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ABSTRACT

ASSESSMENT OF CONSOLIDATION SETTLEMENTS IN KARACABEY
SOFT CLAYS: ESTIMATED AND MONITORED BEHAVIOUR

Celik, Gozde
Doctor of Philosophy, Geological Engineering
Supervisor : Prof. Dr. Tamer Topal
Co-Supervisor: Prof. Dr. Ahmet Orhan Erol

September 2020, 360 pages

Settlement of highway embankments constructed over clayey soft soils is a major
problem encountered in maintaining highway facilities. Accurate estimation of
consolidation settlement amounts and times has been a challenge for engineers in

practice.

In this study, field settlement measurements of 26 stations between 600 and 750
days of durations in Karacabey NC clays and comparison of these measured
magnitudes of settlements with calculated settlements from oedometer tests are
assessed. The correlation between predicted settlements using oedometer test data
and observed settlements in the field is proposed. Stroud approaches are compared
with the coefficients of volume compressibility back calculated and their trend is
presented. The relationship between tip resistance (qc) of cone penetration test and

constrained modulus is investigated.

The magnitudes of final settlements are estimated by using Asaoka and Horn’s

extrapolation methods including 70% of the monitored settlement data.



Furthermore, time data versus field settlement are used to predict the primary
consolidation amounts. Equations providing correction factors to the magnitudes of
settlements, calculated by oedometer results, are formed to estimate the magnitudes
of settlements that would occur in the field. Karacabey clays exhibit typical
secondary consolidation behaviors. Tertiary consolidation behaviors are also
observed in 11 of total 26 stations. Cs/C. and C¢/C. ranges are recommended for
engineering practices to predict the secondary and tertiary consolidation
settlements. In addition, the relationship between the compression index (C¢) and
the secondary and tertiary consolidation coefficients (Cs-Cy) is investigated, and
relations, in which laboratory data and idealized geological profile geometry are
evaluated as numerical parameters, are proposed. Studies have shown that there is a
nonlinear relationship rather than a linear one between independent variables and
targeted dependent variables, and iterative non-linear regression analysis are

performed to drive the assumed equation model.

Keywords: consolidation settlement prediction, clay, tertiary consolidation, soft

soils, Karacabey
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KARACABEY YUMUSAK KILLERINDEKI KONSOLIDASYON
OTURMALARININ DEGERLENDIRILMESIi: TAHMIN EDIiLEN VE
GOZLEMLENEN DAVRANISI

Celik, Gozde
Doktora, Jeoloji Mithendisligi
Tez Yoneticisi: Prof. Dr. Tamer Topal
Ortak Tez Yoneticisi: Prof. Dr. Ahmet Orhan Erol

Eyliil 2020, 360 sayfa

Yumusak killi zeminler lizerinde insa edilen karayolu dolgularinin oturmasi,
karayolu olanaklarmin korunmasinda karsilasilan 6nemli bir problemdir.
Konsolidasyon oturma miktarlarinin ve zamanlarmin dogru tahmin edilmesi,

pratikte miihendisler i¢in zorluk teskil etmektedir.

Bu calismada, 26 istasyona ait Karacabey normal konsolide killerdeki 600 ile 750
giin arasindaki saha oturma Olgiimlerinin, Odometre deneyi sonuglarindan
hesaplanan oturma miktarlarnin karsilastirilmas: degerlendirilmistir. Odometre
deneyi sonuglar1 kullanilarak 6ngdériilen oturma miktarlari ile sahada gézlemlenen
oturma miktarlar1 arasindaki baginti Onerilmistir. Stroud yaklagimlar1 ile geri
analizlerden elde edilen hacimsel sikisma katsayisi arasindaki egilim sunulmustur.
Konik penetrasyon deneyinden elde edilen koni ug direnci (gc) ve 6dometrik modiil

arasindaki iliski arastirilmistir.

Asaoka ve Horn ekstrapolasyon yontemlerinden, gozlemlenen oturma verisinin

%70’1 kullanilarak nihai oturma miktar1 tahmin edilmistir. Ayrica, oturma

Vil



miktarina karsin karekok zaman ve oturma miktarma karsin logaritmik zaman
grafikleri birincil oturma miktarlarini tahmin etmek i¢in kullanilmistir. Odometre
sonuglari ile hesaplanan oturma miktarlarina diizeltme faktori saglayan denklemler
olusturularak, sahada meydana gelecek oturma miktarlarinin tahmin edilmesi

saglanmustir.

Karacabey killeri tipik ikincil oturma davranis1 gostermektedir. 26 istasyonun
11’inde  dglincil  oturma  davraniglart  gozlemlenmistir. ~ Miihendislik
uygulamalarinda ikincil ve ti¢iinciil oturmalarin tahmin edilmesi i¢in Cs/C. ve Ci/Ce
araliklar1 6nerilmistir. Ek olarak, sikisma indisi degerleri (Ce) ile ikincil ve ii¢linciil
stkisma katsayilar (Cs-Cy) arasindaki iliski aragtirilmis olup, laboratuvar verileri ile
idealize jeolojik profil geometrisinin sayisal parametre olarak degerlendirildigi
bagintilar Onerilmistir. Gergeklestirilen caligmalar, bagimsiz degiskenler ile
hedeflenen bagimli degiskenler arasinda dogrusal bir iliskinden ziyade dogrusal
olmayan bir iliski oldugunu gostermis ve varsayilan denklem modelini ¢6zmek icin

iterative dogrusal olmayan regresyon analizleri gerceklestirilmistir.

Anahtar Kelimeler: konsolidasyon oturma tahmini, kil, ti¢iinciil konsolidasyon,

zay1f zeminler, Karacabey
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CHAPTER 1

INTRODUCTION

For engineering approaches, soil is defined as the uncemented aggregate of mineral
grains and decayed organic matter (solid particles) with liquid and gas in the empty
spaces between the soil particles (Das, 2008). When a soil is loaded, deformation
will occur due to stress changes. The total vertical deformation resulting from the
load is called settlement. In general, the soil settlement caused by load may be
divided into three broad categories with respect to mode of occurrences; immediate
settlement, primary consolidation settlement and secondary consolidation
settlement. The uniform settlement and differential settlement are the settlement
types classified according to uniformity. Soils have both elastic and plastic
deformation. If this deformation is retained when the load is released, it is said to
have plastic deformation and consolidation settlement falls in this category.
Conversely, settlement due to elastic compression of soil is usually reversible and

immediate settlement is calculated by elastic theory.

Evaluation of expected settlements depends on the consolidation parameters
obtained from laboratory and field tests. Consolidation parameters have
inaccuracies resulting from sample disturbance, sample size, experiment errors and
engineering approaches. Furthermore, both the magnitude of loading and the
deformation characteristics of the subsoil exhibit variations, which results in non-
uniform settlement of the subsoil. The non-uniform settlements result in
unevenness of the road and this cause to decrease in traffic safety and driving

comfort.



1.1 Problem Statement

The term clay is used as a rock term and also particle size term. As a rock term, it
implies a natural earthy and fine-grained material which develops plasticity when
mixed with a limited amount of water. As a particle size term, clay fraction is
composed of particles having diameter less than 4um (1/256 mm) according to
Wentworth scale. The estimation of consolidation settlements of embankments
constructed on clayey, compressible soils is a critical issue for engineering projects.
Accurate estimation of settlements renders possible tight optimization of design
and construction schedule. If settlements continue past the expected duration,
construction cost and deadline may be adversely affected. If settlements continue
after paving, structural performance may be reduced to such a level that, early

renewal of pavement would be required.

In order to make a reasonable estimation for consolidation magnitude and rate in
analytical calculations, consolidation parameters should be assigned correctly. The
oedometer test or empirical approaches can be used to obtain consolidation
parameters. However, in laboratory tests, small homogeneous samples which only
consist of clay are used while in reality, the soil profile consists of sand lenses and
these lenses lead to quicker dissipation of pore water pressure and so result in
quicker settlement. Back analysis from test embankment gives the most reasonable
consolidation parameters when compared to laboratory tests, so that future

estimations on consolidation become easier.

1.2 Research Objectives

The main objectives of this study are;

- To check the compatibilities of soil compressibility parameters obtained
from field tests empirically, from oedometer tests and from test

embankments,



- To check the applicability of Skempton-Bjerrum correction factors, which
are defined in ranges, in consolidation calculations,

- To evaluate the applicability of semi-empirical methods available in
literature (Asaoka’s method, Horn’s method) to predict the final settlement
by using monitoring results,

- To present the secondary and tertiary behaviors of Karacabey clay,

- Torecommend Cs/C¢ and Ci/C. ranges for engineering practices,

- To obtain non linear correlation between independent variables; SPT N, PlI,
wn, LL and dependent variables myieid) /My(stroud),

- To obtain a correlation between cone tip resistance (qc) and om,

- To obtain correlation between independent variable; LI and dependent
variables which is the ratio of Primary and Tertiary Consolidation
Coefficients (Ci/C.),

- To obtain an equation that defines the relationship between independent
variables (wn, LL, A, y) and dependent variables So/Sp (the ratio of field

settlement to predicted settlement).

1.3 Scope

The scope of this study can be expressed as analytical calculation of consolidation
settlements for 26 test embankments constructed in Bursa-Susurluk Section
between Km: 139+100 ve Km: 160+000 of Gebze-izmir Highway Project. And
then, the amounts and the rates of consolidation measured by settlement plates
directly in the field are presented. Observed settlements are divided into three
phases; namely primary, secondary and tertiary on settlement vs. time curves.
Asaoka’s and Horn’s Methods are used to predict the final magnitudes of
settlements using 70% of the monitored data and calculated data are compared with
observed data. Finally, the comparisons of the consolidation magnitudes of
settlements calculated from oedometer tests, predicted from observational methods

and measured in field directly are presented and non linear correlations are



obtained between independent variables (PI, LL, LI, SPT N, wn, A, y) and

dependent variables (So/Sp, Ct/Cc, My(field) /M (stroud)).

Literature survey is an important part of research work. The literature review for
consolidation theory and observational methods (graphical and semi-empirical
methods) and multi variable regression analysis are included in this study. The
information about the soil profile under embankments, compressibility parameters
obtained from laboratory tests and field measurements are also provided in the

content of the thesis study.

1.4 Location and Accessibility

The study area is located in Karacabey Plain of Bursa and approximately 4.7 km
NW of Ulubat Lake. The route takes place between the longitudes N40°14°02 and
N40°05°31 and the latitudes E28°25°08 and E28°16°28 (Google Earth Software,
2019). The study area is presented in Figure 1.1:

Ulubat Lake

Mustafa Kemalpaga

LEGEND

[mm=r] Road

Figure 1.1. Location map of the study area



D200 Bursa-Canakkale main road is used to access the start of study route. After
reaching Karacabey district, Karacabey Road is taken to North. On the division
from main road to Taslik Village, Taslik Village Road starts. Accession to the
study area is obtained after moving 3.3 km on Taglik Village Road to the East.

1.5  Methodology

In order to succeed the purpose of this study, several stages were considered. As a
first stage; literature survey about geology of Bursa-Susurluk Region,
determination of physical and mechanical properties of soils, calculation methods

about consolidation settlements were reviewed.

Second stage of the study comprised detailed site investigations perfomed in order
to obtain geological and geotechnical information about study area. Site
investigation involved drilling of boreholes and cone penetration tests to identify
subsurface structures, construct idealized soil profiles, obtain disturbed and
undisturbed soil samples and evaluate strength parameters.

In the third stage of the study, laboratory tests were performed. The laboratory test
program had the content of sieve analysis, Atterberg limits, unified soil
classification, moisture content, natural unit weight, consolidation test, triaxial

compressive strength test.

Following the third stage, consolidation settlement calculations and then

evaluations of data obtained from settlement plates were performed.

Comparisons of theoretical consolidation behaviors with the observed ones were
utilized in the final stage of the study.






CHAPTER 2

LITERATURE REVIEW ON SOIL CONSOLIDATION

In order to understand the behavior of soils, it will be beneficial to give information
about some terms and definitions. The settlement is defined as the total vertical
deformation at soil surface resulting from the load. The rate of decrease in volume
due to unit load is defined as compressibility. When a saturated soil is loaded
externally, the water is squeezed out of the soil and the soil shrinks over a long
time depending on the permeability of the soil and this phenomena is called
consolidation. Some addition statements should also be given to explain the
relationship between water and soil, which are swelling and shrinkage. Swelling is
volume expansion of the soil due to increase in water content and shrinkage is
volume contraction of the soil due to reduction in water content. Immediate
settlement, primary consolidation, secondary consolidation and tertiary
consolidation are the types of settlements caused by load application. Their

definitions are given below.

Immediate settlement: This settlement occurs more or less simultaneously with the
applied loads (Murthy, 2002).

Primary consolidation: It is the result of volume change in saturated cohesive soils

because of the expulsion of water that occupies in void spaces (Das, 2008).

Secondary consolidation: After all excess pore pressures have dissipated,
continuous settlement may exist, and this is known as secondary settlement,

secondary consolidation or creep (Murthy, 2002).

Tertiary consolidation: At secondary consolidation phase, when the rate of
settlement in e-log t curve increases, it is called tertiary consolidation (den Haan,
1994).



The general shape of the plot of deformation of the soil specimen versus time for a

given load increment is given in Figure 2.1.

In order to calculate the total settlement Smax of the cohesive soil, due to structural

loading, the four components of the settlement are added together:

Smax= Si + Sc + Ss+St (Eq. 2.1)

Initial compression

Stage I:

Stage II: Primary
consolidation

<«—— Deformation

Stage III: Secondary consolidation

Time (log scale)

Figure 2.1. Time — Deformation plot during consolidation for a given load
increment (Das, 2008)



2.1 Consolidation Settlement

The increase in pore water pressure takes place when a saturated soil is subjected to
stress increase. Since the sandy soils are highly permeable, drainage occurs by the
increase of the pore water pressure immediately. The immediate settlement takes
place in sandy soils because of rapid drainage of the water. However, clayey soils
have low hydraulic conductivity and drainage of pore water is time dependent
(Das, 2008).

The behavior of soil during one-dimensional consolidation or swelling can be
determined by oedometer test. The one-dimensional consolidation testing
procedure was first suggested by Terzaghi (1925). For this test, the test specimen is
placed into two porous stones, one at the top and the other at the bottom. The load
is applied on the specimen usually for 24 hours and compression is measured by a
micrometer dial gauge (Figure 2.2). The specimen is kept in water during the test
and the load is doubled for each period. For doubling the pressure, measurements
are continued (Das, 2008).

Dhal gauge —_ ™
e >J
I'.
- Load
h 4
Porous
stoneg e
Specimen
Ll - Ting
Soil specimen
Porous
stone e
i

Figure 2.2. Consolidometer (Das, 2008)



The coefficient of volume compressibility or the compression index is required to
predict the consolidation settlement of a saturated clay layer. These definitions are

given below.

The coefficient of volume compressibility (my): It is defined as the volume change
per unit volume per unit increase in effective stress. The coefficient of volume

compressibility is not constant; it depends on the stress range where it is calculated.

m, = — (ﬂ)—HO - )(Cralg 2004) (Eq. 2.2)

1+eg \o;—0a})

The compression index (Cc): It is the slope of the linear portion of e-log ¢’ plot and

it is dimensionless.

€9—€1

o5/ )

C. = (Craig, 2004) (Eq. 2.3)

A typical void ratio-effective stress graph with recompression and expansion is
presented in Figure 2.3.

10



Virgin

/ compression

(slope Cc)

Recompression

/

Expansion

log o'

Figure 2.3. Void ratio-effective stress relationship (Craig, 2004)

The coefficient of volume compressibility (my) can be obtained empirically by
using SPT N and plasticity index values. A relation is proposed by Stroud (1974) as
presented in Figure 2.4:

Modulus of Volume Compressibility

0,9 o
0,8 —Mv = f2Neo (m /MN)

07 \

06 \

«0,5 N
04
03

0,2
0,1

0 10 20 30 40 50 60 70
Plasticity index, 1, (%)

Figure 2.4. Modulus of volume compressibility from SPT N and plasticity index
(Stroud, 1974)
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The coefficient of volume compressibility can be assigned by using cone
penetration test data by equation (2.3) presented below and Table 2.1 presents the

coefficients of am.

M= mi = amq. (Sanglerat, 1972) (Eq. 2.4)

v

Table 2.1 The coefficients of am (Sanglerat, 1972)

c intervals am values Soil type
0c<0.7 MN/m2 3<om<8
0.7 MN/m?<qc<2.0 MN/m? 2<0om<5 Clay of low plasticity (CL)
0c>2.0 MN/m? 1<om<2.5
0c>2.0 MN/m? 3<am<6 : .
Silts of low plasticity (ML)
0c<2.0 MN/m? 1<om<3
Highly plastic silts and clays
2
0c<2.0 MN/m 2<0om<6 (MH, CH)
0c<1.2 MN/m? 2<um<8 Organic silts (OL)
0c<0.7 MN/m?
50<w<100 1.5<am<4 Peat and organic clay (P,
100<w<200 1.0<0m<1.5 OH)

w>200 0.4<om<1.0

w: water content (%)

The settlement of the layer of thickness H is calculated using the coefficient of

volume compressibility (my) by;

S = J,' m, Ad’dz (Craig, 2004) (Eq. 2.5)
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If my and Ao’ are assumed to be constant with depth, it is obtained as;
S. = my,Ac’'H (Craig, 2004) (Eq. 2.6)

The settlement of the layer of thickness H is can also be calculated using the

Compression Index (Cc) for normally consolidated clays by;

Sp =22 log (2227 (Das,2008) (Eq. 2.7)

P 1te, ay

i o o <ol;
In overconsolidated clays for oy + Ac’ < o

CsH oy+Ac’
Sp =
1+€0

) (Das, 2008) (Eq. 2.8)

%

In overconsolidated clays for o + Ao’ > og;

s, =5 jog (Z—O) + Ll 1og (%227) (Das,2008) (Eq. 2.9)

P 14e, 1+eq ol

In the geologic history, the soil at some depth is subjected to maximum effective
past pressure. Two basic definitions are arisen based on the geologic history. If the
present effective overburden pressure is the maximum pressure that the soil has

been subjected to in the past, the soil is defined as normally consolidated. If the

13



present effective overburden pressure is less than that the soil has experienced in
the past, the soil is defined as overconsolidated. The maximum past pressure is
called preconsolidation pressure (Das, 2008) and overconsolidation ratio of a soil

can be defined as;

OCR = & (Eq. 2.10)

O.I

g

Yoid ratio, e

I
I
|
|
I
I
I
I
I
I
|
I
[
TG
I

Effective pressure, ¢’ (log scale)

Figure 2.5. Graphic procedure for determining preconsolidation pressure
(Das, 2008)

In order to estimate the degree of consolidation of a clay layer at some time t after
the load application, the rate of dissipation is needed and the coefficient of

consolidation (cv) is the parameter that controls the rate of consolidation.

Terzaghi derived the following equation for a vertical drainage condition;

a(Au) 9% (M)
e = v 5.2 (Eq. 2.11)
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in which;

(Eq. 2.12)

where;

U: eXCeSs pore pressure

z: depth from top of the compressible layer

t: time from the instantaneous application of a total stress increment
cv: coefficient of consolidation in vertical direction

k: coefficient of permeability

yw: unit weight of water

In order to determine coefficient of consolidation (cv), Casagrande’s Log Time

Method and Taylor’s Root Time Method are proposed.
Casagrande’s Log Time Method

In Casagrande’s Log Time Method, the dial gauge readings in the oedometer test
against the logarithmic time in minutes are plotted. In this plot, the first point as
which corresponds to U (%) equals to zero is determined. Then the second point
ai00 Which corresponds to U (%) equals to 100 is determined. The point U (%)
equals to 50 can be placed between U (%)=0 and U (%)= 100 and the
corresponding time tso obtained (Craig, 1997) (Figure 2.6).
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Figure 2.6. Casagrande’s Log of Time Method (Craig, 1997)

The value of Ty corresponding to U= 50% is 0.196 and the coefficient of

consolidation can be calculated by;

_0.196d2

tso

(Eqg. 2.13)

Cy

d can be taken as the half of the average thickness of the specimen for the

particular pressure increment.
Taylor’s Square Root of Time Method

In Taylor’s Log Time Method, the dial gauge readings are plotted against the
square root of time as presented in Figure 2.7. The early part of the plot is
approximately a straight line which is extended in both directions as shown by
dashed line. Another straight line is drawn such that the abscissa is 1.15 times

larger than the previous line. The intersection of the second line with the laboratory

16



curve defines the 90% consolidation point (Sivakugan and Das, 2010). The value
of Ty corresponding to U= 90% is 0.848 and the coefficient of consolidation is

given by;
c, = 2252 (Eq. 2.14)
90

Dial reading

|
|
'l
Q R
- ' +/ Time

50

Figure 2.7. Taylor’s Square Root of Time Method (Sivakugan and Das, 2010)

2.2  Secondary Consolidation

The origins of the term secondary compression most probably lie in North America
in the 1930s. In the 1% ICSMFE, Gray and Keverling Buisman both refer to the

term as being widespread use there (Den Haan, 1994).
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Basic laws describing the behavior of ideal continuum do not account for the
structural rearrangement of the material and there is a need for a fundamental
theory which describes the mechanistic behavior of particulate materials and for
structural changes (Erol, 1977).

One of the main models for explaining creep behavior is the Rate Process Theory.
This theory was developed in the area of Physical Chemistry and was originally
intended for assessing the speed at which chemical reactions occur (Alexandre,
2006).

Gibson and Lo (1961) used a rheologic model composed of a spring series with a
combination of a spring and dashpod. In the model, the effective stress is applied to
the top of the primary spring with a resulting instantaneous compression of that
primary spring (compressibility= “a”’) (Figure 2.8). For a linearly elastic body (the
spring is then called a Hookean element), the compressibility of the primary spring
becomes my if we define compressibility using total height, or ay if we use the
height of solids. The load in the primary spring is also transferred to the secondary
spring and dashpot (a Kelvin body). Instantaneously, the load is entirely carried in
the dashpot because it is incompressible. However, fluid escapes from the dashpot
and it compresses, thus causing the secondary spring to compress, and thus take
load. When the secondary spring takes load, that amount of load is removed from
the dashpot, when then compresses more slowly. Thus, the load is gradually
transferred from the dashpot to the spring and, at time infinity; the entire load is in

the spring. Secondary compression is then the compression of the Kelvin body.

18



primary spring,
compressibility = a

secondary dashpot

secondary spring,
compressibility=b

Figure 2.8. Secondary Consolidation Model (Gibson and Lo, 1961)

Other models for assessing creep include visco-elastic, visco-plastic or visco-
elasto-plastic models combined with or not with the Rate Process Theory. A few
models were described by Murayama and Shibata (1958, 1961, 1964), Mesri et al.
(1981), Adachi and Okano (1974), Sekiguski (1984) and Kutter and Sathialingam
(1992) and Martins (1992). Since detailed formulations of these models are

available in literature, they are not given in the content of this study.

For large values of time, the time-dependent strain, € (t) is written as (Edil, 1997);

e(®) = do[a+b(1— e ()] (Eq. 2.15)

where Ac = stress increment, t= time, a= primary compressibility, b= secondary

compressibility, and A/b= rate factor for secondary compression
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Secondary consolidation occurs in saturated cohesive soils as a result of
rearrangement of soil particles under nearly constant effective stress. The most
evidence of secondary compression is the settlement that occurs after the
conclusion of primary consolidation. According to Buisman (1936), the
relationship between deformation and the logarithm of time is essentially linear in
the secondary compression stage. Furthermore, he pointed out that creeping of

clays never ends.

Examination of data from numerous laboratory tests indicates that the secondary
settlement may range from less than 10% of the total settlement to essentially
100% (Olson, 1989).

Sas and Malinowska (2006) stated that the staged construction on organic soils
caused acceleration of consolidation and reduced long-lasting secondary
settlement. Furthermore, the surcharging significantly influenced the acceleration
of secondary settlements which received about 20-30% of the total settlements

which had to be considered in the settlement calculations.

Figure 2.9 shows a typical relationship between void ratio and the logarithmic time
in the one dimensional creep test. The S-shaped is observed in the curve and it can
be divided into two parts; the main consolidation stage and the secondary

consolidation stage.
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Figure 2.9. Identification of secondary compression coefficient (Zhao, 2017)

2.2.1 Causes of Secondary Compression

Secondary effects probably result from different mechanisms in different soils.

Some simple mechanisms include (Olson, 1989):

Soils have void spaces of widely differing sizes. In some soils, water may drain
from the larger voids in accord with primary theory and then water may more
slowly squeeze out of smaller voids, producing a secondary effect.

In organic soils containing plant matter, water may similarly squeeze out of the
voids in accord with primary theory and then water may squeeze slowly out of the
individual plant cells, through the cell walls, at a slow rate, producing a secondary
effect.
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Some clay particles may be surrounded by water that is adsorbed onto the surfaces
by local electrical effects. This adsorbed water may grade imperceptibly outwards
into normal liquid water. As particles are pressed more closely together during
primary consolidation, there would be expected to be a viscous resistance to

volume change developed, which might produce apparent secondary effects.

Some case histories of settlement of wide embankments involve a shallow highly
compressible soil and deeper less compressible soils. Apparent secondary
settlement may actually represent delayed primary consolidation of the relatively
incompressible soil which cannot drain until the overlaying, more compressible

layer, has consolidated somewhat.

In the case of some organic soils, the hydraulic conductivity of the soil decreases
by more than an order of magnitude during consolidation under a given load.
Consolidation naturally proceeds more rapidly initially but then at a decreasing rate
because of the reduction in hydraulic conductivity, thus producing an apparent

secondary effect.

Highly non-linear stress-strain curves can produce settlement-time behavior that

looks like primary consolidation followed by secondary consolidation.

In the secondary consolidation stage, the slope of the void ratio versus logarithmic

time is defined as the secondary consolidation coefficient:

Ae

Co=—
a Alogt

(Zhao, 2019) (Eq. 2.16)

Secondary consolidation settlement can be calculated as;
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Ca
1+eI[J

Ss =

Hy(Alogt) (Duncan and Buchignani, 1976) (Eq. 2.17)

C.: Secondary consolidation index
ep: void ratio at end of primary consolidation

Ho: Thickness of the compressible layer

Alogt = == (Eq. 2.18)
14

tp: time of start of secondary consolidation

tsc: time for secondary consolidation calculation

Ca

= Modified secondary consolidation index
p

According to the long term (140 days) creep tests, conducted by Leroueil et al.
(1985) on Batiscan clay under different vertical stresses, showed a general non
linear strain-time behavior as presented in Figure 2.10 and following conclusions
are obtained:

Type | corresponds to the overconsolidated soil, the vertical stress is less than the
preconsolidation stress, no significant cross-point is between the primary

consolidation and secondary consolidation.

Type 11 corresponds to a normally consolidated sample which the vertical
consolidation pressure is close to the preconsolidation stress, and the slope of ov-

log t during secondary compression is significantly larger that of type I.
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Type 111 is a normally consolidated sample and vertical consolidation pressure is
much higher than the preconsolidation pressure, and the slope of ov-log t curve is

gradually reduced.

Figure 2.10. Types of strain versus time relations (Leroueil et al., 1985)

The creep characteristics of clay in one dimensional test are described by parameter
of secondary compression coefficient (C,). According to previous investigations,
C. depends on type of soil, consolidation stress, overconsolidation, stress duration,

remoulding, shear stress and temperature.
Type of soil

Secondary consolidation may be defined as the mechanism of continuation of
volume change, which is initiated from primary consolidation. This mechanism
includes deformation of individual particles and the relative movements of
individual particles with respect to each other. Therefore, in normally consolidated
clays where contact stresses are relatively high, the rate of secondary consolidation
will be higher than for overconsolidated soils where contact stresses are lower
(Buri, 1978).
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Sridharan and Jayadeva (1982) showed that the compressibility of pure clays under
external load not only depended on the negative charges and crystallite structure of
clay minerals but also on the ion concentration, cation valency, dielectric constant

and temperature of the pore fluid.
Stress dependency

The relationship between rate of secondary consolidation and consolidation stress
is not clear. Haefeli and Schaad (1948) stated that there was no relationship
between S, and consolidation stress, Newland and Allely (1960) indicated C, was
independent of consolidation stress, Wahls (1962) indicated C, decreased with
stress, Ladd and Preston (1965) indicated that for one soil C, increased slightly
with consolidation stress while for another soil it decreased substantially with
consolidation stress, Horn and Lambe (1964) concluded that &, was independent of
consolidation stress, Adams (1965) concluded that €, increased considerably with
consolidation stress and Goldberg (1965) indicated that €, increased with
magnitude of load. According to study of Mesri (1973), for normally consolidated
clays, C, decreased with consolidation stress. According to study conducted by
Mesri and Godlewski (1977), C, increased gradually with increase of o’; for
natural undisturbed soil. Leroueil et al. (1985) stated that C, was associated with

vertical stress. Fodil et al. (1997) found that C, increased with the increase of ¢'-.

Sridharan and Rao (1982) reported that the secondary compression coefficient

decreases with increase in effective stress (or strength).

Al-Shamrani (1998) conducted series of one dimensional consolidation tests on

Sabkha soil and it was concluded that C, was strongly depend on effective stresss.

According to Bjerrum (1972), C, was related to the preconsolidation pressure.
Experimental results on remolded Kaolin and Shanghai clay showed that C,

depends not only on the applied stress but also on preconsolidation pressure (Ladd
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and Preston, 1965; Tavenas et al., 1978; Graham et al., 1983; Lansivaara and
Nordal, 2000; Augustesen et al., 2004).

Tripathy et al. (2010) showed that a vertical pressure increase was more effective
in reducing the water content and the void ratio for the bentonite studied.
Mineralogy and the physico-chemical interactions between the clay particles and
the pore fluid have a significant influence on the volume change behavior of clays

due to an increase in vertical pressure.

According to study presented by Das (2015), C, decreased with increase in stress

but increased with increase in plasticity index.
Time dependency

According to the studies of Mesri and Godlewski (1977), Feda (1992), Wu et al.
(2011), it was concluded that both C, and C. changed with time. Fox et al. (1992)
revealed long-duration odometer tests on Middleton peat, which showed the
important contribution of creep to total settlement. This study indicated that C, was

not constant but increased in time under constant effective stress.

Mesri and Vardhanabhuti (2005) conducted a large volume of reliable
measurements of one-dimensional settlement. They observed in the laboratory and
in the field for a wide variety of natural soil deposits. They determined that
secondary compression index Co = Ae/A log t (therefore, also AS/A log t) might

remain constant, decreased, or increased with time.
Remoulding

Remoulding generally decreases the rate of secondary consolidation and also more
secondary consolidation occurs in undisturbed samples than remoulded soils
(Keene, 1964).
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Shear Stress

According to Taylor (1942), greater secondary consolidation occurs in one
dimensional compression than in three-dimensional compressions (Ladd and
Preston, 1965).

Temperature

Simons (1965) noted that compressibility depended on the strength of the bonds at
the points of contact, which was reduced with an increase in the testing
temperature. Habibagahi (1969) conducted the studies on inorganic and organic
clays and concluded that the coefficient of secondary consolidation for normally
consolidated and over consolidated specimens were independent of testing
temperature. According to studies by Gray (1936) and Lo (1961), the secondary

compression curve increases as the temperature increases.

If determination of secondary consolidation from laboratory tests is not practical,

Co/Cc can be obtained from Table 2.2 presented below:

Table 2.2 Values of C./C. for natural soils (modified from Mesri and Godlewski,

1977)

Organic Silts 0.035-0.06
Amorphous and fibrous peat 0.035-0.085

Canadian muskeg 0.09-0.10

Lada clay (Canada) 0.03-0.06

Postglacial Swedish clay 0.05-0.07

Soft blue clay (Vicrotria, B.C.) 0.026

Organic clays and silts 0.04-0.06
Sensitive clay, Portland, Maine 0.025-0.055

San Francisco Bay mud 0.04-0.06

New Liskeard (Canada) varved clay 0.03-0.06
Mexico City clay 0.03-0.035

Hudson River silt 0.03-0.06

New Haven organic clay silt 0.04-0.075
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Mesri (1973) investigated the importance of secondary or delayed compression and
noted that the coefficient of secondary compression was a powerful tool to explain
the secondary consolidation. He classified the soil based on Secondary
compressibility as presented in Table 2.3.

Table 2.3 Classification of soils based on secondary compressibility (Mesri, 1973)

Coefficient of secondary compression (C,) as a percentage | Secondary compressibility
<0.2 Very low
0.4 Low
0.8 Medium
1.6 High
3.2 Very high
>6.4 Exteremly high

2.3  Tertiary Consolidation

The clayey soils consist of the two major components which are, fabric
characterizing the geometrical arrangement of mineral particles and void spaces,
and particle interactions, describing the bonding mechanism and nature of shear
resistance. Changes in both components are result of creep deformation (Erol,
1977).

At the first International Conference on Soil Mechanics and Foundation
Engineering in 1936 at Harvard University, Cambridge, MA., A.S. Keverling
Buisman presented a theory for creep of fine-grained soft soils. The statement of
him that creeping of clays never ends was severely questioned at first not only by
Terzaghi but also internationally. Meanwhile this theory has been accepted and
confirmed by test results showing long term creep but also transition to tertiary
creep (Brandl, 2018).
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Tertiary compression is defined as the steepening up part of the strain- log t curve
at a higher stress level (Den Haan, 1994). According to Edil (1997), tertiary
compression refers to a decreasing strain rate however changing at an increasing
rate. As presented in Figure 2.11, secondary creep should be considered as a
transition zone between primary and tertiary creep and tertiary creep eventually
ends in a creep rupture (Lacasse and Berre, 2005). Creep rupture refers to failure
which occurs at the end of the tertiary creep (Singh and Mitchell, 1969). It occurs
mostly due to re-structuring of the clayey particles (Dey, 2019).

Primary creep is always present, tertiary creep is observed only for stress levels
close to failure stresses, whereas secondary creep is seldom observed (Hicher,
1985; Flavigny, 1987).

A £
Primary | Secondary |'I'L.‘r1ialr‘_k
+ <+ > >
| |
t
»
Log (t)
— |1 + »
Primary | Tertiary
A4 Log (&) Secondary

Figure 2.11. Definition of primary, secondary and tertiary creep
(Sheahan, 1995; Mitchell, 2003)
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According to Yilmaz and Saglamer (2001), secondary and tertiary compressibility
characteristics of Samsun Blue Clay were investigated by comparing six one-
dimensional test results with collected data of in-situ consolidation behavior of the
blue clay. Furthermore, microfabric structures of the soft clay in undisturbed phase
and during primary, secondary and tertiary compression phases were investigated.
They pointed out that the observed in-situ secondary and tertiary compression
ratios were approximately 2 to 4 times greater than the ones determined in the
laboratory and tertiary compression took place because of breaking down the frame

of organic matters during long term compression as a result of their study.

A highway junction on highly compressible soils with locally organic inclusions
was designed in 1971-1972. Some samples were taken and investigated in the
laboratory. Several of them were left in the oedometers for observation from 1971
and 2013 for creep tests. According to this study performed in 42 years, secondary
creep occurred linearly with logarithm of time until one year, followed by a
transition period to tertiary creep. However, even after 42 years no final value was
reached in oedometer test, indicating viscous behavior and on-going

rearrangements of the soil micro-structure (Brandl, 2018).

According to study presented by Gofar (2006), the primary consolidation was
dominant in the compression of the peat, but the consolidation occurs in a
relatively short time as compared to clay. Secondary compression, even though less
significant than the primary consolidation in term of magnitude, could be very
important in term of the design life of a structure. Tertiary compression was
observed from the test results, but may not be very significant in term of the design
life of the structure.

A study presented by Sing et al. (2018) about preloading simulations of both
untreated and stabilized Klang peats using standard oedometer consolidation
apparatus. Ordinary Portland cement, ground granulated blast furnace slag and
siliceous sand were used to stabilize the soil. As the consolidation pressure

increased, the rate of tertiary compression for both untreated and stabilized Klang
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peats approached its rate of secondary compression, indicating that the tertiary
component of the soils merged with its secondary component at high consolidation

pressure.

Consolidation behavior of peats were studied by Dhowian and Edil (1980) by four
peat samples, covering a wide range of fiber contents which were subjected to one-
dimensional consolidation tests. According to this study, tertiary compression was
defined when the rate of secondary compression increased with the logarithm of
time and the presence of a two-level structure, involving macropores and
micropores were suggested. In this study, they stated that the rate of tertiary
compression depended primarily on void ratio and peat type had the second

importance.

According to the study presented by Jose et al. (1988), it was stated that the tertiary
compression component was more than the secondary compression component in
most cases and it decreased with the load increment ratio. For smaller load
increment ratio, the influence of tertiary component was significant and for load
increment ratio less than one, tertiary component came up to 35-45% of the total

load.

2.4 Calculation of Stress Distribution

Prediction of vertical stress at any point in soil mass due to external loading is of
great significance for the prediction of settlements of embankments or many other
structures. When a load is applied to soil surface, the vertical stresses increase. In
fill designs, the depth of influence needs to be assessed to determine the depth of
clay that contributes the consolidation settlement. The variation of vertical stress
with depth can be predicted by using linear, homogeneous, isotropic elastic theory.
Such theory predicts the depth of influence of typical foundation loads but it
overpredicts the depth of influence of more extensive surcharge loads. Some

uncompacted waste fills have been treated and the depth of influence of the
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surcharge has been much smaller than that predicted by elastic theory (Charles,
Burford, Watts, 1986).

A study about vertical stress increment is presented by Charles (1996) for two
loading situations which are surcharge and footing load. In both cases, a load is
applied which results in vertical stress (q) at the surface of the ground. The increase
in vertical stress due to the surface loading has been calculated using elastic theory
and using the principle of superposition. As a result, the relationships between
stress increment and overburden pressure (yz) are very different. The stress
increment due to surface load is much larger than the overburden pressure for the
footing, whereas for the surcharge, the stress increment is much smaller than the

overburden pressure.

[{e-2]

Loading situations can be characterized by a load intensity ratio “n” which is

introduced as;

n= y‘; - (Eq. 2.19)
where;

q: vertical stress applied over the loaded area

y: effective unit weight of the loaded soil (the bulk unit weight if there is no water-
table within the fill or the submerged unit weight if the water-table is at groud

level)

b”: the length which characterized the size of the loaded area (for a square loaded

area, b” is simply the length of a side of the square)
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Typical values of n found in various types of loading situation on granular soils are
shown in Figure 2.12. With field plate tests and test footings, n is likely to be
smaller. For low-rise foundations, values of n are typically between 2-10 and it is
smaller than this for the high-rise buildings (Charles, 1996).

Model footing tests I:I
Field plate tests and test footings |:|
Low-rise building foundations ]
High-rise building foundations [ ]
Surcharge of fill ]
0.01 0.1 1 10 100
n

Figure 2.12. Load intensity ratio n for various loading situations (Charles, 1996)

Since shear strength usually increases as the effective stress increases, at same
depth ratio the shear strength will be much larger for the surcharge than for the
footing. The analysis has predicted that with a surcharge where n is small, the
increase in shear strength with depth will have a significant effect and elastic
theory will over-predict the depth of influence. In 1910, first Marston initiated a
study of the loads on underground conduits for determining the magnitude of the
loads (Spangler, 1948). Some of the limitations of this model have been discussed
by Handy (1985). In a study of pressures in silos, Blight (1986) participated in this
type of theory to Janssen (1895).

In the Marston Type analysis of the settlement of a loaded area, the following

assumptions are made (Charles, 1996):

33



The additional vertical stress due to the surface loading decreases with depth due to
the mobilization of shear stress over a right cylinder formed by a surface vertically

below the perimeter of the loaded area.

At any particular depth the vertical stress and vertical strain are uniform within the

area vertically below the loaded area.

The settlement is due solely to one-dimensional compression of the fill

immediately below the area.

The shear strength is related to the vertical effective stress oy using Marston

approach:

= Ko, (Eq. 2.20)

where;

K: the ratio of horizontal to vertical effective stress

K =1 —sing’ (Eq. 2.21)

u: a friction coefficient

__ tan@r(1-sin®’)
o K

(Eq. 2.22)
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Oy, =YZ

b*=2b (for a strip footing)

=4uK

The total depth of influence zd of the surface:

Zq 1 1-nf
Za _ 1y,
b f L—(de)l

b*

The increase in stress at depth z:

o, —yZ = nif{l — [(1 —nf) exp (_b—zf)]} —yz

Therefore;

n=201-{[1- e}

(Eq. 2.23)

(Eq. 2.24)

(Eq. 2.25)

(Eq. 2.26)

(Eq. 2.27)

The analysis conducted by Charles (1996), with a footing where n is large, it is

predicted that the variation of vertical stress with depth from the Marston Type
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analysis is more similar to that predicted by elastic theory. For footings with n= 10,
a ratio of ze/b"= 1 is predicted. Also with a surcharge where n is small, the increase
in shear strength with depth will have a significant effect and elastic theory will
over-predict the depth of influence. For surcharges with n= 0.1, a ratio of ze/b"= 0.2

is predicted.

2.5  Prediction of Soil Settlements by Graphical and Semi-Empirical
Methods

The final settlement prediction is very significant fact in geotechnical applications.
Since completion of the final settlement is theoretically infinite, it is not practical to
observe the final settlement in practice. In order to estimate the final settlement,
some practical methods are used in literatures which are Asaoka’s Method and

Horn’s Method.

