisin@-sinj (eq.18)
~__8inj
M= Sinisind (¢0-19)

The factor of safety for the slip circle should have minimum value when the angle
of i, @ and jsatisfy the necessary conditions of the gradient;

—_ = —a£= aF—
20 3°° 350 (eq:20)

If j= @ - i that means slip surface passing through the toe of the circle then;

31~ E7) (eq21)

C. FORMULAE OF BACK ANALYSIS

It 1s evident that slide mass moves along the most critical surface and factor of
safety is equal to unity vwhen the displacement just begins. By this concept,the formula
of back calculation of the shear strength parzimeters ¢ and @ of slip zone soils can be
derived from the conditional equations which provide thé relationship between the |
parameters of the shear strength and the location of critical slip circle.

1. Below the toe circle
Let the factor of safety of slope F equal to 1.00 . The equations for the below

the toe circle can be obtained from the conditional equations (20).

aF
310 (eq22)

Cl aKc

YE 31 +(1-r,) tand’ 9% %Kq =0 (eq.23)

o1 oi

in which ;
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3K, 8in2¢/sin26 24
o1 2cos (0+1i-¢') cos (6-1+¢) (¢a29)

%ﬁ 2cot.de cosisind((n-n) sinj+-3in8 sinf  (eq.25)

sini
aKf=-cot1K,-— (coti-cot8) K +coticos?¢/(0+i-u+rtand’ln CZ: (e(u;};,) ) (eq.26)
3 _
and
OF
%50 (eq.27)
c! 9K, _ 0K,
YH 00 B (eq:28)
in which ;
9K, (2- tand/sin2 (i-¢/) ) (eq.29)

cos (8+1i-¢') cos (68-1+¢)

oKy _ gini
>3 —2=2¢0tBK,~cos8sini( (n-1) sinj+ oxox e (eq.30)

g =-cot6K,+— (coti-cotB) K +cotBeos?d/ (8+i-u+tand/ln czg;?”;};) ) (eq31)

and
iF;:o (eq:32)
oj
/0K, 3K,
(1-z,) tan¢/—-£ - -4 =0 | (eq.33)
in which
aaI;" =ginigsinBcosj (n-1) (eq-34)

— aKf= cosjcos L (u+J+tan¢/ln'c;.s—(lLl) (eqss)
97 2nsinisin® 8 (7+4')

It is found that the back calculation formulae for the angle of internal friction (3
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can be written from the equ.(23).

sin2d’= 4nsinisin® (nginisin@-sinj)

)
(1-r,) (u+j+tang/1n-C°8 (u-9') (eq-36)

cos (j+¢’)

If the location of the slip surface of a failed slope and the geometrical form of
the original slope and the pore pressure ratio of the slope are known, the angle of
internal friction of slip zone soils ¢ > can be calculated from equ36)by utilizing
Newton-Raphson iterative procedure. Furthermore the cohesion of slip-zone ¢’ can be

calculated from the rearranged formulae of equ. {23).

K4~ (1-r,) tand'K, 3
= (eq37)

[+]

cl/=yH

2. Toe circle
For the case of slip surface passing through the toe of the slope , the equation

can be derived from the conditional equations(21)with letting the factor of safety

equal to 1.

Elimating some terms and doing some simplification , the back determination

formula of the internal friction angle @ *for the toe circle may be written as follows ;

; _ sin?u-gin?(6-1) - (sin?(0+1) -sinu) N a8
s8in2@/= (1-7,) (A-BN) (eq.38)
in which ;
2
nsin(6+1) — + (cotB-cotl) X,
. 1-tand’tan (8-1)
N= 2 (eq-39)

1 ' -1 t8+coti) K,
cos (0-1) +nsin(8-1) Trtand’can (8+1) +(cot®+coti) X,
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A=0-i+utand/ln—C08 (u-¢)
cos (0~1i+¢/)

: (eq.40)
B=0+i-u+tand/ln CO8 (0+1-")
cos (u—¢’)

The angle of internal friction (3’ for the toe circle can be computed from equ. (38)
using newton- raphson iterative method if the location of the failure surface and pore

pressure ratio and the geometrical form of the slope are described.
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APPENDIX 2.

BORING LOGS



N4098200.592 ARARTIRMA
E499003.314 GUKURU LOGU
ELEV234.315 PIT LOG -
PROJE: TAG OTOYOLU GUKUR NO: 1
PROJECT: TAG MOTORWAY PITNO : 1
Yeri ¢ “Km 141 Tarih : Kazic) cinsi:
Location: Date : Type of rig :
Cukur derinlisi: Y.A.S. Derintizi(m): Kontrol eden:
Depth of pit Depth of GWT (m) : Checked by :
Do . N
EE Numune Cep Zemin
RP Litoloji Sample Penetr.| Sinifi TANIMI
T
:l H | Lithology Pocket Soil IDENTIFICATION
L Penetr.| Clas.
| Kot (m)
K(m) NO [Elevation
Bitkisel Toprak/Top Soil
234.15
- Kahverengi kizil KIL, tabana
dogru aglomera sipilit kirinti-
s lari icermekte olup A ile kon-
tagi gevsek derine inildikce
L sertlesmekte
s Reddish brown CLAY, with
agglomerate, split particles
- at deeper levels, the contact
Wwith top formation is loose,
s harder at the bottom
- 230.83
L Acik k'ahverengi yesil renkte
volkanik AGLOMERA, sipilit
. icerikli, ust yuzeyler kismen
altere olmus.
Light brown - green volcanic
L AGGLOMERATE, with spilit,
upper levels are altered
F 229.75

K0T / NOTE :

82



N4098190.612 ~ ARARTIRMA

E498027.612 GUKURU LOGU

ELEV232.974 PIT LOG

PROJE: TAG OTOYOLU GUKUR NO: 2
PROJECT: TAG MOTORWAY PITNO : 2
Yeri : TKm 141 Tarih : Kazici ciqsi:
Location: Date  : Type of rig :

gukur derinli®i:

pepth of pit

Y.A.S. Derinlii(m):
Depth of GWT (m) :

Kontrol eden:
Checked by :

Litoloji

T~0omo

D
E
R
L Lithology
L
|
K

(m)

Numune Cep Zemin
Sample Penetr.{ SInif}

Pocket Soil

NO

Penetr. Clas.
Kot (m)
Elevation

TANIMI

IDENTIFICATION

Sari kirti beyaz renkte ust

yuzeyler travertenlesme gosterir

kirectasi (bloktan-cakila) kal-
ker tufu icinde tabana dogru
bloklarda azalma, kil-kirec
yuzdesinde artis

Yellow-white, traverten
appearance at upper levels
limestone (boulder to gravel)
within calcareouus tuff,
decrease in boulders and
increase in clay-lime percent
at lower levels

- 232.43

kahverenkli-kizil KIL, tabana
dogru aglomera sipilit
kirintilari icermekte olup
ust formasyon ile kontagi
gevsek derine inildikce
sertlesmekte (kiltasi)

reddish brown CLAY, with
agglomerate,spilit particles
at lower levels, contact with

upper formation is soft, harder

at lower levels (claystone)

P 227.41

NOT / NOTE :

83
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et

N4098153.677
E498057.193
ELEV232.397

ARARTIRMA
UKURU LOGU
PIT LOG

PROJE: TAG OTOYOLU
PROJECT: TAG MOTORWAY

CUKUR NO: 3
PITNO :3

Yeri : “"Km 141
Location:

Tarih :
Date

Kazici cinsi:
Type of rig :

gukur derinligi:
Depth of pit :

Y.A.S. Derinli®i(m):
Depth of GWT (m)

Kontrol eden:
Checked by :

Litoloji

TZ~4UOMO

Zemin
Sinifi

Numune
Sample

Cep
Penetr.

Pocket Soil

Lithology

NO

Re=—rz2=203mo

(m)

eenetr.; Clas.
Kot (m)

Elevation

TANIMI

IDENTIFICATION

Sari kirli beyaz renkte ust
yuzeyler travertenlesme gosterir
kirectasi (bloktan-cakila) kal-
ker tufu icinde tabana dogru
bloklarda azalma, kil-kirec
yuzdesinde artis

Yellow-white, traverten
appearance at upper levels
{imestone (boulder to gravel)
within calcareouus tuff,
decrease in boulders and
increase in clay-lime percent
at lower levels

- 230.98

kahverenkli-kizil KIL, tabana
dogru aglomera sipilit
kirintilari icermekte olup
ust formasyon ile kontagi
gevsek derine inildikce
sertlesmekte (kiltasi)

reddish brown CLAY, with

. agglomerate,spilit particles

at lower levels, contact with
upper formation is soft, harder
at lower levels (claystone)

