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ABSTRACT

This article delves into the intricate realm of modern geotechnical engineering,
offering insights into cutting-edge methodologies, technologies, and practices shaping
the field. This abstract explores the key components and applications of advanced
geotechnical engineering techniques, highlighting their significance in addressing
complex geological challenges and enhancing infrastructure resilience. The abstract
underscores the importance of understanding soil mechanics, geological formations,
and environmental factors in mastering advanced geotechnical engineering techniques.
It examines the integration of numerical modeling, remote sensing, and geospatial
analysis tools to assess ground conditions, predict geological hazards, and optimize
site characterization. Moreover, the abstract elucidates the role of innovative ground
improvement techniques, such as soil stabilization, ground reinforcement, and soil-
structure interaction mechanisms, in enhancing the performance and durability of civil
engineering structures. It also delves into the application of advanced monitoring and
instrumentation technologies for real-time assessment of geotechnical parameters and
structural health. By mastering advanced geotechnical engineering techniques, engineers
can mitigate geological risks, optimize design parameters, and ensure the long-term
sustainability of infrastructure projects. The abstract concludes by emphasizing the
interdisciplinary nature of geotechnical engineering and the ongoing research efforts
aimed at further advancing the field’s capabilities in addressing evolving geological

challenges and infrastructure needs..
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INTRODUCTION

Geotechnical engineering is a specialized field that
focuses on the study and analysis of soils, rocks, and
their interaction with structures. It plays a crucial role
in ensuring the safety and integrity of construction
projects, ranging from residential buildings to large-scale
infrastructure developments. Asurbanization continues to
grow, the demand for advanced geotechnical engineering
techniques has skyrocketed, catering to the need for
efficient design, construction, and monitoring solutions.
This comprehensive guide delves into the intricate world
of geotechnical engineering, exploring key aspects such
as site investigation and characterization, shallow and
deep foundation design, excavation and shoring systems,
groundwater control, slope stability, soil reinforcement,
construction monitoring, and quality control. Whether
you’re a seasoned professional or a student seeking to
expand your knowledge, this article equips you with
the essential tools and techniques to tackle complex
geotechnical challenges!'! as mentioned in Fig. 1.
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Geotechnical engineering can be best defined as the
branch of civil engineering that deals with the behavior of
earth materials. This includes understanding soil and rock
mechanics, groundwater flow, and related engineering
principles. The fundamental concepts of geotechnical
engineering revolve around the notion that soil and
rock are complex materials with varying physical and
mechanical properties. Geotechnical engineers analyze
these properties under different loading conditions to
predict how these materials will behave when supporting
or interacting with a structure. This analysis forms the
basis of desigh methodologies that ensure long-term
stability. Geotechnical engineering, also known as
geotechnics, is the branch of civil engineering concerned
with the engineering behavior of earth materials. It uses
the principles of soil mechanics and rock mechanics
to solve its engineering problems. It also relies on
knowledge of geology, hydrology, geophysics, and other
related sciences. Geotechnical engineers investigate and
determine the properties of subsurface conditions and
materials. They design corresponding earthworks and
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Fig. 1: Potential of Computer-Aided Engineering

retaining structures, tunnels, and structure foundations,
and may supervise and evaluate sites, which may further
involve site monitoring as well as the risk assessment
and mitigation of natural hazards.

A. Importance in Construction Projects

The insights provided by geotechnical engineering are
critical to the stability and safety of infrastructure,
from deep building foundations to extensive
underground networks. Before any construction begins,
a comprehensive site investigation is conducted. This
involves gathering data on the geology, hydrogeology, and
environmental characteristics of the area. The goal is to
collect enough information to make informed decisions
about the design and construction process. By thoroughly
understanding the site, engineers can optimize their
approach, leading to cost savings, reduced risk, and a
better overall project outcome.

B. Key Disciplines and Applications

Geotechnical engineering incorporates a range of
specialist fields such as geology, soil and rock mechanics,
geophysics and hydrogeology, to determine solutions
for ground engineering problems. It has applications
in military engineering, mining engineering, petroleum
engineering, coastal engineering, and offshore
construction. Geotechnical engineers are also involved
in the planning and execution of earthworks, which
include ground improvement, slope stabilization, and
stope stability analysis. Various geotechnical engineering
methods can be used for ground improvement, including
reinforcement geosynthetics such as geocells and
geogrids, which disperse loads over a larger area,
increasing the load-bearing capacity of soil. Stability
analysis is needed for the design of engineered slopes
and for estimating the risk of slope failure in natural

or designed slopes by determining the conditions under
which the topmost mass of soil will slip relative to the base
of soil and lead to slope failure.A range of techniques is
employed to analyze soil conditions, including standard
penetration tests, undisturbed sample collection, cone
penetration tests, and geophysical methods. The results
of these tests are used to create a soil profile that guides
the design process. Additionally, in-situ testing methods
are gaining popularity, providing real-time data and
reducing the need for sample retrieval.[6'"

SITE INVESTIGATION AND CHARACTERIZATION

Geotechnical site investigation is vital in the
construction process because it aims to understand and
provide information on the site’s subsurface conditions.
Ultimately, this investigation seeks to understand the
soil conditions below the surface.