25.1 Asaoka’s Method

This method was developed by Asoaka in (1978) to predict the ultimate settlement
from past observations. The procedure consists of plotting settlement data points
taken at regular intervals after the load is added. Each settlement data point at time
n (Si) is plotted against the settlement point at time n-1 (Si.1). The plot of the
observed data points on S; vs. Si.1 is intersected with line y=x as presented in Figure
2.13. The intersection point means that the settlement was completed and the
obtained value was the final settlement due to applied load.
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Figure 2.13. Graphical presentation of Asaoka’s Method (Asaoka, 1978)

The coefficient of consolidation (cv) is derived by Asaoka (1978) as follows;

L= — % : one-way drainage (Eq. 2.28)
L= — % : two-way drainage (Eq. 2.29)

Magnan et al. (1983) has proposed a method for estimating c based on the solution
proposed by Asaoka (1978). This method is presented with Eq. 2.30.

dgF(n) dz
¢ = — SM" Inp, = C=F(n) (Eq. 2.30)
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where;

n? 3n%-1
n2-1 ln(n) T an?

F(n) = (Eq. 2.31)

At:  time interval

de: diameter of the influence zone of each drain
n: ratio of the de to the drain diameter dw

F(n): drain spacing factor

Pu: the slope of a straight line on the curve that represents the settlements

according to time

C: coefficient denoted by (—Inp1/At)

252 Horn’s Method

This method was proposed by Horn in 1983 to predict the ultimate settlement by
evaluation of the observed time vs. settlement curves. From time-settlement curves

the settlement speed (v*) can be calculated as presented in Figure 2.14:

P gs
vt == (Eq. 2.32)
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- - ds

Figure 2.14. Time-Settlement diagram (Horn, 1983)

In order to estimate ultimate settlement, total settlement time (tr) must be known.
The Horn’s method (1983) evaluates the rate of settlement curve, t-v* that runs
against zero with a straight line. The value of the time at zero speed where v=0
gives the total settlement time, tr. The time vs. velocity diagram is presented in

Figure 2.15:

Figure 2.15. Time (t) vs. settlement velocity (v) relationship (Horn, 1983)
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The ultimate settlement value (Sf) can be considered by drawing time/settlement
(t/s) versus time (t) graph as presented in Figure 2.16:

ﬁ{s

t/s=1/v

J

Figure 2.16. Graphical presentation of t vs. t/s relationship (Horn, 1983)
t
Sf = 7 tana (Eq. 2.33)

The coefficient of consolidation value is calculated by the following formula
(Horn, 1983):

Cy = o : one-way drainage (Eq. 2.34)
Cy = % : two-way drainage (Eqg. 2.35)
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2.6 Previous Studies About Comparisons of Predicted and Observed

Settlements

In order to plan an effective study period, it is required to obtain background
information on the previous studies. In literature, to evaluate and solve inaccuracies
in settlement calculations, field settlement monitoring is conducted by settlement
plates in different places and compared with calculated settlements based on

laboratory and field tests to check the compatibility.

According to the study conducted by Bergado et al. (1992), excellent agreements
were attained in the predicted rate and amount of settlements using back-analyzed
parameters by the methods of Asaoka (1978). Another study was presented as a
thesis study by Giindiiz (2010) and the following results were obtained; the finite
element model of Plaxis gave fairly good results in all cases. According to the
study presented by Salem and El-Sherbiny (2013), it seems that the measured
settlements were within the range of settlements estimated based on laboratory and
field tests. Moreover, it was observed that measured and calculated settlements
followed similar settlement rates. Li (2014) proposed that the calculated settlement
results were very close to the observed ones. A case study on soil settlements
induced by preloading and vertical drains was presented by Cascone and Biondi
(2013) and a general fair agreement was obtained for measured and expected
settlement from this study.

Bergado et al. (2002) proposed a case study about prefabricated vertical drains in
soft Bankok clay and they concluded that degree of consolidation estimated from
the pore-pressure dissipation measurements agreed with those obtained from the
settlement measurements. Lo et al. (2008) studied long-term performance of wide
embankment on soft clay improved with prefabricated vertical drains and the
predicted pore-water pressure showed reasonable agreement with measured values.

According to the study conducted by Karim and Lo (2013) about estimation of
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hydraulic conductivity of soils improved with vertical drains, the field observations

closely matched the analytical calculations.

Dalgic and Simsek (2002) studied the Anatolian Motorway between Ankara-
Istanbul and they concluded that predicted settlement quantities were found reliable
and comparable to field measurements and significant differences were observed
between calculated and measured rate of settlement. Liu conducted a study about
settlement prediction of embankments with stage construction on soft ground in
2003 and he concluded that Asaoka method might be successfully used to make
settlement predictions according to the observational results. However, the ratio of
Cv(field)/Cv(ab)= 6-12 was acquired as a result of his study. Saowapakpiboon
presented a study about measured and predicted performances of prefabricated
vertical drains in 2009, he obtained that cn values of specimens in laboratory tests
were nearly half of the values obtained from field test data. However, surface
settlement prediction performed by Asoaka (1978) method yielded very good
consistency with field data. Hadewych (2010) presented a study about settlement
measurements and concluded that calculated settlement fit the observed settlement.
On the other hand, the time for completion of the settlement in the field was less
than the calculated one. Quang and Giao and Quang (2014) presented a study about
improvement of soft clay by vacuum preloading. According to their studies, there
was a good agreement between calculated and predicted settlements. Furthermore,

in that study the ratio of cn(field)/cn(lab) was obtained as 2.0.

Moh et al. (1998) presented another study and they concluded that the field
settlement data were much higher than designed total settlement, and waiting
period was longer. Back-calculation of consolidation parameters from field
measurements was achieved by Cao et al. (2001) and they obtained that the
compression index was generally larger than that of measured in the laboratory,
and the coefficient of consolidation back-calculated was larger than the values
calculated from pore pressure measurement. According to study conducted by Shen

et al. (2005) about analysis of field performance of embankments on soft clay
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deposit with and without PVD (prefabricated vertical drain) improvement, it was
concluded that the settlement amount and rate of measured values were greater
than the calculated values. Back analyses of compressibility parameters of PVD
improved soft ground in Southern Vietnam were carried out by Long (2006) and
the back calculated values of cn were about 4 to 6 times of the average cv values
obtained from conventional oedometer tests and the secondary compression ratios

(Co) were about 1.5 times that of laboratory tests.

Chung presented a study in 2009 for predicting the settlement rate of a ground area
that incorporates prefabricated vertical drains. According to the results of two
documented case studies, he concluded that estimated coefficients of radial
consolidation were larger than the values obtained from oedometer tests and for
two cases, cv values obtained from field were very close to the results of standard
oedometer tests. Tedjakusuma performed a study in 2012 about the application of
prefabricated vertical drain in soil improvement. Their study contained
comparisons of the preliminary consolidation parameters and final parameters
obtained from the pilot test embankment after soil improvement. From back-
analysis, it was concluded that horizontal and vertical consolidation coefficients for

marine clay is 1.5.

Comparison of field measurements and predicted performance beneath full scale
embankments was achieved by Indraratna and Sathananthan (2003) and they stated
that the calculated settlement amount and rate were greater than the measured
values. According to a study completed by Geiser and Commend (2012) in
Switzerland, it was concluded that the predictions obtained by Plaxis model
overestimates the settlements by factors of 2-3. Furthermore, the area of influence
of the settlements was also overestimated. A project was conducted by Wetzel
(2014) to compare the theoretical and actual time dependent settlement induced by
fill settlement, and it was concluded that the predicted settlements were more than
the actual measured settlements. Bhosle and VVaishampayan (2009) presented a case

study for ground improvement using PVD with preloading and they obtained that
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the consolidation settlements obtained theoretically from laboratory test results
were much higher than predicted by Asoaka and Hyperbolic Method. Kemp (2013)
studied on the consolidation behavior of alluvial soft clay and according to his
study, back-analyzed coefficient of consolidation of the clay was higher while the

compression ratio was lower than the original design estimate.
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CHAPTER 3

SITE DESCRIPTION OF THE INSTRUMENTED EMBANKMENT
SECTIONS

Bursa-Susurluk Section takes place between Km: 104+535 and Km: 178+927 in
Gebze-Izmir Highway Project and the interval of Km: 137+800 and Km: 176+060
is defined as Karacabey Plain according to State Hydraulic Works. In the
Karacabey Plain, the flood plain is located between Km: 139+100 and Km:
144+360 according to State Hydraulic Works. At the Karacabey Plain, the
embankment with maximum height of 11.0 m and with 27° embankment slope is
designed on thick alluvial deposit. Prefabricated vertical drain installation and

embankment construction in the Karacabey Plain are shown in Figures 3.1 and 3.2.

Figure 3.1. Prefabricated vertical drain installation in the Karacabey Plain
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Figure 3.2. Embankment construction on the Karacabey Plain

Karacabey Plain was formed during Middle-Late Miocene with the control of
extensional tectonics. Under the control of this tectonism, alluvial fan systems were
formed from north to south in Marmara Sea as presented in Figure 3.3. Depending
on this tectonism, Facies A was formed near the source with high energy and
defined as sandstone, blocky gravels with reverse gradataion (Ozdogan et al.,

2000).

When river moved away from source and because of the topography, the energy of
river decreased, the size of material decreased and river transferred to meandering
river characteristic. As a result of this, flood plains and oxbow lakes were formed
(Facies B). Lithofacies C and D were formed from lacustrine deposits (Ozdogan et

al., 2000).

The views for meandering river and flood plan characteristics of Susurluk River is

presented in Figures 3.4 and 3.5.
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Figure 3.3. Depositional episodes at the Middle-Late Miocene (Ozdogan et al.,

2000)

f Susurluk river

haracteristic view o

Ing river C

Figure 3.4. Meander
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Figure 3.5. Flood plain view of Karacabey Plain

The geological map of the study area is presented in Figure 3.6. The geological
formation in the study area is defined as alluvium which consists of clay, silt, sand
and gravel. The units of clay, silt, sand and gravel are formed due to young river
beds.
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EXPLANATIONS

‘|: Quaternary Alluvium

<|: IEI Hamaml Formation (Conglomerate, Sandstone, Claystone, Mudstone)

iocene Pliocene Quaternary

- Degirmendere Formation (Sandstone, Claystone, Marl)
=

Figure 3.6. Geological map of the study area (MTA, 2008)

49

Vehicle road

Rail road



As a part of this study, 26 different embankment sections were evaluated. Existing
site conditions of the instrumented test embankments including geological
conditions, site investigation and laboratory test results are presented in this part of
the thesis.

3.1 KM: 139+764 Section

The soil profile of the embankment at Km: 139+764 is characterized by 24.45 m
deep borehole (BSSK 447) and BS-CPT-01 cone penetration test. The laboratory
test results and SPT N graphs are presented in Appendix A and B, consolidation
settlement calculations are presented in Appendix C. The soil profile consists of the
layers layers shown in Table 3.1.

Table 3.1 A typical soil profile at Km: 139+764 section of the study area

Qe Pl Wn
D(if];h Soil Profile S(Pa-:—/;\l (av.) (av.) | (av.) k(;’
) {ovea) | @) | o) | ©P9
M edium-Stiff
6 0.52 47 35
18 Clay (CH)
M edium-Stiff
Clay (CH-CL) 10 0.93 45 40 58
-19
Stiff
24 1.00 51 25
23.9 Clay (CH)
Stiff S ——
oo = 25 2.61 46 29
-44.11 Sitt(MH) -+ 7= =
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The geological longitudinal section of embankment is presented in Figure 3.7. SPT
results of BSSK-447 borehole and cone resistance values of BS-CPT-1 results for
clay layers are presented in Figure 3.8. According to the geological longitudinal
section, the embankment with 8.0-9.0 m in height is planned to be constructed on
clayey soil with a thickness of more than 40.0 m, and also sand layers are defined
in clay layer with a thickness of less than 1.0 m. From surface down to a depth of
1.8 m, SPT N value is obtained as 6 whereas qc value is obtained as 0.52 MPa in
average, which indicates “soft clay”. From depth of 1.8 m to 19.0 m, SPT N value
is obtained as 10 whereas gc value is obtained 0.93 MPa in average, which
indicates “medium-stiff clay”. From depth of 19.0 m, SPT N values are greater
than 24 whereas qc values are greater than 1.5 MPa in average, which is the
indicator of “Stiff Clay”. When the values of SPT N and qc are compared, they
both point out similar stiffness and also strength values for the clay units defined in
the specified depth of intervals. The graph of In-Situ Settlement (m) vs. Time (day)
behavior measured in the embankment for surface and deep settlement is presented
in Figure 3.9. The last measured settlement from surface settlement plate is 167.3
cm and from deep settlement plate at depth of 24.0 m is 69.1 cm under

embankment load with a maximum height of 8.8 m after 730 days of measurement.
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Figure 3.7. The longitudinal geological section of Km: 139+764
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Figure 3.8. SPT N vs. Depth (m) and gc (MPa) vs. Depth (m) graphs for clay layers
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3.2 KM: 1394860 Section

The soil profile of the embankment at Km: 139+860 is characterized by 24.45 m
deep borehole (BSSK 447) and BS-CPT-01 cone penetration test. The laboratory
test results and SPT N graphs are presented in Appendix A and B, consolidation
settlement calculations are presented in Appendix C. The soil profile consists of the

layers shown in Table 3.2:

Table 3.2 A typical soil profile at Km: 139+860 section of the study area

Oc Pl Wy
Dfmp)th Soil Profile Sg/;“ @ [@ e o
D L veay | @) | e | ¥
Soft
6 052 | 47 | 35
-1.80 Clay (CH)
M edium-Stiff
10 003 | 45 | 40 | 8
1900 Clay (CH-CL)
CIaS“(féH) 24 100 | 51 | 25
-23.90 Y
Stiff — |
. ———| o 261 | 46 | 29
qaq1 | SUMMH) TSRS

The geological longitudinal section of embankment is presented in Figure 3.10.
SPT results of BSSK-447 borehole and cone resistance values of BS-CPT-1 results
for clay layers are presented in Figure 3.11. According to the geological
longitudinal section, the embankment with 8.0-9.0 m in height is planned to be
constructed on clayey soil with a thickness of more than 40.0 m, and also sand
layers are defined in clay layer with a thickness of less than 1.0 m. Till to depth of
1.8 m, SPT N value is obtained as 6 whereas ¢ value is obtained as 0.52 MPa in
average, which indicates “soft clay”. From depth of 1.8 m to 19.0 m, SPT N value

is obtained as 10 whereas gc value is obtained 0.93 MPa in average, which
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indicates “medium-stiff clay”. From depth of 19.0 m, SPT N values are greater
than 24 whereas ¢c values are greater than 1.5 MPa in average, which is the
indicator of “Stiff Clay”. When the values of SPT N and qc are compared, they
both point out similar stiffness and also strength values for clay units defined in
specified depth of intervals. The graph of In-Situ Settlement (m) vs. Time (day)
behavior measured in the embankment for surface and deep settlement is presented
in Figure 3.12. The last measured settlement from surface settlement plate is 190.2
cm and from deep settlement plate at depth of 24.0 m is 90.0 cm under

embankment load with a maximum height of 8.8 m after 860 days of measurement.

(m)
25
'_-—-___
F——— SSK-
BSSK-667 3S-CPT-1 BSSK-346
BS-CPT-2 BSSK-668
= ‘\ o
0 il e =
=] -
Qal (Clay)
20.0m I
24.5m e el
- e T i
a5 27.8m 245 n\“ : |
31.8'm i
Qal (Sand-Gra
-50 H<
139+400 139+600 139+800 1404000 1404200 140+400 1404600

Figure 3.10. The longitudinal geological section of Km: 139+860
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BSSK-447 BS-CPT-1

SPT N qc (MPa)

10 20 30 40 50 1 2 3 4 5

10— 10—‘

Depth (m)
Depth (m)

15— 15—
20— 20—

25“ 25—

Figure 3.11. SPT N vs. Depth (m) and gc (MPa) vs. Depth (m) graphs for clay
layers
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3.3 KM: 1404592 Section

The soil profile of the embankment at Km: 140+592 is characterized by 24.45 m
deep borehole (BSSK 447) and BS-CPT-01 cone penetration test. The laboratory
test results and SPT N graphs are presented in Appendix A and B, consolidation
settlement calculations are presented in Appendix C. The soil profile consists of the

layers shown in Table 3.3:

Table 3.3 A typical soil profile at Km: 140+592 section of the study area

Je Pl Wy
Dfmp)th Soil Profile Sg/;\' @) | @ | @ | o
) meay | o) | o | &P
Soft
6 052 | 47 | 35
180 Clay (CH)
M edium-Stiff
10 003 | 45 | a0 | 52
19.00 Clay (CH-CL)
Clas“(féH) 2 100 | 51 | 25| 44
-23.90 y
Stiff ——
. == 25 2.61 46 29
00 | SMMMH) - TEEEEE

The geological longitudinal section of embankment is presented in Figure 3.13.
SPT results of BSSK-447 borehole and cone resistance values of BS-CPT-1 results
for clay layers are presented in Figure 3.14. According to the geological
longitudinal section, the embankment with 8.0-9.0 m in height is planned to be
constructed on clayey soil with a thickness of more than 40.0 m, and also sand
layers are defined in clay layer with a thickness of less than 1.0 m. Till to depth of
1.8 m, SPT N value is obtained as 6 whereas ¢ value is obtained as 0.52 MPa in
average, which indicates “soft clay”. From depth of 1.8 m to 19.0 m, SPT N value

is obtained as 10 whereas gc value is obtained 0.93 MPa in average, which
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indicates “medium-stiff clay”. From depth of 19.0 m, SPT N values are greater
than 24 whereas ¢c values are greater than 1.5 MPa in average, which is the
indicator of “Stiff Clay”. When the values of SPT N and qc are compared, they
both point out similar stiffness and also strength values for clay units defined in
specified depth of intervals. The graph of In-Situ Settlement (m) vs. Time (day)
behavior measured in the embankment for surface settlement plate is presented in
Figure 3.15. The last measured settlement from surface settlement plate is 116.6 cm
under embankment load with a maximum height of 9.1 m after 835 days of

measurement.
(m)
25
'_-—.___
T— SSK-
BSSK-667 3S-CPT-1 BSSK-346
BS-CPT-2 BSSK-668
= ‘\ il
0 il e =
=] -
Qal (Clay)
20.0 m |
24.5m e el
- e T i
25 27.8m 245 n\“ : |
31.8'm i
Qal (Sand-Gra
139+400 139+600 139+800 1404000 1404200 140+400 1404600

Figure 3.13. The longitudinal geological section of Km: 140+592
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BSSK-447 BS-CPT-1

SPT N qc (MPa)
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10— ‘IU—‘

Depth (m)
Depth (m)

15— 15—
20— 20—

25<‘ 25—

Figure 3.14. SPT N vs. Depth (m) and gc (MPa) vs. Depth (m) graphs for clay
layers
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3.4 KM: 141+680 Section

The soil profile of the embankment at Km: 141+667 is characterized by 15.45 m
deep borehole (BSSK 451) and BS-CPT-04 cone penetration test. The laboratory
test results and SPT N graphs are presented in Appendix A and B, consolidation
settlement calculations are presented in Appendix C. The soil profile consists of the

layers shown in Table 3.4:

Table 3.4 A typical soil profile at Km: 141+680 section of the study area

e f Pl Wy
D(erg)th Soil Profile S(Pa-:—/;\l (av.) (av.) (av.) | (av.) k(;
) | mea | ke | ) | o) | <P
Mgﬁ;”TéSHt;ﬁ 9 1.08 55 | 34
-2.50 Y
ClaStl(f(];H) 18 1.36 46 | 33
-9.00 y
Very Dense
40 549 | 3398
L0 | Send (sP-sm) [
Stiff
Clay-Silt 18 1.16 55 | 22
4634 | (CH-ML)

The geological longitudinal section of embankment is presented in Figure 3.16.
SPT results of BSSK-451 borehole and cone resistance values of BS-CPT-4 results
for clay layers are presented in Figure 3.17. According to the geological
longitudinal section, the embankment with 10.3 m in height is planned to be
constructed on clayey soil with a thickness of more than 40.0 m. Till to depth of 2.5
m, SPT N value is obtained as 9 whereas qc value is obtained as 1.08 MPa in
average, which indicates “medium-stiff clay”. From depth of 2.5 m to 9.0 m, SPT
N value is obtained as 18 whereas qc value is obtained 1.36 MPa in average, which

indicates “stiff clay”. From depth 9.0 m to 15.5 m, sand layer is defined according
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to borehole and it is ended at 15.5 m depth. According to BS-CPT-4, clay layers
are defined in depth of intervals 8.6 m and 8.8 m, 10.1 m and 10.6 m, 11.1 m and
12.92 m with qc value of 0.85 MPa in average. These thin clay layers are defined
as “medium-stiff clay”. From depth of 15.5 m, clay layer with gc value 1.15 MPa
in average is obtained and it is defined as “stiff clay”. When the values of SPT N
and qgc are compared, they both point out similar stiffness and also strength values
for clay units defined in specified depth of intervals. The graph of In-Situ
Settlement (m) vs. Time (day) behavior measured in the embankment for surface
settlement plate is presented in Figure 3.18. The last measured settlement from
surface settlement plate is 181.19 cm under embankment load with a maximum

height of 10.259 m after 800 days of measurement.

(m)

BSSK-452 BSSK-453

BS.CPT.3 | BSSK451

Qal (Sand)

Qel (Clay)

30.72. m

141+400 141+800 141+800 142+000 142+200 142+400 142+600 142+800 143+000

Figure 3.16. The longitudinal geological section of Km: 141+680
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BSSK-451 BS-CPT-4a

SPTN qc

10 20 30 40 50 1 2 3 4

Depth (m)

20—

Figure 3.17. SPT N vs. Depth (m) and gc (MPa) vs. Depth (m) graphs for clay
layers
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35 KM: 1424000 Section

The soil profile of the embankment at Km: 142+000 is characterized by 16.95 m
deep borehole (BSSK 452) and BS-CPT-04 cone penetration test. The laboratory
test results and SPT N graphs are presented in Appendix A and B, consolidation
settlement calculations are presented in Appendix C. The soil profile consists of the

layers shown in Table 3.5:

Table 3.5 A typical soil profile at Km: 142+000 section of the study area

qc fs Pl WN
D(erg)th Soil Profile S(P;/;\' @ | @) | @ |a| o
) L mea | kee) | 0) | o) | <P
CIaStl(f(];H) 15 1.29 47 | 33
-9.00 y
M;:r']‘g?s'ijr)‘se 21 549 | 3398 | NP | 30
-15.00
Stiff
Clay- Silt 24 1.16 13 | 22
4628 | (CHML |o—=—

The geological longitudinal section of embankment is presented in Figure 3.19.
SPT results of BSSK-452 borehole and cone resistance values of BS-CPT-4 results
for clay layers are presented in Figure 3.20. According to the geological
longitudinal section, the embankment with 9.97 m in height is planned to be
constructed on clayey soil with a thickness of more than 40.0 m, and also sand
layers are defined at depth of 9.0 m and 15.0 m. Till to depth of 9.0 m, SPT N
value is obtained as 15 whereas g value is obtained as 1.29 MPa in average, which
indicates “stiff clay”. According to BS-CPT-4, clay layers are defined in depth of
intervals 8.6 m and 8.8 m, 10.1 m and 10.6 m, 11.1 m and 12.92 m with qc value of

0.85 MPa in average. These thin clay layers are defined as “medium-stiff clay”.
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From depth of 15.0 m, SPT N value is obtained as 24 whereas qc value is obtained
1.16 MPa in average, which indicates “stiff clay”. When the values of SPT N and
gc are compared, they both point out similar stiffness and also strength values for
clay units defined in specified depth of intervals. The graph of In-Situ Settlement
(m) vs. Time (day) behavior measured in embankment for surface settlement plate
is presented in Figure 3.21. The last measured settlement from surface settlement
plate is 125.8 cm under embankment load with a maximum height of 9.97 m after
850 days of measurement.

(m)

BSSK-452 BSSK-453

BS-CPT-3 | BSSK-451

BS-CPT-4

Qal (Sand)

Qal (Clay)

31.80 m

30.72. m

141+400 1414800 141+800 142+000 142+200 142+400 142+600 142+800 143+000

Figure 3.19. The longitudinal geological section of Km: 142+000
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Figure 3.20. SPT N vs. Depth (m) and gc (MPa) vs. Depth (m) graphs for clay
layers
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3.6 KM: 142+400 Section

The soil profile of the embankment at Km: 142+400 is characterized by 16.95 m
deep borehole (BSSK 452) and BS-CPT-04 cone penetration test. The laboratory
test results and SPT N graphs are presented in Appendix A and B, consolidation
settlement calculations are presented in Appendix C. The soil profile consists of the

layers shown in Table 3.6:

Table 3.6 A typical soil profile at Km: 142+400 section of the study area

QC fs Pl Wn
D(erg)th Soil Profile Sg/;\' @) | @) | @ | @ (k;“a)
' (MPa) | (kPa) (%) (%)
Clas“(f(f:H) 15 1.29 47 | 33
-9.00 y
M;::ﬂs?:;'se i 21 549 | 3398 | NP | 30
-15.00
Stiff
Clay- Silt 24 1.16 13 | 2
4269 | chHmy |/

The geological longitudinal section of embankment is presented in Figure 3.22.
SPT results of BSSK-452 borehole and cone resistance values of BS-CPT-4 results
for clay layers are presented in Figure 3.23. According to the geological
longitudinal section, the embankment with 8.09 m in height is planned to be
constructed on clayey soil with a thickness of more than 40.0 m, and also sand
layers are defined at depth of 9.0 m and 15.0 m. Till to depth of 9.0 m, SPT N
value is obtained as 15 whereas gc value is obtained as 1.29 MPa in average, which
indicates “stiff clay”. According to BS-CPT-4, clay layers are defined in depth of
intervals 8.6 m and 8.8 m, 10.1 m and 10.6 m, 11.1 m and 12.92 m with gc value of

0.85 MPa in average. These thin clay layers are defined as “medium-stiff clay”.
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From depth of 15.0 m, SPT N value is obtained as 24 whereas qc value is obtained
1.16 MPa in average, which indicates “stiff clay”. When the values of SPT N and
gc are compared, they both point out similar stiffness and also strength values for
clay units defined in specified depth of intervals. The graph of In-Situ Settlement
(m) vs. Time (day) behavior measured in embankment for surface settlement plate
is presented in Figure 3.24. The last measured settlement from surface settlement
plate is 105.8 cm under embankment load with a maximum height of 8.09 m after
760 days of measurement.

BSSK-452 BSSK-453

Qal (Sand)

Qel (Clay)

3072 m 31.80m

1414400 1414600  141+800  142+000  142+200  142+400  142+600  142+800  143+000

Figure 3.22. The longitudinal geological section of Km: 142+400
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Figure 3.23. SPT N vs. Depth (m) and gc (MPa) vs. Depth (m) graphs for clay
layers
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3.7 KM: 143+107 Section

The soil profile of the embankment at Km: 143+107 is characterized by 31.80 m
deep CPT (BSSK CPT-5) and 15.25 m deep borehole log (BSSK-453) The
laboratory test results and SPT N graphs are presented in Appendix A and B,
consolidation settlement calculations are presented in Appendix C. The soil profile

consists of the layers shown in Table 3.7:

Table 3.7 A typical soil profile at Km: 143+107 section of the study area

qc fs Pl Wy
D(erg)th Soil Profile S(P;/;\l (av) | (av) [ @) | (@v) k(I::
' vea) | (ea) | @0) | o) | PP
Stiff
14 1.20 48 30
6.50 Clay (CH)
Sand 3.37 44.98
-7.50
Clasn(féH) 17 1.03 5 | 28
-14.00 Y
Medu;;r;u?ense 28 7.05 | 51.30
-17.00
Stiff
112
43.42 Clay (CH-CL)

The geological longitudinal section of embankment is presented in Figure 3.25.
SPT results of BSSK-453 borehole and cone resistance values of BS-CPT-5 results
for clay layers are presented in Figure 3.26. According to the geological
longitudinal section, the embankment with 8.448 m in height is planned to be
constructed on clayey soil with a thickness of more than 40.0 m, and also sand
layers are defined at depths of 6.5 m - 7.5 m and 14.0 m — 17.0 m. Till to depth of
6.5 m, SPT N value is obtained as 14 whereas (¢ value is obtained as 1.20 MPa in
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average, which indicates “stiff clay”. From depth of 7.5 m to 14.0 m, the average
values of SPT N is obtained as 17 which indicates “stiff clay” whereas average
value of qc is obtained 1.03 MPa which indicates “medium-stiff clay”. From depth
of 17.0 m, gc values are 1.12 MPa in average, which is the indicator of “Stiff Clay”.
When the values of SPT N and qc are compared, they both point out similar
stiffness and strength values for clay units defined in specified depth of intervals.
The graph of In-Situ Settlement (m) vs. Time (day) behavior measured in the
embankment for surface settlement plate is presented in Figure 3.27. The last
measured settlement from surface settlement plate is 127 cm under embankment

load with a maximum height of 8.448 m after 740 days of measurement.

BSSK-452 BSSK-453

141+400  141+800  141+800  142+000  142+200  142+400  142+600  142+800  143+000

Figure 3.25. The longitudinal geological section of Km: 143+107
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BSSK-453 BS-CPT-5a

SPTN qc (MPa)
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Figure 3.26. SPT N vs. Depth (m) and qc (MPa) vs. Depth (m) graphs for clay
layers
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3.8 KM: 1444000 Section

The soil profile of the embankment at Km: 144+000 is characterized by 28.68 m
deep CPT (BSSK CPT-6) and 15.45 m deep borehole log (BSSK-454) The
laboratory test results and SPT N graphs are presented in Appendix A and B,
consolidation settlement calculations are presented in Appendix C. The soil profile

consists of the layers shown in Table 3.8:

Table 3.8 A typical soil profile at Km: 144+000 section of the study area

qc fs Pl Wy
D(erg)th Soil Profile S(P;/;\l (av) | (av) [ @) | (@v) k(I::
' (MPa) | (kPa) | (%) | (%) L
Clasn(féH) 14 1.19 40 31 101
-6.50 Y
Sand 337 | 44.98
-7.50
Clasn(féH) o4 1.03 3% | 36
-14.00 Y
Medu;;r;u?ense 28 7.05 | 51.30
-17.00
Stiff
Clay 1.15
-46.30 (CH-CL)

The geological longitudinal section of embankment is presented in Figure 3.28.
SPT results of BSSK-454 borehole and cone resistance values of BS-CPT-6 results
for clay layers are presented in Figure 3.29. According to the geological
longitudinal section, the embankment with 9.98 m in height is planned to be
constructed on clayey soil with a thickness of more than 40.0 m, and also sand
layers are defined at depths of 6.5 m — 7.5 m and 14.0 m — 17.0 m. Till to depth of

78



6.5 m, SPT N value is obtained as 14 whereas qc value is obtained as 1.19 MPa in
average, which indicates “stiff clay”. From depth of 7.5 m to 14.0 m, average value
of SPT N is obtained as 24 which indicates “stiff clay” whereas average value of gc
is obtained 1.03 MPa which indicates “medium-stiff clay”. From depth of 17.0 m,
gc values are 1.15 MPa in average, which is the indicator of “Stiff Clay”. When the
values of SPT N and gc are compared, they both point out similar stiffness and also
strength values for clay units defined in specified depth of intervals. The graph of
In-Situ Settlement (m) vs. Time (day) behavior measured in the embankment for
surface settlement plate is presented in Figure 3.30. The last measured settlement
from surface settlement plate is 155.4 cm under embankment load with a maximum

height of 9.98 m after 950 days of measurement.

% BSSK-351  BSSK-352
BS-CPT-6a y
BSSK-453 BSSK-454 BS-CPT-6b
AR aiE BSSK-455
BS-CPT-6 "
il
0 ﬂ e g E
ﬂ " L Qal (Sand)
15.25 m 15.45 m 15.45 m
o 2262 m
28.68 m
25 30.02m Qal
40.00/m

40.45m

143+200 143+400 143+600 143+800 1444000 1444200 144+400 1444600 144+800

Figure 3.28. The longitudinal geological section of Km: 144+000
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BSSK-454 BS-CPT-6a

SPT N qc (MPa)

10 20 30 40 50 1 Z 3 4

Depth (m)

Depth (m)

20—

Figure 3.29. SPT N vs. Depth (m) and gc (MPa) vs. Depth (m) graphs for clay
layers
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3.9 KM: 1454000 Section

The soil profile of the embankment at Km: 145+000 is characterized by 15.45 m
deep borehole (BSSK 456) and BS-CPT-07 cone penetration test. The laboratory
test results and SPT N graphs are presented in Appendix A and B, consolidation
settlement calculations are presented in Appendix C. The soil profile consists of the

layers shown in Table 3.9:

Table 3.9 A typical soil profile at Km: 145+000 section of the study area

qc fs PI WN
Depth . . SPT N C
(ra) Soil Profile (av) @) | @) | @) | @v) (kI;a)
) (MPa) (kPa) (%) (%)
Stiff
17 1.32 44 31
100 | Gty CLcH)
Med'gg;g)ense 27 852 | 4052
-18.00
gtllaff 1.42
4251 Y

The geological longitudinal section of embankment is presented in Figure 3.31.
SPT results of BSSK-456 borehole and cone resistance values of BS-CPT-7 results
for clay layers are presented in Figure 3.32. According to the geological
longitudinal section, the embankment with 9.97 m in height is planned to be
constructed on clayey soil with a thickness of more than 40.0 m, and also sand
layers are defined at depth of 11.0 m and 18.0 m. Till to depth of 11.0 m, SPT N
value is obtained as 17 whereas g value is obtained as 1.32 MPa in average, which
indicates “stiff clay”. Also, sand layers are defiend in depths of intervals 1.68 m
and 2.18 m, 2.62 m and 2.92 m, 3.52 m and 3.64 m, 6.66 m and 7.36 m, 7.5 m and
9.24 m according to cone penetration test. From depth of 18.0 m, qc value is
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obtained 1.36 MPa in average, which indicates “stiff clay”. The graph of In-Situ
Settlement (m) vs. Time (day) behavior measured in the embankment for surface
settlement plate is presented in Figure 3.33. The last measured settlement from
surface settlement plate is 116.8 cm under embankment load with a maximum

height of 9.97 m after 850 days of measurement.

m

BSSK-457
B 5 BS-CPT-8 BSSK-362
BS-CPT-7

B33K-456

-0 1444800 144+300 1454000 1454200 145+400 145+500 1454300 148+000 1484200

Figure 3.31. The longitudinal geological section of Km: 145+000
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BSSK-456 BS-CPT-7a

SPTN qc (MPa)
10 20 30 40 50 . 1 Z 3 4 ]
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Figure 3.32. SPT N vs. Depth (m) and gc (MPa) vs. Depth (m) graphs for clay
layers
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3.10 KM: 146+210 Section

The soil profile of the embankment at Km: 146+210 is characterized by 15.45 m
deep borehole (BSSK 457) and BS-CPT-08 cone penetration test. The laboratory
test results and SPT N graphs are presented in Appendix A and B, consolidation
settlement calculations are presented in Appendix C. The soil profile consists of the

layers shown in Table 3.10:

Table 3.10 A typical soil profile at Km: 146+210 section of the study area

D(Gf])th Soil Profile SZ'\—/ ;\1 (;\:.) (a]:j,) (;/I,) (:\\,,h.l) (k(;a)
: wvpra) | wPa) | @) | (%)

400 | Gy ?tCifo-CH) 14 1.37 29 | 35

-9.00 (SM ?;Ec-jsw) 36 7.48 36.14 NP 19

27.00 C,;/IIaeydl(li;S(t;IS 1.09

The geological longitudinal section of embankment is presented in Figure 3.34.
SPT results of BSSK-457 borehole and cone resistance values of BS-CPT-8 results
for clay layers are presented in Figure 3.35. According to the geological
longitudinal section, the embankment with 12.18 m in height is planned to be
constructed on clayey soil with a thickness of more than 35.0 m, and also sand
layers are defined at depth of 4.0 m and 9.0 m. Till to depth of 4.0 m, SPT N value
is obtained as 14 whereas gc value is obtained as 1.37 MPa in average, which
indicates “stiff clay”. From depth of 9.0 m, qc value is obtained 1.09 MPa in
average, which indicates “medium-stiff clay”. When the values of SPT N and qc

are compared in the first layer, they both point out similar stiffness and also
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strength values for clay units defined in specified depth of intervals. The graph of
In-Situ Settlement (m) vs. Time (day) behavior measured in the embankment for
surface settlement plate is presented in Figure 3.36. The last measured settlement
from surface settlement plate is 108.8 cm under embankment load with a maximum

height of 12.18 m after 460 days of measurement.

(m)

BSSK-457 fmt

BSSK-353 BS-CPT-S
BSCPT-8 | aca40 ERSK3%c433 AG-434

S —— | BSSK-458

16.90 m 15.48 n'<

Qal (Sand)

Qal (Clay)
-25

40.00 m 40.95 m

145+600  145+800  146+000  146+200  146+400 146+600  146+800 147+000  147+200

Figure 3.34. The longitudinal geological section of Km: 146+210
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BSSK-457 BS-CPT-8a

SPT N qc (MPa)

10 20 20 40 50 1 2 3 4

s
|
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|

Depth (m)

i
|
|

20—

Figure 3.35. SPT N vs. Depth (m) and gc (MPa) vs. Depth (m) graphs for clay
layers
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3.11 KM: 1474000 Section

The soil profile of the embankment at Km: 147+000 is characterized by 15.45 m
deep borehole (BSSK 458) and BS-CPT-10 cone penetration test. The laboratory
test results and SPT N graphs are presented in Appendix A and B, consolidation
settlement calculations are presented in Appendix C. The soil profile consists of the

layers shown in Table 3.11:

Table 3.11 A typical soil profile at Km: 147+000 section of the study area

qc fS Pl Wy
D(enli)th Soil Profile SE;/;\I (@) | (@) | @) | @av) klcbu
' (MPa) | (kPa) | (%) | (%) L
e o ST
-4.50 y
Stiff
18 1.32 30 | 3
13.00 Clay (CH-CL)
Medu;g;)ense ; 24 577 | 41.50
-15.50
Medgjlr;-snff 1.03
-21.00 Y
Sand 3.02 11.59
-22.00
VegllaStlff 2.77
-41.78 Y

The geological longitudinal section of embankment is presented in Figure 3.37.
SPT results of BSSK-458 borehole and cone resistance values of BS-CPT-10
results for clay layers are presented in Figure 3.38. According to the geological
longitudinal section, the embankment with 8.1 m in height is planned to be
constructed on clayey soil with a thickness of more than 40.0 m, and also sand
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layers are defined at depths of 13.0 m - 15.5 m and 21.0 m — 22.0 m. Till to depth
of 4.5 m, SPT N value is obtained as 9 whereas qc value is obtained as 0.99 MPa in
average, which indicates “medium-stiff clay”. From depth of 4.5 m to 13.0 m, SPT
N value is obtained as 18 whereas qc value is obtained 1.32 MPa in average, which
indicates “stiff clay”. In the depth interval of 15.5 m and 21.0 m, qc value is
obtained 1.03 MPa in average and clay is defined as “Medium-stiff clay”. From
depth of 22.0 m, gc value is obtained 2.77 MPa in average, which indicates “very
stiff clay”. When the values of SPT N and qc are compared, they both point out
similar stiffness and also strength values for clay units defined in specified depth of
intervals. The graph of In-Situ Settlement (m) vs. Time (day) behavior measured in
the embankment for surface is presented in Figure 3.39. The last measured
settlement from surface settlement plate is 98 cm under embankment load with a

maximum height of 8.1 m after 720 days of measurement.

(m)

o5 BSSK-353
BS-CPT-10A
BSSK-354 BS-CPT-9
BSSK-458 BS-CPT-10 BSSK-459
1 ’F-\A: =" o
4 i
0 Qal i
if H
i >: 1590 m { 15.45m | Qal (Clay) 15.45m
e e T —ﬂ_ H-
# L]
al (Sand
Qaly ) ﬂ 26.96 m
25 30.10m

40.00m 4095m
146+400 146+600 146+800 147+000 147+200 147+400 147+600 147+800 148+000

Figure 3.37. The longitudinal geological section of Km: 147+000
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BSSK-458 BS-CPT-10a

SPTN qc (MPa)
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Figure 3.38. SPT N vs. Depth (m) and gc (MPa) vs. Depth (m) graphs for clay
layers
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3.12 KM: 149+000 Section

The soil profile of the embankment at Km: 149+000 is characterized by 16.95 m
deep borehole (BSSK 461) and BS-CPT-11 cone penetration test. The laboratory
test results and SPT N graphs are presented in Appendix A and B, consolidation
settlement calculations are presented in Appendix C. The soil profile consists of the

layers shown in Table 3.12:

Table 3.12 A typical soil profile at Km: 149+000 section of the study area

e f, Pl W
D(erg)th Soil Profile S(P;;\' (av) | @v) [ @) | (@v) k(;u
' (MPa) | (kPa) | (%) | (%) L
Soft
6 1.04 26 26
4.80 Clay (CL-CH)
Sand (SC) 9 5.75 32.61
-8.00
Stiff
22 1.24 35 33
14.00 Clay (CH-CL)
Medu;;r:];)ense 8.32 45.58
-15.80
Clasu(f(f: " 26 1.25 31 33 132
-27.20 y
M edlga?(lj)ense 1.28 35.43
-30.50
Stiff
Clay 1.59
-41.99 (CH-CL)

The geological longitudinal section of embankment is presented in Figure 3.40.
SPT results of BSSK-461 borehole and cone resistance values of BS-CPT-11

results for clay layers are presented in Figure 3.41. According to the geological
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longitudinal section, the embankment with 8.2 m in height is planned to be
constructed on clayey soil with a thickness of more than 40.0 m, and also sand
layers are defined at depths of 4.8 m — 8.0 m, 14.0 m — 15.8 m and 27.2 m — 30.5
m. Till to depth of 4.8 m, SPT N value is obtained as 6 whereas qc value is obtained
as 1.04 MPa in average. According to SPT N values, it is defined as “soft clay”. On
the other hand, if qc values are considered, it is defined as “medium-stiff clay”.
From depth of 8.0 m to 14.0 m, SPT N value is obtained as 22 whereas qc value is
obtained 1.24 MPa in average, which indicates “stiff clay”. In the depths of 15.8 m
and 27.2 m, SPT N value is obtained as 26, gc value is obtained 1.25 MPa in
average and clay is defined as “stiff clay”. From depth of 30.5 m, qc value is
obtained 1.59 MPa in average, which indicates “stiff clay”. When the values of
SPT N and qc are compared, they both point out similar stiffness and also strength
values for clay units defined in specified depth of intervals. The graph of In-Situ
Settlement (m) vs. Time (day) behavior measured in embankment for surface
settlement plate is presented in Figure 3.42. The last measured settlement from
surface settlement plate is 96.0 cm under embankment load with a maximum height

of 8.2 m after 600 days of measurement.

