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ABSTRACT

In this thesis, the behavior of secondary compression of a selected clay soil from
Famagusta is assessed by conducting series of one-dimensional consolidation tests
on samples prepared with various initial void ratios and water contents. The testing
program consists of standard oedometer tests (SOT) and long term creep tests (CT)
where the samples are subjected to preconsolidation stress prior to application of a

sustained effective stress for a period of seven days.

The analysis of the test results indicated that, the coefficient of secondary
compression for soft samples increases up to an effective stress of 50 kPa and then
gradually decreases and becomes approximately constant with increasing effective
stress. The coefficient of secondary compression for compacted samples is observed
to increase with increasing vertical effective stress up to an effective stress of
approximately 2.5 times preconsolidation stress, staying approximately constant with
respect to further increase in effective stress. For overconsolidated samples, the
coefficient of secondary compression increased with reduction in the degree of
overconsolidation. The rate of secondary compression decreased with log time for all
samples. The maximum value of the coefficient of secondary compression occurred
in the Log time range of 100 min to1000 min for all samples. A creep function,
previously proposed by (Yin, 1999) is applied on the measured creep curves, the

function indicated a good fit to the measured creep curves for all samples.

Keywords: Creep, Soft clay, Secondary compression, Standard oedometer test.
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Gazimagusa’da mevcut bir sisen kil’in ikincil oturma davranisi odometre deneyleri
ile, degisik su muhtevasi ve bosluk oraninda hazirlanan deney numuneleri ile
calisilmistir. Deney programi, standart odometre deneyleri ve uzun vadeli oturma
deneyleri (creep) icermektedir, bu deneylerde degisik efektif gerilmelerde ©n
yiiklemeli olarak hazirlanmis numunelere yedi giine kadar varan siirelerde sabit yiik

uygulanmustir.

Deney sonuglarinin analizi gdéstermistir ki, yumusak numuneler i¢in 6lciilen ikincil
oturma katsayis1 50kPa efektif gerilmeye kadar artmakta ve daha sonraki efektif
gerilme artiglarina gore azalarak yaklasik sabit bir degere ulasmaktadir. Sikistirma
uygulanmis numunelerde ikincil oturma katsayisi, efektif gerilme artarken, 6n
gerilme degerinin yaklagik iki buguk katina kadar artmis, daha fazla efektif gerilme
artist oldugunda ise yaklagik olarak sabit kalmistir. On gerilme uygulanmis
numunelerde ikincil oturma katsayisi, asir1 konsolidasyon olma derecesi diistiikce
artmistir. Biitlin numuneler i¢in ikincil oturma zamanin logaritmasima gore
azalmistir. Biitiin numuneler icin en yiiksek ikincil oturma 100dak ile 1000dak
logaritma zaman araliginda elde edilmistir. Daha 6nce Yin (1999) tarafindan
Onerilmis bir ikincil oturma fonksiyonu o6l¢iimler {izerinde denenmis ve bunlarin

tiimii ile iyi derecede bir uyum igerisinde oldugu gézlemlenmistir.

Anahtar kelimeler: Ikincil oturma, Yumusak kil, Standart odometre deneyi.
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Chapter 1

INTRODUCTION

1.1 Background

Clay soils are complicated natural materials, that contain particle size diameter less
than 0.002 mm. Clay soils are considered significant in construction works due their
complex physical, which have a critical influence on the compressibility
characteristics. Clay soils are very important in geotechnical engineering because of
their complex behavior:

- High plasticity clays (generally plastic Index >30%, or LL>50%) pose high
swelling and shrinkage potential with change in moisture content and may
cause excessive total and differential deformations to structures.

- Clays generally have low hydraulic conductivity. The higher the plasticity,
the lower is hydraulic conductivity.

- In natural state, clay soils generally have moisture content and their
deformation under loads is generally consists of two parts: immediate
deformation and time-dependent deformation (consolidation and creep)-
consolidation is due to dissipation of excess pore-water pressures and creep is
due to plastic deformation of soil structure.

