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Abstract—The aim of this research work is to ensure the integrity and cor-
rection of the geotechnical database which contains anomalies. These anomalies
occurred mainly in the phase of inputting and/or transferring of data. The algo-
rithm created in the framework of this paper was tested on a dataset of 70 core
drillings. In fact, it is based on a multi-criteria analysis qualifying the geotech-
nical data integrity using the sequential approach. The implementation of this
algorithm has given a relevant set of values in terms of output; which will mini-
malize processing time and manual verification. The application of the method-
ology used in this paper could be useful to define the type of foundation adapted
to the nature of the subsoil, and thus, foresee the adequate budget.
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1 Introduction

The importance of geotechnical database in the decision-making for the installation
of various works (dams, railway, subway, sewage networks, telephone relays, etc.) are
obvious. These rich databases would constitute a specific knowledge of subsoil features
[1]. This information is essential for private and public organizations, universities and
companies for the development of architectural plans of the different infrastructure and
the development of the territory [2,3]. In fact, this type of information, which is col-
lected across national laboratories operating in geotechnical studies, will provide a bet-
ter understanding of the risk of differential underground movement or for the construc-
tion of works (pavilions, buildings, roads, structures, etc.). These data are obtained in a
traditional way (manually) from investigation reports [4] in digital format. Knowing
that 75% of the data quality problems occurs when entering or/and feeding of the
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information by the collaborators [5]. This can lead to the decrease of the visualization,
interrogation and develop geotechnical models for yielding the maximum value and
understanding of the data, including purview, which eventually supplies the process of
the decision making. Some recent studies have demonstrated the applicability of mul-
tivariate data analyses in various fields of engineering geology such as rock engineering
[6,7], soil liquefaction [8], Sensitivity analysis to landslides [9,10] and even in investi-
gating The correlation between clay mineralogy and soil shear strength [11]. Therefore,
these previous studies were ignored the anomalies (anomaly related to layer overlap,
anomaly related to the gap between the layers and anomaly related to lack of infor-
mation or value) that can happen during the transferring the information to databases.
The dataset under investigation of this work was obtained from 70 core drillings col-
lected at the study site. Each point (sample) represents multiple layers superimposed.
The present paper attempts to point out a new approach to resolve the problem of ge-
otechnical's data anomalies by using an algorithm to ensure the integrity and correction.

2 Geotechnical data and anomalies

2.1  Anomaly related to layer overlap

The layers will be in a state of overlap [12], i.e. the movement of the layers, one in
the other (Fig. 1) (Table 1).

Table 1. Attribute table represents the overlap of data

Id_Borehole Cot_Superior Cot_Inferior Epa Lithology

(Id Samples) (Upper side) (Under side) (Thickness) (Lithology)
997 0 0.5 0.5 Topsoil
997 0.5 0.65 0.15 Lime stone
997 0.65 2.65 2 Sand Pack
997 2.5 3 0.5 Sand Stone

Overlap of two layers
Id: 997

— Topsoil

Limestone

Sand Pack

Fig. 1. The header image of online-journals.org

The geotechnical data table consists of rows and columns. Each line corresponds to
an entity. The columns carry the attributes of the entities. These attributes in this table
are:
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e Id Borehole: Represent a unique number that represents a sample. Each sample con-
tains layers superimposed on each other.

Cot _Superior: Represent the upper side as compared to soil of each layer in a sample.
Cot_Inferior: Represent the underside as compared to soil of each layer in a sample.
Epa: Represent the thickness of the layer.

Lithology: Represent a description of its physical characteristics visible at outcrop.

In principle the upper side (Cot_Superior) as compared to the soil of each layer in a
sample must have the same value as the underside (Cot_Inferior) of the layer that over-
comes it.

2.2 Anomaly related to the gap between the layers:

The layers will be in a state of shift [13], this anomaly can however occur during the
spacing of the layers of each other (Fig 2) (Table 2).