(m)

BSSK-460 BSSK-461

BS-CPT-11 ” BS-CPT-12 JL

il
o 3 i =
al (San Qal (Clay) i
1358 m u
1695 m
\

| E—— ———

25 32.74m 34.10m

148+200 148+400 148+600 148+800 149+000 149+200 149+400 149+600 149+800

Figure 3.40. The longitudinal geological section of Km: 149+000
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Figure 3.41. SPT N vs. Depth (m) and gc (MPa) vs. Depth (m) graphs for clay
layers
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3.13 KM: 150+000 Section

The soil profile of the embankment at Km: 150+000 is characterized by 20.0 m
deep borehole (BSSK 685A) and BS-CPT-13 cone penetration test. The laboratory
test results and SPT N graphs are presented in Appendix A and B, consolidation
settlement calculations are presented in Appendix C. The soil profile consists of the

layers shown in Table 3.13:

Table 3.13 A typical soil profile at Km: 150+000 section of the study area

O fs Pl Wy
D(erE)th Soil Profile SE;)N @) | @) | @) | @v k(;“
D vpay | ey | @) | o) | <R
Claso(ﬂCL) 5 1.27 18 | 18
-3.00 y
Sand (SM) 16 1.96 | 16.80
-5.00
CIaStl(f::H) 16 1.48 30 | 20
-11.00 y
Sand 42 1560 | 47.80
-18.00
Méfa:“r?it)'ﬁ 12 1.70 15 | 28 | 106
-45.30 y

The geological longitudinal section of embankment is presented in Figure 3.43.
SPT results of BSSK-685 borehole and cone resistance values of BS-CPT-13
results for clay layers are presented in Figure 3.44. According to the geological
longitudinal section, the embankment with 9.88 m in height is planned to be
constructed on clayey soil with a thickness of more than 40.0 m and also sand
layers are defined at depths of 3.0 m — 5.0 mand 11.0 m — 18.0 m. Till to depth of

3.0 m, SPT N value is obtained as 5 whereas qc value is obtained as 1.24 MPa in
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average. According to SPT N values, it is defined as “soft clay”. On the other hand,
if gc values are considered, it is defined as “medium-stiff clay”. From depth of 5.0
m to 11.0 m, SPT N value is obtained as 16 whereas q. value is obtained 1.48 MPa
in average, which indicates “stiff clay”. From depth of 18.0 m, SPT N value is
obtained as 12 whereas qc value is obtained 1.7 MPa in average, which indicates
“medium-stiff clay”. When the values of SPT N and qgc are compared, they both
point out similar stiffness and also strength values for clay units defined in
specified depth of intervals. The graph of In-Situ Settlement (m) vs. Time (day)
behavior measured in the embankment for surface settlement plate is presented in
Figure 3.45. The last measured settlement from surface settlement plate is 106.7 cm
under embankment load with a maximum height of 9.88 m after 600 days of

measurement.

(m)

30

BS-CPT-14A

150+000 150+200 150+400 150+600 150+800 1514000 151+200 151+400 151+600 151+800 152+000

Figure 3.43. The longitudinal geological section of Km: 150+000
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Figure 3.44. SPT N vs
layers

. Depth (m) and qc (MPa) vs. Depth (m) graphs for clay
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3.14 KM: 1504500 Section

The soil profile of the embankment at Km: 150+500 is characterized by 20.0 m
deep borehole (BSSK 685A) and BS-CPT-13 cone penetration test. The laboratory
test results and SPT N graphs are presented in Appendix A and B, consolidation
settlement calculations are presented in Appendix C. The soil profile consists of the

layers shown in Table 3.14:

Table 3.14 A typical soil profile at Km: 150+500 section of the study area

[of} fs Pl Wy
Depth . . SPT N C
(rE) Soil Profile (av) (av.) @av) | @) | (av) (kF;Ja)
Y ovpra) | «ea) | ) | (o)
Claso(fE:L) 7 1.27 18 | 18
-5.00 y
Sand (SM) 16 1.96 | 16.80
-6.00
CIaStl(f::H) 16 1.30 30 | 20
-12.50 y
Sand (SW-SM) 42 1560 | 47.80
-15.50 b
Méfa:“r?it)'ﬁ 12 151 15 | 28 | 106
-46.20 y

The geological longitudinal section of embankment is presented in Figure 3.46.
SPT results of BSSK-485 borehole and cone resistance values of BS-CPT-13
results for clay layers are presented in Figure 3.47. According to the geological
longitudinal section, the embankment with 10.4 m in height is planned to be
constructed on clayey soil with a thickness of more than 40.0 m, and also sand
layers are defined at depths of 5.0 m — 6.0 m and 12.5 m — 15.5 m. Till to depth of
5.0 m, SPT N value is obtained as 7 whereas qc value is obtained as 1.27 MPa in
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average. According to SPT N values, it is defined as “soft clay”. On the other hand,
if gc values are considered, it is defined as “medium-stiff clay”. From depth of 6.0
m to 12.5 m, SPT N value is obtained as 16 whereas qc value is obtained 1.30 MPa
in average, which indicates “stiff clay”. From depth of 15.5 m, SPT N value is
obtained as 12 whereas qc value is obtained 1.51 MPa in average, which indicates
“medium-stiff clay”. When the values of SPT N and qgc are compared, they both
point out similar stiffness and also strength values for clay units defined in
specified depth of intervals. The graph of In-Situ Settlement (m) vs. Time (day)
behavior measured in the embankment for surface settlement plate is presented in
Figure 3.48. The last measured settlement from surface settlement plate is 133.5 cm
under embankment load with a maximum height of 10.4 m after 450 days of

measurement.

(m)

BS-CPT-14A

1 : ' i ——r 4 et MOAEATED
| Qal(Clay) e, Qal (Sand)

-30
150+000 150+200 1504400 150+60Q0 150+800 151+000 151+200 151+400 151+800 151+800 152+000

Figure 3.46. The longitudinal geological section of Km: 150+500
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Figure 3.47. SPT N vs
layers

. Depth (m) and qc (MPa) vs. Depth (m) graphs for clay
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3.15 KM: 151+220 Section

The soil profile of the embankment at Km: 151+220 is characterized by 15.06 m
deep borehole (BSSK 463) and 13.80 m deep CPT (BS-CPT-14). The laboratory
test results and SPT N graphs are presented in Appendix A and B, consolidation
settlement calculations are presented in Appendix C. The soil profile consists of the

layers shown in Table 3.15:

Table 3.15 A typical soil profile at Km: 151+220 section of the study area

qc fs Pl Wn
Depth I SPT N c
(mp) Soil Profile @) (av.) (av.) @av.) | @v) (kF;Ja)
' (MPa) | (kPa) (%) 1 (%)
CIaSOI(IZL) 7 0.94 23 | 28
-5.00 Y
sand (SM) 16 1.96 | 16.80
-8.00
Mg?{;“r?it)'ff 14 0.87 28 | 30 | 60
-13.00 y
sand (SW-SM) 42 1560 | 47.80
-16.00
o s
4731 Y

The geological longitudinal section of embankment is presented in Figure 3.49.
SPT results of BSSK-463 borehole and cone resistance values of BS-CPT-14
results for clay layers are presented in Figure 3.50. According to the geological
longitudinal section, the embankment with 11.0 m in height is planned to be
constructed on clayey soil with a thickness of more than 40.0 m and also sand
layers are defined at depths of 5.0 m — 8.0 m and 13.0 m — 16.0 m. Till to depth of
5.0 m, SPT N value is obtained as 7 whereas qc value is obtained as 0.94 MPa in
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average. According to SPT N values, it is defined as “soft clay”. On the other hand,
if gc values are considered, it is defined as “medium-stiff clay”. From depth of 8.0
m to 13.0 m, SPT N value is obtained as 14 whereas qc value is obtained 0.87 MPa
in average. The clay unit in this interval is defined as “medium-stiff clay”
according to SPT N and gc values. When the values of SPT N and qc are compared,
they both point out similar stiffness and also strength values for clay units defined
in specified depth of intervals. The graph of In-Situ Settlement (m) vs. Time (day)
behavior measured in embankment for surface settlement plate is presented in
Figure 3.51. The last measured settlement from surface settlement plate is 171.9 cm
under embankment load with a maximum height of 11.0 m after 420 days of

measurement.

BS-CPT-14A

U oalcay)
31.0m
-30

150+000 150+200 150+400 150+600 150+800 1514000 151+200 151+400 151+600 151+800 152+000

Figure 3.49. The longitudinal geological section of Km: 151+220
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Figure 3.50. SPT N vs. Depth (m) and gc (MPa) vs. Depth (m) graphs for clay
layers
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3.16 KM: 151+975 Section

The soil profile of the embankment at Km: 151+975 is characterized by 15.45 m
deep borehole (BSSK 464) and 24.60 m deep CPT (BS-CPT-14A). The laboratory
test results and SPT N graphs are presented in Appendix A and B, consolidation
settlement calculations are presented in Appendix C. The soil profile consists of the

layers shown in Table 3.16:

Table 3.16 A typical soil profile at Km: 151+975 section of the study area

[of} fs Pl Wy
Depth . . SPT N C
(rE) Soil Profile (av) @av) | (@) | @) | @v) (kF;Ja)
Yl ovea) | wea) | @) | o0
Mg?;“r?ésl_t)'ff 11 0.92 24 | 31 | 104
-7.00 y
Sand (ML) 13 196 | 16.80
-9.00
CIaS“(féH) 18 0.94 6 | 32 | s
-13.00 y
Sand (SM) 31 1560 | 47.80
-19.00
o
-45.00 y

The geological longitudinal section of embankment is presented in Figure 3.52.
SPT results of BSSK-464 borehole and cone resistance values of BS-CPT-14
results for clay layers are presented in Figure 3.53. According to the geological
longitudinal section, the embankment with 9.74 m in height is planned to be
constructed on clayey soil with a thickness of more than 40.0 m, and also sand
layers are defined at depths of 7.0 m — 9.0 m and 13.0 m — 19.0 m. Till to depth of
7.0 m, SPT N value is obtained as 11 whereas qc value is obtained as 0.92 MPa in
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average and clay unit is defined as “medium-stiff clay”. From depth of 9.0 m to
13.0 m, SPT N value is obtained as 18 whereas qc value is obtained 0.94 MPa in
average. The clay unit in this interval is defined as “stiff clay” according to SPT N
values, “medium-stiff clay” according to qc values. From depth of 19.0 m, gc value
is obtained as 0.93 MPa in average, which indicates “medium-stiff clay”. When the
values of SPT N and gc are compared, they both point out similar stiffness and also
strength values for clay units defined in specified depth of intervals. The graph of
In-Situ Settlement (m) vs. Time (day) behavior measured in the embankment for
surface settlement plate is presented in Figure 3.54. The last measured settlement
from surface settlement plate is 123.7 cm under embankment load with a maximum

height of 9.74 m after 620 days of measurement.

BS-CPT-14A

150+000 150+200 150+400 150+600 150+800 151+000 151+200 151+400 151+600 151+800 152+000

Figure 3.52. The longitudinal geological section of Km: 151+975
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Figure 3.53. SPT N vs. Depth (m) and qc (MPa) vs. Depth (m) graphs for clay
layers
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3.17 KM: 152+000 Section

The soil profile of the embankment at Km: 152+000 is characterized by 15.45 m
deep borehole (BSSK 464) and 24.60 m deep CPT (BS-CPT-14A). The laboratory
test results and SPT N graphs are presented in Appendix A and B, consolidation
settlement calculations are presented in Appendix C. The soil profile consists of the

layers shown in Table 3.17:

Table 3.17 A typical soil profile at Km: 152+000 section of the study area

qc fs Pl Wn
Depth R SPT N c
(mp) Soil Profile @) (av.) (av.) @av.) | @v) (kF;Ja)
' (MPa) | (kPa) (%) (%)
Mg?;“”g_t)'ff 11 0.92 24 | 31 | 104
-7.00 Y
silt (ML) 13 1.96 | 16.80
-9.00
Stiff 82
18 0.94 46 | 32
1500 | Cv M) 115
Sand (SM) 31 15.60 | 47.80
-19.00
s
-41.97 Y

The geological longitudinal section of embankment is presented in Figure 3.55.
SPT results of BSSK-464 borehole and cone resistance values of BS-CPT-14
results for clay layers are presented in Figure 3.56. According to the geological
longitudinal section, the embankment with 8.19 m in height is planned to be
constructed on clayey soil with a thickness of more than 40.0 m, and also sand
layers are defined at depths of 7.0 m — 9.0 m and 13.0 m — 19.0 m. Till to depth of

7.0 m, SPT N value is obtained as 11 whereas qc value is obtained as 0.92 MPa in
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average and clay unit is defined as “medium-stiff clay”. From depth of 9.0 m to
13.0 m, SPT N value is obtained as 18 whereas qc value is obtained 0.94 MPa in
average. The clay unit in this interval is defined as “stiff clay” according to SPT N
values, “medium-stiff clay” according to qc values. From depth of 19.0 m, gc value
is obtained as 0.93 MPa in average, which indicates “medium-stiff clay”. When the
values of SPT N and gc are compared, they both point out similar stiffness and also
strength values for clay units defined in specified depth of intervals. The graph of
In-Situ Settlement (m) vs. Time (day) behavior measured in the embankment for
surface settlement plate is presented in Figure 3.57. The last measured settlement
from surface settlement plate is 108.3 cm under embankment load with a maximum

height of 8.19 m after 590 days of measurement.

BS-CPT-14A

150+000 150+200 150+400 150+600 150+800 151+000 151+200 151+400 151+600 1514800 152+000

Figure 3.55. The longitudinal geological section of Km: 152+000
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BSSK-464 BS-CPT-14A
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Figure 3.56. SPT N vs. Depth (m) and qc (MPa) vs. Depth (m) graphs for clay
layers
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3.18 KM: 1544500 Section

The soil profile of the embankment at Km: 154+500 is characterized by 15.45 m
deep borehole (BSSK 468), 20.5 m deep borehole (BSSK 688), 15.06 m deep
borehole (BSSK 469) and 28.10 m deep CPT (BS-CPT-17). The laboratory test
results and SPT N graphs are presented in Appendix A and B, consolidation
settlement calculations are presented in Appendix C. The soil profile consists of the

layers shown in Table 3.18:

Table 3.18 A typical soil profile at Km: 154+500 section of the study area

QC fs Pl WN
D(erg)th Soil Profile sg/ ;\' @) | @) | @ | @ (k(sa)
Y ovpra) | wea) | ) | (o)
M edium-Stiff
Clay (CL) 13 1.62 21 | 35 | 108
-6.00
_ 85
CIaStIIIZL) 16 1.31 28 | 20 | s6
-13.00 y a1
silt (ML) R 6.78 | 6001 | NP
-16.00
Stiff 79
24 1.59 20 | 46
045 | Clv (CH) 61

The geological longitudinal section of embankment is presented in Figure 3.58.
SPT results of BSSK-688, BSSK-469 boreholes and cone resistance values of BS-
CPT-17 results for clay layers are presented in Figure 3.59. According to the
geological longitudinal section, the embankment with 7.48 m in height is planned
to be constructed on clayey soil with a thickness of more than 40.0 m, and also non
plastic silt layer is defined at depth of 13.0 m — 16.0 m. Till to depth of 6.0 m, SPT

N value is obtained as 13 whereas qc value is obtained as 1.62 MPa in average and
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clay unit is defined as “medium-stiff clay”” according to SPT N values. On the other
hand, if gc values are considered, clay unit is defined as “stiff clay”. From depth of
6.0 m to 13.0 m, SPT N value is obtained as 16 whereas qc value is obtained 1.31
MPa in average. The clay unit in this interval is defined as “stiff clay”. From depth
of 16.0 m, SPT N value is obtained as 24 and qc value is obtained as 1.59 MPa in
average, which indicates “stiff clay”. When the values of SPT N and qc are
compared, they both point out similar stiffness and also strength values for clay
units defined in specified depth of intervals. The graph of In-Situ Settlement (m)
vs. Time (day) behavior measured in the embankment for surface settlement plate
is presented in Figure 3.60. The last measured settlement from surface settlement
plate is 96.1 cm under embankment load with a maximum height of 7.48 m after

640 days of measurement.

(m)

30 BSSK-630
BSSK-470 BSSK-471

BSSK-469
BSSK-688 BS-CPT-17

-30
154+000 154+200 154+400 154+600 154+800 155+000 155+200 155+400 155+600 155+800 156+000

Figure 3.58. The longitudinal geological section of Km: 154+500
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Figure 3.59. SPT N vs. Depth (m) and gc (MPa) vs. Depth (m) graphs for clay
layers
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3.19 KM: 155+000 Section

The soil profile of the embankment at Km: 155+000 is characterized by 30.20 m
deep borehole (BSSK 689), 15.08 m deep borehole (BSSK470) and 28.10 m deep
CPT (BS-CPT-17). The laboratory test results and SPT N graphs are presented in
Appendix A and B, consolidation settlement calculations are presented in

Appendix C. The soil profile consists of the layers shown in Table 3.19:

Table 3.19 A typical soil profile at Km: 155+000 section of the study area

qc fs PI WN
D(ers)th Soil Profile S(P;;\' @ | @) | @ |e| o
D vpay | ey | @) | o) | <R
C|a50(ﬂC|_) 7 1.62 19 | 2
-3.00 y
Sand (SC) 27 345 | a179 | 34 | 26
-4.50
C|aS“I::L) 15 1.23 17 | 32| 76
-12.00 y
sitMy) [o——-| R 6.78 | 60.01
-20.00 et
Stiff 79
24 1.59 a0 | 46
500 | GV (CH) 61
Sand (SM) R 21.00 | 56.00
-31.00
CIaStl(f(];H) 16 145 a0 | 46
-44.59 y

The geological longitudinal section of embankment is presented in Figure 3.61.
SPT results of BSSK-689, 470 boreholes and cone resistance values of BS-CPT-17

results for clay layers are presented in Figure 3.62. According to the geological
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longitudinal section, the embankment with 9.5 m in height is planned to be
constructed on clayey soil with a thickness of more than 35.0 m and also sand
layers are defined at depths of 3.0 m — 4.5 m, 12.0 m — 20.0 m and 28.0 m — 31.0
m. Till to depth of 3.0 m, SPT N value is obtained as 7 whereas qc value is obtained
as 1.62 MPa in average and clay unit is defined as “soft clay” according to SPT N
values. On the other hand, if gc values are considered, clay unit is defined as “stiff
clay”. From depth of 4.5 m to 12.0 m, SPT N value is obtained as 15 whereas qc
value is obtained 1.23 MPa in average. The clay unit in this interval is defined as
“stiff clay”. In depth of interval 20.0 m and 28.0 m, SPT N value is obtained as 24
whereas (¢ value is obtained 1.59 MPa in average. The clay unit in this interval is
defined as “stiff clay”. From depth of 31.0 m, SPT N value is obtained as 16
whereas qc value is obtained 1.45 MPa in average. The clay unit in this interval is
defined as “stiff clay”. When the values of SPT N and qc are compared, except
from the first layer, they both point out similar stiffness and also strength values for
clay units defined in specified depth of intervals.The graph of In-Situ Settlement
(m) vs. Time (day) behavior measured in the embankment for surface settlement
plate is presented in Figure 3.63. The last measured settlement from surface
settlement plate is 107.1 cm under embankment load with a maximum height of 9.5

m after 600 days of measurement.

30 BSSK-690
BSSK-470 BSSK-471

BSSK-469

=}
BSSK-691

-30
154+000 154+200 154+400 154+600 154+800 155+000 155+200 155+400 155+600 155+800 156+000

Figure 3.61. The longitudinal geological section of Km: 155+000
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SPTN SPTN qc
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Depth (m)
Depth (m)

Figure 3.62. SPT N vs. Depth (m) and gc (MPa) vs. Depth (m) graphs for clay
layers
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3.20 KM: 155+551 Section

The soil profile of the embankment at Km: 155+551 is characterized by 21.45 m
deep borehole (BSSK 471) and 29.30 m deep CPT (BS-CPT-18). The laboratory
test results and SPT N graphs are presented in Appendix A and B, consolidation
settlement calculations are presented in Appendix C. The soil profile consists of the

layers shown in Table 3.20:

Table 3.20 A typical soil profile at Km: 155+551 section of the study area

qc fs PI WN
Depth . . SPT N C
(nﬁ) Soil Profile (av) @) | @) | @) | @v) (kF;Ja)
Y ovpa) | wea) | @) | (o)
Sand (SM) 24 515 | 49.32
-6.00
o 85
Mé?;“r?ésl_t)'ff 13 1.49 38 | 3| w
-17.00 Y 100
sand (SM) 22 8.24 | 65.09
-19.50
CIaStl(f(EH) 22 1.80 51 | ;1
-44.30 y

The geological longitudinal section of embankment is presented in Figure 3.64.
SPT results of BSSK-471 borehole and cone resistance values of BS-CPT-18
results for clay layers are presented in Figure 3.65. According to the geological
longitudinal section, the embankment with 10.5 m in height is planned to be
constructed on clayey soil with a thickness of more than 40.0 m and also sand
layers are defined at depths of 0.0 m — 6.0 m and 17.0 m — 19.5 m. From depth of
6.0 mto 17.0 m, SPT N value is obtained as 13 whereas ¢ value is obtained 1.49
MPa in average, which indicates “medium-stiff clay”. From depth of 19.5 m, SPT

N value is obtained as 22 whereas qc value is obtained 1.8 MPa in average, which
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indicates “stiff clay”. When the values of SPT N and gc are compared, they both
point out similar stiffness and also strength values for clay units defined in
specified depth of intervals. The graph of In-Situ Settlement (m) vs. Time (day)
behavior measured in the embankment for surface settlement plate is presented in
Figure 3.66. The last measured settlement from surface settlement plate is 113.4 cm
under embankment load with a maximum height of 10.5 m after 600 days of

measurement.

(m)

30 BSSK-690
BSSK-470 BSSi47

BSSK-469

BSSK-688

-30
154+000 154+200 154+400 154+600 154+800 155+000 155+200 155+400 155+600 155+800 156+000

Figure 3.64. The longitudinal geological section of Km: 155+551
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BSSK-471 BS-CPT-18

SPTN qc (MPa)

10 20 30 40 50 1 2 3 4

Depth (m)
Depth (m)

20— 20—

Figure 3.65. SPT N vs. Depth (m) and gc (MPa) vs. Depth (m) graphs for clay
layers
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3.21 KM: 157+400 Section

The soil profile of the embankment at Km: 157+400 is characterized by 25.95 m
deep borehole (BSSK 474) and 29.00 m deep CPT (BS-CPT-19). The laboratory
test results and SPT N graphs are presented in Appendix A and B, consolidation
settlement calculations are presented in Appendix C. The soil profile consists of the

layers shown in Table 3.21:

Table 3.21 A typical soil profile at Km: 157+400 section of the study area

D(enﬁ)t " Soil Profile sg/ ;\' (3\:.) (afi.) (;/I.) (:\l,h,‘) (k;ua)
7 lovea) | wra) | %) | )

200 C|a>S’O::3H) 6 1.20 42 30

500 | C& (Scttlflvl L) 14 1.41 42 33

7,00 (Sl\ja.ra L) 14 16.60 | 55.70 | NP 25

4265 Clay ?gfl_f-CH) 15 1.39 36 28 ié;

The geological longitudinal section of embankment is presented in Figure 3.67.
SPT results of BSSK-474 borehole and cone resistance values of BS-CPT-19
results for clay layers are presented in Figure 3.68. According to the geological
longitudinal section, the embankment with 8.5 m in height is planned to be
constructed on clayey soil with a thickness of more than 40.0 m and also sand
layers are defined at depth of 5.0 m — 7.0 m. Till to depth of 2.0 m, SPT N value is
obtained as 6 whereas c value is obtained as 1.2 MPa in average. According to
SPT N values, it is defined as “soft clay”. On the other hand, if qc values are

considered, it is defined as “medium-stiff clay”. From depth of 2.0 m to 5.0 m, SPT
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N value is obtained as 14 whereas qc value is obtained 1.41 MPa in average, which
indicates “stiff clay”. From depth of 7.0 m, SPT N value is obtained as 15 whereas
gc value is obtained 1.39 MPa in average, which indicates “stiff clay”. When the
values of SPT N and qc are compared, except from the first layer, they both point
out similar stiffness and also strength values for clay units defined in specified
depth of intervals. The graph of In-Situ Settlement (m) vs. Time (day) behavior
measured in the embankment for surface settlement plate is presented in Figure
3.69. The last measured settlement from surface settlement plate is 115.2 cm under

embankment load with a maximum height of 8.5 m after 335 days of measurement.

(m)

K-690

| BSSK-691 ! ! ! T BS-CPT-20

BSSK-475

-30
156+000 156+200 156+400 156+600 156+800 157+000 157+200 157+400 157+600 157+800 158+000

Figure 3.67. The longitudinal geological section of Km: 157+400
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BSSK-474 BS-CPT-19

SPTN qc (MPa)

10 20 30 40 50 1 2 3 4

Depth (m)
Depth (m)

20— 20—

Figure 3.68. SPT N vs. Depth (m) and gc (MPa) vs. Depth (m) graphs for clay
layers
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3.22 KM: 1584000 Section

The soil profile of the embankment at Km: 158+000 is characterized by 24.45 m
deep borehole (BSSK 475) and 29.84 m depth BS-CPT-20 test result. The
laboratory test results and SPT N graphs are presented in Appendix A and B,

consolidation settlement calculations are presented in Appendix C. The soil profile

consists of the layers shown in Table 3.22:

Table 3.22 A typical soil profile at Km: 158+000 section of the study area

Depth Soil Profile
(m)
M edium-Stiff
750 Clay (CL-ML)
Loose
-9.00 Sand (SM-ML)
Stiff
18.00 Clay (CH)
M edium Dense
19.50 Sand (SM)
Stiff
2250 Clay (CH)
Medium Dense
24,00 Sand (SM)
Stiff
-38.00 Clay (CL)

spTN | % s PLAp wn f
(av) ﬁvﬁl) ((:;2) ((?’Z))) (;Z,S) (kPa)
11 115 18 | 23
8 590 | 3270 | np | 30
17 159 35 | 20 | 102
21 152 | soso | NP | 14
21 151 a | 31
21 311 | 4754 | 10 | 27
22 1.70 33 | 32
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The geological longitudinal section of embankment is presented in Figure 3.70.
SPT results of BSSK-475 borehole and cone resistance values of BS-CPT-20
results for clay layers are presented in Figure 3.71. According to the geological
longitudinal section, the embankment with 8.79 m in height is planned to be
constructed on clayey soil with a thickness of more than 35.0 m, and also sand
layers are defined at depths of 7.5 m — 9.0 m, 18.0 m — 19.5 m and 22.5 m — 24.0
m. Till to depth of 7.5 m, SPT N value is obtained as 11 whereas qc value is
obtained as 1.15 MPa in average and clay unit is defined as “medium-stiff clay”.
From depth of 9.0 m to 18.0 m, SPT N value is obtained as 17 whereas qc value is
obtained 1.59 MPa in average, which indicates “stiff clay”. From depth of 19.5 m
to 22.5 m, SPT N value is obtained as 21 whereas . value is obtained 1.51 MPa in
average, which indicates “stiff clay”. From depth of 24.0 m, SPT N value is
obtained as 22 whereas qc value is obtained 1.70 MPa in average, which indicates
“stiff clay”. When the values of SPT N and qc are compared, they both point out
similar stiffness and also strength values for clay units defined in specified depth of
intervals. The graph of In-Situ Settlement (m) vs. Time (day) behavior measured in
the embankment for surface settlement plate is presented in Figure 3.72. The last
measured settlement from surface settlement plate is 108.1 cm under embankment

load with a maximum height of 8.79 m after 440 days of measurement.

(m)

K-690 |
| BSSK-691

BSSK-475

-30
156+000 156+200 156+400 156+600 156+800 157+000 157+200 157+400 157+600 157+800 158+000

Figure 3.70. The longitudinal geological section of Km: 158+000
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BSSK-475 BS-CPT-20

SPTN gc (MPa)
10 20 30 40 S0 1 2 3 4
= E
E <
£ &
> o
] 10— 10—
15— 15—
20— 20—
25—

Figure 3.71. SPT N vs. Depth (m) and gc (MPa) vs. Depth (m) graphs for clay
layers
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3.23 KM: 1594565 Section

The soil profile of the embankment at Km: 159+565 is characterized by 21.45 m
deep borehole (BSSK 477) and 31.1 m depth BS-CPT-22 test result. The laboratory
test results and SPT N graphs are presented in Appendix A and B, consolidation
settlement calculations are presented in Appendix C. The soil profile consists of the

layers shown in Table 3.23:

Table 3.23 A typical soil profile at Km: 159+565 section of the study area

Je fs Pl Wy
g Soil Profile PINT @y e | @) |an]  ©
m @) | wpa) | kea) | 06 | og) | &°9
Dense
sand 33 | 1460 | 5780 | np | 14
750 | (sw-sm-sp)
M edium Stiff- 84
Stiff Clay (CL- 12 124 23 | |
11250 CH)
sand 6.45 | 56.02
11350
Stiff
Clay 20 157 28 | 3a | 100
3795 | (CL-CH-ML)

The geological longitudinal section of embankment is presented in Figure 3.73.
SPT results of BSSK-477 borehole and cone resistance values of BS-CPT-22
results for clay layers are presented in Figure 3.74. According to the geological
longitudinal section, the embankment with 7.2 m in height is planned to be
constructed on clayey soil with a thickness of more than 35.0 m, and also sand
layers are defined at depths of 0.0 m — 7.5 m and 12.5 m — 13.5 m. From depth of
7.5 mto 12.5 m, SPT N value is obtained as 12 whereas qc value is obtained 1.24
MPa in average, which indicates “medium-stiff clay”. From depth of 13.5 m, SPT

N value is obtained as 20 whereas qc value is obtained 1.57 MPa in average, which
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indicates “stiff clay”. When the values of SPT N and gc are compared, they both
point out similar stiffness and also strength values for clay units defined in
specified depth of intervals. The graph of In-Situ Settlement (m) vs. Time (day)
behavior measured in the embankment for surface settlement plate is presented in
Figure 3.75. The last measured settlement from surface settlement plate is 80.5 cm
under embankment load with a maximum height of 7.2 m after 480 days of

measurement.

BSSK-AT5 BSSK-476 BS-CPT-22 | BSSK-ATT

-30

15684000 158+200 158+400 158+600 158+800 158+000 159+200 150+400 159+600 159+800 160+000

Figure 3.73. The longitudinal geological section of Km: 159+565
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Figure 3.74. SPT N vs. Depth (m) and qc (MPa) vs. Depth (m) graphs for clay
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3.24 KM: 161+764 Section

The soil profile of the embankment at Km: 161+764 is characterized by 18.09 m
depth borehole (BSSK-480), 24.45 m depth borehole (BSSK-481) and 20.14 m
depth CPT (BS-CPT-25). The laboratory test results and SPT N graphs are
presented in Appendix A and B, consolidation settlement calculations are presented

in Appendix C. The soil profile consists of the layers shown in Table 3.24:

Table 3.24 A typical soil profile at Km: 161+764 section of the study area

qc fs PI WN
D(?E)th Soil Profile SE:/;\I (av.) (av.) (av.) | (av.) kIC;
D vpay | ey | @) | o) | <R
Medium Dense .
23 421 | 39.25
w00 | Snd M-S0y |
CIaS“I::L) 17 0.89 12 | 25
-6.00 y
M;::a”zs'ijr)’se 21 393 | 7287 | np | 25 | 82
-9.00
CIaS“:::L) 20 1.29 5 | 26
-11.00 y
M;::énzsﬁij')‘se' R 530 | 4276 | NP | 12
-19.00
Stiff
Clay 1.52
-38.14 (CH-CL)

The geological longitudinal section of embankment is presented in Figure 3.76.
SPT results of BSSK-480, BSSK-481 boreholes and cone resistance values of BS-
CPT-24 results for clay layers are presented in Figure 3.77. According to the
geological longitudinal section, the embankment with 6.5 m in height is planned to

be constructed on clayey soil with a thickness of more than 35.0 m and also sand
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layers are defined at depths of 0.0 m —4.0 m, 6.0 m - 9.0 mand 11.0 m — 19.0 m.
From depth of 4.0 m to 6.0 m, SPT N value is obtained as 17 whereas gc value is
obtained 0.89 MPa in average. According to SPT N values, clay unit is defined as
“stiff clay”. On the other hand, when gc values are taken into account, it is defined
as “medium-stiff clay”. From depth of 9.0 m to 11.0 m, SPT N value is obtained as
20 whereas Q¢ value is obtained 1.29 MPa in average, which indicates “stiff clay”.
From depth of 19.0 m, q. value is obtained 1.52 MPa in average, which indicates
“stiff clay”. When the values of SPT N and qc are compared, they both point out
similar stiffness and also strength values for clay units defined in specified depth of
intervals. The graph of In-Situ Settlement (m) vs. Time (day) behavior measured in
the embankment for surface settlement plate is presented in Figure 3.78. The last
measured settlement from surface settlement plate is 81.9 cm under embankment

load with a maximum height of 6.5 m after 590 days of measurement.

(m)
2% — BSSK-364 BSSK-480
BS-CPT-28 oy
BSSK-478 BSSK-479 I ask R

! T I
|l
.

160+400  160+600  160+800  161+000  161+200  161+400  161+600  161+800

Figure 3.76. The longitudinal geological section of Km: 161+764



BSSK-480 BSSK-481 BS-CPT-24

SPTN SPTN qc (MPa)
10 20 30 40 5 10 20 30 40 5 12 3 4
-~ ~ E
13 E =
£
< < g
& g a
) 10— ] 10 10—
15 15 15.~|
|
20 20—

Figure 3.77. SPT N vs. Depth (m) and gc (MPa) vs. Depth (m) graphs for clay
layers
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3.25 KM: 162+555 Section

The soil profile of the embankment at Km: 162+555 is characterized by 24.45 m
depth borehole (BSSK-481) and 20.14 m depth CPT (BS-CPT-25). The laboratory
test results and SPT N graphs are presented in Appendix A and B, consolidation
settlement calculations are presented in Appendix C. The soil profile consists of the

layers shown in Table 3.25:

Table 3.25 A typical soil profile at Km: 162+555 section of the study area

Qe fs Pl WN
Depth . , SPT N &
(rE) Soil Profile (av) (av.) @v) | @) | (av) (kF;Ja)
' (MPa) | (kPa) | (%) | (%)
M é?;ur?ési)lff 13 0.88 17 19
-2.00 y
Medium Dense -:
21 421 | 39.25
450 Sand (SM)
CIaSOE: ) 7 0.89 13 | 21| s6
-6.50 y
Medium Dense :
21 3.93 72.87 NP 16
8.00 Sand (SM)
M é:ﬂ;ur?éSLt)lff 11 1.29 18 | 23 82
-12.50 y
M ;::g?slijr)]se 25 530 | 4476 | NP | 23
-16.50
M edium-Stiff
12 1.28 36 29
9850 Clay (CL-CH)

The geological longitudinal section of embankment is presented in Figure 3.79.
SPT results of BSSK-481 borehole and cone resistance values of BS-CPT-25

results for clay layers are presented in Figure 3.80. According to the geological

146



longitudinal section, the embankment with 9.2 m in height is planned to be
constructed on clayey soil with a thickness of more than 25.0 m, and also sand
layers are defined at depths of 20 m —4.5m, 6.5 m—8.0 m and 12.5 m — 16.5 m.
Till to depth of 2.0 m, SPT N value is obtained as 13 whereas qc value is obtained
as 0.88 MPa in average and clay unit is defined as “medium-stiff clay”. From depth
of 4.5 mto 6.5 m, SPT N value is obtained as 7 whereas qc value is obtained 0.89
MPa in average, which indicates “soft clay” according to SPT N values and
“medium-stiff clay” according to qc values. From depth of 8.0 m to 12.5 m, SPT N
value is obtained as 11 whereas qc value is obtained 1.29 MPa in average, which
indicates “medium-stiff clay”. From depth of 16.5 m, SPT N value is obtained as
12 whereas qc value is obtained 1.28 MPa in average, which indicates “medium-
stiff clay”. When the values of SPT N and qc are compared, they both point out
similar stiffness and also strength values for clay units defined in specified depth of
intervals. The graph of In-Situ Settlement (m) vs. Time (day) behavior measured in
the embankment for surface settlement plate is presented in Figure 3.81. The last
measured settlement from surface settlement plate is 103.2 cm under embankment

load with a maximum height of 9.2 m after 540 days of measurement.

(m)
BSSK-483
BSSK-365 5
BSSK-481 )
2% T BS-CPT-25 | BSSK-482 BS-CPT-25A

2014 m 18.45m
Qal (Clay)

: 2445m T Eary o S ST SRR
Qal (Sand)

40.00 m

25 40.00 m

1624200  162+400 1624600 162+800 163+000 163+200 163+400 163+600  163+800

Figure 3.79. The longitudinal geological section of Km: 162+555
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BSSK-481 BS-CPT-25

SPTN qc (MPa)
10 20 30 40 a0 1 2 3 4 5
5 ~ 5—
- E
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c a
- Q
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0O

20— 20

Figure 3.80. SPT N vs. Depth (m) and gc (MPa) vs. Depth (m) graphs for clay
layers
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3.26 KM: 163+000 Section

The soil profile of the embankment at Km: 163+000 is characterized by 18.45 m
depth borehole (BSSK-482) and 20.14 m depth CPT (BS-CPT-25). The laboratory
test results and SPT N graphs are presented in Appendix A and B, consolidation
settlement calculations are presented in Appendix C. The soil profile consists of the

layers shown in Table 3.26:

Table 3.26 A typical soil profile at Km: 163+000 section of the study area

qc fs PI WN
Depth . . SPT N
(era) Soil Profile ) (av.) (av.) | (@) | (av.) (k(lija)
' (MPa) | (kPa) (%) (%)
Medium Dense |
19 3.32 53.67
2,00 Sand (SM)
Mce?;“r?;f)'ff 9 116 19 | 35
-13.00 y
Stiff
18 1.30 36 32
-28.00 Clay (CH-CL)

The geological longitudinal section of embankment is presented in Figure 3.82.
SPT results of BSSK-482 borehole and cone resistance values of BS-CPT-25
results for clay layers are presented in Figure 3.83. According to the geological
longitudinal section, the embankment with 8.5 m in height is planned to construct
on clayey soil with a thickness of 28.0 m and also sand layers are defined at depth
of 0.0 m — 2.0 m. From depth of 2.0 m to 13.0 m, SPT N value is obtained as 9
whereas (c value is obtained 1.16 MPa in average, which indicates “medium-stiff
clay”. From depth of 13.0 m to 28.8 m, SPT N value is obtained as 18 whereas qc
value is obtained 1.30 MPa in average, which indicates “stiff clay”. When the

values of SPT N and qc are compared, they both point out similar stiffness and also
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strength values for clay units defined in specified depth of intervals. The graph of
In-Situ Settlement (m) vs. Time (day) behavior measured in the embankment for
surface settlement plate is presented in Figure 3.84. The last measured settlement
from surface settlement plate is 130.7 cm under embankment load with a maximum

height of 10.5 m after 1000 days of measurement.

(m)

BSSK-483
BSSK-481 BSSK-365 BsSK—484
25 BS-CPT-25 | BSSK-482 | BS-CPT-25A

18.45m

: Qal (Clay)
24.45m PRI Ty o e moors DRaa
:__" Qal (Sand)
40,00 m
25 40.00 m

1624200  162+400 162+600 1624800  163+000  163+200 163+400 163+600  163+800

Figure 3.82. The longitudinal geological section of Km: 163+000
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Figure 3.83
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. SPT N vs. Depth (m) and qc (MPa) vs
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The summary of description of the instrumented embankment sections are
presented in Table 3.27. As presented in this table, settlement plates are located at
surface except two stations which are Km: 139+764 and Km: 139+860. At Km:
139+764 and Km: 139+860, deep settlement plates are placed at depth of 24.0 m.
Hence, in these station, settlement amounts till to depth of 24.0 m can be obtained
by subtracting the settlement amounts read from surface settlement plate to deep

settlement plate.

