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ABSTRACT

This study focused on using the resufgiezocone sounding (UCPT) and dissipation
tests to estimate overconsolidation ratio (OCR) and consolidation propesteasd kn) of
soil. Currently,several existing methods for estimating OCR from uCPT results are ranging
from empirical to theoretical approah Therefore, the methods for estimating OCR from
uCPT results have been investigatddlo r e otvleed ,ex i sti ng met hods
consolication propertiegcy andks) of soil from uCPT resulta r € i nv esti gated
| abormotdtedrgeesul ts and the field cases.

The applicability of three (3) existing me
investigated with atrwalnwe t GllePejsinigrhetHods havea s e s
empirical parameters, and if the empirical parameters can be determined properly, reasonable
values of OCR can be estimated. However for underconsolidated deposits, some of existing
methods performed poorlirherefore, a new method for estimating the value of OCR based
on Modified Cam Clay theory has been proposed and modifications of existing method to be
applicable for underconsolidated sites have been carried out. Finally, the proposed method
and the modifed existing methods have been evaluated using field data and it is shown that
the proposed method can yield better results.

Totally fifteen (15) laboratory model tests on piezocone penetratirCPT) and
dissipation were conducted usifige typesof soil and over consolidation ratio (OCR) qf 1
2, 4, andB. Five types of soil, namely, remolded Ariake clay, Ariake clay mixed with a sand
with sand/clay ratios (by dry weight) of 50:50 (Mixed soil 1), 60:40 (Mixed soil 2), 70:30
(Mixed soil 3),and 2080 (Mixed soil 4), respectively were used in the laboratory model
tests.The laboratory model ground was prepared tylandrical container (chamberade
of PVC and has amner diameter of 3485 m and a height of 1.0 mThe soils were
thoroughly mixedwith a water content of about 1.2 times their liquid limits (LL), and
carefully poured into the chamber layer by layer until the thickness of the model ground was
0.8 m.Piezometers were placed at{oletermined locations in the modelmeasure the pore
water pressure during po®nsolidation processAn air pressure was applied tore
consolidate the model groun@nce the degree @re-consolidation was more tha®%, the
air pressure was adjusted to achieve the desired value of &f@R the pre-consolidation,
the thickness of the model ground was about 0.6 m. In case of OCR > 1.0, unisadidg

induce negative pece pressure in the model ground. this kind of casethe piezocone

Vv



penetratiorand dissipatiorwas conducted after the negatemcess pore pressure dissipated

Two mini piezocons (Uz) have cone tip angle of 8@vith diametes of 30 mm20 mm were

used in the laboratory test. The filter for pore pressure measurement is on the shoulder of the

cones. Theenetration ratadopted wa25 mm/min (0.4 mm/s).

Based ordissipation test results|l aneasured dissipatioturves are nostandardype

whereu, increased initiallyand then dissipated with tim&herefore,Chaietal ( 2012 a) 0 s

method is used for estimating the coefficientcohsolidation ¢,) from uCPT laboratory
model test results. As a result, the method perforraadonablywvell for all soil types.(For
Mixed soils;resultsarelying betweerratios ofci/c,0f 0.2 to 1.0, and for Ariakeclay; results
areline betweerratios ofci/cy 0f 1.0to 2.0) Therefore, it is recommended that the method
can be used in engineering practice of estimatiigr om t he resul ts of
t e However, when applying the existing method (Cledi al 2011) for estimating
permeability (kn) to the model test results indicates thia¢ method performed poorly for
overconsolidated soilslt can be seen thatinder the condition of a given maximum
consolidation pressurthe measured values & slightly increased with OCR, while the
estimated values ¢ decreased with OCR significantigr all the soil types.

