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Abstract: In the history, liquefaction has been a cause of damage, scholars have spent the last 3 decades trying to figure out what
criteria should be used to help describe a soil deposit's liquefaction potential. Liquefaction is a soil mechanics issue that frequently
impacts structures that are upheld on soaking sand stores. In several seismic events, liquefaction caused significant damage to
pipelines, homes, bridges, and other vital infrastructure. A devastation caused by soil liquefaction were forcibly bring into the
interest of engineers by catastrophic 1964 earthquake in Niigata, Japan. This paper presents an overall depiction of liquefaction and
Recent utilized Methods of Mitigation. This review paper covers all basic knowledge and view of liquefaction. also, this review
paper discusses the evaluation method test In-situ testing particularly CPT and SPT test.
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I. General Background

1.1 Definition

In saturated sandy soil, liquefaction caused by dynamic or static loading can cause severe damage to building foundations and
existing structures, resulting in structural interference, economic losses, and even human life failure (1). This phenomenon has
dramatic consequences, including sand boiling, excessive settlement, lateral spreading, structure tilting and/or overturning (2).

1.2 Liquefaction Cause behind

For identify liqu-efaction, is necessary to understand the circumstances that exist in a soil sediment earlier to an earthquake. Soil is
essentially collection of many soil atoms that are in constant contact with many other soil particles. The weight of the overlying
particles produces contact powers that hold close individual soil elements in position and provide strength. Formalized paraphrase
to comprehend liquefaction (1,3).

1.3 Liquefaction Related Phenomenon

For many years, earthquakes have been accompanied by liquefaction. Indeed, Indeed, written documents dating back 100, if not
1000 of years contain accounts of earthquake symptoms that are now considered to be synonymous with liquefaction. NW
Peloponnesus, Greece a strong earthquake (Mw=6.4) struck the NW Peloponnesus, Greece, on Sunday June 8, 2008, causing several
earthquake environmental effects and structural damage in the broader epicentral area (4). A seismic series hit a huge region of
Northern Italy's Emilia-Romagna district in May to June 2012,, killing 26 people and injuring hundreds more, leaving 15,000 people
homeless, severely damaging historical and industrialized zones, and causing an economic estimate toll of two billion euros (5).
Alaska earthquake of 1964 Mw = 9.2 had been a turning point in geotechnical seismic design. Prior to this earthquake, liquefaction
was a well-known strange phenomenon, but its ability to cause damage during earthquakes was unprecedented (6). The 1989 Loma
Prieto, Mw 7.0 earthquake, which followed around 100 km south of San Francisco around the Santa Cruz Mountains, caused
extensive liquefaction and associated damage in Northern California's San Francisco-Monterey Bay region (7).

1.4 Factors Influencing Liquefaction Features

According to Prakash 1981, a liquefaction potential of a soil deposit is determined by a variety of factors. Nevertheless, it is difficult
to identify the impact of each specific factor in the area. In most cases, all or most of these factors interact (8). The following are
among the factors that influence a soil deposit's liquefaction capacity:

The sand's grain-size distribution.

The deposit's relative density.

Loading method used.

The cementation of the sand and the structure of the soil forms deposit.

Il Literature Review

Amini and Qi (2000) directed an exploration study to think about the conduct of separated and similar silty sands through seismic
liquefaction requirements for different residue substance and restricting pressing factors ordinary of field conditions. A thorough
exploratory plan was attempted in that a sum of one hundred fifty load monitored un - drained cyclic triaxial studies were conducted
out. Double techniques for test arrangement were utilized for each dirt sort. These techniques included soggy packing and
sedimentation. The sediment content went from ten to half and restricting pressing factors in scope of between 50-250 kPa have
being developed (8).

A key finding of this research study is the following:
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1) Liquefaction opposition it is not possible to have layered and uniform soils fundamentally unique regardless of the way that the
dirt texture created by the two strategies for test planning is very surprising.

2) As the limiting pressing factor expanded, A liquefaction obstruction in sand silty diminished for the pair uniform and layered
soil circumstances. An outcome likewise by and large demonstrates that the impact of limiting tension in relation to liquefaction
conduct of layered sands and uniform is not considerably unique.

3) In layered soils, however, it was seen that the permeability in the lateral path was significantly higher in comparison to the
longitudinal permeability. Furthermore, centrifuge test results showed during liquefaction, a water very weak zone or interlayer of
soil may form at the sand silt interface due to variations in permeability.

Amini and Sama (1999) made another investigation program to consider the direct of characterized and homogeneous sand-residue
rock composites for various rock and dregs substance throughout seismic liquefaction conditions. A starter system was tried,
consisting of 8 squeezing factor monitored undrained cyclic triaxial evaluations. The buildup substance went from 0 to half and
soils with 10 and 30% stone substance were attempted. The limiting pressing component overall the test plan was 100 kPa (9). The
accompanying essential decisions were acquired because of trial survey.

1) The barrier liquefaction of homogeneous and layered sand-residue rock combinations is not fundamentally extraordinary
regardless of the way that the dirt texture delivered by the two strategies for test planning is very surprising.

2) The rise in silt substance caused liquefaction obstruction of sand-sediment rock blends to increment for together layered soil and
uniform circumstances.

3) It was observed that each porous water pressure made up curves for the 2 sample preparation techniques have been analogous.

4) In layered soils it was seen that the horizontal porosity was significantly greater than the lateral absorption implying that the pore
water pressure will reach faster in the lateral way than in the vertical path.

