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Abstract

Geostatistics is a set of method which evaluates the unknown quantities of one
or more variables such as the undrained shear strength which is distributed in space.
The model of the spatial structure of the undrained shear strength of soft Bangkok
clay represented by using variogram model. The variogram is a function of distance
vector , h, equal to the mean of 0.5* [Z (X +h)- Z(X)]? for all pairs of points Z (X)
and Z (X +h) at distance, h, from each other. Estimating the undrained shear strength
of soft Bangkok clay should be fitted with an appropriated variogram model in order
to minimize the sum of square fitting errors. This research has collected the bore
holes data over Bangkok region and to estimate the undrained shear strength. First,
stratifies soft clay layer by 1-2 m interval and classifies into 3 groups as very soft,
soft and medium to soft which have been associated to the value of undrained shear
strength 0-1.25, 1.25-2.25 and 2.25-5 ton/m® respectively. Secondly , each specific
layer, for a single variable the basic statistics include histogram, the range of value,
the mean, the variance, the standard deviation and the coefficient of variation. Since the
sample variance can be written as an average of square differences between pairs of
samples, which mean that sample variance equals the mean of the variogram values.
The variogram will be bounded and incorporated with a sill (or sample variance)
which is stabilized when it reaches some distance call the range. On the other hand,
the range gives the distance from which correlation vanishes , and is the limit of
influence of the samples. The research procedure is emphasized on the experimental
variogram as a set of trying out directional variograms fitted with a model and
appropriated boundary , which given the minimum errors. Kriging method which is well
known in the term of geostatistics requires the best fit of variogram model to predict the
optimal value and also probability of that value at any given point. As the optimal solution
, the undrained shear strength has been estimated, that is , the appropriated value is
furthermore reliable to the design of geotechnical engineer.
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been faced many problems involving soil
data properties and their spatial variation.

Introduction

From history background has
proved that Bangkok subsoil profile has been
governed by soft clay in depth between 0 -
20 m., since it used to be the sedimentation
of marine clay. As mention, such a soil
characteristic the geotechnical engineer has

The uncertainties may be in the form of a
lack of information about the subsoil profile
or a large scatter in the soil test results and so
on (Gordon A. fenton,1997). This research
has collected the soil data properties and test
results more than three thousand boreholes
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all over Bangkok and surrounding area (fig.
1). These soil data will be analyzed by mean
of statistics approach and common statistics
involving of sample mean, sample variance,
sample standard deviation, coefficient of
variation (COV.), correlation, distribution
types, and probability density function(pdf.).
Further more, in term of geostatistics and
field modeling, the relationship among the
soil properties both in horizon and vertical
direction is deeply concern and this refers to
the average trend, spatial averaging,
autocovariance function, and scale of
fluctuation.

Fig.1 Position of bore holes over Bangkok
and surrounding Area

Statistical treatment of soil data

properties

Statistical analysis is restricted in
the number of samples and can be
approached by analytical mean(average) if a
large number of sample is available. So
statistical treatment of soil data properties
will be applied to any single bore hole. This
paper strictly concern the data obtained from
field test of undrain shear strength of a soft
Bangkok clay, since most of the soil data
properties are continuous random variable,
therefore the term of statistical treatment
define as follow

Estimating the mean
The sample mean

A 1 n
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Estimating the variance

The sample variance
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The sample standard deviation(c )
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variance

The sample coefficient of variance
COV.(0)
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The sample correlation coefficient(p)
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The normal distribution(Gaussian)

In general, soil properties data
may be assumed to be normally distribution.
The undrain shear strength are fit well and
tend toward normal distribution which are
common in nature. Normal distribution has a
symmetrical distribution with bell-shape
curve and its tail decay in an exponential
manner. There is a 68-percent chance within
+ 1 standard deviation from mean value, 95-
percent chance within +2¢ and 99.7-percent
chance within +3c¢

The probability density
function(PDF.)

Continuous random variables,
(undrain shear strength Su in this paper),
there is an infinite number of possible values
within the sample space which any value is
greater than Zero.  PDF describes its
probability distribution and can define the
probability of that variable value within a
very small interval, thus, this probability is
proportional to the PDF. which denote as
f(x). For normal distribution




The cumulative distribution

function(CDF.)

CDF. is the area under the PDF.
describes the probability that the variable
takes on a value less than or equal to a given
value which denote as F(x)

F(x) =P[X <x]

Procedures

Exploratory Data Analysis

The preliminary exploration of the
data should always be done before other
formal analysis , by displaying them as
histograms and scatter diagrams, and
compute summary statistics. ~ From any
suspected observations data that are very
different from their neighbors which might
be true outliers, or errors of measurement ,
or recording mistakes they should be
examined closely consideration. If the data
are not approximately normal, they will be
experimented with transformation to make
them are normal and fitting theoretical
distributions from the estimated parameters
of the distribution to the histogram. If the
histogram appears erratic another way of
examining the data for normality is to
compute the cumulative distribution and
plot it against the normal probability on
normal probability paper. This paper has an
scaled that a normal cumulative distribution
appears as a straight line. A strong deviation
from the line indicates non-normality. The
positions of the sampling points will be
plotted and data should also be examined
for trend .

