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Abstract. This study is aimed at determining the intermediate strength
characteristics of soil at a given depth between boreholes using
geoinformation systems. Changes in the strength characteristics of soils
under the influence of load are studied, which is important for assessing the
bearing capacity of the foundation and developing optimal solutions for its
improvement and strengthening. A comparative analysis of Kriging and
IDW methods in ArcGIS software package for determining the spatial
variation of soil strength characteristics (c, ¢) was carried out. The results
showed differences in the values of specific cohesion and angle of internal
friction varying depending on the chosen interpolation method. The
proposed methodology for determining the intermediate soil strength
characteristics takes into account the soil overlay, the thickness of the layers
and the relative position of the known values obtained from the monolith
selection. This is important for accurate determination of the bearing
capacity of the foundation.
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1 Introduction

Given the global trend towards more efficient and environmentally sustainable
production, as well as the desire to ensure the safest possible conditions, innovative
technologies are being developed and widely used [1]. This ensures effective monitoring and
management of structural reliability [2] and prevents and protects the environment from
harmful factors through engineering systems [3], all this is interconnected with the correct
design of the foundation of buildings and structures. The importance of proper foundation
characterization emphasizes not only the safety of structures, but also their resistance to
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external influences, such as precipitation and other natural phenomena, which ensures the
stability and reliability of buildings and structures [4].

As we know, the strength of a soil is assessed by its ability to resist shear [5].

When considering soil strength as a function of moisture and normal stress, shear
resistance depends on several factors [6].

In particular, these are the normal stress acting on the soil at a given surface, the angle of
internal friction at a given moisture content, and the total cohesion, which is determined by
the density and moisture content of the soil. It includes two components: cohesion due to
water-colloidal bonding of the soil at a certain moisture content, and structural cohesion with
the nature of irreversible bonds [7].

The first component of cohesion, mainly determines the strength of clay soils. Being of
water-colloidal nature, it reflects the ability of mineral particles to interact with each other
due to molecular forces. The value of this component varies widely and depends on various
factors, including soil moisture, type of clay minerals, number and shape of active soil
particles <0.001 mm in size, and the distance between them [8].

When clayey soils are compacted, the hydrate shells around mineral particles become
thinner, which promotes their rapprochement and increases cohesive bonding by
strengthening molecular forces [9].

However, when clay soils are overwatered, the value of this component is significantly
reduced due to the thickening of hydrate shells, which leads to the separation of mineral
particles and loss of contact between them. In this case, the internal friction forces of clayey
soil cannot manifest themselves [8].

On the contrary, at significant dehydration of bound aqueous films there is a loss of
plasticity and hardening of the soil. This phenomenon is explained by transformation of
cohesion cohesion into its structural cohesion [10].

The second part of cohesion, characterizes the strength of rigid crystalline bonds between
mineral soil particles. This mainly applies to rocky soils, where the structural cohesion almost
completely determines the strength [11].

In clayey soils structural bonding is less pronounced, for example, in silt sediments
structural bonds are in the initial stage of formation. In loose soils structural bonding is
absent, but in dense loose soils some mutual interlocking of grains is observed, which can be
considered as a manifestation of structural bonding [12].

The nature of structural bonding is explained by the processes of cementation and
crystallization of substances in natural conditions [13].

When the natural soil structure is destroyed, the rigid structural bonds are broken and
structural bonding becomes irreversible [14]. In contrast to cohesion, structural cohesion does
not depend on soil moisture and remains practically constant at all soil moisture values [15].

Thus, the cohesion of cohesion of clayey soils is preserved at movement of mineral
particles, but changes depending on their distance from each other: it decreases at swelling
and swelling of the soil and increases at its compaction. The structural cohesion of the soil
disappears irretrievably in the process of destruction of its natural structure by the movement
of mineral particles. Consequently, the strength of foundation soils at different depths will be
different as their shear resistance varies [16].

Obviously, the monolith sampling from one borehole will be different from another
because the spacing and soil layering are different, resulting in a loss of the original structural
cohesion [17].

In this regard, Geographic Information Systems (GIS) are now playing a key role in
defining and tracking various aspects related to geotechnical data [18].