- 226.91

NOT / NOTE :
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N4098188.804 ARARTIRMA
E499098.140 GUKURU LOGU
ELEV232.770 PIT LOG
PROJE: TAG OTOYOLU CUKUR NO: 4
PROJECT: TAG MOTORWAY PIT NO : 4
Yeri : TKm 141 Tarih : Kazici cinsi:
Location: Date : Type of rig :
Gukur derinlisi: Y.A.S. Derinli2i(m): Kontrol eden:
Depth of pit : Depth of GWT (m) : Checked by :
DD .
EE Numune Cep Zemin
RP Litoloji Sample Penetr.| Sinifi TANIMI
T
L H | Lithology Pocket Soil IDENTIFICATION
L . Penetr. Clas.
| Kot (m)
K(m) NO |[Elevation
Sari kirli beyaz renkte ust
- yuzeyler travertenlesme gosterir
kirectasi (bloktan-cakila) kal-
- ker tufu icinde tabana dogru
bloklarda azalma, kil-kirec
- yuzdesinde artis
- Yellow-white, traverten
appearance at upper levels
F limestone (boulder to gravel)
within calcareouus tuff,
- decrease in boulders and
increase in clay-lime percent
L at lower levels
- 225.31

kahverenkli-kizil KIL, tabana
dogru aglomera sipilit
kirintilari icermekte olup
ust formasyon ile kontagi
gevsek derine inildikce
sertlesmekte (kiltasi)

reddish brown CLAY, with
agglomerate,spilit particles

at lower levels, contact with
upper formation is soft, harder
at lower levels (claystone)

KOT / NOTE :



,

[ n4098188.451

ARARTIRMA

E499155.267 CUKURU LOGU

ELEV232.407 PIT LOG

PROJE: TAG OTOYOLU CUKUR NO: 5
PROJECT: TAG MOTORWAY PITNO :5
Yeri : “Km 141 Tarih : Kazici cipsi:
Location: Date Type of rig :

gukur derinli®i:
Depth of pit :

Y.A.S. Derinligi(m):
Depth of GWT (m) :

Kontrol eden:
‘Checked by :

Litoloji

xT-4Uomo

Numune
Sample

Penetr.

Pocket

Lithology

R-=rz—xamo

(m) NO

Kot (m)
Elevation

Panetr.

Zemin
Sinifi

Cep

Soil
Clas.

TANIMI

IDENTIFICATION

Bitkisel Toprak/Top Soil

229.95

Kahverengi kizil KIL, tabana
dogru aglomera sipilit kirinti-
lari icermekte olup A ile kon-
tagi gevsek derine inildikece
sertlesmekte

Reddish brown CLAY, with
agglomerate, split particles
at deeper levels, the contact
with top formation is loose,
harder at the bottom

- 229.42

Acik kahverengi yesil renkte
volkanik AGLOMERA, sipilit
icerikli, ust yuzeyler kismen
altere olmus.

Light brown - green volcanic
AGGLOMERATE, with spilit,
upper levels are altered

- 228.53

NOT / NOTE :
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SONDAJ LOGU / BORING LOG

B1
87

SONDAJ NO/BORING NO :

SAYFA NO/PAGE NO :

SYEREN / OWNER:
TERFEN-IMPRESIT O.G.

PROJE / PROJECT:
TAG OTOYOLU/MOTORWAY

et

vkii/sLocality: ADANA Agiz kotu/Ground elevation : 260.99 | Sondaj tipi/Boring type: ROTARY
slangic tarihi/Begin date :30/12/91 | Sondaj derinligi/Boring depth: 43.90 | Sondor/Driller: H.GOZCU
1is tarihi/Completion date: 30/12/91 Su seviyesi/Water table H Muhendis/Engineer:
Y5 S.P.T. « |KAROT/CORE| _
R 2 Bl voun [sow L eaon | =
"g\ - g g.E EB Darbe:Blows N30 9 TCRX | SCR% | RQDX - 3
~ 13216268 P56l GrarHIc |o O|ACIKLAMALAR/EXPLANATIONS
: - —_ |- c |
AR B EIAE T o o 3% ‘
: —— s 0 s
8555555 2 (& |R(8 23288 & 8§ Sy
) Va0 YAMAC HOLOZU kil, kum, cakil boyutunda
iy IR malzeme, bloklar beyaz renkli, saglam,
e TTrTTTe kirectasi orijinli, yer yer yamac
1 30/71% - | - (I 14 4 bresteri, kirec cimentolu,
o e n Rl ol b kirectaslari yer yer erimeli ve
Pt bosluklu ¢0.0-11.30m arasi cok killi
| —l-pd -k sari renkli) SLOPE DEBRIS material
Kb ) 2 |19 123 503 Vol ’:>. varying as clay, sand, gravel in size,
st o -y the boulders are white, strong and
¥ o ) originated from Limestone,
d S T IO S S R U occasionally slope breccia, lime
o« 3 30719 bt %" cemebted, occasionally with cavities
oo L L (between 0.0-11.30m, high clay
aTETraTe concentration with yellow color)
oflle 4 30716 - | - | ' P b 3@
Y O S S B N
[ IO T R B |
* | I I B |
s Ve S {o/1§ - | - [T TASS
[ S R T S |
.a. _I_LJ._I_I_I
v~ 6 |2550/13 - [T T4
oY [ I R |
’ aTrTT
-;- [ I T A}
.'. —=L 4 -
[ R N B |
I
‘o’ STeTAT”T
. 'i' [ T R | g
—f b gl -
. [y | A T T |
[ T |
..-’ _I—l-r_‘_l—
| I I T B
) Py - —fe b | o -
[ I R T |
. ’ - ’ [ L L |
OO T T
. - [ R R T |
® ' * = = T = =
[ T I
I S S S
*la® [
o Mol ¥ R
i o bl ol
o|®o | S S T B |
) S L Jdoa
. .?. [ I T A | %
| R TS B | |
%o i ittt Bl ol
’a’ [ T | a
o Yo JUS N S S Y %
[ I T
*| ¥, [ I R T |
S0 TmrTSer
[ I %
. N PN R NI W R Y
[ R T I |
48, o] BBy
ol 7 |32 28|35 T 8 CAKILLI KIL cakillar koseli -
f, :_ - : yuvarlak, sipilit ve kirectasi
':"' :‘ T parcalari, ust seviyelerde kirectasi
ol cakillari, alt seviyelerde spilitik
ST aglomeraya ait kirintilar
] GRAVELLY CLAY gravels are subangular
VY 2 = == and rounded, spilit and {imestone
== 8 |25 L IR particles, limestone gravels at upper
_:_ :_ _: _:_ :__ lay.er.'s,and.particles blonging to
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‘SONDAJ LOGU / BORING LOG

SONDAJ NO/BORING NO : B1

SAYFA NO/PAGE NO : 88

GVEREN / OWNER:

TEKFEN-IMPRESIT O.G.

PROJE / PROJECT:

TAG OTOYOLU/MOTORWAY

res——

Jkii/Localitys ADANA ‘Agiz kotu/Ground elevation 260.99 | sondaj tipi/Boring type: ROTARY
slangic tarihi/Begin date : 30/12/91 Sondaj derinligi/Boring depth: 43.90 | Sondor/Dritler: H.GOzZCU
tis tarihi/Completion date: 30/12/91 Su seviyesi/Water table : Muhendis/Engineer:
L S.P.T. -~ |KAROT/CORE|_
- |58l io T ) rery i
:2 _ g Ei_—, Eg Darbe:Blows N30 (5 b4 TCR% | SCR% | RQD% E E:
7|38 52 58 1 " 5| GRAPHIC (i O|ACIKLAMATAR/EXPLANATIONS
:f 0 L {U—jU+ ni m|< o T T [ R4
o |+ +(0Tjvw -] £ - o) ® o0
| =-—jLEl~| O|1 NI O |U O ° ®© o829
allll0o0Ic0 Z2 |[ej—A| M| Aumsn (N ® S 89 SYxex
7/ ol 9 j22(as |25 4 0
[ T |
STUIT
/ t g1
o] 10 |19 (27|29 [T T
bt
TTUT T
' |
] 11 |0 |29 |9 {7 T
, N OO SO R
’ [
t
] 12 |25 303217 T
PN R B R
LR
[ I T B |
2= 13 |30 (32038 1T T He
Y PRy N W D B
[ I
/ R
7 STETATe
: :_i : :_ SIPILIT yesil renkli, ince daneli,
-I-l |-I-' 7 masif, ayrismamis, saglam, ince kalsit
G damarli
it el S SPILIT green, fine granular, massive,
] ' Vo not weathered, strong, with calsite
[T T P infillings
. . . K X
P Sondaj Sonu/Bottom

-___-—‘..-—__———-———-——.——_———-—___—————_———.-...r_




SONDAJ LOGU / BORING LOG

B2
89

SONDAJ NO/BORING NO :

SAYFA NO/PAGE NO

SVEREN / OWNER:

rERFEN-IMPRESIT O.G.

PROJE |/ PROJECT:
TAG OTOYOLU/MOTORWAY

e

vkii/Locality: ADANA

Agiz kotu/Ground elevation : 260.86

Sondaj tipi/Boring type: ROTARY

slangic tarihi/Begin date : 30/12/91

Sondaj derinligi/Boring depth: 31,00

Sondor/Driller: H.GOZCU

tis tarihi/Completion date: 30/12/91

Su seviyesi/Water table :

Muhendis/Engineer:

S.P.T.

