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ABSTRACT

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

¢telG%z de
Doctor of PhilosophyGeological Engineering
Supervisor : Prof. DiTamerTopal
Co-SupervisorProf. Dr. Ahmet Orhan Erol

September 202@360 pages

Settlement of highway embankments constructed over clayey soft soils is a major
problem encountered in maintaining highway facilitidcurate estimatiorof
consolidation settlement amounts and times has been a challeregggiioeers 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 settlementsith calculated settlements from oedometer tests are
assessed. The correlation between predicted settlements using oedometer test data
and observed settlementstirefield is proposed. Stroud approaches are compared
with the coefficients of volume compsbility back calculated and their trend is
presentedThe relationship between tip resistanceg @ cone penetration teahd

constrained modulus is investigated

The magnitudes of final settl ements are

extrapolaton methods including 70% of the monitored settlement data.



Furthermore,time dataversus field settlemenare used to predict the primary
consolidation amounts. Equations providing correction factors tmégmitudes of
settlementscalculated by oedometeesults, are formed to estimate thagnitudes

of settlementsthat would occur in the field. Karacabey clays exhibit typical
secondary consolidation behaviors. Tertiary consolidation behaviors are also
observed in 11 of total 26 statiora/C. and G/C. ranges are recommended for
engineering practices to predict the secondary and tertiary consolidation
settlements In addition, the relationship between the compression indgxa(@

the secondary and tertiary consolidation coefficientsG is invesigated, 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 betvileg@pendent variables and
targeted dependent variables, and iterative-lm@mar regression analysis are

performed to drive the assumed equation model

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

soils, Karacabey
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¥Z

KARACABEY YUMUKk AK KHKIBIEEKRK KONSOLKDASYON
OTURMALARI NI RLEEDERKLMESK: TAHMKN EDKLE
G¥ZLEMLENEN DAVRANI K|

¢telG%z de
DoktoraJ eol oj i M¢hendi sl ijJi
Tez Y°%°net i dameriTopalPr of . Dr .

Ortak Tez ¥Yneticisi: Prof. Dr. Ahmet Orhan Erol

Eyl ¢ |,36@9a#a0

Yumukak Ki |1 zeminler czerinde I nNKa e (
karayol u ol anakl ar énén korunmasénda k a
Konsolidasyon oturmaarmadrk@érar dafjf eénméen aheli e
prati kte mglenddiiksltemxkiidi ret mektedir.

Bu -al ékmada, 26 istasyona ait Karacabey
gén araseéendaki s a h a°d oconteutrrnea d°eln-egym! e siomiu

hesaplanan oturma miktarl ar é n¥dometkear Kk €1 a

deneyi sonluar ak é° ka9 1 @alneen ot ur ma mi kt ar |
oturma miktarl aré araséndaki bajénté ©°n
analizlerden el de edilen haci msel sékéekm
Konik penetrasyon deneyinden eldelea ko n i u - (gpver ceamartordiéK

araséndarkaktidriklkmékt ér

Asaoka ve Horn ekstrapolasyon y°ntemler

%7 00 i kull anél ar ak ni hai ot ur ma mi kt ar ¢
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mi kt ar €éna k amkaén viea roetku’rkmaz miitrkik zama@ n a kar K én

grafikl er. birincil ot ur ma mi Kdometrear éné t ah
sonu-|laré i1ile hesaplanan oturma miktarl ar én
ol ukturul ar ak, s ahama mektdarnlaar geléenc etka hanti wnr

sagnméexkt ér .

Karacabey kill eri tipik i kincil oturma dav
1106i nde - ¢ ncg¢l ot ur ma davraneéexkl!l ar é g°

uygul amal arénda i kinciledvd me-ggvaiCGdi notCur mal a

aral ekl aré ©°neril miktir. ¢Ek loel arkakn,cisdé kveek ma
sekekma k&Lt)sayals&maakC ilikki arakteérél méx
ideali ze jeolojik pracgfaimet geomeétamriaki ndienj es ad e
baj énttréedrairl Gerktekl.ektirillka] é-mslé&k mdéjairkkenl ¢
hedefl enen bajémlé dejikkenler arasénda do]
ol mayan bir gi°lsitkekeimivaal rdsuagjyuénluahi denk P ememod - i r
iterative dojrusal ol mayan regresyon anali z
Anahtar Kelimelerk onsol i dasyon oturma tahmini, Kil
zayéf zeminler, Karacabey
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CHAPTER 1

INTRODUCTION

For engineering approaches, soil is defined as the uncemented aggregate of mineral
grains and decayeafganic 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 settleménin 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 eliéntial 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 settlenfaiis 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 labatory 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 subsoihibit variations, which results in non
uniform settlement of the subsoil. The maemform 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 rocknteand also particle size term. As a rock term, it
implies a natural earthy and fhggained material which develops plasticity when
mixed with a limited amount of water. As a patrticle size term, clay fraction is
composed of particles having diameter lgssatn 4 Om ( 1/ 256 mm)
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 tigtitniaation of design

and construction scheduldf 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 levebahigt,

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 empiricalpproaches 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 dissipatidrpore 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 Objecties

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,

accor



- To check the applicability of Skemptdd)errum correction facts, which
are defined in ranges, in consolidation calculations,

- To evaluate the applicability of semmpirical methods available in
|l iterature (Asaokabds met hod, Hornds m
by using monitoring results,

- To present the seadary and tertiary behaviors of Karacalbay,

- Torecommend @C. and G/C. ranges for engineering practices,

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

- To obtainacorreldion between cone tip resistance)(q am d U

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

- To obtain an equation thatefines the relationship between independent
variables (w, LL, &, y) and dep &3 @dhe mtio ofvfiald i abl es

settlement to predicted settlement).

1.3 Scope

The scope of this study can be expressed as analytical calculation of consolidation
settlemets for 26 test embankments constructed in BeBssurluk Section

between Km: 139+100 ve Km: 160+000 of Gelze mi r Hi ghway Proj
then, the amounts and the rates of consolidation measured by settlement plates
directly in the field are presente@bseved settlements are divided into three

phases; namely primary, secondary and tertiary on settlement vs. time curves.
Asaokads and Hornoés Me t h o d snagritudes oli s e d t
settlementsising 70% of the monitored data and calculated deta@npared with

observed dataFinally, the comparisons of theonsolidation magnitudes of
settlementsalculated from oedometer tespgedicted from observational methods

and measured in field directlgre presentedand non linear correlations are



obtained between independent variables (PI, LL, ISPT N,wy, ¥ ,and
dependent variableS{Sy, C/Cc, Myield) /M (stroud)-

Literature survey is an important part of research wdhe literature review for
consolication theory and observational methods (graphical and-sepirical
methods) and multi variable regression analysis are included in this study. The
information about the soil profile under embankments, compressibility parameters
obtained from laboratoryests 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 betweeritten gi t udes N40U14602
N40U0O5631 and the | atitudes E28U25608 and
2019). The study area is presented in Figure 1.1:

Mustafa Kemalpaga

LEGEND

[mm=r] Road

Figurel.l. Location map of the study area



D200 Burss¢t anakkal e main road is used to acce
reaching Karacabey district, Karacabey Road is taken to North. On the division
from main road to Takl ék Vill age, Takl é

study areaisobti ned after moving 3.3 km on Taxkl &

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 BuBsasurluk Region,
determination of physical and mechanical properties of soils, calculation methods

about consolidatiosettlementsvere reviewed.

Second stage of the study compdisietailed site investigations perfomed in order

to obtain geological and geotechnical information about study area. Site
investigation involvd drilling of boreholes and cone penetration tdaetsdentify
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 hd the conént of sieve analysis, Atterberg limits, unified soll
classification, moisture content, natural unit weight, consolidation test, triaxial

compressive strength test.

Following the third stage, consolidation settlement calculations and then

evaluations of da 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 decireaslume

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
consdidation. 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 e 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: Thsettlement 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).

Secondey 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, wihen rate of
settlement in 4og 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 calculat¢he total settlementnax of the cohesive soijue to structural

loading, the foucomponents of the settlement are added together:

Smarx S+ &+ StS (Eq. 2.1)

Initial compression

Stage I:

Stage II: Primary
consolidation

<«—— Deformation

Stage III: Secondary consolidation

Time (log scale)

Figure 2.1. Time i 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 tb@ndy 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 andrainage of pore water is time dependent
(Das, 2008).

The behavior of soil during ordimensional consolidation or swelling can be
determined by oedometer test. The -dimaensional consolidation testing
procedure was first suggested by Terzaghi (1925)thte 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 ikeptater during the test

and the load is doubled for each period. For doubling the pressure, measurements

are continued (Das, 2008).

Dial gauge ™,
>
. Load
h
Porous
stoneg e
Specimen
R - Ting
Soil specimen
Porous
stone e
i

Figure2.2. Consolidometer (Das, 2008)



The coefficient ofvolume 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 {fnlt is defined as the volume change
per unit vdume per unit increase in effective stress. The coefficient of volume

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

& — — — —— (Craig, 2004) (Eq. 22)

Thecompression index (& It is the slope of the linear portionodleog 06 pl ot and

it is dimensionless.

6 —— (Craig, 2004) (Eq. 23)

A typical void ratieeffective stress graph with recompression and expansion is
presented in Figure 2.3.