Thus Chaietal ( 201 1) 6 s met h o dto bde applicdble ferroveroansbiidated e d

soils. Since in the method is a function ogp%, (aau is themeasured excess pore water
c V0

pressureand Uso is the initial effective \ertical stresss), the basic idea of the modified

method is to include the effect of OCR @% . Then the modified method for
C V0

estimatingkn corresponding to yield vertical effective streSsn(ay and vertical effective

stress i) for OCR >1.0 has been establishdd case of estimating the valuie

corresponding to vyielding vertical effective stress, the proposed method needs two

parameters, namely, OCR and a model paramgt&vhile if the value ok, corresponding to
the initial vertical effective stress is required, two more parameters, i.dingwedex Cs)

and the initial void ratiogp) are neededt is suggested thafs and ep have to be estimated

based on local dataase about soil properties; and OCR can be estimated using the results of

uCPT.As for Uvalug it is related to soitypes. It is recommended to classify the soil type
using Robertsolina,t 29 MO )i e tlhlo dne ttwodd) sitesa s
in Japan and one (1) site in Chilg. comparing the estimated valueskgpfrom the results of

uCPT and the meared values ok, it shows that the modified method resulted in much

better estimation of values kf.
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CHAPTER ONE
INTRODUCTION

1.1 Background

In geotechnical engineeringjiezocone penetration test (UCPT) is widely used as an
economic and efficient site investigation technique (e.g., Campaarefl&obertson 1988
Lunne et al 1997 Liu et al 2008). Cone penetration testsave been used for site
investigation since 1932 wheP. Barentsen, a Dutch engineer, used the cone to measure tip
resistancesvith a depth of 4 m from the ground surface (Broms and Flodin 1988)main
advantages of uCPT are its simplicity, repeatability, and speedity. uCPT provides near
continuous measements of tip resistancey), sleeve friction f¢), and pore water pressure
(u) at theshoulder (standard) of the cofiéhe cone can be hold at a ftetermined depth to
measure the pore pressure dissipation process, whichled pgezocone dissipatiotest
From the results of the piezocone penetration and dissipation tests, the soil profile and other
engineering propertiessuch as undrained shear strengsh) (©f clayey deposits (e.g.,
Campanelaand Robertsonet al 1988 Arulrajah et al 2009, permeability of soil in
horizontal direction(k,) (e.g., Robertsonet al 1992; Lunneet al 1997; Sullyet al 1999;
Elsworth and Lee 2005; 2007; Chatial. 2011, coefficient of consolidationcf) of soils in
the horizontal direction (e.g., Teh and Hzly 1991 Arulrajahet al. 2007 Sully et al. 1999
Chaiet al 2012a)and Overconsolidation ratio (OCR) (Robertson 1998yne and Kemper
1988 Wroth 1984)can be estimated.

Overconsolidation ratio (OCR)an be determined frotaboratory oedmeter test using
undisturbed soil sample. Howeveg retrieveundisturbed soil sample is costly, and test
results can be influenced by several factors such as sample disturbance, interpretation method
employed for determination the maximum past consolidatieaspire (), etc.To minimize
these problems, numerous researches have been carried out and existing methods for
estimating OCR from uCPT results are ranging from empirical to theoretical apgsoach
(Mayne 1991; Trevor and Mayne 2004jnneet al. 1997, which requiredsome empirical

parameters



To evaluate the coefficient of consolidatioon)( of the soil from the piezocone
dissipation test resuit generally the theoretical results of radial consolidation are used
(Baligh and Levadoux, 1986; Teland Houlsby, 1991; Robertsoet al, 1992; Sullyet al,

1999; Chaiet al, 2004; Robertson2010). Most methods for evaluating the coefficient of
consolidation in horizontal directiom,) from piezocone dissipation test results are based on
the assumption thaduring dissipation process, the measured pore water pressure reduces
monotonically which iscalled fistandard dissipationcurve. Among these existing methods

for estimatingc, from piezocone dissipation testhe most widely used is the one proposed by

Teh and Houlsby1991).However,in heavily overconsolidatedlay depsits or dense sand
deposits,when the dissipation starts, there is an increase of measured pore water pressure
initially, and then dissipatedith timeto hydrostatic valuéLunneet al 1986; Battaglicet al

1986; Sullyet al 1999; Burnsand Maynel998) which iscalled finonstandarad dissipation
cuve. The most wi de Ingnstandardaligsipationcuweeis propoded byo r
Chaiet al (2012a).