KAROT/CORE

Darbe:Bloks

SCR%

| TCR%

Nzg RQD%

N
oDiEeEL
[+

TR

No

o
L
..-
._I

0-15

Depth (m>

'u+Mon

15-30
30-45

Class

GRAPHIC

[
(]
-

(]
Q
-4

Zemin Sinifi
Soi |

109

Kaya Sinifi
Rock Class

ACIKLAMALAR/EXPLANATIONS

3 301

5 |18

25

25

27

19

25

32

26

22

24

32

VA4 YA

YAMAC MOLOZU blok, cakil,
beyaz renkli,
saglam

SLOPE DEBRIS with blocks, gravel,
clay, blocks are white and ortglnated
from limestone, medium strong

kil, bloklar
kirectasi orjinli, orta

§maaaﬁézgg<xxxmvw 2y
géﬁa )

KL

YAMAC BRESI beyaz renkli, kirec
cimentolu, erime bosluklu, kirectasi
bloklari

SLOPE BRECCIA white, lime cemented,
with cavities, lxmestone blocks

CAKILLI KIL sert, kahverenkli,

cakillar kirectasi ve sup:lxt aglomera
parcatari (28.60m’den sonra cok
kirikli ana kaya parcalari, ust
seviyelerde kirectasi cakillari, alt
sevvyelerde ise spilitik aglomeraya
ait kirintilar)

GRAVELLY CLAY hard, brown, gravels are
from limestone and spilit (below
28.60m, very fractured bedrock
particles, limestone gravels at upper
layers, spilit particles at lower
levels)




SONDAJ LOGU / BORING LOGC SONDAJ NO/BORING NO : B2

SAYFA NO/PAGE NO : O

~

SVEREN / OWNER: - | PROJE / PROJECT:
7EKFEN-IMPRESIT O.G. TAG OTOYOLU/MOTORWAY
kii/Localitys ADANA Agiz kotu/Ground elevation : 260.86 | Sondaj tipi/Boring type: ROTARY

slangic tarihi/Begin date :30/12/91 | Sondaj derinligi/Boring depth: 31.00 | Sondor/Driller: H.GOZCU

is tarihi/Completion date: 30/12/91 | Su seviyesi/Water table Muhendis/Engineer:
s S.P.T. « |KAROT/CORE] _
evfwn -0 % 0
Al 212927 Darbe:Blous N3g C | TCRX | SCR% | RADX |-z W
E -y S pry — T e ——t .
v i38555F © S| GRAPHIC |o O|ACIKLAMALAR/EXPLANATIONS
- 0 |—wl—3 [N c
I I = E—-
6|+ + = ® ® ©
- - L= O N 0 0080 (U o M O
3133|5560 2 |0 (2 (823882188 8§ 8 Sy¢ex
- % saglam, kilcal ince kalsit damarli
SPILIT brownish green, fine - coarse

grained, low weathered, medium weak -
ium strong, fine calsite infillings

Sondaj Sonu/Bottom
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‘SBONDAJ LOGU / BORING LOG

B3
91

SONDAJ NO/BORING NO :

SAYFA NO/PAGE NO :

VEREN / OWNER:

PEKFEN-IMPRESIT O.G.

PROJE |/ PROJECT:

TAG OTOYOLU/MOTORWAY

Agiz kotu/Ground elevation

/kii/Locality: ADANA : 260.00 | Sondaj tipi/Boring type: ROTARY
langic tarihi/Begin date : 3/12/91 Sondaj derinligi/Boring depth:  13.50 | Sondor/Driller: H.GOZCU
is tarihi/Completion date: 3/12/91 Su seviyesi/Water table Muhendis/Engineer:
-2'0 S.P.T. w |KAROT/CORE W
3 |88l=0l  [oarbe:st T 0 * 9
21l g, E% g0 arbe:Blows N3g £ TCRX | SCR¥% | RQD% B4 .
Y o= oC O] GRAPHIC |v O|ACIKLAMALAR]EXFLANATICONS
l=— O0=—wuw—23 [SE T =
+- 0 L | U= W4 mnim| < . — T T o x
a|++ |uDlun — | £ - © © o220
gj|-—jecl=] O11 | N|D| o000 |0 0 e ® ollo
O |lddCO00] Z ||~ im|~uMsn NO - - S
Pl YAMAC MOLOZU kil, kum, cakil boyutunda
L matzeme, bloktar kirectasi orijinli
e b SLOPE DEBRIS material varying as clay,
i :_ ! : ! sand, gravel in size, the boulders are
':', ':'I":" originated from limestone
[ B |
U LI SILTLI KIL cok kati-sert, kahverengi,
e B el Sl bl I i ¢ cakilli, dusuk plastisiteli, cakillar
-: . T ) : koseli, yer yer kirectasi ve sipilit
Vo parcalari, max. cakil boyu 2cm , (9.0m
ooy - 10.5m) arasi cok ayrismis SIPILIT
T T SILTY CLAY very stiff-hard, brown,
DV SImrT-er gravelly, low plasticity, gravels are
TA 02 |19125 (50 a1 ws subangular, occasionally with .
2t P limestone and spilit, max. gravel size
: : J : 2cm, very weathered SPILIT between
1 -
et (9.0m - 10.5m)
[
[
/ w2y 3 6T 5]
--
i
1
1
—I—
~ s [}
/ A e 2|9
1
!
/ t |
T
| I O B |
[ R |
U] I 15|50 | - [ AR td
B N N
LI I T B |
[ I T
[ I T |
[ I T B
L O N [ DO B
w5l 6 (12|45 possf )L @
[ I T B |
/ Pl
N U W Ry
L I T B
[ T T B |
! : ! : : SIPILIT koyu yesil renkli, orta
: L.IL (. daneli, masif, saglam-orta saglam
RN ayrismamis, az kirikli, kalsit
A dolgulu, yer yer kilcal kalsit dolgulu
[ ve duzensiz
vt . SPILIT dark green, medium granular,
=t d i massive, strong - medium strong, not
b b weathered, low fractured, calsite
_ ttoe b infillings, occasionally, calsite
: : ! ! ; infillings and irregularities
-] b 4 =l =
=] T EERE
| ,
T : : : T : Sondaj Sonu/Bottom of B3 at 13.5m
[ I T |
[ A R |
" |
[ I LR |
[ I I |




- SONDAJ LOGU / BORING LOG

B4
92

SONDAJ NO/BORING NO :

SAYFA NO/PAGE NO

-VEREN / OWNER:
TERFEN-IMPRESIT 0.G.

PROJE / PROJECT:
TAG OTOYOLU/MOTORWAY

kii/Locality: ADANA

Agiz kotu/Ground elevation : 232.75

Sondaj tipi/Boring type: ROTARY

stangic tarihi/Begin date : 10/12/91

Sondaj derinligi/Boring depth: 20.00

Sondor/Driller: H.GOZCU

is tarihi/Completion date: 10/12/91

Su seviyesi/Water table :

Muhendis/Engineer:

S.P.T.

KAROT /CORE

lcarbecslows

SCR%

N3o RQDY

TCR%

selenremis
§oBr.®

Depth D
Litoloji
Lithology
r ami
8ndns$urbed
Ors
Dis
No
8-15
15-30
30-45
- 10
- 20
- 30

Class

GRAPHIC

[
Q
-

(o)
(]
-

- 40

50

Zemin Sinifi
Soi l

100

Kaya Sinifi
Rock Class

ACIKLAMALAR/EXPLANATIONS

12
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YAMAC MOLOZU blok, cakil, kum kit
boyutunda malzeme, bloklar beyaz
renkli, saglam, erime bosiuklu
kirectasi, yer yer bres, 8.2-9.2 m
arasi kahverengi kirectasi cakillari
SLOPE DEBRIS material with varying
sizes as boulders, gravel, sand, clay,
boulders are white, strong limestone,
occasionally brecia, limestone gravels
between 8.2-9.2m depths

I .
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a- -

CAKILLI KIL sert, sari-kahverenkli,
dusuk plastisiteli, cakillar kirectasi
orijinli, yer yer sipilit parcalari,
max. cakil boyutu 2.5 cm, cakillar
koseli

GRAVELLY CLAY hard, yellow-brown, low
plasticity, gravels are originated
from limestone, occasionally split
particles, max. gravel size is 2.5cm,
gravels are subangular

SPILITIK AGLOMERA kahverenkli, ince
daneli, kirikli, orta derecede
ayrismis, yer yer cok ayrismis, orta
zayif-orta saglam, ince kalsit damarti
SPLITIC AGLOMERATE brown, fine
grained, fractured, medium -
occasionally heavily weathered, medium

infillings.

SIPILIT yesil renkli, ince daneli

R i e e i

masif, ayrismamis
SPILIT green, fine grained, massive,
ot weathered,

Sondaj Sonu/Bottom

weak - medium strong, fine calsite
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S8ONDAJ LOGU / BORING LOG

SONDAJ NO/BORING NO : B5

SAYFA NO/PAGE NO : 93

csVEREN / OWNER:

TERFEN-IMPRESIT O.G.

