N

N

Compression Behaviour of Reconstituted Soils at High
Initial Water Contents
Zhenshun Hong, Jie Yin, Yu-Jun Cui

» To cite this version:

Zhenshun Hong, Jie Yin, Yu-Jun Cui. Compression Behaviour of Reconstituted Soils at High Initial
Water Contents. Geotechnique, 2010, 60 (9), pp.691-700. hal-00539613

HAL Id: hal-00539613
https://hal.science/hal-00539613

Submitted on 24 Nov 2010

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-00539613
https://hal.archives-ouvertes.fr

Compression Behaviour of Reconstituted Soilsat High Initial Water

Contents

Zhen-Shun Honly Jie Yirf, Yu-Jun Cui
1: Professor, Ph.D, Institute of Geotechnical Eegimg, Southeast University,
Nanjing 210096, P. R. China.
2: Doctoral Student, Geotechnical Institute, Hodaiversity, Nanjing 210098, P. R.
China. (currently Ph.D, Faculty of Science, Jiangsuversity, Zhenjiang 212013, P.
R. China.)
3: Professor, Ph.D, Ecole des Ponts - ParisTechNeNRer/CERMES, 6 et 8, avenue
Blaise Pascal, Cité Descartes, Champs-sur-Marngh5/®arne La Vallée cedex 2,
France

Corresponding Author:

Zhen-Shun Hong, Ph.D, Professor
Institute of Geotechnical Engineering
Southeast University

Nanjing 210096

P. R. China

Tel: +86-25-83792220

Fax: +86-25-83795086

Email: zshong@seu.edu.cn




ABSTRACT

Oedometer tests starting from a very small effectrertical stress of 0.5 kPa were
performed on three reconstituted clays with differkquid limits. The soils were
prepared at various initial water contents, rangfmgm 0.7 to 2.0 times their
corresponding liquid limits. It is observed thaé thloge,” compression curves show
an inverse “S” shape due to suction pressure mgideformation, similar to that of
soft natural clays caused by consolidation yietdsst. The suction pressuré of the
reconstituted clays can be correlated with the ratiinitial void ratio to void ratio at
liquid limit ep/e.. The suction pressure curve (SPC) defined by quenrelationship
between suction pressus¢ and the normalised void ratio at suction pressyeg is
also proposed to distinguish between the pre-sucind the post-suction states. In
addition, Burland’s concept of intrinsic compressibne (ICL) is adopted for
correlating the compression curves of various rstitated clays at high initial water
contents. It has been found that the void indexaigpowerful parameter for
normalising the compression curves in the post@oucitate. Nevertheless, it seems
that Burland’s ICL slightly underestimates the vaibex at the low stresses
considered in this study. An extended intrinsic pogssion line (EICL) is then
derived in order to better fit the data for stredsever than 25 kPa.

KEYWORDS: reconstituted clays; compressibility; initial watcontent; liquid limit;
soil properties; suction pressure

NOTATION

Cc = (€100~ €1000

e = void ratio

& = initial void ratio

e 100= Void ratio of reconstituted clays @t = 100kPa

€ 1000= Void ratio of reconstituted clays @t = 1000kPa
e = void ratio at liquid limit

es= void ratio at suction pressure

EICL = extended intrinsic compression line

ICL = intrinsic compression line

I, = void index

Pl = plasticity index

pre-suction state = effective vertical stress ialgnthan suction pressure
post-suction state = effective vertical stresgigér than suction pressure
r = coefficient of correlation

SPC = suction pressure curve

wi = liquid limit

wp = plastic limit

Wo = initial water content

o, = effective vertical stress

os = suction pressure



INTRODUCTION

Many studies have been carried out to assess te#guirmechanical behaviour of
natural sedimentary soils (e.g. Skempton and Ngrth®53; Houston and Mitchell,

1969; Nagaraj and Srinivasa Murthy, 1986; Hightaét 1987; Burland, 1990;

Leroueil and Vaughan, 1990; Cotecchia and Chanti8®7; Hong and Tsuchida 1999;
Chandler, 2000; Cotecchia and Chandler, 2000)ast een widely recognised that
natural sedimentary soils generally behave difféyeinom reconstituted soils due to
the effect of soil structure (e.g. Leroueil et 4B79; Leroueil et al., 1985; Locat and
Lefebvre, 1986; Schmertmann, 1991). The most netatshcept allowing quantitative

evaluation of the difference in compression behavioetween natural sedimentary
soils and reconstituted soils is the intrinsic coasgion line (ICL) proposed by

Burland (1990) with introducing the normalised vbidex,lv. Based on this intrinsic

concept, Cotecchia & Chandler (2000) and Chand?®0@) made an important
contribution by developing a sensitivity framewdok comparison of the mechanical
behaviour between natural sedimentary and recateditclays.

