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ABSTRACT

The motivation of this study is making use of the geological information to a part of the
civil engineering problems directly. Civil engineers have been interested in geology and
understood that there should be deep relations between soil properties and the history of the
ground. Geological information gives interesting story to the civil engineers, however, there is a
few propose how we could make use of geology for practical use so far.

It has been recognized by civil engineers that the depositional environment is related to
the physical and mechanical properties of soils (e.g. Kenney, 1964). Over the past few decades, a
considerable number of studies have been conducted on the relation between the depositional
environment and the properties of soils. Furthermore several studies have been made on the
mechanism of compression of clays and its resulting void ratio, over-consolidation ratio OCR,
aging and etc. (e.g. Bjerrum, 1967; Mesri, 1973; Sekiguchi, 1983; Tsuchida, 1999).

Prediction of the influences of excavation or embankment to the surrounding area is
getting more and more important in these days together with the stability of the structures. In
order to estimate such influences numerically, coupled elasto-plastic or elasto-viscoplastic Finite
Element analysis (e.g. Sekiguchi and Ohta, 1977; Ohta and Sekiguchi, 1979; lizuka and Ohta,
1987) is available. The elasto-plastic or elasto-viscoplastic F.E. deformation analysis requires
initial conditions as additional information compare with the elastic analysis. Note that it is not
necessary for elastic models. The studies on initial conditions are becoming more important
because the initial condition is indispensable for elasto-plastic or elasto-viscoplastic finite
element analysis.

The purpose of thisinvestigation is to reason out the depthwise distribution of void ratio,
unit weight and OCR. Age and plasticity index Pl are set to be the parameters to describe the
effect of aging and the difference of the properties of clays. The obtained theoretical equations
enable engineers to check the effect of geological factors to the soil parameters or to estimate the
initial condition for coupled elasto-plastic or elasto-viscoplastic F.E. analysis in case the enough
laboratory tests are not available. Additionally geological method for the interpretation of boring
logs based on the depositional environment analysis in order to make the most of the
investigation data is also introduced in this study. Those geological techniques are useful to make
arealistic soil profile which is also important for the accurate F.E. analysis.

Thisthesisisdivided into 5 chapters including the introduction and the conclusions.
Chapter 1 isan introduction of thisthesis.
Chapter 2 describes the theoretical soil parameters based on Bjerrum’'s hypothesis.

Depositional age and plastic index (Pl) are set to be the parameters which represent the
geologica information. All the parameters including the depth at present are obtained as the



function of the depositional age. Estimation chart for the soil parameters based on age and PI is
proposed.

Chapter 3 shows a number of the results of the parametric studies for the theoretical soil
parameters obtained in Chapter 2. The effect of Pl, age, depositional rate and physical
parameters are described. Five types of the depositional rate are used for the numerical
simulations.

Chapter 4 shows the examples of the applications of the theory. Geological analysis and
the interpretations of the depositional environment are also described. First example of the field
data is the distribution of void ratio at San Joaguin Valley, California reported by Mead (1962).
The tendency of the void ratio distribution is well explained by means of the geological analysis
together with the theory derived from this study. Second example is Shiunji lagoon(Niigata,
Japan) Calculated soil parameters based on Pl and age is compared with measurements.
Change of the depositional environment is analyzed by means of the results of the geological
analysis of aseries of boring core.

Chapter 5 isthe conclusions derived from this study.
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NOTANTIONS

: Compression index

: Swelling index

- Coefficient of secondary compression

¢+ Unit weight of soil
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a: Ratio of w, over wi (a=w,/w)

C. : Coefficient of consolidation
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LI : Liquid index
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Z : Depth from the ground surface at present (Depth in the Z-coordinate, see Chapter 2)
h : Depth of a soil before the compression (Depth in the h-coordinate, see Chapter 2)

A
K
a
Y
Y

-Xi -



Chapter 1

INTRODUCTION

11 Objectives of this study

The motivation of this study is to make use of the geological information to a part of the
civil engineering problems in an explicit way. Civil engineers have been interested in geology
and understood that there should be intrinsic relations between soil properties and the history of
the ground formation. Geological information gives a interesting story to the civil engineers,
however, there are little quantitative suggestions how we could make the best use of geology for
practical engineering use so far in the field of foundation engineering.

Investigation of the history of the ground is a part of the fields of geology. Recent
geological studies give us a lot of information how the soil formations near the ground surface
were generated in the past 5,000 — 18,000 years. It should be noted that not only the latest soil
formations but also al the sediments including soils and sedimentary rocks seem to be closely
related to the sea-level changesin the geological history.

Sea-level changes have been brought to public attention by the deep connection with the
sequences of sediments (Posamentier and Vail, 1988). The drastic development of this kind of
geology began when the members of Exxon Research and Product Company organized new
concept named “ Sequentia stratigraphy” based on seismic stratigraphy which is a kind of oil
investigation techniques (Vail et a., 1977; Mitcham et a., 1977). Sequentia stratigraphy
combines sequences of the formations with the age of the sediments and the transition of the
depositional environment based on seismic information. Various phases and sequences of the
sedimentsin the field are due to the transition of the depositiona environment. To quote Einsele,
the modern geology proposed “the facies models demonstrating both the depositional
environment and the resulting vertical sequences”(Einsele, 1992).

It has been recognized by civil engineers that the depositional environment is
intrinsically related to the physical and mechanical properties of soils (e.g. Kenney, 1964). Over
the past few decades, a considerable number of investigations have been conducted on the
relation between the depositional environment and the mechanical properties of soils (e.g. Tohno,
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1975, 1985, 1989; Shimizu, 1985; Kamei, 1997). Severa studies have been made on the
mechanism of compression of clays and its resulting void ratio, over-consolidation ratio OCR,
aging and etc. (e.g. Bjerrum, 1967; Mesri, 1973; Sekiguchi, 1983; Tsuchida, 1999).

Many cities and industrial zones are located on the coastal regions, especially on the
distributaries of major deltas. Consequently most of the populations are concentrated in these
cities and people are utilizing the deltaic areas. In many deltas, a few tens meter thick marine
clay sediments are deposited during the last ten thousand years and are laterally continuous (e.g.,
Suter, 1994). More and more construction projects are being intended on the thick marine clays
for the sake of the social capital development and maintenance such as transportation system,
disaster mitigation, energy supply and etc. Thus mechanical properties of clays are of primary
importance for the coastal management of deltaic areas.

Prediction of the influences of excavation or embankment to the surrounding area is
getting more and more important in these days together with the stability of the structures. In
order to estimate such influences quantitatively, Finite Element analysis (FE. analysis) is
available. Elastic model has been the most popular mechanical model for FE. anaysis and
stresses in the ground have usually been treated as total stresses. Higher accuracy in the
prediction by F.E. analysis is required because not only of the social request to the construction
industry but also of the optimization of the design itself. It had been widely accepted that the
effective stress concept explains the behavior of the soil better than total stress concept (Terzaghi
and Peck, 1948). A huge numbers of experiments demonstrated that the soil behaves at least
elasto-plastic or sometimes elasto-viscoplastic way in a few decades (e.g. Schofield and Wroth,
1968; Ohta, 1971).

Latest studies developed the FE. andysis as a tool to simulate soil behavior
accompanied by the seepage flow of the ground water (e.g. Biot, 1941; Christian, 1968; Sandhu
and Wilson, 1969). Coupled elasto-plastic or elasto-viscoplastic F. E. analysis is about to be
applied to the actual projects in these days (e.g. Sekiguchi and Ohta, 1977; Ohta and Sekiguchi,
1979; lizuka and Ohta, 1987). The elasto-plastic or elasto-viscoplastic F.E. analysis requires
initial conditions as additional information. Note that the initial conditions are not necessary for
elastic analysis. The investigations on initial conditions are becoming more important because
the initial conditions are indispensable for elasto-plastic or elasto-viscoplastic finite element
analysis.

The purpose of thisinvestigation is to reason out the depthwise distribution of void ratio,
unit weight and OCR in the aluvia deposits. Age and plasticity index Pl are set to be the
parameters to describe the effect of aging and the difference of the properties of clays. The
obtained semi-theoretical equations enable engineers to check the effect of geological factors to
the soil parameters or to estimate the initial condition for coupled elasto-plastic or
elasto-viscoplastic F.E. analysis in cases the sufficient laboratory test results are not available.
Additionally geological method for the interpretation of boring logs based on the depositional
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environment analysis is also introduced in this study. Those geologica techniques are useful to
understand relationship between the distributions of the properties and the changes of
depositional environment. Engineers need to understand the changes of the depositional
environment in order to obtain proper soil profile for thereliable F.E. analysis.

1.2 Organization of thisthesis

This thesis is divided into 6 chapters including the introduction and the conclusions.
Fig.1.1 shows the flow chart of the organization of thisthesis.

Chapter 1 is an introduction of thisthesis.

Chapter 2 describes the estimation of soil parameters making use of Bjerrum’s
hypothesis. Depositional age and plastic index (PI) are set to be the parameters which represent
the geological information. All the parameters including the depth at present are obtained as the
function of the depositional age. Estimation chart for the soil parameters based on age and PI is
proposed.

Chapter 3 shows a number of the results of the parametric studies for the theoretical soil
parameters obtained in Chapter 2. The effect of Pl, age, depositiona rate mechanical soil
parameters are demonstrated. Five types of the depositional rate are chosen in the numerical
simulations.

Chapter 4 gives examples of the several applications of the proposed theory to the soil
parameter estimation together with the interpretation of the depositional environment based on
the geological information. First example of the field data is the distribution of void ratio at San
Joaquin Valley, Californiareported by Meade (1962). The tendency of the void ratio distribution
iswell explained by means of the geological analysis together with the theory derived from this
study. Another example is Shiunji lagoon (Niigata). Geological analysis is applied to the boring
samples for this location in order to study the changes of the depositional environment.
Mechanical parameters of the soil are estimated based on Pl and age. The results of the
estimation are compared with the results of the laboratory tests.

Chapter 5 isthe conclusions derived from this study.
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Chapter 2

ESTIMATION OF SOIL PARAMETERS

21 I ntroduction

Bjerrum is one of the pioneers who proposed a hypothesis introducing the effect of
‘Age’ into the compression of the soil. Bjerrum has demonstrated to estimate the settlement of
old buildings based on his hypothesis.

The ground condition at present such as stress state, soil properties and soil profile are
the result of the transition of the depositional environment and the passing geological time. This
information is of primary importance for elasto-plastic or elasto-viscoplastic FE. anaysis.

An attempt obtaining the initial stress condition based on Bjerrum’s hypothesis is made
in this chapter. ‘Age’ and ‘Pl’ (plastic index) are chosen as geological parameters in this study.
‘Age’ represents geological time and ‘PI’ represents the characteristics of soil, which reflect the
transition of depositional environment.

The compression of aged clays is estimated based on Bjerrum’s hypothesis. Void ratio,
settlement, over-consolidation ratio are obtained as a function of age and PI. The relation
between the depth at present and the age of the soil is derived by taking the initial condition and
the present condition into account. Initial condition is obtained by interpreting the field data.
Finally the estimation chart for soil parameters based on age and Pl is proposed.

2.2 Bjerrum’s hypothesis

Lauritts Bjerrum is one of the first engineers who estimated the effect of time on
compressibility by introducing the concept of delayed compression. Bjerrum made a hypothesis
based on the results of the consolidation test (Taylor, 1942; Crawford, 1965). Bjerrum's
hypothesis is that the compressibility of aged clay cannot be described by a single curve in
e-log p’ diagram but required a system of paralel linesillustrated in Fig.2.1 (Bjerrum, 1967).

The compression of aged clay is divided into two parts. When there remains excess pore
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pressure, the compression divided into instant and delayed compression. After the dissipation of
the excess pore pressure, the compression divided into primary and secondary compression. The
concept of delayed compression is shown Fig.2.1. The definition of ‘instant’ and ‘delayed’
compression compared with ‘primary’ and ‘ secondary’ compression are shown in Fig.2.2.

Bjerrum was successful in explaining the settlement of old buildings without any
contradiction by applying this hypothesisin his paper.

SHEAR STRENGTH AsD YERTICAL PRESSURE tfm? {fog scab)
3 (LI R b 14

I LY 1%

T k| &
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| G S 3 TOLRING SEDIMEMTATION —

) |~

=1 |

VOID RATED &

l"'-, IHI. - DELAVED COMPRESSION
\ \
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Fig.2.1 Compressibility and shear strength of a clay exhibiting delayed consolidation
(After Bjerrum, L., 1967. Geotechnique, 17, p.95)
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Fig.2.2 Definition of ‘instant’ and ‘delayed’ compression compared with ‘primary’ and
‘secondary’ compression (After Bjerrum, L., 1967. Geotechnique, 17, p.95)
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2.3 Assumptions

In order to set the problem simple and obtain clear equations, assumptions are made in
this study asfollows:

1) The theory is based on Bjerrum'’s hypothesis.
Note that Bjerrum did not assume any constitutive equation in the paper.

2) Cementation, bonding and desiccation are not taken into account.

3) Primary and delayed compression may occur at the same time. Primary compression is
completed in very short period compared with geological time scale.

4) Excess pore water pressure caused by sedimentation dissipates almost instantaneously.

5) The rate of the depositional rate is known. Constant rate is assumed in secs.2.4-2.10.
Several types of depositional rate are concerned in sec.2.11.

6) Depositiona environment does not change over the period concerned.

2.4 Sedimentation and consolidation

Fig.2.3 shows two coordinate systems used in this study and the schematic drawing of
sedimentation, in which “h” is the coordinate taking no account of settlement and “Z” is the
depth at present after the completion of settlement. Let us assume the depositional rate V=dh/dt
to be constant in secs.2.4-2.10 for the simplicity. See sec.2.11 for another types of depositional
rate.

Pre-consolidation
ﬁgg pressure p,

''''''' V=dhdt: .7
Depositional..-~h : Cg
t

fate withg

L]

oth at present
h= e/(1+ey)

Initial t =t
“h” coordinate “h" coordinate “Z" coordinate

Fig.2.3 Coordinate systems and the schematic drawing of the sedimentation
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2.5 Compression of aged clays

Through the concept of delayed compression, Bjerrum (1967) explained the settlement
of clays after the sedimentation finished. Fig.2.4 shows that the sum of the primary compression
during sedimentation and the delayed compression makes the total settlement. As demonstrated
by Bjerrum (1967), the delayed compression results in the apparent pre-consolidation pressure
p’c greater than the geologically expected pre-consolidation pressure p’, (i.€. the in-situ effective
overburden pressure).

Initial overburden pressure P’ at the beginning of the sedimentation is assumed to be
the pressure applied to the clay aged t. = 24 hours for the sake of convenience in this study,
where t; is the incrementa time of a loading step for the oedometer test in the laboratory. The
te-linein Fig.2.4 is the reference for the delayed compression as demonstrated by Bjerrum. The
toge-line parallel to the te-line is obtained for the clay aged tye after the sedimentation. The plot of
the void ratio e vs. logarithm of the applied effective pressure In p’ returns back to the t.-line
during the oedometer test on an undisturbed specimen taken from the field. After the applied
effective pressure reaches the apparent pre-consolidation pressure through the oedometer test, the
plot moves on the te-line.

The change in the void ratio at rest  engw IS the sum of the primary (elasto-plastic
COMpPression:  €q &, and delayed (visco-plastic compression: e,,) compression. The sum
of the compression el ementsis given by:

e A t. :Incremental time of aloading
TT €« step for the oedmeter test (24hr)
Eat & :
| B | tage - Age of the clay
el €n-situ e L h 7=\
|Dcelayed ng] =t \~\ \,\ Equilibrium void ratio at diff.
e € N - ' time of sustained loading
€ "
[ Compression caused by test | ‘N
c
k5, S
E 8 B :
= T ®in 5 .t (=24hr)-line
3 5 0 8 $c@
cel 8 g 58g '~
@% ; g 8~ g g tage-line
=28+ O 58" <&s >
—_— L
kN pey Inpo In p Inp’
) . ¢ Oedometer:
Sedimentatio o

*———ho—— >

Fig.2.4 Bjerrum’s concept of delayed compression
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Ae

in—situ

=Ae, + Ag, +Ae,
! ! t
=1 —K)In(&j+lcln(&j+a'ln[ agej
P« P te
' t
=Aln &Jﬂz‘ln[ﬁ]
P L.

VA t 2.1
=Aln —7fd 2 l+a'ln| =2 (21)
7'a Vi, t

t t
=Aln =2 |+ a'In| 2=
tC tC

=(A2+a)in [t:ge] ,

c

c

where @’ is secondary compression index (Sekiguchi, 1977). Two constants A ,k are related
to compression index C. and swelling index C; as follow:

o'=de/d(nt,,), 1=0434C,, & =0.434C, (2.2)

Fig.2.5 describes the relationship among soil phases before and after the compression.
The strain of the soil observed during a period from the initial state of the sedimentation to the
present is given by:

_0S_Ae gy

_05_ 23
“Tah T 1te, 23)

€ | Void e
Void

egtl

;__;:;nce eyt+tl- e

Initia Final

Fig.2.5 Change of the relationship among soil phases caused by compression
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2.6 Settlement and age

From Fig.2.5 and Eqg. (2.3) the settlement of a small clay element aged t with the height
of dhisderived asfollows:

dS= ¢ dh = S8nsu gy AT [ g L AT g 2.4)
1+e, 1+e, t 1+e, t,

c

The settlement of the surface of the ground aged t.e is derived by integrating Eq.(2.4) asfollows,

see Appendix 1:
=" % n| L et
tage 1+ €y tc (2 5)

A+a
e, {Ty (INT, = Int, =)~ t,, (Int,, —Int, —1)}

=V

The total settlement of a formation is obtained by taking the limitation of Eq. (2.5) with respect
t0 tage €qual to zero, see Appendix 1.

S = limslts)

ﬂ 1
_!lm) - 2T, (InT, - Int, —1)—t,, (Int,, —Int, ~1)} (2.6)
age ™ Sj
/1+a
InT. — Int. -1
Vi sd{ o (InT,—Int, -1) }

2.7 Age and depth at present

Fig.2.6 describes the depositional thickness and the depth at present.