The maximum and minimum embankment heights are 11.18 m and 6.5 m,
respectively. The average of the embankment heights is 9.0 m. As presented in this
table, the maximum settlement amount is measured as 171.9 cm under the
embankment with a height of 11.0 m at Km: 151+220. The minimum settlement

amount is measured as 80.5 m under the embankment with a height of 7.21 m.

The thickness of sand is lower than 20% of clay thickness, in average. The ratio of
sand thickness to clay thickness is lower than 10% in flood area, where it is defined
in between Km: 139+000 and Km: 145+000.

SPT N values in clay units change in interval of 11 and 15 and they are defined as
medium stiff clay according to SPT N values. Cone tip resistance values (qc)
mostly take place in range of 0.9 — 1.2 MPa and they are compatible to SPT N

values.
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Table 3.27 Summary of field description of the instrumented embankment sections

. Total
Final sand
. Settlement Plate | Embankment settlement Thickness SPT N of clay qc (MPa) of
Kilometer Location Height (m) _measured (m)/Clay _Iayers clgy layers
in the plate . (weighted av.) | (weighted av.)
Thickness
©m )
Depth: 0.0-24.0 m 98.2
KM 139+764 Depth>24.0 m 8.8 691 0.011 18 1.691
Depth: 0.0-24.0 m 100.2

KM 139+860 Depth>24.0 m 8.8 900 0.011 18 1.691
KM 140+592 Surface 8.8 116.6 0.012 18 1.691
KM 141+680 Surface 10 181.2 0.163 17 1.188
KM 142+000 Surface 9.97 125.8 0.149 22 1.189
KM 142+400 Surface 8.09 105.8 0.133 17 1.191
KM 143+107 Surface 8.45 127.0 0.101 15 1.118
KM 144+000 Surface 9.98 155.4 0.095 16 1.138
KM 145+000 Surface 8.45 116.8 0.197 16 1.389
KM 146+210 Surface 11.18 108.8 0.227 14 1.122
KM 147+000 Surface 8.1 98.0 0.091 15 1.074
KM 149+000 Surface 8.2 96.0 0.246 19 1.334
KM 150+000 Surface 9.98 107.2 0.248 12 1.628
KM 150+500 Surface 10.41 150.6 0.095 12 1.449
KM 151+220 Surface 11 171.9 0.145 14 0.932
KM 1514975 Surface 9.76 123.7 0.216 15 0.929
KM 152+000 Surface 8.19 108.3 0.236 14 0.929
KM 154+500 Surface 7.49 96.1 0.080 20 1.542
KM 155+000 Surface 9.5 107.1 0.390 17 1.449
KM 155+551 Surface 10.5 113.4 0.237 19 1.705
KM 157+400 Surface 8.52 115.3 0.049 14 1.382
KM 158+000 Surface 8.79 108.1 0.134 18 1.553
KM 159+565 Surface 7.21 80.5 0.289 19 1.514
KM 161+764 Surface 6.5 81.9 0.648 16 1.446
KM 162+555 Surface 9.2 103.2 0.390 11 1.237
KM 163+000 Surface 8.5 130.7 0.077 14 1.241
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CHAPTER 4

EVALUATION OF THE CALCULATED AND OBSERVED
SETTLEMENTS

4.1

Introduction

In this part of the study, 26

139+860, Km:
143+107, Km:
149+000, Km:
152+000, Km:

140+592, Km:
144+000, Km:
150+000, Km:
154+500, Km:

different sections, namely; Km:
141+680, Km: 142+000, Km:
Km: 146+210, Km:
150+500, Km: 151+220, Km:
155+000, Km: 155+551, Km:

145+000,

139+764, Km:
142+400, Km:
147+000, Km:
151+975, Km:
157+400, Km:

158+000, Km:159+565, Km: 161+764, Km: 162+555 and Km:163+000, were
evaluated and observed settlements were divided into 3 phases; namely primary,

secondary and tertiary on settlement vs. time curves.

The primary consolidation amounts, calculated and presented in Chapter 3, were
compared with observed values supplied by instrumentation of test embankments

and ratios of measured/calculated values were evaluated.

Asaoka’s and Horn’s Methods were used to predict the final settlement amounts
using 70% of the monitored settlement data, and the calculated results were
compared with the observed values to evaluate their applicability in engineering

practice.

The compression — time relationships obtained from the field data were evaluated
to define the complete time and amount of primary consolidation settlements.
Secondary and tertiary compressions occurring after hydrodynamic primary period,
are described by linear settlement — log time and settlement - Vtime curves with

slopes of Cs and C:.
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Furthermore, consolidation amounts supplied by Stroud et. al. (1974) were
compared with observed values. Coefficients of am Were evaluated conducting back
analysis of CPT data and compared with the approaches recommended in literature.
The coefficients of secondary consolidation were calculated from settlement vs.
square root (time) graphs and compared with the results of correlations proposed in

literature.

Secondary and Tertiary Compression Index values (Cs-Ct) were calculated and
ranges for obtaining of these index values from Compression Index (Cc) values

were recommended.

In order to find correction factors between the observed and the calculated
consolidation settlements (S#/Sc), Primary and Secondary Consolidation Ratio
(Cs/C¢), Primary and Tertiary Consolidation Ratio (Ci/Cc), Mygfieldy/My(stroud) linear
and nonlinear regression analysis were performed by considering LL, LI, PI, SPT
N, wn, eo parameters as independent variables. In order to take the geological
succession into account, A values, which are the ratios of sand thickness to clay
thickness, and y values, the ratio of length of road platform to total clay thickness,

were utilized.

4.2  Primary Consolidation Settlements

In order to determine the primary consolidation settlements occurred in the field for
26 stations under embankment loads, utilized approaches were graphical and semi-
empirical methods (Asaoka’s and Horn’s Methods) with 70% of settlement data
and compression — time relations (log (Time) vs. settlements and V(Time) vs.

settlements graphs).
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42.1 Asaoka’s and Horn’s Methods

Asaoka plots of surface and deep settlement plates for Station 1 (Km: 139+764) are
used to predict the final settlement amount (Figure 4.1). According to Asaoka plot,
final settlement amount is obtained as 145.0 cm for surface settlement plate, 55.0
cm for deep settlement plate (>24.0 m). Hence, the final predicted settlement for
0.0 m and 24.0 m is obtained as 90.0 cm.

160 70
150 = 145 cm
140 60 QI*Q‘ cm
130
120
50
110
100
40
90 &
v 80 p
70 v/ 30
/Z
60 v
/|
50 7 20
/
40 ,
/
30 #
ol 10
= "4
10
0 0
0 10 20 30 40 50 60 70 80 90 100110120 130 140 150 160 0 10 20 30 40 50 60 70
S-1 5-1

Figure 4.1. Asaoka plot for Km: 139+764 for surface and deep settlement plates

Horn plots of surface and deep settlement plates for Station 1 (Km: 139+764) are
used to predict the final settlement amount (Figure 4.2). According to Horn plot,
final settlement amount is obtained as 141.0 cm for surface settlement plate, 48.0
cm for deep settlement plate (>24.0 m). Hence, the final predicted settlement for
0.0 m and 24.0 m is obtained as 93.0 cm.
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Figure 4.2. Horn plot for Km: 139+764 for surface and deep settlement plates

Asaoka plot of surface and deep settlement plates for Station 2 (Km: 139+860) are
used to predict the final settlement amount (Figure 4.3). According to Asaoka plot,
final settlement amount is obtained as 163.0 cm for surface settlement plate, 68.0
cm for deep settlement plate (>24.0 m). Hence, the final predicted settlement for
0.0 m and 24.0 m is obtained as 95.0 cm.
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170 /
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20
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10
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;-1 §-1

Figure 4.3. Asaoka plot for Km: 139+860 for surface and deep settlement plates
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Horn plot of surface and deep settlement plates for Station 2 (Km: 139+860) are
used to predict the final settlement amount (Figure 4.4). According to Horn plot,
final settlement amount is obtained as 141.7 cm for surface settlement plate, 50.0
cm for deep settlement plate (>24.0 m). Hence, the final predicted settlement for
0.0 m and 24.0 m is obtained as 91.7 cm.

t (days) t(days)

0 50 100 150 200 0 20 ] 1] 80 100 120 140 160

t/s
/
t/s
-

S=141.7 cm

12 \ §~50.0 cm
. 3 )

[ ]
14 . R
0 ]

Figure 4.4. Horn plot for Km: 139+860 for surface and deep settlement plates

Asaoka plot of settlement data of surface settlement plate for Station 3 (Km:
140+592) is used to predict the final settlement amount (Figure 4.5). According to
Asaoka plot, final settlement amount is obtained as 118.0 cm and according to

Horn plot, final settlement amount is obtained as 111.11 cm.
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Figure 4.5. Asaoka and Horn plot for Km: 140+592 for surface settlement plates

Asaoka plot of settlement data of surface settlement plate for Station 4 (Km:
141+680) is used to predict the final settlement amount (Figure 4.6). According to
Asaoka plot, final settlement amount is obtained as 170.0 cm and according to

Horn plot, final settlement amount is obtained as 190.47 cm.
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Sk 170 t(days)
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Figure 4.6. Asaoka and Horn plot for Km: 141+680 for surface settlement plates
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Asaoka plot of settlement data of surface settlement plate for Station 5 (Km:
142+000) is used to predict the final settlement amount (Figure 4.7). According to
Asaoka plot, final settlement amount is obtained as 119.0 cm and according to
Horn plot, final settlement amount is obtained as 125.0 cm.

t(days)
80

120 S 119 cm 0 20 ) 60

100 120 140

0
S
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Figure 4.7. Asaoka and Horn plot for Km: 142+000 for surface settlement plates

Asaoka plot of settlement data of surface settlement plate for Station 6 (Km:
142+400) is used to predict the final settlement amount (Figure 4.8). According to
Asaoka plot, final settlement amount is obtained as 118.0 cm and according to
Horn plot, final settlement amount is obtained as 111.11 cm.
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Figure 4.8. Asaoka and Horn plot for Km: 142+400 for surface settlement plates

Asaoka plot of settlement data of surface settlement plate for Station 7 (Km:
143+107) is used to predict the final settlement amount (Figure 4.9). According to
Asaoka plot, final settlement amount is obtained as 114.0 cm and according to

Horn plot, final settlement amount is obtained as 111.11 cm.
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Figure 4.9. Asaoka and Horn plot for Km: 143+107 for surface settlement plates
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Asaoka plot of settlement data of surface settlement plate for Station 8 (Km:
144+000) is used to predict the final settlement amount (Figure 4.10). According to
Asaoka plot, final settlement amount is obtained as 114.0 cm and according to
Horn plot, final settlement amount is obtained as 104 cm.

S~=114 cm 0 20 40 60 80 100 120 140
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Figure 4.10. Asaoka and Horn plot for Km: 144+000 for surface settlement plates

Asaoka plot of settlement data of surface settlement plate for Station 9 (Km:
145+000) is used to predict the final settlement amount (Figure 4.11). According to
Asaoka plot, final settlement amount is obtained as 124.28 cm and according to
Horn plot, final settlement amount is obtained as 109.09 cm.
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Figure 4.11. Asaoka and Horn plot for Km: 145+000 for surface settlement plates

Asaoka plot of settlement data of surface settlement plate for Station 10 (Km:
146+210) is used to predict the final settlement amount (Figure 4.12). According to
Asaoka plot, final settlement amount is obtained as 114.77 cm and according to

Horn plot, final settlement amount is obtained as 111.3 cm.
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Figure 4.12. Asaoka and Horn plot for Km: 146+210 for surface settlement plates
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Asaoka plot of settlement data of surface settlement plate for Station 11 (Km:
147+000) is used to predict the final settlement amount (Figure 4.13). According to
Asaoka plot, final settlement amount is obtained as 83.0 cm and according to Horn
plot, final settlement amount is obtained as 80.0 cm.
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Figure 4.13. Asaoka and Horn plot for Km: 147+000 for surface settlement plates

Asaoka plot of settlement data of surface settlement plate for Station 12 (Km:
149+000) is used to predict the final settlement amount (Figure 4.14). According to
Asaoka plot, final settlement amount is obtained as 72.0 cm and according to Horn

plot, final settlement amount is obtained as 75.0 cm.
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Figure 4.14. Asaoka and Horn plot for Km: 149+000 for surface settlement plates

Asaoka plot of settlement data of surface settlement plate for Station 13 (Km:

150+000) is used to predict the final settlement amount (Figure 4.15). According to

Asaoka plot, final settlement amount is obtained as 109.0 cm and according to

Horn plot, final settlement amount is obtained as 105.0 cm.
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Figure 4.15. Asaoka and Horn plot for Km: 150+000 for surface settlement plates
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Asaoka plot of settlement data of surface settlement plate for Station 14 (Km:
150+500) is used to predict the final settlement amount (Figure 4.16). According to
Asaoka plot, final settlement amount is obtained as 124.76 cm and according to
Horn plot, final settlement amount is obtained as 123.08 cm.
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Figure 4.16. Asaoka and Horn plot for Km: 150+500 for surface settlement plates

Asaoka plot of settlement data of surface settlement plate for Station 15 (Km:
151+220) is used to predict the final settlement amount (Figure 4.17). According to
Asaoka plot, final settlement amount is obtained as 159.0 cm and according to
Horn plot, final settlement amount is obtained as 156.25 cm.
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Figure 4.17. Asaoka and Horn plot for Km: 151+220 for surface settlement plates

Asaoka plot of settlement data of surface settlement plate for Station 16 (Km:

151+975) is used to predict the final settlement amount (Figure 4.18). According to

Asaoka plot, final settlement amount is obtained as 127.0 cm and according to

Horn plot, final settlement amount is obtained as 125.0 cm
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Figure 4.18. Asaoka and Horn plot for Km: 151+975 for surface settlement plates
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Asaoka plot of settlement data of surface settlement plate for Station 17 (Km:
152+000) is used to predict the final settlement amount (Figure 4.19). According to
Asaoka plot, final settlement amount is obtained as 110.0 cm and according to
Horn plot, final settlement amount is obtained as 100.0 cm.
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Figure 4.19. Asaoka and Horn plot for Km: 152+000 for surface settlement plates

Asaoka plot of settlement data of surface settlement plate for Station 18 (Km:
154+500) is used to predict the final settlement amount (Figure 4.20). According to
Asaoka plot, final settlement amount is obtained as 83.0 cm and according to Horn
plot, final settlement amount is obtained as 90.9 cm.
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Figure 4.20. Asaoka and Horn plot for Km: 154+500 for surface settlement plates

Asaoka plot of settlement data of surface settlement plate for Station 19 (Km:
155+000) is used to predict the final settlement amount (Figure 4.21). According to
Asaoka plot, final settlement amount is obtained as 85.0 cm and according to Horn

plot, final settlement amount is obtained as 100.0 cm.
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Figure 4.21. Asaoka and Horn plot for Km: 155+000 for surface settlement plates
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Asaoka plot of settlement data of surface settlement plate for Station 20 (Km:
155+551) is used to predict the final settlement amount (Figure 4.22). According to
Asaoka plot, final settlement amount is obtained as 117.0 cm and according to
Horn plot, final settlement amount is obtained as 107.0 cm.
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Figure 4.22. Asaoka and Horn plot for Km: 155+551 for surface settlement plates

Asaoka plot of settlement data of surface settlement plate for Station 21 (Km:
157+400) is used to predict the final settlement amount (Figure 4.23). According to
Asaoka plot, final settlement amount is obtained as 115.0 cm and according to
Horn plot, final settlement amount is obtained as 118.75 cm.

173



t (days)

0 10 20 30 40 50 60 70 80

S¢=115 em

0.1

3
t/s
/

0.4

S 118.75 cm
0.6

0.7

] 10 20 30 40 50 60 70 80 S0 100 110 120 130 140 150
08
S-1

Figure 4.23. Asaoka and Horn plot for Km: 157+400 for surface settlement plates

Asaoka plot of settlement data of surface settlement plate for Station 22 (Km:
158+000) is used to predict the final settlement amount (Figure 4.24). According to
Asaoka plot, final settlement amount is obtained as 115.0 cm and according to
Horn plot, final settlement amount is obtained as 118.75 cm.
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Figure 4.24. Asaoka and Horn plot for Km: 158+000 for surface settlement plates
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Asaoka plot of settlement data of surface settlement plate for Station 23 (Km:
159+565) is used to predict the final settlement amount (Figure 4.25). According to
Asaoka plot, final settlement amount is obtained as 66.0 cm and according to Horn
plot, final settlement amount is obtained as 58.0 cm.
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Figure 4.25. Asaoka and Horn plot for Km: 159+565 for surface settlement plates

Asaoka plot of settlement data of surface settlement plate for Station 24 (Km:
161+764) is used to predict the final settlement amount (Figure 4.26). According to
Asaoka plot, final settlement amount is obtained as 73.0 cm and according to Horn

plot, final settlement amount is obtained as 88.0 cm.
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Figure 4.26. Asaoka and Horn plot for Km: 161+764 for surface settlement plates

Asaoka plot of settlement data of surface settlement plate for Station 25 (Km:
162+555) is used to predict the final settlement amount (Figure 4.27). According to
Asaoka plot, final settlement amount is obtained as 100.5 cm and according to
Horn plot, final settlement amount is obtained as 100.0 cm.
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Figure 4.27. Asaoka and Horn plot for Km: 162+555 for surface settlement plates
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Asaoka plot of settlement data of surface settlement plate for Station 26 (Km:
163+000) is used to predict the final settlement amount (Figure 4.28). According to
Asaoka plot, final settlement amount is obtained as 85.0 cm and according to Horn
plot, final settlement amount is obtained as 89.0 cm.
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Figure 4.28. Asaoka and Horn plot for Km: 163+000 for surface settlement plates

4.2.2 Primary consolidation settlements from field settlement — time
data: Vt method

In Figure 4.29, completion times of the primary consolidation for Station 1 at Km:
139+764 and for Station 2 at Km: 139+860 are obtained as 146 and 125 days with

final primary consolidation amounts of 91 cm and 92 cm, respectively.

177



Sqrt (Time) (days) Sqrt (Time) (days)
0 5 10 15 20 25 0 5 10 1 2 25 30

B 2
£ £ .
g &0 é‘ﬁ 0 Sor‘ZSJ cm
@ 3 <,/
\
Km: 139+764 Km: 139+860

Figure 4.29. Primary consolidation settlement amounts for Station 1 at Km:
139+764 and for Station 2 at Km: 139+860

In Figure 4.30, completion times of the primary consolidation for Station 3 at Km:
140+592 and for Station 4 at Km: 141+680 are obtained as 529 and 676 days with

final primary consolidation amounts of 102 cm and 185 cm, respectively.
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Figure 4.30. Primary consolidation settlement amounts for Station 3 at Km:
140+592 and for Station 4 at Km: 141+680

In Figure 4.31, completion times of the primary consolidation for Station 5 at Km:
142+000 and for Station 6 at Km: 142+400 are obtained as 729 days with final

primary consolidation amounts of 129 cm and 120 cm, respectively.
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Figure 4.31. Primary consolidation settlement amounts for Station 5 at Km:
142+000 and for Station 6 at Km: 142+400

In Figure 4.32, completion times of the primary consolidation for Station 7 at Km:
143+107 and for Station 8 at Km: 144+000 are obtained as 475 and 310 days with

final primary consolidation amounts of 102 cm and 112 cm, respectively.
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Figure 4.32. Primary consolidation settlement amounts for Station 7 at Km:
143+107 and for Station 8 at Km: 144+000

In Figure 4.33, completion times of the primary consolidation for Station 9 at Km:
145+000 and for Station 10 at Km: 146+210 are obtained as 210 and 144 days with

primary consolidation amounts of 89 cm and 97 cm, respectively.
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Figure 4.33. Primary consolidation settlement amounts for Station 9 at Km:
145+000 and for Station 10 at Km: 146+210

In Figure 4.34, completion times of the primary consolidation for Station 11 at Km:
147+000 and for Station 12 at Km: 149+000 are obtained as 331 and 420 days with

primary consolidation amounts of 82 cm and 89 cm, respectively.
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Figure 4.34. Primary consolidation settlement amounts for Station 11 at Km:
147+000 and for Station 12 at Km: 149+000

In Figure 4.35, completion times of the primary consolidation for Station 13 at Km:
150+000 and for Station 14 at Km: 150+500 are obtained as 529 and 392 days with

primary consolidation amounts of 113 cm and 122 cm, respectively.
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Figure 4.35. Primary consolidation settlement amounts for Station 13 at Km:
150+000 and for Station 14 at Km: 150+500

In Figure 4.36, completion times of the primary consolidation for Station 15 at Km:
151+220 and for Station 16 at Km: 151+975 are obtained as 298 and 428 days with
primary consolidation amounts of 158 cm and 117 cm, respectively.
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Figure 4.36. Primary consolidation settlement amounts for Station 15 at Km:
151+220 and for Station 16 at Km: 151+975

In Figure 4.37, completion times of the primary consolidation for Station 17 at Km:
152+000 and for Station 18 at Km: 154+500 are obtained as 361 and 493 days with

primary consolidation amounts of 100 cm and 91 c¢cm, respectively.
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Figure 4.37. Primary consolidation settlement amounts for Station 17 at Km:
152+000 and for Station 18 at Km: 154+500

In Figure 4.38, completion times of the primary consolidation for Station 19 at Km:
155+000 and for Station 20 at Km: 155+551 are obtained as 416 and 529 days with

primary consolidation amounts of 92 cm and 122 cm, respectively.
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Figure 4.38. Primary consolidation settlement amounts for Station 19 at Km:
155+000 and for Station 20 at Km: 155+551

In Figure 4.39, completion times of the primary consolidation for Station 21 at Km:
157+400 and for Station 22 at Km: 158+000 are obtained as 81 and 382 days with

primary consolidation amounts of 109 cm and 117 cm, respectively.
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Figure 4.39. Primary consolidation settlement amounts for Station 21 at Km:

157+400 and for Station 22 at Km: 158+000

In Figure 4.40, completion times of the primary consolidation for Station 23 at Km:
159+565 and for Station 24 at Km: 161+764 are obtained as 408 and 529 days with

primary consolidation amounts of 83 cm and 86 cm, respectively.
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Figure 4.40. Primary consolidation settlement amounts for Station 23 at Km:
159+565 and for Station 24 at Km: 161+764
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In Figure 4.41, completion times of the primary consolidation for Station 25 at Km:
162+555 and for Station 26 at Km: 163+000 are obtained as 400 and 506 days with

primary consolidation amount of 94 cm.
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Figure 4.41. Primary consolidation settlement amounts for Station 25 at Km:
162+555 and for Station 26 at Km: 163+000

4.3 Secondary and Tertiary Consolidation Settlements from field

settlement — time data: log t method

In this part of the study, secondary and tertiary consolidation settlement behaviors
of the clay layers were researched. The secondary and tertiary consolidation
amounts with time durations, index parameters (Cs-Ct) calculated from log (Time)
vs. settlement graphs, comparisons of these index parameters with literature
proposals and their relations with primary compression index (C¢) parameters were

evaluated in the content of this chapter.

The graphs of log (Time) vs. settlement are presented in Figures 4.42-4.54. In these
figures, the times for completion of primary consolidation settlements and the start
of secondary consolidations are shown as tioo and Cs index values are easily

determined from slopes of linear sections.
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In Figure 4.42, completion times of the primary consolidation for Km: 139+764
and Km: 139+860 are obtained as 203 and 110 days with primary consolidation
amounts of 93 cm and 85 cm, respectively. The coefficients of secondary
consolidation index parameters are calculated from the slopes ts-tioo lines as
0.00281 and 0.0017.
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Figure 4.42. Log (Time) vs. Settlement (cm) graphs for Km: 139+764 and Km:
139+860

In Figure 4.43, completion times of the primary consolidation for Km: 140+592
and Km: 141+680 are obtained as 455 and 588 days, respectively. The primary

consolidation amounts are obtained as 92 cm and 155 cm, respectively.

The coefficients of secondary consolidation index parameters are calculated from
the slopes ts-tioo lines as 0.0086 and 0.040. For section Km: 140+592, after 170
days from completion of the primary consolidation, the settlement curve is getting
steeper, which indicates the start of tertiary consolidation. The coefficient of
tertiary consolidation index is calculated as 0.038. For section Km: 141+680, after
87 days from completion of the primary consolidation, the settlement curve is
getting steeper, which indicates the start of tertiary consolidation. The coefficient

of tertiary consolidation index is calculated as 0.15.
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Figure 4.43. Log (Time) vs. Settlement (cm) graphs for Km: 140+592 and Km:
141+680

In Figure 4.44, completion times of the primary consolidation for Km: 142+000
and Km: 142+400 are obtained as 588 and 570 days, respectively. The primary

consolidation amounts are obtained as 112 and 88 cm, respectively.

The coefficients of secondary consolidation index parameters are calculated from
the slopes ts-tipo lines as 0.0194 and 0.0199. For section Km: 142+400, after 114
days from completion of the primary consolidation, the settlement curve is getting
steeper, which indicates the start of tertiary consolidation. The coefficient of

tertiary consolidation index is calculated as 0.104.
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Figure 4.44. Log (Time) vs. Settlement (cm) graphs for Km: 142+000 and Km:

142+400
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In Figure 4.45, completion times of the primary consolidation for Km: 143+107
and Km: 144+000 are obtained as 398 and 214 days, respectively. The primary

consolidation settlement amounts are obtained as 90 and 96 cm, respectively.

The coefficients of secondary consolidation index parameters are calculated from
the slopes ts-tioo lines as 0.0103 and 0.0150. For section Km: 143+107, after 75
days from completion of primary consolidation, likewise, the settlement curve is
getting steeper, which indicates the start of tertiary consolidation. The coefficient
of tertiary consolidation index is calculated as 0.053. For section Km: 144+000,
after 299 days from completion of the primary consolidation, the settlement curve
is getting steeper, which indicates the start of tertiary consolidation. The coefficient

of tertiary consolidation index is calculated as 0.046.
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Figure 4.45. Log (Time) vs. Settlement (cm) graphs for Km: 143+107 and Km:
144+000

In Figure 4.46, completion times of the primary consolidation for Km: 145+000
and Km: 146+210 are obtained as 139 and 83 days, respectively. The primary

consolidation amounts are obtained as 78 and 85 cm, respectively.
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The coefficients of secondary consolidation index parameters are calculated from
the slopes ts-tioo lines as 0.0082 and 0.0049. For section Km: 145+000, after 123
days from completion of the primary consolidation, the settlement curve is getting
steeper, which indicates the start of tertiary consolidation. The coefficient of
tertiary consolidation index is calculated as 0.0657. For section Km: 146+210, after
141 days from completion of the primary consolidation, likewise, the settlement
curve is getting steeper, which indicates the start of tertiary consolidation. The

coefficient of tertiary consolidation index is calculated as 0.0175.
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Figure 4.46. Sqgrt (Time) vs. Settlement (cm) graphs for Km: 145+000 and Km:
146+210

In Figure 4.47, completion times of the primary consolidation for Km: 147+000
and Km: 149+000 are obtained as 355 and 310 days with primary consolidation
amounts of 79 cm and 70 cm, respectively. The coefficients of secondary
consolidation index parameters are calculated from the slopes ts-t100 lines as 0.0160
and 0.0286.
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Figure 4.47. Log (Time) vs. Settlement (cm) graphs for Km: 147+000 and Km:

149+000

In Figure 4.48, completion times of the primary consolidation for Km: 150+000

and Km: 150+500 are obtained as 425 days with primary consolidation amounts of

100 cm and 132 cm, respectively. The coefficients of secondary consolidation

index parameters are calculated from the slopes ts-tio0 lines as 0.0140 and 0.0232.
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Figure 4.48. Log (Time) vs. Settlement (cm) graphs for Km: 150+000 and Km:

150+500
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In Figure 4.49, completion times of the primary consolidation for Km: 151+220
and Km: 151+975 are obtained as 200 and 300 days with primary consolidation
amounts of 124 cm and 92 cm, respectively. The coefficients of secondary
consolidation index parameters are calculated from the slopes ts-tioo lines as 0.0367
and 0.0283.
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Figure 4.49. Log (Time) vs. Settlement (cm) graphs for Km: 151+220 and Km:
151+975

In Figure 4.50, completion times of the primary consolidation for Km: 152+000
and Km: 154+500 are obtained as 245 and 400 days with primary consolidation
amounts of 78 cm and 80 cm, respectively. The coefficients of secondary
consolidation index parameters are calculated from the slopes ts-tioo lines as 0.0248
and 0.0156.
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Figure 4.50. Log (Time) vs. Settlement (cm) graphs for Km: 152+000 and Km:

154+500

In Figure 4.51, completion times of the primary consolidation for Km: 155+000

and Km: 155+551 are obtained as 295 and 400 days, respectively. The primary

consolidation settlement amounts are obtained as 78 and 104 cm, respectively.

The coefficients of secondary consolidation index parameters are calculated from
the slopes ts-tioo lines as 0.0179 and 0.0146. For section Km: 155+000, after 171

days from completion of primary consolidation, settlement curve is getting steeper,

which indicates the start of tertiary consolidation. The coefficient of tertiary

consolidation index is calculated as 0.0543.
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Figure 4.51. Log (Time) vs. Settlement (cm) graphs for Km: 155+000 and Km:

155+551
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In Figure 4.52, completion times of the primary consolidation for Km: 157+400
and Km: 158+000 are obtained as 55 and 300 days, respectively. The primary
consolidation settlement amounts are obtained as 104 and 102 cm, respectively.
The coefficients of secondary consolidation index parameters are calculated from
the slopes ts-t100 lines as 0.0038 and 0.012.
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Figure 4.52. Log (Time) vs. Settlement (cm) graphs for Km: 157+400 and Km:

158+000

In Figure 4.53, completion times of the primary consolidation for Km: 159+565
and Km: 161+764 are obtained as 295 and 390 days, respectively. The primary

consolidation settlement amounts are obtained as 73 cm.

The coefficients of secondary consolidation index parameters are calculated from
the slopes ts-tioo lines as 0.0061 and 0.0178. For section Km: 159+565, after 131
days from completion of primary consolidation, settlement curve is getting steeper,
which indicates the start of tertiary consolidation. The coefficient of tertiary

consolidation index is calculated as 0.0345.
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Figure 4.53. Log (Time) vs. Settlement (cm) graphs for Km: 159+565 and Km:
161+764

In Figure 4.54, completion times of the primary consolidation for Km: 162+555
and Km: 163+000 are obtained as 359 and 338 days, respectively. The primary

consolidation settlement amounts are obtained as 89 and 78 cm, respectively.

The coefficients of secondary consolidation index parameters are calculated from
the slopes ts-tigo lines as 0.0038 and 0.0162. For section Km: 162+555, after 142
days from completion of primary consolidation, settlement curve is getting steeper,
which indicates the start of tertiary consolidation. The coefficient of tertiary
consolidation index is calculated as 0.045. For section Km: 163+000, after 186
days from completion of primary consolidation, settlement curve is getting steeper
which indicates the start of tertiary consolidation. The coefficient of tertiary

consolidation index is calculated as 0.029.
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Figure 4.54. Log (Time) vs. Settlement (cm) graphs for Km: 162+555 and Km:
163+000

The summary for consolidation settlements obtained from instrumented test
embankments, including primary, secondary and tertiary settlements, calculated
consolidation settlements from oedometer test data, anticipated immediate
settlements in the cohesionless layers are presented in Table 4.1 for each station.
First of all, summary of final field settlements measured in instrumented test
embankments are noted as S1. In order to subtract anticipated immediate
settlements in cohesionless layer from final field settlements measured in the
settlement plate, immediate settlements in the cohesionless layers are calculated
and presented as S2. Primary consolidation settlements predicted from time vs.
settlement graphs are presented as S3. Consolidation settlement amounts presented
in Appendix C, are summarized as S4. Predicted secondary and tertiary
consolidation settlement amounts from logarithm of time versus settlement graphs
are presented as S5 and S6. Primary consolidation settlement amounts are
considered as the settlement amounts obtained from logarithm of time versus

settlement amounts graphs.

According to Table 4.1, the estimated primary consolidation settlement amounts
from log (Time) graph is nearly 15% less than the consolidation settlement
amounts from square root (Time) graph. The secondary consolidation amounts are
11% times of the primary consolidations, in average. The tertiary consolidation

amounts are 26% times of the primary consolidations, in average.
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The summary of index parameters for the primary, secondary and tertiary
consolidation settlements are presented in Table 4.2 and prepared graph for Cs/Cc
with a mean value of 0.084 is presented in Figure 4.55. In Figure 4.56, histogram
graph is presented and it is seen that majority of Cs/C. values fall within range of
0.02 and 0.04. The graph prepared for C+/C. with a mean value of 0.27 is presented
in Figure 4.57. In Figure 4.58, histogram graph is presented and it is seen that
majority of C¢/C. values fall within range of 0.2 and 0.3.

The values of Cs/C. for natural soils (modified from Mesri and Godlewski, 1977) is
presented in Chapter 2 in Table 2.2. According to this table, the behavior of
Karacabey Plain clay is similar to Amorphous and fibrous peat, Sensitive clay,
Portland, Maine. It is also presented in Figure 4.59. According to classification of
soils based on secondary compressibility (Mesri, 1973) presented in Table 2.3, soil

can be defined as clay with medium to high secondary compressibility.
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Table 4.2 Summary of the index parameters for primary, secondary and tertiary
consolidation Settlements

Station No Kilometer Cec Cs Ct CJ/Cc | CCc
Station No: 1 | KM 139+764 | 0.139 0.0028 0.020
Station No: 2 | KM 139+860 | 0.127 0.0017 0.013
Station No: 3 | KM 140+592 | 0.139 0.0086 | 0.0380 0.062 0.27
Station No: 4 | KM 141+680 | 0.236 0.0400 | 0.1500 0.170 0.66
Station No: 5 | KM 142+000 | 0.222 0.0194 0.087
Station No: 6 | KM 142+400 | 0.338 0.0199 | 0.1040 0.059 0.31
Station No: 7 | KM 143+107 | 0.211 0.0103 | 0.0529 0.049 0.26
Station No: 8 | KM 144+000 | 0.161 0.0150 | 0.0462 0.094 0.30
Station No: 9 | KM 145+000 | 0.244 0.0082 | 0.0657 0.034 0.27
Station No: 10 | KM 146+210 | 0.210 0.0049 | 0.0175 0.023 0.09
Station No: 11 | KM 147+000 | 0.143 0.0160 0.111
Station No: 12 | KM 149+000 | 0.228 0.0286 0.126
Station No: 13 | KM 150+000 | 0.217 0.0140 0.065
Station No: 14 | KM 150+500 | 0.267 0.0232 0.087
Station No: 15| KM 151+220 | 0.173 0.0367 0.213
Station No: 16 | KM 151+975 | 0.147 0.0283 0.193
Station No: 17 | KM 152+000 | 0.140 0.0222 0.177
Station No: 18 | KM 154+500 | 0.149 0.0156 0.105
Station No: 19 | KM 155+000 | 0.230 0.0179 | 0.0543 0.078 0.24
Station No: 20 | KM 155+551 | 0.278 0.0146 0.052
Station No: 21 | KM 157+400 | 0.174 0.0038 0.022
Station No: 22 | KM 158+000 | 0.177 0.0120 0.068
Station No: 23 | KM 159+565 | 0.266 0.0061 | 0.0345 0.023 0.13
Station No: 24 | KM 161+764 | 0.195 0.0178 0.092
Station No: 25 | KM 162+555 | 0.166 0.0038 | 0.0451 0.023 0.28
Station No: 26 | KM 163+000 | 0.125 | 0.0162 | 0.0288 | 0.130 | 0.22
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Figure 4.59. Values of Cs/C¢ for natural soils (modified from Mesri and Godlewski, 1977)

4.4 Correlations of the Observed and Predicted Soil Parameters

In embankment design projects, it is very important to predict the consolidation
amounts and consolidation time periods of the soil in order to follow the design
time schedules. In engineering practices, engineers try to predict to the settlement
amounts and durations with limited amount of laboratory test results and propose

geotechnical precautions when necessary.

In this section of the study, some equations are presented to obtain the relations
between the amounts of the observed settlements in field and the analytically
calculated primary consolidation settlements. Also, correlations between cone tip

resistance (qc) and am are searched. The considered laboratory parameters are P,
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LL, LI, wn, eo with field parameter of SPT N and Cone tip resistance ().
Furthermore, to present the complex geometry of geology of the alluvial deposit of
the site, A, a parameter defined as the ratio of sand thickness to clay thickness and
v, defined as the ratio of length of road platform to total clay thickness are also

taken into account as other parameters.

The researches have revealed that the relationship between independent (SPT N,
PIl, LL, LI, wn, eo, e, 7\,, \II) and dependent (So/Sp, Ct/Cc, Om, mv(field)/mv(Stroud))
parameters are not linear. The nonlinear regression analyses are conducted to

obtain correlations between independent and dependent parameters.

44.1 Comparisons of analytically calculated settlements from oedometer

data with observed settlements

The analytically calculated primary consolidation settlements from oedometer tests,
as presented in Appendix C, are compared with the data of instrumented test
embankments. The graphs for calculated from laboratory values of my and Cc-Cr
vs. observed settlement (cm) are presented in Figures 4.60 and 4.61. According to
these graphs, the observed settlement amounts can be estimated by using lower and

upper line equations from the calculated settlements from oedometer data.
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Figure 4.60. Calculated settlement (cm) from lab. my vs. observed settlement (cm)
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the soils in the study area
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The graphs for ratio of the observed to calculated settlements from laboratory
values of my and C¢-C; values based on station number is presented in Figures 4.62
and 4.63. According to Figure 4.62, mean value of the ratio of the observed
settlements to calculated settlements from laboratory my values is obtained as 1.08
with a standard deviation of 0.18. According to Figure 4.63, mean value of the ratio
of the observed settlements to calculated settlements from laboratory my values is

obtained as 1.07 with a standard deviation of 0.15.
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16 1 std. Dev.= 0.18 SSP 4: KM 141+680
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L [ p——————————- e SSP 8 KM 144+000
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Figure 4.62. Station number vs. ratio of observed settlement to calculated
settlement from lab. my
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Figure 4.63. Station number vs. ratio of observed to calculated settlement from Cc-
Cr

442 Comparisons of coefficient of volume compressibility values
obtained from field data and Stroud approach

For each station, the coefficients of volume compressibility values were assigned
from Plasticity Index and SPT N parameters by Stroud approach as presented in
Figure 2.4. Plasticity Index and SPT N values were assumed as weighted average
values for whole depth of each section and hence, weighted average values of
coefficient of volume compressibility were obtained. The coefficients of volume
compressibility values were back-calculated from magnitude of settlement of
instrumented field data. In other words, the primary consolidation settlement
amounts obtained from logarithm of time versus settlement graph were divided into
total clay thickness and increase in vertical effective stress in the middle depth of

clay layer. The graph for my obtained from Stroud approach versus my obtained
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from field data is presented in Figure 4.64 and histogram graph is presented in
Figure 4.65. According to this graph, the coefficients of volume compressibility of

field change from 0.82 to 1.47 times of Stroud approach.

3 - y = 1,4706x y=x o
X3 . L’
25 - ¢ _ 4 =0,8167x
z ¢ o e
=< L’
<.rE 2 - ¢ ¢
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= 4
S 1 e
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= 7
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Figure 4.64. The coefficients of volume compressibility obtained from Stroud
approach vs. obtained from field via back calculations from field
data
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443 Comparisons of predicted settlements from Asaoka’s and Horn’s

approaches with final field settlements

Asaoka and Horn’s Methods were used to predict the final settlement amounts
using 70% of the instrumented embankment settlement data. The graphs showing S
(field)/S (Asaoka’s prediction) and S (field)/S (Horn’s prediction) are presented in
Figures 4.66 and 4.67. Both methods predict the final primary consolidation with
11% proximity. According to this graph, mostly S (field)/S (Horn’s prediction)
values are closer to 1.0, which means that Horn’s method estimates closer than

Asaoka’s method.
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Figure 4.66. The ratio of final field settlement to predicted final settlement of
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Figure 4.67. The ratio of final field settlement to predicted final settlement of
Horn’s approaches

4.4.4 Relation between cone tip resistance (qc) and am

The relationships between cone tip resistance (gc) and om coefficients are
investigated and an equation for estimating am from cone tip resistance is achieved
as presented in Figure 4.68. The variation of am values from cone tip resistance (gc)
recommended by Erol et al. (2004) is presented in Figure 4.69 and according to this

drawing, data set of Bursa-Susurluk Highway Project is compatible to his drawing.
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al., 2004)
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4.4.5 A Nonlinear Regression Methodology

A Visual Basic code is built to effectively conduct nonlinear regression analyses
considering different combinations of dependent and independent parameters, thus
yielding different set of equations to correlate measured (observed) and calculated
(analytical) results, as well as to evaluate the effect of each independent variables

to the outcome of assumed statistical model.
Approach used in this study consists of three steps:

- Construction of linear regression equations with n number of independent
variables by minimizing sum of squared residuals (RSE) using matrix
algebra,

- Assuming a set of nonlinear equations in the form of sum of exponential
components with the same n number of independent variables and
linearizing the equations to apply the linear regression algorithm. Searching
through multiple sets of exponent values for each independent variable to
identify the combination that provides least sum of squared residuals (i.e.
best fit for given data) between scanned sets of values,

- Investigation of influence of independent variables on the dependent
variable by standardizing variables of the linearized final equation and

performing a final linear regression

445.1 Multiple Variable Linear Regression Algorithm

Let i be the number of equations (i. e. number of evaluated consolidation cases), n
be the number of independent variables (i. e. measured variables such as wn, LL,

etc.) and assume i number of linear equations:
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yl = C1.x1,1 + Cz.xl’z + -+ Cn.xl‘n + ITlt + 81

yz = C1.x2,1 + Cz.xZ,Z + -+ Cn.xZ’n + Int + 82

Yi=C1.Xig tCopXip+ oy + Ly & (Eq. 4.1)

where ¢y is the coefficient of each independent variable, I is the common intercept

constant for all equations and &; is the residual (error) in respective equation i.

