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Abstract: The First step in planning any building architecture is land selection. Anyone who is unaware of the site selection
procedure will run into a lot of difficulties. For instance, because there are no amenities nearby, people will not choose the
building as a place to live, which could have an adverse financial effect on the builder. Additionally, if a builder does not know
about the soil’s bearing capacity and choose a location where it is poor, the building’s lifespan will be shortened. To ensure that
no one encounters these issues, the site selection process is described in detail in this document. This document discusses topics
such as an earthquake prone area, ground conditions, soil bearing capacity, common facilities, etc.

Keywords: Soil Bearing Capacity, Terrian Conditions, Bulk Density, Shear Strength, Accessible Facilities, Geotechnical
Engineering, History of Soil, Soil Classification.

L. INTRODUCTION
The area of civil engineering that deals with the engineering behaviour of earth materials is known as geotechnical engineering,
often known as geotechnics. To overcome its engineering issues, it applies the concepts of rock mechanics and soil mechanics. It
also makes use of expertise in geophysics, hydrology, and other relevant fields of science. Military engineering, mining engineering,
petroleum engineering, coastal engineering, and offshore construction all use geotechnical engineering. Engineering geology and
geotechnical engineering share common knowledge bases. While engineering geology is a subfield of geology, geotechnical
engineering is a specialist of civil engineering.

A. History

Soil has long been utilized by humans for a variety of purposes, including flood control, irrigation, graveyards, building foundations,
and building materials. Ancient Egypt, Mesopotamia, the Fertile Crescent, and the early towns of Mohenjo Daro and Harappa in the
Indus valley all have dykes, dams, and canals that date back to at least 2000 BCE in Fig. 1. These artifacts are proof of early activity
related to irrigation and flood control. Structures were built and supported on organized foundations as cities grew. The ancient
Greeks were notable for their work on strip-and-raft foundations and pad footings. However, until the 18th century, no theoretical
foundation for soil design had been established, and the field relied more on experience than it did on science.

Fig. 1. Mohenjo — Daro
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The development of earth pressure theories for retaining wall construction saw the initial advancements. The "natural slope” of
various soils was identified by Henri Gautier, a French royal engineer, in 1717; this concept later became known as the soil's angle
of repose.

The use of mechanical principles in soils dates to 1773, when Charles Coulomb, a scientist and engineer, devised more accurate
ways to calculate the ground pressures against fortifications. The maximum shear stress on the slip plane, according to Coulomb, is
the sum of the soil cohesion, ¢, and friction ¢ tan(®), where o is the normal stress on the slip plane and @ is the soil's friction angle.
Coulomb observed that, at failure, a distinct slip plane would form behind a sliding retaining wall. Mohr-Coulomb theory was
created by merging Coulomb's theory with Christian Otto Mohr's 2D stress state in Fig. 2. The Mohr-Coulomb theory was later
given that name. The Mohr-Coulomb theory is still employed in practice today, even though it is now understood that accurate
determination of cohesion is difficult since c is not a fundamental soil feature.

Tn A

>

Fig. 2. Mohr’s Circles for a State of Stress

Darcy's Law, which describes how fluids move through porous medium, was created by Henry Darcy in the 19th century. The
theories of stress distribution in elastic substances proposed by mathematician and physicist Joseph Boussinesq were successful in
determining stresses at depth in the earth. Coulomb's earth pressure theory was challenged by engineer and physicist William
Rankine. For the classification of soils, Albert Atterberg created the clay consistency indices still in use today. Osborne Reynolds
discovered in 1885 that shearing results in the volumetric contraction of loose granular materials and dilation of solid materials.
According to legend, Karl von Terzaghi, a mechanical engineer, and geologist, published Erdbaumechanik in 1925, marking the
beginning of modern geotechnical engineering. Terzaghi, who is widely regarded as the founder of contemporary soil mechanics
and geotechnical engineering, created the concept of effective stress, and showed how it affects soil shear strength. Terzaghi also
created the conceptual framework for ideas relating to the carrying capacity of foundations and the theory for forecasting the rate at
which clay layers will settle because of consolidation. Maurice Biot later finished developing the three-dimensional soil
consolidation theory, expanding Terzaghi's earlier one-dimensional model to encompass broader hypotheses and presenting the
fundamental equations of poroelasticity.