- Depth at present
. Z=h+tS'S,

Age =ty C—>

h coordinate Z coordinate

Fig.2.6 Relationship of the age and the depth at present
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Present depth of aclay element in the formation isrelated to its age as follows:

Z=h+S-5,
: 2.7
:Vtage{l—;“ra (Intage—lntc—l)} @7
l+e,
2.8 Initial conditions

Initial conditions have to be specified in such a way that they are logically in
accordance with the present soil conditions such as 1) thickness of the layer, 2) unit weight, 3)
age. For example the total thickness H, of the sediment turns to be a formation with the present
thickness H after the consolidation which consists of primary and delayed compression. In order
to achieve no contradiction between initial and present soil conditions, required are the
reasonable setting of the depositional rate, the initial void ratio and the unit weight as shown in
2.8.1and 2.8.2.

28.1 Thicknessof the formation and depositional rate

The initial thickness of the formation H, turned to be the present thickness H due to the
total settlement S,. The present thickness of the formation H is given by:

H = Ho_So
A+a 28
- HO_V1+eZ (T, (InT, - Int, -1) } (2:8)

The relationship of apparent and true depositional rate (V, and V respectively) is
obtained by dividing both side of Eqg. (2.8) by T, asfollows:

H_Holy 2% 4hr Zint, 1) (2.9)
T T, 1re,
A+ca
V. = V{1- (InT, —Int_ 1) 2.10)
l+e,
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2.8.2 Initial void ratio and submerged unit weight

The unit weights of the clay at the stage of theinitial and the present are given:

G.-1
= 211
7/ sd 1+ eSd yw ( )
| G, -1 G, -1
V= Yw= Vw (2.12)
1+ esd _Aeln—situ ' tage
1+e, —(1+a')n t

where Gs is the specific gravity of the soil substance.

Though it is difficult for usto measure initial unit weighty '« and void ratio ey directly,
the information from the boring data is available to estimate initial unit weight and void ratio in
the following procedure. Suppose the average unit weight of the soil ranging from the ground
surface down to a certain depth (H) aged tie=T can be obtained by the boring data. Those
averaged void ratio and unit weight are derived by averaging theoretical distributions as follows:

Ie:% [ A6, dh=(2+a)(INT - Int, ~2) (213)

G.-1 G.-1
lie,-Ae " lie,—(A+a)(nT—-Int,-2)""

y'= (2.14)

Thus initial void ratio is given by substituting averaged unit weight and averaged void ratio into
Eq. (2.14):

Finally initial unit weighty '« is estimated by substituting initial void ratio ey into Eq. (2.11).
Let us present an example how to make use of the boring data in order to calculate initial unit
weighty '« and void ratio e which are given by Egs. (2.11) - (2.15).

Tsuji (2000) presented the distribution of the unit weight and plasticity index Pl of
shallow marine clays at many places in the world. As shown in Fig.2.7 the tendency of the
relation between unit weight and PI indicates that the lower the PI, the heavier the unit weight
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and vice versa. Consequently the effect of the plasticity index to theinitial condition istaken into
account in this investigation by obtaining the relation between unit weight and PI. The effect of
Pl to the unit weight of clays is due to the effect of PI to the water content. Let us then try to
relate Pl with water content.

Terzaghi and Peck (1967) correlated C. and wi_ as shown in Eq.(2.16), where C. is the
compression index and wy_istheliquid limit.

C. =0.009(w, —10), Terzaghi and Peck(1967) (2.16)
Eq. (2.17) isthe A , C; and PI relation proposed by lizuka and Ohta(1987).

A =0.434C_. = 0.015+ 0.007PI, lizuka and Ohta(1987) (2.17)
The relationship between Pl and wi_ is given by substituting Eq.(2.16) into Eq.(2.17).

w,_ =1.79PI +13.8 (2.18)

The natural water content w, is related to the liquid limit w and PI as shown in Eq.
(2.19) by introducing theratio a = W, / Wi :

w, =aw, =a(1.79Pl +13.8)
where, (2.19)

a="‘%v =(w,_ =PI xCl)/w,_=1-PI xCl /w, =1-PI(1— LI )/w,
L

Thus the unit weight related to PI is given by:

—  G,-1 G, -1
= Yw= = Vw (2.20)
i, " 146, a( 1.79PI +13.8 )
100 100

Fig.2.7 shows the comparison of Eq. (2.20) and the distribution of unit weight of natural
marine clay at the depths shallower than 10m. All the data in Fig.2.7 are given by Tsuji (2000).
Eq. (2.20) isin agreement with the data of the natural clay if we assume that Gs=2.7 and the ratio
“d isintherange of 0.6 - 1.0.

15



22

a=09-

> 0 O

20

18 yi=

Gs-1

16

14

Unit weight (kN/m?)

12

1+Gs_a(1.79PI1+13.8)

a=0.7-0.9 Marineclay (Tsuji,2000)
a= -07
Eq.(20) a=1.0,0.8,0.6

y w+10

10 1 s 1 s 1 s 1

20 40 60 80 100

PI

Fig.2.7 Pl-y

Eqg.(2.20) and Fig.2.7 enable us to estimate average unit weight of the formation at the
depths shallower than 10m. Average compression can be obtain by substituting the age of soil T
at 10m, tc = 24 hours,a’ and A into EQ.(2.13). y ' and ey can be calculated by means of
Egs.(2.11), (2.15). This example shows that the initial conditions can be estimated by taking the

plasticity of claysinto account.

29 Over-consolidation ratio
29.1 Theoretical over-consolidation ratio

Fig.2.4 indicates that the total compression of clay e, from the beginning of the

120

relation

140

sedimentation through the oedometer test is obtained as follows:

Ag, = Ae, + Ae, +Ag, +Ae,,

=(/I—K)|n(p,—'°]+;<|n(pl—bj+a'|n(t
P« P t

Atthesametime, e isdirectly given as:

Ae, = Mn(&}
P

Theoretical OCR is given by comparing Egs. (2.21) and (2.22) asfollows:

16

160

j+xln[

180
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1 t ! '
Mn( p,OJm'm( age}xln(p—fj:/zln[&J (2.23)
P« t, Po P«

1 tage laj 1
Po' < = P (2.24)

' t /1%( t /1(1—axl/ﬂ) t %\
OCR= % _ [{i] _ [t—gJ _ (t—gJ | (2.25)
0 (o4 C C

where /1 =1-k /A istheirreversibility ratio, lizuka(1997).

Several types of approach to the physical meaning of OCR are proposed (e.g. Mesri &
Choi,1979; Murakami, 1979/1980; Mesri & Castro, 1987; lizuka, 1997) based on severa sets of
assumptions. In deriving EQ.(2.25), it is assumed that primary and delayed compression may
occur at the same time. Eq.(2.25) resultsin the same equation proposed by lizuka(1997).

2.9.2 Apparent pre-consolidation pressure and oedometer test

Bjerrum (1967) mentioned that the apparent pre-consolidation pressure p; obtained by
oedometer test is greater than the in-situ overburden pressure because of the delayed
compression (cf. Fig.2.4). Crawford (1964) reported that the longer the incremental time of a
loading step in the oedometer test, the smaller the pre-consolidation pressure. The effect of the
incremental time of a loading step in the oedometer test to the pre-consolidation pressure is
derived from Eq. (2.25) asfollows:

t Nix - t P
p' = po'[ age] S (ﬂJ , (2.26)
t Pgsmo; t

Cc Cc

where pgsrp) and tysrp) are the pre-consolidation pressure and the incremental time of a loading
step for the standard oedometer test. In the case where tysrp)is 24 hours, Equation (2.26) is in
agreement with Crawford (1964).

Vaid et a.(1979) noted the effect of the strain rate on the pre-consolidation pressure.

They pointed out that the smaller the strain rate, the smaller the pre-consolidation pressure. The
effect of the strain rate on the pre-consolidation pressure is also derived from Equation (2.26) as

follows:
' ' t e ix ' ‘éc = c' ‘éc i
P = Po ( - J =Py (_j = P .:{ N ] (2.27)
t, 3 Persmo; €y sD]




1 de 1 o' a' 1

where ¢ = = — =t = = (2.28)
l+ey dt,, 1t+eyt,, l+e, &
dint,, dt,ge
2 de=d(a’ Int,,)=a’ dt, =’ (2.29)
dtage toge

Eq. (2.27 ) corresponds to Vaid et al.(1979). Fig.2.8 shows the effect of the oedometer
test condition to the pre-consolidation pressure. The parameters used in the calculation are as
follows:

a'=945x10"° , 1=0435 , x=0.208

The calculation simulating the loading time effect and the strain rate effect show the
same tendency as Crawford (1964) and Vaid et a. (1979).
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Fig.2.8 The effect of condition of the oedometer test on the pre-consolidation pressure

210 Chart for parametersestimation based on Pl and age

Fig.2.9 is the chart for soil parameters estimation based on the age and the plasticity of
soils. It is possible for engineers to estimate all the parameters required for the elasto-viscoplastic
finite element anaysis by using the determination diagram (Fig.2.10) proposed by lizuka and
Ohta (1987) together with the chart in Fig.2.9.

18



Physical Material Depth at present
properties  properties
2 )
> A 2 24 Z
—
@ > K Target parameters
. G (10
2%z Al AN €
-/
l (11)
@) — |©® I (7) —> 7
' -/
% >y % }'7/ «d ( \(12
<_
Depositional Po
condition
o (13)
® Ho OCR
_.—> V —— I
O e
Age Pc
-/
(1) A =0.015+0.007PI lizuka & Ohta(1987) Gs—l
Ny'a= 7

kK =A1-A)

@ where A =M/1.75 Karube(1975)
M =6sing'/(3-sing')
sing'=0.81-0.233logPl  Kenny(1959)

/ 0.05+0.02(clay) Mes'i &

)
0.07 + 0.02( peat) Godlewski(1977)

(G, ~ D,

@y =
7 711G, a(179PI +138)/100°

:Wn/WL

G Ae=(A+a)(InT —Int, -1)

(Gs :1)7w
¥ '

©)e, = +Ae-1

8)V_H/ o —Int, —1)}

o
9Z =Vt {
(4+

A+a
iy Intage—lntc—l)}
(10)e esd ) ( age /t )

1)y =
any'= 1+ e, —(/1+a)ln( toge / L, )7/W

(12OCR=(t,, / t. )T lizuka(1997)

W) Po=7'gV tuye

a'

ap, = Pt /t, i

Fig.2.9 Chart for soil parameter estimation based on Pl and Age
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[3]A = M/1L.75 Karube (1975)
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Sekiguchi( 1977)
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Fig.2.10 Proposed determination procedure of input parameters

(After lizuka and Ohta, 1987, Soils and Foundations, Vol.27, No.3, p.77)
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211  Theory of the soil parametersfor various depositional rates

Depositional rate is assumed to be constant in secs.2.4-2.10 for the simplicity. The field
observation and the dating of the formations indicate that actual depositional rates are not always
constant during the geological time according to. Fig.2.11 and Figures in the appendix 2 show
the examples of the transition of the depositional rate in the sedimentation as Age-Depth diagram.
The transition of the depositional rate is supposed to be results of the sea-level changes which
are also periodic (e.g. Hag et.a., 1988, Posamentier and Vail, 1988). Though we are not
concerned with this topic deeper in this chapter, examples of the sealevel changes are
introduced in chapter 5.
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Fig.2.11 An example of the age-depth relation (After Kraft et.al., 1987)
(1) Age and depositional thickness h

Additional four models of depositional rate are chosen in order to investigate the effect
of depositional rate in Chapter 3. First the age-depth relations are set for each model as follows:

(Typel) h=C,t (2.30)

(Type2) h=C;t-C, sin(?} (2.31)

0
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(Type3d)

(Typed)

(Typeb)

h=C t+C,sn

h=C,t-C,sin

h=C,t+C,sin

(2.32)

(2.33)

(2.34)

where C; and C, are constant. Note that Type 1 is constant depositional rate which has been
studied in the previous sections. The diagram of age-h relation isillustrated in Fig.2.12.

Depositinal thckness h
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—A— Type3 h=C +C,sin(2m t/To) ~o 8 A
—v— Type4 h=C,-C,sin(rt t/To) o
—o— Type5 h=C +C,sin(rt t/To) ~
I n T T . . | . I

Fig.2.12 Schematic diagram of age and depositional thickness h

(2) Depositional rate

Each type of depositional rateis given by:

(Typel)

(Type2)
(2.36)

(Type3)
(2.37)

(Typed)

v :‘;_:‘:cl (2.35)
Vzﬁzcl—czz—”co 2t
dt T, \ T,
V:@=C1+C22—ﬁco 2t
dt T, | T,
v-a_c ¢, Food 2t (2.39)
dt T, \T,
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(Types) v-a_c e, Tﬁco{”—tJ

Age t
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—O— Type5 C,+C,(1t /To)cos(mt t/To)
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Depositional rate V

Fig.2.13 Schematic diagram of age and depositional age

(3) Compression of soil

Compression isasfollows, see Fig.2.1:

)l
i) i)

(2.39)

(2.40)

Each type of compression is given by substituting Eqgs.(2.30)-(2.34) into Eq.(2.40).

(Typel) Ae= ] In(tij +a 'In(tij =(A+a )In[tlJ

Ct— Czsin(Z”tj

20 +a'|n(tlJ
C.t. —Czsin( ”tCJ :
-

0

(Type2) Ae=Aln
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(Typeld) Ae=Aln

L[t
Zﬂtcj ta In(d (2.43)

(Typeb) Ae=Aln

|
|
(Typed) Ae=Aln ( ra'ln - (2.45)
BIRE
|
|

fall n(lj (2.46)
zt, ] t.

(4) Settlement
Settlement is derived asfollow:

S:J'tTo AeV

dt (2.47)
w=lte,

Each type of the settlement is given by substituting Egs. (2.35)-(2.39) and Egs.
(2.41)-(2.46) into Eq.(2.47)

(Typel) S= jt T"lf; (/1+a')ln(t£]dt (2.48)
a0 sd c

1 Ct- Czsin(_r]
To

- 27t
TO

+a'|n[£] {Cl—czﬁco EJ}dt (2.49)
T AT

0 0
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Ct+C,sn ZTMJ 5 5
(Type3)S=["—L | 2In 0 +a'|n(lj {c +c, % { ”t]}dt (2.50)
T Ct +C,sin| 2l t T
1 2 -I-0
Ct—cC,sin Zt
1 ' ? T, t V3 wt
(Typed) S= j Aln 0/ Lig'nl—|KC,—C,2co§ — [tdt  (2.51)
tage 1+ +€y Ct _C.sn 71'tc tc TO TO
I 1*c 2 To |
Ct+C,sin 2t
1 ' ? T, t Vi rt
(Type5) S= j | AN Tspain =[G+ Ccog — [dt (252)
R Ct, + Czsin[”t“j ’ ° ’
TO

(5) Age and depth at present

The relation between depth at present and age of soil is given as follows:

Z=h+S-5,
—h+ J’To Ae V J‘To Ae 'V dt (253)
toe 1+ € 0 1+e,
_h .[age AEV
1+ eSd
(Typel) Z=Cpt,, { 1- 2% (int, ~Int, —1)} (2.54)
1+e,
(Type2)
. ) Ct—Czsin[z_:_Zt] ot
Z=1C,ty, ~ C,sin| T2 L [ Aln o ) Ly g Llc, - C—c
1 age 2 tc 1+e . 2 t
0 > Ct - C,sin| —= ¢
TO
(2.55)
(Type3)
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z- {cltage

ot L C1t+Czsin[2_|_ﬁtj
+C,sin| T | L[ 2ln 0o ) Ly gin L
T t ( J t

{Cl +C, 2—”00{ Zﬁtj}dt
TO TO

(2.56)
(Typed)

< 1+e ,
0 > Ct +C,sin

. L Clt—Czsin[7_|[_t]

T age

C,sin| —% —J't A1n o) Ly gun L C,-C,~co Ay
T, o 1+e, mc] t, T, |\ T,

(2.57)
(Typed)

(ﬂtJ

t T

+Can T |l L o) Lyt L e+, Fcod 28 | Lot
T, to1+e, [mJ t, T, T,

(2.58)

(6) Initial unit weight and void ratio

The initial unit weight and void ratio is derived by the same method for constant

depositional rate (i.e. Type 1) asfollows:

i) Estimate 7_/ which represents the average unit weight down to a depth of 10m the by

substituting PI into Eq.(2.20).
ii) Set the age of the soil at the depth of 10m. at the concerned site
iii) Estimate average compression Ae by means of Eqs.(2.41)-(2.46).

Iv) Substitute Ae into Eq.(2.15) in order to obtain e .

V) 74" isgiven by substituting e, into Eq.(2.11).

vi) Check the thickness at present H and the age of the soil at the depth of 10m are
correct or not after the calculations of all the soil parameters.

vii) Repeat the procedure ii)-vi) until al the parameters, the thickness at present H and
the age of the soil at the depth of 20m show no contradiction.

Note that integration of equations can be carried out Gauss-Legendre’'s numerical

integration without any difficulty.
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212  CONCLUSIONS

Physical properties and in Situ stress history of clays are becoming more and more
important to specify the initial conditions of the elasto-(visco)plastic finite element analysis. An
attempt is made to derive the theoretical distribution of the soil properties and stress condition
based on Bjerrum’s hypothesisin this chapter. The conclusions of this chapter are as follows:

(1) Theoretical depthwise distributions of the soil parameters and stress history are reasoned out
based on Bjerrum’s hypothesis. Assumptions are made in this study as follows. 1) The theory
is based on Bjerrum’s hypothesis. 2) Cementation, bonding and desiccation are not taken into
account. 3) Primary and delayed compresson may occur at the same time. Primary
compression is completed in very short period compared with geological time scale. 4) Excess
pore water pressure caused by sedimentation dissipates almost instantaneously. 5) The rate of
the sedimentation is constant. 6) Depositional environment does not change over the period
concerned.

(2) Theoretical depthwise distribution of soil parameters such as age, void ratio, unit weight,
initial overburden soil pressure, OCR and pre-consolidation pressure are derived in this
chapter. Required information for the soil parameter estimation are plastic limit Pl and Age of
the lowermost of the formation.

(3) Estimation chart is proposed for the soil parameters based on Age and PI of the soil.