The lateral accelerations measured are used to assess shear stress and strain histories at various elevations within the tested soil
systems. These records were used to investigate the processes of liquefaction caused lateral sand densification and spreading. The
identified stress-strain histories revealed: a. A consequent gradual regains in stiffness through cyclic excitation and b. The typical
decrease in strength and soil stiffness associated with liquefaction. Throughout easy shear laboratory experiments, similar process
outcomes were discovered (Arulmoli et al. 1992) (10).

111. Evaluation Methods of liquefaction

Countless cities' continued growth has resulted in an increase in the construction of larger, on sites with complicated soil conditions,
more complex designs. There is relatively select uncertainties, slight evaluated expertise, and other factors in highly and simplistic
analytical design approaches in situations where complicated structures are constructed on fragile, stratified soils. Capabilities for
logging, measurement and choice of soil parameters, as well as the growing demand for better logging through in-situ techniques
(12). Currently, there are 2 main approaches for determining liquefaction potential, i.e., in situ testing as well as laboratory testing.
In-situ assessment technique is popular as it causes little disruption and adequately describes the liquefaction potential (12).In
geotechnical engineering, in-situ testing has a long history. Even before modern soil mechanics, load bearing tests were a part of
foundation design. Before 1930, the standard penetration test and earlier forms of the cone penetration test were the primary
techniques for early subsurface exploration, ultimately leading to widely used design processes based on empirical correlations.
Since the 1964 Alaska and Niigata earthquakes, geotechnical engineers have been fascinated by the general phenomenon of
earthquake-induced liquefaction, also known as cyclic mobility, and the conditions that lead to it. They have sparked a lot of interest
in the field because of it (11,13).

In situ tests, Standard penetration test and Cone penetration test , are the highly conventional techniques of liquefaction
measurement applied by geotechnical engineers to establish the liquefaction potential soils (12,14). In most cases, the various site
characterization tools play complementary roles and are most effective when used together (15). Furthermore, since the
measurement is done every 1.5 m, the liquefaction technique assessment according to the SPT cannot offer endless limitations of
the SPT blow tally. As it offers consistent and reliable data, using the CPT to assess liquefaction potential is becoming more widely
held (12,15). In 1927 has been developed Standard Penetration Test and used more widely than almost any soil test around the
world. The test is carried out by lowering a free-falling hammer weighing 63.5 kg onto the drill rods from an elevation of 0.76 m.
The number of blows, N, needed to reach a penetration {just under the seating drive 0.15} of a design sample tube is interpreted
the saturation a as endurance. Because of the SPT's dynamic nature, there are significant issues with its repeatability and reliability
(11,15).

Cone Penetration Tests Several of cone penetration methods were invented and first applied in Europe, but now they are increasing
popularity into North America. The simplicity of testing, reproducibility of results, and the higher amenability of the test data to
rational analysis are the primary reasons for the growing interest in cone penetration tests (11). For liquefaction evaluations, the
CPT has many benefits over the SPT, including being less expensive to operate compared SPT, allowing for a extra thorough ground
examination, and the design phases being easier, farther consistent, and as a result, it is more repeatable than the SPT. Due to a lack
of a sample for grain size analysis and soil arrangement, as well as the limited sum of CPT-based field records linking to liquefaction
potential are the 2 key causes why the CPT has still not been widely used to assess liquefaction (16,17).

1V. Mitigation of Soil Liquefaction
Liquefaction hazard of mitigation through soil enhancement involves increasing soil strength and density so that the soil framework
does not fall under quick loading or enhancing soil drainage features. It may be accomplished through a variety of soil improvement
techniques. It is critical to identify critical soil properties that have a direct impact on soil performance in the event of liquefaction.
few of them are listed as below (18).

o Vibroflotation compacts loose sandy soils by inserting a horizontally vibrating vibroflot into the subsoil profile and jetting
water from the vibroflot's bottom end. The vibrations cause the particle building to fail, causing soil around the vibroflot
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to densify. Gravel backfill & Vibroreplacement is a mixture of vibroflotation results in stone columns that not only that
increase densification but also provide reinforcement and are a reliable drainage system.

e Dynamic compaction is achieved by dropping a massive load of steel or concrete from an elevation of 30 to 100 feet.
Interior liquefaction can occur beneath the drop goal, allowing the sand grains to densify more effectively.

e Deep soil mixing: This procedure develops soil properties by mixing it mechanically with cement - based binder slurry
and a column is created in the soil with the assistance of a strong drill that pumps and mixes the binder slurry into the soil
as it progresses.

e  Passive site stabilization: It is a not destructing mitigation method that involves slowly injecting a stabilising material such
as colloidal silica into the prone region. The stabilising material is injected into the liquefiable layer through injection wells
at the site's edge, which is distributed by the pre-existing groundwater flow.

e Compaction piles: Using compaction piles to improve soil is a very efficient method. Pile compaction are typically made
up of wood or concrete prestressed. The use of it strengthens and densifies soil. Typically, Piles are forced down to the
certain depth of 60 feet (18,19).

V. Conclusion

This paper discussed some of the more recently developed liquefaction mitigation techniques and soil liquefaction; it appears from
the above that, while the review paper has covered several liquefaction-related topics thus far. 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. The large percentage of these methods have evolved beyond time, usually through trial and error.
While traditional mitigation methods are widely used, they have drawbacks such as 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 with loose sand sediments, as well as its assessment is monitored through an outline of field engineering
functions, along with a concentrate on soil improvement mitigation techniques. As liquefaction hazard mitigation, vibroflotation
compacts, dynamic compaction, deep mixing soil, passive site stabilisation, and piles compaction are used.
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