GIS enables analysis of soil and foundation strength, which is essential for engineering
projects such as buildings, structures and roads. At the same time, robust GIS with
distinguishing algorithms are being developed [19] capable of detecting hydrological and
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geological changes. The application of GIS is becoming more and more widespread and is
developing every year, providing more accurate and efficient analysis of geographical data
and helping to solve a variety of problems in the field of geotechnical and environmental
engineering. Thus, the aim of the study is to determine the intermediate values of soil strength
characteristics at a given depth between boreholes using Geographic Information Systems.
This will allow a more accurate analysis of geotechnical data and determination of soil
strength characteristics at specific points between boreholes, which will allow a correct
assessment of the bearing capacity of the foundation, as well as the adoption of effective
measures to improve the properties of the foundation.

2 Methods

The study area is a construction site in Astana, Saryarka district. Topographic survey at
a scale of 1:500 is shown in Figure 1. The territory is located in the steppe zone. The
settlement Esil has coordinates 51.18° north latitude and 71.44° east longitude. Altitude
above sea level: 358 meters.

The average annual relative humidity is 67%, with annual fluctuations from 80% to 53%.
The hydrographic shape of the region is characterized by a multitude of temporary
watercourses, active during periods of spring snowmelt, with river runoff, which is mainly
used for evaporation, saturation of alluvial deposits and partial recharge of lakes. The
topographic plan is shown in Fig. 1.

Fig. 1. Topographic survey

The results of determination of physical and mechanical properties of soils by engineering
geological elements allowed to obtain an engineering geological section (Fig. 2) and
determine the names and condition of soils.



E3S Web of Conferences 559, 04040 (2024) https://doi.org/10.1051/e3sconf/202455904040
ICSTCE 2024

Hloam ®loamv clav ®loam loamv clav

Fig. 2. Engineering-geological section

Engineering-geological element No. 1 (1aQIII-IV) - Loam, light brown, hard and plastic
consistency, with sand interlayers up to 20 cm thick, with organic matter admixture from
3.30% to 3.90%, average content 3.60%.

Engineering-geological element No. 2 (1aQIII-IV) - Loam clay, light brown color, from
hard to soft plastic consistency, with sand and loam interlayers up to 20 cm thick, with
admixture of organic matter from 3.60% to 7.80%, average content 5.0%.

Engineering geological element No. 3 (eMZ) - Loam clay, reddish-brown, grayish-yellow
and burgundy colors, of firm consistency, in some places of fluid and fluidity-plastic
consistency, with spots of gelatinization and omarganization, with sand interlayers up to 20
cm thick, inclusions of sandy loam.

At the construction site 12 boreholes were drilled with varying depths from 1.5 to 20
meters. Many methods of calculating bearing capacity are based on the assumption of
homogeneity and isotropy of the soil. However, analysis of the geologic section showed that
the distance between the boreholes exceeded 20 meters, and monoliths were recovered from
only 12 boreholes. The strength properties of the soil were determined by testing on samples
taken from these boreholes. Tests on the entire monolith were not performed due to
complexity and high cost. Representative samples from the monolith were selected to
determine the mechanical properties of the soil.

Table 1 below shows that the strength characteristics of the soil were determined at
different depths. However, this may not be an accurate way of determining the bearing
capacity of the foundation, as the data on soil strength at different depths may differ

significantly.
Table 1. Main physical and mechanical characteristics of IGE
Ne Soil characteristics Depth of Strength values
IGE Soil W, % e saml[:llmg, ¢ 0
15.45 0.492 1.2 21 22
1 Loam 16.52 0.500 2.8 35 32
18.87 0.492 334 31 23
20.8 0.609 2.1 42 14
2 Loamy clay 19.08 0.545 2.0 13.5 31
19.95 0.663 3.0 25 18.2
19.2 0.594 9.5 86 13.7
20.67 0.831 19 52 29.1
7.46 0.328 8 49 28.2
3 Loamy clay 10.73 0.395 5 51 29.7
18.34 0.629 15 49 28.8
23.86 0.726 20 65 20.5
26.93 0.863 11 37 25.2
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Exposure to natural and anthropogenic factors can lead to changes in the structure of the
foundation. The large distance between wells also affects the accuracy of determining the
strength properties of the soil. A representative sample of samples for determining values of
internal friction angle and specific cohesion will not always be equally representative of the
entire engineering geologic element. This may lead to insufficiently accurate or unreliable
values, which affects the assessment of the bearing capacity of the foundation and may lead
to erroneous results in calculations.

