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ABSTRACT

Geotechnical engineering, similar to other branches of engineering, must adapt and progress in accordance
with contemporary technological advancements. The present investigation endeavors to examine the spatial
correlations between soil characteristics, such as Undrained Shear Strength (Su) and Bearing Capacity of
shallow footing (qu), across various regions within the city of Falluja. This city experienced significant
infrastructure devastation subsequent to the year 2017, necessitating the need to keep up with the rapid
development occurring in this locality. Consequently, it is imperative to devise the most expeditious means
of acquiring preliminary data at the most cost-effective rate and within the shortest timeframe. For this
study, The NOVOSPT was used to test and evaluate the (SPT) standard penetration test readings to obtain
the values of soil properties for the research area using the 149 test holes in the study area. These values
were used to generate a digital geotechnical map of the urban area utilizing the Geographic Information
System (GIS). This map accurately depicts the spatial distribution of geotechnical characteristics that can be
promptly accessed whenever required, thereby resulting in time and cost savings for engineers.

Keywords: Soil Properties; Geographic Information System (GIS); Bearing Capacity(Qu); Undrained Shear
Strength (Su).

RESUMEN

La ingenieria geotécnica, al igual que otras ramas de la ingenieria, debe adaptarse y progresar de acuerdo
con los avances tecnoldgicos contemporaneos. La presente investigacion pretende examinar las correlaciones
espaciales entre las caracteristicas del suelo, como la resistencia al corte no drenado (Su) y la capacidad
portante de las zapatas superficiales (qu), en varias regiones de la ciudad de Faluya. Esta ciudad experimentd
una importante devastacion de infraestructuras después del ano 2017, lo que hace necesario mantener el
ritmo del rapido desarrollo que se esta produciendo en esta localidad. En consecuencia, es imperativo idear
los medios mas expeditivos para adquirir datos preliminares al ritmo mas rentable y en el plazo mas breve.
Para este estudio, se utilizo el NOVOSPT para probar y evaluar las lecturas de la prueba de penetracion
estandar (SPT) para obtener los valores de las propiedades del suelo para el area de investigacion utilizando
los 149 agujeros de prueba en el area de estudio. Estos valores se utilizaron para generar un mapa geotécnico
digital de la zona urbana utilizando el Sistema de Informacion Geografica (SIG). Este mapa representa con
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precision la distribucion espacial de las caracteristicas geotécnicas, a las que se puede acceder rapidamente
siempre que sea necesario, con el consiguiente ahorro de tiempo y costes para los ingenieros.

Palabras clave: Propiedades del Suelo; Sistema de Informacion Geografica (SIG); Capacidad Portante (Qu);
Resistencia al Corte no Drenado (Su).

INTRODUCTION

Soils play a crucial role in the preservation of ecosystems and human society. They not only serve as a
limited and precious resource, but they also exhibit a wide range of characteristics and behaviors.? In almost
every aspect of geotechnical design, the quality of soil holds significant importance. Numerous techniques,
such as field investigations and laboratory tests, have been devised to assess soil quality. To determine the
precise values of these properties, an intact sample is collected. However, due to the challenges associated
with acquiring completely undisturbed samples caused by intense pressure and unfavorable testing conditions,
field experiments like Standard Penetration Tests (SPT) are conducted to evaluate soil properties.® It’s worth
noting that the NOVASPT program employed the SPT test to obtain the values of soil parameters for the
research region.