Elsworth and Lee (2005; 200pyoposed a methodased on basic assumptianthat
during the piezocone penetrat i o4waterwailférrdy nami c
around the tip of the cone and the diameter of the spherical cavity is assumed to be the same
as the diameterfdhe coneThen applyingDar cy6s | aw to an assumed
the penetration of the conéhe permeability(kn) in horizontal directionof soil can be
estimated.However, this methods applicable only for sands and it is not applicable for
clayey soil deposits. Chai al (2011) modi fied EI sworth and
range to be applicable for almost all soil types in normally or lightly overconsolidated states
(OCR<20) While, there are many cl ayey soil der
OCR O 2.0, what is the effsestdlhotolerr OCR on esti

1.2 Objectives and Scopes

For soil investigatios, borehole works are very costly and it is very difficult to obtain
high quality undisturbed samples. These problems can be minimized if the design parameters
can be estimated frothe results of irsitu tests, such agCPT tests. This study is focused on
estimatingODCR and consolidation properties of soil, egefficient of consolidatiofic,) and
permeability(k) in the horizontal direction from piezocone test resdltee main objectives

of this study as the followirsy



1 Toestablisle r emewabbd for dstoimmautCbPnlg r@GRII t s.

i Toestablishr e | imeethols for determining the coefficient of consolidatiam)(and
permeability (kn) in the horizontal directiorfrom laboratory model test results of
piezoconetests The estimatedc, and kn values from laboratory model test are
compared with that the values from laboratory oedometer testsies

1 To compare and confirm the predictions with the laboratory model test results and

field cases.

1.3 Organization of the dissertation

This dissertation is divided intsix chapters. Fig 1.1 shows the flow chart of this
dissertation. First chaptemtroduction,gives background, objectives and the scope of the
research.

Chapter 2 presents a literature review regarding to various existing methods that have
been used to determine tbeerconsolidation ratio (OCRgoefficient of consolidationcf)
and permeabilitykn) in horizontal directiorfrom piezoconédest resultsaswell as their short
comes.

Chapter Joresentghe proposed methddr predicing the overconsolidation ratio (OCR)
and its validation Fumotrheer t wo exi sting methods, modi f
that theydcaon bedaeppbneoli dated deposits.

Chapter4 describes théaboratory setip of piezocone penetration and dissipation test,
the soilsused forlaboratory modetests, cases tested athe test resultsThe comparisorof
the results from the laboratory modebktandthe estimated consolidation properti®sthe
existing methodarealso presented in this chapter.

Chapter 5presents a proposed method for estimating permeafkhtyfrom piezocone
test results for overconsolidated soilfie comparison dfaboratorymeasured andstimated
resultswith the proposed method are also presents in this chapter also. Moreover, validations
of the proposed method by using 3 field cases are discussed.

Finally, the conclusions drawn from this study and nec@ndations for future works

are given in Chaptes.



METHODS FOR ESTIMATING OCR AND CONSOLIDATION
PROPERTIES OF SOIL FROM THE RESULTS OF PIEZOCONE
TESTS
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CHAPTER ONE
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v
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Fig. 1.1 Flow chart of this dissertation



CHAPTER TWO
LITERATURE REVIEW

2.1 Introduction

In this chapterthewidely exisitingmethods forestimatingthe value of OCRcoefficient
of consolidation(cr) and permeabilityks) from uCPTand piezocone dissipation tessults

are reviewegdand their short comes are discussed.

Shaft ——»
u3
Sl'ee.ve
friction
Shoulder
\ .

Cone face—— yW U,

Fig. 2.1 Location of pore pressure elements
2.2 Measurements from Piezocone Test

The standard cone penetration provides nearly continuous measurements cftépaes
(o), sleeve friction f6) and pore water pressure) at the shoulder of the cone (standard
cone)or face,or shaft of the cone (Fig. 2.1)\s an exampl®f piezocone penetration test

resultsata location inSaga Japarare shown in Fig.2.2.

5
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Fig. 2.2Piezocone penetration test resalts location in Saga, Japan

(1) Tip resistance )

The measured axial forcd=d) divided by the crossectional areaAt) gives the
measured tip resistancgs = FJ/Ar. While, this stress must be correctiat pore water
pressures acting on the slot behind the shoulder of the (Eamne2.3) Therefore the true

total tip resistance from the sad calculated byhe following equation (Baliglet al 1981

Campanellat al. 1982)

¢=¢ 1 g).u

16

(2.1)



whereq; = corrected total tip resistance,, = measured pore pressure at the shoulder of the
cone,an = net area ratio = A1 = 0.60 to 090, whereAr s total crosssectional area of the

cone andAn is the effective area of the cofleig. 2.3)

Filter element

Fig. 2.3 Total and effective stress area of cone

(2) Measured pore waterpressure (1)

The porewater pressuredu) can bemeasuredat different positions on theilgzocone
Thefilter element for measuring can beat the face (1), the shoulder(uz), or shaft(us) of
the cone (Fig. 2.1)Themost widely used cone istypeand it is called standard cone.