As noted by Burland (1990), the intrinsic compressturve was established
based on reconstituted soils at an initial waterteat of 1.0 and 1.5 times the liquid
limits (mostly 1.25 times). For natural depositsyever, their initial water contents
are not always around 1.25 times the liquid limialues larger than 1.5 times the
liquid limits can be obtained (Buchan and Smith99)9 Skempton (1970) reported
that the mean water contents in the top 250 mneafled are about 1.5 times their
liquid limits, and the clays deposited in tidaltfidave initial water contents close to
their liquid limits. Tsuchida and Gomyo (1995) reed that water contents of most
natural undisturbed samples obtained directly berdiin about the top 200 mm layer
of sea bed in Tokyo Bay, Hiroshima Bay, MatsushBag and Biwa Lake are within
the range of 1.5-2.0 times their liquid limits. Thesults from oedometer tests
reported by Certo and Lutenegger (2004) also inelitthat the initial water contents
of samples may significantly affect the intrinsiargmeters defined by Burland
(1990).

Several studies have showed that fine-grained abilseir liquid limit state have
measurable shear strength of about 1.5 — 2.0 kBaW&oth and Wood, 1978; Whyte,
1982; Leroueil et al.,, 1983; Locat and Demers, 198ssel and Mickle (1970)
studied a wide range of clays and observed thatigoél limit corresponds to the
water content at a moisture tension of about 6 HP@&se results are in agreement
with the liquid limit definition by Grim (1962, iflRussel and Mickle 1970): “...The
liquid limit is a measure of the water which canhs#d with any substantial rigidity,
and does not separate the particles, but approattieespoint where there is
substantially no bonding force between them...”slthus clear that the fine-grained
soils are not at fully virgin state at their liquiidnits. Subsequently, the soils may
present an apparent “preconsolidation pressure’n upmmpression. Note that the
increase of apparent preconsolidation pressuretalugiction or moisture tension
increase is commonly observed on most unsaturateegfained soils (e.g. Alonso et
al., 1987, Alonso et al.,, 1990, Cui and Delage, 6)9®bviously, this apparent
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“preconsolidation pressure”, called suction pressur Hong (2007), would have
significant effect on Burland’s intrinsic compressiline. In this paper, the term
‘suction pressure’ will be used in describing ghiieenomenon.

The objective of this study is to investigate thempression behaviour of
reconstituted clays using oedometer tests. Emplsapist on the following two points
that, to the authors’ knowledge, have not beentdeéh by former studies: starting
from a very low effective vertical stress of 0.58kRnd using specimens with a wider
range of initial water contents from 0.7 to 2.0 esnthe liquid limits. This work is
complementary to the intrinsic compression linecamt proposed by Burland (1990).
The following main questions will be addressed: lfbtyv does the suction pressure
affect the compressibility of reconstituted claygy how does the suction pressure
depend on the reconstituted soils nature? (3) ipo#sible to extend Burland’s
intrinsic concept to a wider range of initial watentents?

MATERIALSAND METHODS

The three clays (designated as Lianyungang clayn&au clay, and Kemen clay,
respectively) used in this study were taken fromnliungang city of Jiangsu province,
Huaian city of Jiangsu province, and Fuzhou city Fafian province in China
respectively, as shown in Figure 1. Lianyungang elad Kemen clay deposit around
Yellow Sea and East China Sea, respectively. Baintddy corresponds to a fluvial
deposit. The undisturbed samples of Lianyungang wiere obtained from the depth
of about 2.5 m below ground surface using a polvahloride tube of 300 mm in
diameter and 300 mm in height. The in-situ waterteot of Lianyungang clay is 66%.
The samples of Baimahu clay were taken from arsittaimed by the deposition of
soils dredged from the bed layer of the Grand Carta water content of Baimahu
clay is very high, about 3 times the liquid limithe samples of Kemen clay were
taken from the land reclaimed by the depositiosals dredged from the sea bed for
harbour construction. The in-situ water contenKemen clay is 60%.