(4) Theoretical distributions of soil parameters are obtained for several types of depositional rate.
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Appendix.1

1 Theintegration in Eq.(2.5) isasfollow:
J.Inxdx: x(Inx-1)+C.

2. The limitation in EQ.(2.6) is given by means of L' Hospital’srule.

) . Inx
limxlnx =lim——
x—0 x—0 1
X
1

x—0
X2
=lim-x

Xx—0

=-0
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D T T I ':I
i Rifil PEAT Lbrcer ma )
': [ RASAL FEAT, SEA LEVEL CLUAVE = == —
- - Iksamen sl Wome. VI
= 5 a iz
- A ARTICULATED OYVETER SHELLE 8
= a
;n 10 d 5 steesivies VEGETATION
E B WITIAL BACHESH SALT MANEH s 14~
¥ 13 E
=] [
3
@ 20| q, i
= .
= H-"'H. el =
225k .
2 -8
a0 I 1 | [
& g &4 3 | u}

Rodiccarbon Years (X 103]) BLP

P, i —h ma-bevel curss dor e wucy wren (@d linz) Fai approalmemly e i 4.6 b Pearmas asd Massn's (1986) sea-levcl cores s sl

wrwn (dmbed el wlthesgh the s v ablen dates, fam amall e sod samples. may be |
boh wedks i ey & hener austar af e ool sa-loes] Bk

i e dees e

. A ek rEver

Fig.A.1 An example of the age-depth relation (After Finkelstein and Ferland, 1987)
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Appendix.3

Comments on the assumptionsin 2.3 are as follows:

(1) Assumption of linear e-In p’ relation. Although some experimental data show that e-In p’
might not be linear at the beginning of the self-weight consolidation. However geologica age of
the formation studied in this thesis are severa thousands years old which are old enough to
neglect the non-linearity of e-In p’ relationship.

(2) Cementation and bonding are also very important factors when aging of soils is studied.
There are still a lot of difficulties to deal with bonding and cementation because there is no
method to distinguish or separate these effect on the mechanical properties. Even though only the
phenomena assumed in 2.3 is dealt with in this study, the results obtained in this study must be a
help to separate the effect of cementation and bonding and etc. from the total effect of aging on
the mechanical properties of aged clays.

(3) Primary and delayed compression may occur at the same time. This assumption is made
because there is no experimental evidence that shows no creep compression occurs during
primary compression. On the other hand some experimental data shows that primary and
secondary compression may occur at the same time (e.g. Imai, 1988; Aboshi, 1973, 1981).

(4) Reference timetcisrequired aslong aslinear e-In p’ relation is assumed in the theory because
t=0 is not in the definite range. According to the results in this study Void ratio, unit weight,
overburden pressure and depth at present are independent of the reference time t; as shown in the
following Egs. On the other hand pre-consolidation pressure and OCR are dependent on the
reference time t; as observed in experiments.

(Void ratio)
e=e, —Ae
_ {_(Gs D7 14 (24 a)(inT, - Int, —1)}—(ﬂ,+a')ln(tlj
4 c

G714 (10T —Int, ~1)- (44 a)(int - Int,)
7

_Co D7 g (G a)inTy - int-1)
Y
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(Depth at present)

(/‘t+a')

Z=Vxtx<{l-—
* { (L+e,)

(Int—lntc—l)}

H(l+ey,)

TiAre,)-(2+a)(nT, —Int, _1)}x‘x{l‘

ot darey)-(ira)(nt —int 1)

T, {1+ey)-(A+a’)(InT,-Int, -1)}

(Int—lntc—l)}

N—"

+(A+a")(InT, —Int, -1)- (A +a')(Int —Int, —1)}

+(A+a')(InTy —Int, =)= (A +a')(InT, —Int, —1)}

+(A+a')(InT, —Int )}

t
To {(Gs -1)7,,

+(A+a')(InT, —InTO)}

(Submerged unit weight and overburden pressure)

_(G,-1y.

Y= v Py=yxZ

1+e
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Chapter 3

PARAMETRIC STUDIES

31 I ntroduction

Theoretical soil parameters derived in Chapter 2 are examined in this chapter.
Age, PI, depositional rate and several physical properties are needed in the estimation
proposed in this paper. The purpose of this chapter is to examine how the age,
depositional rate and several physical properties influence the estimated soil properties.
Another purpose is to study what the distributions of the soil properties look like
depending on the transition of PI (i.e. transition of the depositional environment).

3.2 Effect of ageand PI

Figs.3.1 shows examples of estimated curves. It is clear that the difference of the
plasticity unexpectedly appears in the calculated distribution of €, y , po’, p¢ ahd OCR. Those
theoretical distributions of soil properties are calculated under the condition as follows: (1)
Present thickness is 20m. (2) The lowermost of the formation is 5000 years old. (3) Four cases of
Pl of 20,40,60 80 are chosen. (4) The initia conditions are estimated by assuming w, equal to w,
(a=1.0)inEq.(2.20).

Figs.3.2 show the effect of the depositional rate on the soil properties. Depositional rate
influences OCR considerably. On the other hand there are almost no effects of the depositional
rate on the void ratio and unit weight. Calculation is carried out by assuming: (1) Pl equalsto 60,
(2) apparent depositional rates are 0.2, 0.02, 0.002 m/year which correspond to 100, 1000, 10000
years respectively for 20m sedimentation.

According to those two kinds of simulations (Figs.3.1 and 3.2), the distributions of void
ratio, unit weight, and overburden pressure reflect the difference of the plasticity and depositional
rate. The effects both of plasticity and depositional rate appear in OCR and apparent
pre-consolidation pressure. Each distribution in Figs.3.1 and 3.2 is smooth and simple because it
is assumed that the depositional environment does not change through the sedimentation period
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in order to set the problem simpler. In the actual clay deposits in the field, sequences of in situ
clays reflect the transition of depositional environment. Thus the distribution of the natural soil

properties are expected more complex and could be irregular depending on the transition of the
depositional environment.
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Figs. 3.1 Example of estimated distribution of soil properties
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3.3 Effect of typesof the depositional rate

The effects of the type of the depositiona rate are investigated in this section.
The conditions of the calculation are given:

1) Pl : 10, 20, 40, 60, 80 and 100
2) Age : 5000,10000 and15000 years for the present thickness of 25m of soil

3) Types of the depositional rate are as follows (c.f. Chapter 2):

(Typel) V= % =C, (3.0
dh 2 2t
Type2 V=—=C,-C,—co
(Type2) ot 1 2 T E{ T J
(3.2
dh 2 2t
V=—=C +C,— -
(Type3) ot 10, T, COS( ] ]
(3.3)
dh T rt
(Typed) V=—=C -C —CO{—} (3.4)
a1 %T, ]
dh T rt
(Typeb) V=—=C +C —CO'{—J (3.5)
d 1 CT, T,

, Where T, equals to 5000, 10000 and 15000 years respectively.

4) The parameters for depositional rate are set so that total present thickness becomes
25m at the ages of 5000, 10000, 15000 respectively.

Calculations are carried out by means of Gauss-Legendre's numerical integration.

Figs.3.1-3.4 are the results the calculation. The parameters used for the calculation are listed in
the Tables 3.3-3.5.
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The diagram shown in Figs.3.3-3.6 are arranged as follows (each box corresponding a
graph in the figures) :

[Figs.3.3-3-5]
The corresponding depositional ages are To=5,000years for Figs.3.3, To=10,000 for
Figs.3.4 and To=15,000 for Figs.3.5.

Table 3.1 Arrangement of the graphsin Figs3.3-3.5

t-Depth e-Depth y '-Depth Po’-Depth
PI=10 PI=10 PI=10 PI=10
V=Typel-Type5 V=Typel-Types V=Typel-Type5 V=Typel-Type5
t-Depth e-Depth y '-Depth Po’-Depth
PI=20 PI1=20 PI=20 PI1=20
V=Typel-Type5 V=Typel-Types V=Typel-Type5 V=Typel-Type5
t-Depth e-Depth y '-Depth Po’-Depth
PI1=40 P1=40 PI1=40 PI1=40
V=Typel-Type5 V=Typel-Types V=Typel-Type5 V=Typel-Types
t-Depth e-Depth y '-Depth Po’-Depth
PI=60 PI1=60 PI=60 PI1=60
V=Typel-Type5 V=Typel-Types V=Typel-Type5 V=Typel-Types
t-Depth e-Depth y '-Depth Po’-Depth
PI1=80 PI1=80 PI=80 PI1=80
V=Typel-Type5 V=Typel-Types V=Typel-Type5 V=Typel-Type5
t-Depth e-Depth y '-Depth Po’-Depth
PI=100 PI=100 PI=100 PI=100
V=Typel-Type5 V=Typel-Types V=Typel-Type5 V=Typel-Types

[Figs.3.6]

Table 3.2 Arrangement of the graphsin Figs3.6
To=5,000 To=5,000 To=10,000 To=10,000 To=15,000 To=15,000
Po’ & Pc’-Depth OCR-Depth Po’ & Pc’-Depth OCR-Depth Po’ & Pc’-Depth OCR-Depth
PI=10 PI=10 PI=10 PI=10 PI=10 PI=10
V=Typel-Type5 V=Typel-Type5 V=Typel-Type5 V=Typel-Type5 V=Typel-Type5 V=Typel-Type5
To=5,000 To=5,000 To=10,000 To=10,000 To=15,000 To=15,000
Po’ & Pc’'-Depth OCR-Depth Po’ & Pc’-Depth OCR-Depth Po’' & Pc’-Depth OCR-Depth
PI=20 PI=20 PI=20 PI=20 PI=20 PI=20
V=Typel-Type5 V=Typel-Type5 V=Typel-Type5 V=Typel-Type5 V=Typel-Type5 V=Typel-Type5
To=5,000 To=5,000 To=10,000 To=10,000 To=15,000 To=15,000
Po’ & Pc’-Depth OCR-Depth Po’ & Pc’-Depth OCR-Depth Po’ & Pc’-Depth OCR-Depth
PI=40 PI=40 PI=40 Pl=40 PI=40 PI=40
V=Typel-Type5 V=Typel-Type5 V=Typel-Type5 V=Typel-Type5 V=Typel-Type5 V=Typel-Type5
To=5,000 To=5,000 To=10,000 To=10,000 To=15,000 To=15,000
Po’ & Pc’'-Depth OCR-Depth Po’ & Pc’'-Depth OCR-Depth Po’ & Pc’-Depth OCR-Depth
PI=60 PI=60 Pl=60 Pl=60 PI=60 PI=60
V=Typel-Type5 V=Typel-Type5 V=Typel-Type5 V=Typel-Type5 V=Typel-Type5 V=Typel-Type5
To=5,000 To=5,000 To=10,000 To=10,000 To=15,000 To=15,000
Po’ & Pc’-Depth OCR-Depth Po’ & Pc’'-Depth OCR-Depth Po’ & Pc’-Depth OCR-Depth
PI=80 PI=80 PI=80 PI=80 PI=80 PI=80
V=Typel-Type5 V=Typel-Type5 V=Typel-Type5 V=Typel-Type5 V=Typel-Type5 V=Typel-Type5
To=5,000 To=5,000 To=10,000 To=10,000 To=15,000 To=15,000
Po’ & Pc’-Depth OCR-Depth Po’ & Pc’-Depth OCR-Depth Po’ & Pc’-Depth OCR-Depth
PI=100 PI=100 PI=100 PI=100 PI=100 PI=100

V=Typel-Type5

V=Typel-Type5

V=Typel-Type5

V=Typel-Type5

V=Typel-Type5

V=Typel-Type5

All the parameters for the calculations are listed in Tables 3.3-3.5.
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Table 3.3 Parameterslists of the calculations of Figs.3.3 and 3.6

Parameters of the V in

To Y ’sd T
Egs. 3.1- 35 (10m) ,
PI gs. esd 5 a )\ K
(years) Ci C (kN/m°) | (years)
8.31x 10° 0.0 1.940 5.782 1920
8.68x 10° 40 1.979 5.707 2144
5,000 10 7.95x 10° 4.0 1.933 5.796 1418 0.00213 0.0850 0.0156
8.21x 10° 40 1.997 5.672 2407
8.08x 10° 4.0 1.941 5.780 1522
9.91x 10° 0.0 3.314 3.941 1879
1.04x 1072 4.0 3.369 3.801 2096
5,000 20 9.34x 10° 40 3.300 3.953 1452 0.00388 0.155 0.0470
9.60x 10° 40 3.395 3.825 2300
9.53x 10° 4.0 3.311 3.943 1545
1.18x 1072 0.0 6.059 2.408 1833
1.24x 1072 40 6.144 2.380 2042
5,000 40 1.10x 1072 40 6.031 2.418 1470 0.00738 0.295 0.123
1.14x 1072 40 6.178 2.368 2186
1.12x 102 4.0 6.049 2.412 1553
1.29x 1072 0.0 8.801 1.735 1804
1.35x 1072 40 8.916 1.714 2012
5,000 60 1.19x 1072 4.0 8.759 1.742 1469 0.01088 0.435 0.208
1.24x 1072 40 8.957 1.707 2129
1.22x 102 4.0 8.786 1.734 1552
1.36x 1072 0.0 11.543 1.355 1788
1.43x 10 4.0 11.686 1.340 1990
5,000 80 1.25x 1072 40 11.487 1.361 1468 0.01438 0.575 0.301
1.31x 1072 40 11.734 1.335 2095
1.28x 1072 4.0 11.522 1.358 1550
1.41x 1072 0.0 14.284 1.112 1779
1.48x 1072 40 14.457 1.100 1980
5,000 100 1.29x 102 4.0 14.214 1117 1467 0.01788 0.715 0.397
1.35x 1072 4.0 14,511 1.096 2074
1.33x 1072 4.0 14.258 1114 1550




Table 3.4 Parameterslists of the calculations of Figs.3.4 and 3.6

Parameters of the V in

To P Egs. 3.1-35 e Y 'ss | Taom o \ )
(years) Ci C, (kN/°) | (years)
4.24x 10° 0.0 2.001 5.665 3841
4.42x 10° 4.0 2.038 5.596 4286
10,000 10 4.06x 10° 4.0 1.993 5.680 2854 0.00213 | 0.0850 0.0156
4.19x 10° 4.0 2.055 5.565 4790
4.13x 107 4.0 2.001 5.665 3055
5.08x 107 0.0 3.425 3.842 3760
5.31x 10° 4.0 3.478 3.796 4192
10,000 20 4.79x 10° 4.0 3.410 3.855 2923 0.00388 0.155 0.0470
4.97x 10° 4.0 3.500 3.778 4564
4.89x 107 4.0 3.421 3.845 3101
6.07x 10° 0.0 6.269 2.339 3637
6.36x 10° 4.0 6.359 2.312 4084
10,000 40 5.64x 107 4.0 6.241 2.348 2955 0.00738 0.295 0.123
5.88x 10° 4.0 6.382 2.303 4343
5.79x 107 4.0 6.259 2.342 3120
6.65x 10° 0.0 9.111 1.681 3612
6.98x 10° 4.0 9.221 1.663 4015
10,000 60 6.13x 107 4.0 9.069 1.688 2956 0.01088 0.435 0.208
6.39x 10° 4.0 9.260 1.657 4232
6.29x 107 4.0 9.095 1.684 3120
7.02x 107 0.0 11.951 1.313 3578
7.36x 107 4.0 12.091 1.299 3980
10,000 80 6.44x 107 4.0 11.897 1.318 2955 0.01438 0.575 0.301
6.73x 10° 4.0 12.135 1.294 4173
6.62x 10° 4.0 11.930 1.315 3114
7.29x 10° 0.0 14.791 1.077 3552
7.65x 107 4.0 14.958 1.065 3947
10,000 100 6.66x 107 4.0 14.724 1.081 2951 0.01788 0.715 0.397
6.96x 10° 4.0 15.010 1.062 4130
6.84x 10° 4.0 14.766 1.078 3113




Table 3.5 Parameterslists of the calculations of Figs.3.5-3.7

Parameters of the V in
To Y '« T
Egs. 3.1-35 (10m) ,
PI gs. esd 5 a )\ K
(years) C; C (kN/m°) | (years)
2.86x 10° 0.0 2.036 5.599 5762
2.98x 10° 40 2.073 5532 6426
15.000 10 2.74x 10° 40 2.029 5.612 4298 0.00213 0.0850 0.0156
2.82x 10° 40 2.090 5.502 7180
2.78x 10° 4.0 2.036 5.599 4596
3.43x 10° 0.0 3.489 3.787 5644
3.59x 10° 40 3.542 3.744 6284
15,000 20 3.23x 10° 40 3.475 3.799 4411 0.00388 0.155 0.0470
3.36x 10° 40 3.563 3.726 6826
3.30x 10° 40 3.485 3.790 4673
4.12x 10° 0.0 6.392 2.300 5505
4.31x 10° 4.0 6.473 2.275 6120
15,000 40 3.82x 10° 40 6.364 2.309 4450 0.00738 0.295 0.123
3.98x 10° 40 6.502 2.266 6506
3.92x 10° 40 6.381 2.303 4692
447% 10° 0.0 9.355 1.642 5422
4.72x 10° 4.0 9.401 1.634 6028
15,000 60 4.15% 10° 40 9.251 1.658 4456 0.01088 0.435 0.208
4.33x 10° 4.0 9.438 1.629 6349
4.26% 10° 40 9.277 1.654 4697
4.76x 10° 0.0 12.191 1.289 5373
4.99x 10° 4.0 12.328 1.276 5968
15,000 80 4.37% 10° 40 12.136 1.294 4447 0.01438 0.575 0.301
456x 10° 40 12.371 1.271 6248
4.48x 10° 40 12.171 1.291 4694
4.95% 10° 0.0 15.088 1.057 5327
5.18x 10° 4.0 15.254 1.046 5924
15,000 100 452x 103 40 15.022 1.061 4441 0.01788 0.715 0.397
4.72x 10° 40 15.303 1.043 6182
4.64% 10° 4.0 15.064 1.058 4684
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34 Effect of material properties

The effects of the material propertiessuchas a ’, A , K areexamined in this chapter.
The material propertiessuchas a ', A , kK aregiven by Fig.2.10 asfollows: 1) Calculating A
according to PI. 2) a ’isgiven by substituting A into a '/A . 3) K isestimated by Karube's
equation. The estimation chart shown in Fig.2.10 is supposed to be the value at the critical state.
However the value of those material properties during the sedimentation or the consolidation in
geologica time might be smaller than the values at the critical state (e.g. Yasukawa and Kamon
1987; Moritaet. a. 1988; Matsuo 1986).