7



(3) Sleeve friction s)

The measured axial force over the sledw i6 divided bythe sleeve are@d) to obtain
the sleeve frictionfs = FJ/A. However, this too requires a correctiovo porewater pressure
readingsare needeu. andus), taken at both the top and bottom endthefsleevéFig. 2.3).
Hence total sleeve frictiorfi can be described by the following equatidangiolkowskiet
al. 1985)

f.of, b, u (22)

a u, 0
b, =apdt, +aL:> § ah) @3
¢ 2 =

whered;, d2, d3 are the diameter at different location of the cdpnd3 are the thickness of the

sleeve at different location of the cone (Fig. 2M%);is the height of sleeve. For most
practically used cone, the value lofis small ando, = 0.014 is suggested for the Swedish
CPTu standard (e.g., Lunegal 1997).

(4) Normalized tip resistance @), sleeve friction 1) and pore pressure ratio Bq)

Theresult fromCPT datacanbe presented in terms of normalized cone resist@pge
friction ratio (Fr), and the pore pressure rafi®,) (Wroth 1984) The expressions fap, F: ,
andBq are as follows:

Q=2"w (24)
S v0
F=_" (25)
qt - vO0
Du
B, = (2.6)
qt - SVO

wheresyands jo are respectively the total and effective overburden pressgge; Swo i Us,

andus is the equilibrium hydrostatic pore water pressdie.= u> i Us, Uz IS the pore water

pressuraneasured at shouldef the cone



(5) Dissipation curves

Whenthe peizocone penetrates into the ground lzedtedat the predetermined depth
the penetrationnduced excess pore pressure wilbsequentlylissipate. Th recorded pore
pressure variation during dissipation processalledfi d i s s i p a tGemerally,dhere v e 0
are two types of dissipation curvérst type shows monotonic decreasing of measured pore
water pressureuf) with elapsed time anditsal séeédndar do curve as sho
Normally, this type of the curves occurs in normally consolidated clay deposits or loose sand
depositgBurns and Mayne 1998)

Another type is that when dissipation test startedirst increasing from an initialalue
to a maximum and then decreasing t-ot andagrdd®ds
curve as shown inFig. 25, this type of dissipatiomften occurs in overconsolidated clay

deposit or dense sand deposit.

Excess pore€ pressure

Time, t

Fig. 24 Standardlissipation curve



Excess pore pressurc

[ . Time, t

Fig. 25 Non-standardlissipation curve

2.3 Methods for estimating overconsolidation
I n geotechnical engineering, generally a p
i s used to I ndicatsoitlhedepaseists, hwhsitcohr gc aof b e

| abor at otregr oceadmanel i dati on test wusing undi stu

undi sturbed soil sample is costly, and test
sample disturbance, i nterpretat henmamisthonoh pr
consolidatiippn Tphtersesfuormenfi mietywlods f ort hdeet er n

value baveOCReenn spitnbgp o soefd uplitesz o ¢ o(nMa ysmoeu nld9 9nig;
Trevor andLMapre aDDD4A ;
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23. Undr ained shsgarapptrroearccht { Met hod 1)

Piezocone sounding results are widel)y usec
of claye@yosghl smpi rBalad g.lcaal)9r8edT la¢ i eqpqsat(i on i s

_ (Qt - st)
LN 27

whedgiies c ot itrgecstiesdt &Nwnicse aancdone bea2l nlgi sftasc tsoorm
proposed valNwes (ranges) of

Tab2.8ummary of Nhe parameter

Reference Nk t Location/ Comme
Aast. a(1986) 816 For cl alys 5WBAYncr eake
Rad and Lunne 829 Nkvaries with O
Powel | and Qua 10
Karl srud (199€ 615 Nkdecrea8es wit
Rashwa.na(l( 005 11 Ariake clay, J
Honegt. a(2010) 7-2 0 Busan cl ay,Ilp<K c4rOoe%a
Al meatdaa( 2010) 4-1 6 Hi gh plastici iy, 490
Larsson (2015) 16. 3 Swedish clay, S