A. Importance of Site Investigation

These include the groundwater conditions, engineering
problems, types of soils or rock, and measuring the
thermal resistivity of soils. Such conditions determine
many factors, including how expensive the construction
project will be, what type of foundation is required,
how the structure will be built, etc.. Understanding
subsurface conditions before the construction of the site
is essential to ensure that the structure is built safely
and can be adequately supported.

B. In-Situ Testing Methods

1. Standard Penetration Test (SPT): An in-situ
dynamic penetration test designed to provide
information on the properties of soil, while also
collecting a disturbed soil sample for grain-size
analysis and soil classification.
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2. Dynamic Cone Penetrometer Test (DCPT): An
in-situ test where a weight is manually lifted and
dropped on a cone that penetrates the ground.
The number of mm per hit is recorded and used
to estimate certain soil properties.

3. Cone Penetration Test (CPT): Performed using
an instrumented probe with a conical tip, pushed
into the soil hydraulically at a constant rate. It
reports tip resistance and shear resistance along
the cylindrical barrel, which can be correlated
to soil properties.

4. Piezocone Penetrometer Test (CPTu): Similar to
CPT, but the probe has an additional instrument
that measures groundwater pressure as the
probe is advanced.

5. Seismic Piezocone Penetrometer Test (SCPTu):
Similar to CPTu, but the probe is equipped with
geophones or accelerometers to detect shear
waves and/or pressure waves produced by a
surface source.

6. Full Flow Penetrometers (T-bar, Ball, Plate):
Used in extremely soft clay soils, these probes
are advanced similarly to CPT. They measure
penetration resistance, which can be used
to estimate undrained and remolded shear
strengths.

7. Helical Probe Test (HPT): Provides a quick and
accurate method of determining soil properties
at relatively shallow depths by measuring the
torque required to turn the probe.

8. Flat Plate Dilatometer Test (DMT): A flat plate
probe advanced using CPT rigs or conventional
drill rigs. It applies a lateral force to the soil
materials and measures the induced strain for
various levels of applied stress.

9. In-situ Gas Tests: Carried out in boreholes and
probe holes to measure methane, oxygen, and
carbon dioxide concentrations.

10. Geophysical Methods: Used to evaluate a
site’s behavior in a seismic event by measuring
soil’s shear wave velocity, including crosshole,
downhole, surface wave reflection/refraction,
suspension logging, spectral analysis of surface
waves (SASW), multichannel analysis of surface
waves (MASW), refraction microtremor (ReMi),
electromagnetic (radar, resistivity), and optical/
acoustic televiewer survey methods.

C. Laboratory Testing Techniques

A wide variety of laboratory tests can be performed
on soils to measure various soil properties.

2« |

Some properties are intrinsic to the soil matrix and are
not affected by sample disturbance, while others depend
on the structure and composition, requiring relatively
undisturbed samples. Some tests measure direct
properties, while others measure index properties that
provide useful information without directly measuring
the desired property.

SHALLOW FOUNDATION DESIGN

Shallow foundations are constructed where the soil layer
at a shallow depth (up to 1.5m) is able to support the
structural loads. The depth of shallow foundations is
generally less than its width.

A. Types of Shallow Foundations

The different types of shallow foundations are :

1. Strip Footing: When a row of columns or a load-
bearing wall is to be provided, a strip footing
(also known as wall footing or trench footing)
is used. It is typically used when the soil is not
strong enough to support the weight of the
structure, as spreading the load over a larger
area helps prevent the foundation from sinking
into the ground.

2, Spread or Isolated Footing: An isolated footing
is a type of foundation used to support a single
column or pier, also known as a column footing,
pier footing, or pedestal footing. It is typically
rectangular in shape and placed under the base of
the column or pier, made of reinforced concrete
for additional strength. lIsolated footings are
often used in areas where the soil is not strong
enough to support the weight of the structure or
when the structure is not attached to another
structure.

