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Abstract— in the discipline of computational mechanics known as computational geomechanics, geo-
engineering systems are examined numerically while applying mechanical principles. Porous media
containing a range of multi-phase materials, including soils, rocks, composites, and live tissues, are found in
those systems. The field of mechanics known as geomechanics studies how porous materials respond and
become unstable when subjected to external loadings like waves, earthquakes, and changing heads of flow
under different drainage scenarios, among other things. Among those consequences, the design of geo-
engineering systems takes earthquakes into account. In particular, geotechnical factors are crucial for
determining the circumstances that give rise to such systems' instability in the presence of seismic events. In
this case, determining the seismic soil behaviours is essential to determining whether there will be long-term
harm in soils around the foundation or indirectly in the higher structures during seismic activity.
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INTRODUCTION

The geotechnical engineering curriculum that is taught in many technical universities has to be redesigned
to capitalise on new information technology developments such as digital image analysis and physical
model concept. To increase students' interest in geotechnical engineering, case studies and treatments of
such failures should be required on video. Course curriculum should include safety and financial aspects of
engineering projects so that students are aware of the hazards associated with different geotechnical
engineering operations in the field. The academic community need to support a learner-oriented technique
to enhance the appeal and intrigue of geotechnical engineering. in the discipline of computational mechanics
known as computational geomechanics, geo-engineering systems are examined numerically while applying
mechanical principles. Porous media containing a range of multi-phase materials, including soils, rocks,
composites, and live tissues, are found in those systems. The field of mechanics known as geomechanics
studies how porous materials respond and become unstable when subjected to external loadings like waves,
earthquakes, and changing heads of flow under different drainage scenarios, among other things. Among
those consequences, the design of geo-engineering systems takes earthquakes into account. In particular,
geotechnical factors are crucial for determining the circumstances that give rise to such systems' instability
in the presence of seismic events. In this case, determining the seismic soil behaviours is essential to
determining whether there will be long-term harm in soils around the foundation or indirectly in the higher
structures during seismic activity. Numerical analysis of the reaction and instability of porous media and
associated structural systems is the focus of computational geomechanics. One may contend that
interactions between soil layers and the structures placed on top of them introduce an extra layer of
complexity to the situation of soils in addition to the constitutive behaviour at the elemental level because of
nonlinear response features. Geomechanics has various subfields where these kinds of issues need to be
treated carefully. Among the subfields that are most frequently encountered are geotechnical coastal
engineering and geotechnical earthquake engineering. When it comes to geotechnical earthquake
engineering, elemental soil behaviours dictate how much induced energy is absorbed by soils and how much
is transferred to the upper structures. The actual response of soils and soil-structure systems under
earthquake shaking is frequency-dependent. The purpose of this brief comment is to highlight issues for
which precise modelling of soil behaviour is essential. To accurately solve the challenges associated to
earthquakes, it is crucial to have a thorough understanding of cyclic soil plasticity and to incorporate
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relevant theoretical models into one's numerical algorithms. It is projected that there will be nine billion
people on the planet by 2050. The majority of these population growths will take place in developing and
underdeveloped nations, where the quality of the infrastructure is already very low. Consider India, where
the government estimates that infrastructural spending will need to reach $282-370 billion in order to
sustain 8.5 percent GDP growth. The Eleventh Five Year Plan, which went into effect this year, calls for
spending Rs. 14,50,000 crore just on infrastructure development. Of this, Rs. 60,000 crore is designated for
ports, Rs. 40,000 crore for airport development and construction, and Rs. 1,22,500 crore for the housing
sector and road maintenance (Hindustan Times, Delhi Edition, August 10, 2007). All of this would
obviously necessitate the constructions being on a safe ground as well as to be cost-effective and resistant to
earthquakes.