Mesri and Godlewski(1977) showed the existence of the unique ratio C, /C¢ for natura
clay independent of the consolidation pressure level or increment ratio (Figs.3.8 & 3.9). Mesri
and Godlewski made alist of theratio C, /Cc which are in between 0.025-0.10 (Table 3.6).
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Table 3.6 Thelist of thevalues of C, /Cc for natural soil deposits
(After Mesri & Godlewski,1977)

Valuss of ©_ /. for Natursl Soil Deposits

Sail C,f L, Refarance

i1 2 {3
Whangamarino chy 0,03-0,04 Mewlind and ABely (22)
Morlolk organic sl .08 Barber (2}
Calearecnus organic sl 00350 Wahls {3E)
Amarphous and librous peat {.05=0,083 Lez and Brawner (|5
Canndian muskeg 0.05-0, 1D Adams (1)
Ledn clay L032-0,055 Walker and Raymond (51}
Ledn clay D010, 0 Walker and Raymond (32}
Pral D7 5=, 085 Weber (33)
Posi-glacial coganic clay 0.05-0.07 Chang {%)
Soft blue clay 0026 Crawford and Sutherland (11
Organtc clays and sihs 0040, 06 Lodd {}2)
Sensitve <lay, Portland L0250, 0588 Ladd (12)
Peal 001510, 08 Samson and La Rochelle (25
San Frasciseo Bay mud 00400, 0 Su and Prysock (26)
Mew Liskeard varved clay 0.03-4.06 Cuigley and Ogumbadejo (27)
Sikiy clay C 032 Samson and Garneau {24)
Mearshore claoys and silts 0 0485-0.07% Brown and Eashid (&)
Fibrous pesd 0,00, DR Berry and Vickers (3)
Mexico City clay QL0R-0. 0185 Mesri, et @, [19)
Husdeon River sili 0L03-10.06 Mesni, Persomal files
Leda clay 0.025-0.04 Presend paper
MNew Haven organic clay sik 0,040,075 Presend paper
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C, and Ccrepresents a ' and A respectively as shown in EQ.(2.2). Matsuo et al.
(1986) gave examples of the relation of the C, and Cc together with the ratio C, /Cc. Matsuo et
al. examined the effect of the amount of organic materials (Figs.3.10), the loading increment
(Figs.3.11), the period of the loading (Figs.3.12) and structures of the soils (Figs.3.13). Matsuo et
al. concluded as follows: 1) The more the amount of organic material, the smaller the C, and Ce.
2) The loading increment does not affect to C, and Cc. 3) The longer the period of the loading,
the smaller the C, and Cc. 4) The initial structure affect the C, and Ccin the smaller range of
the consolidation pressure than Pc’.  The diagram shows the relation of the ratio C, /Ccand the
C, isillustrated by Matsuo et a. (Fig.3.14)
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L eft Figs. 3.10 The effect of the amount of organic material in clay (After Matsuo et al.,
1986)
Right Figs. 3.11 The effect of theloading increment (After Matsuo et al., 1986)
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*: Mesri et al.(1977)
®k: GCraham et al. (1983}
*k%: Yagukawa (1983)
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Fig. 3.14 Range of the C,/Ccand the C, (After Matsuo et al., 1986)

Those figures show the tendency that in the smaller range of the consolidation pressure
than Pc’ the value of both a ’, A are smaller but the ratio of thea *, A isthe unique. There
are no paper found enough to see any tendency or uniqueness of K depending on the
consolidation pressure and so on.

In order to check the response of the soil parameters against the change of the material
properties, three types of parametric study are carried out in this section as follows: 1) a ', A ,
K times by 1.0, 0.75, 0.50, 0.25, 0.10. 2) k times by .0, 0.75, 0.50, 0.25, 0.10. 3) a '/A
times by .0, 0.75, 0.50, 0.25, 0.10.
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Theeffect of thechangeof a’ A «

Figs.3.15-3.18

Rangeof ageTo=5,000years, 10,000years, 15,000years

Rangeof PI =10, 20, 40, 60, 80, 100

Range of the factor to the material properties x 1.0, x 0.75, x 0.50, x 0.25, x 0.10
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The diagram shown in Figs.3.15-3.18 are arranged as follows (each box corresponding a

graph in the figures) :

[Figs.3.15-3-17]

The corresponding depositional ages are To=5,000years for Figs.3.15, To=10,000 for
Figs.3.16 and To=15,000 for Figs.3.17.

Table 3.7 Arrangement of the graphsin Figs.3.15-3.17

t-Depth e-Depth y '-Depth Po’-Depth

PI=10 PI=10 PI=10 PI=10

(a’ A k)x01-10 (a’ A kK )x01-10 (@’ K )x 01-1.0 (a’ A kK)x01-10
t-Depth e-Depth y '-Depth Po’-Depth

PI=20 PI=20 PI=20 Pl=20

(a’ A k)x01-10 (a’ A K )x 01-10 (@’ k)x01-10 (a’ A k)x01-10
t-Depth e-Depth y ’-Depth Po’-Depth

PI=40 PI=40 PI=40 PI=40

(a’ A k)x01-10 (o’ A K )x 01-10 (@' k)x01-10 (a’ A k)x01-10
t-Depth e-Depth y '-Depth Po’-Depth

PI=60 PI=60 PI=60 PI=60

(a’ A k)x01-10 (a’ A Kk )x01-10 (@’ K)x 01-1.0 (a’ A kK)x01-10
t-Depth e-Depth y '-Depth Po’-Depth

P1=80 PI=80 PI=80 PI=80

(a’ A k)x01-10 (a’ A K )x 01-10 (@’ k)x01-10 (a’ A kK)x01-10
t-Depth e-Depth y ’-Depth Po’-Depth

PI=100 PI=100 PI=100 PI=100

(a’ A k)x01-10

(a’,A K )x 01-10

(a’ A k)x01-10

(a’ A k)x01-10

[Figs.3.18]
Table 3.8 Arrangement of thegraphsin Figs.3.18

To=5,000 To=5,000 To=10,000 To=10,000 To=15,000 To=15,000
Po’' & Pc’-Depth OCR-Depth Po’' & Pc’-Depth OCR-Depth Po’ & Pc’-Depth OCR-Depth
PI=10 PI=10 PI=10 PI=10 PI=10 PI=10
(@’'A K)X01-10| (0’ A K)*X01-10| (a0’ A K)*01-10|(a’'A K)X01-10|(ad’'A K )X 01-10 | (aa’'A K )x 01-1.0
To=5,000 To=5,000 To=10,000 To=10,000 To=15,000 To=15,000
Po’ & Pc’-Depth OCR-Depth Po’ & Pc’'-Depth OCR-Depth Po’ & Pc’-Depth OCR-Depth
PI=20 PI=20 PI=20 PI=20 PI=20 PI=20
(0’ A K)X01-10| (¢’ A K)*X01-10| (a0’ A K)*01-10| (' A K)X01-10|(a’'A K )X 01-10| (aa'A K )X 01-1.0
To=5,000 To=5,000 To=10,000 To=10,000 To=15,000 To=15,000
Po’ & Pc’'-Depth OCR-Depth Po’ & Pc’'-Depth OCR-Depth Po’ & Pc’-Depth OCR-Depth
PI=40 PI=40 PI=40 PI=40 PI=40 PI=40
(@’ A K)X01-10| (¢’ A K)*X01-10| (a0’ A K)*01-10| (' A K)X01-10|(a’'A K )X 01-10| (aa'A K )X 01-1.0
To=5,000 To=5,000 To=10,000 To=10,000 To=15,000 To=15,000
Po’ & Pc’'-Depth OCR-Depth Po’ & Pc’'-Depth OCR-Depth Po’ & Pc’'-Depth OCR-Depth
PI=60 PI=60 PI=60 PI=60 PI=60 PI=60
(0’ A K)X01-10| (@' A K)*X01-10| (a0’ A K)*01-10| (' A K)X01-10|(a’'A K )X 01-10| (aa'A K )X 01-1.0
To=5,000 To=5,000 To=10,000 To=10,000 To=15,000 To=15,000
Po’ & Pc’'-Depth OCR-Depth Po’ & Pc’'-Depth OCR-Depth Po’ & Pc’'-Depth OCR-Depth
PI=80 PI=80 PI=80 PI=80 PI=80 PI=80
@’ A K)X01-10| (0’ A K)*X01-10| (0’ A K)*01-10| (' K )X 01-10|(ad’'A K )X 01-10 | (a’'A K )X 01-10
To=5,000 To=5,000 To=10,000 To=10,000 To=15,000 To=15,000
Po’ & Pc’'-Depth OCR-Depth Po’ & Pc’'-Depth OCR-Depth Po’ & Pc’'-Depth OCR-Depth
PI=100 PI=100 PI=100 PI=100 PI=100 PI=100
@’ A K)X01-10| (0’ A K)*X01-10| (0’ A K)*01-10| ('’ K )X 01-10|(d’'A K )X 01-10 | (a’'A K )X 01-10

All the parameters and calculation are listed in Tables 3.9-3.11.
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Enlarged diagrams of calculated parameters (PI=60, T0=15,000 years B.P.)
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Table 3.9 Parameterslists of the calculations of Figs.3.15 and 3.18

TO Vin Eq 31 y ’SZI T(lOm)
Pl € . a’ A K
(years) Ci (KN/m°) | (years)
8.31x 10° 1.940 5.782 1920 0.00213 0.0850 0.0156
7.45% 107 1.668 6.372 1942 0.00159 0.0638 0.0117
5,000 10 6.62x 107 1.396 7.095 1961 0.00106 0.0425 0.0078
5.80x 107 1.122 8.011 1981 0.00053 0.0213 0.0039
5.32x 107 0.959 8.678 1993 0.00021 0.0085 0.0016
9.90x 10° 3.315 3.940 1881 0.00388 0.1550 0.0470
8.61x 10° 2.820 4.450 1914 0.00201 0.1160 0.0352
5,000 20 7.36x 10° 2.325 5.113 1943 0.00194 0.0775 0.0235
6.16x 107 1.828 6.011 1973 0.00097 0.0388 0.0117
5.46x 107 1.529 6.722 1989 0.00039 0.0155 0.0047
1.18x 107 6.060 2.408 1835 0.00738 0.2950 0.1230
9.96x 107 5.123 2.776 1880 0.00553 0.2210 0.0920
5,000 40 8.22x 10° 4.182 3.281 1922 0.00369 0.1480 0.0613
6.58x 107 3.237 4.012 1962 0.00184 0.0738 0.0307
5.62x 107 2.669 4633 1986 0.00074 0.0295 0.0123
1.29x 107 8.802 1.734 1809 0.01090 0.4350 0.2080
1.07x 107 7.424 2.018 1861 0.00816 0.3260 0.1560
5,000 60 8.71x 10° 6.038 2.415 1911 0.00544 0.2180 0.1040
6.81x 107 4.647 3.010 1955 0.00272 0.1090 0.0521
5.71x 107 3.809 3535 1983 0.00109 0.0435 0.0208
1.36x 107 11.544 1.355 1791 0.01440 0.5750 0.3010
1.12x 1072 9.724 1.585 1849 0.01080 0.4310 0.2250
5,000 80 9.01x 1073 7.895 1.911 1903 0.00719 0.2880 0.1500
6.95x 107 6.056 2.409 1953 0.00359 0.1440 0.0751
5.77x 10° 4.949 2.858 1982 0.00144 0.0575 0.0301
1.41x 1072 14.284 1.112 1779 0.01790 0.7150 0.3970
1.16x 107 12.024 1.305 1841 0.01340 0.5360 0.2980
5,000 100 9.23x 10° 9.751 1.581 1898 0.00894 0.3580 0.1990
7.05x 107 7.465 2.008 1951 0.00447 0.1790 0.0994
5.81x 10° 6.089 2.398 1981 0.00179 0.0715 0.0397
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Table 3.10 Parameterslists of the calculations of Figs.3.16 and 3.18

TO Vin Eq 31 y ’Sj T(lOm)
Pl € . a’ A K
(years) Ci (KN/m°) | (years)
4.24x 10° 2.001 5.665 3841 0.00213 0.0850 0.0156
3.79x 10° 1.714 6.264 3882 0.00159 0.0638 0.0117
10,000 10 3.35x 10° 1.426 7.007 3923 0.00106 0.0425 0.0078
2.92x 10° 1.138 7.951 3963 0.00053 0.0213 0.0039
2.67x 10° 0.965 8.651 3986 0.00021 0.0085 0.0016
5.08x 10° 3425 3.842 3763 0.00388 0.1550 0.0470
4.40x 10° 2.903 4.356 3826 0.00201 0.1160 0.0352
10,000 20 3.74x 10° 2.380 5.030 3887 0.00194 0.0775 0.0235
3.11x 10° 1.856 5.952 3945 0.00097 0.0388 0.0117
2.74% 10° 1.540 6.693 3978 0.00039 0.0155 0.0047
6.07x 10° 6.269 2.339 3670 0.00738 0.2950 0.1230
5.11x 10° 5.280 2.707 3760 0.00553 0.2210 0.0920
10,000 40 4.20x 10° 4.287 3215 3845 0.00369 0.1480 0.0613
3.33x 10° 3.290 3.963 3925 0.00184 0.0738 0.0307
2.83x 10° 2.690 4.607 3971 0.00074 0.0295 0.0123
6.64x 107 9.111 1.681 3618 0.01090 0.4350 0.2080
551x 10° 7.656 1.964 3722 0.00816 0.3260 0.1560
10,000 60 4.45x 10° 6.193 2.363 3822 0.00544 0.2180 0.1040
3.45x 10° 4724 2.970 3914 0.00272 0.1090 0.0521
2.87x 10° 3.840 3512 3966 0.00109 0.0435 0.0208
7.01x 10° 11.952 1.313 3582 0.01440 0.5750 0.3010
5.77x 10° 10.031 1.541 3698 0.01080 0.4310 0.2250
10,000 80 461x 10° 8.099 1.868 3806 0.00719 0.2880 0.1500
352x 10° 6.158 2.375 3908 0.00359 0.1440 0.0751
2.90x 10° 4.990 2.838 3964 0.00144 0.0575 0.0301
7.27x 10° 14.792 1.076 3558 0.01790 0.7150 0.3970
5.95x 107 12.405 1.268 3682 0.01340 0.5360 0.2980
10,000 100 4.72x 10° 10.005 1.545 3796 0.00894 0.3580 0.1990
3.58x 10° 7.592 1.979 3903 0.00447 0.1790 0.0994
2.92x 10° 6.133 2.383 3963 0.00179 0.0715 0.0397
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Table 3.11 Parameterslists of the calculations of Figs.3.17-3.19

TO Vin Eq 31 y ’Sj T(lOm) ,
Pl € . a A K
(years) Ci (KN/m°) | (years)
2.86x 10° 2.036 5.599 5761 0.00213 0.0850 0.0156
2.55x 107 1.740 6.204 5824 0.00159 0.0638 0.0117
15,000 10 2.25x 10° 1.444 6.954 5885 0.00106 0.0425 0.0078
1.95x 10° 1.147 7.918 5944 0.00053 0.0213 0.0039
1.78x 10° 0.969 8.634 5978 0.00021 0.0085 0.0016
3.43x 10° 3.489 3.787 5644 0.00388 0.1550 0.0470
2.97x 10° 2.951 4.303 5741 0.00201 0.1160 0.0352
15,000 20 2.52x 10° 2412 4,982 5831 0.00194 0.0775 0.0235
2.09% 107 1.872 5.919 5918 0.00097 0.0388 0.0117
1.83x 10° 1.547 6.675 5968 0.00039 0.0155 0.0047
4.12x 10° 6.392 2.300 5506 0.00738 0.2950 0.1230
3.45x 10° 5.372 2.668 5641 0.00553 0.2210 0.0920
15,000 40 2.83x 10° 4.348 3.179 5768 0.00369 0.1480 0.0613
2.23x 10° 3321 3.934 5888 0.00184 0.0738 0.0307
1.89x 107 2.703 4591 5956 0.00074 0.0295 0.0123
450x 10° 9.293 1.652 5431 0.01090 0.4350 0.2080
3.73x 10° 7.791 1.934 5585 0.00816 0.3260 0.1560
15,000 60 3.00x 10° 6.283 2.334 5732 0.00544 0.2180 0.1040
2.32x 10° 4769 2.947 5871 0.00272 0.1090 0.0521
1.92x 10° 3.858 3.499 5949 0.00109 0.0435 0.0208
4.76x 10° 12.191 1.289 5373 0.01440 0.5750 0.3010
3.91x 10° 10.210 1.517 5547 0.01080 0.4310 0.2250
15,000 80 3.11x 10° 8.218 1.844 5710 0.00719 0.2880 0.1500
2.37x 10° 6.218 2.355 5861 0.00359 0.1440 0.0751
1.94x 10° 5.014 2.827 5946 0.00144 0.0575 0.0301
4.94x 10° 15.089 1.057 5337 0.01790 0.7150 0.3970
4.03x 10° 12.628 1.247 5522 0.01340 0.5360 0.2980
15,000 100 3.19% 10° 10.153 1524 5694 0.00894 0.3580 0.1990
2.41x 10° 7.667 1.961 5853 0.00447 0.1790 0.0994
1.96x 10° 6.170 2.371 5944 0.00179 0.0715 0.0397
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The effect of the changeof «

Figs.3.20

Rangeof ageTo=5,000years, 10,000years, 15,000years

Rangeof PI =10, 20, 40, 60, 80, 100

Range of the factor to the material properties x 1.0, x 0.75, x 0.50, x 0.25, x 0.10

Notethat Kk hasno relations except OCR and Pc’
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The diagram shown in Figs.3.20 is arranged as follows (each box corresponding a graph
in the figures) :

[Figs.3.20]

Table 3.12 Arrangement of the graphsin Figs.3.20
To=5,000 To=5,000 T0=10,000 To=10,000 To=15,000 To=15,000
Po'&Pc’-Depth | OCR-Depth Po'&Pc’-Depth | OCR-Depth Po'&Pc'-Depth | OCR-Depth
PI=10 PI=10 PI=10 PI=10 PI=10 PI=10
K x 01-10 K x 01-10 K x 01-10 K X 01-10 K X 01-10 K X 01-10
To=5,000 To=5,000 T0=10,000 T0=10,000 To=15,000 To=15,000
Po'&Pc'-Depth | OCR-Depth Po'&Pc’-Depth | OCR-Depth Po'&Pc'-Depth | OCR-Depth
PI=20 PI=20 PI=20 PI=20 PI=20 PI=20
K x 01-10 K x 01-10 K x 01-10 K X 01-10 K x 01-10 K X 01-10
To=5,000 To=5,000 T0=10,000 T0=10,000 To=15,000 To=15,000
Po'&Pc'-Depth | OCR-Depth Po'&Pc’-Depth | OCR-Depth Po'&Pc'-Depth | OCR-Depth
PI=40 PI=40 PI=40 PI=40 PI=40 PI=40
K x 01-10 K x 01-10 K x 01-10 K X 01-10 K x 01-10 K X 01-10
To=5,000 To=5,000 T0=10,000 T0=10,000 To=15,000 To=15,000
Po'&Pc’-Depth | OCR-Depth Po'&Pc’-Depth | OCR-Depth Po'&Pc'-Depth | OCR-Depth
PI=60 PI=60 PI=60 PI=60 PI=60 PI=60
K X 01-10 K X 01-1.0 K X 01-1.0 K X 01-10 K X 01-10 K X 01-10
To=5,000 To=5,000 T0=10,000 T0=10,000 To=15,000 To=15,000
Po'&Pc’-Depth | OCR-Depth Po'&Pc’-Depth | OCR-Depth Po'&Pc'-Depth | OCR-Depth
PI=80 PI=80 PI=80 PI=80 PI=80 PI=80
K X 01-10 K X 01-1.0 K X 01-1.0 K X 01-10 K X 01-10 K X 01-10
To=5,000 To=5,000 T0=10,000 T0=10,000 To=15,000 To=15,000
Po'&Pc'-Depth | OCR-Depth Po'&Pc’-Depth | OCR-Depth Po'&Pc'-Depth | OCR-Depth
PI=100 PI=100 PI=100 PI=100 PI=100 PI=100
K X 01-1.0 K X 01-1.0 K X 01-1.0 K x01-10 K X 01-1.0 K X 01-1.0