Table 2. Attribute table represents the offset of the layers

Id_Borehole Cot_Superior Cot_Inferior Epa Lithology
(Id Samples) (Upper side) (Under side) (Thickness) (Lithology)
3106381 0 0.3 0.3 Topsoil
3106381 0,3 1,1 0.8 Sand Pack
3106381 1,3 3,4 2.1 Sand stone

Offset layers
1d: 3106381 1d: 3106381
IIEE Topsoil
Sand Pack
1.1
1.3 Sand stone
3.4

Fig. 2. The offset between two layers

2.3  Anomaly related to lack of information or value

When there is a spacing that is equal to 0.3 m or more between two layers in the
same sample, they are considered as a major anomaly which should be reported
(Fig.3) (Table 3).

Table 3. Attribute table represents the lack of information

Id_Borehole Cot_Superior Cot_Inferior Epa Lithology
(Id Samples) (Upper side) (Under side) (Thickness) (Lithology)
3106021 0 0.3 0.3 Topsoil
3106021 0,3 1.3 1 Sand Pack
3106021 1.7 3,8 2.6 Sand stone
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Id: 3106021

IIIII Topsoil
03

Sand Pack

13
Lack of information — 03m= 1*
1.7-

38

Fig. 3. Lack of information with a tolerance of 0.3 m or more

The main anomalies aforementioned are some errors from the samples that were
detected in the geotechnical database which is the subject of this work. Knowing that,
a geotechnical database of a simple study area may contain thousands of core drilling
which can raise the rate of errors that can be found. Therefore, those anomalies repre-
sent an obstacle for the engineers who operate in the field of geotechnical engineering,
regarding the calculation errors and the time wasted on searching for anomalies manu-
ally. To overcome these problems, this work proposes an algorithm for verification and
integrity of data mentioned before efficiently.

3 Geographic setting

The data extracted from area of BOUSKOURA (Figure 4) is located about twenty
kilometers south of Casablanca and it is known by its crust of limestone and sandstone
marine dunes sporadically flushed on the surface, and the depth of the groundwater
varies between 0,7 and 10 meters. The ground is relatively plain, forming a flat land-
scape, the altitude varies between 120 to 151 meters.
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Fig. 4. Location map of the core drilling on the area Bouskoura Grand Casablanca region

4 Methodology

The approach proposed in this work is based on a multi-criteria analysis qualifying
the geotechnical data integrity to maintain, ensure the accuracy and consistency of in-
formation. In fact, the integrity algorithm used in this work (Figure 5) was based on an
approach which is explained as follows:

o The first step is based on two criteria:

— Id of borehole (Id_borehole): Represents the ID of a core drilling which is re-
peated because each drilling can contain multiple layers.

— Coast inferior of the layer (Cot_Inferior): Represents the underside of each layer
in a core drilling.

e The second step consists of launching a query that will display geotechnical data
stored in the dataset, then a Boolean variable will be created and will be given the
"False" value before it enters the loop of the algorithm.

o The third step is to detect anomalies of overlapping and / or offset and / or lack of
information. For this reason, the program will scan the survey points one by one,
checking if the Boolean value is true, then it will access the second condition which
is the verification of the "Id_Borehole". If they have the same ID, the program will
move to the third condition that compares the parameters "Cot_Inferior" of the first
line and "Cot_Superior" of the second line, and so on.
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The integrity algorithm was developed as an extension of the ArcMap environment
(ArcGIS; ESRI). They were created with ArcObjects, which is a developer kit for
ArcGIS, based on Component Object Model (COM) [14,15], and programmed in Vis-

ual Basic using Visual Studio (Microsoft) environment [16,17].