Ladd and Heotetl o(pled74) met hod t o express t he
which is named ass tSIHANSS BP ymamloah o mal i zed
propérti SHANSEP testing was developed at MI 7
evaluating the undrfai daled sbéati sfigamndt DR fve s
whiacdin be expressedilkbpnlfeluawi og: emp
A =5 OCR ( 2)8
S v
whe®anmdare constants. Ladd and DeGromits (200 3
approxi mande2®SfOof@®r organic soils, notSincl ui
value of 0. 25. Using simple shear (DSS) tes
Wroth (1984) propos8as afmlelgquvati on esti mating

11



1.
==sinf' 2.)9
2l 2 .)

wh efjies i netfefrercali i on angloenba fn i a2 gs7(EXRBs.. aBry
expression for OCR g@avayhme )d&Or8Bi6ved as foll ow

<o - 1/m
&g - s 0.1 @

OCR=ég—" vo ?— — 2.)210
ec th : IVOCS E ( )

23 . Nbrmalized tip resistance ;) approach (Method 2)

Another empirical method that was extensively used for evaluating OCR from uCPT
results usinghormalizedtip resistance@) in Eq. (2.4).The relationship between OCR and

Q: can be expressed as (Mayne and Kemper 1988):

aa -
OCR= l@eq‘sisw (2.12)
(; v0

wherek is a constant. Table2summarizes some proposed valuek.of

Table2.2 Summary of the parametier

Reference Kk Location/Comment
LefebvreandPoulin (1979) 0.250.4 Norway & UK sites
MayneandHoltz (1988) 0.4 World Data
LarssonandMulabdic 0.29 Scandinavian Soils
(1991)
Mayne (1991) 0.33 Cavity Expansion & Critical State Soil
Mechanics Analysis
Leroueilet al (1995) 0.28 Eastern Canada Clays
ChenandMayne (1996) 0.305 205 Clay sites
Lunneet al (1997) 0.20.5
Mayne (2001) 0.65(p) %% lp is plasticity index.
Mesri (2001) 0.250.32 su/s p=constant interpretation
Abdelrahmaret al. (2005) 0.20.5 Port Said Site, Egypt
Pant (2007) 0.14 Louisiana Soils 7 Sites

12



Based on SHANSEP approach, Sayal (2013) proposed a twparameter method to

estimate the value of OCR frogh as follows:

0 ey

a Q

OCR:ac'Q*t ) 2.12
C~Ne

where Qne and mCPTu are two empirical constants. It was suggested @at can be

estimated from plasticityndex (p) andmeprufrom liquid limit (LL) as follows:

Forl_ <9 Qc= 2318 236, (2.13
For 65> 1, >9 Quc = 3.98- 0.0f{lp) (2.19
Forl, > 14 Myer, = 0.041,) + 0. (2.19
Forl, ¢ 14 Meer, = 0. (2.19
For LL<32, Qc= 50 LL- 2p -45 (2.17
For100< LL ¢32 Q= 3.69- 0.010 LL -2 (2.18
For LL > 35 Mer, = 0.013 LL- 25 +0.¢ (2.19
For LL ¢ 35, Mypr, = O. (2.20

Since Eq. 2.11) only needs one empiricparameter but Eq2(12 needs two empirical
parameterg¢Qnc andmepty), it is considered that EQR.(L]) is more practical ani is used in

this study.

2.3.3 Approach based on avity expansion and critical state soil mechanics theories
(Method 3)

Mayne (1991) proposed a method for estimating OCR by combining the theories of
cavity expansion and critical state soil mechanics. OCR can be computed by the following

equation:

13



1/

&

OCR= ze—geu al 2.21)
)

eLOBM+17s g
whereM is the slope of critical state line py-q plot (p;is mean effective stress ands

6sinf '
3-sinf'

), andL = 1171 a/e-(a-and o are slopes of virgin loading and

deviator stress)M =

unloadingreloading curves in void ratie versus Ing;j) plot). The range oé/e-is 1/5 to 1/10,

and therefore/ = 0.8t0 0.9

Trevor and Mayne (2004%ollected some field data andodified Eqg. 2.21) with a

correction factoms follows:

1/L
a 02
OCR=2(0.029 +0.40M éiae—”z &l (2.22

GO ITS

2.3.4 Limitation of the methods

Soil parameters and/or empirical parameters needed in each method are summarized in

Table2.3.

