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Abstract- The internal friction angle (¢°) is one of the
essential geotechnical parameters that are included in
theories and studies to calculate the permissible bearing
capacity of soil for the design of foundations. For the
preliminary design of any structure, soil character maps are
a crucial resource. The application of the inverse distance
weighting (IDW) and ordinary Kriging (OK) approach to
extend knowledge of a specific geotechnical attribute from
a few sites to a larger geographical area is investigated in
this paper, with a focus on the Karbala region. The
accuracy of various methods was assessed using cross-
validation, and the interpolation techniques were
compared using the mean error (ME) and the root mean
squared error (RMSE), two indices. OK is the best
technique for interpolating (¢°) in this area, according to a
comparison of interpolated values with observed values:
The root mean squire standardized estimation errors were
the lowest, and 45% was the smallest. In this article,
ordinary analysis statistics are combined with
geostatistical methods to infer spatial variance for data
analysis. This kind of map simplifies making the decision
of choosing the best foundation design. The advantages
also apply to deciding on options for urban growth and
defining future trends for land-use-development
procedures in the metropolitan area of Karbala City,
mostly at local and regional scales.

Keywords: Geographical Information System (GIS),
Inverse Distance Weighting (IDW), Ordinary Kriging
(OK), Geotechnical Design, Karbala Soil.

1. INTRODUCTION

In GIS, maps hold a special place. GIS-based map
creation offers a significant deal more flexibility than
manual or automated cartography methods. Database
creation is the first step existing paper maps can be
digitalized, and data that is computer-compatible can be
converted into the GIS. One of the most essential elements
in defining the flow characteristics and behavior of
granular materials is internal friction angle (¢°), which
specifies the failure characteristics of particle assemblage
under normal load [1]. Meanwhile, internal friction angle

is mostly caused by mechanical interlocking forces
between particles because of their huge aspect ratio. The
frictional coefficient during the shear process is calculated
as the ratio of the shear and normal stresses [2]. The angle
of internal friction value measures the soil's resistance to
shear failure. Either the Direct Shear Test or the Triaxle
Stress Tests are used to estimate it experimentally.
Acquiring geotechnical data through on-site investigations
and field and laboratory tests is essential for site design and
development. Field and laboratory tests provide the data to
show the soil type, strength, and behavior. Engineers must
consider the effect of soil on the foundations design [3].
Engineers, however, are not always in a position to
perform these tests, so they rely on the outcomes of earlier
tests performed by their peers for areas close to the project
to estimate approximations for some soil attributes.

Valuable data is often left scattered in its original
reports in engineering offices and laboratories after
projects are completed despite its importance in obtaining
safe and economical designs. It is a reliable and practical
method for conducting such analysis quickly and
efficiently across extremely broad areas for geotechnical
assessments on vast amounts of data [4].

Many academics worldwide have employed this
method, and as science and technology advanced, it
became simpler to interpolate a set of data to obtain values
for non-spatial data areas. Emphasize that the technical
environment in which the tool is used allows for the
creation of new systems and applications in addition to the
collecting and processing of spatial information. The
geographic information system One of the greatest
programs to make an accurate map and allow ease of use
is GIS [5]. It allows for creating dependable databases for
any attribute [6]. ArcGIS zonation maps depending on soil
type are shown, along with statistical studies; these data
are quickly available, useful, and able to offer planners and
engineers advice [7]. GIS maps are used in decision-
making concerning spatial data in areas most vulnerable to
risks and damage. Maps help better understand the soil
layers' behavior beneath the earth's surface [8].
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Creating generalized soil profiles and geotechnical
zonation maps can help with subsoil profiling and
determining the hydrological and engineering qualities of
soil [9]. The preliminary design of foundations, feasibility
analysis, and planning of a comprehensive geotechnical
site investigation will be aided by the geotechnical
zonation maps and sub-soil profiling. Two case studies in
semi-arid regions, the coastal province of Valencia and the
island of Gran Canaria in Spain have been examined using
a method of integrated environmental mapping and
evaluation [10].