3. Combined Footing: When the soil is weak and
the distance between two columns is large, a
combined footing (rectangular or trapezoidal
in shape) is more economical. The combined
footing is generally constructed of concrete,
poured into forms placed around the columns or
walls.

4, Strap or Cantilever Footing: A strap footing is
a type of combined footing used when the edge
of the footing cannot be extended beyond the
property line. The foundation under the columns
is built individually and connected by a strap
beam.

5. Mat or Raft Foundation: A mat foundation is
a thick, reinforced concrete slab placed over

Innovative Reviews in Engineering and Science| Jan-June 2025



Nguyen Tan Danh IT : Advanced Geotechnical Engineering Techniques

the entire area of the building, distributing the
weight evenly over the soil. It is typically used
in areas where the soil is not stable enough to
support a traditional foundation.

B. Bearing Capacity Analysis

The bearing capacity of a shallow foundation can be
defined as the maximum value of the load applied,
for which no point of the subsoil reaches the failure
point (Frolich method) or for which failure extends
to a considerable volume of soil (Prandtl method and
successive). Various theories and methods have been
proposed to calculate the bearing capacity of shallow
foundations, including those by Prandtl, Caquot,
Terzaghi, Meyerhof, Hansen, and Vesic.These methods
consider factors such as soil cohesion, angle of friction,
foundation shape and depth, load inclination, ground
inclination, and footing inclination. The bearing
capacity is typically calculated separately for drained
and undrained conditions, with different formulas and
factors applied in each case.l'#'4

C. Settlement Considerations

The settlement of shallow foundations can be divided
into two categories based on the time frame of
occurrence: elastic settlement and consolidation
settlement as explained in Fig. 2. Elastic settlement
occurs during and immediately after construction,
while consolidation settlement occurs over time due to
the reduction of pore water pressure in saturated clay.
Consolidation settlement can be further divided into
primary and secondary consolidation. The calculation of
elastic settlement is based on the theory of elasticity,
considering factors such as net applied pressure,

35 -

30 ® BPANN
I ® Hopfield ANN

25 DT

20 | —— Measured Value=Predictive Value
L Regression line of BPANN

15 |- - - Regression line of lopfield ANN g

[ Regression line of DT

Predictive Value
AY

1 Il 1 1 L ]

10 15 20 25 30 35
Measured Value

0.0 05

Fig. 2: Application of Machine Learning Techniques in
Geotechnical engineering
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foundation dimensions, soil properties (e.g., Poisson’s
ratio, modulus of elasticity), and influence factors.
Both total settlement and differential settlement (the
difference in settlement between two points) should
be considered when sizing a shallow foundation.
Additionally, the time for settlement to occur and the
rate of settlement should also be taken into account in
shallow foundation design.l'

DEepP FOUNDATION DESIGN

Deep foundations are used when the soil at shallow depths
is not suitable to support the loads from a structure.
They transfer the loads to deeper, more competent
soil or rock layers. The main types of deep foundations
include pile foundations and caisson foundations.[®!

A. Pile Foundations

Pile foundations are formed by long, slender, columnar
elements typically made from steel, reinforced
concrete, or timber. A foundation is described as ‘piled’
when its depth is more than three times its breadth.
Foundation piles are usually used for large structures
and in situations where the soil at shallow depth is not
suitable to resist excessive settlement or uplift.

Pile foundations are suitable in the following situations:

¢ When the groundwater table is high

¢ When heavy and non-uniform loads are imposed
from the superstructure

¢ When other types of foundations are costlier or
not feasible

¢ When the soil at shallow depth is compressible

¢ When there is a possibility of scouring due to the
location near a river bed or seashore

e When there is a canal or deep drainage system
near the structure

e When soil excavation is not possible up to the
desired depth due to poor soil conditions

e When it becomes impossible to keep the
foundation trenches dry by pumping or other
measures due to heavy seepage inflow

Piles can be classified based on their function, materials,
and installation process :
1. Based on Function or Use:

o End-bearing piles: Transfer load primarily
through the pile tip resting on a firm stratum

o Friction piles: Transfer load primarily through
skin friction along the pile shaft

o Soil compactor piles: Compact and reinforce the
surrounding soil
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2. Based on Materials and Construction Method:
o Timber piles
o Concrete piles (precast or cast-in-place)

o Steel piles

B. Caisson Foundations

Caisson foundations involve a series of large, watertight
cylinders that are sunk into the ground and filled with
concrete. They are used in deep water or soft soil
conditions, providing a stable foundation for structures
built on top. Bridges, docks, and large structures often
utilize caisson construction.!'+7]

Advantages of caisson foundations include:

» Relatively quick to build compared to other deep
foundations

o Cost-effective solution compared to massive
concrete pad foundations

« Suitable for unstable ground or very soft soil
conditions

» Applicable for various construction sites, from
urban high-rises to remote locations

e Provide a stronger foundation by evenly
distributing the weight across the grid, effectively
bearing axial and lateral loads

Caissons can be made of wood, steel, or reinforced
concrete and are built above ground level before being
sunk into the ground. Their depth depends on factors such
as the depth of water, the type of stratum, and the load
to be supported, with open caissons typically reaching up
to 50 meters and pneumatic caissons up to 100 meters.