Table2.3 Summary of parameters needed in each method

Method Soil properties Empirical
parameters
- Nk, S m
2 - k
3 f/' L

As i ndica23ed eixnc eTpatb | Me x he it B dml Netelle s o me

parameters. There are disadvantage and adval
The disadvantage is that the val uefottedmas:e
measured values or deter mitrhaedlv dats@&ge oins | olte |
of |l ocal soil s can nhteo itrhdei reencptillihyie ecaol nis adreear meedi

14



identify which method cahi akeksel talimesootsi ©C

measured UCPT sounding results and | aborator
2.4 Met hods doafficieneosconsatidation (r) g
2.4.1 Methods for standard dissipation curves

The methods of estimating the valuecefrom thestandardlissipation curves have been
proposed by Torstenss¢i977) Baligh and Levadoukl986) and Teh and Houlsk§991).

Torstensson (1977) suggested that the pore pressures in the soil caused by steady cone
penetration can be estimatedthg solutions corresponding to cylindrical or spherical cavity
expansion theoriesTorstensorproposed to estimate the coefficient of solidationat 50%
of consolidation by the following expression:

c, = Teo R (2.23)
tSO
where Tso = time factor at 50% consolidation predicted by tineory of uncoupled

consolidation analysis (finite different method) as a functio,pf 5, and the type of cavity

(cylindrical or spherica)lEu.= Young6s si®ouhdrdinedsshearrstcength of the clay
respectivelyiso = measured time to achieve 50% consolidation;Rrdadius of the cone.

BalighandLevadouxoés (1986) solution was devel
analysis and initial pore pressure distributions calculated by the strain path method for
undraing penetration with soilproperties of Boston blue clayAt a given degree of
consolidation, the predicted horizontal coefficient of consolidati@btained as:

TR

C, = r (2.24)

where T' = time factor (at 50% degree of consolidatidn, = 5.6) t = measured time
correspondingo the given degree of consolidation

The most widely usethethodis the one proposed by Teh and Houléb§91). Based o
the results othe initial pore pressure distributiggnoposed that, can be calculated as well

as dissipation process depeandthe value ofigidity index of soil(l; = G/S).

15



o t

50

where T" = modified time factor corresponding to 50% degree of consolidation. For pore
pressurdilter located at the shoulder of the coifie= 0.245,whereG is the shear modulus,
andsy is undrained shear strength

2.4.2 Method for non-standard dissipationcurves

As for the nomstandard dissipation curve, only few methods are availéliai et al
(2012a)conducted uncoupled dissipation analysis with different initidistributiors using
finite different method, and proposed an empirical equation foectimgtso. The correction

equation is as follows;

t
t50c = ét 50 087 N 3 (2.26)
a 0]
1+ 185 umax .. r v

wheretsq is the corrected time for 50% dissipationstted measured maximum excess pore
water pressutetumaxis the time for measured excess pore pressure to reach its maximum

value. Then substitutee: into Eq. @.25) in the place ofso to calculate the value @f.

2.4.3 Discussions

For astandard piezocone with a shoulder filter elemep), the dissipation tests show
two types of dissipation curves. One is monotonically decreasing pore water pressure, which
i s of t en observed I n nor mal ly costaaaldi dat ed
dissipationcurve. However, in overconsolidated cohesweds, a dissipatiogurveshows an
initial increase in pore water press and then decrease to hyéis pressure, which is
called finonstandard dissipationcurve The most widely used method for estimating the
coefficient of consolidatiorin horizonta direction €n) for standard dissipation curve is
proposed byTeh and Houlsby(1991). As for norstandard dissipation curv€hai et al
(2012a)proposed an empirical equation for correctiss@stsoc which substitutethe tsoc value

in the place ofsginto theequation proposed byeh and Houlsby1991).