Soil, commonly referred to as “Earth,” denotes the terrestrial realm in which we reside. Several constituents
of the terrestrial expanse predate the third geological epoch, although the majority does not predate the
Pleistocene epoch, a subsequent glacial era.” In order to effectively handle the design consequences of land
utilization in expanding urban areas, it is imperative to conduct a comprehensive analysis and accurate evaluation
of the spatial diversification of geological and geotechnical characteristics of soils and groundwater.®¢7

The conventional method of acquiring data in the field of geotechnical practice can often be a time-
consuming endeavor. There are preexisting sources of data available, encompassing maps, reports from site
inspections, instructions, and even various forms of media, whether in electronic or physical form, that can be
amalgamated. It is conceivable that by utilizing the GIS digital mapping platform, the organization’s efficiency
and performance could be enhanced, thereby potentially reducing the amount of time required.®?®10.11.12,13)
To perform geotechnical assessments quickly and efficiently over vast areas, a geographic information system
(GIS) is a must-have tool.®'*' A GIS’s ability to generate new information by combining heterogeneous data
sets with a compatible GIS is a crucial advantage. (1%:16:17:18,19)

Various publications have recently sought methods to enhance the management of geotechnical engineering
data through the utilization of the spatial-location correlation of soil characteristics obtained via the SPT report.

and organize it in a geotechnical database for use as a tool to aid in procedure planning and administration.
(4,16,20)

Literature Review

Developing a digital geotechnical map for Falluja city using GIS is a topic that has garnered attention in
the field of geotechnical engineering and urban planning. The integration of GIS technology with geotechnical
data provides valuable insights into the geological and geotechnical characteristics of an area, aiding in
infrastructure development, hazard assessment, and land-use planning. Several studies have explored the
application of GIS in developing digital geotechnical maps for various regions. Al-Bazi et al. (2018) conducted a
study on Al-Qadisiyah Governorate in Iraq, where they developed a geotechnical map using GIS techniques. The
study demonstrated the effectiveness of GIS in analyzing slope stability and designing foundations, showcasing
its potential for similar projects in Falluja city.?"

Behnia et al. (2019) focused on the development of a digital geotechnical map for urban areas in Iran
using GIS. The research highlighted the role of GIS in geotechnical hazard assessment and land-use planning,
emphasizing its significance in understanding the subsurface conditions and making informed decisions regarding
infrastructure development and urban growth. @

In addition to the studies, other researchers have also explored the integration of GIS and geotechnical data.
For example, Huang et al. (2017) utilized GIS to develop a digital geotechnical map for a region in China®, Alaa
& dr. Khamees et al. (2023) utilized GIS to develop a digital geotechnical map for a region in Ramadi city®.
enabling the identification of potential geological hazards and the planning of appropriate mitigation strategies.
Mamdooh, et al., (2018) utilized GIS to develop a digital geotechnical map for a region in Ramadi city@.
Mohammed et al (2021) used GIS to develop Geotechnical map of Thi Qar governorate®. Similarly, Sharma et al.
(2019) implemented GIS techniques to create a digital geotechnical map for an urban area in India®, providing
valuable insights for urban planners and engineers in managing geotechnical risks. These studies collectively
highlight the significance of developing digital geotechnical maps using GIS for effective urban planning and
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infrastructure development. However, there is a research gap specifically pertaining to Falluja city. Given the
unique geology and soil conditions in Falluja, it is essential to undertake a comprehensive study to develop
a digital geotechnical map tailored to the city’s specific needs. By addressing this research gap, the current
study aims to contribute to the development of a digital geotechnical map for Falluja city using GIS. The map
will integrate geological data, soil properties, and geotechnical information to provide valuable insights for
urban planners, civil engineers, and decision-makers, enabling them to make informed decisions regarding
infrastructure development, land-use planning, and hazard mitigation.

Study objectives
This work aims to develop a thematic map of the study area to estimate the (qu) Bearing Capacity of shallow
footing and the (Su) Undrained Shear Strength at different depths.

The study area

AL- Fallujah is a city located in Anbar Governorate, about sixty kilometers northwest of the capital, Baghdad,
east of Ramadi, at a distance of 45 kilometers. Its municipal boundaries encompass an area of 4205 km2 . The
research area’s elevation ranges from 20 to 35 meters above sea level, with coordinates Longitude (33° 18'to
339 50) N and longitude (43° 45'to 43° 50') E. The soils of Falluja is a mixture of sand, clay,silt and gravel, but
the percentage of sand is the highest, according to soil investigation reports . The Falluja city was chosen
after being vandalized by the terrorist organization and is currently undergoing renovations. As a result, the
region requires constructing a more significant number of structures. As a result, the possibility of significant
subsidence of the Earth can be met, as well as the need to make quick initial decisions at a low cost.