All the parameters and calculation are listed in Tables 3.13-3.15. Note that the changing
in K doesnot affectt, e, y ' nor Po’ at all.
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Figs.3.20 The effect of k 1 of 2.
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Table 3.13 Parameterslists of the calculations of Figs.3.20 and 3.21

TO Vin Eq 31 y ’Sj T(lom)
Pl € a’ A K
(years) C (kN/m’) | (years)

0.0156

0.0117

5,000 10 8.31x 107 1.940 5.782 1920 0.00213 0.0850 0.0078

0.0039

0.0016

0.0470

0.0352

5,000 20 9.90x 107 3.315 3.940 1881 0.00388 0.1550 0.0235

0.0117

0.0047

0.1230

0.0920

5,000 40 1.18x 102 6.060 2.408 1835 0.00738 0.2950 0.0613

0.0307

0.0123

0.2080

0.1560

5,000 60 1.29x 107 8.802 1734 1808 0.01090 0.4350 0.1040

0.0521

0.0208

0.3010

0.2250

5,000 80 1.36x 107 11.543 1.355 1791 0.01440 0.5750 0.1500

0.0751

0.0301

0.3970

0.2980

5,000 100 1.41x 107 14.284 1112 1779 0.01790 0.7150 0.1990

0.0994

0.0397
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Table 3.14 Parameterslists of the calculations of Figs.3.20 and 3.21

TO Vin Eq 31 y ’Sj T(lom)
Pl € a’ A K
(years) C (kN/m’) | (years)

0.0156

0.0117

10,000 10 4.24x 10° 2.001 5.665 3841 0.00213 0.0850 0.0078

0.0039

0.0016

0.0470

0.0352

10,000 20 5.08x 107 3.425 3.842 3763 0.00388 0.1550 0.0235

0.0117

0.0047

0.1230

0.0920

10,000 40 6.07x 107 6.269 2.339 3670 0.00738 0.2950 0.0613

0.0307

0.0123

0.2080

0.1560

10,000 60 6.64x 107 9.111 1.681 3617 0.01090 0.4350 0.1040

0.0521

0.0208

0.3010

0.2250

10,000 80 7.01x 107 12.077 1.300 3594 0.01440 0.5750 0.1500

0.0751

0.0301

0.3970

0.2980

10,000 100 7.27x 10° 14.792 1.076 3558 0.01790 0.7150 0.1990

0.0994

0.0397
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Table 3.15 Parameterslists of the calculations of Figs.3.20 and 3.21

TO Vin Eq 31 y ’Sj T(lom)
Pl € a’ A K
(years) C (kN/m’) | (years)

0.0156

0.0117

15,000 10 2.86x 107 2.036 5.599 5761 0.00213 0.0850 0.0078

0.0039

0.0016

0.0470

0.0352

15,000 20 3.43x 107 3.489 3.787 5644 0.00388 0.1550 0.0235

0.0117

0.0047

0.1230

0.0920

15,000 40 4.12x 10° 6.392 2.300 5506 0.00738 0.2950 0.0613

0.0307

0.0123

0.2080

0.1560

15,000 60 450x 10° 9.292 1.652 5425 0.01090 0.4350 0.1040

0.0521

0.0208

0.3010

0.2250

15,000 80 4.76x 10° 12.191 1.289 5373 0.01440 0.5750 0.1500

0.0751

0.0301

0.3970

0.2980

15,000 100 4.94x 10° 15.089 1.057 5337 0.01790 0.7150 0.1990

0.0994

0.0397
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The effect of the changeof a '/A

Figs.3.22-3.25

Rangeof ageTo=5,000years, 10,000years, 15,000years

Rangeof PI =10, 20, 40, 60, 80, 100

Range of the material property a /A 0.025, 0.0375, 0.0500, 0.0625, 0.0750
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The diagram shown in Figs.3.22-3.25 are arranged as follows (each box corresponding a
graph in the figures) :

[Figs.3.22-3-24]
The corresponding depositional ages are To=5,000years for Figs.3.22, To=10,000 for
Figs.3.23 and To=15,000 for Figs.3.24.

Table 3.16 Arrangement of the graphsin Figs.3.22-3.24

t-Depth e-Depth y '-Depth Po’-Depth

PI=10 PI=10 PI=10 PI=10

a '/A :0.025-0.075 o '/\ :0.025-0.075 o /A - 0.025-0.075 o '/\ :0.025-0.075
t-Depth e-Depth y '-Depth Po’-Depth

PI=20 PI=20 PI=20 Pl=20

a /A :0.025-0.075 o '/A :0.025-0.075 a /A - 0.025-0.075 o '/A :0.025-0.075
t-Depth e-Depth y ’'-Depth Po’-Depth

PI=40 PI=40 PI=40 PI=40

a '/A :0.025-0.075 a /A :0.025-0.075 o '/ 0.025-0.075 a /A :0.025-0.075
t-Depth e-Depth y '-Depth Po’-Depth

PI=60 PI=60 PI=60 PI=60

a '/A :0.025-0.075 o '/\ :0.025-0.075 o /A - 0.025-0.075 o '/\ :0.025-0.075
t-Depth e-Depth y '-Depth Po’-Depth

PI=80 PI1=80 PI1=80 PI1=80

a /A :0.025-0.075 o '/A :0.025-0.075 a /A - 0.025-0.075 o '/A :0.025-0.075
t-Depth e-Depth y ’-Depth Po’-Depth

PI=100 PI=100 PI=100 PI=100

a '/A :0.025-0.075 a /A :0.025-0.075 o '/ 0.025-0.075 a /A :0.025-0.075

[Figs.3.25]
Table 3.17 Arrangement of the graphsin Figs.3.25

To=5,000 To=5,000 T0=10,000 T0=10,000 To=15,000 To=15,000

Po’ & Pc’-Depth OCR-Depth Po' & Pc’-Depth OCR-Depth Po’ & Pc’-Depth OCR-Depth

PI=10 PI=10 PI=10 PI=10 PI=10 PI=10

o '/A :0.025-0.075 | o '/A :0.025-0.075 | o '/A :0.025-0.075 | o '/A :0.025-0.075 | o '/A :0.025-0.075 | o '/A :0.025-0.075
To=5,000 To=5,000 T0=10,000 T0=10,000 To=15,000 To=15,000

Po’ & Pc’-Depth OCR-Depth Po’ & Pc’-Depth OCR-Depth Po’ & Pc’-Depth OCR-Depth

PI=20 PI=20 PI=20 PI=20 PI=20 PI=20

o '/A :0.025-0.075 | o '/A :0.025-0.075 | o '/A :0.025-0.075 | o '/A :0.025-0.075 | o '/A :0.025-0.075 | o '/A :0.025-0.075
To=5,000 To=5,000 T0=10,000 T0=10,000 To=15,000 To=15,000

Po’ & Pc’-Depth OCR-Depth Po’ & Pc’-Depth OCR-Depth Po’ & Pc’-Depth OCR-Depth

PI=40 PI=40 PI=40 PI=40 PI=40 PI=40

o '/A :0.025-0.075 | o '/A :0.025-0.075 | o '/A :0.025-0.075 | o '/A :0.025-0.075 | o '/A :0.025-0.075 | o '/A :0.025-0.075
To=5,000 To=5,000 T0=10,000 T0=10,000 To=15,000 To=15,000

Po’ & Pc’-Depth OCR-Depth Po’ & Pc’-Depth OCR-Depth Po’ & Pc’-Depth OCR-Depth

PI=60 PI=60 PI=60 PI=60 PI=60 PI=60

o '/A :0.025-0.075 | o '/A :0.025-0.075 | o '/A :0.025-0.075 | o '/A :0.025-0.075 | o '/A :0.025-0.075 | o '/A :0.025-0.075
To=5,000 To=5,000 T0=10,000 To=10,000 To=15,000 To=15,000

Po’ & Pc’-Depth OCR-Depth Po’ & Pc’-Depth OCR-Depth Po’ & Pc’-Depth OCR-Depth

PI=80 PI=80 PI=80 PI=80 PI=80 PI=80

o '/A :0.025-0.075 | o '/A :0.025-0.075 | o '/A :0.025-0.075 | o '/A :0.025-0.075 | o '/A :0.025-0.075 | o '/A :0.025-0.075
To=5,000 To=5,000 T0=10,000 T0=10,000 To=15,000 To=15,000

Po’ & Pc’-Depth OCR-Depth Po’ & Pc’-Depth OCR-Depth Po’ & Pc’-Depth OCR-Depth

PI=100 PI=100 PI=100 PI=100 PI=100 PI=100

a '/A :0.025-0.075

a '/A :0.025-0.075

o '/A :0.025-0.075

a '/A :0.025-0.075

o '/A :0.025-0.075

o '/A :0.025-0.075

All the parameters and calculation are listed in Tables 3.18-3.20.
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Figs.3.22 The effect of a /A 1 of 5.

71

ts e,y

*and Po' (To=5,0

00)



Depth (m) Depth (m) Depth (m) Depth (m) Depth (m)

Depth (m)

10

15

20

25

10

15

20

25

10

15

20

25

10

15

20

25

10

15

20

25

10

15

20

25

t (years B.P.)

y ' (KN/m®) Po* (kPa)

P1=10

P1=20

PI1=40

P1=60

PI1=80

0 5000 10000 15000 2 4 6 8 10 2 4 6 8 10 0 50 100 150 200 250
T T T T T T T T T T T T T T T T T T T T
—0—a /X =0.0750 ot ot ot
—o—a /A =0.0625
——a /A =00500 | A A
—v—a /A =0.0375
—o—a /X =0.0250
0L 0L w0}
K 5L 5L 51
\\ 201 20 20}
51 25 5L
0 5000 10000 15000 2 4 6 8 10 2 4 6 8 10 0 50 100 150 200 250
% o} o} o}
5k st sk
0L 0L w0}
5L 5L 51
0L 20} 20|
51 5L 5L
0 5000 10000 15000 2 4 6 8 10 2 4 6 8 10 0 50 100 150 200 250
oF o of
SH 5| sk
10+ 10 10
15 15+ 15+
0L 20} 20|
5L 5L 5|
0 5000 10000 15000 2 4 6 8 10 2 4 6 8 10 0 50 100 150 200 250
oF o o}
Sk 5| 5|
w0 0L 0L
5L 5L 5L
0k 20} 20f
5L £33N 2|
0 5000 10000 15000 2 4 6 8 10 2 4 6 8 10 0 50 100 150 200 250
oF o o}
SH 5| 5|
w0 0L w0}
5L 5L 151
04 20} 20f
5L £33N 2|
0 5000 10000 15000 2 4 6 8 10 2 4 6 8 10 0 50 100 150 200 250
oF o o}
SH 5| sk
10+ 10 10
15 15+ 15+
0L 20} 20|
5L 5L 5|
. L L L L L

PI1=100

Figs.3.23 The effect of a "/A 2 of 5.
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Figs.3.24 The effect of a '/A 3 of 5. t, e, y "and Po' (To=15,000)
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Table 3.18 Parameterslists of the calculations of Figs.3.22 and 3.25

To VinEq. 3.1 y ’SZI T(lOm)
Pl ey . a'’ A K
(years) Ci (KN/m°) | (years)
8.48x 10° 1.993 5.680 1916 0.00683
8.44x 107 1.980 5.705 1916 0.00531
5,000 10 8.40x 10° 1.967 5.730 1916 0.00425 0.0850 0.0156
8.36x 10° 1.953 5.757 1917 0.00319
8.31x 10° 1.940 5.782 1920 0.00213
1.02x 1072 3411 3.854 1874 0.01160
1.01x 10? 3.387 3.857 1875 0.00969
5,000 20 1.00x 1072 3.363 3.896 1876 0.00775 0.1550 0.0470
9.98x 107 3.338 3.916 1877 0.00581
9.91x 10° 3.314 3.941 1879 0.00388
1.22x 102 6.242 2.347 1824 0.02210
1.21x 10% 6.197 2.362 1830 0.01840
5,000 40 1.20x 1072 6.151 2.377 1829 0.01480 0.2950 0.1230
1.19x 1072 6.105 2.393 1831 0.01110
1.18x 1072 6.059 2.408 1833 0.00738
1.33x 1072 9.069 1.688 1794 0.03260
1.32x 10% 9.003 1.699 1801 0.02720
5,000 60 1.31x 1072 8.936 1.711 1802 0.02180 0.4350 0.2080
1.30x 10% 8.869 1.723 1803 0.01630
1.29x 102 8.801 1.735 1804 0.01090
1.41x 1072 11.895 1.318 1774 0.04310
1.40x 10% 11.807 1.327 1778 0.03590
5,000 80 1.38x 1072 11.720 1.336 1784 0.02880 0.5750 0.3010
1.37x 107 11.632 1.346 1788 0.02160
1.36x 1072 11.542 1.355 1788 0.01440
1.46x 107 14.723 1.081 1767 0.05360
1.45% 10% 14.611 1.089 1765 0.04470
5,000 100 1.44x 1072 14.502 1.097 1768 0.03580 0.7150 0.3970
1.42x 10% 14.394 1.104 1776 0.02680
1.41x 102 14.282 1.112 1776 0.01790
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Table 3.19 Parameterslists of the calculations of Figs.3.23 and 3.25

To VinEg. 3.1 YV '« T 20m)
Pl €y a’ A K
(years) C1 (kN/m°) | (years)
4.33x 10° 2.056 5.563 3832 0.00638
4.30x 10° 2.043 5.587 3840 0.00531
10,000 10 4.28x 10° 2.029 5.612 3840 0.00425 0.0850 0.0156
4.26x 10° 2.015 5.638 3840 0.00319
4.25x 10° 2.000 5.667 3835 0.00213
5.22x 10° 3.526 3.756 3745 0.01160
5.18x 10° 3.501 3.777 3752 0.00969
10,000 20 5.15x 107 3.475 3.799 3753 0.00775 0.1550 0.0470
5.11x 10° 3.450 3.820 3760 0.00581
5.08x 10 3425 3.842 3760 0.00388
6.27x 10° 6.462 2.278 3648 0.02210
6.22x 10° 6.414 2.293 3654 0.01840
10,000 40 6.18x 10° 6.365 2.308 3653 0.01480 0.2950 0.1230
6.13x 10° 6.317 2.323 3658 0.01110
6.08x 10’ 6.269 2.339 3664 0.00738
6.88x 10° 9.394 1.636 3591 0.03260
6.83x 10° 9.322 1.647 3592 0.02720
10,000 60 6.77x 10° 9.252 1.658 3598 0.02180 0.4350 0.2080
6.70x 10° 9.182 1.670 3611 0.01630
6.65x 10’ 9.111 1.681 3612 0.01090
7.28x 107 12.324 1.276 3552 0.04310
7.20x 10° 12.232 1.285 3566 0.03590
10,000 80 7.15x 10° 12.138 1.294 3565 0.02880 0.5750 0.3010
7.08x 10° 12.045 1.303 3574 0.02160
7.03x 10° 11.950 1.313 3573 0.01440
7.54x 10° 15.256 1.046 3536 0.05360
7.48x 10° 15.140 1.053 3537 0.04470
10,000 100 7.42x 10° 15.023 1.061 3540 0.03580 0.7150 0.3970
7.35x 10° 14.907 1.069 3547 0.02680
7.28x 10° 14.791 1.077 3555 0.01790
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Table 3.20 Parameterslists of the calculations of Figs.3.24 and 3.25

To VinEq. 3.1 y ’SZI T(lOm)
Pl ey . a'’ A K
(years) Ci (KN/m°) | (years)
2.92x 10° 2.094 5.495 5750 0.00638
2.91x 10° 2.079 5.521 5753 0.00531
15,000 10 2.80x 10° 2.065 5.546 5755 0.00425 0.0850 0.0156
2.87x 10° 2.050 5574 5769 0.00319
2.86x 10° 2.036 5.509 5760 0.00213
3.53x 10° 3.594 3.700 5620 0.01160
351x 10° 3.567 3.722 5620 0.00969
15,000 20 3.48x 10° 3.542 3.743 5635 0.00775 0.1550 0.0470
3.46x 10° 3515 3.765 5635 0.00581
3.44x 10° 3.489 3.787 5634 0.00388
4.25x 103 6.590 2.240 5477 0.02210
4.22x 10° 6.540 2.255 5479 0.01840
15,000 40 4.19x 10° 6.491 2.269 5480 0.01480 0.2950 0.1230
4.15% 10° 6.441 2.285 5497 0.01110
4.12x 10° 6.392 2.300 5498 0.00738
4.67x 10° 9.584 1.606 5387 0.03260
4.63x 10° 9.511 1.617 5395 0.02720
15,000 60 4.50% 10° 9.438 1.629 5404 0.02180 0.4350 0.2080
4.55% 107 9.365 1.640 5413 0.01630
451x 10° 9.291 1.652 5422 0.01090
4.95x 10° 12.574 1.252 5323 0.04310
4.89x 10° 12.480 1.261 5350 0.03590
15,000 80 4.85x 10° 12.393 1.269 5347 0.02880 0.5750 0.3010
4.81x 10° 12.287 1.279 5359 0.02160
4.77x 10° 12.190 1.289 5364 0.01440
5.14x 10° 15.566 1.026 5285 0.05360
5.00x 10° 15.447 1.034 5208 0.04470
15,000 100 5.04x 10° 15.327 1.041 5311 0.03580 0.7150 0.3970
5.00x 10° 15.206 1.049 5314 0.02680
4.95% 10° 15.088 1.057 5327 0.01790
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3.5

Effect of the PI transition

Actual depthwise distribution of Pl may not be constant because of the transition of the
depositional environment during the geological time. The effects of the Pl transition on the
mechanical properties are investigated in this section. The parameters used for the calculations
are listed in Table 3.21. The results of the calculations are plotted in Figs. 3.27 and listed in

Tables 3.21-3.25. To=10,000 years 25 m of the present thicknessis assumed in the calculations.