C. Load Transfer Mechanisms

The load transfer mechanism of a pile group refers to
how the load from the structure is transferred to the soil
through the piles. It depends on factors such as the pile
group configuration, soil properties, and the interaction
between the piles and soil.

The main factors affecting the load transfer mechanism
include:

1. Soil properties (cohesion, friction angle, density,
shear strength, compressibility)

2. Pile arrangement, spacing, length, diameter,
and stiffness

3. Pile cap configuration and stiffness

4. Presence of adjacent structures

5. Type of load applied (static, dynamic, or cyclic)
6. Interaction effects between adjacent piles

2

The load transfer mechanism can be divided into
two components: axial load transfer and lateral load
transfer.Axial load transfer consists of end-bearing
resistance (force exerted by the pile tip on the soil) and
skin friction resistance (force exerted by the pile shaft
on the surrounding soil). It depends on factors like pile
length, diameter, shape, material, and soil type, density,
and strength.Lateral load transfer consists of passive
earth pressure (force exerted by the soil when the pile
moves away) and active earth pressure (force exerted
by the soil when the pile moves towards it). It depends
on factors like pile spacing, inclination, stiffness, and
soil stiffness, cohesion, and friction angle.The group
effect, which refers to the difference in load transfer
mechanism between a pile group and a single pile due to
the interaction between piles and soil, can be beneficial
or detrimental depending on the configuration and soil
conditions. It can increase or decrease the axial and
lateral load transfer capacities, as well as the settlement
and deflection of the pile group [18]-[20].

EXCAVATION AND SHORING SYSTEMS
A. Soil Lateral Earth Pressures

The lateral earth pressure is the pressure that soil exerts
in the horizontal direction. It is important because it
affects the consolidation behavior and strength of
the soil and because it is considered in the design of
geotechnical engineering structures such as retaining
walls, basements, tunnels, deep foundations and braced
excavations.The coefficient of lateral earth pressure,
K, is defined as the ratio of the horizontal effective
stress, o’h, to the vertical effective stress, o’v. The
effective stress is the intergranular stress calculated by
subtracting the pore water pressure from the total stress
as described in soil mechanics. K for a particular soil
deposit is a function of the soil properties and stress
history as per Fig. 3.

| Background study | | Literature search |
| [
| Introduction to SWRC / SWCC |

| |
| SWRC /SWCC-based classifications | | SWRC /SWCC-based applications |

| Soil parameters | | Bearing capacity |
| Measuring tests | | Settlement |

| Predicting techniques I | Seepage |

Fig. 3: Innovative Overview of SWRC Application

The minimum stable value of K is called the active earth
pressure coefficient, Ka; the active earth pressure is
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obtained, for example, when a retaining wall moves
away from the soil. The active state occurs when a
retained soil mass is allowed to relax or deform laterally
and outward (away from the soil mass) to the point of
mobilizing its available full shear resistance (or engaging
its shear strength) in trying to resist lateral deformation.
That is, the soil is at the point of incipient failure by
shearing due to unloading in the lateral direction. It is
the minimum theoretical lateral pressure that a given
soil mass will exert on a retaining wall that will move
or rotate away from the soil until the soil active state
is reached.The maximum stable value of K is called the
passive earth pressure coefficient, Kp; the passive earth
pressure would develop, for example against a vertical
plow that is pushing soil horizontally. The passive state
occurs when a soil mass is externally forced laterally
and inward (towards the soil mass) to the point of
mobilizing its available full shear resistance in trying
to resist further lateral deformation. That is, the soil
mass is at the point of incipient failure by shearing due
to loading in the lateral direction. It is the maximum
lateral resistance that a given soil mass can offer to
a retaining wall that is being pushed towards the soil
mass. Thus active pressure and passive resistance define
the minimum lateral pressure and the maximum lateral
resistance possible from a given mass of soil.For a level
ground deposit with zero lateral strain in the soil, the
“at-rest” coefficient of lateral earth pressure, KO is
obtained.