The basic physical properties of these soils amvehin Table 1. The liquid
limits were measured using Casagrande Method (BB1Bart 2: 1990: 4.3); the
plastic limit tests were also carried out on themeaamples used for the liquid limit
tests in accordance with BS1377: Part2: 1990: &3suggested by Head (1992).
Figure 2 shows the plasticity chart for the invgsted soils. It can be seen that all lie
slightly above the A-line defined 31 = 0.73(v.-20), wherePI is the plasticity index,
andw,_ represents the liquid limit.

As noted by Head (1992), the initial effective vt stress for oedometer tests
should be appropriate for the type of soil to prév&oil squeezing out through the
clearance gap between the ring and the upper patisas The standard oedometer
apparatus is generally designed for an initial gwes greater than 6 kPa or 10 kPa.
Soils which are at an initial water content gredkem the liquid limit are often not
stiff enough to support such an initial effectivertical stress, and consequently soil
squeezing occurs. For this reason, in this stitystandard oedometer apparatus was
modified so as to be suitable for soil specimensigtt initial water contents, greater
than their liquid limits. The modified oedometerpapatus is equipped with a light
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loading cap and two weight hanger systems. A sctied&gramme of the modified
oedometer test rig is shown in Figure 3. The ti@hger is under the centre point of
the consolidation cell, while the second one isdame as for a standard oedometer
test rig. When the required vertical stress is kbss 12.5 kPa, the second weight
hanger used in the standard oedometer test rignved. The load is applied by
gradually adding weights to the first weight hangdére first vertical stress applied is
0.5 kPa. The vertical stress is then graduallyeased to 12.5 kPa, in the following
steps: 0.5 kPa, 1.5 kPa, 2.5 kPa, 3.5 kPa, 5.5kB&Pa, 9.5 kPa, 12.5 kPa for both
Lianyungang clay and Baimahu clay, and 0.5 kPakRd& 3.5 kPa, 6.5 kPa, 12.5 kPa
for Kemen clay. The effect of loading rate is nohsidered here. When the 12.5 kPa
stress step is completed, the consolidation sses$e25 kPa, 50 kPa, 100 kPa,
200 kPa, 400 kPa, 800 kPa and 1600 kPa are sulmébgapplied by adding slotted
weights to the second weight hanger in the sanf@diasas in a standard oedometer
test. The soil specimen has a diameter of 61.8 amea(of 30 ch) and a nominal
height of 20 mm. The duration of every load incratrie about 24 hours.

The initial water contentsy, of the clay specimens were adjusted within the
range of 0.7-2.0 times their liquid limits, as simoim Table 2. In total 42 tests were
performed on the three reconstituted clays. It khba mentioned that the specimens
were adjusted by adding and mixing with distilledtar. When the targeted value of
the initial water content (designed as 0.7, 0.8, 0.0, 1.1,1.2,1.3,1.4,1.5, 1.6, 1.7,
1.8, 1.9 and 2.0 times their liquid limits, respesly) is greater than the in-situ
content of sampled samples, distilled water wasedddnd mixed to make the
specimen approach the targeted value of the initeder content. When the targeted
value of the initial content is less than the ilrgiontent, the specimen was air-dried
to be somewhat smaller than the targeted valuen,Ttlee required quantity of
distilled water is added and mixed to approachtéingeted value of the initial water
content. After adjusting the initial water contetfie specimen was carefully put into
the oedometer ring by controlling the mass of fhecsnen. With the measured initial
water content shown in Table 2, the mass of a spatican be calculated in a fully
saturated condition. The measured values of massjauthe oedometer ring for all
specimens were almost identical to the calculatddes with an error being less than
2%.

COMPRESSION CURVES
Figure 4 presents the compression curves in tefnthanges in void ratio versus
effective vertical stress in a semi-logarithmic tpl@ - Iogav') for the three
reconstituted clays: Lianyungang clay, Baimahu dag Kemen clay, in (a) to (c)
respectively. The symbols used in the figures detitd various initial water contents.
It is interesting to note that all the compressoomves show an inverse “S” shape
except for the sample of Kemen clay with an initi@ter content of 122%. It should
be pointed out that the inverse “S” shape has selteen reported foe - logs,
compression curves of reconstituted soils with higiial water contents.

