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Abstract

During earthquakes, the ground Shaking may cause a loss of strength that results in the settlement of buildings, landslides, the failure of earth
dams, and many other hazards. This process of Losing strength is called soil liquefaction. This phenomenon is associated primarily, with saturated
cohesionless soils. In all Large Earthquakes, Soil Liquefaction is observed and, in some cases, it has caused much damage. The destructive effects
of soil liquefaction were brought to the attention of engineers by the disastrous 1964 earthquake in Niigata, Japan. This earthquake caused more
than $1 billion in damages, due mostly to widespread soil liquefaction. For critical structures, such as nuclear power plants and large earth dams,
the possibility of liquefaction presents serious engineering problems. This study aims to present methods for understanding the liquefaction
problem and providing a framework for evaluating the safety of sites and structures against liquefaction-related failures. The study discusses
some liquefaction problems and makes references to existing literature. This study provides useful information to geographers.
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1. Introduction

The word liquefaction includes all phenomena involving excessive deformations or movements because of the
transient or repeated disturbance of saturated cohesionless soils [1-3]. Several similar findings helped us with this
research directly or indirectly. Krim et al. [4] studied the influence of clay content and grading characteristics on the
liguefaction resistance of sand—clay mixtures using triaxial tests performed on reformed sand—clay mixtures with
varying clay content. The liquefaction resistance is found to be reduced with an increase in clay content [5-7].

Umar et al. [8] concluded that earthquake magnitude plays a very important role in the assessment of
liquefaction, irrespective of soil type and water table of the site using a deterministic and probabilistic approach. In
2015, Konni conducted a project on an offshore artificial island located 84 km offshore [9]. The purpose of the project
was to determine the level of compaction achieved for the artificial island and assess its potential for liquefaction using
SPT, N, and CPT data. Based on the results of the tests, it was observed that CPT was a more suitable method for
assessing liquefaction potential than SPT.

Dash & Sitharam [10] studied the effect of non-plastic fines on the behavior of silty sand subjected to cyclic
loading. The results obtained from experimental investigation conclude that the nature of soil deposits plays an
important role in defining the cyclic resistance ratio (CRR) and pore water pressure generation which occurs during
earthquakes. Jaiswal [11] in his research cited that Biles and other researchers in 2010 conducted a study to determine
the safety factor against liquefaction in alluvial soils in Tuzla. They used various methods to assess the soil's strength,
including the Cone Penetration Test (CPT) [12], Standard Penetration Test (SPT) [13], and undrained shear strength (Su)
[14-16].

Amini and Qi [17] conducted a study to investigate the behavior of silty sands under seismic liquefaction
conditions when subjected to different levels of soil content and confining pressures that are typical of field conditions.
The study aimed to understand how the behavior of these soils changes when they are separated or mixed.

In the context of this study, the word liquefaction is used to include all phenomena giving rise to a loss of shearing
resistance or the development of excessive strains because of transient or repeated disturbance of saturated
cohesionless soils. This use of the term liquefaction is general and covers a range of phenomena that are not necessarily
of the same nature (e.g., problems of strength as well as problems of deformation). As will be noted, more restrictive
definitions of liquefaction have also been proposed.

1.1.Purpose of study

The main objectives of the study were to find: To know about liquefaction, understand the phenomenon of
liguefaction and its impact on structures; To Present methods for understanding the liquefaction problem and provide
a framework for evaluating the safety of sites and structures against liquefaction-related failures; Summarize different
approaches that have been used to analyze and evaluate the risk of liquefaction-related failures, ranging from empirical
to theoretical methods.

This report focuses on important aspects of the liquefaction of soils during earthquakes, places different
viewpoints into perspective, and identifies areas of agreement and disagreement. No attempt is made at a thorough,
detailed presentation of the many and varied results found in the extensive literature. This report should instead be
viewed as a guide to that literature. Its primary emphasis is on earthquake engineering problems, but its conclusions
and recommendations have a broader applicability.

2. Materials and method
2.1. Liquification Phenomenon

The liquefaction phenomenon is described as the lowering of shear strength because of the pore pressure that
builds up in the soil skeleton. The shear strength of cohesionless soil, T, depends on the angle of internal friction and
the effective stress acting on the soil skeleton and can be expressed as

t=0'tand Eq.(1)
c'=0-u Eq. (2)
where T = shear strength
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o' = effective normal stress
o = total normal stress
u = pore pressure
¢ = angle of internal friction

When the loose saturated sands are acted upon by earthquake loading, primarily induced by upward propagation
of shear waves from the bedrock, they happen to settle and densify. However, the time of the cyclic stress application
is so short compared to the time required for the water to drain, that the soil volume contraction cannot occur
immediately, and excess pore pressure will progressively build up.