16



2.5 Met hods demeabilgysk,)i mat i ng

There are several methods for estimatkigralues from piezocone sounding records.
Most of the proposed methods are empirical, and some of them only provide a likely range of
kn value (Robertsoet al 1992). Elsworth and Le®Q05;2007) proposed a seithieoretical
equation for estimatingn value, but the method is only applicable to sandy soils. €hal
(2011) modi fied EI s wo,andhhe modiled methodapplicali?2e@o0 7) me

most soil types
2.5.1 Existing methods to estimatgermeability
@ EIl sworth and Leebs met hod

Elsworth (1991) proposedanalogy exists between cone penetration and the behavior of a
point normal dislocation moving within a saturated porous elastic medium and leaving a
remnant void. The penetrometer displaces a volume, and with the advancing of the cone
which represented by point normal dislocation of equivalent volume. The point dislocation
within a saturated porous elastic medium couples displacements with the generation of
undrained pore pressure within the surrounding area and also &loniag a steady flow
around ke void where rate othe flowis controlled by permeability.

Elsworthand Lee (2005)proposed a methoblased orthe dislocation model (Elsworth
1991) with finite radius penetrometer approachhe basic assumption is that during the
piezocone penetratipai d y nami ¢ st eady 0 -veaerhwil foimcaelndthd ow o f
tip of the coneand he diameter of the spherical cavity is assumed to be the same as the

diameter of the conélhe rate of spherical flow of poreater through the periphery of the

cauvty (Q) is assumedo beequal tothe rate of volume penetratiéD\'/) of the cone (the
continuity assumption).

ApplyingDa r c y 0 she dssumedpherical flow, and assuming that zero excess pore
water pressure exists at an infindestance from the cone, an explicit equation has been
derived to calculate the soil permeability. The basic conakfitis method is illustrated in
Fig. 26. The equation proposed by Elsworth & Lee (20@B)dstimating the valuef k, is:

:M or KD :M (227)

& 4s°, R gqU
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wherekn is the permeabilityof soil in horizontal directionu; is the absolute pore water
pressure measured by the piezocareés the initial hydrataticpore water pressurey is the

unit weight of waterandKp is a dimensionless soil permeability index, which can also be
expressed as:

Ky = 1 (2.28)

B,Q

Elsworth and Lee (2005)described thaEq. (227) can only be used for the case of
partially drained conditions in the soil ahead of and surrounding the cone penetrometer. This
means that the value kfof the soil must be low @ugh for excess pore water pressure to be
generated, and at the same time it must also be high enough to aboe foi on of fidyn

s t e a d ywater flowr areund the cone.

Elsworth and Lee (2007) collected some of the available data from field piezocone
soundings and measured soil permeability valke®( the same soils, arsliggested that Eq.
(2.27) should be used only foBsQ: < 1.2, that is, for soils wittk>10° m/s, which

corresponds to fine sand.

2R Spherical radial flow rate:
—F I ¢=4ar%k

Rate of volume
penetration:
AV = 7R°U
[

Pore pressure
distribution

From Av =@, k can be determined

Fig.26Basi c concept o(008)mstwdr th and Leebd
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Fig. 27 Relationship between measured stbmensional hydraulic conductivitgp andBqQ:
from piezocone test (data froeisworthandLee 2007)

As a consequence, Elswortind Lee (2007) modified th&p i (BqQt) relation and
suggestec@ new equation (Fig. 2.7)
0.62
(8.Q)

(b) Chaietal (2011 s met hod

Chai et al (2011) modified ElsworttandLeed s (200 7)) met hod and
theoretical equations for calculatiRgvalues from uCPT soundingsdts. The btlinearKp -

(BqQ) relationship proposed is as follo=g. 2.8)

For B4Q: 00.45 Ky = (2.30)

L
B.Q
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0.044

and foquQ'[ >0.45 KD = W (231)
q <t
2
10 Ko = 0-044/(B,Q)*®"
10"t *
HH‘)Z%%-%—E % me e .
- 100 - X x ;&D—(Y'——-ﬁ__ _ [ |
<] gV b
mu- 1 0 .. o \‘\\. ‘ ® o
10 'F -}- .
2| 0gh® 0o
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Fig. 28 Bi-linearrelationship between measured fdimensional hydraulic conductivi#p
andByQ: from piezocone test (data froGhaiet al. 2011)

Further, as shown in Fig.2.during the piezocone penetratiovater cannot flow into
the cone (in the directioshown by tle arrow A). Therefore it is more appropriateagsume
that the surface area for water flow is only a tsdhere, inthat caseEq. (2.27) can be

modifiedas

_ K URg,

2.3
25, ( )

K,

Chaietal (20116s met hod extended the range

in normally or lightly overconsolidated state

20
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Fig. 29 Half-spherical flow