Donald Taylor acknowledged that the soil's greatest strength was a result of the interlocking and dilatation of tightly packed
particles in his 1948 book. The interrelationships between the volume change behaviour (dilation, contraction, and consolidation)
and shearing behaviour with the theory of plasticity employing critical state soil mechanics were established by Roscoe, Schofield,
and Wroth with the publication of On the Yielding of Soils in 1958. Many recent advanced constitutive models describing soil
behaviour are based on critical state soil mechanics.

To disprove some of these expressions and make clear which expressions were appropriate considering various working hypotheses,
including stress-strain or strength behaviour, saturated or non-saturated media, and rock, concrete, or soil behaviour, Alec Skempton
conducted a thorough review of the formulations and experimental data that were available in the literature about the effective stress
validity in soil, concrete, and rock in 1960.
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B. Geotechnical Investigation

The characteristics of subsurface conditions and materials are investigated and determined by geotechnical engineers. Additionally,
they plan corresponding earthworks, retaining walls, tunnels, and building foundations. They may also oversee and inspect sites,
which could also entail risk analysis and the mitigation of environmental concerns.

To design the earthworks and foundations for proposed structures as well as to repair damage to earthworks and structures brought
on by subsurface conditions, geotechnical engineers and engineering geologists conduct geotechnical investigations to learn about
the physical properties of the soil and rock beneath and adjacent to a site. Geotechnical investigations entail both surface and
subsurface study of a location, frequently including subsurface sampling and laboratory testing of retrieved soil samples.
Geophysical techniques, such as electromagnetic surveys (magnetometer, resistivity, and ground-penetrating radar) in Fig. 3.,
surface-wave techniques, downhole techniques, and seismic wave measurements (pressure, shear, and Rayleigh waves) in Fig. 4.,
are also sometimes employed to gather data.
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Fig. 3. Ground Penetrating Radar (GPR)
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Fig. 4. Seismic Wave

On-foot surveys, geologic mapping, geophysical techniques, and photogrammetry are all examples of surface exploration in Fig. 5a
and Fig. 5b. Geologic mapping and geomorphology interpretation are frequently carried out with the help of a geologist or
engineering geologist. In-situ testing, such as the cone penetration test and standard penetration test, is typically done during
subsurface research. To find out about the soil conditions at depth, test pits and trenching may also be utilized (especially to find
faults and sliding planes) in Fig. 6a and Fig. 6b. Due to safety issues and cost, large-diameter borings are rarely employed, but they
can occasionally be utilized to lower a geologist or engineer into the borehole for a direct visual and manual inspection of the soil
and rock strata.
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Fig. 5a. Mapped Global Geological Provinces Fig. 5b. Photogrammetry — Laguna Beach, CA.
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Fig. 6a. The Two Colourful Ridges (At Bottom Leftand  Fig. 6b. Sliding Planes near Cusco, Peru in 2018 Top Right) used to
Form a Single Continuous Line, but have been Split Apart by Movement along the Fault
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To fulfill the requirements of various engineering projects, a range of soil samples are available. The most popular method for
obtaining disturbed samples is the conventional penetration test, which makes use of a split spoon sampler with a thick wall. For the
collection of less disturbed samples, piston samplers with thin-walled tubes are most frequently utilized. Superior but more
expensive techniques include the Sherbrooke block sampler. Any ground condition, including fill, sand, moraines, and rock fracture
zones, can be sampled from frozen ground with high-quality, undisturbed results.

A further approach to testing physical scale models of geotechnical issues is geotechnical centrifuge modelling. Because soil's
strength and stiffness are so sensitive to the confining pressure, using a centrifuge increases how similar the scale model
experiments using soil are to each other. With the use of centrifugal acceleration, scientists may measure enormous (prototype-scale)
stresses in tiny physical models.
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1. PROCESS OF IDENTIFYING SUITABLE LAND FOR BUILDING

A. Site Analysis

It is important to do a through survey before buying a building site to determine whether the site’s attributes are appropriate for the

development concept. A basic checklist is formed by the advice that follows:

1) To identify nearby features, location, roads, amenities, footpaths, and rights of way, consult Ordnance Survey maps.

2) Measure the place to determine its dimensions and levels.

3) Pay attention to surface features, such as trees, steep slopes, existing structures, rock outcrops, and wells.

4) Check with the local government to see if the site is subject to preservation orders and if it is a part of a conservation area.

5) Investigate the subsoil. To ascertain the soil's condition and the depth of the water table, use trial holes and borings.