B. Types of Shoring Systems

All shoring systems shall be desighed to withstand
lateral earth pressure, water pressure and the effect of
surcharge loads in accordance with the general principles
and guidelines specified.Shoring systems are generally
classified as unrestrained (non-gravity cantilevered),
and restrained (braced or anchored).

1. Unrestrained Shoring Systems: Rely on
structural components of the wall partially
embedded in the foundation material to mobilize
passive resistance to lateral loads. Unrestrained
shoring systems (non-gravity cantilevered walls)
are constructed of vertical structural members
consisting of partially embedded soldier piles
or continuous sheet piles. This type of system
depends on the passive resistance of the
foundation material and the moment resisting
capacity of the vertical structural members
for stability; therefore its maximum height is
limited by the competence of the foundation
material and the moment resisting capacity of
the vertical structural members. The economical
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height of this type of wall is generally limited to
a maximum of 18 feet.

2. Restrained Shoring Systems: Are either anchored
or braced walls. They are typically comprised
of the same elements as unrestrained (non-
gravity cantilevered) walls, but derive additional
lateral resistance from one or more levels of
braces, rakers, or anchors. These walls are
typically constructed in cut situations in which
construction proceeds from the top down to
the base of the wall. The vertical wall elements
should extend below the potential failure plane
associated with the retained soil mass. For these
types of walls, economical wall heights up to 80
feet are feasible.

Some common types of restrained shoring systems
include:

e Contiguous Pile Shoring (Tangent Pile):
Recommended for areas with clay soil or where
there is very minimal water pressure, as it helps
retain dry granular material by allowing water to
seep through the gap in the piles. Not suitable for
areas with a high water table, although grouting
the gaps can form a watertight wall.

o Diaphragm Walls: One of the most common
types used with deep excavations like basements
and tunnels, as most other systems are not
strong enough. Uses reinforced concrete which
is stronger and lasts longer, with flexible design
to consider the load resisted. Requires heavy
machinery and expensive equipment, and is
difficult to remove.

e Horl-Beam Shoring (Soldier Pile Walls): Support
excavations with holes 1.2-5m deep, affected
by soil type. Steel beams installed by drilling/
vibrating into soil, with pre-cast concrete panels
placed between beams.

e Secant Pile Shoring: Great for cases with no room
for open excavation, especially near existing
structures. Involves intersecting reinforced and
unreinforced piles to form an interlocked wall.

e Sheet Piles: Ideal when excavating near water
bodies to prevent water ingress by tightly
welding joints. Common for ports/harbors and
soil retention without boulders. Prefabricated
steel sections driven into ground and connected
to form wall.

C. Design Considerations

Before designing a shoring system, the designer must
appropriately select the type of lateral earth pressures
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expected to act on the wall, such as active, at-rest
or passive pressures. Water pressures must also be
considered if sufficient drainage is not provided.In the
USA, some design codes (LRFD) apply safety factors
that multiply each pressure. In Europe, a strength
design approach divides soil strength by safety factors
and multiplies loads per their nature (temporary/
permanent).

External stability checks represent the overall stability
of the shoring system :

1. Passive Resistance: Calculation considers the
available horizontal earth resistance below the
excavation.

2. Moment-Rotational Stability: Calculation
considers rotational failure stability of the wall.

When founded on soil, bearing stability tends to be
more critical. Bearing stresses on the toe and heel must
be computed, as overturning increases toe stresses
and reduces heel stresses.Global stability considering
potential deep rotational failures extending below the
wall must also be accounted for, especially in hillsides
or with soft geomaterials below the base.Once stability
is satisfactory, the individual shoring components like
longitudinal/shear reinforcement in concrete walls can
be designed.

ROUNDWATER CONTROL AND DEWATERING
A. Groundwater Flow and Seepage

Groundwater is found beneath the Earth’s surface in
soil pore spaces and rock formation fractures. The flow
of groundwater below the surface is a fundamental
property that controls the strength and compressibility
of soil, impacting its ability to hold up structural loads.
When soil is saturated, the soil media takes on very
specific physical characteristics due to the relative
incompressibility of water, which come into effect
below the groundwater surface or table.Groundwater
tables can fluctuate with time, changing slowly with
seasons or relatively rapidly in tidal basins or storm
water detention basins. Groundwater pressure heads
can exceed elevation heads, resulting in water flowing
out on the ground surface as artesian flows, springs, or
swampy wetlands.["9-22

From the above Fig. 4, whenever construction must take
place below the water table or soil is used to retain
water, groundwater affects the project by impacting the
function, design, and construction cost of the facility.
Groundwater is a frequent cause of disputes between
owners and contractors in construction projects.
Subsurface investigations, including test borings and pits
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below the anticipated excavation depth, are required
to define the groundwater depth and conditions,
such as static, perched, and artesian conditions.
Groundwater conditions can typically be visually
observed in cohesionless soils (sands, gravels, and silty
sands) because water can flow more readily through
these types of soils. However, groundwater conditions
in cohesive soils (clay and silty clay) cannot be visually
observed, and often need to be tested in the lab due to
their slow flow velocities (less than 1 foot/year).Darcy’s
law provides a means of calculating seepage flow rates
and velocities in saturated soils, and is commonly used
to determine the capacity of underdrains and pavement-
drainage systems.