Burland (1990) reported that thee- Iogav' compression curves of reconstituted
clays at an initial water content of 1.0-1.5 tintles liquid limit are in a shape slightly
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concave upwards for the stress greater than 10KBag (2007) showed similar
results for reconstituted Ariake clays. The notabliference in oedometer tests
between Burland’s and this study lies in the ihitdfective vertical stress. For
relatively high stresses, when the effective vattstress is greater than the stress
corresponding to the inflection point of tlee- Iogav' compression curves, i.e. the
suction pressure as discussed previously, the @sgion curves shown in Figure 4 is
indeed slightly concave upwards, consistent wite thsults reported by Burland
(1990).

On the other hand, it has been well documentedthiese - Iogav' compression
curves of soft natural clays generally show an lig@€e'S” shape (e.g. Butterfield,
1979; Pelletier et al., 1979; Holtz et al., 1986t et al., 1992; Hong and Onitsuka,
1998). The consolidation yield stress developed thg soil structure during
depositional and post-depositional processes isidered to be responsible for the
small compressibility when the effective verticakss is lower than the consolidation
yield stress (i.e. the pre-yield state). The corsgitglity dramatically increases from
the pre-yield state to the post-yield state (e éffective vertical stress is greater
than the consolidation yield stress) (e.g. Butédfi 1979; Pelletier et al., 1979; Holtz
et al., 1986; Burland, 1990; Hight, et al., 1992).

The similarity of compression curves between rettuted clays and natural
soils indicates that there should be a particuiass responsible for the inverse “S”
shape of ellogs,” compression curves of reconstituted clays, simila the
consolidation vyield stress for natural soils. Tharticular stress is the
above-mentioned suction pressure. Hong (2007) sthothat there is a unique
relationship between the ratio of initial void e, to void ratio at liquid limite. and
the suction pressures for various reconstituted clays. In other worttse initial
water content of a given reconstituted clay mustespond to a suction pressure. It is
the suction pressure that resists the loads reguliilow compressibility in the range
of low stresses. This is similar to the consoligatbehaviour of natural soils when the
applied stress is lower than the consolidationdysttess. Hence, the suction pressure
of reconstituted clays can be determined in thees&mshion as determining the
consolidation yield stress for natural sedimensamys.

For soft natural soils, it is well known that itaten ambiguous to determine the
consolidation yield stress with the Casagrande atkttue to the inverse “S” shape
(e.g. Butterfield, 1979; Onitsuka et al., 1995) ttBrfield (1979) firstly proposed the
bilogarithmic method to interpret the oedometet tizda of undisturbed samples for
natural soils. The-logs,” compression curves with an inverse “S” shapelmmwell
represented by two straight lines in the plot af(le€) or In(1+€) against log,” or
Ine,". The effective vertical stress correspondingh® intersection point of the two
straight lines is the consolidation yield stressve3al researchers (e.g. Onitsuka et al.,
1995; Sridharan and Prakash, 1996; Hong and Omitsl®98; Hong, 2007) verified
the validity of the bilogarithmic method for undigbed samples of natural soils. They
showed that the oedometer test data of recongtittieeys can be also plotted by a
straight line in the bilogarithmic graph, as lorgythe applied vertical stress is larger
than the suction pressure or pre-consolidated sstidence, in the same way as



interpreting the test data of natural soils, theameeter test data of reconstituted clays
with an inverse “S” shape can be represented bystraight lines in the bilogarithmic
graph.

The oedometer test data in Figuraré replotted in the graph of In(@+against
logsy”, as shown in Figure 5. It can be seen that alldéta with different initial water
contents can be well represented by two straigigslin the bilogarithmic In(le} -
logsy” graph, except for the sample of Kemen clay andial water content of 122%
which can be almost represented by a straight Tihe.stress at the intersection point
of the two straight lines is the suction pressuife The left straight line refers to the
pre-suction state line when the effective vertisakss is lower than the suction
pressure, while the right straight line refers tte post-suction state line when the
effective vertical stress is larger than the surcpcessure.