2.2.Location of Site

The inspection site has been identified and its location has been marked on a satellite view of the area (figure 1).
The latitude of the inspection site is 27 degrees, 13 minutes, and 51.67 seconds North, while its longitude is 78 degrees,
0 minutes, and 51.51 seconds East. These coordinates specify the precise geographic location of the inspection site on
the Earth's surface and can be used to locate it using GPS or other mapping tools.
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Fig 1. Map view of Inspection Site

The reason for selecting this site is its proximity to the Yamuna River and the type of soil found in the area, which
is sandy soil. These factors suggest that the site has the potential for liquefaction to occur. In other words, during an
earthquake or other vibration, the soil in this area could lose its strength and stiffness and behave like a liquid, which
could lead to significant damage to buildings and other structures. Therefore, it is important to consider the risk of
liguefaction when planning and constructing any buildings or infrastructure in this area. As per 1S 1893:2002 (Part 1),
India has been divided into 4 seismic zones, the selected area lies in zone Il which is moderately affected by earthquake
forces.

Poiya ghat is just near to the Yamuna River, which is in the vicinity of the Dayalbagh area, because the area is near
a river, the soil present there is in loose condition even in its natural state. The selected site lies within the 2 km radius
of the Yamuna River, a Google Earth satellite view of the same is attached for reference (figure 2).

SITE IS NEAR YAMUNA RIVER
Soil present is Sandy soil (in loose condition

Fig 2. Distae between the site and Yamuna River (= 2 Km)

2.3. Method
For the study of Liquification of soil, we study two Methods for deep soil testing:

1. Cone Penetration Test
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2. Standard Penetration Test

2.4.Compliance with Ethical Standards

This article does not contain any studies with human participants or animals performed by any of the authors.

3. Results
3.1. Cone Penetration Test

Design methods for shallow and deep foundations have been proposed based on cone resistance. A few
laboratory studies have appropriate overburden pressure levels [18]. In either case, it is necessary first to develop
scaling relations for extrapolating the model test results to the full-scale cone. Secondly, it would be necessary to
account for the effects of the self-weight body force gradient present in field applications, which could not be simulated
in the calibration chambers. To ensure that the gravity stress gradient present in field applications is properly
represented in laboratory testing, a centrifuge can be employed. If the soil models are carefully prepared so that the
properties are controlled and known, then models of the cone penetrometer tested in the increased gravity
environment should produce penetration resistance profiles that can be related to fundamental soil properties.

From the CPT testing, unique plots of tip resistance versus vertical effective stress for each relative density model
were determined. From these data, it is possible to determine a unique value that describes each. The relative density
model developed by Olsen [19] provides a relationship between the corrected tip resistance gcl and the relative
density of soil. The model was later tested using a laminar box and earthquake actuator on a centrifuge to study
liguefaction effects. The results from these tests were used to create prediction charts that relate field-measurable
parameters such as qcl with earthquake damage, including the thickness of the liquefied layer, lateral displacement,
and settlement for a given soil deposit. Combining the results from both the relative density model and the liquefaction
tests allows for the elimination of the relative density parameter and the creation of a direct correlation between qcl
and lateral displacement. This prediction chart can be used to estimate the potential damage from earthquakes based
on gcl measurements in the field.

3.2.Standard Penetration Test

Geotechnical engineers use different techniques to determine the liquefaction potential of soils [20]. The two
most commonly used techniques are the Standard Penetration Test (SPT) and Cone Penetration Test (CPT). However, it
is essential to use different site characterization tools together as they play complementary roles. The SPT was
developed in 1927 and is one of the most widely used soil tests worldwide. The test involves dropping a hammer
weighing 63.5 kg onto drill rods from a height of 0.76 m. The number of blows required to achieve a penetration just
under the seating drive of 0.15 m in a standard sample tube is used to determine the soil's strength and endurance.
However, due to the SPT's dynamic nature, there are significant concerns regarding its reliability and repeatability
[21,22].