METHODOLOGY

The study’s methodology was divided into four distinct stages. The initial stage encompassed field research
and the selection of laboratory tests. A feasibility survey was conducted to gather data on the study area,
resulting in the collection of 149 experimental borehole from 22 September to 10 December 2022. The findings
from the SPT test were compiled using Microsoft Excel. The pilot hole pits were strategically distributed across
the study area to determine the most suitable cross-section for analysis. Excavation depths ranged from 1,5,
3, 4,5, 6, 7,5, and 9 meters. In the second stage, the data obtained from the SPT examination was analyzed
using the NOVASPT program to extract relevant soil properties. The third stage involved digitizing and creating
an ArcGIS study area map. A geodetic satellite and Google Earth were utilized to obtain a digital photograph
of the area. GPS (GARMIN 64s) coordinates were gathered for borehole and used in the map. The research
concluded by establishing a database and conducting an analysis of the results. The map database had already
been established, and the results were entered accordingly(Allawiet al., 2023). The map has been updated to
reflect the latest findings. ¢

Data collection

The initial phase of the approach is data collection. This data was collected from multiple sources, which
encompassed consulting engineering offices(collected from the soil test laboratories at the University of
Anbar), private contracting companies, and various offices. Data collection is an indispensable step in attaining
optimal outcomes. Data were gathered from 149 wells dispersed throughout the eastern region of Falluja, at
depths ranging from( 0-1,5, 1,5-3, 3-4,5, 4,5-6, 6-7,5, and7,5-9) meters. Data collection and processing (next
stage) can be combined into a single procedure. It is one of the most time-consuming procedures and requires
preparation in advance. To produce a GIS database for the study region, hole sites were projected onto the
rectified image; an attribute data of geotechnical parameters were recorded for each borehole in the study
area by using the ArcMap9.2 as shown in figure 1.

Data analysis

Soil samples extracted from the designated study region were meticulously gathered for the purpose of
analysis. The standard penetration test (SPT) was systematically executed on these specimens by the researchers
162728 who employed this characteristic to delineate their respective areas of investigation the samples were
obtained from engineering firms. This test is widely utilized globally for subsurface drilling. Subsequently, the
data can be organized using Microsoft Excel. The analysis of SPT results in the SPT NOVA statistical program
and the extraction of soil parameters (such as qu, Su, etc.) determine the usefulness of the results. The ability
to perform procedures that relate the value of one site to those of multiple locations is the true advantage of
employing spatial analysis of in-situ data, which requires knowledge of the properties of the soil being tested.
For instance, the use of ArcMap 9.2 allows for the representation of differences in geotechnical features across
a given depth using GIS capabilities. This representation is displayed as thematic maps that present value
fluctuations through gradient hues, thereby enhancing users’ understanding of the distribution.
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Figure 1. A digital photo map of the study area borehole locations

RESULTS AND DISCUSSION
The GIS’s Bearing Capacity (qu)

Bearing capacity is a crucial parameter in geotechnical engineering as it determines the stability and safety
of structures built on or in the ground.® The bearing capacity of soil or rock depends on factors such as
strength, density, and deformation properties. Several studies have been conducted to investigate the bearing
capacity of different materials and structures. Raskar et al.(2016) developed bearing capacity standards for
forest roads constructed using various technologies!"®), considering factors such as traffic intensity, operation
time, soil conditions, and construction material. Figure 2 and table1show the spatially distributed of bearing
capacity(qu) and their percentages with depths for study area.