Al Ani relied on GIS to produce twenty-six maps on
Gold Coast in Queensland, Australia, and at different
depths using IDW method in data analysis [11]. W.N.S.
Wan Mohamad Provided practical formats for planning
engineers and land development specialists using GIS
[12]. Kriging is a geostatistical interpolation method that
comes in a variety of forms, with ordinary kriging (OK),
co-kriging, stratified kriging, and non-linear kriging being
the most popular. Groundwater variability in Turkey's
Bafra Plain was analyzed using ordinary kriging (OK)
[13]. OK was used to map the salinity of a source of
groundwater used for irrigation in China [14].

The purpose of this project is to create geotechnical
zone maps for the soil in Karbala. There is a need for the
development of subsoil stratigraphy and average shear
strength that may be used for preliminary planning of
structures as there are more and more large projects on the
horizon. As a result, this work is more pertinent and has
many real-world applications. The cartographic database
built using GIS can be continuous and scale-free. Then,
map products can be made that are scaled to any size,
centered on any location, and show selected information
effectively  symbolized to  highlight particular
characteristics.

1.2. Study Area

Karbala city, located in the central part of Iraq, is
experiencing rapid population growth and development
Figure 1. It is located about 100 km southwest of Baghdad
or approximately 62 miles and a few miles east of Salt
Lake, known as Lake Al Razzaza [15]. Karbala represents
the capital of Karbala Governorate, which had an
estimated population of about (700,000 people) in 2015
and is constantly growing and developing. The most
widely used classification system is “The Koppen climate
classification” Karbala’s climate is classified as Karbala is
characterized by a hot desert climate, with hot, dry
summers and mild winters [16]. It rains annually between
November and April and lacks moisture throughout the
year [17].

The primary soil types in the study region are
sedimentations of sand, gravel, and gravelly sand with
clayey lenses, which often take the shape of compacted
clayey balls interspersed with tiny amounts of sand and
gypsum acting as agent material.
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Figure 1. A window represents Karbala Governorate's location from
Iraq map

2. MATERIALS AND METHODS

GIS provides a means for integrating different types of
data into one system and allows the ability to interrogate,
query, and overlay data in the form of charts and maps.
GIS is well suited for projects that need to analyze large
amounts of data, as it offers multiple functions and saves
costs. It opens opportunities for project architects and
improves their ability to view and analyze data. The GIS
automated repetitious search processes and quickly
became the instrument of choice [8]. Karbala city has a
higher concentration of borehole locations, as shown in
Figure 2. The angle of internal friction served as the main
determinant. In addition, studies on the spatial changes of
the angle of internal friction were carried out at a depth of
20 meters.
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Figure 2. Distribution of soil data in Karbala province

2.1. Geotechnical Data

In order to create a generalized soil profile for this
study, information from 39 geotechnical site investigations
at various sites dispersed throughout the study area was
gathered. Using the coordinates of a specific borehole,
each data point was marked using an earth point on a
Google map. A benchmark of a minimum of five data
points was established for the selection of a zone fit for
profiling. Sectors with fewer than five data points were
discarded; if more data become available, they may be
included in a future study.
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2.2. Input of Data

Data must be transformed into an appropriate digital
format before it can be used in a GIS. Digitizing describes
the process of transferring information from paper maps or
aerial photos into digital files. For major projects, modern
GIS technology can fully automate this procedure utilizing
scanning technology; for smaller works, manual digitizing
using a digitizing table may be necessary. Many different
kinds of geographic data are currently available in GIS-
compatible formats today. Direct loading of these data into
a GIS is possible.

2.3. Data Integration

The study depends on information from soil samples
taken at 39 different study sites. The maps showing the
angle of internal friction were created by ArcGIS 10.7
using the Geostatistical Analyst Wizard. This tool contains
two sorts of interpolation techniques: deterministic and
geostatistical and each type have a set of interpolation
methods. Most techniques for creating a surface or grid
rely on the similarity of points [18].

2.4. Data Visualization

Checking points were used to validate the current
study's findings. The interpolation process did not include
these points. The methods utilized for validation were the
Root Mean Square Error (RMSE) and Coefficient of
Determinacy (R?) with zero interception. The standard
deviation of the predicted errors, or RMSE, is defined in
Equation (1) and illustrates how dispersed the prediction
errors are from the regression line. According to Equation
2, R? is the square of the correlation between the predicted
and measured variables.