The change in strength properties of the subgrade soils under loading is shown in Figure
3. This graph demonstrates that the soil properties change with time under load. This
prediction gives a correct estimate of the bearing capacity of the foundation and for this
purpose it is necessary to have information on the initial strength characteristics under natural
conditions. Obtaining accurate strength characteristics will help to develop measures to
improve the foundation. Based on these data, it is possible to determine the best methods of
reinforcing the subgrade or making modifications to the structure to improve its reliability
and durability. Such measures may include compensating for ground deformations,
reinforcing the soil layer, or using special materials to improve the bearing capacity of the

foundation.
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Fig. 3. Change of strength characteristics of foundation soils when they are loaded

3 Results and Discussion

Modern GIS mapping techniques enable the creation of accurate maps by using digital
data and analyzing information in real time. The integration of different types of data, such
as geographic, demographic and environmental data, makes the mapping process more
efficient. The digital format of data in GIS makes it easier to update mapping materials as
new information becomes available. However, the use of GIS may require specialized
knowledge and skills, which can be a barrier for some users. In addition, the effective use of
GIS requires good quality and reliable source data, which may be difficult to ensure in some
cases. Some GIS may also have limitations in functionality or data availability, which reduces
its effectiveness and accuracy. Thus, the use of GIS for mapping soil properties has a number
of advantages, but comes with certain limitations that should be considered.

Application of Kriging and IDW methods in ArcGIS software in the analysis of strength
properties data allowed us to obtain more accurate and reliable predictions of the values of
specific adhesion and internal friction angle for the entire study area. The results of the
resulting maps are presented in Figs. 4-5.
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Figures 4-5 show the distribution of soil over the study area at a depth of 5 m using a
color scheme to visualize the results of the analysis of its strength properties (specific
adhesion, angle of internal friction). These data were obtained by two interpolation methods
— Inverse Distance Weighting (IDW) method and Kriging method - using ArcGIS software
complex.

The software package allows to obtain a gradation of the variability of known values
depending on the location of the soil. For example, in this case, a cutoff at a depth of 5 m was
made, and the known values shown on the heat maps are obtained from different depths,
depending on the depth of soil sampling to determine its strength characteristics.

Using ArcGIS software package, modeling of Kriging and IDW interpolation methods
was performed to estimate the values of soil parameters in space. Taking into account the
known values obtained during engineering surveys, their sampling depth and distance
between boreholes, we obtained heat maps showing real values of soil strength
characteristics. This means that, at any given depth, we can obtain more realistic intermediate
soil strength characteristics based on the original known values obtained during the survey,
while taking into account borehole spacing and soil stratification. Gradations of variability
are displayed below each map: lighter colors correspond to near maximum values and darker
colors to minimum values from known data.

i
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Fig. 4. Heat maps of spatial variability of known values obtained by IDW method
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Fig. 5. Heat maps of spatial variability of known values plotted using the Kriging method

From the obtained gradation results, it can be seen that the comparative analysis of
Kriging and IDW methods shows differences. For example, the values of specific grip vary
from 8.1 to 85.9 by IDW method and from 10.98 to 68.41 by Kriging method. Similarly, the
values of angle of internal friction range from 4.6 to 29.6 by the IDW method and from 0.117
t0 29.61 by the Kriging method. These differences indicate the different effectiveness of these
methods in assessing the spatial variation of soil strength properties. Further research will be
continued to determine the most effective interpolation method to achieve a more accurate
and reliable estimation of the spatial variation of soil strength characteristics. Nevertheless,
the proposed methodology for determining the intermediate values of internal friction angle
and specific cohesion takes into account the layered structure of the soil, the thickness of the
layers and the relative position of the known values obtained from the monolith sampling.
This is important for accurate determination of the bearing capacity of the foundation, since
it allows taking into account the depth and layering in its different parts.

4 Conclusions

Based on the obtained results, the following conclusions were obtained:
* The use of interpolation methods to determine intermediate strength values at a given
depth contributes to a more accurate assessment of the bearing capacity of the foundation;
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» Taking into account soil stratification, thickness of layers and depth of sampling is
important for accurate determination of intermediate strength values;

* The application of modern mapping methods using geographic information systems
greatly facilitates the creation of accurate maps and real-time data analysis.

Thus, the determination of intermediate values of soil strength properties at a given depth
plays a key role in ensuring accuracy and reliability in assessing the bearing capacity of the
foundation for the construction of buildings and structures.
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