10



Virgin

/ compression

(slope Cc)

Recompression

/

Expansion

log o'

presented in Figure 2.4:

Figure2.3. Void ratio-effective stress relationship (Craig, 2004)

The coefficient of volume compressibility {Jjncan be obtained empirically by

using SPT N anglasticity index values. A relation is proposed by Stroud (1974) as

0,9
0,8

Modulus of Volume Compressibility

0,7 \
0,6 N\

0,5 N

0,4
0,3

0,2

0,1

0 10 20 30

40 50 60

Plasticity index, J (%)

70

(Stroud, 1974)
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Figure 2.4. Modulus of volumecompressibility from SPT N and plasticity index




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

coefficinents of U

C:

— | 1 (Sanglerat, 1972) (Eq. 24)

Table21The <c oef fniSarigleratt1872)of U

Qe intervals Uy values Soil type
0c<0.7 MN/m2 3 <,K8
0.7 MN/n?<ge<2.0 MN/n? 2 <.K5 Clay of low plasticity (CL)
0c>2.0 MN/n? 1 <825
0c>2.0 MN/n? 3 <6 , .
_ Silts of low plasticity (ML)
0c<2.0 MN/n? 1 <63
- Highly plastic silts and clay:
0c<2.0 MN/n? 2 <,K6 (MH. CH)
0c<1.2 MN/n? 2 <58 Organic silts (OL)
0:<0.7 MN/n?
50<w<100 1. 54U Peat and organic clay(P
100<w<200 1. <15 OH)

w>200 0. 4<110

w: water content (%)

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

volume compressibility () by;

Y a Y, {Craig, 2004) (Eq. 25)

>v
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fmyandgp® are assumed to be constant with

Y & Y,30(Craig, 2004) (Eq. 26)

The settlement of the layer of thickness H is can also be cadulssing the

Compression Index @for normallyconsolidated clays by;

% a ¢ 92— (Das,2008) (Eq. 27)

In overconsolidated clays f&r YA X ;

% a £ '@~ (Das, 2008) (Eq. 28)

In overconsolidated clays f&r YA X ;

Y —aéQ —aé 0’ (Das,2008) (Eq. 29)

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 sujected to in the past, the soil is definedrasmally consolidatedIf the

13
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present effective overburden pressure is less than that the soil has experienced in
the past, the soil is defined aserconsolidatedThe maximum past pressure is
called preconsadation pressurgDas, 2008) and overconsolidation ratio of a soil

can be defined as;

656y — (Eg. 210)

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 andcdbéicient of

consolidation (¢ is the parameter that controls the rate of consolidation.

Terzaghi derived the following equation for a vertical drainage condition;

(Eq. 2.11)

14



in which;

€

(Eq. 2.2)

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 ofpermeability

Jw: unit weight of water

In order to determine coefficient of consolidatior) (¢ Casagrandeds L

Met hod and Taylords Root Ti me Method are
Casagrandeds Log Ti me Met hod

I n Casagrandeds Log Ti me ilMbetohdordetertdésth e di a
against the logarithmic time in minutes are plotted. In this plot, the first point a

which corresponds to U (%) equals to zero is determined. Then the second point

aioo Which corresponds to U (%) equals to 100 is determined. The po{fo)

equals to 50 can be placed between U (%)=0 and U (%)= 100 and the
corresponding times¢ obtained (Craig, 1997) (Figure 2.6).

15
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Figure26. Casagrandeb6és Log of Time Method (Crai

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

consolidation can be calculated by;

€

(Eq. 2.B)

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

particular pressuricrement.
Tayl orés Square Root of Time Met hod

I n Taylordés Log Time Method, the di al gauog
square root of time as presented in Figure 2.7. The early part of the plot is
approximately a straight line which is extended irthbdirections 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 ZiHg)). The value
of Tv corresponding to U= 90% is 0.848 and the coefficient of consolidation is

given by;

8 (Eq. 2.1)

e

Dial reading

|
|
'l
Q R
- ' +/ Time

50

Figure27. Tayl or 6 s Squar €SivikogartandDas, Z0D10ne Met ho

2.2  Secondary Consolidation

The origins of the term secondary compression most probably lie in North America
in the 1930s. In theS1ICSMFE, Gray and Keverling Buisman both refer to the

term as being widespread use there (Den HE394).

17



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

structuralchanges (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 occuan@ex
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 compressitatof
primary spring (compressibility= fnao) (Figu
spring is then called a Hookean element), the compressibility of the primary spring
becomes mif we define compressibility using total height, aribwe 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 t 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 dasbpto the spring and, at time infinity; the entire load is in

the spring. Secondary compression is then the compression of the Kelvin body.
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primary spring,
compressibility = a

secondary dashpot

secondary spring,
compressibility=b

Figure2.8. Secondary Consolidation Model (Gibson and 1961)

Other models for assessing creep include vedastic, visceplastic or visce

elasteplastic 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 tirdlepen d e nt st r ai n, U (t) is
-0 w,H Op Q (Eq. 2.B)

where @i = stress increment, t= ti me,
compressibility, and &/ b= rate factor
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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 tie 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 owrdébptng 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 th@estaconstruction on organic soils
caused acceleration of consolidation and reduced -lEstong secondary
settlement. Furthermore, the surcharging significantly influenced the acceleration
of secondary settlements which received abouB@& of the total attlements

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. Thsh@ped is observed in the curve and it can
be divided into tw parts; the main consolidation stage and the secondary

consolidation stage.
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Figure2.9. 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 tineand 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 ostward
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 changeéeveloped, which might produce apparent secondary effects.

Some casdistories 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 canndtain 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 aturally proceeds more rapidly initially but then at a decreasing rate

because of the reduction in hydraulic conductivity, thus producing an apparent

secondary effect.

Highly nontlinear stressstrain curves can produce settlem@me behavior that

looks ke 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:

) — (Zhao, 2019) (Eq.2.16)

Secondary consolidation settlement can be calculated as;
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Y —"0 Ya ¢ "@uncan and Buchignani, 1976) (Eq. 2.77)

Cu Secondary consolidation index
&: void ratio at end of primary consolidation

Ho: Thickness of theompressible layer

Y& £ "Qo— (Eq. 2.8B)

tp: time of start of secondary consolidation

tsc time for secondary consolidation calculation
——: Modified secondary consolidation index

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

Type | corresponds to the overconsatied soil, the vertical stress is less than the
preconsolidation stress, no significant crpsint is between the primary

consolidation and secondary consolidation.

Type Il corresponds to a normally consolidated sample which the vertical
consolidation pressure is c¢close t\w0o the

log tduring secondary compression is significantly larger that of type I.
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Type 1l is a normally consolidated sample and vertical consolidation pressure is
much highertha t he preconsol i dat i ovwogpcureesssur e, and

gradually reduced.

Figure2.10. Types of strain versus time relations (Leroueil et al., 1985)

The creepgharacteristics of clay in one dimensional test are described by parameter
of secondary compression coefficientg(CAccording to previous investigations,
Cudepends on type of soil, consolidation stress, overconsolidation, stress duration,

remoulding, shar stress and temperature.
Type of soll

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 relativevements 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 stressdsvaee

(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 valendgcttie 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 $and consolidatin stress, Newland and Allely (1960) indicategwas
independent of consolidation stress, Wahls (1962) indicatedeCreased with

stress, Ladd and Preston (1965) indicated that for one goilc@ased slightly

with consolidation stress while for anothsoil it decreased substantially with
consolidation stress, Ho r pwasinddperidentob e ( 19
consolidation stress, yhdeasedconsidetablybwith c onc |
consolidation stress and Goldberg (896 ndi c at e dhcredasedawith &
magnitude of load. According to study of Mesri (1973), for normally consolidated

clays, G decreased with consolidation stress. According to study conducted by

Mesri and Godlewski (1977), «Cncreased gradually with increas o f for 0 6

natural undisturbed soil. Leroueil et al. (1985) stated thawv&s associated with

vertical stress. Fodil et al. (1997) foundthaiCh cr eased with the in

Sridharan and Rao (1982) reported that the secondary compressioniateffic

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 thaw@s strongly depend on effective stresss.

According to Bjerrum (1972), €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

25



and Preston, 1965; Tavenas et al.,, 1978; Graham.,ei383; 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 thghysicechemical 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) d€creased with increase 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 botly @nd G changed with time. Fox et al. (1992)
revealed longluraton odometer tests on Middleton peat, which showed the
important contribution of creep to total settlement. This study indicated tvea<C

not constant but increased in time under constant effective stress.

Mesri and Vardhanabhuti (2005) conducted a langdume of reliable

measurements of orttmensional settlement. They observed in the laboratory and

in the field for a wide variety of natural soil deposits. They determined that
secondary compression index CU = tpe/ @ | og

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

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

Temperature

Simons (1965) noted that compressibility depended on the strength of the bonds at
the mints 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 considied 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 notiqaia

Cuy/C. can be obtained from Table 2.2 presented below:

Table2.2 Values of @/C. for natural soils (modified from Mesri and Godlewski,

1977)

Organic Silts 0.0350.06
Amorphous and fibrous peat 0.0350.085

Canadian muskeg 0.090.10

Lada clay (Canada) 0.030.06

Postglacial Swedish clay 0.050.07

Soft blue clayVicrotria, B.C.) 0.026

Organic clays and silts 0.040.06
Sensitive clay, Portland, Maine 0.0250.055

San Francisco Bay mud 0.040.06

New Liskeard (Canada) varved clay 0.03-0.06
Mexico City clay 0.030.035

Hudson River silt 0.030.06

New Havenorganic clay silt 0.040.075
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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 eton8ary

compressibility as presentedTable2.3.

Table2.3 Classification of soils based on secondary compressibility (Mesri, 1973)

Coefficient of secondary compressian)(as a percentag Secondary compressibili
<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
Engineeringin 1936 at Harvard University, Cambridge, MA., A.S. Keverling
Buisman presented a thedior creep of finegrained 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 lotgrm creep but also transition to tertiary
creep (Brandl, 2018).
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Tertiary compression is defined as the steepening up part of the kigpircurve

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 zome 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 restructuring 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

Figure2.11. Definition of primary, secondary and tertiary creep
(Sheahan, 1995; Mitchell, 2003)
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According to Yélmaz and Sajlamer (2001),

characteristics of SamsuBlue Clay were investigated by comparing six -one
dimensional test results with collected data e$itn consolidation behavior of the
blue clay. Furthermore, microfabric structures of the soft clay in undisturbed phase
and during primary, secondary aredttary compression phases were investigated.
They pointed out that the observedsitu secondary and tertiary compression
ratios were approximately 2 to 4 times greater than the ones determined in the
laboratory and tertiary compression took place bexabtibreaking 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 1971972. Some samples were taken amekestigated 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, follovigda
transition period to tertiary creep. However, even after 42 years no final value was
reached in oedometer test, indicating viscous behavior anejoiog

rearrangements of the soil miestructure (Brandl, 2018).