The CPT is gaining popularity as a reliable method of assessing liquefaction potential since it offers consistent and
reliable data. The CPT involves pushing a cone-shaped probe into the soil and measuring the resistance to penetration.
The measurement is taken at regular intervals, typically every 1.5 m. This provides a more detailed and accurate picture
of the soil's characteristics than the SPT.

Overall, using multiple site characterization tools is important to get a comprehensive understanding of the soil
and its liquefaction potential. While the SPT and CPT are the most used techniques, other methods such as seismic
tests and shear wave velocity measurements can also be used to complement and verify the results.

4. Conclusion

This paper discussed some of the recently developed liquefaction mitigation techniques and soil liquefaction.
Among the various seismic risks, liquefaction is regarded as a major critical hazard. The most common application of
soil improvement techniques is to mitigate or decrease the liquefaction impacts. A large percentage of these methods.
usually through trial and error. While traditional mitigation methods are widely used, they have drawbacks such as
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environmental influence, disruption to established buildings when applied to deformations and vibrations, and the
area size to be mitigated.

A brief discussion of the liquefaction danger related to loosening sand sediments, as well as its assessment is
monitored through an outline of field engineering functions, along with a concentration on soil improvement
mitigation techniques. As liquefaction hazard mitigation, vibroflotation compacts, dynamic compaction, deep mixing
soil, passive site stabilization, and piles compaction are used.

5. Recommendation

There have been conflicting findings in the literature regarding the impact of sample preparation and frequency
of excitation/loading on the dynamic properties of soil. To fully understand the subject, more research is needed to
determine how different factors influence soil's dynamic properties. This will enable us to use this knowledge more
effectively for further research and practical applications.

References

[1] F. Morante-Carballo, M. J. Dominguez-Cuesta, N. Paz-Salas, J. Malavé-Herndndez, J. Duenas-Tovar, and P.
Carridon-Mero, “Evaluation of the potential of coastal cliffs as geosites for the promotion of geotourism,”
Geography and Sustainability, vol. 4, no. 4, pp. 356-371, Dec. 2023.
https://doi.org/10.1016/j.gseosus.2023.08.003

[2] A.J. Turbelin, R. N. Cuthbert, F. Essl, P. J. Haubrock, A. Ricciardi, and F. Courchamp, “Biological invasions are as
costly as natural hazards,” Perspectives in Ecology and Conservation, vol. 21, no. 2, pp. 143-150, Apr. 2023.
https://doi.org/10.1016/j.pecon.2023.03.002

[3] X. Guo, Q. Shao, and Y. Luo, “Effects of different management measures on soil conservation and the influence
of environmental conditions: A case study involving UAV remote sensing on&nbsp; the Loess Plateau,” Remote
Sensing in Ecology and Conservation, vol. 8, no. 5, pp. 683—697, May 2022. https://doi.org/10.1002/rse2.271

[4] A. Krim, A. Arab, M. Chemam, A. Brahim, M. Sadek, & I. Shahrour, “Experimental study on the liquefaction
resistance of sand—clay mixtures: Effect of clay content and grading characteristics,” Marine Georesources &
Geotechnology, vol. 37, no. 2, pp. 129-141, 2019.
https://www.tandfonline.com/doi/abs/10.1080/1064119X.2017.1407974

[5] A.Krim, A. Arab, M. Chemam, A. Brahim, M. Sadek, and I|. Shahrour, “Experimental study on the liquefaction
resistance of sand—clay mixtures: Effect of clay content and grading characteristics,” Marine Georesources
&amp; Geotechnology, vol. 37, no. 2, pp. 129-141, Dec. 2017.
https://doi.org/10.1080/1064119X.2017.1407974

[6] I. B. Gratchev, K. Sassa, V. |. Osipov, and V. N. Sokolov, “The liquefaction of clayey soils under cyclic loading,”
Engineering Geology, vol. 86, no. 1, pp. 70-84, Jul. 2006. https://doi.org/10.1016/j.engge0.2006.04.006

[7] S. Ghani and S. Kumari, “Insight into the effect of fine content on liquefaction behavior of soil,” Geotechnical
and Geological Engineering, vol. 39, no. 1, pp. 1-12, Jul. 2020. https://doi.org/10.1007/s10706-020-01491-3

[8] S.K.Umar, P. Samui, & S. Kumari, “Deterministic and probabilistic analysis of liquefaction for different regions
in Bihar,” Geotechnical = and  Geological  Engineering, vol. 36, pp. 3311-3321, 2018.
https://link.springer.com/article/10.1007/s10706-018-0498-7