- Pore-water pressure play a major role in strength and deformation of clayey
soils under various loading conditions.

- Chemistry of pore water can significantly affect the behavior of the clay soil.



- Strength and deformation properties of the clayey soils depends on their

loading history.

In general, consolidation of clay soils is a process of compression corresponding to
excess pore water pressure due to an effect of vertical stress. The compressibility of
the clay soils is measured in the laboratory using oedometer test by performing
various load increments. However, the compressibility can be divided as follows:
1- Initial compression, where the compression occurs due to compression of air
in the voids.
2- Primary compression, where the consolidation occurs due to excess of pore
water pressure.
3- Secondary compression, which occurs under constant effective stress after

dissipation of the pore water pressure due to rearrangement of soil particles.

However, secondary compression, usually referred as creep, can be expressed by the
coefficient of secondary compression Ca, which is a critical element of prediction of
long term settlement for designing roads and foundations.
1.2 Research Objectives
The overall aim of this thesis is to investigate the creep behavior of a selected
superficial deposit from Famagusta. The specific objectives are as follows:

- To investigate the creep behavior using two methods of sample preparation

and evaluate the creep from each method.
- Discuss the compressibility parameters under various test conditions such as

initial void ratio, initial water content, and preconsolidation stress.



- To examine the variation of the coefficient of secondary compression with
time in logarithmic scale.

- Give some recommendations about calculation of the coefficient of secondary
compression.

- To study the impact of vertical effective stress on the secondary compression

during normally consolidated and overconsolidated conditions.
1.3 Aim of the Study

The fundamental purpose of this thesis is to study the creep characteristics of a clay
soil using laboratory tests and analysis of test results for preconsolidation stress and

two methods of sample preparation; uncompacted and compacted.
1.4 Research Limitation

Although the aims of the research are attained, there are still unavoidable limitations
that can be summarized
follows:
- Due to time limitation, only one soil type is examined using two methods of
sample preparation.
- Only one-dimensional consolidation test is used to measure the
compressibility.
- Hence, the study only focuses on the vertical strain by assuming there isn’t

any horizontal strain during creep.
1.5 Scope of Work

The main goal of this thesis is to gain an understanding of the mechanism of creep.
This is accomplished by a survey of previous studies then designing laboratory
program, after analyzing the test results a conclusion is made. The thesis contains

five chapters as follows:



In the second chapter, a literature review about compressibility behavior of clay soils
involving the overview of the theory of one-dimensional consolidation, secondary

compression, and non-linear creep are presented.

The laboratory program including soil sampling, testing strategy, methods of sample
preparation, index properties, soil classification and testing methods are presented in

the third chapter.

The fourth chapter is dedicated for computing compressibility parameters and
analysis of the oedometer test results. As a first part, the compressibility of standard
oedometer test and the creep results are presented and analyzed. A significant part of
chapter four involves creep tests, where the coefficient of secondary compression is

deeply studied.

In the last chapter, chapter five, conclusion and recommendations are summarized by

providing general comments from chapter three and four.



Chapter 2

LITERATURE REVIEW

2.1 Introduction

In this chapter, a brief review about compressibility behavior of clay soils and the
theory of secondary compression are presented. The compressibility behavior of soft
clays and compacted clays are generally reviewed and summarized. The variation of
long term compression with time and the influence of vertical effective stress are
reviewed. The geotechnical parameters defining compressibility behavior that used

in this thesis are identified.
2.2 Compressibility Behavior of Clay Soils

2.2.1 One-dimensional Compression Curve

The interpretation of graphical plot of the one-dimentional compression
corresponding to time in logarithmic scale in a standard oedometer test is proposed
by Casagrande (Head, 1986). A one-dimensional compressibility curve obtained in a
standard oedometer tests is shown in Figure 2.1 which consists of three parts; initial
convex parabolic curve, then a linear part and then a final part which the time is
closer to concave parabolic form. The time corresponding to zero consolidation can
be found by choosing two points on the first part of the curve (A and B), where the

difference in time between them is 1:4, the vertical distance between them is



calculated and added to the vertical data of the first point, which is interpreted to

correspond to zero consolidation as.