Geostatistics methods

Spatial variability

The value of random variable under
field conditions generally varies in time
and space, and the ordinary statistical
methods fail to explain this variation. Under
such conditions, geostatistical methods are
used to assess the variability. In a field,
the values of a parameter, Z(u), may exist
in random or stationary form. Random
variable is one of which varies with
location within the same region. Spatial
variability of field measured properties is

commonly described with autocorrelation or
semi-variogram.

Variogram

variogram represents the variation
between pairs of measurement as function of
separated distance(fig. 2, a, b,c ), define as

2y(h) = E{[Z(uw)~ Z(u+h)]’}

1 2
2y(h) = M%‘,)[Z(u) —Z(u+h)]

For semi-variogram

1 M
h=——>1[Z(u, +h)-Z(u,)]
y(h) 2N(h);[ (u, +h)—Z(u,)]
where r(h) = semivariogram for

lag distance h

N(h) = number of pairs for lag
distance h

The variogram for lag distance h
is defined as the average square different of
values separated approximately by h , and
lag distance should coincide with data
spacing, considerably, the variogram is only
valid for a distance one half of the field site.

Location Vector ()




fig. 2(c) Variogram structure

Covariance Function

Covariance function and variogram
are two converse concept. Variogram is
model of spatial variability, but covariance
function is model of spatial dependency,
both are as function of separating distance.
The covariance function will show
decreasing of correlation as distance
increase, conversely, variogram will show
increasing of variability as distance increase.
Covariance function define as

C(h)—%NZ(h:)Z(u )-Z(u, +h)—m, -

Where m, and m,,

+

are the
means of the tail and head values:

1 N(h)

m, = NG & ZZ(u ) and
1 N(h)

m,, = N(h)ZZ(u +h)

and correlation define as

C(h
oty =
VO O
o,and o,, are the corresponding

standard deviations:
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Results

The experimental variogram of soil
strength  parameter (Su) at depth
3.5,5,6.5,8,9.5 m. from natural ground line,
respectively, have been treated. For instance
the histogram of undrained shear strength
data at depth 3.5 m has been shown in fig.3.
As we perform mathematical transformations
to the data set to create a Gaussian (or
normal) distribution from a non-Gaussian
raw data set, a Gaussian distribution is
desired because kriging assumes that the data
are normally distribution. To check how the
data are distributed, using the Normal QQ
plot. The QQ plot shows the linear
relationship between log(Su) and the
standard normal distribution. In this case, the
undrained shear strength data at depth 3.5 m
follows a log normal distribution(fig.4) but
in the other depth they follow either normal
distribution or log normal distribution.

The trend analysis of the undrained
shear strength at depth 3.5 m provides a
regression on the XZ and YZ planes (fig.5)
and this allow us to visualize the data and to
observe any large-scale trends which may be
removed prior to estimation. Practically,
using kriging to predict only the residuals
after the trend is removed and thus will
optimize the kriging model.

Geostatistics analysis of the undrain
shear strength , to this paper, at depth 3.5 .5,
6.5, 8, 9.5 m the kriging surfaces (Su) have
shown in fig. 15 implied that they have
significantly variation both in horizon and
vertical direction and further study is to find
out the horizon thickness of soil profile over
the Bangkok area.
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Fig.3 Histogram (Su) at depth 3.50 m
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Fig.4 QQ-plot (Su) at depth 3.50 m

Fig. 5 Trend in XZ and YZ planes (SU) at depth
3.50 m

The results of geostatistics analysis such as
variogram model, covariance model,
prediction, error and cross validation model
checking are shown in
fig.(6,7,8,9,10,11,12,13,14)
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Fig. 6 Variogram model (Su) at depth 3.50 m
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Fig. 7 Covariance model (Su) at depth 3.50 m
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Fig. 9 Prediction errors (Su) at depth 3.50 m
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Fig. 10 Standardized error (Su) at depth 3.50 m
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Fig. 11 QQ-plot error (Su) at depth 3.50 m
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Fig. 14 Prediction Standard Error Map (Su) at
depth 3.50 m

-3.5m.

-5.0 m.

== Y ¥
S N
= AL

e
Y

-6.5 m.

Rt e ,1%\‘!\ :‘\‘\\““,'l.'v‘;
& jANE i e e
AT NI

o

K
i\’"ﬁm\v‘!{\gy

e

A0

Ui
Ry
w5

SOV
LTV
AN

€5

- ARl
= A A
/,?,&“"‘v,',';u i
ey syl

S Ary 0
= oo %
X

Fig. 15 Kriging Surfaces for undrained shear
strength at depth (3.5, 5, 6.5, 8, 9.5 m)
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