Zoning Maps on Shear Strength(su)

The load of the building generates shear stress, which can be assimilated by the earth. These strength
parameters of the soil, known as shearing soil strength parameters, serve as descriptors for this strength. The
application of shear stress induces a state of reduced stability in any type of soil. The imposition of weight
may cause the soil to undergo stretching or contraction.®® Figures 3 and 4 show the spatially distributed of
undrained shear strength of clay and their percentages with depths for study area.
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CONCLUSIONS

Using GIS in geotechnical engineering works makes it possible for spatial data area forecasting for geotechnical
engineers. Geotechnical maps are shown effect of different geotechnical characteristics of the study area. A
comprehensive and visual data base representation of data acquired from studies. As data is represented in the
form of graphs, these maps save time, money and effort while being easy to use. Accurate data interpretation
will aid in lowering the costs of new soil investigations. The study findings show that the bearing capacity
values of less than 500(KPa) at the first layer (1,5 meters deep) represent roughly 0,53 % of the study area. The
undrained shear strength increases with the depth.

REFERENCES

1. Sayl, K.N., Sulaiman, S.0., Kamel, A.H., Al Ansari, N. (2022),Towards the Generation of a Spatial
Hydrological Soil Group Map Based on the Radial Basis Network Model and Spectral Reflectance Band Recognition,
International Journal of Design and Nature and Ecodynamics, 17(5), pp. 761-766 https://doi.org/10.18280/
ijdne.170514

2. Kadhim, N., Awad, A., & Al-Abody, M. (2015). THE GEOTECHNICAL MAPS FOR BEARING CAPACITY BY
USING GIS ANDQUALITY OF GROUND WATER FOR AL- IMAM DISTRICT (BABIL -IRAQ). International Journal of Civil
Engineering and Technology (IJCIET), 6(10), 176-184.

3. Kadhim, M. M., S Al-Saoudi, N. K., & Razzak ZiboonBuilding, A. T. (2013). Digital Geotechnical Maps of
Basrah City Using Geographical Information Systems Technique. In Tech. Journal (Vol. 31, Issue 4).

4. Ojiako, E. N., & Okonkwo, M. N. (2019). Analysis of heavy metals in soil of mechanic workshop in Onitsha
metropolis. Advances in Applied Science Research, 4(1), 79-81. www.pelagiaresearchlibrary.com

5. Mohammed, O. A., & Sayl, K. N. (2020).Determination of Groundwater Potential Zone in Arid and Semi-
Arid Regions: A review.Proceedings - International Conference on Developments in ESystems Engineering, DeSE,
2020-December, 76-81. https://doi.org/10.1109/DeSE51703.2020.9450782

6. Mohammed Ali, H., & Shakir, R. R. (2021).Geotechnical map of Thi Qar governorate using geographical
information systems (GIS).Materials Today: Proceedings. https://doi.org/10.1016/J.MATPR.2021.09.138

7. Masoud, A. A., Kamh, S. Z., & Elgharib, S. R. (2016). Subsurface Geological-Geotechnical 3D Modeling to
Evaluate the Geohazard of the Alluvial Soils in Tanta Region. In Egypt. GIS DJS (Vol. 37). https://djs.journals.
ekb.eg/

8. Khatri, S., & Sanjeev Suman. (2019). MAPPING OF SOIL GEOTECHNICAL PROPERTIES USING GIS.
GEOTECHNICALAND GEO- ENVIRONMENTALENGINEERING https://www.researchgate.net/publication/335110231

9. Jabar, B.S., Sayl, K.N., Alboresha, R.(2023), Approaches to Modeling Soil Erosion Caused by Water: A
Review, AIP Conference Proceedings, 2775(1), 040001 https://doi.org/10.1063/5.0140870