Writing in matrix form:

V1 [¥11 X212 = X 1] [ El] €

3’.2 _ [%21 X220 o Xm 1 || ;2 |_|_ 8.2 —Y=XC+E (Eq. 4.2)
: S :J| ol |

Yi Xix  Xip v Xip 1 llntJ &

Calculating sum of squared residuals (RSE), which is a scalar:

E=Y-XC (Eq. 4.3)
RSE=ETE = (Y -XO)T(Y —XC)

=T -CcTXT)(Y — XC)

=YTY —YTXC - CTXTY + CTXTXC

=YTY —2CTXTY + CTXTXC (Eq. 4.4)

To minimize RSE by taking first order derivative with respect to C and equating to
0:
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OE"E/ =0 =—2XTY +2X"XC = C = (X"X) XY (Eq. 4.5)

yields the solution of coefficient matrix, C for best linear regression fitting.

4452 Multiple Variable Nonlinear Regression Algorithm

Now assuming a nonlinear form for i number of equations with n number of

dependent-variables using sum of exponential components:

yl - Cl.xl,lpl + Cz.xl'zpz + -+ Cn.xl’np” + ITlt + 81

yz = Cl.xZ'lpl + Cz.xZ,sz + -+ Cn.xZ,npn + ITlt + 82

Vi = C1.X; 1P+ €. xioP2 + ot o X PR+ Ly + g (Eq. 4.6)

For an assumed set of exponents {p,,p, --- p,}, each independent variable, x; ,P»,
becomes a constant scalar, thus linearizing each equation and yielding a best-fit

solution using the linear matrix algebra explained in the previous section.
The implemented algorithm in Visual Basic can be summarized as:

- Choose n number of relevant independent variables {c;,c, - c,} for the
proposed equation:
{wy,LL,A,PI - etc.}

- Arrange the analytically calculated dependent variables {y;, y, - ¥, }:
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{So/Sp at each settlement plate}
- Solve for regression constants c, assuming different sets of exponents
{p1,p2 " pn} and identify the set yielding minimum value of RSE to

propose a sufficiently valid nonlinear equation model.

To demonstrate, let the following form of the equation to be evaluated using

observed data from 26 stations:

SO/Spl = Cl.Wnlpl + Cz.eolpz + C3.)\1p3 + ITlt + &1

SO/Sp26 = Cl.Wn23p1 + C2. 3023p2 + C3.)\23p3 + ITlt + 823 (Eq 47)

where So/Sp is the dependent parameter, wn, LL and v are independent parameters,
c1, C2 and cz are linear regression constants and pi, p2 and ps are exponential

constants for each independent parameter respectively.

Software iterates through all combinations of p1, p2 and ps ranging from -3.0 to 3.0
for each exponent using an increment of 1.0, yielding 216 (6%) combinations in
total. For any combination of ps, p2 and ps, set of 26 equations becomes linear and
linear regression constants c1, ¢2 and cs and sum of squared residuals (RSE) are

obtained conducting linear regression using matrix algebra.

After iteration is completed for 216 combinations, the set which yields minimum

RSE among all is labeled as best fitted nonlinear regression form, e.g. :

Sof _—__538 _ LL (%) 3
/Sp T (01w (%))3 0.349 100 +0.0536y° +0.934 (Eq. 4.8)
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4453 Influence Analysis of Independent Variables

Standardization of both independent and dependent variables in the proposed
equation for each nonlinear regression analysis gives useful insight about relative

influence factors for each independent variable.

In other terms, this procedure is applied to answer the question of which of the
independent variables has a greater effect on the dependent variable, especially in
cases where the variables have different units resulting in deviance in order of

magnitudes of calculated regression coefficients.

Each variable is standardized by subtracting its mean from each of its values and
then dividing these new values by the standard deviation of the variable.
Standardizing all variables and applying a regression analysis yields standardized
regression coefficients, making it possible to quantize the change in the dependent

variable measured in standard deviations.

To demonstrate, variables of following equation were standardized and related
regression coefficients are re-calculated conducting a linear regression for the
standardized Equation 4.9.

First, equation is linearized by introducing new parameters as:
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Linear regression of standardized equation yields:

y = 0.851x; — 0.410x, + 0.243x3 + 9.37e~17 (Eq. 4.9)

A Drief review indicated that; standardized terms corresponding to wy =3 and 3
have similar exponents in terms of magnitude. Since standardized coefficient of
wy 3 has greatest value, it can be stated that wy =3 has most correspondence and

largest raw influence.

4.4.6 Results of Regression Analysis

A non-linear regression analysis was carried out using independent parameters; wh,
LL, v and dependent parameter; So/Sp. Original data set, as presented in Appendix
D, consisted of 26 cases, of which 3 were deemed incompatible due to initial
regression analysis and removed from set. Equation obtained from final regression
analysis is given in Equation 4.10. Actual correction constant for theoretical
settlement amount, i.e. So/Sp, was plotted against proposed values (from Equation
4.10) in Figure 4.70. Same values of So/Sp (i.e. actual and proposed) were also
plotted for each station (test case) in Figure 4.71. Graphs (R?= 0.728) demonstrate
the conformity among proposed values and actual results. F-Test is used to check
significance of the relation. Fcomp= 53.53 and Feit= 3.09 are obtained. Since

Fcomp>Ferit, the relation is said to be significant.

S 5.38 LL (%)
o/sp =538 0349 +0.053633 + 0.934 (Eg. 4.10)

T (0.1wN(%))3 100
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New parameters for linearized equation:

x1 = wy(%) ™3
x, = LL (%)*!
X3 = 1/)3

Yy = SO/Sp

Linear regression of standardized equation for data yields:

y = 0.851x; — 0.410x, + 0.243x5 + 9.37¢~ Y/ (Eqg. 4.11)

A brief review indicated that; standardized terms corresponding to wy =2 and 3
have similar exponents in terms of magnitudes. Since standardized coefficient of
wy 3 has the greatest value, it can be stated that wy =3 has most correspondence

and largest raw influence.

A non-linear regression analysis was carried out using independent parameters;
whn, A and dependent parameter; So/Sp. Original data set, as presented in Appendix
D, consisted of 26 cases, of which 3 were deemed incompatible due to initial
regression analysis and removed from set. Equation obtained from final regression
analysis is given in Equation 4.12. Actual correction constant for theoretical
settlement amount, i.e. So/Sp, was plotted against proposed values (from Equation
4.12) in Figure 4.72. Same values of S¢/Sp (i.e. actual and proposed) were also

plotted for each station (test case) in Figure 4.73. Graphs (R?= 0.717) demonstrate
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the conformity among proposed values and actual results. F-Test is used to check
significance of the relation. Feomp= 50.67 and Feit= 3.09 are obtained. Since

Feomp>Fecrit, the relation is said to be significant.

.S'o/ _ 4.20 3
S, = —(0.1WN(%))3 + 0.6154° + 0.822 (Eq. 4.12)
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Figure 4.72. So/Sp (measured) vs. So/Sp (proposed) graph
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Figure 4.73. Comparison graph for the measured and proposed So/Sp for each
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New parameters for linearized equation:

x1 :WN
x2 213
y = SO/Sp

Linear regression of standardized equation for data yields:

y = 0.658x; + 0.353x, + 8.78¢716 (Eq. 4.13)
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A brief review indicated that; standardized terms corresponding to wy =3 and A3
have similar exponents in terms of magnitudes. Since standardized coefficient of
wy 3 has the greatest value, it can be stated that wy =3 has most correspondence

and largest raw influence.

A non-linear regression analysis was carried out using independent parameters; LI
and dependent parameter; Cy/Cc. Original data set, as presented in Appendix D,
consisted of 11 cases. Equation obtained from final regression analysis is given in
Equation 4.14. Actual values of Ci/C. were plotted against proposed values (from
Equation 4.14) in Figure 4.74. Same values of Ci/Cc (i.e. actual and proposed) were
also plotted for each station (test case) in Figure 4.75. Graphs (R?= 0.793)
demonstrate the conformity among proposed values and actual results. Fcomp=
34.48 and Fgit= 3.86 are obtained. Since Fcomp>Fcrit, the relation is said to be

significant.

C:/C. = 0.000621LI"3 + 0.177 (Eq. 4.14)
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A non-linear regression analysis was carried out using independent parameters;
SPT N, PI, wn, LL and dependent parameter; myield)/My(stroud). Original data set, as
presented in Appendix D, consisted of 26 cases, of which 4 were deemed
incompatible due to initial regression analysis and removed from set. Equation
obtained from final regression analysis is given in Equation 4.15. Actual correction
constant for my obtained from Stroud approach, i.e. My(field)/My(stroud) Was plotted
against proposed values (from Equation 4.15) in Figure 4.76. Same values of
Mufield)/ My(stroud) (i.€. actual and proposed) were also plotted for each station (test
case) in Figure 4.77. Graphs (R?= 0.677) demonstrate the conformity among
proposed values and actual results. F-Test is used to check significance of the

relation. Feomp= 41.92 and Fcit= 2.86 are obtained. Since Fecomp>Ferit, the relation is

significant.
My(field) _ SPTNy3 _ PI(%)\3 wy %)\ 73 LL(%)\3
L = 67.7( ) 323 (B22)" + 10.9 (2E2) 7 — 0,68 ()" + 0757 (Eqg. 4.15)
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New parameters for linearized equation:

x, = SPT N?
x, = PI3
X3 = wy®
x4 = LL3

y = mv(field)/mv(Stroud)

Linear regression of standardized equation for data yields:

y = 0.639x, — 0.658x, + 0.653x3 — 0.332x, + 1.57¢ 15 (Eq. 4.16)

A brief review indicated that; standardized terms have similar exponents in terms
of magnitude. Since standardized coefficient of Pl has greatest value, it can be

stated that P1 has most correspondence and largest raw influence.
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

51 Conclusions

Field measurements of settlements in Karacabey NC clays and comparison of these
measured settlements with various settlement prediction methods revealed the

following conclusions:

The predicted settlements by one dimensional consolidation theory are compared
with the settlement data of instrumented test embankments, the ratios of the
observed settlements to predicted settlements using oedometer data change in
interval of 0.80-1.20.

The coefficients of volume compressibility back calculated from field settlement
records are compared with Stroud correlations. The following trend is noticed;
My(field) = (0.82-1.47) My(stroud)-

Asaoka and Horn’s extrapolation methods are utilized to estimate the magnitudes
of final settlements using 70% of the monitored settlement data. Both methods
predict the final consolidation settlement amounts with 11% proximity. The
magnitudes of final settlement amounts predicted by Horn’s method are closer than

the predicted by Asaoka’s method.

The correlation between tip resistance (qc) and am coefficients is investigated.
Sanglerat (1972) gives relationship between the constrained modulus and CPT tip
resistance as M = a,,,q.. Back analysis of field settlements reveal the am factor as

ay, = 4.39q,.7%% (qc is in MPa and changes in interval of 0.9-1.7, am is unitless).
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The main contribution of this thesis is the presentation of secondary and tertiary
consolidation behavior of Karacabey plain alluvium. Karacabey clays exhibit
typical secondary consolidation behaviors. In 11 stations, out of 26 total stations,
tertiary consolidation behaviors are observed following the secondary
consolidation period. Tertiary consolidation behavior is characterized by an

increase in the slope of the logarithm of time versus settlement curves.

Secondary consolidation amounts are found out from the stations, where end of the
secondary consolidation is recorded. The amounts of secondary consolidation
range from 3 to 30 percent of the primary consolidation settlements, and secondary
consolidation amounts are 11 percent of the primary consolidation settlements on

average.

Cs/Cc and Ci/C. ranges are recommended for engineering practices to predict the
secondary and tertiary consolidation amounts. The mean value of Cs/C. is obtained
as 0.084 while the mean value of Ci/Cc is obtained as 0.27. Cs/C. values change
between mostly 0.027 and 0.141 in ranges while Ci/C¢ values change between

mostly 0.13 and 0.41 in ranges.

The non-linear regression analysis is performed and a correlation for So/Sy ratio is
observed statistically for 23 stations with independent parameters of wy, LL and .

Sof —__°38 0349 XL 8) 0 0536w% + 0.934
/Sp T 01wy (%) 100 053697 +0.

The non-linear regression analysis is performed and a correlation for So/Sp is

observed statistically for 23 stations with independent parameters of wn and A.

226



S/ 1 0.6151% +0.822
(0. 1wN(%))

The tertiary consolidation settlement is observed in 11 stations and the non-linear
regression analysis is performed and a statistical correlation for C¢/C. ratio is

observed for them with independent parameter of LI.
C:/C. = 0.000621LI3 + 0.177

The non-linear regression analysis is performed and an equation for
Muield)/ My(stroud) 1S derived statistically from back-calculation of coefficients of

volume compressibility for 22 stations with independent parameters of SPT N, Pl,

wn and LL.
MMoield) _ o 7(L)3 (if +10.9 (ﬂ)_3 ~0.68 (—)3 +0.757
Mostroud) 100 100 “\10 %100 '
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5.2 Recommendations for Future Studies

All predictions and consolidation calculations presented in this thesis are valid for
the soft clays of Karacabey Plain. It is necessary to apply embankment load on soft
clay with different geological characteristics and to perform instrumentation of
field settlements. By this way, it is possible to determine the secondary and tertiary

behavior of clays, precisely.

There are limited numbers of consolidation tests to conduct this research,
especially at clay units defined in the deep. In order to achieve more exact
predictions for consolidation settlement amounts, it is necessary to fulfil more

laboratory consolidation settlement tests.

To be able to interpret the relationship between tertiary settlement and clay
mineralogy, the quantification of clay minerals is essential by X-ray diffraction
(XRD) analysis. After completion of the embankment structure, since there was no
chance to get clay sample, identification of clay mineral is not performed.
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APPENDICES

A. Laboratory Test Results

Plasticity and coefficient of volume compressibility charts for KM: 139+764 are
presented in Figure A.1 and A.2.
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Figure A.1. Plasticity chart for BSSK-447
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Figure A.2. The coefficient of volume compressibility (my) chart for BSSK-447
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Plasticity and coefficient of volume compressibility charts for KM: 139+860 are
presented in Figure A.3 and A.4.
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Figure A.3. Plasticity chart for BSSK-447
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Figure A.4. The coefficient of volume compressibility (my) chart for BSSK-447
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Plasticity and coefficient of volume compressibility charts for KM: 140+592 are
presented in Figure A.5 and A.6.
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Figure A.5. Plasticity chart for BSSK-447
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Figure A.6. The coefficient of volume compressibility (my) chart for BSSK-447
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Plasticity and coefficient of volume compressibility charts for KM: 141+667 are
presented in Figure A.7 and A.8.
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Figure A.8. The coefficient of volume compressibility (my) chart for BSSK-451

260



Plasticity and coefficient of volume compressibility charts for KM: 142+000 are
presented in Figure A.9 and A.10.
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Figure A.9. Plasticity chart for BSSK-452
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Figure A.10. The coefficient of volume compressibility (my) chart for BSSK-452
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Plasticity and coefficient of volume compressibility charts for KM: 142+400 are

presented in

Figure A.11 and A.12.
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Plasticity and coefficient of volume compressibility charts for KM: 143+107 are
presented in Figure A.13 and A.14.
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Figure A.13. Plasticity chart for BSSK-453
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Figure A.14. The coefficient of volume compressibility (my) chart for BSSK-453
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Plasticity and coefficient of volume compressibility charts for KM: 144+000 are
presented in Figure A.15 and A.16.
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Figure A.15. Plasticity chart for BSSK-454
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Figure A.16. The coefficient of volume compressibility (my) chart for BSSK-454
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Plasticity and coefficient of volume compressibility charts for KM: 145+000 are
presented in Figure A.17 and A.18.
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Figure A.17. Plasticity chart for BSSK-456
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Figure A.18. The coefficient of volume compressibility (my) chart for BSSK-456
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Plasticity and coefficient of volume compressibility charts for KM: 146+210 are
presented in Figure A.19 and A.20.
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Figure A.20. The coefficient of volume compressibility (my) chart for BSSK-457
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Plasticity and coefficient of volume compressibility charts for KM: 147+000 are
presented in Figure A.21 and A.22.
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Figure A.21. Plasticity chart for BSSK-458
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Figure A.22. The coefficient of volume compressibility (my) chart for BSSK-458
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Plasticity and coefficient of volume compressibility charts for KM: 149+000 are
presented in Figure A.23 and A.24.
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Figure A.24. The coefficient of volume compressibility (my) chart for BSSK-461
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Plasticity and coefficient of volume compressibility charts for KM: 150+000 are
presented in Figure A.25 and A.26.
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Figure A.25. Plasticity chart for BSSK-462
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Figure A.26. The coefficient of volume compressibility (my) chart for BSSK-462
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Plasticity and coefficient of volume compressibility charts for KM: 150+500 are
presented in Figure A.27 and A.28.
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Figure A.28. The coefficient of volume compressibility (my) chart for BSSK-685A
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Plasticity and coefficient of volume compressibility charts for KM: 151+220 are
presented in Figure A.29 and A.30.
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Figure A.29. Plasticity chart for BSSK-463
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Figure A.30. The coefficient of volume compressibility (my) chart for BSSK-463
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Plasticity and coefficient of volume compressibility charts for KM: 151+975 are
presented in Figure A.31 and A.32.
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Figure A.31. Plasticity chart for BSSK-464

10.00

3.0-3.5m
8.00

5.5-6.0m

9.0-9.5 m

0.00

0.0 0.5 1.0 15 3.5 4.0

2. 2.5 3.0
Pressure (kg/cm?)

Figure A.32. The coefficient of volume compressibility (my) chart for BSSK-464
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Plasticity and coefficient of volume compressibility charts for KM: 152+000 are
presented in Figure A.33 and A.34.
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Figure A.33. Plasticity chart for BSSK-464
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Figure A.34. The coefficient of volume compressibility (my) chart for BSSK-464

273



Plasticity and coefficient of volume compressibility charts for KM: 154+500 are
presented in Figure A.35, A.36 and A.37.
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Figure A.35. Plasticity chart for BSSK-468, BSSK-469, BSSK-688
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Figure A.36. The coefficient of volume compressibility (my) chart for BSSK-468
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Figure A.37. The coefficient of volume compressibility (mv) chart for BSSK-469

Plasticity and coefficient of volume compressibility charts for KM: 155+000 are
presented in Figure A.38 and A.39.
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Figure A.38. Plasticity chart for BSSK-470, BSSK-689
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Figure A.39. The coefficient of volume compressibility (my) chart for BSSK-470

Plasticity and coefficient of volume compressibility charts for KM: 155+551 are
presented in Figure A.40 and A.41.
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Figure A.40. Plasticity chart for BSSK-471
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Figure A.41. The coefficient of volume compressibility (my) chart for BSSK-471

Plasticity and coefficient of volume compressibility charts for KM: 157+400 are
presented in Figure A.42 and A.43.
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Figure A.42. Plasticity chart for BSSK-474
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Figure A.43. The coefficient of volume compressibility (my) chart for BSSK-474

Plasticity and coefficient of volume compressibility charts for KM: 158+000 are
presented in Figure A.44 and A.45.

70

60
£
= 50
<]
=1
2 4 CL
£
5
E
U 30
£
= e
< 2 . MH and OH
o

10

CL-ML A ML and OL
0
0 10 20 30 40 50 60 70 80 90 100

LIQUID LIMIT,LL, (%)

Figure A.44. Plasticity chart for BSSK-475
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Figure A.45. The coefficient of volume compressibility (my) chart for BSSK-475

Plasticity and coefficient of volume compressibility charts for KM: 159+565 are
presented in Figure A.46 and A.47.
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Figure A.46. Plasticity chart for BSSK-477
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Figure A.47. The coefficient of volume compressibility (my) chart for BSSK-477

Plasticity and coefficient of volume compressibility charts for KM: 161+764 are
presented in Figure A.48 and A.49.
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Figure A.48. Plasticity chart for BSSK-478
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Figure A.49. The coefficient of volume compressibility (my) chart for BSSK-478

Plasticity and coefficient of volume compressibility charts for KM: 162+555 are

presented in Figure A.50 and A.51.
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Figure A.50. Plasticity chart for BSSK-481
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Figure A.51. The coefficient of volume compressibility (my) chart for BSSK-481

Plasticity and coefficient of volume compressibility charts for KM: 163+000 are
presented in Figure A.52 and A.53.
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Figure A.52. Plasticity chart for BSSK-482
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Figure A.53. The coefficient of volume compressibility (my) chart for BSSK-482
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B. SPT N Data
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45
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Figure B. 1. SPT N vs. Depth (m) graph for BSSK-447
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Figure B. 2. SPT N vs. Depth (m) graph for BSSK-451
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Figure B. 4. SPT N vs. Depth (m) graph for BSSK-453
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Figure B. 6. SPT N vs. Depth (m) graph for BSSK-456
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Figure B. 7. SPT N vs. Depth (m) graph for BSSK-457
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Figure B. 8. SPT N vs. Depth (m) graph for BSSK-458

287



0 10 20 30 40 50 60 0 10 20 30 40 50 60

Figure B. 10. SPT N vs. Depth (m) graph for BSSK-463
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Figure B. 11. SPT N vs. Depth (m) graph for BSSK-464
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Figure B. 12. SPT N vs. Depth (m) graph for BSSK-469
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Figure B. 13. SPT N vs. Depth (m) graph for BSSK-470
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Figure B. 14. SPT N vs. Depth (m) graph for BSSK-471
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Figure B. 15. SPT N vs. Depth (m) graph for BSSK-474
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Figure B. 16. SPT N vs. Depth (m) graph for BSSK-475
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Figure B. 17. SPT N vs. Depth (m) graph for BSSK-477
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Figure B. 18. SPT N vs. Depth (m) graph for BSSK-480
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Figure B. 19. SPT N vs. Depth (m) graph for BSSK-481
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Figure B. 20. SPT N vs. Depth (m) graph for BSSK-482
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Figure B. 21. SPT N vs. Depth (m) graph for BSSK-685A

0 10 20 30 40 50 60 0 10 20 30 40 50 60

Figure B. 22. SPT N vs. Depth (m) graph for BSSK-688
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Figure B. 23. SPT N vs. Depth (m) graph for BSSK-689
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C. Consolidation Calculation from Oedometer Data

C.1 KM: 139+764 Section

The embankment height: 8.8 m

Total consolidation: 101.52 cm

Table C. 1. Consolidation settlement parameters for Km: 139+764
3 =
2 3 = = 2
< Y= = = o
Y— o 72} n .
_ o £ x T g 6
£ 3 %5\ = g S = = ) g
= g —_ = £ T S S > S~ g 8
> 2 £ €2 = = ~ $ TR b I
~ = - e 1 =
o] = N o= [ ] ) N} ES o < [
2.00 2.00 1.00 18.00 8.2 0.120 0.050 1.36 0.0002932 182.2 190.4
4.00 2.00 3.00 18.00 24.6 0.120 0.050 1.36 0.0002984 176.4 201.0
6.00 2.00 5.00 18.00 41.0 0.120 0.050 1.36 0.0002954 170.3 211.2
8.00 2.00 7.00 18.00 57.3 0.120 0.050 1.36 0.0002897 163.9 221.2
10.00 2.00 9.00 18.00 73.7 0.120 0.050 1.36 0.0002802 157.2 230.9
12.00 2.00 11.00 18.00 90.1 0.120 0.050 1.36 0.0002699 150.2 240.3
14.00 2.00 13.00 18.00 106.5 0.120 0.050 1.36 0.0002585 142.9 249.4
16.00 2.00 1500 | 18.00 | 1229 | 0120 | 0.050 1.36 0.0002457 1354 | 2582
18.00 2.00 17.00 18.00 139.2 0.120 0.050 1.36 0.0002313 127.6 266.8
20.00 2.00 19.00 18.00 155.6 0.120 0.050 1.36 0.0002148 119.5 275.2
22.00 2.00 21.00 18.00 172.0 0.120 0.050 1.36 0.0001957 111.3 283.2
24.00 2.00 23.00 18.00 188.4 0.120 0.050 1.36 0.0001731 102.7 291.1
26.00 2.00 25.00 18.00 204.8 0.100 0.020 1.36 0.0001055 94.0 298.7
28.00 2.00 27.00 18.00 221.1 0.100 0.020 1.36 0.0001057 85.0 306.1
30.00 2.00 29.00 18.00 237.5 0.100 0.020 1.36 0.0001059 75.8 313.3
32.00 2.00 31.00 18.00 253.9 0.100 0.020 1.36 0.0001061 66.4 320.3
34.00 2.00 33.00 18.00 270.3 0.100 0.020 1.36 0.0001062 56.8 327.1
36.00 2.00 35.00 18.00 286.7 0.100 0.020 1.36 0.0001064 47.0 333.7
38.00 2.00 37.00 18.00 303.0 0.100 0.020 1.36 0.0001066 37.0 340.0
40.00 2.00 39.00 18.00 3194 0.100 0.020 1.36 0.0001068 26.8 346.2
42.00 2.00 41.00 18.00 335.8 0.100 0.020 1.36 0.0001070 16.5 352.2
44.00 2.00 43.00 18.00 352.2 0.100 0.020 1.36 0.0001072 5.9 358.1
44,11 1.00 44.05 18.00 360.8 0.100 0.020 1.36 0.0001073 0.3 361.1
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Table C. 2. Consolidation settlement calculation for Km: 139+764

el @ _ > _

- P T == S

5| &% 0028 S5 woLlg

E| 8| 25 £E55T 35 £5E5°S

= a O o O n D o £

2| 2| 52| Eg=z sez | E253

o |l E|] CBE 088gs& C8E 0888
2.00 | 2.00 0.13m 12.93 cm 0.11m 10.69 cm
4,00 | 2.00 0.10m 22.76 cm 0.11m 21.21cm
6.00 | 2.00 0.09m 31.34cm 0.10 m 31.27 cm
8.00 | 2.00 0.08 m 39.20 cm 0.09 m 40.77 cm
10.00 | 2.00 0.07m 46.59 cm 0.09 m 49.58 cm
12.00 | 2.00 0.04 m 51.01 cm 0.08 m 57.68 cm
14.00 | 2.00 0.04 m 55.19 cm 0.07m 65.07 cm
16.00 | 2.00 0.04 m 59.17 cm 0.07m 71.72 cm
18.00 | 2.00 0.04 m 63.01 cm 0.06 m 77.63cm
20.00 | 2.00 0.04 m 66.73 cm 0.05m 82.76 cm
22.00 | 2.00 0.04 m 70.35cm 0.04 m 87.12 cm
24.00 | 2.00 0.03m 73.68 cm 0.04 m 90.68 cm
26.00 | 2.00 0.02m 76.09 cm 0.02m 92.66 cm
28.00 | 2.00 0.02m 78.17 cm 0.02m 94.46 cm
30.00 | 2.00 0.02m 79.94 cm 0.02m 96.06 cm
32.00 | 2.00 0.01m 81.43 cm 0.01m 97.47 cm
34.00 | 2.00 0.01m 82.64 cm 0.01m 98.68 cm
36.00 | 2.00 0.01m 83.61 cm 0.01m 99.68 cm
38.00 | 2.00 0.01m 84.35cm 0.01m 100.47 cm
40.00 | 2.00 0.01m 84.86 cm 0.0l m 101.04 cm
42.00 | 2.00 0.00 m 85.17 cm 0.00 m 101.39 cm
44.00 | 2.00 0.00m 85.28 cm 0.00 m 101.52 cm
44,11 | 1.00 0.00 m 85.28 cm 0.00 m 101.52 cm

Depth (m)

OCR vs. Depth (m)

-5

-10

-15

Graph

OCR

Detailed consolidation calculations of Station 1 for the depth of 0.0 m and 2.0 m:

Stress calculation in ground depth is performed by Marston Type Analysis
presented by Charles (1996):

(Eq. C.1)

= {1-[a-npoaczh)

where;
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q (the vertical stress applied over the loaded area) = ys - h (Eq. C.2)

n (load intensity ratio) = Vs h/y, b (Eq. C.3)
b* = 2-b for strip footing (Eq. C.4)
f=4-p-K (Eq. C.5)
u-K = tang'(1 — sing") (Eqg. C.6)
o,=VY -z (Eq. C.7)
01 =0y + 0y (Eg. C.8)

v : unit weight of the loaded soil

y' . effective unit weight of the loaded soil
vs - unit weight of the fill

h : surcharge height

b : width of embankment platform

¢’ : soil friction angle

z : vertical stress in the ground depth
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Embankment height= 8.80 m (4.5 m bank constructed from rock fill and 4.3 m road
fill)

Unit weight of road fill = 20 kN/m3

Unit weight of rock fill = 22 kN/m3

From Eq. C.4, b™ is calculated as:
b*=2-37.5m=75m

From Eq. C.2, weight of embankment is calculated as:

Weight of embankment fill = 4.5m .- 22 kN/m3 +43m-20 kN/m3 = 185 kPa

Load intensity ratio is calculated from Eq. C.3 as:

45m- 22 N/ o+ 43m-20FN/

n= =0.301
(18-981)KN/ 5 .75m
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From Eq. C.5, f is calculated as:

f =4 tan27°(1 —sin27°) = 1.113

Stress at depth of 1.0 m is calculated from Eq. C.1 as:

185
g, =
0.301-1.113

182.215 kPa

{1 - [(1 —0.301-1.113) exp (M)]} —1m- (18 KN/ o —981KN/ )=

75m

Consolidation calculation in depth of interval 0.0 m and 2.0 m:
Thickness of layer: 2.0 m

Middle depth of layer (z): 1.0 m

Depth of groundwater: Surface (0.0 m)

Unit weight of soil: 18.0 kN/m?®

0, and o, are calculated at 1.0 m depth:

0y = (18— 981N/ 5 +1.0m =8.2kPa

01 = 8.2 kPa + 182.2 kPa = 190.4 kPa
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P is obtained from Figure C.1 as 100 kPa and coefficients of consolidation (Ce, Ci)

are calculated from Eqg. 2.3 as:

C, = 0.32—3).024 —012,C, = 0.26—3(()].024- — 0.05
log(55) log(53)

Since, oo < Pc < cotAc, EQ. 2.9 is used to calculate consolidation settlement in
interval of 0.0 m and 2.0 m.

0.05%2.0m 100 kPa 0.12x2.0 m 190.4 kPa

S= 1+0.36 log s2iPa T 14036 log 100 kPa 0.1293m = 12.93 cm

Coefficients of volume compressibility (my) is calculated from consolidation tests
performed on UD1 sample. From Pressure (kPa) vs. Void Ratio (e) graph, for eo
and ey are calculated for o= 8.19 kPa and 1= 190.40 kPa as 35.89 (%) and 28.63
(%), respectively as:

e = (M> o+eg (Eq. C.9)

For 6= 8.19 kPa,

_ (34.49 —36.16

= 0,
49.91 kPa — O) 8.19 kPa + 36.16 = 35.89%
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For 6= 190.40 kPa,

_ ( 28.24 — 32.41

- = 0,
199.64 kPa — 99.82 kPa) (190.40 kPa — 99.82 kPa) + 32.41 = 28.63%

The coefficient of volume compressibility (my) is calculated from Eq. 2.2 as:

Ae 0.3589 — 0.2863

= = = 0.000293m?2/kN
Ao(1+ep) (190.40 —8.19) = (1 + 0.3589) m/

my

Eq. 2.6 is used to calculate consolidation settlement from my for depth interval of
0.0mand 2.0 m:

S, =0.000293 mz/kN * 182.215 kPa * 2.0 m = 0.1069 m = 10.69 cm
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Table C. 3. BSSK 447 UD1 Consolidation test result of Km: 139+764

Zemar Zemin Arastirma ve Miihendislik | Jeoloji - Jeofizik - Jeoteknik Hizmetler

Musteri Adi

KONSOLIDASYON DENEYi SONUCLARI

Laboratuvar No

/ CONSOLIDATION TEST RESULTS

Nam Kabul Tarind

Costomersname  YUKSEL DOMANIG MUHENDISLIK LTD. Laboratory No 13-179kon1 Deta'of Samp. Accegt 26.12.2012
s sy oo g::izle’-g::;:ﬁ‘ul-lzmlr (izmit Kérfez Gegisi ve Baglant: Yollar: vy ram eoraon
A.G+Dolau  24.45m / Km: 139+670
:‘;"":;s"”;" T BSSK447/UD1 gl 2.50-3.00 ey Eaeu Tew 07.02.2013
b5 2,00 i oo 288 Ho(mm):  14.69
Bosluk Orani
Prosans o) | sotomentimmy | (mmy | VST | eox s a0 ot | e | T | e
000 | 0.00 20.00 36.16 036 0.00 0.00 0.00000 | 0.00000 0.00 0.00
091 | 025 | 1988 34.49 035 0.02 4991 000034 | 000025  240.00 035
%082 | 0.55 | 1980 3241 033 0.02 4281 000042 | 0.00031 | 6000.00 0.01
199.64 17 1 1; 4 ‘ 19.14 2824 0.30 ) O; 799,!;2 | b MZ 0.00032 13500.00 0.01
39929 | 175 | 1ess 2427 026 0.04 19964 | 000020 | 000016 | 8540.00 0.01
19964 | 167 | 1820 24.83 025 0.01 19964  -0.00003 | -0.00002
e0.82 ‘ 152 J 1841 2581 025 | 001 | -9982 -0.00010 | -0.00008
4991 | 136 | 1856 26.90 0.26 0.01 -49.91 -0.00022 | -0.00017

My=Hacimsel Sikigma Katsayrst
Volume Change Coefficient

aveSikisma Katsayis:
Compressibilty Coefficient

Cv=Konsolidasyon Katsayis
Consolidation Coefficient

t90 = Otwma Zaman %90
Settioment Time %30

Deney: Yapan
Testec 8y

« Deneyler igih
fests were don 1rom the Samples thal are delvered by the reiafect rm.
« Bu daney TS 1900-2 standartianna gors yapmaktadi.
This test 5 being dore according to the TS 1900-2 standiarts
- Bu deney raporu L

SF iaboratocy.
. ZEMAR

+ T.CBayndikik ve lskan Bakan' logosus 16.06,2011 tarih ve 267 nusmara Laboratuvar kzin Beiges! kapsaminda kullanlmakiadir
The Logo of T.R. used by Labo 16.08.2011 anc

Table C. 4. BSSK 447 UD3 Consolidation test result of Km: 139+764

Zemar Zemin Arastirma ve Miihendislik | Jeoloji - Jeofizik - Jeoteknik Hizmetler

KONSOLIDASYON DENEYi SONUGLARI / CONSOLIDATION TEST RESULTS

Laboratuvar No

Num Kabul Tarini

Musteri Adi

e e name  YUKSEL DOMANIC MUHENDISLIK LTD. s 13-179kon2 i siliny o 26.12.2012
Gebze-Orhangazi-izmir (Izmit Kérfez Gegisi ve Baglant: Yollar
Num Alindign Yer 2 Deney Tarmi
Project/Location Dahil ) Otoyolu cllodin 05.01.2013
A.G+Dolqu  24.45m / Km: 139+670
Sondaj-Num. No Doriik (m) Deney Rapor Tarihi
ey, BSSK4471UD3 ot 11.50-12.00 U feisinic 07.02.2013
Gap (cm): Alan (em?) Yag Agirlix (g): Ozgul Agirik:
veeson: 5.00 ) 19.63 Wet waign:  74.38 e AT
Boy (cm): SuMattevas: (%)
Langht 2.00 Hasm (e 3927 Water Content 2252 Ho(mm): 1474
Bosluk Orant
8asing (0) Oturma Hort " av My 190 cv
Pressure (kPa) | Settiement H(mm) (mm) e g Sort Ae s miN miN s mms
0.00 0.00 20.00 35.69 0.36 0.00 0.00 000000 | 0.00000 0.00 0.00
49,91 052 19.74 3218 | 034 0.04 49.91 000070 | 0.00052 | 2160.00 0.04
99.82 065 19.42 stz | 0% 0.01 49.91 000018 | 000014 | 240.00 033
199.64 0.82 19.27 3014 | 031 0.01 99.82 000011 | 000003 = 540.00 015
39929 122 18.98 2740 | 029 0.03 199.64 000014 | 0.00011 | 6000.00 0.01
199.64 1.20 18.79 2758 | 027 0.00 -199.64 | -0.00001 | -0.00001
99.82 1.18 18.81 2765 | 028 0.00 -99.82 -0.00001 | -0.00001
49.91 1.15 18.83 2788 | 028 0.00 -49.91 -0.00005 | -0.00004
Cv= Kensolidasyon Katsayist 120 = Oturma Zamans %90
Volume Chenge Coefficient Compressibility Coefficient Consaiidation Coefficient Settiement Time %90
& e s Deeyi Yapen
Testad By
o Budeney TS 1900-2 stancartianna gire yapiimakiadr.
t : e
Y . ok et im Aga
o i any form without i j M ;
4 B o Oda i
Tost rasut reports without 8 ZEMAR Hollogram are invalid 2, 8359

« T.CBaynilik va iskan Bakani g fogosu 16,05.2011 tarih vo 291 numavall Laboratuya lzin Balges! kapsamund wulanimaktadic
The Logoof TR P v 1605201

291
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Figure C. 1. Pressure vs. Void ratio graph for BSSK-447 UD1 sample
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ZENAR ZMR =

Zemar Zemin Arastirma ve Miihendislik | Jeoloji - Jeofizik - Jeoteknik Hizmetler

KONSOLIDASYON DENEYI SONUGLARI /| CONSOLIDATION TEST RESULTS

RAPOR NO: DR-10A (2/2)

Magteri Adi i) (1 Num.Kabul Tarihi &
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Figure C. 2. Pressure vs. Void ratio graph for BSSK-447 UD3 sample
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C.2 KM: 139+860 Section

The embankment height: 8.8 m

Total consolidation: 101.52 cm

Table C. 5. Consolidation settlement parameters for Km: 139+860

3 =

2 3 = = 2

< [ =] = 04
5 £ E 1 & | 1 .
g g B < = g = > = 3
| 2| 2| ZE| & 2| 32| 3 .| & 5
53 = E 2 = = =~ ¥ T8 b I
~ = — [ =
o [ N i~ © @] @] ~ ES o < (o]
2.00 2.00 1.00 18.00 8.2 0.120 0.050 1.36 0.000293 182.2 190.4
4.00 2.00 3.00 18.00 24.6 0.120 0.050 1.36 0.000298 176.4 201.0
6.00 2.00 5.00 18.00 41.0 0.120 0.050 1.36 0.000295 170.3 211.2
8.00 2.00 7.00 18.00 57.3 0.120 0.050 1.36 0.000290 163.9 221.2
10.00 2.00 9.00 18.00 73.7 0.120 0.050 1.36 0.000280 157.2 230.9
12.00 2.00 11.00 18.00 90.1 0.120 0.050 1.36 0.000270 150.2 240.3
14.00 2.00 13.00 18.00 106.5 0.120 0.050 1.36 0.000259 142.9 249.4
16.00 2.00 15.00 18.00 122.9 0.120 0.050 1.36 0.000246 1354 258.2
18.00 2.00 17.00 18.00 139.2 0.120 0.050 1.36 0.000231 127.6 266.8
20.00 2.00 19.00 18.00 155.6 0.120 0.050 1.36 0.000215 119.5 275.2
22.00 2.00 21.00 18.00 172.0 0.120 0.050 1.36 0.000196 111.3 283.2
24.00 2.00 23.00 18.00 188.4 0.120 0.050 1.36 0.000173 102.7 291.1
26.00 2.00 2500 | 18.00 | 204.8 | 0.100 | 0.020 1.36 0.000106 94.0 298.7
28.00 2.00 27.00 18.00 221.1 0.100 0.020 1.36 0.000106 85.0 306.1
30.00 2.00 29.00 18.00 237.5 0.100 0.020 1.36 0.000106 75.8 313.3
32.00 2.00 31.00 18.00 253.9 0.100 0.020 1.36 0.000106 66.4 320.3
34.00 2.00 33.00 18.00 270.3 0.100 0.020 1.36 0.000106 56.8 327.1
36.00 2.00 35.00 18.00 286.7 0.100 0.020 1.36 0.000106 47.0 333.7
38.00 2.00 37.00 18.00 303.0 0.100 0.020 1.36 0.000107 37.0 340.0
40.00 2.00 39.00 18.00 3194 0.100 0.020 1.36 0.000107 26.8 346.2
42.00 2.00 41.00 18.00 335.8 0.100 0.020 1.36 0.000107 16.5 352.2
44.00 2.00 43.00 18.00 352.2 0.100 0.020 1.36 0.000107 5.9 358.1
4411 1.00 44.05 18.00 360.8 0.100 0.020 1.36 0.000107 0.3 361.1
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Table C. 6. Consolidation settlement calculation for Km: 139+860

el @ _ > _

- P T == S

5| &% 0028 S5 woLlg

E| 8| 25 £E55T 35 £5E5°S

= a O o O n D o £

2| 2| 52| Eg=z sez | E253

o |l E|] CBE 088gs& C8E 0888
2.00 | 2.00 0.13m 12.93 cm 0.11m 10.69 cm
4,00 | 2.00 0.10m 22.76 cm 0.11m 21.21cm
6.00 | 2.00 0.09m 31.34cm 0.10 m 31.27 cm
8.00 | 2.00 0.08 m 39.20 cm 0.09 m 40.77 cm
10.00 | 2.00 0.07m 46.59 cm 0.09 m 49.58 cm
12.00 | 2.00 0.04 m 51.01 cm 0.08 m 57.68 cm
14.00 | 2.00 0.04 m 55.19 cm 0.07m 65.07 cm
16.00 | 2.00 0.04 m 59.17 cm 0.07m 71.72 cm
18.00 | 2.00 0.04 m 63.01 cm 0.06 m 77.63cm
20.00 | 2.00 0.04 m 66.73 cm 0.05m 82.76 cm
22.00 | 2.00 0.04 m 70.35cm 0.04 m 87.12 cm
24.00 | 2.00 0.03m 73.68 cm 0.04 m 90.68 cm
26.00 | 2.00 0.02m 76.09 cm 0.02m 92.66 cm
28.00 | 2.00 0.02m 78.17 cm 0.02m 94.46 cm
30.00 | 2.00 0.02m 79.94 cm 0.02m 96.06 cm
32.00 | 2.00 0.01m 81.43 cm 0.01m 97.47 cm
34.00 | 2.00 0.01m 82.64 cm 0.01m 98.68 cm
36.00 | 2.00 0.01m 83.61 cm 0.01m 99.68 cm
38.00 | 2.00 0.01m 84.35cm 0.01m 100.47 cm
40.00 | 2.00 0.01m 84.86 cm 0.0l m 101.04 cm
42.00 | 2.00 0.00 m 85.17 cm 0.00 m 101.39 cm
44.00 | 2.00 0.00m 85.28 cm 0.00 m 101.52 cm
44,11 | 1.00 0.00 m 85.28 cm 0.00 m 101.52 cm