SUCTION PRESSURE CURVE

The results of suction pressure measured by thestiagyht lines for the investigated
clays at different initial water contents are shawrrigure 6. It can be seen that the
suction pressures” decreases with an increase in initial water autrfier a given clay.
Under the same initial water content, the valueswdtion pressure decreases in the
order of Baimahu clay, Lianyungang clay and Keméay,cthe same order of
decreasing liquid limits.

Hong (2007) showed that the void ratio at liquiditie. can be used as a useful
index for normalising the relationships betweertiahivoid ratio e and suction
pressurers for various reconstituted clays. Figure 7 preseéhe relationship between
the measured suction pressugeand the normalised initial void rateg/e. for all the
studied reconstituted clays. Interestingly, a uaigelationship betweesy andeye
is obtained, within a quite large range of bothiahwater contents (43% - 180%) and
liquid limits (61% - 91%). Note that the initial vea contents are 0.7-2.0 times the
liquid limits. A regression analysis gives the d@oling simple equation with a
correlation coefficient of 0.96:

os (kPa) = 5.66/( #e)’ 1)
The above equation gives the value of suction pres®r various reconstituted soils
at their liquid limits as 5.7 kPa, quite close he walue of 6.0 kPa reported by Russel
& Mickle (1970) and Mitchell (1993).

Hong (2007) has proposed, in the absence of #éxsystion oedometer test data,
a method of determining the suction pressurédy extrapolating the post-suction
oedometer test curve to the initial void ragipin the bilogarithmic In(1e) - logs,
plot. The following normalised equation was giveyn Hong (2007) based on the
oedometer test data of Ariake clays at variousainwater content in the range of
1.0-1.4 times the liquid limits.

/e = (2.1465)% (2)
The comparison of Equation (1) with Equation (23h®wn in Figure 8. It can be seen
that within the range ady/e. = 0.7-2.0, the suction pressure calculated by Bougl)
is greater than that by Equation (2). This diffeerms mainly due to the extrapolation
in the method proposed by Hong (2007). As showRigure 9, the method of back
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extrapolation proposed by Hong (2007) implies thatdeformation can be neglected
when the effective vertical stress is lower tham shction pressure (a horizontal line
defined by In(1€p) up to the suction pressure in the pre-suctiotest&levertheless,
it is clear that the measured compression curvesaunstituted clays starting from a
very small initial vertical stress show that thenpwession curve is not a horizontal
line: compression deformation occurred in the etien state, as shown in Figures 4
and 5. As a result, the intersection point deteeatiby the extrapolating method from
the post-suction straight line to the horizontaleliof In(14e) proposed by Hong
(2007) lies on the left of the intersection point mre-suction state line and
post-suction state line, as shown in Figure 9. dih@ve comparison indicates that the
value of the suction pressure given by Equationg1grger than that by Equation (2).

In order to further illustrate the difference irc8an pressure between the method
in this study and the method of Hong (2007), th&ues of suction pressure are
determined by extrapolating the bilogarithmic ghailine to the horizontal In(Ze)
lines as proposed in Hong (2007) by ignoring theeexmental data in the pre-suction
state. The results are shown in Figure 10. It canséen that almost all suction
pressures determined in this way are significahthyer than that predicted by
Equation (1). Moreover, it can be seen that Equaft) underestimates the suction
pressures determined by the extrapolating methodaooig (2007). A similar result
was reported by Hong (2007) who showed that thé®supressures obtained by the
extrapolating method using test data available fiderature lie above the line
determined by Equation (2) which is derived basedtlte data on reconstituted
Ariake clays.

Figure 11 shows the relationship between sucti@sgure and the void ratio at
suction pressure normalised by the void ratio @aidl limit, e/e .. The regression
equation with a coefficient of correlation as hag0.95 can be expressed as follows.

efe. = 2/(c5)** (3)
The above unique line is termed the suction pressurve (SPC), which connects the
pre-suction and the post-suction state compressioves for various reconstituted
clays.

NORMALISING COMPRESSION CURVESWITH INTRINSIC CONCEPT
Burland (1990) introduced a powerful normalisinder designated the void indéx
to correlate the compression curves of variousnstitoited clays with the void ratio
at liquid limit e_ ranging from 0.6 to 4.5 (i.ev. = 25% to 160%). The void index is
defined as follows.