B. Dewatering Techniques

Dewatering is the process of removing water from solid
material or soil by wet classification, centrifugation,
filtration, or similar solid-liquid separation processes.
It is often used in the construction industry to remove
water from hardened concrete, soil, or other materials,
and to enable the reuse of construction materials.
The purpose of dewatering is to remove water from a
material or structure so that it can be reused or disposed
of safely.There are various methods that can be used for
dewatering, each with its advantages and disadvantages.
The most common methods are:

1. Channeling: Involves digging channels or trenches
to divert water away from the construction site.

2.Sump Pumping: Uses a sump pit and pump to
remove water that collects in the pit.

3. Wellpoint Method: Involves installing a series
of wellpoints (small-diameter wells) around the
construction site and pumping water from them.

4.Deep Wellpoint: Similar to the wellpoint
method but with deeper wells to reach lower
groundwater levels.

Innovative Reviews in Engineering and Science| Jan-June 2025
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5. Eductor Wells: Utilizes high-pressure air to lift
water from wells.

Several factors must be considered when planning for
construction dewatering, including the type of soil, the
depth of the water table, the length of time needed for
dewatering, and the volume of water to be removed.
Dewatering on a construction site offers many benefits,
such as promoting worker safety, ensuring a stable
soil and work area, preventing unnecessary delays,
enhancing the longevity of work equipment, and being
environmentally friendly.

C. Environmental Considerations

While dewatering can be a useful tool, there are also
risks involved. If not done properly, dewatering can lead
to instability of the ground and soil, which can cause
sinkholes and other problems. There is also the potential
for groundwater contamination if the water removed
is not properly treated.Dewatering can cause the
development of hydraulic gradients that are necessary for
drawing out water towards wells. However, dewatering
near a site with a history of pollution in groundwater can
result in hydraulic gradients that can carry the polluted
groundwater towards the dewatering system and cause
contamination.

Dewatering can also cause the ground to lose
structural integrity, leading to ground settling. If
the extent of ground settling is large, it can damage
nearby buildings and structures. When groundwater is
extracted from the soil, it causes the soil to compress,
and small soil and ground particles can be extracted
with the groundwater through wells.Water-dependent
features such as rivers, lakes, and springs have a close
relationship with groundwater and are, therefore,
affected by dewatering and groundwater control by
exclusion. It is vital to consider that groundwater and
water-dependent features have ecosystems and serve
as habitats, and an adverse effect on these water
bodies will have a significant negative impact on the
environment.

When groundwater is extracted for lengthy periods
and in large quantities for drinking or industrial use, it
can potentially lower groundwater levels and decrease
yields, resulting in a reduction of valuable water
resources for others.It is crucial to recognize and reduce
the impacts of dewatering and groundwater control on
the environment as responsible citizens of the world.
Adopting good construction dewatering treatment
system design, investigation techniques, and better
groundwater remediation technology is necessary to
mitigate these issues before it is too late.?'24
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SLOPE STABILITY AND SOIL REINFORCEMENT
A. Slope Failure Mechanisms

Slope failure mechanisms in cohesive soils are typically
analyzed using the limiting plastic equilibrium approach.
This method considers the mass of soil about to move
over a defined slip surface as a free body in equilibrium.
The forces or moments acting on this free body are
evaluated, and the shear forces along the slip surface are
compared with the available shear resistance offered by
the soil.Several forms of slip surfaces can be considered
for cohesive soils, as shown in Fig 9.6. The simplest is
an infinitely long plane passing through the toe of the
slope, proposed by Cullmann in 1966, although this
method tends to overestimate the stability conditions.
More complex surfaces, such as log-spirals or irregular
shapes, may produce results closer to the actual value
but involve more complex analytical routines. For most
purposes, a cylindrical surface (circular in cross-section)
yields satisfactorily accurate results without excessive
complexity as explained in Fig. 5.
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The stability of a cut or built slope depends largely
on changes in the pore pressure regime. During
embankment construction, pore pressures rise and
then gradually fall after construction. In cuttings,
excavation initially causes a fall in pore pressures,
but they gradually rise as seepage develops. Effective
stresses and shear strengths are generally inversely
related to pore pressures, so the most critical (lowest)
factor of safety may occur immediately after or during
embankment construction, while in cuttings, the shear
strength and factor of safety diminish over time.Thus,
both short-term (end-of-construction) and long-term
stability must be considered. Short-term conditions can
be treated as completely undrained, with the shear
strength given by t = cu (undrained shear strength). For
long-term problems or conditions that may change long
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after construction (e.g., sudden reservoir drawdown),
effective stress analysis is required, involving force- or
moment-equilibrium analysis with plane, circular, or
irregular slip surfaces. For complex problems, stress
path and slip line field methods are used, and the shear
strength parameters must be carefully chosen.