According to study presented by Gof@@006), 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 maggat 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) aboutgadihg 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 neressu

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

pressue.

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
definedwhen the rate of secondary compression increased with the logarithm of
time and the presence of a thwel structure, involving macropores and

micropores were suggested. In this study, they stated that the rate of tertiary
compression depended primarilyn ovoid 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 thadloncrement 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-4&%5of 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 smallhan 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 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 ver burden pressure (22z) are ver
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.

Loading sitatons can be characterized by a | oad |

introduced as;

€ - (Eqg. 2.D)

where;
g: vertical stress applied over the loaded area

r: 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 wdgdile is at groud
level)

b": the length which characterized the size of the loaded area (for a squize loa

area, bis 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 lowrise foundabns, values of n are typically betweerl@ and it is
smaller than this for the higiise buildings (Charles, 1996).

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

Figure2.12. 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 inshear strength with depth will have a significant effect and elastic
theory will overpredict 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%0me 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 fglowi

assumptions are made (Charles, 1996):
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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 edinensional compression of the fill

immediately below the area.

The shear strength is relatedtohne v er t i cal ., esind Masston ve str es:

approach:

T (Eq. 220)

where;

K: the ratio of horizontal to vertical effective stress

0 p i Q&% (Eqg. 2.2)

O: a friction coefficient

oL (Eq. 2.2)
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I (Eq. 2.3)

b*=2b (for a strip footing)

f =4 0K (Eq. 2.2)

The total depth of influence zd of the surface:

— ae— (Eq. 2.5)
Theincrease in stress at depth z:

., [a—p p £ARGB- | 4 (Eq. 2.B)
Therefore;

¢ -p p — ARoB- (Eq. 2.2)

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 ratioof z/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
overpredict the depth of influence. For surcharges with n= 0.1, a ratigoof 9.2

is predicted.

2.5 Prediction of Soil Settlements by Graphical and SeriEmpirical
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 t

observe the final settlement in practice. In order to estimate the final settlement,

some practical met hods are used in I|iterat
Horndés Met hod.

251 Asaokabdés Met hod

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 (S) is plotted against the settlement point at tim& (S.1). The plot of the
observed data points &wvs. $: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 valuevas the final settlement due to applied load.
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Figure2.13.Gr ap hi c al presentation of Asaokads

The coefficient of consolidation(cis derived by Asaoka (1978) aslows;

p>]

; oneway drainage (Eq. 228)

; two-way drainage (Eq. 229)

<

Magnan et al. (1983) has proposed a method for estimatbased on the solution
proposed by Asaoka (1978). This method is presented with Egy. 2.

€

arg 6—"0¢ (Eq. 230)
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where;

08¢ —l 1 — (Eq. 231)

&t : time interval

de: diameter of the influence zone of each drain
n: ratio of the dto the drain diameter.d

F(n): drain spacing factor

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

according to time

C: coefficient denoted by [ n/beet )

252 H o r sniM@thod

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

the settlement speed (v*) can be calculated as presented in Figure 2.1

R (Eqg. 232)
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Figure2.14. Time-Settlement diagram (Horn, 1983)

In order to estimate ultimate settlement, total settlement tignen@ist be known.
The Hornds maludies the ratd & 8eBlgment curver that runs
against zero with a straight line. The value of the time at zero speed where v=0
gives the total settlement time, The time vs. velocity diagram is presented in

Figure 2.5:

Figure2.15. Time (t) vs. settlement velocity (v) relationship (Horn, 1983)
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The ultimate settlement valuef(®an be considered by drawing time/settlement
(t/s) versus time (t) graph as presented in Figuré: 2.

ﬁ{s

Lfs=lva

Figure2.16. Graphical presentation of t vs. t/s relationship (Horn, 1983)
Y — O0wE|

(Eqg. 233)

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

€
|

: oneway drainage (Eq. 234)

€
|

: two-way drainage (Eq. 235)
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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 amoursetifements using ba@nalyzed
parameters by the methods of Asaoka (1978). Another study was presented as a
thesis study by G¢nd¢gz (2010) and the
element model of Plaxis gave fairly good results in all casesoring to the

study presented by Salem andSHerbiny (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 geeral 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 porepressure dissipation measurements agreed with those obtained from the
settlement measurements. Lo et al. (2008) studiedtknmg performance of wide
embankment on soft clay improved with prefabricated vertical drains and the
predicted poravater presure 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 calcidats.

Dal geé- and kimkek (2002) studied- the Anat
Kstanbul and they concluded that predicted
and comparable to field measurements and significant differences were observed

between calcuted 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 accordingtte observational results. However, the ratio of

Cv(field)/Cviaby= 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 thatvaluesof 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 adttdament

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 offield)/cn(lab) was obtained as 2.0.

Moh et al. (1998) presentedanother study and they concluded that the field
settlement data were much higher than designed total settlement, and waiting
period was longer. Baegalculation of consolidation parameters from field
measurements was achieved by Cao et al. (2001) andothtayned that the
compression index was generally larger than that of measured in the laboratory,
and the coefficient of consolidation baclculated was larger than the values
calculated from pore pressure measurement. According to study conductethby She

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 calculatke 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 were about 4 to 6 times of the averagevalues
obtained from conventional oedometests 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 redulisoo
documented case studies, he concluded that estimated coefficients of radial
consolidation were larger than the values obtained from oedometer tests and for
two cases, «values obtained from field were very close to the results of standard
oedometetests. 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 embankmeafter 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 Indtaa 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 obtainedPlaxis model
overestimates the settlements by factors-8f Eurthermore, 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 Vaishampayan (2009) presented a case

study for ground improvement using PVD with preloading and they obtained that
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the consolidtion settlements obtained theoretically from laboratory test results
were much higher than predicted by Asoaka and Hyperbolic Melkeadp (2013)
studied on the consolidation behavior of alluvial soft clay and according to his
study, backanalyzed coeffient 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

BursaSusurluk Section takes place between Kid4+535 and Km: 178+927 in
GebzeKz mi r Hi ghway Project and the interva
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 maxi mum height of 11.0 n
designed on thick alluvial deposit. Prefabricated vertical drain installation and

embankment construction in the Kaadey Plain are shown in Figures 3.1 and 3.2

Y ‘f\\s !

Figure3.1. Prefabricated vertical drain installation in the Karacabey Plain
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Figure3.2. Embankment construction on the Karacabey Plain
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Figure3.5. Flood plain view oKaracabey Plain

The geological map of the study area is presented in Figurd3e6geological
formation in the study area is definedallavium which consists of clay, silt, sand
and gravel. The units of clay, silt, sand and gravel are formedodyeung river
beds.
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EXPLANATIONS

Vehicle road

Quaternary Alluvium

Rail road

IE Hamaml Formation (Conglomerate, Sandstone, Claystone, Mudstone)

Miocene Pliocene Quaternary

‘|: - Degirmendere Formation (Sandstone, Claystone, Marl)

Figure3.6. Geological map ahestudy area (MTA2008)
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As a part ofthis 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 B®T-01 cone penetration test. The laboratory
test resultsand SPT N graphare presented in Appendix @hd B consolidation
settlanent calculations are presented in Apper@lixX he soil profile consists of the

layers layers showim Table3.1

Table3.1 A typical soil profile at Km: 139+764 section of the study area

Oc Pl Wn
D(?E)th Soil Profile S(ZI)N (@) | @v) | (av) (le;a)
' (MPa) | (%) | (%)
M edium-Stiff
6 052 | 47 35
18 Clay (CH)
M edium-Stiff
Clay (CH-CD 10 0.93 45 40 58
-19
ClaStlIfCH) 24 1.00 51 25
-23.9 Y
Stiff S ——
sttt = 25 2.61 46 29
-4411 Silt (MH) S————
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Thegeological longitudinal section of embankment is presented in Figur&BT
results of BSSK447 borehole and cone resistance values 6CB%-1 results for
clay layers are presented in Figur®.3According to the geological longitudinal
section, the emdnkment with 8.80.0 m in height is planned to be constructed on
clayey soil with a thickness of more thd@.0 m, and also sand layers are defined
in clay layer with a thickness of less than 1.0Rmom surface dowto a depth of

1.8 m, SPT N value is olohed as 6 whereas galue is obtained as 0.52 MPa in

average, which indicates fAsoft «cl ayo.

is obtained as 10 whereas galue is obtained 0.93 MPm average which
i ndi cate-stiiimedc umy 0 19.0Fy, 8AT N daued ane gredter
than 24 whereascqvalues are greater than 1M6Pa in average which is the
indicator of #AStiff Cl ay ocare Whmared, thdye
both point out similar stiffness and also strength valuethéxlay units defined in

the specified depth of interval§he graph of I¥Situ Settlement (m) vs. Time (day)

v al

behavior measured in the embankment for surface and deep settlement is presented

in Figure 39. The last measured settlement from surface settlemata igl 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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Figure3.7. The longitudinabeological section of Km: 139+764

BSSK-447 BS-CPT-1
SPT N qac (MPa)
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Figure3.8. SPT N vs. Depth (m) and (MPa) vs. Depth (m) grapHer clay layers
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3.2 KM: 139+860 Section

The soil profile of the embankment at Km: 139+860 is characterized by 24.45 m
deep borehole (BSSK47) and BSCPT-01 cone penetration test. The laboratory
test resultsand SPT N graphare presented in Appendix @hd B consolidation
settlement calculations are presented in Appe@dikhe soil profile consists of the

layers shownn Table3.2

Table3.2 A typical soil profile at Km: 139+860 section of the study area

Qc Pl Wy
D(ff]’)th Soil Profile S(PaI)N @) | @) | @l &
) e | @) | @) | &P
Soft
6 052 | 47 | 35
-1.80 Clay (CH)
g:aed'(uéﬁ_sgg 10 003 | 45 | a0 | s8
-19.00 y
CIaSt'IfCH) 24 100 | 51 | 25
-23.90 y
Stiff — |
: ———| 25 261 | 46 | 29
agq1| StMH) TSRS