) ly = (*e — €100 / (€ 100— €1000 = (€ — €100) / Cc. 4)
where e 100 and e 1000 are the void ratios of the reconstituted clayshat effective
vertical stresses of 100 kPa and 1000 kPa, respéctiC. is termed the intrinsic
compression index. Burland (1990) reported that ¢bepression curves can be
normalised well by the void index for reconstitutdays with initial water contents of
1.0-1.5 times the liquid limits. The normalised gession curve can be expressed
by a unique line in terms of void index againsteefive vertical stress, which is
named the intrinsic compression line (ICL), and ahhcan be represented by the
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following equation.

ly = 2.45 — 1.285 log + 0.015 (log,)? (5)
whereg,” is expressed in kPa. Burland (1990) suggestad@iashould be used only
for effective vertical stress ranging from 10 kB&000 kPa.

Figure 12 shows the relationship of void indexsuereffective vertical stress for
Lianyungang clay at different initial water contentit can be seen that in the
post-suction state lying on the right of the suttmwessure curve (SPC), thdogs,
compression curves of various clays can be norgthlgell with respect to the void
index. By contrast, it is not the case for the guetion state: thie-logs,” curve with a
higher initial water content lies above that witlower initial water content. It should
be mentioned that the SPC in Figure 12 is expresseatrms ofl, versusos, where
the values ofl, were determined using the measured valuess,of 100 and € 1000
Similar results can be found for Baimahu clay areimen clay (the figures are not
shown here). It should be noted that the valuesief used in calculating, are those
directly measured at a vertical stress of 100 kdPall samples. However, the values
of € 1000 are determined by interpolation for both Lianyungalay and Baimahu clay
based on the post-suction bilogarithmic line. Fentén clay, the maximum effective
vertical stress being 800 kPa, the valuesefy are determined by extrapolation
based on the post-suction bilogarithmic line. Foately, regression analysis based on
the oedometer test data show a high coefficierinear correlation (i.e. larger than
0.99) between In(18) and log,” for all clays in the post-suction state. The erro
caused by interpolation or extrapolation is thussotered to be negligible.

The compression curves normalised with respectbtd index for the different
clays at different initial water contents in thespsuction state are compared with the
ICL, as shown irFigure 13. It can be seen that the void index ndeed be used as a
powerful index for correlating the compression @asvWhen the effective vertical
stress is larger than 25 kPa, the experimentaltsefarm a reasonably unique line.
Interestingly, this line is almost identical to tHeL proposed by Burland (1990).
Within the range from 1.5 kPa to about 10 kPa,exgerimental data are to a certain
extent scattered and lie a little above the ICLwideer, the regression analysis gives
a coefficient of correlation as high as 0.99 when normalising the compressiores
within the range of 1.5 kPa - 1600 kPa. The regessquation is expressed as
follows.

l, = 3.0 —1.87 log, + 0.179 (logy")? (6)
where ¢, is expressed in kPa. This line is referred totles extended intrinsic
compression line (EICL), which extends the ICL afrBnd (1990) to an effective
vertical stress as low as 1.5 kPa.

DISCUSSION ON INTRINSIC PARAMETERS

As can be seen from the definition of void inddwe & 100 and theC, are essential for
determiningl,. Since the ICL or EICL is not routinely measur&irland (1990)

suggested tha 100 andC, may be estimated using the following empirical a&@pns

when test results are not available.

€ 100= 0.109+0.679e-0.089¢°+0.016¢> @)



Ce = (€ 100-€ 1000 = 0.256—0.04 (8)

The results of oedometer tests on four clays @ilriwater contents of g, 1.25%v,
1.5x and 1.75w; obtained by Certo and Lutenegger (2004) illustradfeat the
values ofe 100 and e 1000 can be significantly affected by the initial watantents.
The results shown in Figureadso indicate that the positions ®fqo ande 1900 for a
higher initial water content lie above those fotoaer initial water content. The
relationships ofe 10o versus initial water contenty and C. versuswp for the
investigated clays with different liquid limits apresented in Figures 1dnd 15
respectively. As can be seen, the values of oty and C. increases with the
increase in initial water content for a given cltiycan also be seen thatoo andCe
for a clay with a larger liquid limit are greatéian those for a clay with a lower liquid
limit. These observations suggest that both inwiater content and liquid limit affect
the parameters 100 andC; , in agreement with the results of Certo and Lujeee
(2004).