B. Soil Reinforcement Methods

Soil reinforcement methods are often used to improve
slope stability and prevent slope failures. These methods
involve introducing reinforcing materials into the soil to
increase its shear strength and resistance to deformation.
One common soil reinforcement technique is the use
of geosynthetics, such as geogrids and geotextiles.
Geogrids are polymer grids that interlock with the soil,
providing tensile reinforcement and improving the soil’s
shear strength. Geotextiles are permeable fabrics that
separate soil layers, prevent intermixing, and allow for
drainage.

Another reinforcement method is soil nailing, which
involves inserting reinforcing elements (nails) into the
soil mass. These nails can be made of steel or other
materials and are often used in combination with
shotcrete or other facing materials to stabilize slopes.

Reinforced soil walls, also known as mechanically
stabilized earth (MSE) walls, are another popular
reinforcement technique. These walls are constructed

hydraulic actuator
Zwick/Roell, 600 kN

by placing alternating layers of compacted soil and
reinforcing materials, such as geogrids or steel strips.
The reinforcing materials provide tensile strength and
help to distribute the load, allowing for the construction
of steep, stable slopes.Other soil reinforcement methods
include ground anchors, which are tensioned cables or
rods installed into the soil or rock to provide additional
support and stabilization. Soil mixing techniques, such
as deep soil mixing or jet grouting, can also be used
to improve the strength and stability of the soil by
introducing cementitious materials or other additives.

C. Slope Monitoring and Maintenance

Monitoring and maintenance are crucial aspects of
ensuring the long-term stability of slopes and preventing
slope failures. Remote monitoring of slope movement
using electronic instrumentation can be an effective
approach for many unstable or potentially unstable
slopes.Slope stability and landslide monitoring involve
selecting certain parameters and observing how they
change over time. The two most important parameters
are groundwater levels and displacement. Available
electronic instrumentation includes vibrating wire
piezometers, electrolytic bubble inclinometers and
tiltmeters, and time domain reflectometry (TDR) for
sensing changes in slope conditions. By combining
different instrumentation types, a full array of stability
parameters can be observed as in Fig. 6.
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Critical facilities (dams, quarries, highways, housing
developments, etc.) adjacent to unstable slopes have
created a need for monitoring systems that can provide
immediate warning if movement occurs. The critical data
required from a slope monitoring program are the water
level(s) in the slope and the depth and rate of movement.
Vibrating wire piezometers should be considered at
sites where frequent groundwater measurements are
required. “In-place” inclinometers and tiltmeters can
detect new movement, an acceleration of movement, and
the direction of movement. Time domain reflectometry
(TDR) is a relatively new approach to monitoring slope
movement.

Automated data acquisition can be done with a datalogger
and electronic sensors, requiring periodic site visits to
download the data. Remote data acquisition equipment
includes a datalogger, multiplexer, communication
devices, and a power source, with specialized software
required to process the raw data. Instrument security
and weatherproofing are also important considerations.
The 1998 El Nino storms in California caused numerous
landslides, highlighting the importance of slope
monitoring and maintenance. In some locations, the
cost-effectiveness of TDR allowed the determination of
the depth to the shear plane, while in others, remote
automated monitoring/warning systems were required
during slope reconstruction to ensure the safety of
workers and the public.