PROJE / PROJECT:
TAG OTOYOLU/MOTORWAY

e

Jkii/Locality: ADANA

Agiz kotu/Ground elevation :

Sondaj tipi/Boring type: ROTARY

stangic tarihi/Begin date : 18/12/91 | Sondaj derinligi/Boring depth: Sondor/Driller: H.GOZCU
tis tarihi/Completion date: 18/12/91 | Su seviyesi/Water table : Muhendis/Engineer:
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wo 2 1351371460 "“ + | brown, gravels are subangular, max.
: \ : X gravel size is 2.0cm (CALICHE)
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0 STrTo GRAVELLY CLAY reddish brown, gravels
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| \ . particles
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APPENDIX 3.

LABORATORY TEST RESULTS
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HYDROMETER TEST RESULTS

Sample: 1A
Location : Km.141

Sieve No. Sieve Retained Cum.Ret. Cﬁm.Ret. Cum.Pass. Total Pass

Size (mm) (gr) (gx) (%) (%) Samp. %

#10 2.00 0.00 0.00 0.00 100.00 96
#40 0.42 2.71 2.71 5.42 94.58 91
# 200 0.08 8.06 10.77 21.54 78.48 75
Gs : 2.769
w : 50.00 gr.
a : 0.975
% GRAVEL ( Larger than 2 mm) 4
% COARSE SAND (2mm - 0.42 mm) 5.2
% FINE SAND ( 0.42 mm - 0.0075 mm) 15.5
% SILT (0.075 mm - 6.002 mm) 58.7
% CLAY ( 0.002 mm - 0.001 mm) : 5.1
% COLLOIDAL CALY ( Less than 0.001 m : 115

deo : 0.0420
d30 : 0.0088
dto0 :



40 40 0
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1,0

0,1
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3
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9,001

FIGURE A3.1.1 Sieve analysis on sample no.1A



RESIDUAL DIRECT SHEAR TEST
SAMPLE NO.1A 15t.SHEAR
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0 100 200 300 400 500 600 700
Strain (x 10~ 2 mm.)
FIGURE A3.1.2 Residual direct shear test

Sample no.1A 1st. Shear



Shear Stress ( kg/cmZ)

RESIDUAL DIRECT SHEAR TEST
SAMPLE No.1 A 2nd SHEAR
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100 200 300 400 500 600 700
Strain (x 10”2 mm.)

o

FIGURE A3.1.3 Residual direct shear test
Sample no.1A 2nd. Shear
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RESIDUAL DIRECT SHEAR TEST
SAMPFLE Ne.1 A 3rd SHEAR

1.8
1.6
3
- 2
— |1

0 100 200 300 400 500 600 700 800
Strain (x 10~ 2 mm.)

FIGURE A3.1.4 Residual direct shear test
Sample no.1A 3rd. Shear
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RESIDUAL DIRECT SHEAR TEST
SAMPLE No.1 A
2 A
PEAK SHEAR STR.
1.8 ¥
A | RESIDUAL SHEAR STR.

1.6-
1.4-

1.2

%
"
i

Cp = 0.24 kg/cm2
Cr’= 0.07 kg/cm2

| 0.8-

2p = 38°

p . v
f 0.6 Zr=32°

0.4

0.2
p -~ .

-0 T T T T T T T T T
0O 02 04 06 08 1 12 14 16 18 2
( ¢) Normal Stress (kg/cm2)

TEST:A . .
[EAMPLE 9, (Ko/om2) | (Kg/em2) | < (Ka/om
1 0.5000 0.5400 0.38
2 1.0000 1.0700 0.73
3 2.0000 1.6900 1.32

FIGURE A3.1.5 Residual direct shear test resuits
Sample no.1A
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HYDROMETER TEST RESULTS
Sample: 1B
Location : Km.141
Sieve No. Sieve Retained = Cum.Ret. Cum.Ret. Cum.Pass. Total Pas
Size (mm) (zx) (ar) (%) (%) Samp. %
#10 2.00 0.00 0.00 0.00 100.00 95
#40 0.42 2.21 2.21 4.42 95.58 91
# 200 0.08 8.681 10.82 21.64 78.38 74
Gs : 2779
w : 50.00 gr.
a : 0.973
% GRAVEL ( Larger than 2 mm) 5.0
% COARSE SAND ( 2mm - 0.42 mm) 4.2
% FINE SAND ( 0.42 mm - 0.0075 mm) 16.4
%SILT (0.075 mm - 6.002 mm) 63.7
% CLAY ( 0.002 mm - 0.001 mm) : 5.0
% COLLOIDAL CALY ( Less than 0.001 m : 5.7

déo : 0.0469
d30 : 0.0118
dio : 0.0018
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1,0 —

0,1

0,01 .

0,601

FIGURE A3.2.1 Sieve analysis on sample no.1B



RESIDUAL DIRECT SHEAR TEST
SAMPLE No.1 B 1stSHEAR
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100 200 300 400 500 600 700
Strain (x 10~ 2 mm.)

FIGURE A3.2.2 Residual direct shear test
Sample no.1B 1st. Shear



RESIDUAL DIRECT SHEAR TEST
SAMPLE No.1 B 3rd. SHEAR
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0 100 200 300 400 500 600 700
Strain (x 10" 2 mm.)

FIGURE A3.2.4 Residual direct shear test
Sample no.1B 3rd. Shear

800



(T) Shear Stress (kg/cm2)

p

RESIDUAL DIRECT SHEAR TEST

SAMPLE No.1 B
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1.8+
1.6+
1.47
1.2

0.8-
0.6
0.4-
0.2

A
PEAK SHEAR STR.

E S
RESIDUAL SHEAR STR.

¢;0-
0

02 04 06 08 1

(0) Normal Stress (kg/cm2)

12 14 16 1.8

2

Cp'= 0.04 kg/cm2
Cr’= 0.00 kg/cm?2

Dp’= 35°
Or=34°"

TEST:1B

[SAMPLE 192 (Kg/cm2) [T, (Kg/cm2) | T-(Kg/cm)
1 0.5000 0.3400 0.29
2 1.0000 0.7600 0.71
3 2.0000 1.4300 1.34

FIGURE A3.2.5 Residual direct shear test results

Sample no.1B
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HYDROMETER TEST RESULTS

Sample: CBR1
Location : Km.141

Sieve No. Sieve Retained Cum.Ret. Cum.Ret. Cum.Pass. Total Pas{

Size (mm) (gr) (8r) (%) (%) Samp. %

#10 2.00 0.00 0.00 0.00 100.00 85
#40 0.42 1.43 1.43 2.86 97.14 92
# 200 0.075 249 3.92 7.84 92.16 88
Gs : 2438
w : 50.00 gr.
a : 1.056
% GRAVEL ( Larger than 2 mm) 5.0
% COARSE SAND (2mm - 0.42 mm) 2.7
% FINE SAND ( 0.42 mm - 0.0075 mm) 4.7
% SILT (0.075 mm - 0.002 mm) 41.7
% CLAY (0.002 mm - 0.001 mm) : 13.7
% COLLOIDAL CALY (Less than 0.001 m : 32.2

deo : 0.0046
d30 :
d10 :
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:f: Passing

1.0

-1

333
| S I A A §

i Y avgs | mwm § i

0,01

0, 001 Eal

FIGURE A3.3.1 Sieve analysis on sample no.CBR1




RESIDUAL DIRECT SHEAR TEST
SAMPLE No.CBR1 1stSHEAR

109

1.8
1.6+

ST T T KT -—_-

1

0 100 200 300 400 500 600 700
Strain (x 10 2 mm.)
FIGURE A3.3.2 Residual direct shear test

Sample no.CBR1 1st. Shear



RESIDUAL DIRECT SHEAR TEST
SAMPLE No.CBR1 2nd.SHEAR

110

0.4- . B

D T

et

0 — . . , , |
0 100 200 300 400 500 600 700
Strain (x 10" 2 mnw.)

FIGURE A3.3.3 Residual direct shear test

Sample no.CBR1 2nd. Shear
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. oy
1.87
1.6+

d
s ,

0 100 200 300 400 500 600 700 800
Strain (x 10" 2 mm.)

FIGURE A3.3.4 Residual direct shear test
Sample no.CBR1 3rd. Shear




AESIDUAL DIRECT SHEAR TEST
SAMPLE No.CBR1 4th.SHEAR

112

g
]
| .

100 200 800 400 500 600 700
Strain (x10” 2 mm.)

FIGURE A3.3.5 Residual direct shear test

Sample no.CBR1 4th. Shear




RESIDUAL DIRECT SHEAR TEST
SAMPLE CBR1

113

p P . W S —
@ - b B o B

DNICHE OMITSS (KR/QIL)

0.6
0.4-
0.2-

Dcro

02 04 06 08 1 1.2 1.4 16 18

( 0)Normal Stress (kg/cm2)

TEST: CBR1

2

A
PEAK SHEAR §TR.
e

RESIDUAL SHEAR STR.