()

@)

3)

where, Z(x;)is collected data, is predictions z(x;)

derived from the maps, u is the mean of the data, and # is
number of data [19].

3. DESCRIPTIVE ANALYTICS

Descriptive statistics were utilized to examine and
report the study's data. A summary of the researched data
will be presented during the first step of data analysis,
known as descriptive analytics. The initial phase of data
analysis is descriptive analytics. It gives a summary of past
data that might point to the need for more preprocessing to
make the data more suitable for predictive modeling. For
instance, to create a more accurate model, a highly skewed
variable might need to be normalized. A data collection
that can be a sampling of the complete population or a
representation of it is summarized by descriptive analytics.
This article discusses two important statistical methods,
the IDW method and Ordinary Kriging (OK), and
compares the results. Consequently, our data are better
understood [20]. Table.1 displays the findings of the
descriptive statistics of the information used in this
investigation. The scientific literature has more recently
included spatial statistical models [21].

Table 1. Descriptive statistics for the internal friction angle (¢°) soil data

Statistic
Layers of Soil [ Minimum [Maximum| Mean [Standard deviation (s.d)] COV (%) |Skewness| Kurtosis [Median
Layer 1 25 33 27.29 2.26 8 2.13 3.94 27
Layer 2 26 34 27.72 2.32 8 1.93 3.28 27
Layer 3 24 32 28 2.94 11 0.55 -0.60 27
Layer 4 25 33 28 3.58 13 0.83 -1.72 26.5
Layer 5 31 35 33 1.83 6 0 -3.3 33
Layer 6 27 35 32.25 3.59 11 -1.69 3.01 33.5

3.1. Inverse Distance Weighted (IDW)

Earth scientists frequently employ IDW interpolation
[22]. Inverse distance weighted interpolation's general
equation is:

22, 7, < 2l (6)
Zx,y = —_ (4) X,y Zn d_ﬁ' ‘

Zi:lwi i=1 XY
where, Z,, is the point that needs estimation, Z; symbolize Although [24, 25] have developed interpolation
the control value for the i sample point, w is a weight ~ versions that will create new hlghs and .lows, these
used in the interpolation process to establish the relative  algorithms based on Equation (6) will not infer surface

relevance of each particular control point Z; [23]. Based highs and IOWS, beyond j[hose deﬁned. by existing control
points, and the interpolation process will not guarantee that

the reconstructed surface will pass exactly through all
control points.
Z,,=2forall Z )

where, d, , ;represents the distance between Z; and Z, ,,

f s an exponent that the user defines. Equation (4) can be
rewritten as follows:

on the inverse of distance to power, a different weighting
method that gives near locations comparatively more
weight than distant points are as follows:

w =d? (5)

X,
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According to [22], the univariate IDW methodology
also presupposes that the surface between any two
locations is smooth but not differentiable, which means
that this interpolation method (in its simplest form) does
not support rapid changes in height.

3.2. Ordinary Kriging (OK)

The term "Kriging" is a catch-all term used by geo-
statisticians to refer to a group of minimum error-variance
estimation techniques. Ordinary kriging (OK), one of the
many types of kriging, has gained popularity as a
trustworthy estimation technique [26]. In recent years,
there have been more and more problems, as well as a
wider range of functions using the data [19]. Functions that
vary over space are used to represent properties in many
scientific fields. The most popular kriging technique is
standard kriging. Utilizing information from the area
around the estimation location, it serves to estimate a value
at a point within a region for which a variogram is known
[27]. In this article, a method is presented to make spatial
predictions at locations without data when the data values
are functions. Clarification of the (OK) strategy by
examining actual data based on soil friction angle. The pre-
processing of the curves involves a non-parametric fitting
in which the smoothing parameters are selected using
cross-validation. When data near the location being
estimated screen outlying data, negative weights in
ordinary kriging (OK) result [28]. OK is estimated by the
Equation (8) [19].

z(u)OK = Z/ia (u).z(uy) 8)
a=1

where, z(u,) represent adjacent data values, z(u),, is

unspecified value's best guess, 4, (u) is the weights, under

the unbiasedness constraint, are chosen to minimize the
error variance, @ =1,...,n.