The geological longitudinal section of embankment is presented in Figlhe 3.
SPT results of BSSK47 borehole and comesistance values of BSPT-1 results

for clay layers are presented in Figurell3. According to the geological
longitudinal section, the embankment with-8.0 m in height is planned to be
constructed on clayey soil with a thickness of more #@6 m, and also sand
layers are defined in clay layer with a thickness of less than 1Tdlrto depth of

1.8 m, SPT N value is obtained as 6 whereagatye is obtained as 0.52 MPa in
average, which indicates s ofSPTNcvhleey 0.

is obtained as 10 whereas w@alue is obtained 0.93 MPm average which
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indicate-stinimedc lumyo. From depth of 19.0
than 24 whereascqvalues are greater than 1.5 MRaaverage which is the

i ndi catiofrf olfl afy®t. When t hearevcaniparedsthep f SPT
both point out similar stiffness and also strength values for clay units defined in
specified depth of intervalsThe graph of I¥Situ Settlement (m) vs. Time (day)

behavior measured in the emlianent for surface and deep settlement is presented

in Figure 3.2. 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 rera®60 days of measurement

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 |
- e T i
25 27.8m 245 n\“ : |
31.8'm i
Qal (Sand-Gra
-50 H<
139+400 139+600 139+800 1404000 1404200 140+400 1404600

Figure3.10. 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) andc MPa) vs. Depth (m) graph®r clay
layers
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3.3 KM: 140+592 Section

The soil profile of the embankment at Km: 140+592 is characterized by 24.45 m
deep borehole (BSSK 447) and BPT-01 cone penetration test. The laboratory
test resultsand SPT N graphare presented in Appendix @hd B consolidation
settlement calculatianare presented in Appendix The soil profile consists of the

layers shownn Table3.3:

Table3.3 A typical soil profile at Km: 140+592 section of the study area

Oc Pl Wy
D(fs)th Soil Profile S(P;)N @) | @) | @ o
) [ ey | @) | o) | KPP
Soft
6 052 | 47 | 35
180 Clay (CH)
g:d'yén:é'g 10 003 | 45 | a0 | 52
-19.00 y
CIaS“IfCH) 24 100 | 51 | 25 | 44
-23.90 y
Stiff ——
. == 25 2.61 46 29
20| StMH) - TEEEE

The geological longitudinal section of embankment is presented in Figu8e 3.1
SPT results of BSSK47 borehole and cone resistance values e€B%-1 results

for clay layers are prestd in Figure 3.4. According to the geological
longitudinal section, the embankment with-8.0 m in height is planned to be
constructed on clayey soil with a thickness of more #@6 m, and also sand
layers are defined in clay layer with a thickness of less than 1Tdlrto depth of

1.8 m, SPT N value is obtained as 6 whereagatye is obtained as 0.52 MPa in
average, which indicates s ofSPTNcvhleey 0.

is obtained as 10 whereas w@alue is obtained 0.93 MPm average which
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indicate-stinimedc lumyo. From depth of 19.0
than 24 whereascqvalues are greater than 1.5 MRaaverage which is the

i ndi catiofrf olfl afy®t. When t hearevcaniparedsthep f SPT
both point out similar stiffness and also strength values for clay units defined in
specified depth of intervalsThe graph of I¥Situ Settlement (m) vs. Time (day)

behavior measured in the emizanent for surface settlement plate is presented in

Figure 3.5. 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

Figure3.13. The longitudinal geological section of Km: 140+592
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BSSK-447 BS-CPT-1

SPT N qc (MPa)

10 20 30 40 50 1 2 3 4 5

10— ‘IU—‘

Depth (m)
Depth (m)

15— 15—
20— 20—

25<‘ 25—

Figure 3.14. SPT N vs. Depth (m) and. 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 B®T-04 cone penetration test. The laboratory
test resultsand SPT N graphare presented in Appendix @hd B consolidation
settlement calculatianare presented in Appendix The soil profile consists of the

layers shownn Table3.4:

Table3.4 A typical soil profile at Km: 141+680 section of the study area

Oc fs Pl Wy
Depth o SPT N
(rr?) Soil Profile (av) (av.) (av.) @) | @v) (kf:':a)
' (MPa)l kPa) | (%) | (%)
Mgl‘:”?(;ﬁ)'ﬁ 9 1.08 55 | 34
-2.50 y
CIaStIIfCH) 18 1.36 46 | 33
-9.00 Y
Very Dense
. 40 549 | 33.98
15.50 Sand (SP-SM)_._:_..-: ;
Stiff
Clay-Silt 18 1.16 55 | 22
4634  (CH-ML)

The geological longitudinal section of embankment is presented in Figlée 3.

SPT results of BSSK51 borehole and cone resistance values e€B%-4 results

for clay layers are prestd in Figure 3.7. 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 #tad m Till to depth of 2.5

m, SPT N value is obtained as 9 whereavajue is obtained as 1.08 MPa in
average, which-sitndifc atl asy 0l md&dioum dept h of
N value is obtained as 18 whereavajue is obtained 1.36 MRa averagewhich

i ndi cat e s Fraimsdepthf90 m¢ol1B5nd, sanddays defined according
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to boreholeand itis ended at 15.5 m deptAccording to BSCPT-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 layedeéined

as fAimsdi dfm cl ay o. 5rk clayfayedwitp gctvalue 1.15 MPa

in average 1 s obtai ned Waandhe values of SPTdNef i ne d
and @ are compared, they both point out similar stiffness and also strength values

for clay units defined in specified depth of intervalhe graph of IrSitu

Settlement (m) vs. Time (day) behavior measured in the embankment for surface
settlement plate is presented in Figuré83.The last measured settlement from

surface settlementlate 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)

30.72m i b

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

Figure3.16. The longitudinal geological section of Km: 14866
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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. §MPa) vs. Depth (m) graphs for clay
layers
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35 KM: 142+000 Section

The soil profile of the embankment at Km: 142+000 is characterized by 16.95 m
deep borehole (BSSK 452) and B®T-04 cone penetration test. The laboratory
test resultsand SPT N graphare presenteth Appendix Aand B consolidation
settlement calculations are presented in Appe@dikhe soil profile consists of the

layers showrnn Table3.5.

Table3.5 A typical soil profile at Km: 142+000 section of the study area

qc fs Pl WN
Depth N SPT N
(rr?) Soil Profile - (av.) (av.) | (av.) | (av.) (k%a)
Yl ivra) | kPa) | @) | (%)
CIaStIIfCH) 15 1.29 47 | 33
-9.00 y
Mg‘;':;“(SD&r)‘se'ﬂ-‘. 21 5.49 | 3398| NP | 30
-15.00
Stiff
Clay- Silt 24 1.16 13 | 22
4628 (cHML |0

The geological longitudinal section of embankment is presented in Figl@e 3.
SPT results of BSSK52 borehole and cone resistance values e€B%-4 results

for clay layers arepresented in Figure 3)2 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 #@0 m, and also sand
layers are defined at depth of 9.0 m and 15.0Tih to depth of 9.0 m, SPT N
value is obtained as 15 whereawvaglue is obtained as 1.29 MPa in average, which

i ndi cat e s Aciosding t6 BSCRT4,ackayolayers are defined in depth of
intervals 8.6 m and 8.8 m, 10.1 m and 10.6 m, 11.1 m ar82 In with g value of

0.85 MPa in average. These t hsitni fdl acyl alyay er
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From depth of 15.0 m, SPT N value is obtained as 24 whetaadug is obtained
1.16 MPain average whi ch i ndi &Vaen ¢he valies ofiSPTTNaod ay o0 .
gc are compared, they both point out similar stiffness and also strength values for
clay units defined in specified depth of intervalbe graph of IfSitu Settlement

(m) vs. Time (day) behavianeasured in embankment for surface settlement plate
is presented in Figure 3.2The 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

Figure3.19. The longitudinal geological section of Km: 142+000
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BSSK-452 BS-CPT-4a

SPTN qc
10 20 20 40 50 1 2 3 4
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Figure 3.20. SPT N vs. Depth (m) and. 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 B®T-04 cone penetration test. The laboratory
test resultsand SPT N graphare presented in Appendix @hd B consolidation
settlement calculatianare presented in Appendix The soil profile consists dhe

layers showrnn Table3.6.

Table3.6 A typical soil profile at Km: 142+400 section of the study area

Oc fs Pl Wn

Depth N SPT N
(n?) Soil Profile (av) (av.) @av.) @) | av) (k:iJa)
' MPa) | kPa) | (%) (%)
ClaS“IfCH) 15 1.29 47 | 33
-9.00 y
Mgg':(;"(SD&r)‘se'ﬁ-: 21 5.49 | 3398| NP | 30
-15.00
Stiff
Clay- Silt 24 1.16 13 | 22
4260 cHMY |

The geological longitudinal section of embankment is presented in Figuze 3.2

SPT results of BSSH52 borehole and cone resistance values e€B%-4 results

for clay layers arepresented in Figure 32 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 #@0 m, and also sand

layers are defined at depth of 9.0 m df0 m Till to depth of 9.0 m, SPT N

value is obtained as 15 whereawvajlue is obtained as 1.29 MPa in average, which
indi cates ndsti ff-CRH4ahkylayersfacedefined in depth ofo B S
intervals 8.6 m and 8.8 m, 10.1 m and 10.6 m, 11.1 m 282 In with g value of

0.85 MPa in average. These t hsitni fdl acyl alyay er
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From depth of 15.0 m, SPT N value is obtained as 24 wheteadug is obtained
1.16 MPain average whi ch i ndi &Vhen¢he valies of ESTNandc | ay
gc are compared, they both point out similar stiffness and also strength values for

o

clay units defined in specified depth of intervalbe graph of IfSitu Settlement

(m) vs. Time (day) behavior measured in embankment for sugattement plate

is presented in Figure Z4. 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)

3072m 31.80 m

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

Figure3.22. The longitudinal geological section of Km: 142+400
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BSSK-452 BS-CPT-4a

SPTN qc
10 20 30 40 50 | 1 2 3 4
|
£
£
% 1
O 10— —_ 1DJ
£
£
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1]
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15— 15—

Figure 3.23. SPT N vs. Depth (m) and. §MPa) vs. Depth (m) graph®r 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 CR%) and 5.25 m deep borehole log (BSSK3) The
laboratory test resultand SPT N graphare presented in Appendix And B
consolidation settlement calculations are presented in App€hdike soil profile

consists of the layers shownTable3.7:

Table3.7 A typical soil profile at Km: 143+107 section of the study area

qc fS Pl Wy
Depth n ' SPT N
(rr?) Soil Profile (av.) (@) | (av) | @v) | (av.) (k(l::‘:a)
' (MPa) | (kPa) | (%) | (%)
CIaStIIfCH) 14 1.20 48 | 30
-6.50 Y
Sand 3.37 44,98
-7.50
CIaStIIfCH) 17 1.03 55 | 28
-14.00 Y
Medu;;nmljaense 28 7.05 | 51.30
-17.00
Stiff
1.12
43.42 Clay (CH-CL)

The geological longitudinal section of embankmenpligsented in Figure 2b.