Cp = 0.07 kg/cm2
Cr' = 0.00 kg/cm2

Pp'=15°
Dr'=14"°

[SAMPLE _ ]%, (Kg/cm2) 7, (Kg/em2) [F: (Kg/om2) |

1 0.50 0.09 0.03
2 1.00 0.46 0.35
3 2.00 1.32 0.73

FIGURE A3.3.6 Residual direct shear test results

Sample nc.CBR1
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HYDROMETER TEST RESULTS
Sample : CBR2
Location : Km.141
Sieve No. Sieve Retained Cum.Ret. Cum.Ret. Cum.Pass. Total Pass
Size (mm) (gr) (gr) %) (%) Samp. %
#10 2.00 0.00 0.00 0.00 100.00 97
#40 0.42 1.73 1.73 3.46 96.54 94
# 200 0.075 5.27 7.00 14.00 86.00 83
Gs : 2.466
w : 50.00 gr.
a : 1.047
% GRAVEL ( Larger than 2 mm) : 3.0
% COARSE SAND (2mm - 0.42 mm) : 34
% FINE SAND ( 0.42 mm - 0.0075 mm) : 10.2
% SILT (0.075 mm - 0.002 mm) : 45.2
% CLAY ( 0.002 mm - 0,001 mm) : 12.6
% COLLOIDAL CALY ( Less than 0.001 m : 25.6
déo : 0.0079

d30 :
dio :
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RESIDUAL DIRECT SHEAR TEST
SAMPLE No.CBR2 1stSHEAR

1.8
1.6
1.4-
1.2-

Strear Stress (kg/cm2)
b
1

0.8+
0.6-
0.4-
0.2

2]

i

100 200 300 400 500 600 700 800
Strain (x 10”2 mm.)

FiGURE A3.4.1 Residual direct shear test
Sample no.CBR2 1st. Shear




STIICAD OLICHS (AE/ i)
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RESIDUAL DIRECT SHEAR TEST
SAMPLE No.CBR2 2nd.SHEAR
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1.8+
1.6-
1.4-
1.2

0.6
0.4+
0.2+

4]

B-E

100 200 300 400 500 600 700
Strain (x 10 2 mm.)
FIGURE A3.4.2 Residual direct shear test
Sample no.CBR2 2nd. Shear




RESIDUAL DIRECT S8HEAR TEST
SAMPLE No.CBR2 3rd.SHEAR
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g,

.

100 200 300 400 500 600 700
Strain (x 10”2 mm.)

FIGURE A3.4.3 Residual direct shear test
Sample no.CBR2 3rd. Shear
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RESIDUAL DIRECT ngzm TEST
2
| A
1.8- P::K SHEAR STR.
RESIDUAL BHEAR STR.
1.6

Cp = 0.42 kg/cm2
Cr'=0.15 kg/cm2

@p=13"

or'=13"
4‘ 0 { 1 I 1 { 1§ 1] 1] I
0O 02 04 06 08 1 12 14 16 18 2
¢ 0) Normal Stress (kg/cm2)
TEST :CBR2
[SAMPLE |0, (Kg/cm2) | %, (Kg/cm2) |, (Kg/cm2) |
1 0.5 0.54 0.39
2 1 0.64 0.51
3 1.5 0.77 0.51
4 2 0.87 0.48

FIGURE A3.4.4 Residual direct shear test results
Sample no.CBR2
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APPENDIX 4.

COMPUTER OUTPUTS




SLOPE STABILITY CALCULATIONS 120
L BACK CALCULATION FOR LANDSLIDES AT SECTION / KM.1314500

UNITS IN HETERS o KILBNEWTONS
HO OF LIREG= B NB OF LINE INTERSECT= 9§
N0 OF SOILS= | h0 OF EXTERKAL SOIL LINES= 8
ND OF ¥ INCREMENTS= 4 NO OF Y INCREMENTS= !
INITIAL SLICE WIDTH= .3 METERS

UNT. DIST. LOAD = .0000  BETHEEN 92.3000 - 156.0000
LINE END COORD HATRIX
LINE NO ND INT i1 1 12 Y2 SLOPE LINE INTER N
v 00 30.00 §5.00 30.06 000000 tr 2
2. 4 93.00 30,09 110,00 40,00 &b5667 2 3
3, 2. 110.00 40.00 115,09 40.00 ,000000 34
§, 2 115.00 40,00 130,00 30.00 .b666b7 4 9
. 2 130.00 30,00 135,00 90.00 000000 S b
b, 2 135.00 30.00 144,09 36,00 666667 & 7
7. 2 144,00 36,00 226.00 67,00 134146 7 8
g. 2 224,00 67,00 301.00 68.00 L 133333E-01 g8 9
LINE INTERSECT AHRAY
INT N8 1 v

i G0 30,00

2 93.0¢ 30,00

3 110,00 40.60

4 115.00 40.00

3 130,00 30.00

& 135.00 30.00

7 144.00 96.00

g 226.00 67.00

7 361,00 48.00

RY = 10
EARTHGUAKE COEFF. = G0

S0IL DATA ARRAY
iL

SOIL M0 LINE MO LEFT INT BT, INT AT UNIT WT PHI  COHESION
L L 2 G 19,0 100 0

; 5 2, 3 0. 19,0 160 W

! 3 3. &, U] 19.¢ 10,0 N

i 4 g, 1 0. 19,0 18,0 WG

i 5 & b . 19.0 10,0 W8

! & b, 7 0. 7.0 10,0 .

! 7. 7. g, 0 19,0 10.0 Ry

H 8. 8. . G 19,0 19.0 0

NOTE:THE COHES. , PHI AND RU WRITTEN ABOVE
ARE THE INITIAL VALUES USED IN BACK CALCULATION

Fl=  1.00000 FO=  1.00000

0 THE SAFETY FACTOR FOR POINT 121§  1.G0000
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SLOPE STABILITY CALCULATIONS
BACK CALCULATION FOR LANDSLIDES AT SECTION / ¥m 1414300 /

PHI RY COHES
10.00 10 3.16
10.20 10 2.22
10.40 10 1.29
10,40 .10 33




SLOPE STABILITY CALCULATIONS

i BACK CALCULATION FOR LANDSLIBES AT SECTIDK / ¥H.141+330

UNITS IN METERS o KILONEWTONS

NO OF LINES= 7 NO OF LIKE INTERSECT= 18
NG OF SOILS= 1 NO OF EXTERNAL SOIL LINES= 7
NO OF X IHCREHMENTS= 3 HO OF Y INCREMENTS= |
INITIAL SLICE WIDTH= .5 HETERS
UNI. DIST. LDAD = L0000  EETWEEM 92,3000 -
LINE END COORD MATRIX
LINE MO NO INT X1 Yi 12 Y2
1. 2. .00 30,00 93.00 30.00
2. 2. 93.00 30,00 110.00 40,00
3. 2, 110,00 40,00 115,00 40,00
i, 2. 115,00 50,00 130.0¢ 30.00
3, 2. 130.00 30,00 135,00 30.00
5, 2. 133,00 30,00 150,00 50,00
7. 2. 130.00 80,00  320.00 §3.00
LINE INTERSECT ARRAY
INT KO X y
! 09 30.00
Z 35,00 30.00
3 110,00 40.00
4 115,00 40,00
3 130.00 50,00
& 135.09 50.00
7 150,00 £0.00
8 320.00 83.00
Ri = .00
EARTHOUAKE COEFF. = A0
SOIL DATA ARRAY
SOIL HD LINE NO LEFT INT RT. INT GAT UNIT WT
1 i, i 2. iR 9.9
i 2. 2 I 0, 19.0
1 I kR 4. 1, 19.0
1 3, 3, 3, i, 9.0
i 3. 5, 5. a, 15.0
i 5, &, 7. G, 15.0
i 7. 7 8. G, 19.9

PHI AND RU BRITTEN ABOVE
LUES USED IN BACK CALCULATI

FI=  1,00000

0
0 THE SAFETY FACTOR FOR POINT 1015 1.00000

QO

1,00000

130.0000

SLOPE
.000000
NILLLYS
. 000000
RLLELY
000000
bobbb?
133294

[ Y o .

[ S SURE SR R X -
FOni A A ]
o > <D KD e o

(=3

LINE INTER O
2

B R R
ot ~d tr- N e G4 L

COHESION

122




res ©n

s
m
X

[}

€L e

L

Pl

12.00
12.18
12,20

—1

) T

L

X3

]
>

U

—

e )
— oy

RY
80
.00
00

Y CALCULATIONS
ON FOR LANDSLIDES AT SECTICN / ¥M.141+350

COHES
2.02
1.41

.81
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SLOPE STABILITY CALCULATICHS

150,0000

SLAPE
. 000000
RILLLY)
000000
NLLELY)
600000
NLLLLY
21739
. 273000

b
~—

[ T & ]