In the particular case, where all data values are equal to
one constant, the estimated value should also be equal to
this constant. Therefore, it is obvious that we must
constrain the weights to add up to one.

4. INTERNAL FRICTION ANGLE (¢°)

The internal friction angle (¢°) measures the resistance
between particle interlocks. The soil is capable of
withstanding the shear stress caused by applied loads from
the structures. This resistance is described in terms of any
soil shear strength parameters [29]. There are numerous
ways to calculate the shear strength parameters, including
the triaxle test and the direct shear torsional direct shear
test. The direct shear test is the easiest way to calculate the
shear strength parameters. In this paper, the direct shear
test methods are used to generate the collected data and
used as input into the GIS software.

5. RESULTS AND DISCUSSION

This part focuses on explaining the outcomes
discovered and briefly discussed above. The validation
procedure was reliant on the root mean square error
(RMSE) and mean error values (ME) for each method.
Results according to the method of IDW of the RMSE for
the ¢° were (0.6427, 0.9128, 1.1990, 1.414, 2.4498,
3.7099) for the layers (0 to 3, 3 to 6, 6 to 14, 14 to 18, and
18 to 24) meter, respectively. The mean error (ME) for the
six layers is additionally (0.0545, -0.1766, 0.4522, -
0.00108, -0.4590, 0.83155), respectively. While the results
of the OK approach showed the average RMSE for the six
layers (0.730, 1.707, 1.405, 1.3109, 2.0194, 4.34159),
respectively.

Results of ME for the ¢° were (-0.0713, -0.0601, 0.529,
-0.0122, -0.3036, 0.51127) for each layer, respectively.
The angle of internal friction ME was close to zero
(between 0.4522 and -0.4590), and RMSE ranged from
0.6427 t0 3.7099, according to the IDW method (Table. 2),
indicating that predictions were accurate. According to the
OK approach, the ME of the soil friction angle is also close
to zero between -0.3036 and 0.529, and RMSE values
range between 0.730 to 4.34159, which results indicate the
accuracy of the predictions in the OK approach is more
accurate than IDW [30]. Figure 3 shows the limits of
Standardized Errors according to OK. Approach each soil
layer in the vertical and horizontal direction Based on the
total of 39 boreholes for the average internal friction angle
between a standard deviation of 3.1 and a coefficient of
variation of 11% as shown in Figure 4.

Table 2. Cross-validation of measured and estimated (gl)o) values using IDW and OK

Prediction errors
. IDW OK
Layers of Soil Depths ME RMSE ME RMSE MSE RMSSE ASE
Layer | (0-3)m 0.0545 0.6427 0.0713 0.730 200574 0.797 1.0481
Layer 2 (3-6)m 20.1766 09128 200601 1.707 ~0.0419 0.965 1.795
Layer 3 (6-14) m 0.4522 1.1990 0.529 1.405 0.159 0.449 12124
Layer 4 (4-18) m -0.00108 1414 0.0122 13109 ~0.0109 0.9645 14423
Layer 5 (18249 m -0.4590 2.4498 203036 2.0194 -0.0686 0.9793 2.0797
Layer 6 (24-26)m 0.83155 3.7099 051127 434159 0.0522 0.8989 3.9223

Note: ME is Mean Error, RMSE is Root Mean Squire Errors, MSE is Mean Standardized Error, RMSSE is Root Mean Squire Standardized
Errors, ASE is Average Standard Error.

Figure 5 presents the objective maps to predict ¢°  The layer shows the value of ¢° ranging 28-33° and shown

according to the OK method in the city of Karbala, central
Iraq, at a depth of (0-26) meters and in the form of layers.
The first layer represents soil data at a depth of (0-3) m.

in red. The value of ¢° increases in layer 2, which
represents the depth (3-6) m, as its value ranges from 29-
34°, Layer 3 and Layer 4 represent the depth (6-14) m and
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