Table 3.21 Parameterslists of the calculations of Figs.3.27

TO Vin Eq 31 y ’sd T(lOm)
Pl € . a’ A K
(years) Cy (myear) (kN/mv) | (years)
10 4.27x 10° 197 5.39 3817 2.13E-03 8.50E-02 1.56E-02
15 4.74x 107 2.67 4.36 3768 3.00E-03 1.20E-01 3.05E-02
20 5.13x 10° 3.38 3.66 3728 3.88E-03 1.55E-01 4.70E-02
40 6.16x 10° 6.18 223 3621 7.38E-03 2.95E-01 1.23E-01
10,000
60 6.76x 10° 8.99 1.60 3560 1.09E-02 4.35E-01 2.08E-01
80 7.15x 10° 11.79 125 3520 1.44E-02 5.75E-01 3.01E-01
90 7.30x 10° 13.19 113 3504 1.61E-02 6.45E-01 3.49E-01
100 7.43x 10° 14.59 1.03 3491 1.79E-02 7.15E-01 3.97E-01
PI e y ' (kN/m?)
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Fig.3.27 Effects of the transition of Pl on the mechanical parameters
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Table 3.22 Results of the calculations Casel of Fig.3.24

[Casel]
t Depth v’ Po’ Pc’
(years) i (m) © KN/ | (kPa) (kPa) OCR
1 60 0.007 6.355 2.176 0.011 0.014 1.327
1000 60 3.196 3.275 3.743 10.829 20.023 1.849
2000 60 5.973 2.966 4.035 21.658 41.401 1.912
3000 60 8.591 2.785 4.228 32.487 63.321 1.949
4000 60 11.108 2.656 4.376 43.316 85.602 1.976
5000 60 13.547 2.557 4.498 54.145| 108.155 1.998
6000 60 15.926 2.476 4.603 64.974 | 130.926 2.015
7000 60 18.255 2.407 4.696 75.803| 153.881 2.030
8000 60 20.540 2.347 4.780 86.632 | 176.995 2.043
9000 60 22.788 2.295 4.856 97.461 | 200.248 2.055
10000 60 25.001 2.248 4.926| 108.290| 223.626 2.065
Table 3.23 Results of the calculations Case2 of Fig.3.24
[Case?]
t Depth v’ Po’ Pc’
(years) i (m) © KN/ | (kPa) (kPa) OCR
1 10 0.004 1.456 6.514 0.023 0.028 1.198
1000 15 2.865 1.098 7.627 22.978 34.012 1.330
2000 20 5.600 1.231 7.173 43.617 62.322 1.623
3000 30 8.326 1.572 6.220 62.363 94.081 1.736
4000 40 10.952 1.890 5.536 78.203 | 122.844 1.836
5000 50 13.482 2.190 5.016 01.924 | 149.240 1.928
6000 60 15.926 2.476 4603 | 104.027| 173.741 2.015
7000 70 18.293 2.749 4267 | 114.856| 196.696 2.099
8000 80 20.590 3.013 3.987| 124.655| 218.371 2.181
9000 90 22.824 3.267 3.749| 133.602| 238.972 2.262
10000 100 25.002 3.514 3.545| 141.834| 258.661 2.341
Table 3.24 Results of the calculations Case3 of Fig.3.24
[Case3]
t Depth v’ Po’ Pc’
(years) i (m) © KN/m?) | (kPa) (kPa) OCR
1 100 0.007 10.264 1.420 0.008 0.011 1.394
1000 90 3.285 4.720 2.797 7.624 15.679 2.007
2000 80 6.062 3.830 3.313 15.856 33.470 2.028
3000 70 8.646 3.188 3.820 24.803 52.786 2.012
4000 60 11.108 2.656 4.376 34.602 73.644 1.976
5000 50 13.482 2.190 5.016 45.431 96.197 1.928
6000 40 15.796 1.767 5.782 57534 | 120.697 1.868
7000 30 18.071 1.377 6.732 71.255 147.513 1.795
8000 20 20.333 1.010 7.958 87.095| 177.162 1.706
9000 15 22.651 0.828 8.755| 105.841| 210.353 1.654
10000 10 25.001 0.654 9.675| 126.484| 245.699 1.588
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Table 3.25 Results of the calculations Case4 of Fig.3.24

[Cased]
t Depth v’ Po’ Pc’
(years) i (m) © KN/ | (kPa) (kPa) OCR
1 10 0.004 1.456 6.514 0.023 0.028 1.198
1000 20 2.930 1.341 6.835 22.978 34.012 1.583
2000 40 5.836 2.100 5.162 41.723 65.181 1.782
3000 60 8.591 2.785 4.228 55.444 90.916 1.949
4000 80 11.210 3.421 3.619 66.273 | 113.197 2.103
5000 90 13.681 3.656 3.436 75.220 | 133.122 2.190
6000 80 16.012 3.182 3.826 83452 | 152.233 2.148
7000 60 18.255 2.407 4.696 02.399 | 172546 2.030
8000 40 20.464 1.680 5969 | 103.228| 195.659 1.891
9000 20 22.677 0.992 8.033| 116.949| 222.786 1.713
10000 10 25.001 0.654 9.675| 135.694| 256.109 1.588
Table 3.26 Results of the calculations Case5 of Fig.3.24
[Caseb]
t Depth v’ Po’ Pc’
(years) i (m) © KN/ | (kPa) (kPa) OCR
1 100 0.007 10.264 1.420 0.008 0.011 1.394
1000 80 3.260 4.238 3.054 7.624 15.679 1.956
2000 60 5.973 2.966 4.035 16.571 34.473 1.912
3000 40 8.438 1.977 5.374 27.400 56.394 1.813
4000 20 10.683 1.121 7.545 41.120 82.506 1.664
5000 10 12.934 0.714 9.335 59.866 | 114.947 1.555
6000 20 15.571 1.056 7.782 82.844 | 151.877 1.688
7000 40 18.149 1.721 5.881| 101.589| 184.750 1.880
8000 60 20.540 2.347 4780 | 115.309| 211.731 2.043
9000 80 22.814 2.943 4.057 | 126.138| 234.984 2.195
10000 100 25.002 3.514 3.545| 135.086| 255.706 2.341
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3.6 Conclusions

The conclusions obtained in this chapter are as follows:

(1) The parametric studies were carried out based on the proposed theory in this paper. It enables
us to estimate the depthwise distribution of the soil parameters. Moreover effects of the
history and properties of the soil such as age, depositional rate, PI, a ', A , Kk and theratio
a '/A areinvestigated in this chapter.

(2) The effect of Pl is considerably strong to each parameter. Transition of Pl gives a strong effect
on the mechanical parameters except OCR.

(3) Age T, at the bottom of the formation does not effect to the depthwise distribution of age,
void ratio and unit weight. T, give effect to OCR and P, however, the effect is not so strong
because the effect is proportiona to the logarithm of the age and it is possible to obtain the
age with in the error of one order.

(4) Depositional rate influences the depthwise distribution of all the parameters. The difference of
the calculated value caused by the difference of the depositional rate is about 5%-10%.

(5) The effect of the same changes of material properties a ', A , K totheage, P,’, OCR and P’
are negligible. However the effect to the shape of the depthwise distribution of void ratio and
unit weight is that the smaller the those parameters the smaller the depthwise changes of the
void ratio and unit weight.

(6) The changes of Kk (in this case o ’, A are not changed ) give a strong impact to the
depthwise distribution of OCR and P.'. The bigger the value of k , the larger the OCR and
Pc. Notethat Kk does not have any relation with the distribution of the age, void ratio, unit
weight and P’ .

(7) The changes of theratio o '/A give a effect only to the OCR and P.'. The bigger the value
of theratio a '/A , thelarger the OCR and P;'.

Summary of the parametric study is shown in Table 3.27.
Table 3.27 Summary of the parametric study

Parameters | tage e v’ Py OCR P
To X X X X o
\ o o o o
Pl
(a’ A K)
K X X X X
o '/A X X x X

. Strong effect, o : Moderate effect, ; Weak effect, x : Negligible effect
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Chapter 4

APPLICATIONS OF THE THEORY
& INTERPRETATIONS OF THE
DEPOSITIONAL ENVIRONMENT

4.1 I ntroduction

The examples of the applications of the theory to the field observations are given in this
chapter together with the geological interpretation. The distributions of soil parameters in
severa sites are being estimated by means of the geological information such as boring logs and
basic soil properties. The distributions of the age of soils are usually hard to obtain. In that case
the age was assumed based on the printed papers. The depositional rate is assumed to be
constant according to the results of the parametric study carried out in chapter 3.

Change of the depositional environment seems to give effects to the characteristics of
soils. Examples of the characteristic differences of marine and freshwater clays are given in
Table 4.1(after Kamon et al., 1995). Pl represents the change of the depositional environment
in this study because PI is one of the basic properties reflecting the difference in nature of clays.
Geological analysis and its interpretation were also carried out in this chapter in order to explain
how the depositional environment changed and gave the effect on the characteristics of natural

clays.

Understanding the change of the depositional environment in the concerning location
helps engineers to interpret the limited information such as boring logs. Several methods have
been proposed in order to distinguish the depositional environment (e.g. Sato and Yokoyama,
1987; Horie et al. 1988; Ohtsubo, 1995; Fukusawa, 1997; Masuda, 1997; Kamei, 1997;
Kitamura, 1998). Fig.4.1 shows schematic drawing how the understanding of the depositional
environment is related to civil engineering. Microfossils analyses are very useful to reconstruct
sedimentary environment from core samples. Because core samples are large enough to collect
microfossils, but are too small to obtain megafossils such as molluscs. The existence of
coccolith is an index of marine sediments and suggests that diagenetic alternation of the sample
was negligible The volume percentage of diatom remains is also very important to predict
physical property. Table 4.2 isthe lists of the methods to distinguish depositional environment of
soil for civil engineers.
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Table 4.1 Differences of marine and freshwater clays (after Kamon et al., 1995)
Characteristics Marine clay Freshwater clays
Clay content over 30% 20-30%
Mostly classified into | Mostly classified into
clays, partialy sty | clayey silt, particle size
clays distributes widely
Physica Activity dlightly high dlightly low
characteristics Consistency LL=50-130% LL=40-70%
P1=20-90 P1=15-40
Highly plastic Medium to  highly
plastic
Unit weight dightly light dightly heavy
Void ratio dlightly high slightly low
Color dark grayish blue bluish green, grayish
green
Breaking shape Small shell shapetips Large block
Observation of Outcrop is eadsily | Outcrop seems to be
outcrop collapsed w_al l .
Educts Yellow sulfur powder Vivianite (Fresh
Needle-like gypsum Vivianite is blue color
and it turns to be brown)
pH 2-5 6-8
Bor.1 Bor.2 Bor.1 Bor.2
e e [ Difference of the soil profile 4—— &&= ——————

River sediments
(Discontinuous lenses)

fﬁﬁ

L \
L
1

Matrix-supported conglomerate
(a debris-avalanche sediments)

= between river sediments and

marine sediments

>

Matrix-supported

Marine sediments
(Continuous layer)

conglomerate is
more deformable

<

Clast-supported conglomerate (River sediments)

Fig.4.1 Examples of the importance of under standing depositional environment
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Addition to the relationship between depositional environment and mechanical
properties of clays, having the information of the depositional environment may help an
engineer alot (e.g. Kitamura, 1998). For example soil profile has to be prepared at the beginning
of the planning, designing and analysis of any construction project. The quality of the soil
profile dominates the success of the project. Accuracy of the analysis is aso depending on the
quality of the soil profile together with the accuracy of the soil parameters. Present soil
formations are the results of the change of the depositional environment. The difference of the
depositional environment is reflected to the facies of the sediments (Einsel, 1992).

Table 4.2 Lists of geological analysis

Geol ogl_cal Target material Target information
analysis
: Facies fossils such as molluscs show depositional
Observation :
Core sample environment. Roots represent shallow water or on
of core . )
shore environment. Tephra can be a time marker.
: . o Existence of water flow: Coarse particles are piled
Particle size Ei\t,lg]% rsafnei rﬂﬁ rr' bution up under faster water flow. Fine particle such as silt
or clay is piled up under no water flow.
Coccolith (CaCOs3) and Foraminifer (S1O,) exist only
Smear dide Micro fossil (Diatom, |in marine sediments. Different types of Diatom
Coccolith, Foraminifer) (SI0,) species exist in marine, brackish and fresh
water sediments.
Soft  X-ray | Soft X-ray photograph of Laminae represents brackish environment
photograph | Boring core
Electric Stirred water with fine | Marine sediments show higher conductivity. Fresh
conductivity | particles water sediments show lower conductivity.
H Stirred water with fine| Marine sediments show lower pH. Fresh water
b particles sediments show higher pH.
XRE Quantitative element | Higher  sulfur  content  represents  marine
analysis environment.
C®dating | C*in organic material C¥ age
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4.2 Meade svoid ratio (San Joaquin valley, California)

Fig.4.2 shows the estimated distribution compared with the field data reported by
Meade (1963) and Velde (1996). Both of those data are the distribution of the void ratio in the
field. The former data are taken at the east of the San Joaquin Valley, California, USA. The
tendency of the depthwise distribution of void ration is that the deeper the depth, the larger the
void ratio (Meade, 1963). The latter data are taken from deep-sea clay-rich deposit al over the
world. Theoretical distributions are calculated by assuming w, equals to w. (a = 1.0) in
Eq.(2.20). The age of deposits are assumed to be 2 Ma (2 million ages or 2 million years before
present) at the depth of 500m, since the lower part of the San Joaquin which depth of
500m-600m is suppose to be a part of late Pliocene (San Joaquin formation).

All the data shown in Fig.4.2 are in the range of theoretical data where PI isin between
ten to hundred. The data reported by Meade (1963) are shown in Figs.4.3 with the different scale
from Fig.4.2. Meade describes that the distribution of the void ratio increases with increasing
depth of burial. Meade also shows the results of chemical analysis (but no Pl is shown) such as
percentage of montmorillonite in clay fraction, adsorbed cation, pH together with diatom
remains percentage of sediment and median diameter. The percentage of montmorillonite in clay
mineral and adsorbed cation Na increases with increasing void ratio. Regarding the amount of
clay fraction and activity, the more clay fraction (in this case clay means montmorillonite), the
higher the PI (Skempton, 1953, Lambe and Whitman, 1969, see Fig.4.4). In addition to the
montmorillonite and PI relation, the more Na in the adsorbed cation of montmorillonite, the
higher the Pl (Grim, 1962; Lambe and Whitman, 1969, see Table 4.3). Though there is no
mention about Pl in the Meade's paper, it is reasonable to conclude that Pl must increase with
increasing depth burial.

OF it 01000 OrarOrrrrrrrarTa e e
@ oo 500 o
100 4 o®o°o0r
i ﬂ;%:' Qo S +  Meade(1963)
~ 200 ?L;:f?g?-'@-' o Velde(1996)
E i : {ﬁ%’@ R Present study
E 300 DR s (P1=10-100)
= [
Saor el
R
500 °O+ ;
[ Hode 'S
600 T NIRRT
| 10 ao@a,0 ) N 1 N 1 N 1 N 1 N 1 N
0 1 2 3 4 5 6 7 8
Void ratio e

Fig.4.2 Comparison with the field observation by Meade (1963) and Velde (1996)

87



Void ratio

Montmorillonite (% of clay mineral fraction)

0 1 2 50 55 60 65 70 75 80 85 90
Or L o Meade(1963)
I WRH T Present study |-+ ; o0 ©
100 - a0 (PI=10-100)
200 | o o 1 ="
e™ P =
N 300t AN T O<O
: ; ¢ o .
= I P o e
o 400 P N 1 -
o S o
500 - I 8"' + \9
I ol o o 0o, : =0
of F% F F E° ¥ - °
o /A o o, o o | | | | | | ! 1 1 1
Adsorbed cations (adjusted % of equivalents) pH
0 20 40 60 80 100 4 5 6 7 8 9
o oo Na AN i O
I O« —~—CatMg _A ~
100 - g/o —5—H gy A T o <o\
200 -
é -
< 300 -
§ 400 |
500 -
600 -
ok 1
L § O o
100 - 9 T 10
- O/
200 § 1 o0
’é -3 O~
= 300 T o
§' L T T~
o ol
S 400t O> 1 <
0 ko S
500 + o
) - OO
600+ © T ©
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Figs. 4.3 Properties of sedimentsat San Joaquin valley, California(after Meade, R. H.,1963)
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Table 4.3 Fraction and PI (after Lambe and Whitman, 1969)
Atterberg Limits of Clay Minerals

Exchange- Liquid Plastic Plasticity Shrinkage
abile Limit Limit  Index  Lienit

Mireral lan (%) (%) (5% {5a)
Monitmorillonie Ba TiD 54 6545 9.9
K Eeell 2B L1 a1

Ca 5l gl 4719 10.5

Mg 410 &0 150 14.7

Fe 50 15 215 10.3

Fe® (1] T3 BT _

1lit P 120 £ &T 15.4
K 120 &0 4] 17.5

Ca 10 45 33 16.8

Mg o5 45 4% 14.7

Fe i 43 6l 153

Fea ™ 45 13 —

Kaolinite MHa 51 32 21 6.8
K a9 i} a0 e

Ca 1 ) I 4.5

big 34 El| i 8.7

Fe k1) 7 21 282

& Fet 56 15 21 _
Ancapulgits H 2T 130 120 1.6

Data fraen Coenefl, 1951,
& Adber five cyches of wetling and drying.

100
o Shellhaven
a0 f_..-" (1.33)
/ London clay
i (0.95)
Z 60 2 A
2 /A
& j E o’  Weald clay
=40 2 63) —
£ 7L & %
g /
l,rf Horten
| (0.42) —

0 20 40 &0 B0 100
Clay fraction (< 2 um)({%)
(a)

Fig.4.4 Clay mineral, adsorbed cation and PI (after Lambe and Whitman, 1969)
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The differences of the characteristics of clay according to the depositional environment
seem to be related to the size and the structure of clay minerals (Table 4.4 and 4.5). Sulfide
might play a role in destruction of the mineral structure and leaching of Ca or Mg of
montmorillonite during the weathering (Grim, 1953; Ichihara, 1960).