[

noen e oon

[ L
bt s b pea b pm bon pee

wenoen o snocn

EACK CALCULATIGN FOR LANDSLIDES AT SECTION / KM.141+600
UHITS IN HETERS ,KILGNEHTﬁP
NG OF LINES= 8 ND OF LINE INTERSECT= 9
NO OF SQILS= i N0 OF EXTEFNA SOIL LINES= §
ND OF X INCREMENTS= 3 NO OF Y INCREMENTS= 1
INITIAL 5LICE WIDTH= .S METERS
UNI. BIST. LDAD = 0000  BETWEEN 92,5000 -
LINE END COORD MATRIX
LINE ND KD INT X1 Y1 12 2
. I 00 30,00 95.00 30.00
. 4 93,00 30,00 110,00 40,00
300 20 110,00 40,00  115.00 40,00
4, 2. 115.00 40,09 130.00 30.00
i, 2, 130,00 50,00 135.00 50,00
b, 2. 135,00 30,00 144,00 35.00
7.0 2. 14400 35,00 239.00 70.00
g, 2. 239.60 70,00 339.00 92.00
LINE INTERSECT ARRAY
INT HD ! Y
t .00 30,49
2 93,480 30,00
3 110.00 0,00
4 115,00 40,00
5 130.60 30,00
& 135,00 30,00
7 144,00 36.00
2 259.00 76.00
q 239.05 92.00
Al = Bl
ESRTHAUAKE COEFF, = 10
SOIL DATA ARRAY
SOIL MO LINE NO LEFT INT RT, INT GAT UNIT I
i i I 2. 0, 19.9
H 2. 2. 3, 0. 19.0
i 3 5 4, 0, 19.9
1 3, 4, 3, f, 19.0
i N % b, 0. 19.9
1 b, 5, 7, i, 19.0
! 7. 1. . 0. 19.0
1 8. g, 18 19.0
NOTE:THE COHES. , PHI AND RU HRITTEN ASOVE
ARE THE INITIAL VALUES USED IN ACV CALCULATICN

FI=  1.00000

0 THE SAFETY FACTER FOR POINT 9IS

F0= 1.00009

1,00000

<)

[t}
e
m
[£2)

LINE INTER ND

LA S

L g O 0n e

2

4

-

LA} I -T2

~01 X ~~3 O
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ATION FOR LANDSLIDES

Rl
.00
0
Nl

COHE
41
L3l

.89

c
o
-

3
-

AT SECTION / ¥M.1414800
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UNITS
HO OF
KQ OF
K0 OF
INITI
(NI,

LINE E
LINE NB

L3 BT I S I

SLG?E STRBILITY CALCULATIONS
ALK CALCULATION FOR LANDSLIDES AT SECTION / HM.1414450

IN KETERS KILONERTONS,

LINES= & ND OF LIKE INTERSECT= 9
80ILE= ND OF EXTERNAL SOIL LINES=
i INCREHENTS= 3 NO OF Y INCREMENTS=
AL SLICE ®IDTH= .5 METERS
DIST. L0AD = 0000 BETHEEN 92,3000 -

- X

ND COORD MATRIX

ROOINT 11 Y1 12 Y2
00 30.00 33.00 30,00

75.00 30,06 110,00 40,00

110.00 40,60  113.00 40,00

115.00 40,00 130,00 30,00

£30.00 30,00 135,00 50,00

[ T I N S I S T B S v ]
- - -

be . 135,00 50,00 144,00 5,00
7. . 144,00 35,00 198,00 49,00
g, . 198,00 59,60 310,00  93.00
LINE INTERSECT ARRAY
INT HOD i y
1 00 30.00
? 95,00 30.00
3 110,09 49,00
4 115,00 40,00
5 130,00 50,00
4 133.00 50,00
7 144,00 56,00
8 198,00 £9.00
9 310,60 93.00
RY = 00
EARTHAUAKE TOEFF, = 09
SOIL DATA ARRAY
CHIL MD LINE NO LEFT INT RT. INT SAT IMITWT
1 i, 1, 2 8, 19,0
! Z. 2. 3 iR 19,0
1 I . g, o 19.0
1 3, i, 3, 4. 19.0
! 5. 3, b, G, 13,9
t k. b. 7. 0. 19.0
! 7. 7. g, G, 19.0
i 8. a. 9, G 19.0
NOTE:THE COHES. , PHI AMD RU WRITTER ABOVE
ARE THE INITIAL VALUES USED IM BACK CALCULATION

FI=  1.00000 FO= 1.00070

0 THE SAFETY FACTOR FOR POINT 915 -1.00070

150,0000

SLOPE
. 000000
NLLLLY)
00000
RLLLLY
.000000
.bhbbb?
240741
214285

LINE INTER NO

PHI  COHESICN

13.0
13.0
13.0
13,0
13.0
13.0
13.0
13.0

W0
W
.0
0
90
W0

.0
9

LA B P I S5 B

0 = O

2

B =T - R R - S ]
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LOPE STABILITY CALCULATIONS
BACK CALCULATION FOR LANDSLIDES AT SECTION / EM.141+830

PHI AU COHES
13,00 .00 3.58
13.50 .00 .77
14,00 00 L




' i Run No. S50
Program: SLOPE version 4.00 licensed from GEGSOLVE i Job No. 002
. ‘ i Made by :
TAG MOTORWAY KM 141+000 LANDSLIDE i Date:
SECTION KM 1414550 \ Checked : 128
- Units: kN-m
INFUT DATA
PROFILE DATA
Brid line 1 2 I 4 5] & 7 8
X-Coord -20.00 0,00 25.00 40,00 45.00 40,00 465.00 88.00
Stratum Y-Coordinates
IR TIN.00 0 2Z0.00 0 2I0.00 0 240,00 400 PRA.00 2J0,00 265,30
2 220.00 220,00 217.00 217,00 218.00 220,00  220.00  228.00
Grid line 9 10 11
¥-Coord 170.00  175.00  283.00
Stratum Y-Coordinates
1(6L)Y 286,00  287.00  285.00
2 264.00 265,00  283.00
S0IL FROPERTIES
Bulk densities  -——————- Strength parameters---—-——--
~—— S tratum- below  above C Phi dC/dY Datum
No. Description GWL GWL {(deq) far C
1 slope debris 8.00 18.00 0.00 14.00
2  bedrock 10,00 20,00 200,00 3I5.00
GROUND WATER CONDITIONS
Density of water = 10.00
Grid line 1 2 3 4 3 b 7 8
X-Coard - —-20.00 0,00 25.00 40.00  45.00 60.00 465.00 88.00
Ground water level
0,00 0.00 0,00 0.00 0.00 0.00 0.00 Q.00
Grid line 9 10 11
X=Coord 170.00 175.00  283.00

Ground water level

0.00 0.00 0,00
SLIF SURFACE DATA
Mon-circular slip surface
Foint no. X Coord Y Coord
: 1 -20,00 230,00
2 0,00 220,00
3 A5 .00 220,00
4 170.00 265,00
5] 175.00 2B87.00
METHOD OF ANALYSIS _
JAMEL - PFarallel inclined interslice forces

Factor of safety on Shear Stranath
Minimum number of slices = 8




‘ ) i Run No. 430
Program: SLOPE wversion &.00 licensed from GEOSOLVE i Job No. 001
_ i Made by :
TAG MOTORWAY KM 141+000 LANDSLIDE i Date:
SECTION EM 141+450 i Checked : 130
Units: kN-m
INFUT DATA
FROFILE DATA
Grid line 1 2 3 4 ] & 7 8
X—-Coord 0.00 25.00 39.00 40,00 45.00 60,00 45.00 78.00
Stratum Y-Coordinates
1(GL) DE0.00 TIN.00 234.67 240,00 240.00 250 .00 2E0L0O0 2ER.0O0
2 230,00 220.00 233.33 233.00 237.00 241.00 242.00 244,00
Grid line 9 10 11 12
X-Coard 170.00 171.00 308,00 310.00
Stratum Y-Coardinates
1(GL) 280.00 280.14 300,00 290.00
2 255.00 265.25 300,00 290.00
S0IL FROFPERTIES
Bulk densities  —=—-——= Strength parameterg—-—-————-
—— S tratum-— below above C Phi dCr/dy Datum
No. Description BWL GWL {deg) for C
1 slope debris 8.00 18.00 Q.00 13.00
2 bedrock 10.00 20,00 200,00 35.00
GROUND WATER CONDITIONS
Density of water = 1,00
Grid line i 2 3 4 S b 7 8
X-Coord 0,00 25.00 39.00 40.00 45.00 60.00 45.00 78.00
Ground water level
100,00 -100.00 -=100,00 100,00 =100.00 ~100.00 -1006,.00 -100.00
Grid line q 10 i1 12
X-Coord 170.00 171.00 308.00 310,00
Ground water level
-100.00 -100.00 =-100,00 -100,00

SLIF SURFACE DATA
Non—-circular slip surface

Foint no. ¥ Coord Y Coaord

1 39.00 236.67

2 170.00 254,00

I 171.00 280.14
METHODR OF ANALYSIS

JANBU
Factor of safety on Shear Strengt
Minimum number of slices = B

h

- Farallel inclined interslice forces




Program: SLOPE version 6.00

T T el e e e YW R

licensed from GEOSOLVE

TAG MOTORWAY KM 141+000 LANDSLIDE
SECTION KM 141+650

Run No. &30
Job Na. 001

Date:

Checked :

i Made by :

RESULTS
0882241

Method of analysis: JANBU

Factor of safety

Slippad mass

Delts = 5.0deg
Moments taken about: X =
Qverturning moment

Units:

Factor of safety on Shear Strenath

Slip surface coordinates

No. X
1 39.00
2 40,00
3 45,00
4 A0.00
9 43,00
6 78.00
7 93.33
8 108,47
9 124,00
10 139.33
11 154,467
12 170,00
13 171,00

Slice Cchesion Tani{phi}

No,
(avae)
1 0,00
2 0.00
3 0.00
4 0.00
b} 0.00
& Q.00
7 0,00
8 0,00
9 0,00
10 0.00
11 0,00
i1z 0,00