SPT results of BSSH53 borehole and cone resistance values e€B%-5 results

for clay layers are presented in Figure2@. 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 #@6 m, and also sand
layers are defined at depths of 6.5 M5 m and 14.0 il 17.0 m.Till to depth of

6.5 m, SPT N value is obtained as 14 whereaslye is obtained as 1.20 MPa in
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average, whch i ndicates fistiff «c| athedaverafer om de

values of SPT N is obtained as Whi ch i ndi c awheresasaversgei f f c |
valueofgci s obt ained 1. 03madiPnas twh ifErbmIdepthddi.c at e
of170m,gqval ues are 1.12 MPa in average, whi

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 IfSitu Sétlement (m) vs. Time (day) behavior measured in the
embankment for surface settlement plate is presented in Figeire The last
measured settlement from surface settlement plate is 127 cm under embankment

load with a maximum height of 8.448 m after ©&ys of measurement.

BSSK-452 BSSK-453

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

Figure3.25. The longitudinal geological section of Km: 143+107
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BSSK-453 BS-CPT-5a

SPTN qc (MPa)
10 20 20 40 50 1 2 2 4
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Figure 3.26. SPT N vs. Depth (m) and: MPa) vs. Depth (m) graph®r clay
layers
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3.8 KM: 144+000 Section

The soil profile of the embankent at Km: 144+000 is characterized by 28.68 m
deep CPT (BSSK CR®) and 15.45 m deep borehole log (BS&¥) The
laboratory test resultand SPT N graphare presented in Appendix And B
consolidation settlement calculations are presented in App€hdike soil profile

consists of the layers shownTable3.8.

Table3.8 A typical soil profile at Km: 144+000 section of the study area

qc fS Pl Wy
Depth . . SPT N
(rr?) Soil Profile (av.) (@) | (av) | @v) | (av.) (k(l::‘:a)
: (MPa) | (kPa) | (%) | (%)
ClaStlIfCH) 14 1.19 40 31 101
-6.50 Y
Sand 3.37 | 44.98
-7.50
CIaStIIfCH) o4 1.03 35 | 36
-14.00 y
Medu;;nmljaense 28 7.05 | 51.30
-17.00
Stiff
Clay 115
-46.30 (CH-CL)

The geological longitudinal section of embankment is presented in Figgse 3.
SPT results of BSSH54 borehole and cone resistance values e€B3-6 results

for clay layers are presented in Figure2®. 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 #@6 m, and also sand
layers are defined at depths of 6.5 .5 m and 14.0 i 17.0 m.Till to depth of
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6.5 m, SPT N value is obtained as 14 whereaslye is obtained as 1.19 MPa in
average, which indicates fist averhgewaluea y 0 . F
of SPT Nisobtainedas24h i ch i ndi c avheecasavérage vialfiefajc c | ay O
is obtained 1.03 MPew h i ¢ h i mediurasatt iefsf Fridonldepth of 17.0 m,
gvalues are 1.15 MPa in aver agwhenthehi ch i
values of SPT N and.@re compared, they both point out similar ses and also

strength values for clay units defined in specified depth of interVaks.graph of

In-Situ Settlement (m) vs. Time (day) behavior measured in the embankment for
surface settlement plate is presented in Figur8. I Be last measured settleme

from surface settlement plate is 155.4 cm under embankment load with a maximum

height of 9.98 m after 950 days of measurement.

(m)

a5 BSSK-351  BSSK-352
BSSK-454 BS-CPT-6a BS-CPT-6b
BSSK-453 —rn .
BS-CPT-6 " []
Iny, L

%ﬁﬂgb E — 1|l 5 -

o 4 ﬁ
ﬂ " L Qal (Sand)
15.26m 15.45 15.45 m

Qal (Clay) Srer
28.68 m
25 30.02m Qal

o 40.45 m

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

Figure3.28. The longitudinal geological section of Km: 144+000

79



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: MPa) vs. Depth (m) graph®r clay
layers

80



JUSWIBNSS dIBLINS J0J JUsuueqwa ul painseaunireyaq (Aep) awil "sA (Wouswamas nis U] g calnbi4

(sep) s
091~

1-

U+si-
00
P Lyl

Hesl-
ERd

£legl-
SLel-
6'181-
[
L'9%L
9Lrl-

[~Met NI5
Z'ogl-

I
I
I
|

0€I-

GLEL

IL‘EIEI'
ot
6Tl

> ovI-

0€T-

Sell-
SRl

0cI-

gLl
o[Fll-

J
/

0TI~

/9'011'

B0
9E0l-

S7L6

001-

/ o'op1-
S

RE6"

____.....-———/
(=]
<@

a'ss-| Toor ¥ 7F
/"‘""-{

(ura) Juataag sA (Aep) swm

(sSurpear parj [enjoe WOIJ UIYe))
(ur) yuaurywequry 'sa (Aep) 2wrL

(w2) JuUnowe JUSLA[)2

L=

FLE"
BT

sl
661

/7
Tol-
8L

.
t'o-
g'g-
=
-

0s6 006 048 0083 0L O00L 089 009 04 00 Oy 00F 0s€ 00 0sT 00T O¢T 001 O

A\
=

(]
() WSeH
[aunrequIg

81




3.9 KM: 145+000 Section

The soil profile of the embankment at Km: 145+000 is characterized by 15.45 m
deep borehole (BSSK 456) and B®T-07 cone penetration test. The laboratory
test resultsand SPT N graphare presented in Appendix and B consolidation
settlement calculations are presented in Appe@dikhe soil profile consists of the

layers shownn Table3.9:

Table3.9 A typical soil profile at Km: 145+000 section of the study area

qc fs PI WN
Depth N SPT N
(rrF:) Soil Profile ) (av.) (av.) (av) | (av.) (kCF‘;a)
' (MPa) | (kPa) | (%) (%)
Stiff
17 1.32 s | 2
1100 G (CLcH)
Med';:ngense 27 852 | 4052
-18.00
o
-42.51 y

The geological longitudinal section of embankment is presented in Figgte 3.
SPT results of BSSH56 borehole and cone resistance values e€B%-7 results

for clay layers arepresented in Figure . 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 #@f m, and also sand
layers are defined at depth of 11.0 m and 18.0Ill to depth of 11.0 m, SPT N
value is obtained as 17 whereavalue is obtained as 1.32 MPa in average, which

i ndi cat es Alfossandfayers ark defiead in depths of interaf8 m

and 2.18 m, 2.62 m and 2.92 m, 3.52 m and 3.64 m,6.66d 7.36 m, 7.5 m and
9.24 m according to cone penetration tésom depth of 18.0 m,cqvalue is
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obtained 1.36 MPa i n av e rTaggaph oilksituc h
Settlement (m) vs. Time (day) behavior measured in the embankment facesurf
settlement plate is presented in Figur833.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

BS-0PT-8 BSSK-363

| ES0PT7 BASK-456

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

Figure3.31. 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
E
=
[« R
@
[ 10—
£
=
5
[11]
)]

20—

30—

Figure 3.32. SPT N vs. Depth (m) and. §MPa) vs. Depth (m) graph®r 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 B®T-08 cone penetration test. The laboratory
test resultsand SPT N graphare presented in Appendix @hd B consolidation

settlement calculatianare presented in Appendix The soil profile consists of the

layers shownn Table3.1Q

Table3.10 A typical soil profile at Km: 146+210 section of the study area

Depth Soil Profile
(m)
Stiff
-4.00 Clay (CL-CH)
Sand
900 (SM-SP-sW) |5
M edium-Stiff
-27.00 Clay (CH-CL)

The geological longitudinal section of embankment is presented in Figgde 3.
SPT results of BSSH57 borehole and cone resistance values e€B3%-8 results

for clay layers are prestd in Figure 385. According to the geological

k fs Pl W
SPTN (e?v) (av.) (av.) (a\;l ) o
av. ’ ’ . :
@) | mpay| wpay | @) | @) | ®P?
14 1.37 29 35
36 7.48 36.14 NP 19
1.09

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.("ith.to depth of 4.0 m, SPT N value
is obtained as 14 whereas vplue is obtained as 1.37 MPa in average, which
c | a yalue is &btaimed 1.09eMPia h
i ndisd¢ a ff é ¥her timgvadlies of SPT N and g

indi cat es

average whi ch

Astiff

of

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 interVaks.graph of
In-Situ Settlementr)) vs. Time (day) behavior measured in the embankment for
surface settlement plate is presented in Figusé. I he last measured settlement
from surface settlement plate is 108.8 cm under embankment load with a maximum
height of 12.18 m after 460 daysragasurement.