6) Think about the possibility for flooding, the ability to drain the water table, the ability to cap springs, fill ponds, and divert
streams and rivers.

7) For information on subsurface and overhead services, their closeness to the site, and if they cross it, speak with local utility
providers.

8) Take note of any suspicious elements, including filled ground, ground fissures, subsidence from mining, and any building
cracks.

9) Considering the planned new development while considering the scale and style of the neighbourhood’s structures.

10) Choose the ideal location for the structure (if there is room) considering "cut and fill," land slope, exposure to sun and weather
conditions, practical use, and access.

B. Site Investigation

The primary goal of this kind of site investigation is to gather and record in a systematic manner all the information that will be
required for or useful in the design and construction of the planned activity in Fig. 7. Plans and sections with the necessary
annotations and dimensioning should be used to present the gathered data. Any information pertaining to the planned works that
may have an impact on neighbouring sites, or vice versa, information pertaining to the proposed works that may have an impact on
adjacent sites, should also be noted.
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Fig. 7. Data Collection of a Site

C. Soil Investigation

To the subsoil beneath the site being investigated and may or may not be included in the site investigation.
1) Purpose of Soil Investigation

a) Ascertain whether the site is appropriate for the proposed project.

b) Choose a reliable and affordable foundation design.

c) ldentify the potential challenges that may develop throughout the construction period.

d) Identify the incidence and/or reason behind any variations in the subsoil conditions.

1038
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The physical, chemical, and general characteristics of the subsoil can usually be determined by taking subsoil samples from
locations on the site that are truly representative of the region but are not taken from the actual position of the proposed foundations.
For most circumstances, a sequence of samples taken at the intersections of a 20000 square grid pattern should be sufficient.

2) Soil Samples
Samples of the soil can be taken either as disturbed or as undisturbed samples.

a) Disturbed Soil Samples

These soil samples came from test pits and boreholes. However, these samples are adequate for visual grading, determining the
moisture content, and various laboratory tests even though the extraction procedure alters the subsoil's natural structure. Samples of
disturbed soil should be kept in labelled, airtight jars.

b) Undisturbed Soil Samples

These are soil samples that were taken using coring equipment to retain the subsoil's natural structure and characteristics. The
undisturbed soil samples that were taken are labelled and placed in wooden boxes before being sent to a facility for analysis. The
rock and clay subsoils are good candidates for this approach of collecting soil samples, but it can be challenging to collect
undisturbed soil samples in other subsoils.

The findings of soil sample tests are frequently displayed on a drawing that includes the locations of each sample as well as the
results of the tests in the form of a hatching legend or section.

3) Depth of Soil Investigation

The depth to which the soil research should be conducted must be decided prior to choosing the actual method of obtaining the
necessary subsoil samples. This is often determined by the following elements:

a) The suggested foundation style in Fig. 8.

b) The proposed foundation's pressure bulb in Fig. 9.

c) The proposed foundation's connections to other foundations in Fig. 10.

For all types of foundations, pressure bulbs that are less than 20% of the initial loading at the foundation level can be disregarded.

Typical Examples ~
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raft or pad
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i l‘ \ \\0_5,9/ // ’] p=kgt/m
= ; v NO-3v /
o <=
T | u \ le pressure bulb

NL0-29_7

|
|

Fig. 8. Types of Foundations with Pressure Bulbs
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Fig. 9. Pressure Bulb Diagram
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Fig. 10. Close Foundations

4) Soil Investigation Methods

The approach for soil investigation will be determined by several elements, including:
a) Size of contraction.

b) The suggested foundation's type.

c) The kind of sample needed.

d) The kinds of subsoils that could be found.

The following are generally considered to be the best approaches for deep investigation:

e Foundations up to 3.000 meter - trial pits in Fig. 11.

e Foundation borings that go down 30.000 meter in Fig. 12.

e Deep borings and in-situ investigations from tunnels and/or deep pits for foundations deeper than 30.000 meter.
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Fig. 11. Typical Details of Trial Pits

a) Methods for Boring to Collect Disturbed Soil Samples

e Hand or Mechanical Auger: Use a 150 or 200mm diameter flying auger for depths up to 3000.

e Mechanical Auger: Appropriate for depths exceeding 3.000 meter utilizing a flight or Cheshire auger; for most granular soils, a
liner or casing is necessary, and other types of subsoil may also require one.

e Sampling Shells: Appropriate for shallow to medium depth borings in all subsoils, except for rock.