- Parallel inclined interslice forces

Minimum number of slices = B
1.004
2599 Dut o7 bzlznce vertical foree = 0
Qut of balance horizontal force = 1
-53.74 , Y = 748.48
= 303011 Restoring moment = 304348
Piezometric -———-- Interslice forces --—
elevation horizontal vertical
Y Y{w) El(total) E’(effective} R
236,67 -100.00 0 0 0
237,73 -100.00 0 0 0
238,84 -100.00 ] 0 0
242,10 -100.00 2 2 0
243,19 -100,00 3 3 0
246,01 -100,00 3 5 0
249.34 -100.00 9 9 1
292,67  -100,00 13 13 i
236.00  -100,00 18 18 2
259,34 -100,00 22 22 2
262,67  -100,00 2 24 2
266.00 -100,00 3 3 3
280.14  -100,00 -1 -1 0
Pare Weight Forces on base of slice
pressure of slice -—- normal —- shear
{avae) {avge) W P P’ ]
0,2309 0,00 14 10 10 2
0,2309 0.00 15 15 15 3
0.2309 0,00 122 119 119 27
0.2209 0.00 ) 43 b5 15
0,2309 Q.00 220 219 215 49
0.2209 0,00 336 327 327 75
0,2309 0.00 343 33 336 77
0.2309 0.00 394 345 345 79
0,2309 (.00 363 o4 354 81
0,.2309 Q.00 373 363 363 B4
01,2309 .00 382 372 372 Bb
0.2309 0.00 13 32 32 7

131
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SLOPE STABILITY ANALYSIS FOR ROCK BUTTRESS ALTERNATIVE




‘ ) ] i Run No. AOQORE
Program: SLOPE version 4.00 licensed from GEOSOLVE ! Jab No. 003
‘ A { Made by :
TAG MOTORWAY KM 1414000 LANDSLIDE i Date:
SECTION KM 141+600 ROCK~BUTTRESS ! Checked : 133
- Units: kN-m
INFUT DATA
FROFILE DATA
Grid line 1 2 3 4 o b 7 8
X-Coord -20.00 15.00 20,00 25.00 40,00 45,00 S0.00 Q0.00
Stratum Y-Coordinates
1¢6L: 2a0.00 0 230.00 0 230,00 230,00 237.80 240,00 240,00 260.00
2 230,00 230,00 220,00 222,00 228,00  240.00 240,00  260.00
3 210,00 216.00 218.00 219,00 223.00 224,00 225.00 226.00
Brid line 9 10 11
X-Coord 190.00 200,00 F00.00
Stratum Y~-Coordinates
1(GL) 275.00 270,00 295.00
Z 275.00 270.00 295,00
z 240,00 262,00 295.00
S0IL PROFPERTIES
Bulk densities  ——————- Strength parameterg——————-
— S5tratum-— below abave C Phi dC/dy Datum
No. Description GWL GWL (deq) for C
1 ROCE BUTTRESS 10,00 20,00 Q.00 43.00
2 SLOPE DEEBRIS g.00 18.00 0,00 14,00
3 BEDROCHK 10.00 20.00 200,00 35,00
GROUND WATER CONDITIONS
Dencsity of water = 10.00 ‘
Grid line 1 2 3 4 S & 7 a
X-Coord -20.00 15.00 20,00 25.00 40,00 45,00 50,00 Q0,00
Ground water level
Q.00 0.00 0.00 0,00 0.00 0.00 0,00 0.00
Grid line q 10 11
¥-Cogord 190.00 200,00 00,00
Ground water level
0.00 G, 00 Q.00
SLIF SURFACE DATA
Non-circular slip surface
Point no. ¥ Coord Y Coord
1 =20.,00 230,00
2 15.00 205,00
3 190,00 245,00
4 200.00 270,00

METHOD OF ANALYSIE
JANEL - Parallel inclined
Factor of safety on Shear St
Minimum number of slices =




D e 1 aneet No.,

i Run No. &0O0RE
Program: SLOFE version 6.00 licensed from GEOSOLVE i Job No. 00F
A ! Mad :
TAG MOTORWAY KM 141+000 LANDSLIDE i Datz:by
SECTION KM 141+400 ROCK-BUTTRESS i+ Checked :
, Units: kN-m
RESULTS
KXEkkkx
Method of analysis: JANEU - Parallel inclined interslice forces .
Factor of safety on Shear Strength
Minimum number of slices = B8
Factor of safety =
Slipped mass = H But of balance vertical force = o
Delta = 11.7deg ' Out of balance horizontal force = 2
Moments taken about: X = -2.60 , Y = 759.2
Overturning moment = 44743466 Restoring moment = 9941222
Slip surface coordinates Piezometric -—————— Interslice forces ———————-
elevation  ——~—- horizontal =------  vertical
No. X Y Y (w) E(total} E®(effective) @
1 =20,00 230,00 Q.00 0 0 0
2 -2.50 227.%0 0.00 144 144 30
3 15.00 225,00 0.00 975 373 119
4 20,00 226.14 0,00 481 481 141
5 25.00 227.29 0,00 842 842 175
b 40,00 230.71 .00 1542 1042 319
7 45,00 231.856 0.00 1608 14608 333
8 50,00 23T.00 0,00 1581 1581 32
e 70,00  2F7.37 0,00 1447 144% 299
10 20.00  242.14 0.00 22 1229 255
11 115.00 247.84 0.00 929 929 193
12 140,00  253.57 0.00 - &b&5 665 138
13 165,00  239.29 0.00 433 433 21
14 190,00 265.00 0.00 241 241 20
15 200,00 270.00 0,00 -2 -2 0
Slice Cohesion Tan(phi) Pore Weight Forces on base of slice
No pressure of slice --- normal --—- shear
{avae) {avge) (avge) W [ F? 5]
1 0,00 0.2494 0.00 394 440 440 82
n 0.00 0,249 Q.00 1181 1319 1319 247
3 0.00 0,56632 .00 418 405 403 202
4 .00 1.0000 0,00 329 317 317 23
5 0,00 1.0000 0,00 1425 1374 1374 1032
b 0,00 0.4370 0,00 706 687 687 223
7 0,00 0,2493 0.00 681 &65 665 1%4
=] 0,00 0,249 0.00 3497 412 3&12 6&2
9 0.00  0.2493 0.00 2451 9517 5319 773
10 0,00 0.2493 0.00 7594 7309 7309 1i§Z
11 Q.00 0.2493 0.00 ‘ 5710 6547 6547 122
12 0,00 0.2493 0.00 5826 DeBA  S6BA 1064
13 Q.00 0.2493 0.00 4942 4822 4822 qof
1; St 163

0.00 0.2494 Q.00 F00 867 869

134
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Program: SLOFE version 4.00 licensed from GEOSOLVE

TAG MOTORWAY KM 141+000 LANDSLIDE
SECTION EM 141+400 ROCK-BUTTRESS

=neet Ng.
Run No. 400rbi
Job MNo. Q03
Made by :

Date: 135

Checked :
. Units: kN-m
INPUT DATA
FROFILE DATA
Grid line 1 2 3 4 5] 6 7 8
X=Coord -20.00 15,00 20,00 25.00 40,00 45,00 50,00 80,00
Stratum Y-Coordinates
1 (5 “:?_3€ 23?_00 230,00 0 23C,00 2T7.E0 245,00 243,00 355,00
2 230,00 230,00 220,00  222.00  228.00 229.00  230.00 240,00
5] 210,00  216.00 218,00  219.00 223,00 224.00 225,00 ooy 7é
Grid line 9 10 11 12
X-Coord Q0.00 190.00 200,00 I00.00
Stratum Y-Coordinates
1(BL) 260,00 275.00 270.00 295.00
2 260,00 275.00 270,00 295,00
3 226.00 260.00 0 262.00 293,00
E0IL FROFERTIES
Bulk densities — —————— Strength parameterg-————-—-
— S tratum-— below above £ Phi dc/dy Datum
No. Description GWL. GWL (deq) for C
1 SLOFE DEERIS 10,00 20,00 0,00 435.00
2 ROCK-BUTTREES 8.00 18.00 0.00 14,00
3 BEDROCK 10.00 20,00 200,00 35,00

GROUND WATER CONDITIONS
Density af water 10,00

Grid line i 2 3 4 g & 7 8
X-Cpord -20.00 15.00 20.00 23,00 44,00 45,00 50,00 80.00
Giround water level
0.00 0.00 0.00 0.00 0.00 0.00 .00 0.00
Grid line 9 10 11 12
¥-Coord 0. 00 190.00 200,00 I00.00

Ground water level

0.00 0,00 0,00

0,00

SLIP SURFACE DATA
Non-circular slip surface

Foint no. X Coord Y Coord
i =20.,00 270,00
2 15.00 225,00
3 190,00 265.00
4 200,00 270.00

. s =
METHOD OF ANALYSIS . . orslice forces

. AT caraile]l inclined 1NTErsILEE

JANMELY — FHaralls - o erranath

Cacrtor of safety 00 Shear SErEf9I-

7 :'_ "-)_ i} —x 1 - :‘\: oz = -‘3

Mipimum number o SLi-==




SOIL STRUCTURES INTERNATIONAL LTD.