Figures 16and 17 show the comparisons between the measured and th
calculated values of 100 andC. respectively. Note that the calculations are made
using Equations (7) and (8) by considering anahivater content of 1.2%. The
calculated values af 190 are consistent with the measured values. But almilated
values ofC; are smaller than the measured values, especallyianyungang clay
and Baimahu clay. It appears that the rational dogbimethods of predicting the
parameters by accounting for the effects of boitainvater content and liquid limit
need more experimental results and future studies.

CONCLUSIONS

The e-logs,” compression curves starting from a very low difecvertical stress of
0.5 kPa for reconstituted clays at initial watentemts of 0.7-2.0 times their liquid
limits show an inverse “S” shape, similar to satural clays. These inverse S-shaped
e-loge,” compression curves can be well represented by dtnaight lines in the
bilogarithmic plot.

The effective vertical stress corresponding to ititersection point of the two
straight lines in the bilogarithmic graph is thectson pressuress, which has a
reasonably unique relationship with the initial dvaatio normalised with respect to
the void ratio at liquid limitey/e.. The unique relationship can be expressedsas
(kPa) = 5.66K/e ).

The suction pressure curve (SPC) corresponds to stheing points of
compression curves in the post-suction state, whih be expressed Bye =
2/(6s )>*%. The SPC is derived based on the unique relatipriftsuction pressure
versus the void ratio at suction presseyaormalised with respect to the void ratio at
liquid limit g.

The void index proposed by Burland (1990) is a pdweandex for correlating
the compression curves of various reconstitutegscht initial water contents of
0.7-2.0 times their liquid limits, if the effectiweertical stress is larger than the suction
pressure (i.e. the post-suction state).

The extended intrinsic compression line (EICL) egsed byl, =
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3.0-1.87xlog, +0.179x%(log")* is proposed allowing extension of the ICL to lower
effective vertical stresses than that considere®infand (1990). Indeed, when the
effective vertical stress is higher than 25 kPa,EhCL is almost identical to the ICL,
but the former lies a little above the latter fertical stresses lower than 25kPa.
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Table 1. Basic physical properties of reconstitutieays

Soils Density of soil particles  Liquid limit Plastic limit Sand (0.06-2mm)  Silt (0.002-0.06mm) Clay (<0.002mm)
(Mg/m?®) (%) (%) (%) (%) (%)
Lianyungang clay 2.71 74 33 1 76 23
Baimahu clay 2.65 91 38 6 74 20
Kemen clay 2.67 61 30 8 73 19
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Table 2. Initial water contents of reconstitutealysl

Soils Initial water content Liquid limit Wo/w
Wo (%) w (%)
Lianyungang clay 146 74 1.97
Lianyungang clay 142 74 1.92
Lianyungang clay 135 74 1.82
Lianyungang clay 127 74 1.72
Lianyungang clay 119 74 1.61
Lianyungang clay 114 74 1.54
Lianyungang clay 104 74 1.41
Lianyungang clay 96 74 1.30
Lianyungang clay 92 74 1.24
Lianyungang clay 85 74 1.15
Lianyungang clay 78 74 1.05
Lianyungang clay 68 74 0.92
Lianyungang clay 59 74 0.80
Lianyungang clay 50 74 0.68
Baimahu clay 180 91 1.98
Baimahu clay 174 91 1.91
Baimahu clay 163 91 1.79
Baimahu clay 153 91 1.68
Baimahu clay 143 91 1.57
Baimahu clay 137 91 1.51
Baimahu clay 126 91 1.38
Baimahu clay 119 91 1.31
Baimahu clay 111 91 1.22
Baimahu clay 101 91 1.11
Baimahu clay 91 91 1.00
Baimahu clay 83 91 0.91
Baimahu clay 72 91 0.79
Baimahu clay 64 91 0.70
Kemen clay 122 61 2.00
Kemen clay 116 61 1.90
Kemen clay 110 61 1.80
Kemen clay 106 61 1.74
Kemen clay 99 61 1.62
Kemen clay 91 61 1.49
Kemen clay 87 61 1.43
Kemen clay 80 61 1.31
Kemen clay 72 61 1.18
Kemen clay 66 61 1.08
Kemen clay 62 61 1.02
Kemen clay 57 61 0.93
Kemen clay 48 61 0.79
Kemen clay 43 61 0.70
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