— pulley

tripod or shear
leg rig

sectioned rods

winch

steel bore hole liners
in short lengths screwed
together — auger or sampling

shell

boss for rod connection or
lug for lifting rope

flight
auger

g:;::"t::s weighted

172 o 2Y2 head

helical sampling g top sampling
turns at shell openings L shell

the cutting body for i} body

end | extracting |
0 soil
flap or H sample

door

GRANULAR SOILS COHESIVE SOILS

Fig. 12. Boring Methods Diagram
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b) Further Examples

Wash Boring - Bentonite, a well formulated mixture of fuller’s earth and water, or a powerful jet of water can be used in this
technique to remove loose soil from a bore hole. The jetting liquid disintegrates the subsoil as it travels up the annular space and
into the settling tank through the bore hole's jetting tube, which is moved up and down inside the bore hole. The subsoil particles
that have settled can be dried for testing and grading. This technique has the benefit of providing subsoil samples that have not been
impacted by sampling shells, but it is not appropriate for subsoils made of big pebbles or those with boulders.

Mud - Rotary Drilling - This technique, which involves pumping bentonite continuously through hollow drilling rods to a revolving
bit, can be used to study rocks. The circulating fluid moves the debris up the annular space while maintaining contact between the
cutting bit and the bore face. Coring tools can be used to collect core samples.

Core Drilling - Through a hollow tube, water or compressed air is blasted down the bore hole and returned via the annular space.
Rock samples are continuously cored out with coring instruments and shipped in wooden boxes to the lab for analysis.

5) Bore hole Data
Trial pit or bore hole data can be documented on a pro forma sheet or on a drawing that shows the location and information from
each trial pit or bore hole as follows in Fig. 13 and 14.: -

grid line reference

4 A
-—y— ——- - —
% i:t;rc hole T Y

8; position
0| " grid
0 ‘ ' lines ——»
@J_ N . A o [ .
A" 'Y ¥ A

LOCATION PLAN OF BORE HOLES
Fig. 13. Location Plan of Bore Holes
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clay

w
N
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Fig. 14. Bore Hole Data

It is possible to drill holes on a 15.000 to 20.000 grid that covers the entire site or in specific locations that are important to the
planned foundation. Site and soil investigations should typically cost no more than 1% of the total projected project expenditures.
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6) Soil Assessment

The characteristics of the subsoil must be evaluated prior to creating the foundations for a building or other construction. These
procedures can also be used to verify that the suggested foundations are suitable. Classification, grading, and tests to determine
shear strength and consolidation are some examples of soil evaluation techniques. BS 1377: Methods of test for soils for civil
engineering purposes contains a complete list of soil testing procedures.

a) Classification

There are numerous ways to categorize soils, including based on their geological origin, physical characteristics, chemical makeup,
and particle size. It has been discovered that a designer will be particularly concerned with and interested in the relationship between
a soil's physical characteristics and particle size.

b) Particle Size Distribution

According to sedimentation or sifting, these are the proportions of the different particle sizes contained in a soil sample. The
following classes of particle sizes are identified by BS 1377: -

Gravel particles - Over 2 mm

Sand particles - Between 2mm and 0.06mm

Silt particles - Between 0.06mm and 0.002mm

Clay particles - Less than 0.002mm

It is possible to further categorize sand and silt as follows in Fig. 15:

CLAY SILT SAND GRAVEL
fine medium | coarse | fine | medium | coarse
0-:002 | 0-:006 | 0:02 0:-06 0-2 06 2

Fig. 15. Sand and Silt Classification

The outcomes of a sieve analysis can be represented by the following grading curve in Fig. 16.:
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Fig. 16. Sieve Analysis Grading Curve
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7) Site Soil Tests

These tests are extremely useful because they do not disrupt the soil being tested and are used to assess the density or shear strength
of soils. The standard penetration test, vane test, and unconfined compression test are three such tests, and each is extensively
defined in BS 1377; techniques for testing soils for use in civil engineering.

a) Standard Penetration Test

By driving a split spoon or split barrel sampler into the bottom of a bore hole, this test gauges a soil's resistance to penetration. A
falling standard weight of 65 kg that travels through a 760mm gap drives the sampler into the soil to a depth of 150 mm. The
sampler is then pushed 300 mm deeper into the soil, and the number of blows, up to a maximum of 50, are counted. The relative
density of the soil is determined by this technique in Fig. 17.