Program: SLOPE version 6.00 licensed from GEQSOLVE

TAG MOTORWAY KM 141+000 LANDSLIDE
SECTION KM 141+600 ROCK-BUTTRESS

Sheet No.

Run No. 600rbi
Job Nao. Q03
Made by :
Date:

Checked :

Unite:
RESULTS

KEXEKKK

Method of analysis: JANBU - Parallel inclined interslice §
Factaor of safety on Shear Strenath
Minimum number of slices = 8

Factor of safety = 1.961
Slipped mass = 40982 Out of balance vertical
Delta = 12.1deqg Out of balance horizontal
Moments taken about: X = -2.17 ., Y = 7935.43
Qverturning moment = 4905660 Restoring moment =
Slip surface coordinates Fiezometric --————— Interslice
elevation  --——— horizontal -
No. X Y Y (w) E{total) E°(effec
1 -20.00 230,00 0.00 0 0
2 -2.50 227.50 0.00 115 115
2 15.00 225.00 0.00 440 450
4 20.00 226.14 0.00 S04 S04
3 25.00 227.29 0.00 991 291
& 40,00 230,71 0.00 971 971
7 45.00  231.86 .00 1170 1170
8 20.00 233.00 0.00 © 1371 1371
9 65.00 2346.43 0.00 2093 2093
i0 BO.0O  239.86 0.00 011 3011
11 20,00 242,14 0,00 2710 2710
12 115.00  247.864 0.00 1977 1977
13 140,00 2E3.57 0.00 329 1329
14 165,00 259.29 0.00 767 7467
15 190,00 255,00 0,00 290 290
14 200,00 270,00 0,00 -4 -4
Slice Cohesion Tan{phi) Fore Weight  Forces on
No. pressure of slice -—— norma
{avge) (avae) (avae) W F
i 0.00 0.2494 0,00 394 431
2 0.00 0.2493 0.00 1181 12791
3 Q.00 0.46637 .00 418 407
4 G, 00 1.0000 0.00 32 . 219
g .00 1.0000 0,00 1425 1384
4 0.00 1. 0000 0.00 .. 746 25
7 .00 1.0000 0.00 757 735
8 Q.00 1.,0000 Q.00 2711 2632
=] 0,00 0.9318 0. 00 3930 3Bie
10 0.00 0.2493 0.00 3120 3046
11 .00 0.249% 0,00 7594 7414
12 0.00 0.24973 0.00 4710 5351
13 0,00 0.7493 0,00 582& 5688
14 QL 00 0.2493 0,00 4942 4825
15 G.00  0.2494 0,00 200 280

kN-m
orces
force = 0
force = 4
Q419376
forces ———————-
————— vertical
tive) 18]
0
25
8
108
126
207
230
293
447
6473
S7%9
423
284
164
&3
- (:)
base aof slice
1 — shear
P’ =]
431 b
1291 164
407 138
319 163
1384 706
725 370
735 375
2632 1342
3gle 1814
3044 387
7414 43
5551 833
S46E8 723
4825 513
ago . 112
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STABILITY ANALYSIS FOR ALTERNATIVE 2




Program: SLOPE version 6.00

TAG MOTORWAY KM.141+559 LANDSLIDE
SLOPE REGRADING AND EXCAVATION - ALTERNATIVE 2

licensed from GEOSOLVE

+ Sheet No.
Run No.550ALT2
Job No. 003
Made by :
Date: 138
Checked :

INPUT DATA

PROFILE DATA
Grid line
X-Coord

1
-20.00

Y-Coordinates
2306.00 230.0¢6
220.00 220.00

Stratum
1 (GL3
9

-

Grid line 9
X-Coord 267.00

Y-Coordinates
275.00
275.00

Stratum
1(GL)
2

SOIL. PROPERTIES
Bulk densities
below above
GWL GWL
B.00 18.00
10.00 20.00

--—-Stratum---
No. Description
1 SLOPE DEPRIS

2 BEDROCK

GROUND WATER. CONDITIONS
Density of water = 10.00
Grid line 1 2
X-Coord -20.00 .00

4
75.00

3
25.00

Ground water level

0.00 0.00 0.00

Grid line 9
X-Coord 267.00

Ground water level
0.00

SLIP SURFACE DATRA
Non-circular slip surface

Y Coor
230.00
220.00
220.00
242.00

X Coord
-20.00
0.00
75.00
141.00

Point no.
1

2
3
4

METHOD OF ANALYSIS . . ,
JANBU - Parallel inclined interslice forces

Factor of safety on Shear Strength
Minimum number of slices 8

0.00
200.00

Units: kN-n

6
141.00

. -
242.G¢6

238.00

Datum
for C

Strength parameters
Phi dc/dy
(deqg)

16.00

35.00

5 6 7
126.00 141.00 152.00




N

a.
Run No.550ALT2

Program: SLOPE verslon 6.00 licensed from GEQSOLYE i Job No. 0603
i gage by :
A - LY ¥ c oL, IDE 1 ate:
SEGpH TR AN AL R R S rerar T ! Checked : 10
Units: kN-m
RESULTS
L2 2. 222 2
Method of analysis: JANBU - Parallel inclined interslice forces
Factor of safety on Shear Strength
Minimum number of slices = 8
Factor of safety = 3.859
Slipped mass = 26811 Out of balance veriliTal force = 0
Delta = d4d.ldeg Out of balance horizontal force = 1
Moments taken about: X = 45.42 |, Y = 438.30
Overturning moment = 442261 Restoring moment = 1706839
Slip surface coordinates Piezometric ------- Interslice forceg --------
------------------------ elevation ----- horizontal ------ vertical
No. X Y Y(wW) E(total) E'(effective) 0
1 -20.00 230.00 0.00 0 0 0
2 -10.00 225.00 0.00 280 280 20
3 0.00 220.00 0.00 1122 1122 80
4 12,50 220.00 0.00 1290 1290 93
5 25.00 220.00 0.00 1458 1458 105
6 41.67 220.00 0.00 1701 1701 122
7 58.33 220.00 0.00 1981 1981 142
8 7%.00 220.00 0.00 2298 2298 165
9 92.00 225.67 0.00 1298 1298 93
10 109.00 231.33 0.00 576 576 41
11 126.00 237.00 0.00 , 133 133 10
2 141.00 242.00 0.00 -1 -1 -0
Slice Cohesion Tan(phi) Pore Weight  Forces on base of slice
No. pressure of slice --- normal --- shear
(avge) (avge) (avge) W P p! S
1 0.00 0.2867 0.00 450 546 546 41
2 0.00 0.2867 0.00 1350 1638 1638 122
3 0.00 0.2867 0.00 2250 2262 2262 168
4 0.00 0.2867 0.00 2250 2262 2262 168
3 g.00 0.2867 0.00 3250 3267 3267 243
6 0.00 0.2867 0.00 3750 3770 3770 280
7 0.00 0.2867 0.00 4250 4273 4273 317
8 0.00 0.2867 0.00 4029 40790 4070 302
3 0.00 0.2867 0.00 2907 2937 2937 218
10 0.00 0.2867 0.00 1785 1803 1803 134
11 0.00 0.2867 0.00 540 546 546 41

Program SLOPE -
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version 5.0 licensed from GEQJSOLVE

FWAY KM, 1414550 L ANDSLIDE
RADING AND E¥CAVATION - ALTERNATIVE 2
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Frogram: SLOPE verszion 4.00 licensed +rom SEQSGLVE

TAG MOTORWAY KM.141+4SS5C LANDSLIDE
SLOPE REGRADINEG AND EXCAVATION - ALTERNATIVE 2

INPUT DATA

Brac Tane i ] 2 E 4 e TR
¥=Cogrd  -20,00 G, Q0 25,00 75.00: 4126,00

Stratum Yeloerdinares
faec N LR IS B 1 A T4
% s SR ; 4 £ i e
2 220,00 SO ) 217 DS R Z34.00

Bredid ol bne ¢ 79 e 2 A
¥rCoord 267.00

Stratum Y-Coordinates
1{BL) 273.00 rtehd
z 272,00  F o

S01L PROFERTIEE

Bulik densitiss
it RGO R T 2% ST beiow  zbove o Fhi
No. Description Gl SWL 2
b ELOFE DEFRIR BunoL iR 0.00. 162008
2 PEDROCKE 10.00 20,00 200.00 35.00

SROUND WATER CONDITIONS
Density of water = 10.00
Brid iine ¥ 2 2 4 5) -
Yolomrg o =2LE00 Q.00 25.00 75.00 A2 O0RE

Sround water level
0,00 0 a,00 0.00 0,00

e

Grourd watsr level
[Pty i

1 - -
H

i IF EURFALE DATH
Mon-circular slio surface

ol R 5
P -~ A
SOOI ND: ¥
e
-

- o - 1 1 - - 4 —-f-—_v':'
SartEsnabae arcalaration TACTINE.

vertizsl =

S
Horac ol



JANBY - Paraliel inciined intersiice +
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1.

2,

8.

9.

" 10.

11.

12.

13,

14.
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