The point at which 100% consolidation is achieved during the test can be obtained by
extending the linear part of the initial compression and intersecting this with the
extend of the linear part of the final compression curve; the projection of this point
on the vertical axis ajoo corresponds to 100% consolidation. The part of the curve
beyond this point is known as secondary compression curve, which occurs under

constant effective stress after the dissipation of the excess pore water pressure is

completed.
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Figure 2.1: Standard oedometer curve (Craig, 2004)

t,: The time corresponding to the end of primary consolidation as shown in Figure

2.1.



2.2.2 Compressibility Curve

In Figure 2.2 typical plot of void ratio against vertical effective stress in semi-
logarithmic paper. The first stage of the curve is called overconsolidated condition
where the soil has experienced pre-stress more than the applied effective stress. The
second part of the curve is linear where the soil in normal consolidated condition, the
linear part is known as virgin compression line in which the vertical effective stress
is higher than any pre-stress has the soil ever experienced. The slope of the virgin
compression line is primary compression index Cc, the recompression line is linked
with the virgin line and the slope of the recompression curve is the recompression
index C,, (Craig, 2004). Typical values of compression index for several types of

soils are illustrated in Table 2.1.

Table 2.1: Values of compression index for several types of soil (Jain et al., 2015).

Type of soil Compression index Cc
Dense sand 0.0005- 0.01
Loose sand 0.025- 0.05
Firm clay 0.03- 0.06
Stiff clay 0.06- 0.15
Medium soft clay 0.15-1.0
Organic soil 1.0-45

The preconsolidation stress can be defined as the maximum stress that the soil has
ever experienced in the past. The method of calculating preconsolidation stress of a
soil is proposed by Casagrande (Craig, 2004) as shown in Figure 2.3. The back

straight line BC is extended and the point which has the maximum curvature D is



obtained, after extending the line AD and producing horizontal line from point D, the
angle between the two lines is divided with a bisector, the intersection point g on the

horizontal axis is the preconsolidation stress.

b ; Initial behaviour Virgin c:t:lm[:lressiclnjr
Fi
L] 4 [

Yield stress

Virgin compression
(slope Cc)

Recompression

Expansion

Unloading - reloading behaviour

loge,
Figure 2.2: Typical compression lines (Craig, 2004)

Compressibility parameters can be obtained from standard oedometer. In a standard
oedometer test, the parameters for obtaining magnitude of compression behavior are
considered to be; compression index Cc, recompression index C;, coefficient of
volume compressibility mv, and the coefficient of secondary compression Ca, as

described by (Head, 1986).

-Ae

Ce= T ogio o)

(2.1)



where,
Cc: compression index.
Ae: change in void ratio during virgin compression line.

A (logl0 o'y): change in vertical effective stress in logarithmic scale.

Bisector
Horizontal at inflection
point

tangent to inflection
point

i C
Pc
l0g oy

Figure 2.3: Computing of preconsolidation pressure (Craig, 2004)

P¢: the preconsolidation stress.

. -Ae
A (logl0 o)

r

(2.2)

where,
C.: primary swell index.
Ae: change in void ratio during recompression line.

A (log10 o'y): change in vertical effective stress in logarithmic scale.



The recompression index is usually referred to compression index, the correlation
between C, and Cc within the range 0.02 to 0.2 for almost all soils, (Terzaghi et al.,

1996).

my=— (2.3)

1+e

where,

my: coefficient of volume compressibility.

ay. coefficient of compressibility.

e: void ratio.