2 5.2 Discussions

Elsworth and Leg€2005; 2007)proposed a method for estimating permeab(lidy of
soil in horizontal directiof r om pi ezocone sounding results
an assumed spherical flow during the penetration of the @tme method is only applicable
for sand depositLhaiet al. (2011)modifiedElsworthandLe¢ 2 005; 2007) 6s met
is applicable for almost all soil types in normally or lightly overconsolidated stdtesever,

in heavy overconsolidated stateg #stimated value dé, from uCPT resultss still not clear
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2.6 Summary and discussions

Piezocone sounding (UCPT) and dissipation tests are efficient and economic site
investigation methods Currently, there are several existing methods for estimating
overconsolidation ratio (OCR) from the results of uCPT. Most of them are based on empirical
approach which requires some empirical parameters. There is a need to identify which
method can result in most consistent and reliable value of OCR when comparthevi
directly measured values.

Piezocone dissipation tests show two types of dissipation cuives. methods for
estimating the coefficient of consolidation in horizontal directmhffom dissipation test are
reviewed andhe methoddor estimating the values giermeability(kn) from uCPT results
are also reviewedrl'he applicability of existing methods for estimatkgs range from the
soils innormally to lightly overconsolidated stateklowever, in natural soil depositere
are many sois in heavy overconsolidated state, which is still not clear. To investigate
regarding this matter, a serieslaboratory model tesisf uCPTand dissipatioprocessvere
conductedwith different soil samples and OCR values. Consequently, thicalpipty of
existing methods for estimatingy and k. from laboratory model test results of uCRimd

dissipationprocess is need to be evaluated
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CHAPTER THREE
METHOD SFOR ESTIMATING OCR

3.1 Introduction

Three(3) existing methodg$or estimatingOCR frompiezocone penetration testGPT)
results were reviewed in Chapterl@ thischaptertwelve (12) field case histories have been
collected from literatures, and then the applicability of the existing methods are evaluated and
disaussed.The values of OCR estimated from uCPT results using different method are
compared with measured data from laboratory oedometer Té&s new method based on
modified Cam Clay theory (Roscoe and Burland 1968) is propddedeover, existing
methodsare modified to be used fanderconsolidated deposits.

3.2 Field case histories

In order to evaluate the applicability of the existing methodsa dfom 12 sitesrom
different countriesaround the worlds indicated in Fig3.1 have beercollected. For ease to
present the results, these sites have been divided into 3 Groups. Group 1 contains of 2 sites in
Japan, Saga site and Yokohama site. Group 2 has 1 site at Lianyungang, China, 2 sites at
Busan, Korea and 1 site at Port Said, Egypou@ 3 contains of 5 sites in Sweden and 1 site

in Finland.

If not specified, thegpiezocones used had an apex angle 6fvéth a tip area of 1000
mn?, and the filter for pore water pressure measurement was at the shoulder of the)cone (

The penetratio rate was 20 mm/s.
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Sweden (5 sites) Finland (1 site)

Eon.
Egypt (1 site) Tee

&8
F

7
5 s,

Fig. 3.1 Location of all uCPT investigated sites

32. $ites in Japan (Group 1)
3.2.1.1Saga site

Along the coast of Ariake Sea (a seamclosed inland bay), Kyushu, Japan, deposited
clayey soil layers, called Ariake clay with a thickne$40 to 30 m. In this area, a highway
project is currently under construction. uCPT tests were conducted fatehevestigation
along the route of the project adjacent to boreholes (Ariake Sea Coastal Road Development
Office (ASCRDO), Saga Prefecture, 2008). uCPT test resultsnaflO) locations, which
have detailed information on groundwater level and laborabeasured values of OCR were
chosen to apply the method for evaluating OCRs.F82 to 3.11 showthe soil strata

piezocone sounding results and measured values ofdD@R (10) locationsf Saga site
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Fig. 3.2 Soil strata piezocone sounding results and measured values ofaD&Rcation
H15-3080of Saga site
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Fig. 3.3Soil strata piezocone sounding results and measured values ofaD&Rcation
H15-309of Saga site
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Fig. 3.4 Soil strata piezocone sounding resu#ied measured values of O@Ra location
H15-311of Saga site

Fig. 3.5Soil strata piezocone sounding results and measured values ofaD&Rcation
H15-3130f Saga site
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