(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

Figure3.34. 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
|
s
|

Depth (m)

i
|
|

20—

Figure 3.35. SPT N vs. Depth (m) and. §MPa) vs. Depth (m) graph®r clay
layers
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3.11 KM: 147+000 Section

The soil profile of theembankment at Km: 147+000 is characterized by 15.45 m
deep borehole (BSSK 458) and B®T-10 cone penetration test. The laboratory
test resultsand SPT N graphare presented in Appendix @hd B consolidation
settlement calculations are presented in Apgpe@. The soil profie consists of the

layers shownn Table3.11

Table3.11 A typical soil profile at Km: 147+000 section of the study area

qc fs PI WN
Depth o SPT N
(rr?) Soil Profile ) (av.) (av.) | (av.) | (av.) (kC‘PJa)
Y vray | weay | @) | (@)
Mgg”r?j_t)'ﬁ 9 0.99 29 | 38
-4.50 Y
Stiff
18 1.32 30 | 35
13.00 Clay (CH-CL)
Med';;nngense' 24 577 | 41.50
-15.50
Medg;n-Stn‘f 103
-21.00 y
Sand 3.02 11.59
-22.00
VegllaStlff 277
-41.78 y

The geological longitudinal section eimbankment is presented in Figur&73.
SPT results of BSS#K58 borehole and cone resistance values ofCB$-10

results for clay layers are presented in Figu8.3According to the geological
longitudinal section, the embankment with 8.1 m in heighplanned to be

constructed on clayey soil with a thickness of more #@f m, and also sand
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layers are defined at depths of 13.0 @b.5 m and 21.0 m 22.0 m.Till to depth

of 4.5 m, SPT N value is obtained as 9 whereaglye is obtained as 0.99 MPa in
average, which-sitndifcatl @y oi mé&dioummdept h of
N value is obtained as 18 whereavajue is obtained 1.32 MRa averagewhich

indi cates fdAst i fiftervalbfay.om ant2h.0 n, hgevalug éespt h
obtained 1.03 MPan averageand c |l ay | Mediumesftiifdd cdsayi. F
depth of 22.0 m, gvalue is obtained 2.77 MRa average whi ch i ndi cat e
st i f fWhen theyalues of SPT N and @are compared, they both poiotit

similar stiffness and also strength values for clay units defined in specified depth of
intervals.The graph of IrSitu Settlement (m) vs. Time (day) behavior measured in

the embankment for surface is presented in FiguB®. 3The last measured

settlenent from surface settlement plate is 98 cm under embankment load with a

maximum height of 8.1 m after 720 days of measurement.

(m)

BSSK-353

25
BS-CPT-10A
BSSK-354 BS-CPT-9
BSSK-458 BS-CPT-10 BSSK-459
el |
4 i
0 Qal ﬂ l
i H
i >: 1590 m { 15.45m | Qal (Clay) 15.45m
L e e et | —H_ H
fid L]
al (Sand
Qaly ) H 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

Figure3.37. The longitudinal geological section of Km: 147+000
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BSSK-458 BS-CPT-10a

SPTN qc (MPa)
10 20 30 40 50 1 2 3 4 5
5— 5—
E
=
o
5
O - 10
E
E=
o
0
| g
15 15—

204

25

Figure 3.38. SPT N vs. Depth (m) and: MPa) vs. Depth (m) graph®r 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 BPT-11 cone penetration test. The laboratory
test resultsand SPT N graphare presented in Appendix and B consolidation
settlement calculations are presented in Appe@dikhe soil profile consists of the

layers shownn Table3.12

Table3.12 A typical soil profile at Km: 149+000 section of the study area

qc fs PI WN
Depth o SPT N
(I’E) Soil Profile ) (av.) (av.) (av.) (av.) (kCFl;a)
Y vrayl weay | @) | (@)
Soft
6 1.04 26 | 26
-4.80 Clay (CL-CH)
Sand (SC) 9 575 | 32.61
-8.00
Stiff
22 1.24 35 | 33
14.00 Clay (CH-CL)
Med';g’nzens 832 | 4558
-15.80
CIaStIIfCH) 26 1.25 31 | 33| 132
-27.20 y
Medg‘;‘:]gens 128 | 35.43
-30.50
Stiff
Clay 1.59
4199  (CH-CL)

The geological longitudinal section of embankment is presented in Figi®e 3.
SPT results of BSSK61 borehole and cone resistance values ofCB3$-11

results for clay layers anpresented in Figure 81. 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 #@f m, and also sand

layers are defined at depths of 4.8 8.0 m, 14.0 ni 15.8 m and 27.2 m 30.5

m. Till to depth of 4.8 m, SPT N value is obtained as 6 whergaalge is obtained

as 1.04 MPa in average. Accoroditng |ltags 0SP T
the other hand, ifgqval ues are consideredti fift ¢lsayc
From depth of 8.0 m to 14.0 m, SPT N value is obtained as 22 wherealsi@ is
obtained 1.24 MPa average whi ch i ndicates #A8&8mff <cl a
and 27.2 m, SPT N value is obtained as 26vajue is obtained 1.25 MPa in
average and clay is defined awaluédsti ff c
obtained 1.59 MPa in averWhprethevallesafh i ndi
SPT N and gare compared, they both point out similar stiffness and also strength

values for clay units defined in specified depth of intervale graph of IrSitu

Settlement (m) vs. Time (day) behavior measured in embankment for surface
settlement plate is presented Figure 342. 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—— ———

32.74m 3410 m

-25

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

Figure3.40. The longitudinal geological section of Km: 149+000
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BSSK-461 BS-CPT-11a

SPTN gqc (MPa)
10 20 20 40 =, 1 2 2 4
E
=
Q.
Q
O 10— — 10—
E
=
o
L b]
(]
16— 15—

20—

30—

Figure 3.41. SPT N vs. Depth (m) and. §MPa) vs. Depth (m) graph®r 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 B T-13 cone penetration test. The laboratory
test resultsand SPT N graphare presented in Appendix @hd B consolidation
settlement calculatianare presented in Appendix The soil profile consists of the

layers shownn Table3.13

Table3.13 A typical soil profile at Km: 150+000 section of the study area

Oc fs Pl Wy
Depth o SPT N
(rr?) Soil Profile ) (av.) (av.) | (av.) | (av.) (kCI;a)
Y vrayl weay | @) | (@)
Soft
5 1.27 18 | 18
s00| CaED
Sand (SM) 16 1.96 | 16.80
-5.00
CIaStIIfCH) 16 1.48 30 | 20
-11.00 y
Sand 42 15.60 | 47.80
-18.00
Mgﬂ”r?it)'ﬁ 12 1.70 15 | 28| 106
-45.30 Y

The geological longitudinal section of embankment is presented in FigiBe 3.
SPT results of BSSI685 borehole and cone resistance values ofCB%-13
results for clay layers are presed in Figure 34. 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 #@0 m and also sand
layers are defined at depths of 3.0 8.0 m and 11.0 rih 18.0 m.Till to depth of

3.0m, SPT N value is obtained &swvhereas gvalue is obtained as.24 MPa in
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average. According to SPT N vatheuharsd, it i
fgcval ues are consi der esd,i fift cilsayd&® iFreodn a
m to 11.0 m, SPT N value is obtained B8 whereas gvalue is obtained 48 MPa

inaverage whi ch indicates AKBOMISPT Ncvalaeyis . Fro
obtained as 12 whereas vplue is obtained 1.7 MPa average which indicates

A me d-s t mf f When taeyalues of SPT N and are compared, they both

point out similar stiffness and also strength values for clay units defined in
specified depth ointervals.The graph of IfSitu Settlement (m) vs. Time (day)

behavior measured in the embankment for surface settlement plate is presented in
Figure 345. The last measured settlement from surface settlement plate is 106.7 cm

under embankment loadith 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

Figure3.43. The longitudinal geological section of Km: 150+000
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Figure 3.44. SPT N vs. Depth (m) and. §MPa) vs. Depth (m) graph®r clay
layers
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3.14 KM: 150+500 Section

The soil profile of the embankment at Km: 150+500 is characterized by 20.0 m
deep borehole (BSSK 685A) and B T-13 cone penetration test. The laboratory
test resultsand SPT N graphare presented in Appendix &d B, consolidation
settlement calculations are presented in Appe@dikhe soil profile consists of the

layers shownn Table3.14

Table3.14 A typical soil profile at Km: 150+500 section of the study area

Oc fs Pl Wy
Depth N SPT N
(r::) Soil Profile ) (av.) (av.) (av.) (av.) (kCFl:a)
Y mpa) | kPa)y | @) | (@)
Soft
7 1.27 18 | 18
500 | CByED
Sand (SM) 16 1.96 | 16.80
-6.00
CIaStIIfCH) 16 1.30 30 | 29
-12.50 y
Sand (SW-SM 42 15.60 | 47.80
-15.50
Mgﬂ”r?it)'ﬁ 12 1.51 15 | 28| 106
-46.20 Y

The geological longitudinal section of embankment is presented in Figie 3.
SPT results of BSSK85 borehole and cone resistance values ofCB%-13
results for clay layers anpresented in Figure 87. 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 #@6 m, and also sand
layers are defined at depths of 5.0 8.0 m aad 12.5 mii 15.5 m.Till to depth of

5.0 m, SPT N value is obtained as 7 whereasalyie is obtained as 1.27 MPa in
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average. According to SPT N valwues, it i
fgcval ues are consi der esdt,i fift cilsayde f iFreodn a
m to 12.5 m, SPT N value is obtained as 16 wherggaalge is obtained 1.30 MPa
inaverage whi ch indicates nAstiff clayo. Fro
obtained as 12 whereas\@lue is obtained 1.51 MRa averagewhich indicates

A me d-s t mf f When taeyalues of SPT N and are compared, they both

point out similar stiffness and also strength values for clay units defined in
specified depth of intervalShe graph of IfSitu Settlement (m) vs. Time (day)

behavior measured in the embankment for surface settlement plate is presented in
Figure 348. 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

Figure3.46. The longitudinal geological section of Km: 150+500

103



BSSK-685A

SPTN

10 20 30

BS-CPT-13

qc (MPa)

40 50

en
|

Depth (m)