The time- dependency is obtained simply by calculation of the coefficient of
consolidation C, using Terzaghi’s one- dimensional consolidation theory (Head,

1986).

dy

CV:

(2.4)

m*py
where,
C.: coefficient of consolidation.
pw: density of water.
2.2.3 Secondary Compression
After Terzaghi proposed his outstanding theory of one dimensional consolidation of
soils in 1923 based on excess pore water pressure dissipation, laboratory results and
field observations have shown that the settlement continues even after the dissipation
completes (Fatahi et al., 2012). In order to distinguish the two components of the
compression, the term of ‘primary consolidation’ is used to describe the time
dependent process due to the change in volume induced by the expulsion of water
from the voids, and transferring load from the pore water pressure to the soil

particles. On the other hand, creep or so-called secondary compression is generally

10
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defined as the deformation under a constant effective stress. It is necessary to
exclude creep phenomenon from the deformation under constant load because the
effective stresses can be variable under a constant load. The research on the long-
term settlement of soils has become important and been developed for many decades

(Fatahi et al., 2012).

The coefficient of secondary compression Cao is usually used to describe the
secondary compression which can be obtained from Casagrande method (Head,

1986), as:
AH .
Co= o Perone log cycle of time. (2.5)

where,
Ca: coefficient of secondary compression.
AH: change in height per log cycle of time.

Hi: initial height of the specimen.

Ca*: coefficient of secondary compression computed from time interval between

1000 min to 10000 min.

The main objective of calculating Ca* is to examine the variation of the coefficient

of secondary compression with time.

The above formulation assumes that the variation of secondary compression is linear
in log time space. Figure 2.4 shows the determination of coefficient of secondary

compression Head (1986).

11



Deng et al. (2012) investigated the correlation between the coefficient of secondary
compression and swell index, the test results showed that the relationship is bi-linear
in which there are two slopes, the first slope is related to rebounding and the second

slope is related to swelling as shown in Figure 2.5.

Time (log scale)
t

10t

Initial height of

the specimen One log cycle

H;

Compression

I

AH
Y ' ~—

Figure 2.4: Determination of the coefficient of secondary compression (Head, 1986)
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Figure 2.5: The bi-linear relationship between Ca and Cs* (Deng et al., 2012)

where, Cs* is the swell index.

Mesri et al. (1973) studied the significance of secondary compression and noted that
coefficient of secondary compression is an effective parameter to evaluate secondary
compression. Mesri et al. (1973) also stated that physicochemical condition and
mineral structure of soil have huge impact on secondary compression. In additional,
they investigated the influence of several parameters on secondary compression such
as vertical effective stress, pre-stress, remolding, thickness of sample, temperature,
and shear stress; they reported that the duration of stress and preconsolidation stress
are the most influential parameters that affect secondary compression. Furthermore,

they classified secondary compression behavior of soil as presented in Table 2.2.

Mesri and Castro (1987) stated that the correlation between the coefficient of
secondary compression Ca and compression index Cc is constant for any kind of
soil, in which the compression index increased or decreased or remained constant
with vertical effective stress at which the coefficient of secondary compression
increased or decreased or remained constant with time. In Table 2.3 the values of
Co/Cc for inorganic and highly organic clays of soil are presented, (Terzaghi et al.,

1996).

Table 2.2: Soil classification in according to Ca (Mesri et al., 1973).

Ca % (per log cycle) Secondary compression

13
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<0.2 Very low
0.4 Low

0.8 Medium
1.6 High

3.2 Very high
>6.4 Extremely high

Table 2.3: Values of Cao/Cc for various types of soil (Terzaghi et al., 1996).

Type of soil Ca/Cc
Granular soils 0.02 +£0.01
Shale and mudstones 0.03 £0.01
Inorganic silts, clays 0.04 £0.01
Highly organic clays 0.05+£0.01
Fibrous peats 0.06 £ 0.01

2.3 Coefficient of Secondary Compression (Ca) and Vertical

Effective Stress

Sridharan and Rao (1982) conducted series of one dimensional consolidation testes
to examine the mechanism of secondary compression. The oedometer testes carried
out in which there are variations in void ratio, load increment ratio and organic
fluids. It is shown that coefficient of secondary compression reduce with increase in

vertical effective stress.

Graham et al. (1983) investigated coefficient of secondary compression for Ottawa
clays using series of one dimensional consolidation tests, each load increment

applied for 10 days. The primary consolidation observed to be ended before 100 min,
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the coefficient of secondary compression calculated for strain at of 100 min and
10000 min. The results showed that coefficient of secondary compression with

respect to void ratio at a given stress level appears independent of test conditions.