[9] G. R. Konni, “Compaction Assessment and Evaluation of Liquefaction Potential of Offshore Artificial Island
Based On ‘SPT’and ‘CPT’Data,” In SPE Kuwait Oil and Gas Show and Conference, pp. SPE-17528, October, 2015.
https://onepetro.org/SPEKOGS/proceedings-abstract/15KOGS/AllI-15K0GS/184677

[10]H. K. Dash, & T. G. Sitharam, “Undrained monotonic response of sand—silt mixtures: effect of nonplastic
fines,” Geomechanics and Geoengineering: An International Journal,vol. 6, no. 1, pp. 47-58, 2011.
https://www.tandfonline.com/doi/abs/10.1080/17486021003706796

[11]1. M. D. Jaiswal, “Liquification of soil during earthquakes: Potential of soils,” IJCEC, vol. 2, no. 1, pp. 17-20, 2023.
https://www.civilengineeringjournals.com/ijcec/article/8/4-1-3-363.pdf

[12]F. E. Ikuemonisan, V. C. Ozebo, and O. B. Olatinsu, “Investigating and modelling ground settlement response to
groundwater dynamic variation in parts of Lagos using space-based retrievals,” Solid Earth Sciences, vol. 6, no.
2, pp. 95-110, Jun. 2021. https://doi.org/10.1016/j.sesci.2021.03.001

47


https://doi.org/10.18844/ijciss.v7i2.8948
https://doi.org/10.1016/j.geosus.2023.08.003
https://doi.org/10.1016/j.pecon.2023.03.002
https://doi.org/10.1002/rse2.271
https://www.tandfonline.com/doi/abs/10.1080/1064119X.2017.1407974
https://doi.org/10.1080/1064119X.2017.1407974
https://doi.org/10.1016/j.enggeo.2006.04.006
https://doi.org/10.1007/s10706-020-01491-3
https://link.springer.com/article/10.1007/s10706-018-0498-7
https://onepetro.org/SPEKOGS/proceedings-abstract/15KOGS/All-15KOGS/184677
https://www.tandfonline.com/doi/abs/10.1080/17486021003706796
https://www.civilengineeringjournals.com/ijcec/article/8/4-1-3-363.pdf
https://doi.org/10.1016/j.sesci.2021.03.001

Mittal, I. & Jaiswal, D. (2023). Liquefaction of soil during earthquakes: the potential of soils. International Journal of Current
Innovations in Interdisciplinary Scientific Studies. 7(2), 35-42. https://doi.org/10.18844/ijciss.v7i2.8948

[13]T. Truc Doan, “Comparison between numerical analysis and experiment for the dry density and shear
resistance variations with different depths (groundwater level variations),” Geology, Ecology, and Landscapes,
pp. 1-18, Dec. 2023. https://doi.org/10.1080/24749508.2023.2254011

[14]A. R. Al-Adhadh, B. J. Abbas, and A. M. Ali, “Factors influencing the shear strength of clays: A Review,” IOP
Conference Series: Materials Science and Engineering, vol. 1090, no. 1, p. 012009, Mar. 2021. DOI
10.1088/1757-899X/1090/1/012009

[15]Y. Narainsamy and S. W. Jacobsz, “A review of methods for estimating undrained Brittleness Index from the
CPT,” Cone Penetration Testing 2022, pp. 604—609, Jun. 2022. https://www.researchgate.net/profile/Yashay-
Narainsamy-
2/publication/361157886 A review of methods for estimating undrained brittleness index from the C
PT/links/62a2286a6886635d5cccdbf6/A-review-of-methods-for-estimating-undrained-brittleness-index-
from-the-CPT.pdf

[16]A. PEKRIOGLU BALKIS, G. GELANA NEGESSU, and A. AHMAD, “ince toprak icerigin Zeminin Kayma Mukavemeti
Parametrelerine  Etkisi,” = European Journal of Science and Technology, Feb. 2023.
https://doi.org/10.31590/ejosat.1166983

[17]F. Amini, & G. Z. Qi, “Liquefaction testing of stratified silty sands,” Journal of Geotechnical and
Geoenvironmental Engineering, vol. 126, no. 3, pp. 208-217, 2000.
https://ascelibrary.org/doi/abs/10.1061/(ASCE)1090-0241(2000)126:3(208)

[18]G. Dal Moro and J. Stemberk, “Tools for the efficient analysis of surface waves from active and passive seismic
data: Exploring an NE-Italy peri lagoon area with significant lateral variations,” Earth, Planets and Space, vol.
74, no. 1, Sep. 2022. https://doi.org/10.1186/s40623-022-01698-z

[19]R. S. Olsen, Normalization and prediction of geotechnical properties using the cone penetrometer test (CPT).
University of California, Berkeley, 1994.