Meade (1963) concluded that the distribution of the void ratio in San Joaquin is related
to the distribution of median of diameter, percent adsorbed Na and electrolyte concentration.
And he mentioned that the skeleton of the diatom contributes significantly to the pore volume as
his impression. According to Meade (1963) the change of the depositional environment at San
Joaquin is asfollows:

0-230m: Lenses of sand, silt, clay and gravel (aluvial)
230-580m: Siltstone with intercalated thin-bedded sands (mainly marine)
deeper than 580m: Well sorted sand (marine)

The distribution of pH seems to support that the lower part of the formation is marine
sediments. On the other hand the upper part of the formation seems to be fresh water sediments.
Moreover, since the upper part of the medium diameter of the sediments is becoming larger than
the lower ones, the depositional environment seems to have changed from the environment
without current to with current. Therefore, it seems reasonable to conclude that the depositional
environment changed sometime in the period of sedimentation from marine to fresh water.
Consequently the plasticity of sediments changed from high to low. Thus the distribution of void
ratio increases with increasing depth of burial. The change of the depositional environment
could be confirmed by the geological analysis mentioned in 4.3.

The value of a’ and A is supposed to be stress dependent (e.g. Mesri, 1973). a’
and A during the consolidation must be considerably smaller than the value at the
sedimentation. The parameters for the present theory are assumed to be constant in spite of the
depth and the age of clays in this study in order to make the theory easier and simpler as much
as possible. Thusthevalueof a’ and A in this study might be larger than true value through
the sedimentation. On the other hand the ratio a /A in this study seems to be reasonable
because the ratio a ’'/A are supposed to be independent of the stress(e.g. Mesri, 1973).
Moreover there is little study on the stress dependency of the parameter « (or N =1-A /k ).
Further study on the parameters concerning with the stress dependency is needed.
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4.3 Shiunji lagoon (Northeast of Niigata)

Many lagoons are recognized behind sand dune in the Echigo Plain, Niigata, central
Japan. Shiunji lagoon and was one of them and was located in Kajikawa village where is
northeast of Niigata City. Shiunji lagoon was a fresh pond with an area of 36 km?, awater depth
of about 6 meters. Shiunji Lagoon has been reclaimed by 1733. The tidal range around the
Echigo Plainis 20 cm.

The test results (see Appendix.1) and boring core are obtained through the courtesy of
Japan Highway Public Corporation. The sediments of boring core is divided into three parts. The
lower part is gravelly sediment. The middle part represents fining-upward succession and the
upper part indicates coarsening-upward lithologies.

The buria distributions of the mechanical properties of aluvial formations are
estimated based on PI and age of the formations the estimation chart proposed in this study.
Geological analysis was carried out and the changes of the depositional environment are
explained. Fig.4.5 indicates the flowchart of the geological analysis of the boring core of B1-71.

Dry the sample _> C" radio-carbon dating ]
> (24hrsover 110 )

Separate fine particles |===p»| Grind the particle for 4min. by
less than 1mm means of a horizontal vibration
Boring _ mill with hexane and dry up.
core sample
-}[ Soft X-ray photograph ] [ Electric conductivity and pH ]

[ XRF semi-quantitative analysi s]

Fig.4.5 Flowchart of the geological analysisin section 4.3

4.3.1 Location and Boring log
Fig.4.6 indicates the location of Shiunji lagoon. The boring log B1-71 is shown in

Fig.4.7. Fine fraction increased from the bottom of the sand with silt at the depth of 34m of
B1-71. Silty clay at the depth of 26m to 16m contains fine fraction the most.
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Fig.4.7 Boring data B1-71 (G.L.=T.P.+4.26m)
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432 Smear dide

Smear dide is one of the basic methods to observe the soil particle directly under the
microscope. The size and the volumetric percent of particles can be checked roughly by means
of the smear dide (Photos.4.1). Microfossils of the diatom or coccolith can be the marker
showing the depositional environment.

The preparation of the smear didesisasfollows:

(1) Wiping the slide glass and cover glass.

(2) Picking up the small amount of the sample with the tooth stick. The tooth stick must be
changed sample by sample in order to prevent contamination of the samples.

(3) Smear the sample on the slide with one or two drops of the distillated water.

(4) Drying up the slide on the Hot plate.

(5) Putting one or two drops of enclosure on the slide.

(6) Setting the cover glass on the sample.

(7) Drying until the enclosure hardened completely on the horizontal table.

(8) Observe the smear slide under the microscope.

The difference of the depositional environment can be expected by means of the
microfossil such as diatom, coccolith and so on. Unfortunately judging and distinguishing the
species of the microfossil are so difficult that one has to ask a professional for that. For example
a professional of the microfossil memorize several thousands of species or more. However it is
still important for engineers to observe particles of sediments and at least one can observe if the
sediments contain microfossil or not. Also an engineer can observe the mineral contained
roughly and can check the shape of the particles. Photos.4.1 shows the typical photograph of
smear slides under the microscope.

Microscopic observation of the smear slides of B1-71 and B1-69 was carried out by Dr.
A. Kitamura(Associate professor, Department of Geoscience, Shizuoka University) in order to
check micro fossils. Fig.4.8 shows the distribution of the areal percentages of Diatom against
burial depth. There is a peak of the areal percentages of Diatom at the depth of 16m-20m
(T.P-11.74m-T.P-15.74m). Note that no Foraminifer or Coccolith was observed in the smear
dlides. Generally speaking both Foraminifer and Coccolith exist only in marine environment. On
the other hand Diatom exist in fresh, brackish and sea water. Therefore it is inferred from the
observation of the smear slides to suppose that the depositional environment at the depth of
16m-20m (T.P-11.74m-T.P-15.74m) was not marine environment but freshwater or brackish
water environment.
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Photos.4.1 Photographs of several kinds of Diatom in the smear dides of B1-69 & B1-71
under microscope (x2.0 of the photos. x400)
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Fig.4.8 Burial depth distribution of the areal percentages of diatom in the smear slides
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4.3.3 Soft X-ray photograph

Soft X-ray photograph is a method to investigate the inner structure of boring core by
means of the soft X-ray. For the study of the aged clay thin stripe of the core sample called
‘laminag’ is important. For many reasons, lake water tends to become stratified either
permanently or seasonally. Permanent stratification is characteristic of lakes in which the bottom
water is more saline than surface water. Consequently, the bottom water can become completely
stagnant and be depleted in oxygen. Such condition is maintained for a long time period,
laminated mud rich in organic matter can accumulate. Thus the laminae is the proof that the soil
is deposit under the brackish-water environment such as lagoon (e.g. Einsel, 1992; Kitamura,
1995). Soft X-ray photographs of the core sample of Shiunji lagoon were taken at the
department of Geoscience of Shizuoka university

The method of taking a soft X-ray photograph is as follows:

(1) Setting a sensitive film paper in the plate

(2) Putting @ 35 mm core samples on the plate by means of the plastic material so that the
samples are fixed in the Soft X-ray photographic machine. Note that it is not necessary to
take the sample core out of the plastic case. Do not put the sample core upside down.

(3) Putting the sample on the plate into the soft X-ray photographic machine.

(4) Setting the strength and the emission time (50kV, 4.5mA and 270sec.). Then take the X-ray
photograph. Note down the name of the sample core and film number together with the
emission time.

(5) Developing and fixing the film in the dark room.

(6) Drying up the film paper.

The soft X-ray photographs of the boring No. 71 of Shiunji lagoon are shown in
Photos.4.2. The structures such as laminae in the core of the soft X-ray photographs cannot be
observed by naked eyes because of the disturbance, slurry and mold. The laminae in the core
represent the brackish depositional environment. Note that it is possible for us to take soft X-ray
photographs and distinguish lamina structure of old and dried samples even covered with mold.
Additionally the samples need not to be taken out from the core cases.

Clear laminae are observed at the depth of 15m, 16m, 21m and 22m, which are marked
‘LL" in Photos.4.2. Weak laminae are observed at the depth of 12m, 13m, 24m, 25m, 26m and
28m, which are marked ‘L’ in Photos.4.2. Two blanks in Photos.4.2 are peaty material, which
can be distinguished by naked eyes easily. Therefore Soft X-ray photos are not taken. The
samples contain peaty materials partly are marked ‘+p’ in Photos.4.2, which are at the depth of
1m, 2m, 9m, 10m, 18m, 19m and 23m. Massive, Dense homogeneous samples without laminae
are marked ‘M’ in Photos.4.2, which are at the depths of 4m, 24m, 27m, 29m, 30m, 31m and
33m.
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II

Depth Im(+p)  Depth 2m(+p) Blank Depth 4m (M) Depth 9m(+p) Depth 10m(+p) Depth 11m(M)
Depth 12m(L) Depth 13m(L) Depth 14m(L) Depth 15m(LL) Depth 16m(LL) Blank Depth 18m(+p)

Depth 19m(+p) Depth 20m(M) Depth 21m(LL) Depth 22m(LL) Depth 23m(+p) Depth 24m(M)  Depth 25m(L)

NHGNRRL

Depth 26m(L) Depth 27m(M) Depth 28m(L) Depth 29m(M) Depth 30m(M) Depth 31m(M) Depth 33m(M)

Photos.4.2 Soft X-ray photographs of Bor. B1-71 (G.L.=T.P.+4.26m)
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4.3.4  Electrical conductivity and pH

pH and electrical conductivity (E/C) of the stirred water indicate the depositional
environment (e.g. Yokoyama and Sato,1987; Sato and Yokoyama,1992). Yokoyama and Sato
(1987, 1992) reason out the relation of the depositiona environment and the plot of pH and E/C
with the help of microfossil analysis. According to the study of Yokoyama and Sato (1987,
1992), high pH with low E/C represents flesh water environment, low pH with high E/C
represents marine water environment, medium pH with relatively low E/C represents brackish
water environment (Fig.4.9 and Table 4.6).
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Fig.4.9 Relation of pH and E/C of the stirred water (after Yokoyama and Sato, 1987)

Table 4.6 Depositional environment with pH and E/C (after Yokoyama and Sato, 1987)

SEC—Core 1400 m—Core
Marine Brackish Fresh Fresh
E/C Clay Clay Clay Clay
1.3-3.0 0.4-1.2 0.2-0.4 0.2-0.3
(mS/cm) |
pH | 3-4 4-6.5 6-7 7-8

Measurement of the pH and E/C of the stirred water of the core sample taken from
Shiunji lagoon, northeast Niigata are carried out. Fine particles are separated by means of sieve
in order to obtain the good response of sand or even the matrix of the conglomerate. The
procedure of the measurement is as follows:
(1) Drying up the sample with the temperature of 110  for 24 hours.
(2) Taking out fine particles which diameter are less than 1mm by means of sieve in order to

obtain the good response of sand or even the matrix of the conglomerate.

(3) Crashing the sample by means of horizontal shaking mill for 4 minuets with hexane.
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(4) Drying up the sample with the temperature of 110  for 24 hours.

(5) Measuring 10.0g of the sample and putting it into a beaker with 120 ml of the distillated
water

(6) Stirring 3 minuets by means of a stirrer

(7) Measuring the pH and E/C one-hour after the stirring.

(8) Repeating the same procedures as (6) and (7) five days later.

The results of the measure were shown in Figs4.10 and 4.11. The depthwise
distribution is obtained continuously even if the formation is sand or the matrix of the
conglomerate. This is because of the separation of the fine particle form the sand and the
conglomerate. The possibility of the application of pH and E/C to the sand and conglomerate
can be proposed because the same tendency of the change of the depositional environment was
obtained by the depthwise distribution of sulfur (see section 4.3.5). The depthwise distribution
of sulfur obtained by means of XRF is shown in the following section.

According to the information obtained from Photos 4.2, Figs.4.10 and Fig. 4.11, the
depositional environment changed from fresh water to brackish water at the depth of 32m to
12m then went back to fresh water up to now. The environment changed to be brackish but it
might not to be marine environment because of the existence of laminae in the core and the
value of pH stopped a around 3.75-4.0, which is about the upper limit pH of marine
environment.

Electric Conductivity(ms/cm) pH
0 1 2 3 4 3 4 5 6 7 8
T T T T T T T T T T T T T T T T T T T T
0r LI_'l_'I _O-E/C 0 O/O —O—pH - T.P+4.26
—O0
10 - EFI\,EI 10 - Y>——0 + T.P-574
— O
L —O L L ]
= LLLEL'D\D OOIC)LLL <
N 20 s 20 - L 1TP-1574 B
= LL E\D L o)
% LDD - 1 m
(a) D/D_ L O
B B - 7 T.P-25.74
] 6 "
% o\o\OO _
40 | 40 - Cb 7 T.P-35.74
1 1 1 1 1 1 1 1 1 1 1 1 1 1

Figs.4.10 Distribution of pH and E/C of the stirred water of Shiunji lagoon, Niigata
LL: Clear laminae, L: Laminae. Neither pH nor E/C is measured because of the lack
of the sample at the depth of 3m.
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Fig.4.11 Relation of pH and E/C of the stirred water of Shiunji lagoon, Niigata
Numbersin the graph represent the depth of the measured sample(G.L .=T.P.+4.26)

435 XRFanalysis

The quantitative element analysis by means of X-ray Fluorescence (XRF) was carried
out by means of PW2404 (Philips) at the research corporation section of Tokyo Institute of
Technology. The quantitative element analysis by XRF is available for aimost all the elements
except light elements such as carbon, hydrogen, nitrogen, oxygen, fluorine, boron and
beryllium.

In order to carry out quantitative element analys's, standard samples were analyzed first.
Those standards are prepared by Japan Geological Society. The standards used in this study are
JH-1, JR-3, IMn-1, JSy-1, JGb-2, JLk-1 and Jh-1. The tables of the chemica analysis of
standard samples proposed by JGS are shown in Appendix.2. Calibration curves of main and
minor elements are shown in Appendix.2. All the calibration curves are linear and the quantity
of the standards covers the range of the results of the boring sample analysis. The lists of the
calibration curves are shown in Appendix.2.

Preparation of the samplesis as follows:
(1) Drying the sample with the temperature of 100  for 24 hours.
(2) Separating the fine particles less than 1mm by means of sieve.
(3) Crashing the particles by means of horizontal shaking mill for 4 minuets with hexane.
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(4) Drying the sample with the temperature of 100  for 24 hours.

(5) Packing 5g of the sample powder into the @ 27mm vinyl chloride ring.

(6) Setting the sample powder in between the dice.

(7) Pressing the packed sample powder under the 30tf of axial force for 1 minuets.
(8) Unloading the press slowly.

(9) Making the calibration line of the standard samples.

Both obtaining fine particle of the sample and pressing the sample under enough axial
force are important for the analysis (Fig.4.12). Several cases are carried out in this study and
finally 4 min. of crashing and 30 tf (it is about 424 MPa) of axial force are chosen.

Fig.4.13 is the results of the semi-quantitative XRF element analysis of the boring
B1-71 of the Shiunji lagoon sample. The distribution of sulfur shows that the contents of sulfur
increase between at the depth of 34m and 10m. Because the contents of sulfur in saline water is
over 500-1000 times of that in fresh water (e.g. Horibe and Tsubota, 1977; Nakal et al., 1982;
Kamel et d., 1997).

The relation between other elements and depositional environment are not so clear so
far. Because the phenomena is so complex that it is not enough to explain only by means of the
contents of elements. It seemed to be required the information of the status of molecule and ion
together with the information about organic material (e.g. Kamei et al., 1997).

Particlesize<30 uy m

30-50 y m
50-75 ym
75-100 g m
100-300 y m

ZnK Alpha strength(kcps)
1

41 | r | r
0 5 10 16 20
Pressure (tf/in?)

Fig.4.12 Particle size, axial force vs. count of an element
(Internal document of PHILLIPS, 2000)
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Figs.4.13 The results of the quantitative XRF analysis of boring No.71 of Shiunji lagoon



4.3.6  Radiocarbon dating
5 samples were then dated using an accelerator mass spectrometry. The measurements
are ordered to BETA ANALYTIC INC. in U.SA. via GEO-SCIENCE LABORATORY. The

results of the radio carbon dating are as follows:

Table 4.7 Results of theradio carbon dating

Depth Altitude Material 14C AGE Method | Code number
(m) T.P+(m) (yBP) lo
9.0 -4.74 Wood 5,280 50 AMS Beta-148183
16.0 -11.74 Peaty clay 11,270 60 AMS Beta-148182
24.0 -19.74 Peaty clay 9,800 40 AMS Beta-152326
25.0 -20.74 Plant stalk 5,170 40 AMS Beta-148181
25.0 -20.74 Peaty clay 10,100 40 AMS Beta-152327

Measured age before 1950 setting the half time equals to 5568 years. AMS stands for Accelerator Mass
Spectrometry.

According to the radio carbon dating, the age of the soil at the depth of 25.0 m is
between 5,000-10,000 years BP. These measured ages correspond to 2.5-5.0 mm/y of the
apparent depositional rate. It seems that true depositional rate in this area is supposed to be
about 5.0-15.0 mm/y (true depositional rate is assumed to be 2-3 times of the apparent
depositional rate which is 2.5-5.0 mm/y), which isrdatively fast as a depositional rate compared
with printed data (e.g. Skempton, 1970; Locat and Lefebvre, 1985; Tsuchida, 1999). True
depositional rate supposed to be around 1.0-10.0mm/y for alluvia soil. | interpret that samples
with older ages are reworked. If thisis correct, average true depositional rate regard as 5.0 mm/y.
Although the age of the bottom of B1-71 at the depth of 39m cannot measured because of the
lack of the organic material in the core, it is assumed to be 8,000 years B.P. at the bottom of the
B1-71 in this study. Note that the assumed age is corresponding to 5,170 years B.P. at the depth
of 25.0m shown in Table 4.7.