Head (1986) stated that coefficient of secondary compression of peat and highly
organic clays increase with increasing vertical effective stress, but he found it to be

independent of vertical effective stress for inorganic clays.

Nash et al. (1992) examined secondary compression characteristics using
undisturbed and reconstituted samples. The reconstituted samples prepared by
mixing distilled water with salt water 21 g/ NaCl for the target of liquid limit, the
tests carried out using fixed ring oedometer cell with a height of 20 mm. The test
program consisted of incremental loads IL to examine creep characteristics at stress
above yield. The coefficient of secondary compression calculated after 16 hours of
applying load increment from e-logt curves. The test results showed that secondary
compression behavior was small within overconsolidated stage, after samples is
reloaded up to insitu preconsolidation stress 45 kPa secondary compression stress
increased, the maximum value of the coefficient of secondary compression occurred

around twice yield stress at 100 kPa.

AL-Shamrani (1996) investigated the secondary compression of Sabkha soil; the
results showed that secondary compression of Sabkha is critical; it is noted that the
coefficient of secondary compression was higher when the soil with in
overconsolidated condition than normal consolidated condition. AL-Shamrani (1998)
examined secondary compression for Sabkha soil using undisturbed samples; the test

results showed that coefficient of secondary compression depends on vertical
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effective stress. The results indicated increase with effective stress then remained

approximately constant.

Matchala et al. (2008) studied the impact of vertical stresses on the coefficient of
secondary compression of Marine clays in South Korea. The test results showed that
the coefficient of secondary compression increased with increasing vertical effective

stress and reached a peak value when stress level is twice preconsolidation stress.

Miao and Kavazanjian (2007) carried out series of one dimensional consolidation
tests on undisturbed samples of Jiangsu soft clays. A total of 50 undisturbed samples
were investigated, the specimens dimensions were 61.8 mm in diameter and 20 mm
in height. The relationship between coefficient of secondary compression and stress
ratios (o'y /P;) indicated that coefficient of secondary compression depends on stress
level, it increases rapidly for stress level less than 2.5 then became constant for stress

level higher than 2.5.

Lingling and Sonyu (2010) conducted series of one dimensional consolidation tests
to investigate secondary compression behavior of Lianyungang clays, the program
preformed on both undisturbed and reconstituted samples, a thin-wall free piston
tube is used to excavate high quality undisturbed samples from depth of 6 m below
ground surface. The test results showed that coefficient of secondary compression for
both undisturbed and reconstituted samples increases with vertical effective stress
until reaches maximum value in the vicinity of yield stress then dramatically
decreases with increasing vertical stress, it has pointed out that coefficient of

secondary compression can be neglected in pre-yield stage. Also coefficient of
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secondary compression of undisturbed samples has higher values than reconstituted

samples.

Deng et al. (2012) analyzed results of one dimensional consolidation testes of
undisturbed samples the clay extracted by coring at north east of Belgium, the results
showed that the relationship between coefficient of secondary compression and stress

ratio (c'y /P¢) increasing linearly on semi-logarithmic scale.

Li et al. (2012) preformed series of one dimensional consolidation tests in order to
investigate secondary compression of Shanghi clays. The long-term consolidation
program consists of three intact specimens and one reconstituted specimens, the
reconstituted specimen prepared by mixing the clays with distilled water equal to 1.4
liquid limits. The secondary compression measured for each load increment within
period of seven days. They have found that coefficient of secondary compression is
approximately linear when stress level in the vicinity of (OCR=1), then reduce with
time for consolidation stress ratios more than 1. Coefficient of secondary
compression for reconstituted specimen found within range (1/3-1/2) of undisturbed

specimen.