Depth (m)

OCR vs. Depth (m)
Graph

OCR
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C.3 KM: 1404592 Section

The embankment height: 8.8 m

Total consolidation: 101.52 cm

Table C. 7. Consolidation settlement parameters for Km: 140+592
3 =
2 3 = = 2
< [ =] = 04
5 £ E1 & | 1 .
g g B < = g = > = 3
| 2| 2| ZE| & | 2| 3| 3 .| & 5
53 = E £2 = = =~ ¥ T8 b I
~ = — [ =
o [ N o= © O @] ~ —_— < ©
2.00 2.00 1.00 18.00 8.2 0.120 0.050 1.36 0.000293 182.2 190.4
4.00 2.00 3.00 18.00 24.6 0.120 0.050 1.36 0.000298 176.4 201.0
6.00 2.00 5.00 18.00 41.0 0.120 0.050 1.36 0.000295 170.3 211.2
8.00 2.00 7.00 18.00 57.3 0.120 0.050 1.36 0.000290 163.9 221.2
10.00 2.00 9.00 18.00 73.7 0.120 0.050 1.36 0.000280 157.2 230.9
12.00 2.00 11.00 18.00 90.1 0.120 0.050 1.36 0.000270 150.2 240.3
14.00 2.00 13.00 18.00 106.5 0.120 0.050 1.36 0.000259 142.9 249.4
16.00 2.00 15.00 18.00 122.9 0.120 0.050 1.36 0.000246 1354 258.2
18.00 2.00 17.00 18.00 139.2 0.120 0.050 1.36 0.000231 127.6 266.8
20.00 2.00 19.00 18.00 155.6 0.120 0.050 1.36 0.000215 119.5 275.2
22.00 2.00 21.00 18.00 172.0 0.120 0.050 1.36 0.000196 111.3 283.2
24.00 2.00 23.00 18.00 188.4 0.120 0.050 1.36 0.000173 102.7 291.1
26.00 2.00 25.00 18.00 204.8 0.100 0.020 1.36 0.000106 94.0 298.7
28.00 2.00 27.00 18.00 221.1 0.100 0.020 1.36 0.000106 85.0 306.1
30.00 2.00 29.00 18.00 2375 0.100 0.020 1.36 0.000106 75.8 313.3
32.00 2.00 31.00 18.00 253.9 0.100 0.020 1.36 0.000106 66.4 320.3
34.00 2.00 33.00 18.00 270.3 0.100 0.020 1.36 0.000106 56.8 327.1
36.00 2.00 35.00 18.00 286.7 0.100 0.020 1.36 0.000106 47.0 333.7
38.00 2.00 37.00 18.00 303.0 0.100 0.020 1.36 0.000107 37.0 340.0
40.00 2.00 39.00 18.00 319.4 0.100 0.020 1.36 0.000107 26.8 346.2
42.00 2.00 41.00 18.00 335.8 0.100 0.020 1.36 0.000107 16.5 352.2
44.00 2.00 43.00 18.00 352.2 0.100 0.020 1.36 0.000107 5.9 358.1
4411 1.00 44.05 18.00 360.8 0.100 0.020 1.36 0.000107 0.3 361.1
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Table C. 8. Consolidation settlement calculation for Km: 140+592

8 == S~ == o

5| &% 0028 S'6 R

E|E| 25 2EET S5 2E5°S

€| 3| B5_| 28&S | BE_ | Zgs¢

8| E| S8E 3882 S8E | 53882
2.00 | 2.00 0.13m 12.93cm 0.11m 10.69 cm
4,00 | 2.00 0.10m 22.76 cm 0.11m 21.21cm
6.00 | 2.00 0.09 m 31.34 cm 0.10 m 31.27 cm
8.00 | 2.00 0.08 m 39.20 cm 0.09 m 40.77 cm
10.00 | 2.00 0.07m 46.59 cm 0.09 m 49.58 cm
12.00 | 2.00 0.04 m 51.01 cm 0.08 m 57.68 cm
14.00 | 2.00 0.04 m 55.19 cm 0.07m 65.07 cm
16.00 | 2.00 0.04m 59.17 cm 0.07m 71.72 cm
18.00 | 2.00 0.04 m 63.01 cm 0.06 m 77.63cm
20.00 | 2.00 0.04 m 66.73 cm 0.05m 82.76 cm
22.00 | 2.00 0.04 m 70.35cm 0.04 m 87.12 cm
24.00 | 2.00 0.03m 73.68 cm 0.04 m 90.68 cm
26.00 | 2.00 0.02m 76.09 cm 0.02m 92.66 cm
28.00 | 2.00 0.02m 78.17 cm 0.02m 94.46 cm
30.00 | 2.00 0.02m 79.94 cm 0.02m 96.06 cm
32.00 | 2.00 0.01m 81.43 cm 0.0l m 97.47 cm
34.00 | 2.00 0.01m 82.64 cm 0.01 m 98.68 cm
36.00 | 2.00 0.01m 83.61 cm 0.01m 99.68 cm
38.00 | 2.00 0.01m 84.35cm 0.0l m 100.47 cm
40.00 | 2.00 0.01m 84.86 cm 0.01m 101.04 cm
42.00 | 2.00 0.00m 85.17 cm 0.00 m 101.39 cm
44.00 | 2.00 0.00m 85.28 cm 0.00 m 101.52 cm
44,11 | 1.00 0.00 m 85.28 cm 0.00 m 101.52 cm

Depth (m)

OCR vs. Depth (m)
Graph

OCR
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C.4 KM: 141+680 Section

The embankment height: 10.259 m

Total consolidation: 140.26 cm

Table C. 9. Consolidation calculations for Km: 141+680

£
£ < _
5 3 = | = | B
< Y= = = o
s 2 3 3 S
—_ P £ @ x B o
E o 3 z g 5 = = = 3
s | 2| = | 2 g 3 S | = z_ | = 5
3 2 £ = = = ~ § T2 b I
a E ~ > 8 S &) =) EES < B
2.00 2.00 100 | 18.00 8.2 0125 | 0030 | 1.48 0.000253 2059 | 214.1
4.00 2.00 300 | 1800 | 246 | 0125 | 0030 | 148 0.000230 199.4 | 2239
6.00 2.00 500 | 1800 | 41.0 | 035 | 0027 | 159 0.000442 1926 | 2335
8.00 2.00 700 | 1800 | 573 | 0356 | 0027 | 159 0.000425 1855 | 24238
9.00 1.00 850 | 1800 | 696 | 0356 | 0027 | 159 0.000415 180.0 | 2496
1800 | 9.00 | 1350 | 18.00 | 1106 | 0000 | 0000 | 1.59 0.000000 1607 | 2713
2000 | 200 | 1900 | 1800 | 1556 | 0356 | 0027 | 1.59 0.000343 137.6 | 2933
2200 | 200 | 21.00 | 1800 | 1720 | 0356 | 0027 | 1.59 0.000325 1288 | 3008
2400 | 200 | 2300 | 1800 | 1884 | 0356 | 0027 | 1.59 0.000304 119.8 | 308.2
26.00 | 200 | 2500 | 1800 | 2048 | 0356 | 0027 | 159 0.000288 1105 | 3153
2800 | 200 | 2700 | 1800 | 2211 | 0113 | 0011 | 1.56 0.000070 1011 | 3222
3000 | 200 | 2900 | 1800 | 2375 | 0113 | 0011 | 1.56 0.000071 91.4 | 3289
3200 | 200 | 3100 | 1800 | 2539 | 0338 | 0054 | 156 0.000297 81.6 | 3355
3400 | 200 | 3300 | 1800 | 2703 | 0338 | 0054 | 156 0.000299 715 | 3418
3600 | 200 | 3500 | 1800 | 2867 | 0338 | 0054 | 1.56 0.000300 613 | 347.9
3800 | 200 | 3700 | 1800 | 3030 | 0338 | 0054 | 1.56 0.000302 509 | 3539
4000 | 200 | 39.00 | 1800 | 3194 | 0338 | 0054 | 1.56 0.000303 403 | 359.7
4200 | 200 | 4100 | 1800 | 3358 | 0338 | 0054 | 156 0.000305 295 | 3653
4400 | 200 | 4300 | 1800 | 3522 | 0338 | 0054 | 156 0.000306 186 | 3708
4600 | 200 | 4500 | 1800 | 3623 | 0338 | 0054 | 1.56 0.000308 118 | 374.1
4634 | 200 | 4617 | 1800 | 3781 | 0338 | 0054 | 1.56 0.000309 1.0 379.1

310




Table C. 10. Consolidation calculations for Km: 141+680

Y= Y=
2 c ° c
c o c 2
—~ [] ..CTS' (5] 4(_61
E g S = 5 T =
— - > IS pree] > e
L @ a2 D S
o s &5~ pis 5o~
5| £8 | 2% S | 228
€ a <~ ZEG <~ Z2ET
S E| fe | 2EX | 2z | 2B
E < 8 S = (<5} 0) 8 S = (5] E
5| 2| §2 5% 3 52 5% 2
Q| & ol 038 ol S A=
2.00 | 2.00 0.09m 8.53cm 0.10m 10.42 cm
4.00 | 2.00 0.10m 18.16 cm 0.09m 19.58 cm
6.00 | 2.00 0.22m 39.98 cm 0.17m 36.62 cm
8.00 | 2.00 0.22m 62.06 cm 0.16 m 52.39 cm
9.00 | 1.00 0.11m 73.23cm 0.07m 59.86 cm
18.00 | 9.00 0.00m 73.23¢cm 0.00m 59.86 cm
20.00 | 2.00 0.12m 85.55 cm 0.09m 69.29 cm
22.00 | 2.00 0.11m 96.43 cm 0.08 m 77.66 cm
24.00 | 2.00 0.10m 106.00 cm 0.07m 84.95cm
26.00 | 2.00 0.08 m 114.40 cm 0.06 m 91.31cm
28.00 | 2.00 0.02m 116.76 cm 0.01m 92.73cm
30.00 | 2.00 0.02m 118.81 cm 0.01m 94.02 cm
32.00 | 2.00 0.05m 124,06 cm 0.05m 98.87 cm
34.00 | 2.00 0.04m 128.47 cm 0.04m 103.14 cm
36.00 | 2.00 0.04m 132.12 cm 0.04m 106.82 cm
38.00 | 2.00 0.03m 135.04 cm 0.03m 109.89 cm
40.00 | 2.00 0.02m 137.27 cm 0.02m 112.33cm
42.00 | 2.00 0.02m 138.86 cm 0.02m 114.13cm
44.00 | 2.00 0.01lm 139.83 cm 0.01m 115.27 cm
46.00 | 2.00 0.00m 140.21 cm 0.00m 115.73 cm
46.34 | 2.00 0.00m 140.26 cm 0.00m 115.79 cm

Depth (m)

OCR vs. Depth (m)

-10

-15

Graph

OCR
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C.5 KM: 1424000 Section

The embankment height: 9.97 m

Total consolidation: 111.69 cm

Table C. 11. Consolidation settlement parameters for Km: 142+000

E
£ < _
g 3 | = | 3
< Y= = = o
s 2 3 3 S
—_ o £ @ 4 B o
E o 3 z g 5 = = = 3
s | 2| = | 2 g 3 S | = z_ | = 5
S i £ = = = = ¥ .T 8 e I
a E ~ ) 8 S &) =) e EJD 3 B
2.00 2.00 100 | 18.00 8.2 039 | 0056 | 322 0.000272 2052 | 2134
4.00 2.00 300 | 1800 | 246 | 0390 | 0056 | 3.22 0.000254 198.7 | 2233
6.00 2.00 500 | 1800 | 410 | 0390 | 0056 | 3.22 0.000235 1920 | 2329
8.00 2.00 700 | 1800 | 573 | 0390 | 0056 | 3.22 0.000222 1849 | 2423
9.00 1.00 850 | 1800 | 69.6 | 0390 | 0056 | 3.22 0.000218 1795 | 249.1
1500 | 600 | 1200 | 1900 | 1103 | 0000 | 0000 | 163 0.000000 1541 | 2644
1700 | 200 | 1600 | 1800 | 1310 | 0365 | 0063 | 1.63 0.000364 1499 | 2810
19.00 | 200 | 1800 | 1800 | 1474 | 0365 | 0063 | 163 0.000350 1415 | 2889
2100 | 200 | 2000 | 1800 | 1638 | 0365 | 0.063 | 1.63 0.000334 1328 | 2966
2300 | 200 | 2200 | 1800 | 1802 | 0365 | 0063 | 1.63 0.000077 1239 | 304.1
2500 | 200 | 2400 | 1800 | 1966 | 0365 | 0063 | 1.63 0.000072 1147 | 3113
2700 | 200 | 2600 | 1800 | 2129 | 0094 | 0015 | 1.29 0.000071 1054 | 3183
2900 | 200 | 2800 | 1800 | 2293 | 0094 | 0015 | 1.29 0.000295 959 | 3252
3100 | 200 | 3000 | 1800 | 2457 | 0094 | 0015 | 1.29 0.000296 86.1 | 3318
3300 | 200 | 3200 | 1800 | 2621 | 0361 | 0093 | 1.67 0.000298 762 | 3382
3500 | 200 | 3400 | 1800 | 2785 | 0361 | 0093 | 167 0.000299 660 | 3445
3700 | 200 | 3600 | 1800 | 2948 | 0361 | 0093 | 167 0.000301 557 | 350.6
3900 | 200 | 3800 | 1800 | 3112 | 0361 | 0093 | 167 0.000302 452 | 356.4
4100 | 200 | 4000 | 1800 | 327.6 | 0361 | 0.093 | 167 0.000304 346 | 3622
4300 | 200 | 4200 | 1800 | 3440 | 0361 | 0093 | 167 0.000305 237 | 3677
4500 | 200 | 4400 | 1800 | 3604 | 0361 | 0093 | 1.67 0.000307 127 | 3731
4628 | 128 | 4564 | 1800 | 3738 | 0361 | 0093 | 167 0.000308 36 377.4
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Table C. 12. Consolidation settlement calculation for Km: 142+000

= Y=
8 = 8 c
c il = i=l
= e b GEJ &
El 5 Sz 5 S
B & e = 3 =
_ O~ e
5| S8 | 2% SE | 2%
—~ 0 © — e <~ Z2ET
El ¢ 2g ggS 25 g2 >
= g 9 S E S > S E g
g 2| g8 | E29 | Ez | Egt
a = o8 (S A= o= [SI )
2.00 | 2.00 0.09 m 9.39cm 0.11m 11.16 cm
4.00 | 2.00 0.08 m 17.60 cm 0.10m 21.27 cm
6.00 | 2.00 0.08 m 25.48 cm 0.09m 30.31cm
8.00 | 2.00 0.08 m 33.27cm 0.08 m 38.52 cm
9.00 | 1.00 0.04m 37.16 cm 0.04m 42.44 cm
15.00 | 6.00 0.00m 37.16 cm 0.00m 42.44 cm
17.00 | 2.00 0.09 m 46.44 cm 0.11m 53.35cm
19.00 | 2.00 0.09 m 55.88 cm 0.10m 63.26 cm
21.00 | 2.00 0.12m 67.42 cm 0.09m 72.12 cm
23.00 | 2.00 0.10m 77.60 cm 0.02m 74.03 cm
25.00 | 2.00 0.09 m 86.54 cm 0.02m 75.68 cm
27.00 | 2.00 0.03m 89.09 cm 0.01m 77.16 cm
29.00 | 2.00 0.02m 91.30cm 0.06 m 82.82 cm
31.00 | 2.00 0.02m 93.20cm 0.05m 87.93cm
33.00 | 2.00 0.05m 97.99 cm 0.05m 92.47 cm
35.00 | 2.00 0.04 m 101.99 cm 0.04m 96.42 cm
37.00 | 2.00 0.03m 105.24 cm 0.03m 99.77 cm
39.00 | 2.00 0.03m 107.78 cm 0.03m 102.51 cm
41.00 | 2.00 0.02m 109.67 cm 0.02m 104.61 cm
43.00 | 2.00 0.01m 110.92 cm 0.01m 106.06 cm
45.00 | 2.00 0.01m 111.57 cm 0.01m 106.84 cm
46.28 | 1.28 0.00m 111.69 cm 0.00m 106.98 cm

Depth (m)

OCR vs. Depth (m)

Graph
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C.6 KM: 142+400 Section

The embankment height: 8.09 m

Total consolidation: 92.44 cm

Table C. 13. Consolidation settlement parameters for Km: 142+400
E
E g -
— [S) 7] ] .

. o = & & < o
E g g = S S = = = b
s| 2| | 2] & 2] 3| 3 2| £ | @
s 2| E|E| S| S OST OE] OLER| ¥ oL
[a) [ N ) © O (@) = ES o < ©
2.00 2.00 1.00 18.00 8.2 0.390 0.056 3.22 0.0002875 168.2 176.4
4.00 2.00 3.00 18.00 24.6 0.390 0.056 3.22 0.0002683 162.8 187.4
6.00 2.00 5.00 18.00 41.0 0.390 0.056 3.22 0.0002473 157.1 198.1
8.70 3.00 7.35 18.00 60.2 0.390 0.056 3.22 0.0002301 150.0 210.2
10.70 2.00 9.70 19.00 89.1 0.000 0.000 0 0.0000000 132.8 221.9
12.70 2.00 11.70 19.00 107.5 0.000 0.000 0 0.0000000 124.0 2315
14.00 2.00 13.35 19.00 122.7 0.000 0.000 0 0.0000000 116.6 239.3
16.00 2.00 15.00 18.00 1229 0.365 0.063 1.63 0.0003851 124.0 246.9
18.00 2.00 17.00 18.00 139.2 0.365 0.063 1.63 0.0003680 116.5 255.8
20.00 2.00 19.00 18.00 155.6 0.365 0.063 1.63 0.0003481 108.8 264.4
22.00 2.00 21.00 18.00 172.0 0.365 0.063 1.63 0.0003245 100.9 272.8
24.00 2.00 23.00 18.00 188.4 0.365 0.063 1.63 0.0000757 92.6 281.0
26.00 2.00 25.00 18.00 204.8 0.365 0.063 1.63 0.0000705 84.2 288.9
28.00 2.00 27.00 18.00 221.1 0.094 0.015 1.29 0.0000706 75.5 296.6
30.00 2.00 29.00 18.00 237.5 0.094 0.015 1.29 0.0002958 66.6 304.1
31.00 1.00 30.50 18.00 249.8 0.094 0.015 1.29 0.0002969 59.8 309.5
32.00 1.00 31.50 18.00 258.0 0.094 0.015 1.29 0.0002976 55.1 313.1
34.00 2.00 33.00 18.00 270.3 0.361 0.093 1.67 0.0002987 48.1 318.4
36.00 2.00 35.00 18.00 286.7 0.361 0.093 1.67 0.0003001 38.6 325.2
38.00 2.00 37.00 18.00 303.0 0.361 0.093 1.67 0.0003016 28.8 331.8
40.00 2.00 39.00 18.00 319.4 0.361 0.093 1.67 0.0003031 18.9 338.3
42.69 2.69 41.35 18.00 338.6 0.361 0.093 1.67 0.0003049 7.0 345.6
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Table C. 14. Consolidation settlement calculation for Km: 142+400

= =
° c e [y
€ S € S
= e & g &
é g 2= [} g =
— - > 1 pree] > IS
5] = o = (&)
= 8 2= 3 2=
< c SRS c SR
5| S§ SL8 ST o28
Tl al 8= ZEE 5= ZET
El | 2g ggs 2% g2 >
o £ o~ S € ¢ o~ S E E>
2| 2| 2% ESY 25 ES S
8|E| 85 | 3828 Sz | 3§38
2.00 | 2.00 0.07m 7.39cm 0.10m 9.67 cm
4.00 |2.00 0.06 m 13.75¢cm 0.09 m 18.41cm
6.00 | 2.00 0.06 m 19.93cm 0.08 m 26.18 cm
8.70 | 3.00 0.09 m 29.25cm 0.10 m 36.53 cm
10.70 | 2.00 0.00m 29.25cm 0.00m 36.53 cm
12.70 | 2.00 0.00m 29.25cm 0.00m 36.53 cm
14.00 | 2.00 0.00m 29.25cm 0.00m 36.53 cm
16.00 | 2.00 0.13m 4191 cm 0.10m 46.08 cm
18.00 | 2.00 0.07m 49.17 cm 0.09m 54.66 cm
20.00 | 2.00 0.08 m 56.70 cm 0.08 m 62.24 cm
22.00 | 2.00 0.08 m 64.50 cm 0.07m 68.78 cm
24.00 | 2.00 0.08m 72.28cm 0.01lm 70.19 cm
26.00 | 2.00 0.07m 78.98 cm 0.01m 71.37 cm
28.00 | 2.00 0.02m 80.84 cm 0.01m 72.44 cm
30.00 | 2.00 0.02m 82.40 cm 0.04 m 76.38 cm
31.00 | 1.00 0.01m 83.08 cm 0.02m 78.15¢cm
32.00 | 1.00 0.01m 83.69 cm 0.02m 79.79 cm
34.00 | 2.00 0.03m 86.77 cm 0.03m 82.67 cm
36.00 | 2.00 0.02m 89.14 cm 0.02m 84.98 cm
38.00 | 2.00 0.02m 90.84 cm 0.02m 86.72 cm
40.00 | 2.00 0.01m 91.92cm 0.01lm 87.86 cm
42.69 | 2.69 0.01m 92.44 cm 0.01m 88.43 cm

OCR vs. Depth (m)
Graph
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Depth (m)
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C.7 KM: 143+107 Section

The embankment height: 8.448 m

Total consolidation: 103.09 cm

Table C. 15. Consolidation settlement parameters for Km: 143+107
3 =
2 3 = = 2
< [ =] = 04
5 £ E 1 & | 1 .
g g B < = g = > = 3
£ < -~ | 3E| & S 5 = g~ & 8
53 = E £2 = = =~ ¥ T8 b I
a = ~ S 8 S O ) Ed 4 8
2.00 2.00 1.00 18.00 8.2 0.216 0.039 1.29 0.000358 175.3 183.5
4.00 2.00 3.00 18.00 24.6 0.216 0.039 1.29 0.000367 169.7 194.3
6.00 2.00 5.00 18.00 41.0 0.216 0.039 1.29 0.000373 163.8 204.7
7.50 1.50 6.75 19.00 62.0 0.000 0.000 1.29 0.000000 151.6 213.6
9.50 2.00 8.50 18.00 69.6 0.219 0.059 1.47 0.000293 152.7 222.3
10.50 1.00 10.00 18.00 81.9 0.219 0.059 147 0.000285 147.7 229.6
15.50 5.00 13.00 19.00 119.5 0.000 0.000 1.47 0.000000 124.1 243.6
17.50 2.00 16.50 18.00 135.1 0.390 0.084 1.95 0.000198 124.1 259.2
19.50 2.00 18.50 18.00 151.5 0.390 0.084 1.95 0.000190 116.3 267.8
21.50 2.00 20.50 18.00 167.9 0.279 0.057 1.61 0.000228 108.2 276.1
23.50 2.00 22.50 18.00 184.3 0.279 0.057 1.61 0.000213 99.9 284.1
25.50 2.00 24.50 18.00 200.7 0.279 0.057 1.61 0.000195 91.3 292.0
27.50 2.00 26.50 18.00 217.0 0.279 0.057 1.61 0.000196 82.5 299.6
29.50 2.00 28.50 18.00 233.4 0.279 0.057 1.61 0.000196 73.5 307.0
31.50 2.00 30.50 18.00 249.8 0.449 0.129 1.78 0.000447 64.3 314.1
34.00 2.50 32.75 18.00 268.2 0.449 0.129 1.78 0.000450 53.7 321.9
36.00 2.00 35.00 18.00 286.7 0.449 0.129 1.78 0.000454 42.8 329.5
38.00 2.00 37.00 18.00 303.0 0.449 0.129 1.78 0.000457 33.0 336.0
40.00 2.00 39.00 18.00 319.4 0.449 0.129 1.78 0.000461 22.9 342.3
42.00 2.00 41.00 18.00 335.8 0.449 0.129 1.78 0.000464 12.6 348.4
43.42 2.00 42.71 18.00 349.8 0.449 0.129 1.78 0.000467 3.7 353.5

316




Table C. 16. Consolidation settlement calculation for Km: 143+107

el @ _ > _
N 5 5 5 §
g _= =g g =g
5| S5 0528 S5 w528
E| 8| 25 £E55T 35 £5E5°S
s | £| 35 EERES Bl 2c5¢
2| 2| 52| Eg=z sez | E253
o |l E|] CBE 088gs& C8E 0888
2.00 | 2.00 0.10m 9.80 cm 0.13m 12.56 cm
4,00 | 2.00 0.08 m 17.54 cm 0.12m 25.00 cm
6.00 | 2.00 0.07m 24,71 cm 0.12m 37.22cm
750 | 1.50 0.00m 24,71 cm 0.00 m 37.22cm
9.50 | 2.00 0.07m 31.86 cm 0.09 m 46.18 cm
10.50 | 1.00 0.04 m 35.37.cm 0.04 m 50.38 cm
15.50 | 5.00 0.00 m 35.37 cm 0.00 m 50.38 cm
17.50 | 2.00 0.11m 46.68 cm 0.05m 55.29 cm
19.50 | 2.00 0.10m 56.58 cm 0.04 m 59.71cm
21.50 | 2.00 0.07m 64.06 cm 0.05m 64.65 cm
23.50 | 2.00 0.07m 70.58 cm 0.04 m 68.90 cm
25.50 | 2.00 0.06 m 76.23 cm 0.04 m 72.46 cm
27.50 | 2.00 0.05m 81.08 cm 0.03m 75.69 cm
29.50 | 2.00 0.04 m 85.20 cm 0.03m 78.57 cm
31.50 | 2.00 0.05m 90.22 cm 0.06 m 84.32 cm
34.00 | 2.50 0.05m 95.22 cm 0.06 m 90.37 cm
36.00 | 2.00 0.03m 98.27 cm 0.04m 94.26 cm
38.00 | 2.00 0.02m 100.53 cm 0.03m 97.27 cm
40.00 | 2.00 0.02m 102.05 cm 0.02m 99.38 cm
42.00 | 2.00 0.01m 102.86 cm 0.01m 100.56 cm
43.42 | 2.00 0.00m 103.09 cm 0.00 m 100.91 cm

Depth (m)

OCR vs. Depth (m)

Graph
OCR
1y 3 5
u
i
i
]
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C.8 KM: 144+000 Section

The embankment height: 9.98 m

Total consolidation: 103.24 cm

Table C. 17. Consolidation settlement parameters for Km: 144+000
3 =
2 3 = = 2
< [ =] = 04
5 £ E 1 & | 1 .
g g B < = g = > = 3
£ < -~ | 3E| & S 5 = g~ & 8
53 = E £2 = = =~ ¥ T8 b I
a = ~ S 8 S O ) Ed 4 8
2.00 2.00 1.00 18.00 8.2 0.166 0.060 1.39 0.000346 205.5 213.7
4.00 2.00 3.00 18.00 24.6 0.166 0.060 1.39 0.000315 199.0 2235
6.50 2.50 5.25 18.00 43.0 0.166 0.060 1.39 0.000276 191.3 234.3
7.50 1.00 7.00 18.00 64.3 0.000 0.000 0 0.000000 178.1 242.5
9.50 2.00 8.50 18.00 69.6 0.073 0.012 1.33 0.000095 179.7 249.3
11.50 2.00 10.50 18.00 86.0 0.073 0.012 1.33 0.000086 172.1 258.1
14.00 2.50 12.75 18.00 104.4 0.073 0.012 1.33 0.000076 163.4 267.8
17.00 3.00 15.50 18.00 142.4 0.000 0.000 1.39 0.000000 136.7 279.1
19.00 2.00 18.00 18.00 1474 0.095 0.013 1.39 0.000062 141.7 289.1
21.00 2.00 20.00 18.00 163.8 0.095 0.013 1.39 0.000061 133.0 296.8
23.00 2.00 22.00 18.00 180.2 0.095 0.013 1.95 0.000060 124.1 304.2
25.00 2.00 24.00 18.00 196.6 0.095 0.013 1.95 0.000058 114.9 3115
27.00 2.00 26.00 18.00 2129 0.279 0.057 1.61 0.000195 105.6 3185
29.00 2.00 28.00 18.00 229.3 0.279 0.057 1.61 0.000196 96.0 325.3
31.00 2.00 30.00 18.00 245.7 0.279 0.057 1.61 0.000197 86.3 332.0
33.00 2.00 32.00 18.00 262.1 0.279 0.057 1.61 0.000197 76.3 338.4
35.00 2.00 34.00 18.00 278.5 0.279 0.057 1.61 0.000198 66.2 344.6
37.00 2.00 36.00 18.00 294.8 0.449 0.129 1.78 0.000456 55.9 350.7
39.00 2.00 3800 | 1800 | 3112 | 0449 | 0.129 1.78 0.000459 45.4 356.6
41.00 2.00 40.00 18.00 327.6 0.449 0.129 1.78 0.000463 34.7 362.3
43.00 2.00 42.00 18.00 344.0 0.449 0.129 1.78 0.000466 23.9 367.8
45.00 2.00 44.00 18.00 360.4 0.449 0.129 1.78 0.000470 12.9 373.2
46.30 2.00 45.65 18.00 373.9 0.449 0.129 1.78 0.000473 3.7 377.6
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Table C. 18. Consolidation settlement calculation for Km: 144+000

El © - D -
N 5 5 5 §
g _= = g =g
5| S5 0528 S5 w528
E| 8| 25 £E55T 35 £5E5°S
= a O o O n D o £
2| 2| 52| Eg=z sez | E253
o |l E|] CBE 088gs& C8E 0888
2.00 | 2.00 0.16 m 15.78 cm 0.14 m 14.22 cm
4,00 | 2.00 0.12m 27.91cm 0.13m 26.74 cm
6.50 | 2.50 0.13m 41.06 cm 0.13m 39.93cm
7.50 | 1.00 0.00m 41.06 cm 0.00 m 39.93cm
9.50 | 2.00 0.05m 46.34 cm 0.03m 43.35cm
11.50 | 2.00 0.05m 51.58 cm 0.03m 46.29 cm
14.00 | 2.50 0.06 m 57.20 cm 0.03m 49.40 cm
17.00 | 3.00 0.00 m 57.20 cm 0.00 m 49.40 cm
19.00 | 2.00 0.04m 61.19 cm 0.02m 51.14 cm
21.00 | 2.00 0.04 m 64.72 cm 0.02m 52.76 cm
23.00 | 2.00 0.02m 66.94 cm 0.01m 54.24 cm
25.00 | 2.00 0.02m 68.89 cm 0.01 m 55.58 cm
27.00 | 2.00 0.06 m 74.95 cm 0.04 m 59.71 cm
29.00 | 2.00 0.05m 80.21 cm 0.04m 63.47 cm
31.00 | 2.00 0.05m 84.74 cm 0.03m 66.86 cm
33.00 | 2.00 0.04 m 88.59 cm 0.03m 69.87 cm
35.00 | 2.00 0.03m 91.80 cm 0.03m 72.49 cm
37.00 | 2.00 0.04m 95.60 cm 0.05m 77.58 cm
39.00 | 2.00 0.03m 98.58 cm 0.04 m 81.75cm
41.00 | 2.00 0.02m 100.79 cm 0.03m 84.96 cm
43.00 | 2.00 0.01m 102.26 cm 0.02m 87.19cm
45.00 | 2.00 0.01m 103.02 cm 0.01m 88.40 cm
46.30 | 2.00 0.00m 103.24 cm 0.00 m 88.74 cm

Depth (m)

OCR vs. Depth (m)
Graph

OCR
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C.9 KM: 145+000 Section

The embankment height: 8.45 m

Total consolidation: 82.75 cm

Table C. 19. Consolidation settlement parameters for Km: 145+000

3 =

2 3 = = 2

< Y= = = [0

Y— o 72} 17} .
_ o £ o T g 6
£ 3 %5\ = g oS = = ) g
= g —_ = £ T S S = S~ g 8
> 2 £ 2 = = ~ $ TR b I
~ = - e 1 =
o] = N o= [ ] ) N} ES o < [
2.00 2.00 1.00 18.00 8.2 0.089 0.021 1.407 0.000221 166.5 174.6
4.00 2.00 3.00 18.00 24.6 0.089 0.021 1.407 0.000205 161.1 185.7
6.00 2.00 5.00 18.00 41.0 0.089 0.021 1.407 0.000187 155.4 196.4
8.00 2.00 7.00 18.00 57.3 0.089 0.021 1.407 0.000171 149.5 206.8
10.00 2.00 9.00 18.00 73.7 0.241 0.019 1.288 0.000162 143.2 216.9
11.00 1.00 10.50 18.00 86.0 0.241 0.019 1.288 0.000154 138.3 224.3
18.00 7.00 14.50 19.00 133.3 0.000 0.000 1.87 0.000000 109.9 243.1
20.00 2.00 19.00 18.00 155.6 0.290 0.059 2.04 0.000243 107.5 263.1
22.00 2.00 21.00 18.00 172.0 0.290 0.059 2.04 0.000238 99.5 2715
24.00 2.00 23.00 18.00 188.4 0.290 0.059 2.04 0.000232 91.4 279.7
26.00 2.00 25.00 18.00 204.8 0.290 0.059 2.04 0.000227 82.9 287.7
28.00 2.00 27.00 18.00 221.1 0.290 0.059 2.04 0.000228 74.3 295.4
30.00 2.00 29.00 18.00 237.5 0.290 0.059 2.04 0.000229 65.4 302.9
32.00 2.00 31.00 18.00 253.9 0.646 0.090 2.56 0.000375 56.3 310.2
34.00 2.00 33.00 18.00 270.3 0.646 0.090 2.56 0.000377 47.0 317.3
36.00 2.00 35.00 18.00 286.7 0.646 0.090 2.56 0.000380 375 324.1
38.00 2.00 37.00 18.00 303.0 0.646 0.090 2.56 0.000382 27.8 330.8
40.00 2.00 39.00 18.00 3194 0.646 0.090 2.56 0.000384 17.9 337.3
42.00 2.00 41.00 18.00 335.8 0.646 0.090 2.56 0.000387 77 3435
42.51 0.51 42.26 18.00 346.1 0.646 0.090 2.56 0.000388 1.3 3474
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Table C. 20. Consolidation settlement calculation for Km: 145+000

£ D n
b P g P fg OCR Vérg)pehpth (m)
$ _% = | _& =
5| &% 0028 S5 0528 OCR
E| 8| 25 £5E5S 25 £85ET
= a O o O n D o £
2| 2| 52| Eg=z sez | E253
o |l E|] CBE 088gs& C8E 0888
200 | 200 | 006m 6.31 cm 0.07m 7.35cm
400 [200] 005m 11.53 cm 0.07m 13.94 cm
6.00 | 200 | 005m 16.39 cm 0.06 m 19.75 cm
8.00 [200] 005m 21.11cm 0.05m 24.87 cm o
10.00 | 2.00 0.13m 34.08 cm 0.05m 29.51 cm E’
11.00 | 1.00 0.07m 40.74 cm 0.02m 31.64 cm a
18.00 | 700 | 0.00m 40.74 cm 0.00 m 31.64 cm A i
20.00 [ 200 | 0.06m 47.22 cm 0.05m 36.87 cm !
22.00 | 2.00 0.06 m 52.86 cm 0.05m 41.62 cm -20
24.00 | 2.00 0.05m 57.74 cm 0.04m 45.86 cm $
26.00 [ 200 004m 61.94 cm 0.04m 49.63 cm 25 +
28.00 [ 200 | 0.04m 65.52 cm 0.03m 53.02 cm ¢
30.00 [ 200 003m 68.52 cm 0.03m 56.02 cm 30 &
32.00 | 200 | 0.04m 72.91 cm 0.04 m 60.24 cm 1
34.00 [2.00 | 0.04m 76.43 cm 0.04 m 63.79 cm 35 !
36.00 [ 200 003m 79.12 cm 0.03m 66.63 cm )
38.00 [ 200 | 0.02m 81.04 cm 0.02m 68.75 cm :
40.00 [ 200 | 0.01m 82.23 cm 0.01m 7013 cm -40 ¢
42.00 | 2.00 0.01m 82.73 cm 0.0l m 70.73 cm J.
4251051 0.00m 82.75 cm 0.00 m 70.75 cm -45
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C.10 KM: 146+210 Section

The embankment height: 12.18 m

Total consolidation: 102.04 cm

Table C. 21. Consolidation settlement parameters for Km: 146+210
3 =
g 2 = | = | B
< Y= = = [0
% 2 3 3 S
—_ o £ x© x B o
E 8 Te| @ 3 S = = = b
£ | 2 - | ZE| & 3 g = 2| & 5
o L e = E = ~ = _Cil_.) IS % = I
() e ~ o o o o > E | (e} -
o = N o= [ o o N} EE= < [
2.00 2.00 1.00 18.00 8.2 0.040 0.010 1.41 0.000189 240.0 248.1
4.00 2.00 3.00 18.00 24.6 0.040 0.100 1.41 0.000175 232.5 257.0
9.00 5.00 6.50 19.00 59.7 0.000 0.000 1.41 0.000000 212.2 272.0
11.00 2.00 10.00 18.00 81.9 0.277 0.240 2.075 0.000257 204.2 286.1
13.00 2.00 12.00 18.00 98.3 0.277 0.240 2.075 0.000243 195.6 293.9
15.00 2.00 14.00 18.00 114.7 0.277 0.240 2.075 0.000237 186.8 301.4
17.00 2.00 16.00 19.00 147.0 0.277 0.240 2.075 0.000225 161.7 308.8
19.00 2.00 18.00 18.00 147.4 0.277 0.240 2.075 0.000224 168.5 315.9
21.00 2.00 20.00 18.00 163.8 0.353 0.038 2.22 0.000245 159.0 322.8
23.00 2.00 22.00 18.00 180.2 0.353 0.038 2.22 0.000235 149.3 329.5
25.00 2.00 24.00 18.00 196.6 0.353 0.038 2.22 0.000224 139.4 336.0
27.00 2.00 26.00 18.00 212.9 0.353 0.038 2.22 0.000222 129.4 342.3
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Table C. 22. Consolidation settlement calculation for Km: 146+210

E D R D .
- = 5, - E/ OCR Vér;);r?th (m)
2 & P 2 =
- [t n c n
5| &% 0028 S5 woLlg OCR
— 172} © = .2 ‘C_S‘ — = © = .2 }TS’ — (_U
S 8| =& £35S =g 23§ S
- | g| BE S=EX S £ 2=
k=] = a O 292 30 D O 29 g £
S| 2| S22 Egs 5 sE= | E€% g 3
o | E| O8E 088& O%E | 588& 0
2.00 | 2.00 0.04 m 3.78 cm 0.09 m 9.06 cm
4.00 | 2.00 0.11m 14.75 cm 0.08 m 17.20 cm 5 "
9.00 | 5.00 0.00m 14.75 cm 0.00m 17.20 cm ¢
11.00 | 2.00 0.14m 29.03 cm 0.11m 27.70 cm T -10 s
13.00 | 2.00 0.13m 41.73 cm 0.10 m 37.21cm Z *
15.00 | 2.00 0.11m 52.94 cm 0.09 m 46.06 cm e -15 1
17.00 | 2.00 0.09 m 61.54 cm 0.07m 53.34cm a )
19.00 | 2.00 0.09 m 70.38 cm 0.08 m 60.88 cm 20 %
21.00 | 2.00 0.09m 79.75cm 0.08 m 68.66 cm 1
23.00 | 2.00 0.08 m 88.08 cm 0.07m 75.68 cm 25 &
25.00 | 2.00 0.07m 95.49 cm 0.06 m 81.92 cm J
27.00 | 2.00 0.07m 102.04 cm 0.06 m 87.66 cm -30
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C.11 KM: 1474000 Section