=]
|

n
|

Depth (m)

T

Figure 3.47. SPT N vs
layers

. Depth (m) and. §MPa) vs. Depth (m) graph®r clay
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3.15 KM: 151+220 Section

The soil profile of the embankment at Km: 151+22@haracterized by 15.06 m
deep borehole (BSSK 463) and 13.80 m deep CPTGB%14). The laboratory
test resultsand SPT N graphare presented in Appendix @hd B consolidation
settlement calculations are presented in Appe@dikhe soil profile consistsf the

layers shownn Table3.15

Table3.15 A typical soil profile at Km: 151+220 section of the study area

QC fs Pl Wn
Depth . . SPT N
(nl?) Soil Profile @ (av.) (av.) | (av.) | (av.) (k?a)
' (MPa)l kPa) | (%) | (%)
Soft
7 0.94 23 28
5.00 Clay (CL)
Sand (SM) 16 196 | 16.80
-8.00
Mggu'?;t)'ﬁ 14 0.87 28 | 30| 60
-13.00 Y
Sand (SW-SM) 42 15.60 | 47.80
-16.00 .
o
-47.31 Y

The geological longitudinal section of embankment is presented in Figi@e 3.
SPT results of BSSK463 borehole and cone resistance values ofCB%-14
results for clay layers are presented in FiguiH.3According to the geological
longitudinal section, the embankment with 11.0 m in height is planned to be
constructed on clayey soil thi a thickness of more tha#0.0 m and also sand
layers are defined at depths of 5.0 r8.0 m and 13.0 i1 16.0 m.Till to depth of

5.0 m, SPT N value is obtained as 7 whereasalyie is obtained as 0.94 MPa in
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average. According to SPT N values, itesdi ned as fisoft <c¢cl ayo.
fgcval ues are consi der esdt,i fift cilsayde f iFreodn a
m to 13.0 m, SPT N value is obtained as 14 wherggaalge is obtained 0.87 MPa

in average. The clay unit in this interval isfde n e dmedsusis tii f f clayo
according to SPT Mnd @ values When the values of SPT N angare compared,

they both point out similar stiffness and also strength values for clay units defined

in specified depth of interval§he graph of IFSitu Settlenent (m) vs. Time (day)

behavior measured in embankment for surface settlement plate is presented in
Figure 351 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

— I Qallay
31.0m
-30

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

Figure3.49. The longitudinal geological section of Km: 151+220
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Figure 3.50. SPT N vs. Depth (m) and. §MPa) vs. Depth (m) graph®r clay
layers

108



1USWIBINAS 3B LINS J0) JUBWUBRgW Ul painseaw Joireyaq (Aep) awil “sA (Wauawamas nis U] 1§ €ainbi4

(ud) Juowapya§ sA (Aep) awm

(sSurpear p[arj [enioe WoIj uayel)
(ur) yuaurywequiy ‘s (Aep) 2wry,

(sdep) suny

/C'ILI'
/ ofeot-

919l

0F$L-

Lol

/

STHl-

GeEl-

ol

09Tl-

Bll-

/l

[Py

8O-

/
£'ga-
£'197

/e

e

-

/.
£114

(T 0

001

)
J

ELT-
£91-
¢Cl-
Sdb
cel-
£Cl-
eItr-
c01-

s
5
(ur) Junoue USRS

109



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 CPTGBE14A). The laboratory

test resultsand SPT N graphare presented in Appendix @hd B consolidation
settlement calculainsare presented in Appendix The soil profile consists of the

layers shownn Table3.16

Table3.16 A typical soil profile at Km: 151+975 section of the study area

Oc fs Pl Wy
Depth N SPT N
(rr?) Soil Profile ) (av.) (av.) | (av.) | (av.) (kCI;a)
Y mpa) | kPa)y | @) | (@)
Mceil'”r?é%'ﬁ 11 0.92 24 | 31| 104
-7.00 Y
Sand (ML) 13 1.96 | 16.80
-9.00
CIaStIIfCH) 18 0.94 46 | 32| &2
-13.00 y
Sand (SM) 31 15.60 | 47.80
-19.00
e
-45.00 Y

The geological longitudinal section of embankment is presented in Fighe 3.
SPT results of BSS#64 borehole and cone resistance values ofCB%-14
results for clay layers anpresented in Figure 53. According to the geological
longitudinal section, the embankment with 9.74 m in height is planned to be
constructed on clayey soiith a thickness of more than €0m, and also sand
layers are defined at depths of 7.0 8.0 m ad 13.0 mi 19.0 m.Till to depth of

7.0 m, SPT N value is obtained as 11 whereaslye is obtained as 0.92 MPa in
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averageand clay unitt s d e f i n e dstiffaclayo. frrome depttuadh9.0 m to

13.0 m, SPT N value is obtained as 18 whereaslge isobtained 0.94 MPa in
average. The c¢clay wunit in this interval
values,-sfimédi emmay evalaes. Erom dbptmof19.0 wy, epdue

is obtained as 0.93 MRaaverage wh i ¢ h mediumnstiff @ & aWhenithe

values of SPT N and.@re compared, they both point out similar stiffness and also
strength values for clay units defined in specified depth of interVaks.graph of

In-Situ Settlement (m) vs. Time (day) behavior measured in the embankment for
surface settlementlgde is preented in Figure 3.54The 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

Figure3.52. The longitudinal geological section of Km: 151+975
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BSSK-464 BS-CPT-14A

SPT N qc (MPa)
10 20 30 40 a0 1 _ 2 3 4 )
5] —_~ 5]
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= @

& a
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20—

Figure 3.53. SPT N vs. Depth (m) and: MPa) vs. Depth (m) graph®r 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 CPTGBE14A). The laboratory

test resultsand SPT N graphare presented in Appendix @hd B consolidation
settlement calculatiorere presented in Appendix The soil profile consists of the

layers shownn Table3.17

Table3.17 A typical soil profile at Km: 152+000 section of the study area

QC fs Pl Wn
Depth o SPT N
(nl?) Soil Profile @ (av.) (av.) | (av.) | (av.) (k?a)
' (MPa)l kPa) | (%) | (%)
Mgﬂ”r?(‘j_t)'ﬁ 11 0.92 24 | 31| 104
-7.00 Y
Silt (ML) 13 1.96 | 16.80
-9.00
Stiff 82
18 0.94 a6 | 32
1s00| G CH) 115
Sand (SM) 31 15.60 | 47.80
-19.00
e
-41.97 Y

The geological longitudinal section of embardnt is presented in Figure 3.55
SPT results of BSS464 borehole and cone resistance values oiCB%-14
results for clay lagrs are presged in Figure 3.56According 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 #@f m, and also sand
layers are defined at depths of 7.00 .0 m and 1® mi 19.0 m.Till to depth of

7.0 m, SPT N value is obtained as 11 whereaslye is obtained as 0.92 MPa in
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averageand clay unitt s d e f i n e dstiffaclayo. frrone depttua®.0 m to

13.0 m, SPT N value is obtained as 18 whereaslge is obtained 0.94 MPa in
average. The c¢clay wunit in this interval
values,-sfimédi emmay evalaes. Erom dbptmof19.0 wy, epdue

is obtained as 0.93 MRaaverage whi ¢ h medudh-s t a f éWhenfitreey 0 .
values of SPT N and.@re compared, they both point out similar stiffness and also
strength values for clay units defined in specified depth of interVaks.graph of

In-Situ Settlement (m) vs. Time (day) behavior measuredéanethbankment for

surface settlementlgde is presented in Figure 3.5Fhe 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

Figure3.55. The longitudinal geological section of Km: 152+000
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BSSK-464 BS-CPT-14A

SPT N qc (MPa)

10 20 30 40 50 1 _ 2 3 4 5

20—

Figure 3.56. SPT N vs. Depth (m) and: MPa) vs. Depth (m) graph®r clay
layers

116



JUSWIBNAS 3JBNS 10} JUsWUBRqWd Ul painseaw Joineyaq (Aep) awil ‘sA (Wauswalas nus u| *2g'€ainbi4

_ (skep) s
T S7s 2 . STI-
N =T
S~ | 5 g . cor-
] — 1
/.I/O .% ,
fﬁ n $6°
Wb |
S - B .
8
I I
/ 7S
; CL-
o
/m T §9-
[T Y R
(1012) WM “SA (ABD) ST T e /1 o b w
' ™ S - 3
(s3wIpeal play [ENIOR WO UAYe)) / £ g
(ur) yuauryuequIg “SA (ABD) AU | e N _ Cp- m
¢e- 2
/ g
oL s B
T~
/n
(e
059 009 0%< 00< ()54 [00) 74 (193 (00}3 08T 00T 0t 00T < &
T
— < g g
8
SIZ g

117




3.18 KM: 154+500 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-17). The laboratory test
resultsand SPT N graphsre presented in Appendix Aand B consolidation
settlement calculations are presented in Appe@dikhe soil profie consists of the

layers shownn Table3.18

Table3.18 A typical soil profile at Km: 154+500 section of the study area

qc fs Pl WN
Depth o SPT N
(rrF:) Soil Profile el (av.) (av.) (av) | @v.) (k%a)
' (MPa) | (kPa) | (%) (%)
M edium-Stiff
Clay (L) 13 1.62 21 | 35 | 108
-6.00
. 85
CIaStnEfCL) 16 131 28 | 20| s6
-13.00 y a1
Silt (ML) R 6.78 | 60.01| NP
-16.00
CIaStIIfCH) 24 159 40 | 46 ;i
-40.45 y

The geological longitudinal section of embankment is presented in Figae 3.
SPT results of BSSI688, BSSK469 boreholes and cone resistance values ef BS
CPT-17 results for claylayers are presented in Figures®. 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 more4B&nm, and also non
plastic silt layer is defined at depth of 13.0' 16.0 m.Till to depth of 6.0 m, SPT

N value is obtained as 13 whereavalue is obtained as 1.62 MPa in average and
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clay unit is deffhedl|l ayoimedso@dheotlter t o SP
hand,ifgval ues are considered, c¢clay wunit is
6.0 m to 13.0 m, SPT N value is obtained as 16 whergaaslue is obtained 1.31