Luo and Chen (2014) investigated creep behavior of River Delta Clays. Undisturbed
samples were extracted from depth of 6 m and 16 m, the consolidation ring has a
diameter of 61.8 mm and height of 20 mm is used. The results showed that the
relationship between secondary compression and consolidation stress is conditional,
with in overconsolidated condition secondary compression increases with increasing
effective stress but in normal consolidated condition decrease with increasing

effective stress. These results were found in other studied such as (Walker, 1969).
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Mehrab et al. (2011) carried out series of one dimensional consolidation tests on
undisturbed samples, the samples were taken from eleven sites in Iran. In order to
investigate long term settlements each load applied for 1 to 3 weeks, the coefficient
of secondary compression is found to be dependent on the ratio between vertical
effective stress to preconsolidation pressure (c'\/Pc), the maximum value of Ca occur

at stress ratio between (2.7 — 4.72).

Huayang et al. (2016) examined secondary compression behavior using three types
of soft soils: Lin-Gang clays, Gentral fishing clays and Qing-Fang clays.
Reconstituted specimens were prepared by drying the clays at room temperature then
pulverized after that clays is mixed with distilled water until uniform paste achieved,
The reconstituted samples prepared for a targets of 1.9-2.28-2.7 liquid limits. The
effect of consolidation stress and initial void ratio on the coefficient of secondary
compression is investigated; they have found that the characteristic of Ca depends on
vertical effective stress and initial void ratio. The coefficient of secondary
compression increased in order with initial void ratio up to void ratio corresponding
to yield stress then Co decreased. In addition, it was observed that coefficient of
secondary compression for reconstituted specimens have higher values than

undisturbed specimens.

2.4 Variation of the Coefficient of Secondary Compression with
Time

Secondary compression is thought to be the compression that takes place after the
end of primary consolidation under constant effective vertical stress on e-logt plot.

Coefficient of secondary compression is the slope of secondary compression on e-log

t per load cycle of time (Head, 1986).
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Barden (1968) reported that coefficient of secondary compression is not linear on

semi logarithmic scale. This finding is also confirmed by (Leroueil et al., 1985).

Fox et al. (1992) preformed long-term one-dimensional consolidation tests on
Middleton peat; the test results demonstrated the significant of secondary
compression to total compression. Compression- log time curves showed that under
constant vertical effective stress the coefficient of secondary compression was not

constant but increased with Log time.

Mesri et al. (1997) investigated the variation of the coefficient of secondary
compression with time of Middleton peat. The coefficient of secondary compression
showed lowest value in the recompression range while the highest value was
immediately after preconsolidation stage, and remained constant or slightly

decreased within normal consolidation stage.

Sridharan and Prakash (1998) suggested new strategy for distinguishing secondary

compression in view of secondary compression factor m, as shows in equation 2.6;

__Aloge
Alogt

(2.6)

where,

m: secondary compression factor.

e: Void ratio.

t: Time

The benefit of this technique is that the charactering of secondary compression

showed as linear compression over long time span. In the cases of (loge — logt)
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secondary compression factor is more reliable tool to calculate coefficient of
secondary compression than non-linear secondary compression tail. (e-log t) method
proposed by Terzaghi can be used for soil that shows linear secondary compression

where Ca can be shown as linear line on semi-logarithmic scale.

Mesri and Vardhanabhuti (2006) assessed reliable laboratory results and field
observation of wide variety of natural deposits, it is concluded that characteristics of
coefficient of secondary compression varies with time, it may increases or remain
constant or decrease. The long term monitoring of coefficient of secondary

compression found to be decrease with in almost all cases.

Nurly and Yulindasari (2007) conducted series of oedometer testes on peat,
undisturbed block sampling from West Johor —Malaysia is investigated. Secondary
compression curves derived for two different methods, first method is (e-logt)
proposed by Terzaghi (Head, 1986), the other method is secondary compression
factor (loge — logt) proposed by (Sridharan and Prakash, 1998). The oedometer test
results showed that Co varies with log time when using (e-logt). The method of
secondary compression factor (loge — logt) can be reliable for estimating Co since
secondary compression shows as straight line. The disconnection point between
primary compression and secondary compression is significant for estimation of Ca
when using secondary compression factor method. Nurly and Yulindasari (2007)
stated that there are three types of compression- log time curve as shown in Figure
2.6. In which most of compression- log time curves placed in type 1 which usually
referred as (S) curve. In curve 2, the secondary compression curve does not show

linear with time and primary consolidation is rapid. In curve 3, the inflection point
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between primary and secondary compression is not well defined and t, can not well

predict.