Variable_X= False

<Fori = 1to chaine.lengt

<{d_Borehole=row.value(ld_Boreholel>

no

ot-Tnferior<row.value(Cot_Superia
<and row.value(Cot_Superior) - Cot_Inferig>
<0.3

no
yes

Overlap

ot Tnferior<row.value(Cot_Supenea
<and row.value(Cot_Superior) - Cot_Inferigk>

Lack of information

[ Row.value(Cot_Superior)=Cot_Inferior ] [ Row.value(Cot_Superior)=Cot_Inferior ] [ Row.value(Cot_Superior)=Cot_Inferior ]

» Variable_X=True € ’

[ Id_Borehole=row.value(ld_Borehole) ]

v

[Cot_Supenor:row.va[ue(Cot_Superlor)]

{

[Cot_supenor:row,value(Cot_Infenor)]

Legend
Start/End ~ Decision Process Sequential data  Step in the process Input/output

Fig. 5. Flowchart of the algorithm
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5 Result

The implementation of the above algorithm in the platform of ArcObject has given
satisfactory results (Table 4, Figure 6) regarding the three anomalies mentioned above.
The anomalies will be detected and corrected automatically without any human inter-
vention rapidly, which will minimalize processing time and manual verification.

Table 4. Attribute table represents the lack of information

Id_Borehole Cot_Superior Cot_Inferior Epa Lithology

(Id Samples) (Upper side) (Under side) (Thickness) (Lithology)
997 0 0.5 0.5 Topsoil
997 0.5 0.65 0.15 Limestone
997 0.65 2.65 2 Sand tufa
997 2.65 3 0.5 Sandstone

Limestone

Sand Pack

Integrity of the overlap

Sand stone

Fig. 6. The integrity of the anomaly caused by the overlap

To evaluate the results of the implemented algorithm, an approach of interpolation
was used based on simple Kriging [18,19] as it is given in Equation (1)

Z(s) =pte(s) (M

Because the underground environment is heterogeneous, it is impossible to measure
it with deterministic way [20,21]. Z(s) represents the regionalized value, (i) is the de-
terministic structure for expectation function of the localization of observations and &
(s) is a Gaussian process of independent measurement errors. Each layer of core lithol-
ogy (Figure 7) collected from the field was interpolated in order to have a 3D model;
knowing that the three-dimensional (3D) viewpoint has always been required for ge-
otechnical data planning purposes, and a large number of computer programs for ge-
otechnical planning have been developed with this in mind5. Thereby, ArcScence [22]
of ArcGIS were used to show the illustrative form of underground before (Figure 8a)
and after (Figure 9) execution of the algorithm. Indeed, from top to bottom the litho-
logical units are consistent with the simplified lithological column of table 1 and were
integrated in the model as follow: (1) Topsoil, (2) Sand Pack and (3) sandstone.
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Legend

Il Topsotl
I Sand Tufa
T80 Sandston

Fig. 7. Drilling data of study area

When the initial information was interpolated from the database of drilling points
and without the use of the algorithm, the Geovolume (Fig 8) appeared with colorful
spots which represent the effect of anomalies (overlap, offset, lack of information) on
the 3D model. On the other hand, the integration and execution of the algorithm has
positively changed the display of same Geovolume (Fig 9).

e

| —

Legend

I Topsoil
Il Sand Tufa
7% Sandston

Fig. 8. The Geovolume before execution of the algorithm
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e

| -

Legend

8 Topsoil
Il Sand Tufa

7%= Sandston

Fig. 9. The Geovolume after execution of the algorithm

6 Conclusion

The results obtained present the problem resolution related to the quality of the data.
This is done by developing an algorithm for the improvement and integrity of geotech-
nical data in an automatic way, thus saving time for the organizations that process them.
The algorithm developed and executed using ArcObject as a platform on samples, has
also been tested in real working environments in order to check it. The results provide
a solid starting point for contributing to the accumulation of knowledge and improving
the quality of data. It is expected that the concepts developed in this study will help to
pave the way for other algorithms to be developed in the field of geoscience for the
aspect of data quality.
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