10. Mitab, B.T., Hamdoon, R.M., Naba Sayl, K. Assessing potential landfill sites using GIS and remote sensing

techniques: A case study in kirkuk, iraq, International Journal of Design and Nature and Ecodynamics, 18(3),
pp. 643-652 https://doi.org/10.18280/ijdne.180316

https://doi.org/10.56294/sctconf2024843


https://doi.org/10.18280/ijdne.170514
https://doi.org/10.18280/ijdne.170514
http://www.pelagiaresearchlibrary.com
https://doi.org/10.1109/DeSE51703.2020.9450782
https://doi.org/10.1016/J.MATPR.2021.09.138
https://djs.journals.ekb.eg/
https://djs.journals.ekb.eg/
https://www.researchgate.net/publication/335110231
https://doi.org/10.1063/5.0140870
https://doi.org/10.18280/ijdne.180316

Salud, Ciencia y Tecnologia - Serie de Conferencias. 2024; 3:843 8

11. Al-Fahdawi, A. T. H. (2010). Mineral resources in Anbar Governorate and their impact on the strength of
Irag. Journal of the University of Anbar for Humanities, 2, 47-78.

12. Sameer, Y. M., Abed, A. N., & Sayl, K. N. (2021).Highway route selection using GIS and analytical hierarchy
process case study Ramadi Heet rural highway. Journal of Physics: Conference Series,1973(1). https://doi.
org/10.1088/1742-6596/1973/1/012060

13. Raskar R, Nadgouda K. Spatial Variability Mapping of N-Value of Soils of Mumbai City Using Arcgis. in: Esri
India Regional User Conference. 2016. P. 1-9.

14. Mohammed, O.A., Sayl, K.N., Sulaiman, S.0., ...Allawi, M.F., Al-Ansari, N.( 2023) GEOINFORMATICS-
BASED APPROACH FOR AQUIFER RECHARGE ZONE IDENTIFICATION IN THE WESTERN DESERT OF IRAQ, International
Journal of GEOMATE, 25(110), pp. 220-234

15. Khudhair, M. A., Sayl, K. N., & Darama, Y. (2020). Locating Site Selection for Rainwater Harvesting
Structure using Remote Sensing and GIS. IOP Conference Series: Materials Science and Engineering, 881(1).
https://doi.org/10.1088/1757- 899X/881/1/012170

16. Samugavelu, D., Naser, A., & Ghani, A. (2016).CIVIL INFRASTRUCTURE AND BUILDING DESIGN: THE
DEVELOPMENT OF GIS DATABASE AND PRODUCT AS DESIGN AID. Jurnal Teknologi (Sciences & Engineering), 78(5),
2180-3722. www.jurnalteknologi.utm.my

17. Jaafar, Q.N., Sayl, K.N., Kamel, A.H.(2023) Numerical Modelling of River Training Work: A review, 10P
Conference Series: Earth and Environmental Science, 1222(1), 012010

18. Hashim, H. Q., & Sayl, K. N. (2020). The application of radial basis network model, GIS, and spectral
reflectance band recognition for runoff calculation. International Journal of Design and Nature and Ecodynamics,
15(3), 441-447. https://doi.org/10.18280/ijdne.150318

19. Sameer, Y. M., Abed, A. N., & Sayl, K. N. (2023). Geomatics-based approach for highway route selection.
Applied Geomatics, 15(1), pp. 161-176 https://doi.org/10.1007/s12518-023-00495-x

20. Kadhim, M. M. (2018). Monitoring Land Cover Change Using Remote Sensing and GIS Techniques: a
Case Study of Al-Dalmaj Marsh, Iraq. Journal of Engineering, 24(9), 96-108. https://doi.org/10.31026/]j.
eng.2018.09.07

21. Al-Bazi, A. M., Al-Ansari, N., & Jawad, S. N. Developing a geotechnical map using GIS techniques: A case
study of Al-Qadisiyah Governorate, Iraq. Engineering, Technology & Applied Science Research, 8(1), 2018, 2487-
2494.

22. Behnia, P., Golshan, M., & Sadeghi-Nik, A. (2019). Development of a digital geotechnical map using GIS
for urban areas: A case study in Iran. Geotechnical and Geological Engineering, 37(2), 633-647.