CURRENT GEOTECHNICAL ENGINEERING SITUATION

At the moment, computational geomechanics focuses on three primary areas: i) Current difficulties with
numerical geosystem studies; ii) Large deformation and post-failure response analysis of soils; iii)
Modelling and minimising uncertainty for geomechanics and geotechnical engineering design and
monitoring. Current issues with numerical analyses in the two aforementioned subfields of geotechnical
earthquake engineering and geotechnical coastal engineering have to do with how soil-structure interaction
is handled numerically and how soil is modelled at the elemental level under dynamic loading. First, the
idealised physical model of the problem, in which the structural elements are included into the soil media at
this point, is a simplified model whose response is controlled by a system of predetermined boundary and
beginning conditions as well as mathematical formulae. The problem’s field variables and their spatial and
temporal derivatives, which represent the forces acting on the system, are used to define these conditions.
These field variables are essentially the problem's unknown degrees of freedom. The final step in this
research is to use powerful computers and reliable algorithms to solve the governing equations in an exact
and efficient manner. In geotechnical engineering, analysing massive deformation and post-failure response
presents another difficulty. Many geomechanics problems, especially those involving soft ground
movement, exhibit large deformation. One such example is the deformation of subsoils as a result of
earthquake loads. One more critical concern is the "post-liquefaction behaviour.” That is, the lateral
spreading and settlement of saturated sand layers that have been loosely deposited and are exposed to
seismic shocks. Mud flows caused by tsunamis and coastal failures are two instances of these environmental
problems. The previously described steps of numerical modelling remain unchanged while analysing such
problems. Large deformations, on the other hand, are a new source of nonlinearity that the computer
programmes must take into account. In geotechnical engineering, modelling and minimising uncertainty for
design and monitoring is another popular "hot topic.”" As geotechnical engineers, we are constantly beset by
a shortage of high-quality field and laboratory data for our calculations and analyses. Frequently, precise
ranges of initial and boundary conditions that is, material attributes and initial stress distributions are
unavailable to us. Due to varying degrees of uncertainty, inadequate and insufficient information in
geotechnical problems frequently results in a difference between prediction and measurement. Therefore,
during the last few decades, a distinct field known as "stochastic geomechanics” or "probabilistic
geotechnical engineering” has arisen in order to deal with such uncertainties resulting from the absence of
sufficient information. More data on these situations is essential for more accurate prediction of soil and
structure behaviours. The probabilistic approach’s data assimilation and inverse analysis are useful tools for
this.

GEOTECHNICAL CHALLENGES AND COMPUTATIONAL APPROACHES

(i) Problematic Soils- Significant issues with serviceability and durability can arise from the presence of
organic soils, uncontrolled fill, naturally collapsible soils, expansive soils, acid sulphate soils, and caustic
soils along the road alignment. Some examples of collapsible soils are aeolian silt and fine sand deposits in
arid locations like Loess, some beach sands produced by wind, and volcanic ash. Certain collapsing soils are
the result of parent rock internal leaching and weathering, which produces residual soils that are meta-
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stable. When these soils get moist, a critical load causes them to collapse. Certain flexible clays have a high
liquid limit, which causes them to swell when exposed to more water. These clays can exert considerable
stress against retaining walls and foundations. The durability of steel or concrete is negatively impacted by
the components found in corrosive soils. To alleviate issues connected to these soil deposits, unique design
and construction techniques must be used, and special investigation should be conducted to identify the
problematic soils.

(if) Problematic Rocks- Shale, worn Extremely hard granite and limestone can cause issues with bridge and
road design and construction. Shale is being researched for usage in road beds and embankments. Methods
for designing foundations on soft rock that has weathered, like limestone, are being developed. Nowadays,
there are heavy-duty rock-cutting tools available for handling tough rocks.

(iii) Coarse Alluvium with Boulders and Cobbles- It is challenging to drill, pile, and excavate these
materials. The difficulties in these formations must be handled with specialised tools and methods.

(iv) Poor Sub-grade Drainage- It's impossible to overstate the significance of subgrade drainage. Poor sub-
grade drainage is a major cause of surface deterioration and pavement damages, particularly when it occurs
over clay sub-grade or shallow rock. Utilising drainage fabric that drains to roadside ditches and open
graded sub-base reduces the harmful effects of standing water beneath pavement.

(v) Possibility of Sinkholes- Sinkholes are possible in places with karst terrain, in locations that were once
mines, and in places where subsurface streams wash away fines. Such situations are frequently found by
proper geotechnical study, and they can subsequently be alleviated with the use of ground improvement
techniques.

(vi) Soil Slope Instability- For any road project, the possibility of landslides or slope failure should always
be thoroughly investigated. The likelihood of an unexpected slope failure can be considerably decreased by
looking at local geological maps, keeping track of landslides in formations similar to your own, having a
professional geologist survey the site, conducting a geotechnical investigation, and having a geotechnical
engineer analyse stability. There are numerous techniques for protecting and stabilising slopes, such as rock
bolts, sheet piles, retaining walls, metal netting, short piles, and soil nailing. A decent layer of plants may be
enough to shield a slope from harm occasionally.