The wide range of the measured age of sample cores is supposed to be because of the
differences of the organic materials. For example wood sample might be at the center of the big
tree or might be near the skin of the small wood. In that case the range of the age obtained by
the measurement is not always the same as the depositional age.
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4.3.7 Change of depositional environment and estimated properties

According to the geological analysis, the change of the depositional environment is
explained as follows (Note that averaged age is use in this section):

(1)8,200-6,700 years B.P.(at the depth of 39m-32m, T.P-34.74m-T.P-27.74m):

Conglomerate supposed to be the mouse of the river. In this time sea-level aready
started to be rising up. Then the deposits changed from conglomerate to sand. As the result the
fine fraction increased

(2) 6,700-3,100 years B.P. (at the depth of 32m-15.5m, T.P-27.74m-T.P.-11.24m):

The depth of the location became deeper. The rate of the water flow became very slow
or amost nothing because the deposits turned to be silt and clay. These observations of boring
data can be explained by the growth of the sand spit forwards. By the time of 6,700 years B.P.
the forwards sand spit seemed to generate alagoon.

By this time the location might be changed to be brackish lagoon rather than a mouse
of the river according to the laminae of the soft X-ray photo. The contents of sulfur measured by
XRF anaysis and pH-E/C measurements show the same tendency. The value of Pl was
increased as the change of the depositional environment.

(4) 3,100-1,000 years B.P. (at the depth of 15.5m-4.4m, T.P-11.24m-T.P-0.24m):

The sea-level movement stopped or decreased the rising rate. The particle size of the
deposit gradually became larger from the clay to sand. It seems the depth of the water became
decreased according to the existence of the roots, stalks and leaves of the plant increased. The
brackish lagoon turned to be afresh water marsh.

(5) 1,000-300 years B.P. (at the depth of 4.4m-2.0m, T.P-0.24m-T.P+2.26m):

The depth of marsh became shallower enough for plants to increase. The deposits
contain organic material more and more. The effect of the saline water coming from the sea
decreased and because of the contents of the sulfur decreased. The pH-E/C measurement shows
the same tendency as well.

(6) 300 years B.P. (at the depth shallower than 2.0m, T.P+2.26m-):
The marsh has been reclaimed by 1733.
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C14 AGE = 5170 years B.P. (Beta-148181)
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Figs.4.14 Typical alluvial sea-level change (Assumed age vs. elevation relation line
are added to the diagrams after Saito, 1995)
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The depositional environment is changed from the river mouse to fresh water marsh via
brackish water lagoon because of the growth of the sand spit forwards 6,700 years B.P.. This
interpretation cannot go into details but outline coincides other studies (e.g. Kitamura and
Ogawa, 1998; Kamoi et a., 2000) Figs.4.14 shows the diagram of the typical alluvia sea-level
change in Japan. Sea level is characterized by slow, steady rise from the glacial maximum until
about 14.5 ka, rapid rise of about 40 mm/yr from 14.5 to 13.5 ka and at about 10 ka, slow rise
during the Younger Dryas between MWP 1a and 1b, slow rise to the present level or slightly
above it by about 6 ka, and possibly adlight fall since 6 ka.

The change of the depositional environment mentioned above gave the effect to the
distribution of PI. The mechanical properties of Shiunji lagoon is estimated based on Pl and age
following the estimation chart proposed in this study. Figs.4.15 show the comparison of the
estimated properties and test results. The estimated properties and test results coincide well with
each other except p. of the samples from B1-72. According to the soil investigation report of
Japan Highway Public Corporation in Niigata, there is a existing main road near the B1-72. The
report mentions that the load during the construction of this road and traffic load causes the large
pre-consolidation pressure p; for these samples compare with the other samples.

Note that thevalueof A ,a *and Kk are decreased down to 10% in order to obtain the
coincident of p.’ (see chapter 3). The results of the calculation are listed in Appendix.3.
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4.4 Conclusions
The conclusions of this chapter are as follows:

(1) Two examples of the field observation on the void ratio in the world (Meade, 1963; Velde,
1996) are in the range of calculated depthwise distributions, which Pl is in between ten to
hundred. More application of the theory to the prediction of the soil parameters for natural
clays and the research on the stress dependency of the parameters remain as a matter to be
discussed further.

(2) An interpretation of the data taken at the east of the San Joaquin Valley, California, USA
(Meade, 1963) is carried out by means of the theory obtained in this study together with
geological anaysis. According to the interpretation, the depositional environment changed
sometime in the period of sedimentation from marine to fresh water. Consequently the
plasticity of sediments changed from high to low. Thus the reason why the distribution of
void ratio increases with increasing depth of burial is becomes clear in San Joagquin Valley.

(3) Geological analysis of the boring core samples of Shiunji lagoon (Niigata, Japan) is carried
out. The possible history of the depositional environment at the location is explained based
on the geological analysis. The mechanical soil properties are estimated based on Pl and Age
of the soil, which reflect the change of the depositional environment. The estimated
properties are coincident to the test result well.

(4) Geological approach such as the theory of the depthwise soil parameters distribution,
chemical analysis and microfossil analysis make sense because those methods enable us to
interpret the sequences of sediments in the filed which are the results of the change of the
depositional environment.
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Appendix.1
Table Al Results of thelaboratory tests 1 of 4
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Table A2 Results of the laboratory tests 2 of 4

Uni-axial test Tri-axial test Consolidation test
Bor.Mo | Layer |Depth au e f Ewm e | & Ce Pe [ v
Erﬂ'!l A5l 2. A ; ?
Bl-&9 i 5. 90
Bi-63 1 -5:31}
15
_B.l%_,_ﬁ..:z:l__lﬂ._ﬂﬂh_
15 _,E%' 1R
{_‘F =
68 | Aol-2-2 ET]
Bl | Ael-2-7 |
[ BI-68 | a2 9, 30
H160 |  Acd |
[ Bi-88 | asd | a6 0]
= —
B BN S S5 &8 o [Lea 20| O 1)
= 1 B0 [ 5 1 &7 GSE-01
1 Elfi_""i"ﬁ 0, 333 (] 0. 41 6.7 48 ORE+X2)
- 1 =
é- el £ -:E_uﬂ_zﬂ 4| 0.05 5440 MIJE%M
Bi-T0 | Acl—2- 1f§'3‘ ST | A BT o 716 WA
EI-T0 | Acl-2-
:E‘ Eﬁ_ 8. 6 , 5] i1 40,7 45 LET) b GOR-02| B 2080
= : N | ST 7 - SR
E RWHE A %
[ BI-7 Az
o Aicd X1. 00 I 1 48 ET. 2 2, 35| 33 1iﬂ-'ﬂ| 1. A2E =03
- ﬂﬂ =0
Bl A3 [
15
_T| ui —
=] Asd 67, 0
| Bl Aad 5.
R1-70 | i
T
B1-T E 3 E
o -2
p1-7 As
Bl1-T Aal-2- d. 30
| B1-T1 [ Ael-3- i, 30
ﬁ:: g i -ih32
1 E T =
-7 [F: 28, 31)
=7 Ao a1. o
_ﬂlﬁ:: : E gg' o
_E 'Jl?zl:mx= - a-ﬁq 1T _Em
ﬁ I T | . u_-:.l iE. 71 : ERIOH
_Bi-_m E a.g'gu 1,250 £ a5 21 [E] 27_45 0 18 4.90| 6 SOE-03] 2 TRE-0]
BT | sl 0
ﬁ_‘ﬂg =3= . B 6A1 5. 03 H.lﬂ T AT [T 5 00| 1 SAE-0Z| 2 A0E+03
~ Acl-B- 4. Al
:H Acl=&= -] _I
- a:}- 1760/ yoas|  z.46] 646 [N 1.35] 5.
IEEE__&— = AN |
B1-72 m:i 20505 1. 104 E G| 4'.r_t_|| 76| 2.0 | 5, SOEHIZ
B1-T2 ﬁ-ﬂ- 24 60| 0, 758 B 53| B S| 098] koS 0.45] 2 BA| 2 0AE-UZ) 4, SOEF
[ B1-T2 | Acl-2-
B1-72 Ac L-2-2 a0 |
= _HE.IEQEZE_
= —ﬁ—"ﬁ:”' =] 2 T 048] 1 60| 4, 48E03] 3 S0Eeog)
Bl-72 | Ass 50
[H1-72 | Aed 30

114




Table A3 Results of thelaboratory tests 3 of 4
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Table A4 Results of the laboratory tests 4 of 4
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Note that the altitude of the top of each bore hole are as follows;
B1-69: T.P.+3.66, B1-70:T.P.+3.87, B1l-71:T.P.+4.26, B1-72:4.55
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Appendix.2
Table.A5 Chemical analysis of the standards proposed by JGS (1 of 2)
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Table. A6 Chemical analysis of the standards proposed by JGS (2 of 2)
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Fig.Al Calibration curves of major elements (1 of 2)
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Fig.A2 Calibration curves of major elements (2 of 2)
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Fig.A3 Calibration curves of minor elements
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Table A7 List of calibration curves

Wt% = A + WIt%(XRF) x B

Element A B R(coefficient of correlation)
SO, 1.52885 1.65359 0.96377
TiO, 0.00345 1.98162 0.98743
Al,O3 -0.44865 1.93045 0.97798
FeO3 0.17390 1.04513 0.99488
MnO (less than 0.21%) 0.01219 1.19695 0.99470
MnO (more than 0.21%) 0.02526 0.97181 1.00000
MgO -0.01170 1.45574 0.99962
CaO 0.07953 1.20077 0.99987
Na,O 0.03624 1.30222 0.99979
K,0 0.38400 1.04434 0.97362
P,Og (less than 0.09%) 0.00780 2.19453 0.99774
P,Og (more than 0.09%) -0.01060 3.11232 0.98322
Cu(less than 45ppm) -2.07462 1.43784 0.98848
Cu(more than 45ppm) -8.95941 1.91095 1.00000
ZN(less than 400ppm) 8.52037 2.36268 0.99368
ZN(more than 400ppm) 8.05394 2.37623 0.99790
Ni (less than 70ppm) -3.69357 0.83204 0.99032
Ni (more than 70ppm) -18.05797 1.30009 1.00000
Pb(1ess than 40ppm) -5.27448 1.09464 0.96333
Pb(more than 40ppm) -0.43233 0.85185 0.99936
S 18.8864 0.99764 0.99005
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Appendix.3

Table.A8 Theresult of the estimation of B1-71 of Shiunji lagoon

Elevation| Depth (m) | Pl(measured) e y "(kN/m*) | Po'(kPa) OCR | Py’ (kPa)
T.P. (m)
+2.76 15 18] 1.257 7.531 11.2 1.306 14.7
+1.86 2.4 174 1221 7.653 18.3] 1.320 24.2
+1.26 3.0 338.5| 16.814 0.954 28 1345 3.8
+1.06 3.2 101.8] 5.311 2.694 8.5 1340 11.4
+0.76 35 93| 4.877 2.893 10.0f] 1.343 134
-0.14 44 11.7f 0.938 8.774 38.4 1.335 514
-0.94 5.2 11.7) 0.936 8.782 455  1.340 61.1
-4.04 8.3 155 1.113 8.047 66.4 1.357 90.2
-4.04 8.3 52.6| 2.887 4.374 36.00 1.366 49.2
-6.14 104 175 1.205 7.711 79.7 1.365 108.8
-7.04 11.3 76| 0.733 9.812 1104 1.362 150.4
-8.04 12.3 61.4| 3.289 3.964 48.3] 1.380 66.6
-8.34 12.6 541 2941 4314 53.8/ 1.380 74.3
-8.44 12.7 19.5] 1.297 7.401 93.4| 1372 128.2
-9.04 13.3 15.9] 1.125 7.999 105.7) 1372 145.1
-9.74 14.0 148/ 1.073 8.203 114.2 1.373 156.8
-9.84 141 8.2 0.759 9.662 135.7] 1.369 185.8
-10.34 14.6 13| 0.987 8.557 124.3 1.374 170.7
-11.04 15.3 154 1.100 8.096 1231 1.376 169.5
-13.14 17.4 545 2.946 4.308 74.2 1.390 103.1
-14.04 18.3 38,5 2189 5.331 96.7] 1.389 134.3
-14.04 18.3 63.1 3.351 3.907 70.8) 1.393 98.6
-14.24 185 56.9] 3.057 4.190 76.7 1.392 106.8
-15.14 194 770 4.004 3.397 65.2 1.396 91.0
-16.14 20.4 51.7] 2.808 4.464 90.2] 1.395 125.8
-16.24 20.5 312 1841 5.984 1216 1.391 169.2
-16.24 20.5 184 1.238 7.597 1547  1.387 214.6
-18.14 22.4 26.4) 1613 6.506 1446/ 1.393 201.4
-19.04 23.3 315 1.852 5.960 137.7) 1.395 192.2
-20.04 24.3 24.6| 1527 6.728 162.3] 1.395 226.3
-20.04 24.3 49.8) 2712 4.580 110.2] 1.400 154.3
-20.24 24.5 409 2293 5.163 125.3] 1.399 175.3
-21.04 25.3 419 2339 5.091 127.6|  1.400 178.7
-21.14 25.4 26.2| 1.601 6.536 164.7) 1.396 230.1
-22.04 26.3 26.6| 1.619 6.491 169.4) 1.398 236.8
-25.04 29.3 36/ 2.058 5.560 161.5] 1.404 226.6
-25.24 29.5 27.3] 1.649 6.416 187.8) 1.402 263.2
-26.04 30.3 26.9) 1630 6.463 194.3] 1.402 272.5
-26.74 31.0 194 1.278 7.462 229.8| 1.400 321.8
-28.04 32.3 325 1891 5.880 188.3] 1.406 264.8
-28.04 32.3 25.8)] 1577 6.596 211.4) 1404 296.8
-29.04 33.3 314/ 1839 5.988 1959 1.406 275.6
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Chapter 5

CONCLUSIONS

Conclusions

The motivation of this study was to make practical use of geology to a part of civil
engineering. Geological information gives civil engineers the change of the depositional
environment of soil, in other words the history of the soil. The history of the soil must be related
to the nature of the soil but no concrete relationship between geological information and
mechanical soil properties are proposed so far.

Pl and Age of the soil are chosen as the parameters which represents the change of the
depositional environment in order to propose a method to estimate mechanical soil propertiesin
this study. The theory for the estimation of mechanical soil properties based on Pl and Age is
proposed in chapter 2.

Theoretical depthwise distributions of the soil parameters and stress history are
reasoned out based on Bjerrum’s hypothesis. Assumptions are made in this study as follows. 1)
The theory is based on Bjerrum’s hypothesis. 2) Cementation, bonding and desiccation are not
taken into account. 3) Primary and delayed compression may occur at the same time. 4) Excess
pore water pressure caused by sedimentation has already dissipated during the geological time.
5) Therate of the sedimentation is constant. 6) Depositional environment does not change.

The distribution of soil parameters such as age, void ratio, unit weight, initia
overburden soil pressure, OCR and pre-consolidation pressure derived in chapter 2. Required
information for the soil parameter estimation are plastic limit Pl and Age of the lowermost of the
formation. Estimation chart is proposed for the soil parameter estimation based on Age and PI of
the soil. Theoretical distributions of soil parameters are obtained for several types of depositional
rate.

The parametric studies were carried out based on the proposed theory in chapter 3. It
enables us to estimate the depthwise distribution of the soil parameters. Moreover effects of the
history and properties of the soil such as age, depositional rate, PI, a ’, A , K and the ratio
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o '/A are investigated in this chapter. According to the parametric study the effect of Pl is
considerably strong to each parameter.

Age To at the bottom of the formation does not effect on the depthwise distribution of
age, void ratio and unit weight. To gives an effect on OCR and P, however, the effect is not so
strong because the effect is proportional to the logarithm of the age and it is possible to obtain
the age with in the error of one order. Depositional rate influences the depthwise distribution of
al the parameters. The difference of the calculated value caused by the difference of the
depositional rate is about 5%-10%.

The effect of the same changes of material properties o ’, A , kK totheage, P,’, OCR
and P.’ are negligible. However the effect to the shape of the depthwise distribution of void ratio
and unit weight is that the smaller the those parameters the smaller the depthwise changes of the
void ratio and unit weight. The changes of kK (inthiscase a ’, A are not changed ) gives a
strong impact on the depthwise distribution of OCR and P.'. The bigger the value of k , the
larger the OCR and P.'. Notethat Kk  does not have any relation with the distribution of the age,
void ratio, unit weight and P,'. The changes of theratio a '/A gives effect only to the OCR
and P.'. The bigger the value of theratio a /A , the larger the OCR and P¢'.

The applications of the estimation method together with interpretation of the
depositional environment are shown in chapter 4. Two examples of the field observation on the
void ratio in the world (Meade, 1963; Velde, 1996) are in the range of calculated depthwise
distributions, which PI is in between ten to hundred. More application of the theory to the
prediction of the soil parameters for natural clays and the research on the stress dependency of
the parameters remain as a matter to be discussed furthers.

An interpretation of the data taken at the east of the San Joaguin Valley, California, USA
(Meade, 1963) is carried out by means of the theory obtained in this study together with
geological analysis. According to the interpretation, the depositional environment changed
sometime in the period of sedimentation from marine to fresh water. Consequently the plasticity
of sediments changed from high to low. Thus the reason why the distribution of void ratio
increases with increasing depth of burial is becomes clear in San Joaquin Valley.

Geological analysis of the boring core samples of Shiunji lagoon (Niigata, Japan) is
carried out. The possible history of the depositional environment at the location is explained
based on the geological analysis. The mechanical soil properties are estimated based on Pl and
Age of the soil, which reflect the change of the depositional environment. The estimated
properties are coincident to the test result well.

Geological approach such as the theory of the depthwise soil parameters distribution,
chemical analysis and microfossil analysis make sense because those methods enable us to
interpret the sequences of sediments in the filed which are the results of the transition of the
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depositional environment. The concrete relationship between depositional environment and
mechanical soil properties are proposed in this study based on Pl and Age of the soil. These
properties are used as initia soil conditions of soil for Finite element elasto-plastic or
elasto-viscoplastic analysis. The interpretation of depositional environment of soil helps civil
engineers understanding the spatial distribution of formations and making areliable soil profile.

Recommendationsfor further study

There are 3 recommendations for the further study on the relationship between
depositional environment and the mechanical properties of soil regarding to the prediction of the
initial conditions of soil.

1. Experimental studiesonthe a ’,A and kK during the sedimentation is required to improve
the prediction of the mechanical properties of soil related the initial conditions. How to
reproduce the elapse of the geological time in alaboratory is abig question.

2. Field observation and geological analysis to explain the relationship between the depositional
environment and PI are required. The effect of the particle size, clay mineral, adsorbed cation,
organic materials, non-crystallized silicate and microfossils on PI are the questions.

3. The effects of the phenomena such as cementation which are not included in the assumptions
in this study on the mechanical properties of soil are another questions. The result of this study
may help us to separate the known effects from the unknown effects on the mechanical
properties of soil.
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