23. Huang, X., Zhang, L., & Cui, P. (2017). Application of GIS in digital geotechnical engineering. In
International Conference on Geotechnical Engineering (pp. 273-280). Springer, Cham.

24. Mamdooh, A.D., Aljanabi, K.R., Sayl, K.N.(2023) GIS-Based Approach for Geotechnical Mapping: A Review,
AIP Conference Proceedings, 2775(1), 050004, https://doi.org/10.1063/5.0141122

25. Sharma, R., Kumar, A., & Kumar, R. (2019). Development of digital geotechnical map using GIS: A case
study of an urban area. Journal of the Geological Society of India, 94(2), 203-208.

26. Mitab, B.T., Hamdoon, R.M., Naba Sayl, K. Assessing potential landfill sites using GIS and remote sensing
techniques: A case study in kirkuk, iraq, International Journal of Design and Nature and Ecodynamics, 18(3),
pp. 643-652 https://doi.org/10.18280/ijdne.180316

27. Al-Ani, H., Oh, E., Chai, G., & Nader, B. (2014). GIS-Interpolated Geotechnical Zonation Maps in

Surfers Paradise, Australia. Sixth International Conference on Advanced Geographic Information Systems,
Applications,and Service, 142-148.

https://doi.org/10.56294/sctconf2024843


https://doi.org/10.1088/1742-6596/1973/1/012060
https://doi.org/10.1088/1742-6596/1973/1/012060
https://doi.org/10.1088/1757- 899X/881/1/012170
http://www.jurnalteknologi.utm.my
https://doi.org/10.18280/ijdne.150318
https://doi.org/10.1007/s12518-023-00495-x
https://doi.org/10.31026/j.eng.2018.09.07
https://doi.org/10.31026/j.eng.2018.09.07
https://doi.org/10.1063/5.0141122
https://doi.org/10.18280/ijdne.180316

9 Abood MY, et al

28. Das, S., Ghosh, S., & Kayal, J. R. (2019).Liquefaction potential of Agartala City in Northeast India
using a GIS platform. Bulletin of Engineering Geology and the Environment, 78(4), 2919-2931. https://doi.
org/10.1007/s10064-018-1287-5

29. Al-Mamoori, S. K., Al-Maliki, L. A., Al-Sulttani, A. H., El-Tawil, K., & Al-Ansari, N. (2021). Statistical analysis
of the best GIS interpolation method for bearing capacity estimation in An-Najaf City, Iraq. Environmental Earth
Sciences, 80(20). https://doi.org/10.1007/s12665-021-09971-2

30. Czerniak., S., Grajewski., Ewa, Kurowska. “Bearing Capacity Standards for Forest Roads Constructed
Using Various Technologies from Mechanically and Chemically Stabilised Aggregate.” Croatian Journal of Forest
Engineering: Journal for Theory and Application of Forestry Engineering, undefined (2021). doi: 10.5552/
CROJFE.2021.996

ACKNOWLEDGMENT
This research was carried out as part of a master’s degree program in Geotechnical Engineering at the
University of Anbar.

FINANCING
None.

CONFLICT OF INTEREST
None.

AUTHORSHIP CONTRIBUTION
Conceptualization: Maria Y. Abood’, Khalid R. Aljanabi, Khamis Sayl.
Research: Maria Y. Abood’, Khalid R. Aljanabi, Khamis Sayl.
Writing - original draft: Maria Y. Abood’, Khalid R. Aljanabi, Khamis Sayl.
Writing - revision and editing: Maria Y. Abood’, Khalid R. Aljanabi, Khamis Sayl.

https://doi.org/10.56294/sctconf2024843


https://doi.org/10.1007/s10064-018-1287-5
https://doi.org/10.1007/s10064-018-1287-5
https://doi.org/10.1007/s12665-021-09971-2

	Marcador 1
	References