[20]K. Jas and G. R. Dodagoudar, “Liquefaction potential assessment of soils using machine learning techniques: A
state-of-the-art review from 1994-2021,” International Journal of Geomechanics, vol. 23, no. 7, Jul. 2023.
[21]C. Feng, L. Bonetti, H. Lu, Z. Zhou, T. Lotti, M. lJia, G. Rizzardi, L. De Nardo, and F. Malpei, “Extracellular
polymeric substances as paper coating biomaterials derived from anaerobic granular sludge,” Environmental

Science and Ecotechnology, p. 100397, Feb. 2024. https://doi.org/10.1016/j.ese.2024.100397

[22]T. Anselain, E. Heggy, T. Dobbelaere, and E. Hanert, “Qatar Peninsula’s vulnerability to oil spills and its
implications for the global gas supply,” Nature Sustainability, vol. 6, no. 3, pp. 273-283, Jan. 2023.
https://doi.org/10.1038/s41893-022-01037-w

[23]B. W. Maurer and M. D. Sanger, “Why ‘Al’ models for predicting soil liquefaction have been ignored, plus some
that shouldn’t be,” Earthquake Spectra, vol. 39, no. 3, pp. 1883—1910, May 2023.

[24]H. A. Abbas, D. Al-Jeznawi, M. A. Al-Janabi, L. F. Bernardo, and M. A. Jacinto, “Exploring shear wave velocity—
NSPT correlations for geotechnical site characterization: A Review,” CivilEng, vol. 5, no. 1, pp. 119-135, Jan.
2024.

[25]M. Chwata, K.-K. Phoon, M. Uzielli, J. Zhang, L. Zhang, and J. Ching, “Time Capsule for geotechnical risk and
reliability,” Georisk: Assessment and Management of Risk for Engineered Systems and Geohazards, vol. 17, no.
3, pp. 439-466, Nov. 2022.

48


https://doi.org/10.18844/ijciss.v7i2.8948
https://doi.org/10.1080/24749508.2023.2254011
https://www.researchgate.net/profile/Yashay-Narainsamy-2/publication/361157886_A_review_of_methods_for_estimating_undrained_brittleness_index_from_the_CPT/links/62a2286a6886635d5cccdbf6/A-review-of-methods-for-estimating-undrained-brittleness-index-from-the-CPT.pdf
https://www.researchgate.net/profile/Yashay-Narainsamy-2/publication/361157886_A_review_of_methods_for_estimating_undrained_brittleness_index_from_the_CPT/links/62a2286a6886635d5cccdbf6/A-review-of-methods-for-estimating-undrained-brittleness-index-from-the-CPT.pdf
https://www.researchgate.net/profile/Yashay-Narainsamy-2/publication/361157886_A_review_of_methods_for_estimating_undrained_brittleness_index_from_the_CPT/links/62a2286a6886635d5cccdbf6/A-review-of-methods-for-estimating-undrained-brittleness-index-from-the-CPT.pdf
https://www.researchgate.net/profile/Yashay-Narainsamy-2/publication/361157886_A_review_of_methods_for_estimating_undrained_brittleness_index_from_the_CPT/links/62a2286a6886635d5cccdbf6/A-review-of-methods-for-estimating-undrained-brittleness-index-from-the-CPT.pdf
https://www.researchgate.net/profile/Yashay-Narainsamy-2/publication/361157886_A_review_of_methods_for_estimating_undrained_brittleness_index_from_the_CPT/links/62a2286a6886635d5cccdbf6/A-review-of-methods-for-estimating-undrained-brittleness-index-from-the-CPT.pdf
https://doi.org/10.31590/ejosat.1166983
https://ascelibrary.org/doi/abs/10.1061/(ASCE)1090-0241(2000)126:3(208)
https://doi.org/10.1186/s40623-022-01698-z
https://doi.org/10.1016/j.ese.2024.100397
https://doi.org/10.1038/s41893-022-01037-w