CONSTRUCTION MONITORING AND QUALITY CONTROL
A. Importance of Construction Monitoring

Geotechnical monitoring is a crucial sub-branch of
geotechnical engineering that primarily deals with the
health check-ups of structures. All civil engineering
projects, regardless of size, need extensive monitoring
before and after construction to ensure everyone’s
safety. When it comes to major construction and civil
engineering projects, professionals need to measure
several different factors, which include structural and
soil deformations, stresses acting on structural elements,
and groundwater pressures and inflows.Geotechnical
monitoring and instrumentation play a significant role
in the overall success of a construction project. It can
be seen as a large umbrella that helps ensure the short-
term and long-term safety of all structures, ranging
from tunnels, deep excavations, high-rise buildings,
and boreholes to seaports, railways, airports, dams,
and bridges. Geotechnical monitoring is ideally carried
out during the pre-construction, construction, and post-
construction phases for remediation, making the works
and infrastructure much safer and reducing costs.
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B. Monitoring Techniques and Instrumentation

Several kinds of geotechnical monitoring instruments,
services, and sensors help professional engineers
measure and collect data regarding different aspects
of soil, rock, or water behavior. The raw data collected
by these instruments and sensors are analyzed and
interpreted by professionals to give them an overall
understanding of the structure’s mechanics and stresses.

1. Total Stations: Total stations are most often used
in positional monitoring, including measuring
excavation support systems, adjacent structures,
settlement of fills, and movement measurements
of critical infrastructure. They can be manually
operated or automated with robotics, allowing
easy data collection from long-range setups to
adjacent buildings, structures, and support of
excavation systems as elaborated in Fig. 7.
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Fig. 7: CPT Data Interpretation Employing Different
Machine Learning Techniques

2. Inclinometers and Tilt Meters: Inclinometers
and tilt meters are used to measure excavation
and structural displacements. They are typically
employed in measuring the performance of
excavation support systems during excavation
and construction, installation in landslide or slope
failure zones, structural building monitoring for
tilt, and along retaining walls.

3. Piezometers: Piezometers can be wused in
various construction applications, both urban/
suburban and rural. They are utilized in large
soil fill sites, excavations with slurry walls to
monitor the performance of the slurry against
water intrusion, dam construction to monitor
the performance of the dam against weep, and
water level changes with dewatering operations.

4. Vibration = Monitors: Vibration monitors
(seismographs) are typically used in measuring
construction-related vibrations in adjacent
buildings or other critical elements to minimize
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the effects of these vibrations. They are
commonly employed in monitoring adjacent
structures during adjacent demolition, pile
driving, general construction-related vibrations,
and rock blasting.

C. Quality Control Procedures

Quality control procedures are a code of guidelines
(usually written down and kept in quality documentation)
that set and establish the quality standards and norms
to ensure consistent quality across the company and
across projects. These procedures often originate from
minimum standards derived from authorities, governing
bodies, and governments, aligning project and company
activities with ISO and other standards.The objective
of quality control procedures is to establish the quality
requirements of a company and its workers while
seeking to continuously improve the quality of work
over time. These procedures should contain information
and guidelines on how total quality management will
be maintained, including physical quality guidelines,
inspections, approvals and certifications, inspection
and test plans and certificates, methods and sequence
of tests, acceptance and rejection criteria, key
control points, performance specifications, and visual
quality.

Quality control workers are responsible for capturing,
organizing, and tracking what’s happening on
construction projects, serving as the real extension and
implementation arm of the procedures. They document
inspection test plans, create and communicate snag
lists, initiate hold points and witness points, and monitor
all aspects of quality management.

Quality control procedures and processes form
an integral and central part of the overall quality
management plan and quality management system.
The more integrated these procedures are with the
daily execution of work and quality record keeping, the
easier it will be to track performance, understand what’s
working, and make improvements.In geotechnical
engineering, quality assurance (QA) involves having
quantifiable test results, such as using a nuclear
densometer to measure moisture content and density
of soil. Quality control (QC) involves visual observation
by the geotechnical engineer, such as observing soil
compaction to ensure it was done in accordance with
contract documents. Geotechnical engineers can also
use a system of instruments like inclinometers, survey
monitoring points, piezometers, extensometers, or
settlement plates to measure and monitor various
aspects of the construction project.

»

CONCLUSION

Insummary, masteringadvanced geotechnicalengineering
techniques is crucial for ensuring the safety and integrity
of construction projects. This comprehensive guide has
covered various aspects, including site investigation,
foundation design, excavation and shoring systems,
groundwater control, slope stability, soil reinforcement,
and construction monitoring. By understanding and
applying these techniques, engineers can optimize their
approach, leading to cost savings, reduced risk, and
better overall project outcomes.While the principles
and methodologies discussed are essential, it is equally
important to stay updated with the latest advancements
and technologies in the field. Continuous learning,
research, and adaptation to new techniques will enable
geotechnical engineers to tackle increasingly complex
challenges effectively. By embracing innovation and
best practices, the construction industry can continue
to build safer, more sustainable, and more resilient
structures for generations to come.
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