The embankment height: 8.1 m

Total consolidation: 69.99 cm

Table C. 23. Consolidation settlement parameters for Km: 147+000

3 =

2 3 = = 2

< Y= = = [0

Y— o 72} 17} .
_ o £ o T g 6
£ 3 %5\ = g oS = = ) g
= g —_ s E o 3 S =) g~ £ 8
> 2 £ €2 = = ~ $ TR b I
~ = - e 1 =
o] = N o= [ ] ) N} ES o < [
2.00 2.00 1.00 18.00 8.2 0.183 0.033 1.44 0.0002941 159.6 167.7
4.00 2.00 3.00 18.00 24.6 0.183 0.033 1.44 0.0002789 154.4 179.0
6.00 2.00 5.00 18.00 41.0 0.183 0.033 1.44 0.0002624 148.9 189.9
8.00 2.00 7.00 18.00 57.3 0.183 0.033 1.44 0.0002493 143.1 200.5
10.00 2.00 9.00 18.00 73.7 0.183 0.033 1.44 0.0002390 137.0 210.7
13.00 3.00 11.50 18.00 94.2 0.183 0.033 1.44 0.0002246 129.0 223.2
15.50 2.50 14.25 19.00 131.0 0.000 0.008 1.45 0.0000000 105.4 236.3
17.50 2.00 16.50 18.00 135.1 0.183 0.033 1.44 0.0002153 111.6 246.7
19.50 2.00 18.50 18.00 151.5 0.183 0.033 1.44 0.0002123 104.1 255.6
21.00 1.50 20.25 18.00 165.8 0.058 0.008 1.45 0.0001175 97.4 263.2
22.00 1.00 21.50 19.00 197.6 0.000 0.008 1.45 0.0001083 70.9 268.5
24.00 2.00 23.00 18.00 188.4 0.058 0.008 1.45 0.0001113 86.4 274.8
25.00 1.00 24.50 18.00 200.7 0.058 0.008 1.45 0.0001075 80.2 280.9
27.00 2.00 26.00 18.00 212.9 0.058 0.008 1.45 0.0001076 73.9 286.8
29.00 2.00 28.00 18.00 229.3 0.058 0.008 1.45 0.0001078 65.3 294.6
31.00 2.00 30.00 18.00 245.7 0.058 0.008 1.45 0.0001080 56.4 302.1
33.00 2.00 32.00 18.00 262.1 0.058 0.008 1.45 0.0001082 47.3 309.4
35.00 2.00 34.00 18.00 278.5 0.058 0.008 1.45 0.0001084 38.0 316.5
37.00 2.00 36.00 18.00 294.8 0.058 0.008 1.45 0.0001086 28.5 3234
39.00 2.00 38.00 18.00 311.2 0.058 0.008 1.45 0.0001088 18.8 330.1
41.00 2.00 40.00 18.00 327.6 0.058 0.008 1.45 0.0001090 9.0 336.6
41.78 0.78 41.39 18.00 339.0 0.058 0.008 1.45 0.0001091 2.0 341.0
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Table C. 24. Consolidation settlement calculation for Km: 147+000

El © - D -

- P T == S

5| &% 0028 S5 woLlg

E| 8| 25 £E55T 35 £5E5°S

= a O o O n D o £

2| 2| 52| Eg=z sz | E253

ol E| C8E 088gs& C8E 0888
2.00 | 2.00 0.08 m 7.65cm 0.09 m 9.38cm
4,00 | 2.00 0.06 m 13.82 cm 0.09 m 18.00 cm
6.00 | 2.00 0.06 m 19.63 cm 0.08 m 25.81cm
8.00 | 2.00 0.09 m 28.42 cm 0.07m 32.95cm
10.00 | 2.00 0.09m 37.25¢cm 0.07m 39.50 cm
13.00 | 3.00 0.14m 51.54 cm 0.09 m 48.19 cm
15.50 | 2.50 0.00 m 51.54 cm 0.00 m 48.19 cm
17.50 | 2.00 0.05m 56.10 cm 0.05m 53.00 cm
19.50 | 2.00 0.05m 60.83 cm 0.04 m 57.42 cm
21.00 | 1.50 0.01m 61.98 cm 0.02m 59.13 cm
22.00 | 1.00 0.00 m 61.98 cm 0.01 m 59.90 cm
24.00 | 2.00 0.01m 63.29 cm 0.02m 61.82 cm
25.00 | 1.00 0.01m 63.88 cm 0.01m 62.68 cm
27.00 | 2.00 0.01m 64.91 cm 0.02m 64.27 cm
29.00 | 2.00 0.01m 65.78 cm 0.01m 65.68 cm
31.00 | 2.00 0.01m 66.50 cm 0.01m 66.90 cm
33.00 | 2.00 0.01m 67.08 cm 0.01m 67.92 cm
35.00 | 2.00 0.00 m 67.52 cm 0.0l m 68.75 cm
37.00 | 2.00 0.00m 67.84 cm 0.01m 69.37 cm
39.00 | 2.00 0.00m 68.05 cm 0.00 m 69.78 cm
41.00 | 2.00 0.00m 68.14 cm 0.00 m 69.97 cm
41.78 | 0.78 0.00 m 68.15 cm 0.00 m 69.99 cm

Depth (m)

OCR vs. Depth (m)
Graph

OCR

-15 -+
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C.12 KM: 1494000 Section

The embankment height: 8.2 m

Total consolidation: 76.48 cm

Table C. 25. Consolidation settlement parameters for Km: 149+000
3 =
2 3 = = 2
< 4= = =] o
5 £ E 1 & | 1 .
g g B < = g = > = 3
£ < -~ | 3E| & S 5 = g~ & 8
53 = E £2 = = =~ ¥ T8 b I
a = ~ S 8 S O ) Ed 4 8
2.00 2.00 1.00 18.00 8.2 0.083 0.020 1.387 0.000240 161.5 169.7
4.00 2.00 3.00 18.00 24.6 0.083 0.020 1.387 0.000211 156.3 180.9
6.80 2.80 5.40 19.00 49.6 0.000 0.000 0 0.000000 144.2 193.9
10.00 3.20 8.40 18.00 68.8 0.183 0.017 1.41 0.000244 140.7 209.5
12.00 2.00 11.00 18.00 90.1 0.183 0.017 1.41 0.000236 132.3 222.4
14.00 2.00 13.00 18.00 106.5 0.183 0.017 141 0.000226 125.6 232.1
16.00 2.00 15.00 19.00 137.9 0.000 0.000 0 0.000000 103.6 241.4
17.80 1.80 16.90 18.00 138.4 0.183 0.017 141 0.000217 111.6 250.0
20.00 2.20 18.90 18.00 154.8 0.183 0.017 1.41 0.000213 104.1 258.9
22.00 2.00 21.00 18.00 172.0 0.646 0.091 2.558 0.000403 95.9 267.9
24.00 2.00 23.00 19.00 211.4 0.000 0.000 1.415 0.000000 64.8 276.2
27.20 3.20 25.60 18.00 209.7 0.646 0.091 2.558 0.000381 76.9 286.6
30.50 3.30 28.85 19.00 265.1 0.000 0.000 0 0.000000 34.0 299.1
32.74 2.24 31.62 18.00 259.0 0.646 0.091 2.558 0.000370 50.3 309.3
34.74 2.00 33.74 18.00 276.3 0.646 0.091 2.558 0.000372 40.5 316.8
36.74 2.00 35.74 18.00 292.7 0.646 0.091 2.558 0.000374 31.0 323.7
38.74 2.00 37.74 18.00 309.1 0.646 0.091 2.558 0.000377 21.3 330.4
40.74 2.00 39.74 18.00 3255 0.646 0.091 2.558 0.000379 114 336.8
41.99 1.25 41.36 18.00 338.8 0.646 0.091 2.558 0.000381 3.2 342.0
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Table C. 26. Consolidation settlement calculation for Km: 149+000

El © - D -
N 5 § 5 §
g _=2 = g =g
5| S5 0528 S5 w528
E| 8| 25 £E55T 35 £5E5°S
s | £| 35 EERES Bl 2c5¢
2| 2| 52| Eg=z sez | E253
o |l E|] CBE 088gs& C8E 0888
2.00 | 2.00 0.05m 4.85cm 0.08 m 7.74 cm
4,00 | 2.00 0.04 m 8.65 cm 0.07m 14.33 cm
6.80 | 2.80 0.00m 8.65cm 0.00 m 14.33 cm
10.00 | 3.20 0.10m 18.32 cm 0.11m 25.32cm
12.00 | 2.00 0.06 m 24,76 cm 0.06 m 31.56 cm
14.00 | 2.00 0.07m 31.50 cm 0.06 m 37.23¢cm
16.00 | 2.00 0.00m 31.50 cm 0.00 m 37.23cm
17.80 | 1.80 0.06 m 37.50 cm 0.04m 41.59 cm
20.00 | 2.20 0.06 m 43.88 cm 0.05 m 46.48 cm
22.00 | 2.00 0.10m 53.60 cm 0.08 m 54.22 cm
24.00 | 2.00 0.00 m 53.60 cm 0.00 m 54.22 cm
27.20 | 3.20 0.11m 64.57 cm 0.09 m 63.59 cm
30.50 | 3.30 0.00 m 64.57 cm 0.00 m 63.59 cm
32.74 | 2.24 0.04 m 68.93 cm 0.04 m 67.75 cm
34.74 | 2.00 0.03m 71.93 cm 0.03m 70.77 cm
36.74 | 2.00 0.02m 74.14 cm 0.02m 73.09 cm
38.74 | 2.00 0.01m 75.60 cm 0.02m 74.69 cm
40.74 | 2.00 0.01m 76.35cm 0.01m 75.55 cm
4199 | 1.25 0.00 m 76.48 cm 0.00 m 75.70 cm

Depth (m)

OCR vs. Depth (m)

e

[

Graph

OCR
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C.13 KM: 1504000 Section

The embankment height: 9.88 m

Total consolidation: 98.75 cm

Table C. 27. Consolidation settlement parameters for Km: 150+000
3 =
2 3 = = 2
< [ =] = 04
5 £ E1 & | 1 .
g g B < = g = > = 3
£ < -~ | 3E| & S 5 = g~ & 8
53 = E £2 = = =~ ¥ T8 b I
a = ~ S 8 S O ) Ed 4 8
2.00 2.00 1.00 18.00 8.2 0.189 0.029 1.979 0.000314 194.6 202.8
3.00 1.00 2.50 18.00 20.5 0.189 0.029 1.979 0.000278 190.0 210.5
5.00 2.00 4.00 19.00 36.8 0.000 0.000 1.979 0.000000 181.3 218.0
7.00 2.00 6.00 18.00 49.1 0.094 0.021 1.37 0.000186 178.6 227.8
9.00 2.00 8.00 18.00 65.5 0.094 0.021 1.37 0.000156 171.7 237.3
11.00 2.00 10.00 18.00 81.9 0.094 0.021 1.37 0.000123 164.6 246.5
18.00 7.00 14.50 19.00 133.3 0.000 0.000 0 0.000000 132.9 266.2
20.00 2.00 19.00 18.00 155.6 0.083 0.017 1.39 0.000115 129.0 284.7
22.00 2.00 21.00 18.00 172.0 0.646 0.091 2.558 0.000392 120.5 292.5
24.00 2.00 23.00 18.00 188.4 0.646 0.091 2.558 0.000379 111.7 300.1
26.00 2.00 25.00 18.00 204.8 0.646 0.091 2.558 0.000369 102.7 307.4
28.00 2.00 27.00 18.00 221.1 0.646 0.091 2.558 0.000371 93.4 314.6
30.00 2.00 29.00 18.00 2375 0.646 0.091 2.558 0.000373 84.0 3215
32.00 2.00 31.00 18.00 253.9 0.646 0.091 2.558 0.000376 74.4 328.3
34.00 2.00 33.00 18.00 270.3 0.646 0.091 2.558 0.000378 64.5 334.8
36.00 2.00 35.00 18.00 286.7 0.646 0.091 2.558 0.000380 54.5 341.1
38.00 2.00 37.00 18.00 303.0 0.646 0.091 2.558 0.000383 44.3 347.3
40.00 2.00 39.00 18.00 3194 0.646 0.091 2.558 0.000385 33.9 353.3
42.00 2.00 41.00 18.00 335.8 0.646 0.091 2.558 0.000387 23.3 359.1
44.00 2.00 43.00 18.00 352.2 0.646 0.091 2.558 0.000390 12.6 364.7
45.30 1.30 44.65 18.00 365.7 0.646 0.091 2.558 0.000392 3.6 369.3
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Table C. 28. Consolidation settlement calculation for Km: 150+000

el @ _ > _

- P T == S

5| &% 0028 S5 woLlg

E| 8| 25 £E55T 35 £5E5°S

= a O o O n D o £

2| 2| 52| Eg=z sez | E253

o |l E|] CBE 088gs& C8E 0888
2.00 | 2.00 0.05m 5.32cm 0.12m 12.21cm
3.00 | 1.00 0.02m 7.56 cm 0.05m 17.49 cm
5.00 | 2.00 0.00m 7.56 cm 0.00 m 17.49 cm
7.00 | 2.00 0.03m 10.95cm 0.07m 24.12 cm
9.00 | 2.00 0.03m 14.21 cm 0.05m 29.48 cm
11.00 | 2.00 0.03m 17.40 cm 0.04 m 33.54 cm
18.00 | 7.00 0.00 m 17.40 cm 0.00 m 33.54 cm
20.00 | 2.00 0.03m 20.53 cm 0.03m 36.49 cm
22.00 | 2.00 0.12m 32.17 cm 0.09 m 45.94 cm
24.00 | 2.00 0.10m 42.39 cm 0.08 m 54.40 cm
26.00 | 2.00 0.09 m 51.30 cm 0.08 m 61.97 cm
28.00 | 2.00 0.08 m 59.03 cm 0.07m 68.90 cm
30.00 | 2.00 0.07m 65.68 cm 0.06 m 75.18 cm
32.00 | 2.00 0.06 m 71.31cm 0.06 m 80.76 cm
34.00 | 2.00 0.05m 76.01 cm 0.05m 85.64 cm
36.00 | 2.00 0.04 m 79.83 cm 0.04 m 89.78 cm
38.00 | 2.00 0.03m 82.82 cm 0.03m 93.17 cm
40.00 | 2.00 0.02m 85.03 cm 0.03m 95.78 cm
42.00 | 2.00 0.01m 86.50 cm 0.02m 97.59 cm
44.00 | 2.00 0.01m 87.27 cm 0.01m 98.57 cm
45.30 | 1.30 0.00 m 87.41 cm 0.00 m 98.75 cm

Depth (m)

OCR vs. Depth (m)

Graph

OCR

1V 3

e
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C.14 KM: 1504500 Section

The embankment height: 10.4 m

Total consolidation: 119.41 cm

Table C. 29. Consolidation settlement parameters for Km: 150+500
3 =
2 3 = = 2
< Y— =] = 04
5 £ g & | = o
g £ %g,\ = g S = = = g
£ < -~ | 2E| & S 5 = g~ & 8
53 = E 2 = = =~ ¥ T8 b I
a = ~ S 8 S O ) eES 4 8
2.00 2.00 1.00 18.00 8.2 0.189 0.029 1.979 0.000304 205.1 213.3
4.00 2.00 3.00 18.00 24.6 0.189 0.029 1.979 0.000259 198.6 223.2
5.00 1.00 4.50 19.00 41.4 0.000 0.000 1.979 0.000000 189.0 230.4
6.00 1.00 5.50 18.00 45.0 0.094 0.021 1.37 0.000183 190.1 235.1
8.00 2.00 7.00 18.00 57.3 0.094 0.021 1.37 0.000166 184.8 242.1
10.00 2.00 9.00 18.00 73.7 0.094 0.021 1.37 0.000136 177.5 251.2
12.50 2.50 11.25 18.00 92.1 0.094 0.021 1.37 0.000099 168.9 261.1
15.50 3.00 14.00 19.00 128.7 0.000 0.000 1.37 0.000000 144.0 272.7
17.50 2.00 16.50 18.00 135.1 0.083 0.017 1.39 0.000121 147.7 282.9
19.50 2.00 18.50 18.00 151.5 0.083 0.017 1.39 0.000115 139.2 290.7
21.50 2.00 20.50 18.00 167.9 0.646 0.091 2.558 0.000393 130.5 298.4
23.50 2.00 22.50 18.00 184.3 0.646 0.091 2.558 0.000381 1215 305.8
25.50 2.00 24.50 18.00 200.7 0.646 0.091 2.558 0.000368 112.3 313.0
27.50 2.00 26.50 18.00 217.0 0.646 0.091 2.558 0.000370 102.9 320.0
29.50 2.00 28.50 18.00 2334 0.646 0.091 2.558 0.000373 93.3 326.7
31.50 2.00 30.50 18.00 249.8 0.646 0.091 2.558 0.000375 83.5 333.3
33.50 2.00 32.50 18.00 266.2 0.646 0.091 2.558 0.000377 73.6 339.7
35.50 2.00 34.50 18.00 282.6 0.646 0.091 2.558 0.000380 63.4 345.9
37.50 2.00 36.50 18.00 298.9 0.646 0.091 2.558 0.000382 53.0 352.0
39.50 2.00 38.50 18.00 315.3 0.646 0.091 2.558 0.000384 425 357.8
41.50 2.00 40.50 18.00 331.7 0.646 0.091 2.558 0.000387 31.8 363.5
43.50 2.00 42.50 18.00 348.1 0.646 0.091 2.558 0.000389 20.9 369.0
45.50 2.00 44.50 18.00 364.5 0.646 0.091 2.558 0.000392 9.9 3743
46.20 0.70 45.85 18.00 375.5 0.646 0.091 2.558 0.000394 24 377.9
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Table C. 30. Consolidation settlement calculation for Km: 150+500

El ¢ = e = OCR vs. Depth (m)
% % i R % % _ Graph
5| &% w528 % w588 OCR
s| £| 85 33550 25 S35 ¢
2| 2| 52| Eg=z sez | E253 ly 3
o |l E|] CBE 088gs& C8E 0888 0
2.00 | 2.00 0.06 m 5.74 cm 0.12m 12.49 cm
4,00 | 2.00 0.05m 10.46 cm 0.10m 22.76 cm 5 .
5.00 | 1.00 0.00 m 10.46 cm 0.00 m 22.76 cm .
6.00 | 1.00 0.02m 12.31cm 0.03m 26.23 cm .
800 | 200 | 0.04m 15.87 cm 0.06 m 32.37 cm -10
10.00 | 2.00 0.03m 19.30 cm 0.05m 37.21cm — ‘
1250 | 2.50 0.04 m 23.52 cm 0.04 m 41.39 cm E 5!
15.50 | 3.00 0.00 m 23.52 cm 0.00 m 41.39 cm g 1
17.50 | 2.00 0.04m 27.35cm 0.04m 44.97 cm 8 20
19.50 | 2.00 0.03m 30.73 cm 0.03m 48.17 cm !
21.50 | 2.00 0.13m 43.34 cm 0.10 m 58.42 cm 25 3
23.50 | 2.00 0.11m 54.45 cm 0.09m 67.68 cm :.
25.50 | 2.00 0.10m 64.20 cm 0.08 m 75.95 cm +
27.50 | 2.00 0.09m 72.72 cm 0.08 m 83.58 cm -30 #
29.50 | 2.00 0.07m 80.09 cm 0.07m 90.54 cm $
31.50 | 2.00 0.06 m 86.42 cm 0.06 m 96.80 cm 35
33.50 | 2.00 0.05m 91.77 cm 0.06 m 102.35 cm .
35.50 | 2.00 0.04m 96.21 cm 0.05m 107.17 cm :°
37.50 | 200 | 0.04m 99.80 cm 0.04m 111.22 cm -40 3
39.50 | 2.00 0.03m 102.57 cm 0.03m 114.48 cm t
4150 | 2.00 0.02m 104.58 cm 0.02m 116.94 cm -45 {
43.50 | 2.00 0.01m 105.86 cm 0.02m 118.57 cm
4550 | 2.00 0.01m 106.44 cm 0.01m 119.35 cm 50
46.20 | 0.70 0.00m 106.49 cm 0.00 m 119.41 cm
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C.15 KM: 151+220 Section

The embankment height: 11.0 m

Total consolidation: 127.02 cm

Table C. 31. Consolidation settlement parameters for Km: 151+220
3 =
2 3 = = 2
< Y= = = [0
Y— o 72} 17} .
= o £ o @ 8 o
£ 3 %5\ = g oS = = ) g
= g —_ s E o 3 S =) g~ £ 8
oy 2 £ 2 = o ~ $ TR b I
~ e — e 1 =
o] = N o= [ ] ) N} ES o < [
2.00 2.00 1.00 18.00 8.2 0.167 0.042 1.29 0.000307 216.7 224.9
4.00 2.00 3.00 18.00 24.6 0.167 0.042 1.29 0.000212 209.9 234.5
5.00 1.00 4.50 18.00 36.9 0.167 0.042 1.29 0.000132 204.6 241.4
8.00 3.00 6.50 19.00 59.7 0.000 0.000 0 0.000000 190.8 250.5
10.00 2.00 9.00 18.00 73.7 0.167 0.042 1.29 0.000036 187.8 261.5
12.00 2.00 11.00 18.00 90.1 0.167 0.042 1.29 0.000033 179.9 270.0
13.00 1.00 12.50 18.00 102.4 0.167 0.042 1.29 0.000031 173.8 276.2
16.00 3.00 14.50 19.00 133.3 0.000 0.000 0 0.000000 151.0 284.3
18.00 2.00 17.00 18.00 139.2 0.087 0.030 1.41 0.000134 154.8 294.0
20.00 2.00 19.00 18.00 155.6 0.087 0.030 141 0.000124 145.9 301.6
22.00 2.00 21.00 18.00 172.0 0.087 0.030 1.41 0.000114 136.9 308.9
24.00 2.00 23.00 18.00 188.4 0.087 0.030 1.41 0.000102 127.6 316.0
26.00 2.00 25.00 18.00 204.8 0.646 0.091 2.558 0.000369 118.1 322.9
28.00 2.00 27.00 18.00 221.1 0.646 0.091 2.558 0.000371 108.5 329.6
30.00 2.00 29.00 18.00 2375 0.646 0.091 2.558 0.000373 98.6 336.1
32.00 2.00 31.00 18.00 253.9 0.646 0.091 2.558 0.000376 88.5 3424
34.00 2.00 33.00 18.00 270.3 0.646 0.091 2.558 0.000378 78.3 348.5
36.00 2.00 35.00 18.00 286.7 0.646 0.091 2.558 0.000380 67.8 354.5
38.00 2.00 37.00 18.00 303.0 0.646 0.091 2.558 0.000383 57.2 360.2
40.00 2.00 39.00 18.00 3194 0.646 0.091 2.558 0.000385 46.4 365.9
42.00 2.00 41.00 18.00 335.8 0.646 0.091 2.558 0.000387 355 371.3
44.00 2.00 43.00 18.00 352.2 0.646 0.091 2.558 0.000390 24.4 376.6
46.00 2.00 45.00 18.00 368.6 0.646 0.091 2.558 0.000392 13.2 381.7
47.31 131 46.65 18.00 382.1 0.646 0.091 2.558 0.000395 3.7 385.8
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Table C. 32. Consolidation settlement calculation for Km: 151+220

El © - D -

- P T == S

5| &% 0028 S5 woLlg

s | £| 25 EERLS Bl 2c5¢

2| 2| 52| Eg=z sz | E253

ol E| C8E 088gs& C8E 0888
2.00 | 2.00 0.15m 15.01 cm 0.13m 13.33cm
4,00 | 2.00 0.12m 27.39 cm 0.09 m 22.22cm
5.00 | 1.00 0.06 m 33.17cm 0.03m 2493 cm
8.00 | 3.00 0.00m 33.17cm 0.00 m 24.93 cm
10.00 | 2.00 0.10m 43.66 cm 0.01m 26.28 cm
12.00 | 2.00 0.10m 53.95 cm 0.01m 27.47 cm
13.00 | 1.00 0.05m 59.04 cm 0.01 m 28.01cm
16.00 | 3.00 0.00m 59.04 cm 0.00 m 28.01cm
18.00 | 2.00 0.04m 63.05 cm 0.04m 32.14 cm
20.00 | 2.00 0.04 m 66.59 cm 0.04 m 35.77 cm
22.00 | 2.00 0.03m 69.73 cm 0.03m 38.88 cm
24.00 | 2.00 0.03m 72.50 cm 0.03m 41.47 cm
26.00 | 2.00 0.10m 82.49 cm 0.09 m 50.18 cm
28.00 | 2.00 0.09m 91.25cm 0.08 m 58.23 cm
30.00 | 2.00 0.08 m 98.86 cm 0.07m 65.59 cm
32.00 | 2.00 0.07m 105.42 cm 0.07m 72.24 cm
34.00 | 2.00 0.06 m 111.00 cm 0.06 m 78.15cm
36.00 | 2.00 0.05m 115.66 cm 0.05m 83.31cm
38.00 | 2.00 0.04 m 119.45 cm 0.04 m 87.69 cm
40.00 | 2.00 0.03m 122.43 cm 0.04m 91.27 cm
42.00 | 2.00 0.02m 124.64 cm 0.03m 94.02 cm
44.00 | 2.00 0.01m 126.11 cm 0.02m 95.92 cm
46.00 | 2.00 0.01m 126.88 cm 0.01m 96.95 cm
4731 | 1.31 0.00 m 127.02 cm 0.00 m 97.15cm

Depth (m)

OCR vs. Depth (m)
Graph

OCR
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C.16 KM: 1514975 Section

The embankment height: 9.74 m

Total consolidation: 79.88 cm

Table C. 33. Consolidation settlement parameters for Km: 151+975

3 =

2 3 = = 2

< Y= = = [0

Y— o 72} 17} .
_ o £ o T g 6
£ 3 %5\ = g oS = = ) g
= g —_ = £ T S S = S~ g 8
> 2 £ €2 = = ~ $ TR b I
~ = - e 1 =
o] = N o= [ ] ) N} ES o < [
2.00 2.00 1.00 18.00 8.2 0.120 0.017 1.449 0.0002831 192.3 200.5
4.00 2.00 3.00 18.00 24.6 0.120 0.017 1.449 0.0002724 186.2 210.7
6.00 2.00 5.00 18.00 41.0 0.120 0.017 1.449 0.0002609 179.8 220.7
7.00 1.00 6.50 18.00 53.2 0.120 0.017 1.449 0.0002506 174.8 228.0
9.00 2.00 8.00 19.00 73.5 0.000 0.000 1.36 0.0000000 161.6 235.1
11.00 2.00 10.00 18.00 81.9 0.100 0.017 1.356 0.0002162 162.5 244.4
13.00 2.00 12.00 18.00 98.3 0.100 0.017 1.356 0.0001345 155.1 253.4
19.00 6.00 16.00 19.00 147.0 0.000 0.000 1.356 0.0000000 123.6 270.6
21.00 2.00 20.00 18.00 163.8 0.180 0.028 1.4 0.0001259 123.0 286.8
23.00 2.00 22.00 18.00 180.2 0.180 0.028 1.4 0.0002106 114.4 294.6
25.00 2.00 24.00 18.00 196.6 0.180 0.028 1.4 0.0002054 105.5 302.1
27.00 2.00 26.00 18.00 212.9 0.180 0.028 1.4 0.0002049 96.5 309.4
29.00 2.00 28.00 18.00 229.3 0.180 0.028 1.4 0.0002055 87.2 316.5
31.00 2.00 30.00 18.00 245.7 0.180 0.028 1.4 0.0002062 71.7 3234
33.00 2.00 32.00 18.00 262.1 0.180 0.028 1.4 0.0002069 68.0 330.1
35.00 2.00 34.00 18.00 278.5 0.180 0.028 1.4 0.0002076 58.1 336.5
37.00 2.00 36.00 18.00 294.8 0.180 0.028 1.4 0.0002084 48.0 342.8
39.00 2.00 38.00 18.00 311.2 0.180 0.028 1.4 0.0002091 37.7 349.0
41.00 2.00 40.00 18.00 327.6 0.180 0.028 1.4 0.0002098 271.3 354.9
43.00 2.00 42.00 18.00 344.0 0.180 0.028 1.4 0.0002105 16.7 360.7
45.00 2.00 44.00 18.00 360.4 0.180 0.028 1.4 0.0002112 5.9 366.3
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Table C. 34. Consolidation settlement calculation for Km: 151+975

E|l © - o -
N 5 5 5 §
s _= = k =
5| &% w528 % w588
E| 8| 25 £E55T 35 £5E5°S
| £| 25 ERES Bl 2c5¢
2| 2| 52| Eg=z sez | E253
o |l E|] CBE 088gs& C8E 0888
2.00 | 2.00 0.08 m 7.55cm 0.11m 10.89 cm
4.00 | 2.00 0.07m 14.35 cm 0.10 m 21.03 cm
6.00 | 2.00 0.07m 20.95 cm 0.09 m 30.41cm
7.00 | 1.00 0.03m 24.24 cm 0.04m 34.79 cm
9.00 | 2.00 0.00m 24.24 cm 0.00 m 34.79 cm
11.00 | 2.00 0.07m 31.24 cm 0.07m 41.82 cm
13.00 | 2.00 0.06 m 37.31cm 0.04 m 45.99 cm
19.00 | 6.00 0.00m 37.31cm 0.00 m 45.99 cm
21.00 | 2.00 0.06 m 43.56 cm 0.03m 49.09 cm
23.00 | 2.00 0.05m 49.05 cm 0.05m 53.90 cm
25.00 | 2.00 0.05m 53.85cm 0.04m 58.24 cm
27.00 | 2.00 0.04 m 58.02 cm 0.04 m 62.19 cm
29.00 | 2.00 0.04m 61.62 cm 0.04m 65.77 cm
31.00 | 2.00 0.03m 64.69 cm 0.03m 68.98 cm
33.00 | 2.00 0.03m 67.27 cm 0.03m 71.79 cm
35.00 | 2.00 0.02m 69.38 cm 0.02m 74.20 cm
37.00 | 2.00 0.02m 71.07 cm 0.02m 76.20 cm
39.00 | 2.00 0.01m 72.34 cm 0.02m 77.78 cm
41.00 | 2.00 0.01m 73.24 cm 0.0l m 78.93 cm
43.00 | 2.00 0.01m 73.77 cm 0.01m 79.63 cm
45.00 | 2.00 0.00m 73.95cm 0.00 m 79.88 cm

Depth (m)

OCR vs. Depth (m)
Graph
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C.17 KM: 152+000 Section

The embankment height: 8.19 m

Total consolidation: 87.42 cm

Table C. 35. Consolidation settlement parameters for Km: 152+000

3 =

2 3 = = 2

< Y= = = o

Y— o 72} n .
_ o £ x T g 6
£ 3 %5\ = g oS = = ) g
= g —_ = £ T S S = S~ g 8
oy 2 £ 2 = = ~ $ TR b I
~ = - e 1 =
o] = N o= [ ] ) N} ES o < [
2.00 2.00 1.00 18.00 8.2 0.120 0.017 1.449 0.000297 161.3 169.5
4.00 2.00 3.00 18.00 24.6 0.120 0.017 1.449 0.000289 156.1 180.7
6.00 2.00 5.00 18.00 41.0 0.120 0.017 1.449 0.000281 150.6 191.6
7.00 1.00 6.50 18.00 53.2 0.120 0.017 1.449 0.000272 146.3 199.5
9.00 2.00 8.00 19.00 73.5 0.000 0.000 1.449 0.000000 133.7 207.2
11.00 2.00 10.00 18.00 81.9 0.180 0.028 1.4 0.000242 135.4 217.3
13.00 2.00 12.00 18.00 98.3 0.180 0.028 1.4 0.000233 128.8 227.1
19.00 6.00 16.00 19.00 147.0 0.180 0.028 1.4 0.000224 98.8 245.8
21.00 2.00 20.00 18.00 163.8 0.180 0.028 1.4 0.000218 99.7 263.5
23.00 2.00 22.00 18.00 180.2 0.180 0.028 1.4 0.000212 91.7 271.9
25.00 2.00 24.00 18.00 196.6 0.180 0.028 1.4 0.000206 83.5 280.1
27.00 2.00 26.00 18.00 212.9 0.242 0.035 1.47 0.000268 75.1 288.0
29.00 2.00 28.00 18.00 229.3 0.242 0.035 1.47 0.000270 66.4 295.8
31.00 2.00 30.00 18.00 245.7 0.242 0.035 1.47 0.000271 57.6 303.3
33.00 2.00 32.00 18.00 262.1 0.242 0.035 1.47 0.000272 48.4 310.5
35.00 2.00 34.00 18.00 278.5 0.242 0.035 1.47 0.000273 39.1 317.6
37.00 2.00 36.00 18.00 294.8 0.242 0.035 147 0.000274 29.6 324.4
39.00 2.00 38.00 18.00 311.2 0.242 0.035 1.47 0.000276 19.9 331.1
41.00 2.00 40.00 18.00 327.6 0.242 0.035 1.47 0.000277 10.0 337.6
41.97 0.97 41.48 18.00 339.8 0.242 0.035 147 0.000278 2.5 342.2

336




Table C. 36. Consolidation settlement calculation for Km: 152+000

S n n
b P g P fg OCR Vérg)pehpth (m)
2 _% = | _% =
5| £% 0828 S5 0528 OCR
E| 8| 25 ZEET g5 £EETS
= a O o O n D o £
2| 2| 52| Eg=z sz | E253
ol E| C8E 088gs& C8E 0888
2.00 | 2.00 0.06 m 5.76 cm 0.10m 9.59 cm
4.00 | 2.00 0.05m 10.86 cm 0.09 m 18.62 cm
6.00 | 2.00 0.05m 15.85 cm 0.08m 27.07 cm
7.00 | 1.00 0.03m 18.37 cm 0.04m 31.06 cm
9.00 | 2.00 0.00 m 18.37 cm 0.00m 31.06 cm
11.00 | 2.00 0.09 m 27.38 cm 0.07 m 37.60 cm T ‘
13.00 [ 200 |  0.09m 36.73cm 0.06 m 43.60 cm = -15
19.00 | 6.00 0.17m 53.95cm 0.13m 56.89 cm a
21.00 | 2.00 0.05 m 59.26 cm 0.04 m 61.24 cm A 20+
23.00 | 2.00 0.05 m 63.86 cm 0.04 m 65.13 cm +
25.00 | 2.00 0.04m 67.81 cm 0.03m 68.57 cm o5 1
27.00 | 2.00 0.04 m 72.13 cm 0.04 m 72.60 cm 1
29.00 | 2.00 0.04 m 75.77 cm 0.04m 76.19 cm 230 ;
31.00 | 2.00 0.03m 78.78 cm 0.03m 79.30 cm 1
33.00 | 2.00 0.02m 81.21cm 0.03m 81.94 cm ,
35.00 | 200 | 0.02m 83.09 cm 0.02m 84.08 cm 35 ¢
37.00 | 2.00 0.01m 84.45 cm 0.02m 85.70 cm f
39.00 | 2.00 0.01m 85.34 cm 0.01m 86.80 cm -40 +
41.00 | 2.00 0.00m 85.77 cm 0.01lm 87.35cm 1
41.97 | 0.97 0.00 m 85.82cm 0.00m 87.42cm 45 J
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C.18 KM: 1544500 Section

The embankment height: 7.48 m

Total consolidation: 93.14 cm

Table C. 37. Consolidation settlement parameters for Km: 154+500
3 =
2 3 = = 2
< [ =] = 04
5 £ E 1 & | 1 .
g g B < = g = > = 3
| 2| 2| ZE| & | 2| 3| 3 .| & 5
53 = E £2 = = =~ ¥ T8 b I
a = ~ S 8 S O ) Ed 4 8
2.00 2.00 1.00 18.00 8.2 0.158 0.025 1.35 0.0003403 1475 155.7
4.00 2.00 3.00 18.00 24.6 0.158 0.025 1.35 0.0003155 142.7 167.3
6.00 2.00 5.00 18.00 41.0 0.158 0.025 1.35 0.0002884 137.6 178.6
8.00 2.00 7.00 18.00 57.3 0.158 0.025 1.35 0.0002678 132.1 189.5
10.00 2.00 9.00 18.00 73.7 0.158 0.025 1.35 0.0002564 126.4 200.1
12.00 2.00 11.00 18.00 90.1 0.158 0.025 1.35 0.0002380 120.3 210.4
13.00 1.00 12.50 18.00 102.4 0.158 0.025 1.35 0.0002252 115.5 217.9
16.00 3.00 14.50 19.00 133.3 0.000 0.000 1.32 0.0000000 94.4 221.7
18.00 2.00 17.00 18.00 139.2 0.158 0.025 1.35 0.0002107 100.2 239.5
20.00 2.00 19.00 18.00 155.6 0.158 0.025 1.35 0.0002026 93.0 248.6
22.00 2.00 21.00 18.00 172.0 0.158 0.025 1.35 0.0004034 85.5 257.5
24.00 2.00 2300 | 18.00 | 1884 | 0.646 | 0.091 | 2558 0.0003842 777 266.1
26.00 2.00 25.00 18.00 204.8 0.646 0.091 2.558 0.0003681 69.7 2744
28.00 2.00 27.00 | 18.00 | 2211 | 0646 | 0091 | 2558 0.0003703 61.4 2826
30.00 2.00 29.00 | 18.00 | 2375 | 0646 | 0.091 | 2558 0.0003726 52.9 290.4
32.00 2.00 31.00 18.00 253.9 0.646 0.091 2.558 0.0003748 44.2 298.1
34.00 2.00 3300 | 1800 | 2703 | 0646 | 0091 | 2558 0.0003772 35.2 305.5
36.00 2.00 3500 | 1800 | 2867 | 0646 | 0.091 | 2558 0.0003795 26.1 3127
38.00 2.00 37.00 18.00 303.0 0.646 0.091 2.558 0.0003819 16.7 319.7
40.45 2.45 3923 | 1800 | 3213 | 0646 | 0091 | 2558 0.0003846 6.0 327.2
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Table C. 38. Consolidation settlement calculation for Km: 154+500

el @ _ > _
N 5 5 5 §
g _= = g =
5| &% w528 % w588
E| 8| 25 £E55T 35 £5E5°S
= a O o O n D o £
2| 2| 52| Eg=z sz | E253
ol E| C8E 088gs& C8E 0888
2.00 | 2.00 0.07m 6.97 cm 0.10 m 10.04 cm
4,00 | 2.00 0.06 m 12.90 cm 0.09 m 19.05cm
6.00 | 2.00 0.06 m 18.67 cm 0.08 m 26.98 cm
8.00 | 2.00 0.06 m 24.50 cm 0.07m 34.06 cm
10.00 | 2.00 0.06 m 30.48 cm 0.06 m 40.54 cm
12.00 | 2.00 0.06 m 36.65 cm 0.06 m 46.27 cm
13.00 | 1.00 0.04m 40.49 cm 0.03m 48.87 cm
16.00 | 3.00 0.00m 40.49 cm 0.00 m 48.87 cm
18.00 | 2.00 0.06 m 46.00 cm 0.04 m 53.09 cm
20.00 | 2.00 0.05m 50.76 cm 0.04 m 56.86 cm
22.00 | 2.00 0.04 m 54.86 cm 0.07m 63.76 cm
24.00 | 2.00 0.08 m 62.44 cm 0.06 m 69.73 cm
26.00 | 2.00 0.06 m 68.86 cm 0.05m 74.86 cm
28.00 | 2.00 0.05m 74.24 cm 0.05m 79.41 cm
30.00 | 2.00 0.04 m 78.65 cm 0.04 m 83.35cm
32.00 | 2.00 0.04 m 82.17 cm 0.03m 86.66 cm
34.00 | 2.00 0.03m 84.86 cm 0.03m 89.32 cm
36.00 | 2.00 0.02m 86.77 cm 0.02m 91.30 cm
38.00 | 2.00 0.01m 87.94 cm 0.0l m 92.57 cm
40.45 | 2.45 0.00 m 88.44 cm 0.0l m 93.14 cm

Depth (m)

OCR vs. Depth (m)
Graph

OCR
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C.19 KM: 1554000 Section