MPa in average. The clay unia. ilradamidceptnl
of 16.0 m,SPT N value is obtained as 24 ajpdvalue is obtained ak.59 MPain

average whi ch i ndi cWher the valges offSPT N and greé .

compared, they both point out similar stiffness and also strength values for clay

units defined in specified depth of intervalte graph of IFSitu Settlement (m)

vs. Time (day) behavior measured in the embankment for surface settlement plate

is presented in Figure &. The last measured settlement from surface settlement

plate is 96.1 m 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

Figure3.58. The longitudinal geological section of Km:48500
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BSSK-688 BSSK-469 BS-CPT-17
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Figure 3.59. SPT N vs. Depth (m) and: MPa) vs. Depth (m) graph®r 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 (BSCPT-17). The laboratory test resuied SPT N graphare presented in
Appendix A and B consolidation settlement calculations are presented in

AppendixC. The soil profie consists of the layers shownTable3.19

Table3.19 A typical soil profile at Km: 155+000 section of the study area

qc fs PI WN
Depth o SPT N
(ng) Soil Profile o (av.) (av.) | (av.) | (av.) (k(;”a)
Y vrayl weay | @) | (@)
Soft
7 1.62 19 | 32
-3.00 Clay (CL)
Sand (SC) 27 345 | 4179 34 | 26
-4.50
CIaStI?CL) 15 1.23 17 | 32| 76
-12.00 y
sitmy  |[o——-| R 6.78 | 60.01
-20.00 et
CIaStIIfCH) 24 159 40 | 46 ;2
-28.00 y
Sand (SM) R 21.00 | 56.00
-31.00
CIaStIIfCH) 16 1.45 a0 | 46
-44.59 y

The geological longitudinal section of embankment is presented in Figite 3.
SPT results of BSSK89, 470 boreholes and cone resistance values @G mBB17
results for clay layers anpresented in Figure &. 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 3.00 .5 m, 2.0 mi 20.0 m and 28.0 m 31.0

m. Till to depth of3.0 m, SPT N value is obtained As/hereas gvalue is obtained

as 1.62 MPa in averageoftalhayac!| agcamditng st
values. On the other hand, fgal ues are consi dered, cl ay
cl ayo. Fr £5m ta 2.0 m, ISPToN value is obtained as \ithereas g

value is obtained 23 MPa in average. The clay unit in thisental is defined as

Ast i f fndepth af interval 20.0 m and 28.0 m, SPT N value is obtained as 24
whereas gvalue is obtained 1.59 MPa in average. The clay unit in this interval is
defined as dAstiff clayo. Fr omeddas 6t h o f
whereas gvalue is obtained 1.45 MPa in average. The clay unit in this interval is

def i ned asWherstheivaldes of $Pd WNdand are compared, except

from the first layer, they both point out similar stiffness and also strength fatues

clay units defined in specified depth of intervale graph of IrSitu Settlement

(m) vs. Time (day) behavior measured in the embankment for surface settlement
plate is presented in Figure63. The last measured settlement from surface
settlement ple 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

Figure3.61. The longitudinal geological section of Km: 155+000
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BSSK-689 BSSK-470 BS-CPT-17

SPTN SPTN qc

10 ] 20 40 5 10 20 £ 40 5 1 2 3 4

Depth (m)
Depth (m)

20—

Figure 3.62. SPT N vs. Depth (m) and: MPa) vs. Depth (m) graph®r clay
layers
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3.20 KM: 1554551 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 CPTGB¥%18). The laboratory
test resultsand SPT N graphare presented iAppendix Aand B consolidation

settlement calculations are presented in Appe@dikhe soil profie consists of the

layers shownn Table3.20

Table3.20 A typical soil profile at Km: 155+551 section of the study area

The geological longitudinal section of embankment is presented in Figide 3.
SPT results of BSSHK71 borehole and cone resistance values ofCB3-18
results for clay lagrs arepresented in Figure 3.6%\ccording 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 #@0 m and also sand
layers are defined at depths of 0.0 6.0 m aw 17.0 mi 19.5 m.From depth of

6.0 mto 17.0 m, SPT N value is obtained as 13 whergaalug is obtained 1.49

MPa i

N value is obtained as 22 whereavaglue is obtained 1.8 MHa average, which

qc fs PI WN
Depth o SPT N
(rrF:) Soil Profile o (av.) (av.) | (av.) | (av.) (k(;a)
' (MPa) | (kPa) | (%) (%)
Sand (SM) 24 515 | 49.32
-6.00
. . 85
Mgﬂ”r?é?_t)'ﬁ 13 1.49 38 | 3] 91
-17.00 y 100
Sand (SM) 22 8.24 | 65.09
-19.50
CIaStIIfCH) 22 1.80 51 | a1
-44.30 y

n average,

whsitcihf fi ncd iacyaot. e sF rfiomnme ddi eupmt h
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i ndi cat es Wilies the Valies af ISRTyNoand are compared, they both
point out similar stiffness and also strength values for clay units defined in
specified depth of intervaldhe graph of IfSitu Settlement (m) vs. Time (day
behavior measured in the embankment for surface settleradatip 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

Figure3.64. The longitudinal geological section of Km: 155+551
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BSSK-471 BS-CPT-18

SPT N 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. §MPa) vs. Depth (m) graph®r 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 CPTGB¥%19). The laboratory
test resultsand SPT N graphare presented in Appendix @hd B consolidation
settlement calculains ae presented in Appendix. The soil profie consists of the

layers shownn Table3.21

Table3.21 A typical soil profile at Km: 157+400 section of the study area

qc fs Pl Wy
Depth . ) SPT N
(I’TF])) Soil Profile (av.) (av.) (av.) (av.) (av.) (k(;a)
' (MPa) | (kPa) | (%) | (%)
Soft
6 1.20 42 30
200 Clay (CH)
Stiff
14 1.41 42 33
-5.00 Clay (CL-ML)
(Sl\j"’_‘rl\‘/ldl_) 14 | 1660 | 5570 NP | 25
-7.00
Stiff 121
15 1.39 36 28
65| Clay (CLCH) 105

The geological longitudinal section of embankment is presented in Fighire 3.

SPT results of BSSHK74 borehole and cone resistance values ofCB3-19

results for clay layers are preged in Figure &8. 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 #@0 m and also sand

layers are defined at depth of 5.0/rid.0 m.Till to depth of 2.0 m, SPT N value is

obtained as 6 whereas galue is obtained as 1.2 MPa in average. According to

SPT N values, It is defined caduesiaeof t cl ayo
considered, it ssitlefchadoasFiomddaemt h of 2
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N value is obtained as 14 whereavalue is obtained 1.41 MRa averagewhich
indicates fistiff clayo. From depreds of 7.
gc value is obtained 1.39 MHa average whi ch 1 ndi oModneghe AnAst i f
values of SPT N and.@re comparedexcept from the first layethey both point

out similar stiffness and also strength values for clay units defined in specified
depthof intervals.The graph of IfSitu Settlement (m) vs. Time (day) behavior
measured in the embankment for surface settlement plate is preseifiigdire

3.69 The last measured settlement from surface settlement plate 2sctriSinder

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

(m)

K-6%0
| 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

Figure3.67. The longitudinal geological section of Km: 157+400
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BSSK-474 BS-CPT-19

SPTN qc (MPa)
10 20 30 40 S0 1 2 3 4

- E 7

£ <

‘E o

53 A

(]

20— 20 —

Figure 3.68. SPT N vs. Depth (m) and. §MPa) vs. Depth (m) graph®r clay
layers
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3.22 KM: 158+000 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 depthC(B3-20 test result. The
laboratory test resultand SPT N graphare presented in Appendik and B
consolidation settlement calcutats are presented in Appendix The soil profile

consists of the layers shownTable3.22

Table3.22 A typical soil profile at Km: 158+000 section of the study area

Qe fs PI Wy
Depth . . SPT N
(ng) Soil Profile (av) (av.) (av) @) | @v) (kcsa)
' MPa) | (kPa) | (%) | (%)
M edium-Stiff
1 115 18 | 23
750 Clay (CL-ML)
Loose
8 590 | 3270 NP | 30
-9.00 Sand (SM-ML)
CIaStIIfCH) 17 1.59 35 29 102
-18.00 y
M;glrl:;n(le\jgse 21 152 | 80.80| NP 14
-19.50
ClaStI(ﬁCH) 21 151 44 | 31
-22.50 y
Mzz:?(ghi?se 21 3.11 | 4754] 10 27
-24.00
CIaS tnEfCL) 22 1.70 33 | 32
-38.00 y
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The geological longitudinal section of embankment is presented in Figtbe 3.

SPT results of BSSHK75 borehole and cone resistance values ofCB3-20

results for clay lagrs are premted in Figure 3.71According 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 .0 m, 18.0m7 19.5 m and 22.5 m 24.0

m. Till to depth of 7.5 m, SPT N value is obtained as 11 whereaslqge is

obtained as 1.15 MPa in averagiedclay uriti s def i nedstasf ffi nod daiyuwt
From depth of 9.0 m to 18.0 m, SPT N value is obtained aghkreas gvalue is
obtained 1.59 MPa in average, which i ndi
to 22.5 m, SPT N value is obtained as 21 whereaalge is obtained 1.51 MPa in
average, which indicates f#fAstiff sl ayo.
obtained as 22 whereas\@lue is obtained 1.70 MPa in average, which indicates

Aist i f Wheothawaloes of SPT N and are compared, they both point out

similar stiffness and also strength values for clay units defined in specified depth of
intervals. The graph of IrSitu Settlement (m) vs. Time (day) behavior measured in

the embankment for surface settlemelattgpis presented in Figure 3.7Bhe last

measured settlement from surface settlement plate is 108.1 cm under embankment

load with a maxinum 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

Figure3.70. The longitudinal geological section of Km: 158+000

135




















































































































































































































































































































http://maps.google.com/


















































































































































































































































































































































