Linchang Miao and Edward Kavazanjian (2007) stated that there are two problems
with the relationship between (strain-log time). One problem is that the origin of time
is not well defined. However, this problem becomes less and less significant as the
end time of primary consolidation increases. A second problem is that when the time
is infinite, the semi-logarithmic relationship yields a settlement (or strain) that is
infinite. Thus, the semi-logarithmic function may cause a serious error in the

estimation of the long-term settlement.

Typel curve
— Standard S-curve for inorganic clays
A

non-linearity of
the secondary

compression
behavior with
respect to time
_— ’
Type2 curve mcreases
- Organic clay or peat

e

\me

Time, t

Compression

Figure 2.6: Types of compression curves (Nurly and Yulindasari, 2007)

Yin (1999) conducted series of one-dimensional consolidation tests investigating

marine deposits for Hong Kong, the soil extracted from a depth about 2 m. The soil
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contained of 27.5% clays, 58.4% silts and 14.1% fine sand. The author proposed

non-linear creep formula that describes the creep behavior as follows:

Ag = U, In[(t+t,)/t,]
€= 1+(Po+Ae1) In[(t+to) /to]

(2.7)
where,

Ag: Creep strain.

Ael: Creep strain limit.

Wo: Initial creep strain

t: Creep time at strain of Ae.

to: Initial creep time.

The proposed formula indicated good fitting between measured and computed data

as shown in Figure 2.7. (Yin, 1999).
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2.5 Summarized Critical Review

Figure 2.7: Comparison between measured curve and fitted curve (Yin, 1999)

The literature review as introduced in section 2.3 and 2.4 the cover the follow:
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The coefficient of secondary compression Ca is influenced strongly by effective

stress and pre-stress.

There is argue about how do secondary compression behavior change with vertical
effective stress, in some cases increases or remain constant or decrease. In this study,
the effect of consolidation pressure on the secondary compression will be

investigated during overconsolidation stage and normal consolidation stage.

In almost all cases, secondary compression was not constant with time on semi
logarithmic scale under constant effective stress in some cases found to be increased
or remained constant or decreased. The variation of secondary compression with

time is studied.

The coefficient of secondary compression Ca is powerful parameter to predict
secondary compression. There is major problem when calculating coefficient of
secondary compression Ca from logarithmic scale. The variation of secondary
compression is not constant in Log time; it may increases or decreases or remains
constant. Thus, calculating Ca as slope of e — logt pre one cycle of time is not
accurate because the slope is changing from cycle to another. In fact, coefficient of
secondary compression decreases with time under constant stress that in all cases

(Mesri and Vardhanabhuti, 2005).
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Chapter 3

METHODOLOGY AND EXPERIMENTAL STUDY

3.1 Introduction

In this chapter, the testing strategy and methods followed to investigate the
compressibility behavior of soft samples studied and described, all laboratory testing
are carried out in accordance with the American standards for testing and materials
(ASTM).

3.2 Sampling Location and Local Geology

3.2.1 The Superficial Deposits of Famagusta
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The superficial deposits of Cyprus can be divided into five groups, (1) Alluvium,
(2) Mesoria clays, (3) Bentonitic clays, (4) Mamonia clays, (5) Degirmenlik clays, as
shown in Figure 3.2 (Atalar and Das, 2009). Clay soils of this region are classified
as high to extremely high swelling potential, with a liquid limit typically varying in
the range from 53 to 91 (Atalar and Das, 2009; Tawfig and Nalbantoglu, 2009;
Malekzadeh and Bilsel, 2012).