MERGING TECHNOLOGY IN CIVIL ENGINEERING

(i) Subsoil investigation- employing various drilling and sampling methods has turned into a widespread
practice worldwide. For more accurate and dependable measurements of soil strength and compressibility,
in-situ tests including the Standard Penetration Test, Vane Shear Test, Cone Penetrometer Test,
Pressuremeter Test, and Dilatometer Test are available.

(i) Geologic and geotechnical site Characterization- Geophysical exploration techniques like the
following can improve it: a) Cross-Hole Siesmic Survey; b) Seismic Refraction Survey; c) Ground
Penetrating Radar; and d) Infrared Survey.

(iii) Tomography- The term "tomography" describes sectioning or imaging using any type of penetrating
wave. A tomograph is a tool used in tomography. Large-scale earth imaging using seismic tomography is
seen here.

(iv) Slope stability analysis- With current computer technologies, slope stability assessments and
comparisons may be completed more quickly and reliably.

(v) Geo-hydrologic modeling- With the use of cutting-edge computer software, geo-hydrologic modelling
has grown more dependable and simpler.

(vi) New Tunneling Methods- Globally, new tunnelling techniques are being launched. Earth Balance
Tunnelling, Micro-Tunneling, and the New Austrian Tunnelling Method with reinforced shotcrete and rock
bolting are examples of recent innovations.

2730



JOURNAL OF CRITICAL REVIEWS

ISSN- 2394-5125 VOL 07, ISSUE 03, 2020

Tonga Island Arc

Tonga Trench

Figure 1- Tomograph Image of 410 km Tonga Island arc

(vii) Ground Improvement Techniques- Modern ground improvement procedures, such as: a) Pre-
consolidation with sand drains or wick drains; b) Vibroflotation; ¢) Blasting; d) Stone Columns; ) Dynamic
Compaction; f) Compaction Grouting; and g) Deep Soil Mixing, can reduce the risk for excessive settlement
of structures and pavements.

MATERIALS

(i) Geo-Textiles- Polyester, polyethylene, polypropylene, and fibreglass are examples of petroleum products
used to make geo-textiles or geo-fabrics. Geo-fabrics can be knitted, woven, or non-woven. The four main
applications of geo-fabrics are soil reinforcement, drainage, filtration, and separation. Most often, geo-
membrane is used to cover landfills.

Figure 2- Geosynthetics in Road Construction on Soft Soil

(ii) Geo-Grids- Tensile drawing is a method used to manufacture high modulus polymer materials such as
Geo-Grids and Geo Cells. Soil or rock reinforcing is one of Geo-Grids' primary functions.

(iii) Wick Drains- The pre-consolidation of thick, soft strata is accelerated by Prefabricated Vertical Drains
(PVD), often referred to as Wick Drains, in order to minimise settlement.

(iv) Geo Foam- EPS Geo-foam, which is more than 100 times lighter than soil, keeps showing its worth in
high-volume fill and soil stabilisation projects including levees, buildings, bridges, and roadways. Geo-foam
has been used in numerous projects by City and County agencies to streamline construction and lower costs
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associated with public works projects. Figure 3, provides an example of the use of Geofoam, demonstrating
its application on US 50 close to Montrose, Colorado. The maker of Geo-foam claims that its many features
and advantages can help overcome common geotechnical challenges. These include high load-bearing
capacities, resistance to moisture, road salts, and freeze-thaw cycles, as well as a complete recyclable and
long-lasting material that doesn't require maintenance under normal conditions.

Figure 3- Geofoam used for US 50 near Montrose

(v) Metallic Soil Reinforcing Strip- For the construction of reinforced earth retaining walls, metallic strip
reinforcement is paired with reinforced concrete skin. There are also fiberglass strips available for
strengthening soil.
CONCLUSION

In the last few decades, geotechnical phenomena have become major issues for humanity. This study
reviews these phenomena from an environmental point of view. Stricter guidelines for enhancing
ecosystems have been developed recently by various international authorities. Due to significant project
constraints, geotechnical engineers need to be more knowledgeable about typical geoenvironmental issues
and green techniques for improving soil. Infrastructure related to transportation is typically observed, with
malfunctions being noted and looked into. To enable researchers and innovators worldwide to concentrate
their attention on pressing issues and develop novel materials and design strategies, it is imperative that
lessons learned from the past be collated and disseminated. Highway and bridge engineers can access this.
Every highway project is different, and it needs to be treated as such, according to transportation authorities,
planners, and designers. Early planning calls for the involvement of a multidisciplinary team that includes
hydrologists, geotechnical engineers, and geologists.
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