The embankment height: 9.50 m

Total consolidation: 81.90 cm

Table C. 39. Consolidation settlement parameters for Km: 155+000
3 =
2 3 = = 2
< [ =] = 04
5 £ E 1 & | 1 .
g g B < = g = > = 3
£ < -~ | 3E| & S 5 = g~ & 8
53 = E £2 = = =~ ¥ T8 b I
a = ~ S 8 S O ) Ed 4 8
2.00 2.00 1.00 18.00 8.2 0.090 0.011 1.37 0.000186 187.1 195.3
3.00 1.00 2.50 18.00 20.5 0.090 0.011 1.37 0.000174 182.7 203.2
4.50 1.50 3.75 19.00 34.5 0.000 0.000 1.37 0.000000 175.1 209.6
6.50 2.00 5.50 18.00 45.0 0.090 0.011 1.37 0.000146 173.3 218.4
8.50 2.00 7.50 18.00 61.4 0.090 0.011 1.37 0.000139 166.7 228.1
10.00 1.50 9.25 18.00 75.8 0.090 0.011 1.37 0.000138 160.7 236.4
12.00 2.00 11.00 18.00 90.1 0.090 0.011 1.37 0.000136 154.4 244.5
20.00 8.00 16.00 19.00 147.0 0.000 0.000 1.37 0.000000 119.5 266.5
22.00 2.00 21.00 18.00 172.0 0.646 0.091 2.558 0.000393 114.9 286.9
24.00 2.00 23.00 18.00 188.4 0.646 0.091 2.558 0.000379 106.3 294.7
26.00 2.00 25.00 18.00 204.8 0.646 0.091 2.558 0.000368 97.4 302.2
28.00 2.00 27.00 18.00 221.1 0.646 0.091 2.558 0.000370 88.4 309.5
31.00 3.00 29.50 19.00 271.1 0.000 0.091 2.558 0.000377 47.2 318.3
33.00 2.00 32.00 18.00 262.1 0.646 0.091 2.558 0.000376 64.7 326.8
35.00 2.00 34.00 18.00 278.5 0.646 0.091 2.558 0.000378 54.9 3334
37.00 2.00 36.00 18.00 294.8 0.646 0.091 2.558 0.000381 45.0 339.8
39.00 2.00 38.00 18.00 311.2 0.646 0.091 2.558 0.000383 34.8 346.0
41.00 2.00 40.00 18.00 327.6 0.646 0.091 2.558 0.000385 24.4 352.0
43.00 2.00 42.00 18.00 344.0 0.646 0.091 2.558 0.000388 13.9 357.9
44.59 1.59 43.79 18.00 358.7 0.646 0.091 2.558 0.000390 4.3 363.0
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Table C. 40. Consolidation settlement calculation for Km: 155+000

El © - D -
N 5 5 5 §
s _= = k =
5| &% w528 % w588
E| 8| 25 £E55T 35 £5E5°S
s | £| 25 EERLS Bl 2c5¢
2| 2| 52| Eg=z sz | E253
ol E| C8E 088gs& C8E 0888
2.00 | 2.00 0.04 m 4.45cm 0.07m 6.97 cm
3.00 | 1.00 0.02m 6.46 cm 0.03m 10.15cm
4,50 | 1.50 0.00m 6.46 cm 0.00 m 10.15cm
6.50 | 2.00 0.04 m 10.36 cm 0.05m 15.23 cm
8.50 | 2.00 0.04 m 14.29 cm 0.05m 19.87 cm
10.00 | 1.50 0.03m 17.28 cm 0.03m 23.20 cm
12.00 | 2.00 0.04 m 21.33¢cm 0.04 m 27.41cm
20.00 | 8.00 0.00m 21.33cm 0.00 m 27.41cm
22.00 | 2.00 0.11m 32.56 cm 0.09 m 36.44 cm
24.00 | 2.00 0.10m 42.37 cm 0.08 m 44.49 cm
26.00 | 2.00 0.09m 50.91 cm 0.07m 51.67 cm
28.00 | 2.00 0.07m 58.28 cm 0.07m 58.21 cm
31.00 | 3.00 0.00m 58.28 cm 0.05m 63.55 cm
33.00 | 2.00 0.05m 63.13 cm 0.05m 68.42 cm
35.00 | 2.00 0.04 m 67.08 cm 0.04 m 72.58 cm
37.00 | 2.00 0.03m 70.19 cm 0.03m 76.00 cm
39.00 | 2.00 0.02m 72.51 cm 0.03m 78.67 cm
41.00 | 2.00 0.02m 74.09 cm 0.02m 80.55 cm
43.00 | 2.00 0.01m 74.96 cm 0.0l m 81.63 cm
4459 | 1.59 0.00m 75.17 cm 0.00 m 81.90 cm

Depth (m)

OCR vs. Depth (m)

e

[ S E G -

Graph

OCR
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C.20 KM: 155+551 Section

The embankment height: 10.50 m

Total consolidation: 113.06 cm

Table C. 41. Consolidation setlement parameters for Km: 155+551

E = -
— - 9 3
% ] g = = 8
£ Y P = = [ad
s 2 € E 3 3 S
E| 8 S| g 2| 5| =] = | 2] ¢
s| 2| 2| 2El185| & 2| 3| 3 Sg| 2| ¢
- - — 172) N (\J\ N
8| E|l - |15€lgs| 8| s| o | &| 3| 5| &
600 | 600 | 300 | 19.00 | 919 | 276 | 0000 | 0000 | 143 | 0.000000 | 2003 | 227.8
800 | 200 | 700 | 1800 | 819 | 633 | 0141 | 0035 | 143 | 0000261 | 1931 | 256.4
1000 | 200 | 9.00 | 1800 | 819 | 79.7 | 0141 | 0035 | 143 | 0000248 | 1875 | 2672
1200 | 200 | 11.00 | 1800 | 819 | 961 | 0141 | 0035 | 143 | 0000235 | 1816 | 277.6
1400 | 200 | 1300 | 1800 | 819 | 1125 | 0141 | 0035 | 143 | 0000224 | 1753 | 2878
1600 | 200 | 1500 | 1800 | 819 | 1289 | 0141 | 0035 | 143 | 0000218 | 1688 | 297.7
1700 | 1.00 | 1650 | 1800 | 819 | 1411 | 0141 | 0035 | 143 | 0000213 | 1638 | 304.9
1950 | 250 | 1825 | 19.00 | 919 | 1567 | 0000 | 0.000 | L43 | 0.000000 | 1394 | 296.1
2150 | 200 | 2050 | 1800 | 819 | 1764 | 0080 | 0022 | 134 | 0000127 | 1495 | 3259
2350 | 2.00 | 2250 | 1800 | 819 | 1928 | 0080 | 0022 | 134 | 0000123 | 1419 | 3347
2550 | 2.00 | 2450 | 1800 | 819 | 2092 | 0080 | 0022 | 134 | 0000119 | 1341 | 3433
2750 | 200 | 2650 | 1800 | 819 | 2255 | 0646 | 0091 | 2558 | 0.000119 | 1261 | 3516
2050 | 2.00 | 2850 | 1800 | 819 | 2419 | 0646 | 0091 | 2558 | 0000372 | 117.8 | 359.7
3150 | 2.00 | 3050 | 18.00 | 819 | 2583 | 0.646 | 0091 | 2558 | 0.000374 | 1092 | 3675
3350 | 2.00 | 3250 | 18.00 | 819 | 2747 | 0646 | 0091 | 2558 | 0.000377 | 1004 | 3751
3550 | 2.00 | 3450 | 1800 | 819 | 2911 | 0646 | 0091 | 2558 | 0.000379 | 915 | 3825
3750 | 2.00 | 3650 | 18.00 | 819 | 3074 | 0646 | 0091 | 2558 | 0000381 | 823 | 389.7
3950 | 2.00 | 3850 | 18.00 | 819 | 3238 | 0646 | 0091 | 2558 | 0.000384 | 72.8 | 396.7
4150 | 2.00 | 4050 | 1800 | 819 | 3402 | 0.646 | 0091 | 2558 | 0.000386 | 632 | 4034
4350 | 2.00 | 4250 | 18.00 | 819 | 356.6 | 0.646 | 0091 | 2558 | 0.000389 | 534 | 410.0
4430 | 080 | 43.90 | 18.00 | 819 | 368.0 | 0.646 | 0091 | 2558 | 0.000390 | 464 | 4145
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Table C. 42. Consolidation setlement calculation for Km: 155+551

el @ _ > _
- P T == S
5| &% 0028 S5 woLlg
E| 8| 25 £E55T 35 £5E5°S
= a O o O n D o £
2| 2| 52| Eg=z sz | E253
o | FE| CBE 0888 c2E 0888
6.00 | 6.00 0.00m 0.00 cm 0.00 m 0.00 cm
8.00 | 2.00 0.06 m 6.42 cm 0.10 m 9.87 cm
10.00 | 2.00 0.06 m 12.71cm 0.09 m 18.97 cm
12.00 | 2.00 0.06 m 18.93 cm 0.08 m 27.28 cm
14.00 | 2.00 0.06 m 25.13 cm 0.08 m 35.04 cm
16.00 | 2.00 0.06 m 31.32cm 0.07m 42.29 cm
17.00 | 1.00 0.03m 34.42 cm 0.03m 45.73 cm
19.50 | 2.50 0.00m 34.42 cm 0.00 m 45.73 cm
21.50 | 2.00 0.03m 37.60 cm 0.04m 49.46 cm
23.50 | 2.00 0.03m 40.46 cm 0.03m 52.89 cm
25.50 | 2.00 0.03m 43.03 cm 0.03m 56.09 cm
27.50 | 2.00 0.10 m 52.77 cm 0.03m 59.11 cm
29.50 | 2.00 0.09m 61.47 cm 0.09 m 67.90 cm
31.50 | 2.00 0.08 m 69.21 cm 0.08 m 76.10 cm
33.50 | 2.00 0.07m 76.04 cm 0.08 m 83.69 cm
35.50 | 2.00 0.06 m 82.04 cm 0.07m 90.64 cm
37.50 | 2.00 0.05m 87.24 cm 0.06 m 96.93 cm
39.50 | 2.00 0.04 m 91.69 cm 0.06 m 102.54 cm
41.50 | 2.00 0.04 m 95.43 cm 0.05m 107.44 cm
43.50 | 2.00 0.03m 98.49 cm 0.04 m 111.60 cm
44.30 | 0.80 0.01m 99.53 cm 0.01m 113.06 cm

Depth (m)

OCR vs. Depth (m)
Graph

OCR
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C.21 KM: 157+400 Section

The embankment height: 8.50 m

Total consolidation: 80.73 cm

Table C. 43. Consolidation settlement parameters for Km: 157+400

3 =

2 3 = = 2

< Y= = = [0

Y— o 72} 17} .
_ o £ o T g 6
£ 3 %5\ = g oS = = ) g
= g —_ s E o 3 S =) g~ £ 8
> 2 £ €2 = = ~ $ TR b I
~ = - e 1 =
o] = N o= [ ] ) N} ES o < [
2.00 2.00 1.00 18.00 8.2 0.200 0.042 1.43 0.0002346 167.8 176.0
4.00 2.00 3.00 18.00 24.6 0.200 0.042 1.43 0.0002394 162.4 187.0
5.00 1.00 4.50 18.00 36.9 0.200 0.042 1.43 0.0002432 158.2 195.0
7.00 2.00 6.00 19.00 55.1 0.000 0.042 1.42 0.0000000 147.8 202.9
9.00 2.00 8.00 18.00 65.5 0.200 0.042 1.43 0.0002396 147.6 213.1
11.00 2.00 10.00 18.00 81.9 0.200 0.042 1.43 0.0002320 141.1 223.0
13.00 2.00 12.00 18.00 98.3 0.200 0.042 1.43 0.0002235 134.4 232.6
15.00 2.00 14.00 18.00 114.7 0.200 0.042 1.43 0.0002193 127.3 242.0
17.00 2.00 16.00 18.00 131.0 0.094 0.017 1.42 0.0001644 120.0 251.0
19.00 2.00 18.00 18.00 147.4 0.094 0.017 1.42 0.0001565 112.4 259.8
21.00 2.00 20.00 18.00 163.8 0.094 0.017 142 0.0001474 104.6 268.4
23.00 2.00 22.00 18.00 180.2 0.094 0.017 1.42 0.0001368 96.5 276.7
25.00 2.00 24.00 18.00 196.6 0.094 0.017 1.42 0.0001241 88.2 284.7
27.00 2.00 26.00 18.00 212.9 0.172 0.033 1.4 0.0002029 79.6 292.5
29.00 2.00 28.00 18.00 229.3 0.172 0.033 1.4 0.0002036 70.8 300.1
31.00 2.00 30.00 18.00 245.7 0.172 0.033 1.4 0.0002043 61.8 307.5
33.00 2.00 32.00 18.00 262.1 0.172 0.033 1.4 0.0002050 52.6 314.6
35.00 2.00 34.00 18.00 278.5 0.172 0.033 1.4 0.0002056 43.1 321.6
37.00 2.00 36.00 18.00 294.8 0.172 0.033 1.4 0.0002063 335 328.3
39.00 2.00 38.00 18.00 311.2 0.172 0.033 1.4 0.0002070 23.6 334.8
41.00 2.00 40.00 18.00 327.6 0.172 0.033 1.4 0.0002077 13.6 341.2
42.65 1.65 41.83 18.00 342.5 0.172 0.033 1.4 0.0002084 4.3 346.8
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Table C. 44. Consolidation settlement calculation for Km: 157+400
E ¢ = e = OCR vs. Depth (m)
2 g S g o raph
2 _=2 = | .= = Grap
5| &% w5628 S5 ooLg
E| 8| £% £8E% | £% ZEET
| | 5& SSES | 56 3552 OCR
= a O o O n O o £
g 2| s2¢| Eg=x s | S5€Ex 1 3 5
Ol E| CQE 088& CgE 088gs& 0 VY
2.00 | 2.00| 0.08m 8.16 cm 0.08m 7.87 cm —fﬁ—
400 |200| 006m 14.25 cm 0.08m 15.65 cm
500 | 1.00| 0.03m 17.04 cm 0.04m 19.50 cm 5 ot
7.00 | 2.00| 0.00m 17.04 cm 0.00m 19.50 cm .
9.00 | 2.00 0.09 m 25.56 cm 0.07m 26.57 cm 10 - =
11.00 [ 200 | 0.09m 34.06 cm 0.07 m 33.12 cm —_ e
13.00 [ 200 | 0.09m 42.61cm 0.06 m 39.13 cm S R
1500 | 200 | 009m 51.69 cm 0.06 m 4471 cm g 157
17.00 [ 200 | 0.04m 55.42 cm 0.04 m 48.65 cm §
19.00 [ 2.00 | 0.03m 58.68 cm 0.04m 52.17 cm 20 +
21.00 [ 2.00| 0.03m 61.52 cm 0.03m 55.26 cm .
23.00 [2.00] 0.02m 63.99 cm 0.03m 57.90 cm 95
25.00 | 2.00| 0.02m 66.12 cm 0.02m 60.08 cm +
27.00 [2.00] 0.03m 69.51 cm 0.03 m 63.31 cm t
29.00 | 200 | 0.03m 72.38 cm 0.03m 66.20 cm -30 ¢
31.00 | 2.00 0.02m 74,77 cm 0.03m 68.72 cm 1
33.00 | 2.00 0.02m 76.72 cm 0.02m 70.88 cm 35 7
35.00 [ 200 0.02m 78.26 cm 0.02m 72.65 cm 1
37.00 | 2.00 0.01lm 79.41 cm 0.01m 74.03 cm 40 :
39.00 [ 200 001m 80.19 cm 0.01 m 75.01 cm )
41.00 | 2.00 0.00m 80.62 cm 0.01m 75.57 cm J
4265]165| 000m 80.73 cm 0.00m 75.72 cm -45
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C.22 KM: 158+000 Section

The embankment height: 8.79 m

Total consolidation: 72.02 cm

Table C. 45. Consolidation settlement parameters for Km: 158+000
3 =
2 3 = = 2
< [ =] = 04
5 £ E1 & | 1 .
g g B < = g = > = 3
= g ~ | 3E| ¢ S 3 = <= & S
g | 2 EVEZ| S| T | S| % T8 | % ]
e = ~N D= 5] @) &) = E= < ©
2.00 2.00 1.00 18.00 8.2 0.120 0.031 1.43 0.0001498 173.2 181.3
4.00 2.00 3.00 18.00 24.6 0.000 0.000 1.43 0.0000000 167.6 192.2
6.00 2.00 5.00 18.00 41.0 0.120 0.031 1.43 0.0001581 161.7 202.7
7.50 1.50 6.75 18.00 55.3 0.120 0.031 1.43 0.0001596 156.4 211.7
9.00 1.50 8.25 19.00 75.8 0.000 0.000 1.43 0.0000000 143.3 219.1
11.00 2.00 10.00 18.00 81.9 0.200 0.042 1.43 0.0002230 145.8 2271.7
13.00 2.00 12.00 18.00 98.3 0.200 0.042 1.43 0.0002151 138.9 237.2
15.00 2.00 14.00 18.00 114.7 0.200 0.042 1.43 0.0002108 131.7 246.4
17.00 2.00 16.00 18.00 131.0 0.200 0.042 1.43 0.0002068 124.3 255.3
18.00 1.00 17.50 18.00 143.3 0.200 0.042 1.43 0.0002037 118.5 261.8
19.50 1.50 18.75 19.00 172.3 0.000 0.000 1.4 0.0000000 94.8 267.2
21.50 2.00 20.50 18.00 167.9 0.200 0.042 1.43 0.0001971 106.6 2745
22.50 1.00 22.00 18.00 180.2 0.200 0.042 1.43 0.0001936 100.4 280.6
24.00 1.50 23.25 19.00 213.7 0.000 0.000 1.4 0.0000000 71.9 285.6
26.00 2.00 25.00 18.00 204.8 0.172 0.033 1.4 0.0001878 87.6 292.4
28.00 2.00 27.00 18.00 221.1 0.172 0.033 1.4 0.0002032 78.8 300.0
30.00 2.00 29.00 18.00 237.5 0.172 0.033 1.4 0.0002039 69.8 307.3
32.00 2.00 31.00 18.00 253.9 0.172 0.033 1.4 0.0002046 60.6 3145
34.00 2.00 33.00 18.00 270.3 0.172 0.033 1.4 0.0002053 51.2 3214
36.00 2.00 35.00 18.00 286.7 0.172 0.033 1.4 0.0002060 415 328.2
38.00 2.00 37.00 18.00 303.0 0.172 0.033 1.4 0.0002067 31.7 334.7
40.00 2.00 39.00 18.00 319.4 0.172 0.033 1.4 0.0002074 21.7 341.1
42.00 2.00 41.00 18.00 335.8 0.172 0.033 1.4 0.0002081 115 347.2
43.20 1.20 42.60 18.00 348.9 0.172 0.033 1.4 0.0002087 3.2 352.0
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Table C. 46. Consolidation settlement calculation for Km: 158+000

if/ < = e = OCR vs. Depth (m)
% % i % % _ Graph
5| &% w528 % w588
E| 8| 25 ZEET S5 Z£EET OCR
s | £| 8§ EX-RES] R >3 E¢
2| 2| s22| Es£zz sz | 5583 1 3
ol FE| C08E 0388& c8E | 5388¢& A
200 | 200 | 006m 5.87 cm 0.05m 519 cm
400 | 200 ] 000m 5.87 cm 0.00 m 5.19 cm i
6.00 | 200 | 0.04m 9.53 cm 0.05m 10.30 cm 5 - .
750 | 150 | 0.03m 12.08 cm 0.04 m 14.04 cm .
9.00 | 1.50 0.00m 12.08 cm 0.00 m 14.04 cm ¢
11.00 | 200 | 0.07m 19.35 cm 0.07 m 20.55 cm 10—
13.00 | 200 | 007m 26.66 cm 0.06 m 26.52 cm —_ -
15.00 | 200 | 007m 34.03 cm 0.06 m 32.07 cm E 5.7
17.00 | 200 | 008 m 42.14 cm 0.05m 37.2Lcm S .
18.00 | .00 | 0.04m 45.80 cm 0.02m 39.62 cm > @
1950 | 1.50 | 0.00m 45.80 cm 0.00 m 39.62 cm 0 20 4
2150 | 200 | 0.06m 51.77 cm 0.04 m 43.83 cm .
22.50 [ 1.00 | 0.03m 54.46 cm 0.02m 45.77 cm 5 |
2400 | 1.50 | 0.00m 54.46 cm 0.00 m 45.77 cm |
26.00 | 200 | 0.04m 58.26 cm 0.03m 49.06 cm |
28.00 | 2.00 0.03m 61.51cm 0.03m 52.26 cm -30
3000 | 200 | 0.03m 64.26 cm 0.03m 55.11 cm 1
32.00 200 | 002m 66.55 cm 0.02m 57.59 cm 1
3400 | 200 | 0.02m 68.40 cm 0.02m 59.69 cm 35 ¢
36.00 | 200 | 001m 69.84 cm 0.02m 61.40 cm t
38.00 | 200 | 001m 70.90 cm 0.01m 62.71 cm 401
4000 | 200 | 0.01m 71.60 cm 0.01m 63.61 cm .
42.00 | 2.00 0.00m 71.96 cm 0.00m 64.09 cm J
4320 [ 120 | 000m 72.02 cm 0.00 m 64.17 cm -45
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C.23 KM: 1594565 Section

The embankment height: 7.2 m

Total consolidation: 72.79 cm

Table C. 47. Consolidation settlement parameters for Km: 159+565

E = =
= = =) =
2 3 g = = 2
o “= =& > S o
5 2 € E 3 2 S
—_ ° = o> o4 I < 0
[=2) . . = — <
E 4 T 8= = = g ~ = s g
s| 2| 2| 2El33| &£| 3| 3| 3 S5 | = 8
o 2 g = = 3 = \: \-: g . N 9 = I
a E ~ S5&1Es 8 (8] S ) EES 3 B
7.50 7.50 3.75 19.00 9.19 34.5 0.000 0.000 15 0.000000 1355 169.9
9.50 2.00 8.50 18.00 8.19 77.1 0.166 0.040 15 0.000267 130.9 208.0
11.50 2.00 10.50 18.00 8.19 93.5 0.166 0.040 15 0.000259 126.8 220.3
12.50 1.00 12.00 18.00 8.19 105.8 0.166 0.040 15 0.000252 123.4 229.2
13.50 1.00 13.00 19.00 9.19 114.5 0.000 0.000 15 0.000000 108.1 222.6
15.50 2.00 14.50 18.00 8.19 127.3 0.220 0.017 142 0.000244 117.4 244.7
17.50 2.00 16.50 18.00 8.19 143.6 0.220 0.017 1.42 0.000191 112.3 255.9
19.50 2.00 18.50 18.00 8.19 160.0 0.220 0.017 142 0.000185 106.7 266.8
21.50 2.00 20.50 18.00 8.19 176.4 0.150 0.019 1.26 0.000177 100.9 277.3
23.50 2.00 22.50 18.00 8.19 192.8 0.150 0.019 1.26 0.000168 94.8 287.6
25.50 2.00 24.50 18.00 8.19 209.2 0.646 0.091 2.558 0.000368 88.4 2975
27.50 2.00 26.50 18.00 8.19 225.5 0.646 0.091 2.558 0.000370 81.6 307.2
29.50 2.00 28.50 18.00 8.19 241.9 0.646 0.091 2.558 0.000372 74.6 316.6
31.50 2.00 30.50 18.00 8.19 258.3 0.646 0.091 2.558 0.000374 67.4 325.7
33.50 2.00 32.50 18.00 8.19 274.7 0.646 0.091 2.558 0.000377 59.8 334.5
35.50 2.00 34.50 18.00 8.19 291.1 0.646 0.091 2.558 0.000379 52.0 343.1
37.50 2.00 36.50 18.00 8.19 307.4 0.646 0.091 2.558 0.000381 44.0 351.4
37.95 0.45 37.73 18.00 8.19 3175 0.646 0.091 2.558 0.000383 38.9 356.4
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Table C. 48. Consolidation settlement calculation for Km: 159+565

El © - D -

- = T == S

5| &% 0028 S5 woLlg

s | £| 25 EERLS Bl 2c5¢

2| 2| 52| Eg=z sz | E253

ol E| C8E 088gs& C8E 0888
750 | 7.50 0.00m 0.00 cm 0.00 m 0.00 cm
9.50 | 2.00 0.07m 6.95 cm 0.07m 6.87 cm
11.50 | 2.00 0.07m 14.00 cm 0.06 m 13.30 cm
12.50 | 1.00 0.04 m 17.57 cm 0.03m 16.36 cm
13.50 | 1.00 0.00 m 17.57 cm 0.00 m 16.36 cm
15.50 | 2.00 0.03m 20.75 cm 0.06 m 21.97 cm
17.50 | 2.00 0.04 m 24,41 cm 0.04 m 26.17 cm
19.50 | 2.00 0.04 m 28.52 cm 0.04 m 30.02 cm
21.50 | 2.00 0.04 m 32.07 cm 0.03m 33.50 cm
23.50 | 2.00 0.04 m 35.87 cm 0.03m 36.59 cm
25.50 | 2.00 0.08 m 43.60 cm 0.07m 43.11 cm
27.50 | 2.00 0.07m 50.38 cm 0.06 m 49.17 cm
29.50 | 2.00 0.06 m 56.28 cm 0.06 m 54.74 cm
31.50 | 2.00 0.05m 61.36 cm 0.05m 59.80 cm
33.50 | 2.00 0.04 m 65.68 cm 0.05m 64.32 cm
35.50 | 2.00 0.04 m 69.29 cm 0.04 m 68.27 cm
37.50 | 2.00 0.03m 72.22 cm 0.03m 71.63cm
37.95 | 0.45 0.01m 72.79 cm 0.0l m 72.31cm

Depth (m)

OCR vs. Depth (m)

Graph

OCR

349




C.24 KM: 161+764 Section

The embankment height: 6.5 m

Total consolidation: 58.90 cm

Table C. 49. Consolidation settlement parameters for Km: 161+764

E = -
2 2 g = = 8
= 5 |2 2| 32| ¢
—_ ° g 5> & c G o
E g T 22| | = S = = s | T
= % -~ | 2E|83 < i 3 = £ & 8
& = E|EZ2|g2 = o = 5 > L 2 o I
o = ~ > |w's 8 (&) (&) =) ged ps B
400 | 400 | 200 | 19.00 | 919 | 184 | 0000 | 0.000 | 1.55 | 0.00000 | 1259 | 144.3
600 | 200 | 500 | 18.00 | 819 | 450 | 0116 | 0016 | 155 | 0.000137 | 1240 | 169.0
900 | 300 | 750 | 19.00 | 919 | 669 | 0.000 | 0000 | 155 | 0.00000 | 112.6 | 1795
1100 | 2.00 | 1000 | 18.00 | 819 | 889 | 0116 | 0016 | 155 | 0.000156 | 1156 | 2045
19.00 | 800 | 15.00 | 19.00 | 919 | 1339 | 0.000 | 0000 | 1.55 | 0.000000 | 89.8 | 223.6
2100 | 2.00 | 2000 | 18.00 | 819 | 1788 | 0.646 | 0091 | 2.558 | 0000401 | 91.9 | 2707
2300 | 200 | 22.00 | 1800 | 819 | 1952 | 0.646 | 0.091 | 2.558 | 0.000386 | 86.1 | 2813
2500 | 200 | 24.00 | 1800 | 819 | 2116 | 0.646 | 0.091 | 2558 | 0000371 | 80.1 | 291.6
2700 | 2.00 | 2600 | 18.00 | 819 | 227.9 | 0.646 | 0091 | 2.558 | 0.000369 | 73.7 | 3016
2900 | 200 | 2800 | 1800 | 819 | 2443 | 0.646 | 0.091 | 2558 | 0000371 | 67.0 | 311.4
31.00 | 200 | 30.00 | 18.00 | 8.19 | 260.7 | 0.646 | 0.091 | 2.558 | 0.000374 | 60.1 | 3208
3300 | 200 | 32.00 | 1800 | 819 | 2771 | 0646 | 0091 | 2558 | 0000376 | 529 | 330.0
3500 | 200 | 3400 | 1800 | 819 | 2935 | 0.646 | 0.091 | 2.558 | 0.000378 | 454 | 338.9
36.34 | 200 | 3567 | 18.00 | 8.19 | 309.8 | 0.646 | 0.091 | 2.558 | 0.000380 | 39.0 | 348.8
36.34 | 114 | 36.34 | 1800 | 819 | 3227 | 0646 | 0091 | 2558 | 0000381 | 363 | 359.0
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Table C. 50. Consolidation settlement calculation for Km: 161+764
S n o
}f ; :E: E g OCR vg.rg)perf)th (m)
s _% = | _& =
5| 2% 0 SL2 8 S5 0588
E| 8| 25 ZEET S5 ZEET OCR
| £ S E SSE S E SSE 2
s | 38 2 3 E2380 29 E38E 1 3
| 2| SEE S582 SEE S582
[a)] = O = O o n== O »n <o O oo O’V—v%
400 |400| 0.00m 0.00 cm 0.00m 0.00 cm I A
6.00 | 200 0.04m 3.59 cm 0.03m 3.40 cm 5 T 5
9.00 [3.00| 0.00m 3.59 cm 0.00m 3.40 cm —
1100 [ 200| 004m 7.81cm 0.04 m 7.00 cm E -10-
19.00 [ 8.00| 0.00m 7.81cm 0.00 m 7.00 cm %_ -
21.00 | 2.00 0.09m 16.91 cm 0.07m 14.36 cm 8 i
2300|200 0.08m 24.93 cm 0.07m 21.01cm 20 <
25.00 | 2.00 0.07m 31.97cm 0.06 m 26.95cm $
27.00 | 200 | 0.06m 38.11 cm 0.05m 32.39 cm 25 ¢
29.00 | 2.00 0.05m 43.43 cm 0.05m 37.37cm :
31.00 | 2.00 0.05m 47.98 cm 0.04 m 41.87 cm 308
33.00 | 2.00 0.04m 51.81 cm 0.04m 45.84 cm o
3500200 003m 54.97 cm 0.03m 49.28 cm 35 4
36.34 | 2.00 0.03m 57.57 cm 0.03m 52.24 cm J.
36.34 | 1.14 0.01m 58.90 cm 0.02m 53.82 cm -40

351




C.25 KM: 1624555 Section

The embankment height: 9.20 m

Total consolidation: 80.55 cm

Table C. 51. Consolidation settlement parameters for Km: 162+555

E = —

2 2 g = = 8

< y— - & > =] @

% 2 |EE g 2 S
— ° = o> 02 o < o

A [=)) . -
E @ S| X = g S = _ = e
s | €| =1 2|83 | & | 2| 2| 3 S| 2| 8
g = E|EZ2|g2 = . = + LTS c I,
=) = N oX|W's & O o = ES = sl ©
2.00 | 2.00 100 | 18.00 | 18.00 | 180 | 0071 | 0.009 | 1.38 0.000240 | 181.2 | 199.2
450 | 250 | 325 | 19.00 | 919 | 475 | 0000 | 0000 | 1.38 0.000000 | 1715 | 218.9
650 | 200 | 550 | 18.00 | 819 67.2 | 0071 | 0.009 | 1.38 0.000164 | 167.8 | 235.0
8.00 1.50 725 | 19.00 | 9.9 82.2 | 0000 | 0.000 | 138 0.000000 | 154.9 | 237.2
10.00 | 2.00 | 9.00 | 1800 | 819 973 | 0175 | 0017 | 145 0.000271 | 1563 | 253.6
1250 | 250 | 1125 | 1800 | 819 | 1158 | 0175 | 0017 | 145 0.000251 | 1484 | 264.2
1650 | 4.00 | 1450 | 19.00 | 9.19 | 1444 | 0.000 | 0.000 | 1.45 0.000000 | 122.0 | 266.4
1850 | 2.00 | 1750 | 18.00 | 819 | 1709 | 0646 | 0091 | 2558 | 0.000399 | 1248 | 29558
2050 | 2.00 | 1950 | 18.00 | 819 | 1873 | 0646 | 0.091 | 2558 | 0.000390 | 1167 | 304.1
2250 | 200 | 2150 | 1800 | 819 | 2037 | 0646 | 0091 | 2558 | 0.000382 | 1084 | 3121
2450 | 200 | 2350 | 1800 | 819 | 2201 | 0646 | 0.091 | 2558 | 0.000372 99.9 | 319.9
2650 | 2.00 | 2550 | 18.00 | 819 | 2365 | 0646 | 0.091 | 2558 | 0.000369 911 | 3275
2850 | 200 | 2750 | 1800 | 819 | 2528 | 0.646 | 0.091 | 2558 | 0.000371 82.1 | 3349
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Table C. 52. Consolidation settlement calculation for Km: 162+555

gl ¢ = e = OCR vs. Depth (m)
;%, % = % if\ Graph
5| &% w528 % w588
E| 8| 2§ 2§58 | 2% £E5°T OCR
s| 2| 85 ElERES 25 EEEE
2| 2| s8¢ | Eg=z sez | E253
o | FE| C8E 08388 c2E 0888
200 [200] 004m 3.66 cm 0.08m 8.05 cm
450 | 250 | 0.00m 3.66 cm 0.00m 8.05 cm
650 | 200 | 0.04m 7.32cm 0.05m 12.80 cm
8.00 | 1.50 | 0.00m 7.32cm 0.00m 12.80 cm .
10.00 | 2.00 [ 0.09 m 16.20 cm 0.08 m 20.44 cm E
1250 [ 250 | 0.11m 27.02 cm 0.09m 29.18 cm < |
16.50 [ 400 | 0.00m 27.02 cm 0.00m 29.18 cm & 15
1850 [ 200 | 0.12m 39.04 cm 0.10m 38.76 cm o 1
2050 [2.00 | 0.1m 49.67 cm 0.09m 47.51 cm 20 7
2250 [2.00 |  0.09m 59.03 cm 0.08m 565.49 cm }
2450 [2.00 | 0.08m 67.23cm 0.07m 62.88 cm -25 4
26.50 [ 200 |  0.07m 74.38 cm 0.07m 69.66 cm $
2850 [ 200 | 0.06m 80.55 cm 0.06m 75.81 cm 30 .
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C.26 KM: 163+000 Section

The embankment height: 8.50 m

Total consolidation: 82.25 cm

Table C. 53. Consolidation settlement parameters for Km: 163+000

E = =

2 2 g = = 8

= 5 |=% 2 F =

= X
o = 5 > & & K o

= @ > X |
E g | 22| = g S = = 5l 3
c £ e = = o < [ — pzd [ =
| 2| | 2£|83 | =| 2| 2| 3 cs | £ | °
& = E TZ| £ - o o . + > S o I
o = N SX|uW's S O (&) N EE= < ©
2.00 2.00 1.00 | 19.00 | 19.00 | 19.0 | 0.000 | 0.000 | 1.39 0.000000 | 167.4 | 186.4
4.00 2.00 3.00 | 18.00 | 819 46.2 | 0108 | 0.009 | 1.39 0.000228 | 165.0 | 211.2
6.00 2.00 500 | 18.00 | 8.19 62.6 | 0108 | 0.009 | 1.39 0.000239 | 161.2 | 2238
8.00 2.00 7.00 | 18.00 | 8.19 79.0 | 0108 | 0.009 | 1.39 0.000236 | 157.0 | 236.0
10.00 | 2.00 9.00 | 18.00 | 8.19 953 | 0.108 | 0.009 | 1.39 0.000222 | 1525 | 247.8
12.00 | 200 | 11.00 | 18.00 | 819 | 1117 | 0.108 | 0.009 | 1.39 0.000207 | 147.6 | 259.3
1400 | 200 | 1300 | 18.00 | 819 | 1281 | 0.214 | 0.022 | 143 0.000474 | 1424 | 2705
16.00 | 200 | 1500 | 18.00 | 819 | 1445 | 0214 | 0.022 | 1.43 0.000468 | 136.8 | 281.3
18.00 | 2.00 | 17.00 | 1800 | 819 | 1609 | 0.37 | 0014 | 1.38 0.000192 | 131.0 | 291.8
20.00 | 200 | 19.00 | 18.00 | 819 | 1772 | 0.137 | 0.014 | 1.38 0.000185 | 124.8 | 302.0
2200 | 200 | 21.00 | 18.00 | 819 | 1936 | 0.137 | 0014 | 1.38 0.000177 | 1183 | 311.9
2400 | 200 | 23.00 | 18.00 | 819 | 2100 | 0.137 | 0014 | 1.38 0.000168 | 1116 | 3215
26.00 | 200 | 2500 | 18.00 | 819 | 2264 | 0.137 | 0.014 | 1.38 0.000161 | 1045 | 330.9
28.00 | 200 | 27.00 | 18.00 | 819 | 2428 | 0.137 | 0014 | 1.38 0.000162 97.2 | 340.0
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Table C. 54. Consolidation settlement calculation for Km: 163+000

E| @ _ 2 _
5 5 5 5 5
2| _=2 = g =
5| &% w528 % w588
| £| 8§ ER-RES) R >3 E¢
2| 2| 52| Eg=z sz | E253
ol | S8&E 508%8& CgE 538%8&
2.00 | 2.00 0.00 m 0.00 cm 0.00m 0.00 cm
4,00 | 2.00 0.03m 2.97 cm 0.08 m 7.83cm
6.00 | 2.00 0.03m 6.16 cm 0.07m 15.17 cm
8.00 | 2.00 0.03m 9.58 cm 0.07m 21.88 cm
10.00 | 2.00 0.04 m 13.22 cm 0.06 m 27.94 cm
12.00 | 2.00 0.04 m 17.08 cm 0.06 m 33.47 cm
14.00 | 2.00 0.10 m 26.80 cm 0.13m 46.67 cm
16.00 | 2.00 0.09m 35.46 cm 0.13m 59.17 cm
18.00 | 2.00 0.05m 40.59 cm 0.05m 63.91 cm
20.00 | 2.00 0.05m 45,19 cm 0.04m 68.23 cm
22.00 | 2.00 0.04 m 49.30 cm 0.04m 72.12 cm
24.00 | 2.00 0.04 m 52.98 cm 0.04m 75.72 cm
26.00 | 2.00 0.03m 56.25 cm 0.03m 79.10 cm
28.00 | 2.00 0.03m 59.15cm 0.03m 82.25cm

Depth (m)

OCR vs. Depth (m)
Graph

OCR
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D. Non-Linear Regression Anaysis Data Set
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email: gozdecelik@hotmail.com

EDUCATION

Degree Institution Year of
Graduation

PHD METU Geological Engineering 2020

MS METU Geological Engineering 2011

BS METU Geological Engineering 2007

High School  Nevsehir Anadolu High School, Nevsehir 2002

WORK EXPERIENCE

Year Place Enrollment

2007-Present Yiiksel Domanig Ltd. Sti.  Geological/Geotechnical/Tunnel
Design Engineer

2006 July SRK Consulting Intern Eng. Student

2005 August T.P.A.O. Intern Eng. Student

PARTICIPATED DESIGNS AND PROJECTS

Year Project Name Explanation

' Geotechnical-Tunnel
Present Van Bahgesaray Highway ) )
Design Engineer

Tomarza-Tufanbeyli ] ]
Present ) Geotechnical Engineer
Highway

Eskisehir-Afyon High Geological-Geotechnical

Present ] )
Speed Railway Engineer
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Year

Present

Present

March 2020

Fabruary 2018

March 2017

September 2015

August 2015

August 2015

March 2015

May 2013

January 2011

April 2011

January 2011

October 2010

Project Name

Adiyaman Freeway
Eskisehir Mihalgazi State
Highway

Narince-Gerger State
Highway

Delice-Corum High
Speed Railway
Aksaray-Ulukisla High
Speed Railway
Gebze-izmir Motorway —
Bursa-Susurluk Section
Manavgat-Akseki State
Highway
Ardahan-Posof-Tiirkgozii
State Highway
Karaman-Ayranci-Eregli
State Highway
Gebze-Izmir Motorway-
Sel¢ukgazi Tunnel
Project

Gebze-Izmir Motorway-

Belkahve Tunnel Project
Antalya-Kayseri Railway

Gebze-Izmir Motorway-
Samanli Tunnel Project
Adapazari-Karasu-Bartin

Railway
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Explanation

Geotechnical Engineer
Geotechnical Engineer

Geological-Geotechnical
Engineer
Geological-Geotechnical

Engineer

Geological Engineer

Geotechnical Engineer

Geotechnical Engineer

Geotechnical Engineer

Geotechnical Engineer

Geological-Tunnel

Design Engineer

Geological-Tunnel
Design Engineer
Geological-Geotechnical
Engineer
Geotechnical-Tunnel

Design Engineer

Geological Engineer



Year
October 2009
February 2009

October 2008

August 2008

September 2007

Project Name
Gebze-Izmir Motorway —
Gebze-Orhangazi Section
Kirsehir-Yerkoy Railway
Ankara-Kirikkale-Delice
Motorway
Karaman-Bucakkisla-
Ermenek State Highway
Kars-Tiflis Railway

THESIS AND DISSERTION

Explanation
Geological-Geotechnical
Engineer

Geological Engineer
Geological and Tunnel
Design Engineer
Geological-Geotechnical
Engineer

Geological Engineer

Celik, G., 2011. Verification of Empirically Determined Support Systems of the

Kiliglar Highway Tunnel by Numerical Modelling. M.Sc. thesis, Department of

Geological Engineering, Middle East Technical University, Ankara, 263 pages.

(Supervisor: Prof. Dr. Tamer Topal)

PUBLICATIONS

Celik, G., Kose, A., Akbulut, A., 2015.Improvement of Soft Clays in Bursa-
Susurluk Section of the Gebze-Izmir Project Using Prefabricated Vertical Drains,

Miihjeo’2015 National Symposium on Engineering Geology, Trabzon, 538 pages.

HONORS AND AWARDS
Year Honors University
) Middle East Technical

June 2007 High Honor Student o

University

Middle East Technical
June 2006 Honor Student o

University
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FOREIGN LANGUAGES

English : Advanced level

French . Beginner level

COMPUTER SKILLS

Microsoft Office Programs: Word, Excel and Powerpoint
AutoCad

FLAC

RocScience Software: Slide, Phase, Dips, RocPlane, Swedge
MEMBERSHIPS

Union of Chambers of Turkish Engineers and Architects-Chamber of Geological
Engineers, Member ID No: 12237

METU Alumni Association
HOBBIES

Plates, Travelling, Diving, Guitar Playing
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