3.2.2 Soil Sampling

The soil sample used in this research is taken from the south campus of Eastern
Mediterranean University, Famagusta. The approximate location of the sampling site
is presented in Figure 3.1. A trial pit of approximately 2 m deep is carried out, a track
hoe excavator to enable sampling below the organic soil cover. The approximate
coordinates of the sampling location are (35°09'01.4"N, 33°51'29.4"E). Figure 3.2

shows stages of the sampling process.
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Figure 3.2: Soil sampling

3.3 Testing Strategy

In order to study long term compressibility characteristics (creep) of the soil sample,
and at the same time study effects of overconsolidation on the compressibility
behavior, a testing strategy is designed. Testing involved three main groups of
specimens; (GR-1) soft samples, (GR-2) samples compacted with standard Proctor
energy and, (GR-3) samples compacted using increased energy (Section 3.5.2). In
this way it is considered that both the effects of soil structure and the degree of

overconsolidation on the creep behavior can be studied.

The testing strategy and testing groups are presented in Figure 3.3 to Figure 3.5. The
main test groups are subjected to standard oedometer testing in the first stage of
testing. Then, identical samples of four sub-groups, four different preconsolidation
stages are attained and all are subjected to creep testing, in which consolidation stress
is kept constant to match a certain degree of overconsolidation. For soft sample
group, these were OCR= 1, OCR= 1.3, OCR= 2 and OCR= 4, where OCR is

overconsolidation ratio attained prior to creep testing.
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Hence,

_ preconsolidation stress attained prior to creep test _ P, (3_ 1)
constant effective stress applied during creep test o', °

OCR:

3.4 Preparation of the Soft Samples

Soft samples are prepared in according to (Burland, 1990). The soil is used in it is
natural state without any drying or pulverizing. Standard compaction mold is used to
mix the soil with distilled water using a spatula, targeting liquid limit water content
until smooth consistency is obtained. Then the mold is gently tapped from the bottom
to minimize air bubbles. After keeping the mold in a vacuum desiccator for 24 hours,
50 mm diameter standard oedometer rings are inserted carefully into the soil slurry
and the soft soil samples are extracted and trimmed using a thin wire. Whilst
preparing the specimens, the main goal is to prepare them with approximately
identical void ratio and water content. Figure 3.6 presents stages of sample

preparation for soft samples.

OCR1=300kPa

=
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GRL4 |
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Figure 3.3: Testing strategy and testing groups for soft sample (GR-1)

OCR: Overconsolidation ratio.
CT: Creep test.
Pc: preconsolidation stress.

SOT: Standard oedometer test.

CT2
P.= 60kPa
GR-2
(0.W.C=26%)
SoT2
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Figure 3.4: Testing strategy and testing groups of samples compacted using standard
Proctor energy (GR-2)

OCR4=20kPa
~ . OCR2=40kPa
CT3
R P.= 80kPa r
GR-3 (0.W.C=22%) ~ . OCRL1.3=60kPa
SOT3 )
OCR1=80kPa

Figure 3.5: Testing strategy and testing groups of samples compacted with increased
energy (GR-3)

3.5 Preparation of the Compacted Samples

3.5.1 Soil Compaction

Two different energies are applied in order to obtain different preconsolidation
stresses, for two compacted samples. The compaction test carried out included
standard Proctor energy on the sample GR-2 and increased energy on the sample
GR-3 in which the soil was compacted in five layers and each layer 25 drops. The
results of the tests are presented in Figure 3.7. The optimum moisture content for
GR-2 and GR-3 are obtained as 26.5 % and 22% respectively.

3.5.2 Sample Preparation for Testing
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Energy 1: First, 2 kg of soil is dried in oven at 50°C for five days then pulverized;
next the soil is mixed with distilled water at the target of optimum moisture content
of 26.5 %. After keeping the soil in vacuum desiccators for 24 hours the soil is

compacted using Standard Proctor compaction method.

Energy 2: The method of preparation is similar to Energy 1, except that the

compaction is carried out in 5 layers with optimum moisture content = 22%.

In order to calculate energy per unit volume of the soil to compare between energy

levels, compaction effort is calculated using the followi