TYPICAL RESULTS

it Non cohesive soils:-
It
" |f=-driving No. of Blows |Relative Density
rods
30 i1y O to 4 very loose
X scrcw.cd 4 to 10 loose
i coupling
o J 10 to 30 medium
|
g !' vent holes 30 ta 50 dense
50+ very dense
.
¥ T
i Cohesive soils:-
| barrel No. of Blows |Relative Density
: splits in
- B two when O to 2 very soft
o 8 unscrewed Ty coft
<
4 to 8 medium
‘ screwed 8 to 15 stiff
1 driving -
"h‘ + shoe. with 15 to 30 very stiff
il '
K} cutting edge 30+ hard

The results of this test in terms
of number of blows and amounts
of penetration will need expert
interpretation.

TYPICAL SPLIT
BARREL SAMPLER

Fig. 17. Typical Details of Standard Penetration Test

b) Vane Test

This test gauges a soft cohesive soil's shear strength. The steel vane is manually turned at a consistent speed while being pressed into
the softer clay soil. The following diagram illustrates how to compute the soil shear strength and measure the torque required for
rotation.

The vane can be inserted into the soil below the bore hole's base for a distance equal to three times the vane's diameter before
rotation starts to conduct this test inside of a lined bore hole. An alternative is to drive or jack the vane to the necessary depth while
it is protected by a special protection shoe, and then drive or jack it another 500 mm before rotation begins in Fig. 18.

Calculation of Shear Strength —

Formula: S=M/K

where S = shear value in kN/m2

M = torque required to shear soil

K = constant for vane = 3.66 D3 x 10”6

D = vane diameter
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c) Unconfined Compression Test

Using portable equipment on-site or in a lab, this test can be used to determine the shear strength of a non-fissured cohesive soil
sample. The equipment is filled with the 75mm long, 38mm diameter soil sample, then loaded in compression until failure by
shearing or lateral bulging takes place in Fig 19. A clear view foil is placed over the trace on the recording chart to allow for proper
reading of the trace.
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Fig. 18. Typical Details of Vane Test Fig. 19. Unconfined Compression Test
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8) Laboratory Testing

BS 1377 provides tests for identifying and categorizing soils based on their bulk density, moisture content, liquid limit, and plastic
limit.

a) Bulk Density

For the construction of retaining structures, where the weight of the retained earth is a key factor, this is the mass per unit volume,
which includes the mass of air or water in the voids.

b) Shear Strength

This soil characteristic can be utilized to determine a soil's bearing capacity as well as the pressure being placed on excavation
supports. The Triaxial Compression Test is the most widely used technique for determining the shear strength of cohesive soils. In
theory, this test involves applying a lateral hydraulic pressure in addition to a vertical load to a cylindrical sample of undisturbed
soil that is 75 mm long and 38 mm in diameter in Fig 20. The same large sample is divided into three samples for each test, each of
which is subjected to a higher hydraulic pressure before being loaded axially. Mohr's circles are used to plot the results.

This can be characterized as the resistance a soil provides to a particle sliding over another. The Shear Box Test, in which the
apparatus consists of two bottomless boxes filled with the test soil sample, is an easy way to determine this feature. The soil sample
shears along a line that runs between the two boxes when a horizontal shearing force (S) is applied in opposition to a vertical load
(W) in Fig. 21.
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This characteristic is crucial for estimating soil movement beneath a foundation. An Oedometer is the name of the testing device

used in laboratories in Fig. 22.
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1. CONCLUSION

Poor site inspection can indicate several different things. It could be a symptom of bad survey design, under sampling, or a lack of

flexibility to adapt to the conditions at the site; it

could also indicate poor data gathering or processing techniques that provide

incorrect results; it could also indicate results that are delivered too late to have an impact on the design. The results of inadequate
site assessment can also range from the undesired, such as increased costs and building delays, to the catastrophic, such as structural
collapse. A budget cut for the site research might increase costs later in the project in several different ways in addition to causing
delays. First off, there is a chance that any money saved will later need to be doubled as the construction crew realizes the
complexity of the ground and the necessity for additional research. Another element driving up costs is the over-engineering of
foundations, which designers obliged to do to make up for a weak ground model when faced with high levels of uncertainty. In a
similar manner, contractors will manage higher levels of risk related to ambiguity by adding a larger "comfort blanket™ to account
for the lack of information. The idea of choosing the right land is thoroughly explained in this document so that readers will not

have to deal with any issues of this nature.
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