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Soil

A soil sample. An idealised soil sample.

Fig. 2  Components of soils.



 It is a difficult subject matter

Not popular among students

Abstract and lots of problems









1. Introduction To Geotechnics or Soil 
Engineering

2. Roles of Geotechnical Engineers

3. Importance of Soil Investigation

4. Understanding Soil Parameters and Properties

5. Soil Types and Characteristics

6. Types and Causes of Soil Failure

7. Cases to Discuss

8. Challenges of Constructions

9. Closing Remarks



 Geotechnical engineering is the 
branch of engineering concerned with 
the analysis, design and construction 
of foundations, slopes, retaining 
structures, embankments, tunnels, 
levees, wharves, landfills and other 
systems that are made of or are 
supported by soil or rock.



 Geotechnical engineers are responsible 
for structures' foundations. 

 Work includes assessing data from the 
field, finding ways to ensure foundations 
or slopes are stable, designing 
foundations, and overseeing work on a 
construction site. 

 They often work for consultancies.



 The engineering field 
described soil as…

'”the solid material that can be 
removed without blasting.”

 Soil is biologically defined as…. 
“unconsolidated mineral or organic matter on 
the surface of the earth that has been 
subjected to and shows effects of genetic and 
environmental factors.”



1. SOLIDS

2. AIR

3. WATER

(2) + (3) = VOIDS



 Geologists are … students of the planet (its 
processes and make-up).

 Geotechnical engineers are… 
civil engineers who utilize their knowledge 
of geology to aid in the design and 
construction of structures, depending on 
the mechanics of the surrounding geology.







What are the definitions of:

 Soil Mechanics

 Geotechnics

 Geotechnical Engineering

Why do we conduct soil investigations?

What are the purpose of each 
investigation?





 Understanding the properties and 
behaviour of soils – Soil Mechanics

 Studying and analysing the applications 
of soil and its geological properties for 
engineering fit for purpose – Geotechnics

 Geotechnical engineering is equivalent to 
Geotechnics by definition but, shows 
direct impact to engineering applications   



 Soil is characterized based on its properties 
and mechanical characteristics

 Types of soil:

 1. Clay Soil   2. Sandy Soil  3. Silty Soil

 4. Peaty Soil  5.Chalky Soil  6. Loamy Soil
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1. Avoid soil disasters and accidents

2. Avoid lost of lives and properties

3. Reduce continuous settlement and 
damages

4. Understand the soil behaviors and 
properties

5. Improve soil for construction 
purposes





 Laboratory Investigations – understanding 
basic soil properties and characteristics at 
controlled condition with desired methods

 Field Investigations – advanced 
understanding and research on soil 
properties and characteristics at partially-
controlled conditions with desired methods 
for specific purposes

 Conduct relevant correlations for 
advancements in soil mechanics



Among others also include:

 Fundamental of Soil Properties
 Soil Characteristics
 EFP - Engineering fit for purpose
 Design Input
 Long term Impact
 Project feasibility and monitoring
 Proposal for improvements



 There are many soil parameters, from 
basic properties to mechanical and 
dynamic properties and also its 
engineering characteristics

 Cohesion, bearing capacity, strength, 
liquidity, plasticity, permeability, 
homogeneity, shear, compressibility, 
void ratio and sensitivity 











Both has their advantages and disadvantages:
1. Laboratory works are at ideal conditions but 

field works are actual soil experiential situation

2. Laboratory tests are easy to control and predict 
but field tests are full with uncertainty and 
surprises

3. Laboratory tests can be repeated and results 
are similar but field tests depended on weather 
and workmanship

4. Field tests are real time but engineers must 
always use their wisdom to overcome 
challenges. 









 Equipment used are typically for basic soil 
properties and characteristics

 Samples tested are disturbed and 
undisturbed

 Usually involved the moisture content 
determination and soil classification process

 Simple to advanced apparatus in the 
laboratory

 Commonly using BS, ASTM or AASHTO as 
standard references during tests 



























 Field investigation needs planning and 
management skills

 Planning the types of tests and equipments to 
be used, managing the time of mobilization 
and the people including the cost and welfare

 Accuracy is not the priority but attempting to 
determine and study the properties and 
behaviour of soils at site is crucial for the 
main aim of the field works.

 Appropriate measures and contigencies must 
be prepared prior execution of plan.







 Laboratory tests used workstation approach

 Field tests equipment are mobile units

 Both require appropriate calibrations and care 
during operation

 Electronics operated equipment are more 
accurate but very sensitive and delicate

 Accuracy will be the priority of laboratory tests 
but appropriate setting and near to accurate will 
be for field tests

 Field work involves wise and analytical decision 
and lab works requires diligence and sensitivity  









 Field works need strength and determinations
 Skill to handle fieldwork apparatus with safety 

precautions are necessary
 Lab works are typically easily organized and 

less mobility
 Skill are acquired by understanding and 

practicing the SOPs for each apparatus
 Operation of field work equipment must be 

conducted after appropriate training
 Trained supervisor must accompany 

researchers or operators.  











Some are made made & some are 
natural disaster

1. Landslides

2. Settlements due to time or 
workmanship

3. Earthquakes

4. Floods













a) The famous Highland Tower Building 
Collaspe (1993)

b) The Gua Tempurung Mudslide (2004)
c) The Taman Muda Flood (Every Year)
d) The Cameron Highlands & KKB 

Landslide (2004 till now, 2021)
e) The Sibu Peat construction failures 

(Not so famous) (Until now)
f) The S-R (Senggarang-Rengit) Coastal 

Road Failure (2019)









 Buildings were constructed on peat soil
 High water table
 Situated near to Sungai Rajang
 On-going problems – Settlement
 Buildings after 20 years – 2 storey

remain 1 storey
 Roads after 20 years – each year were 

resurfaced & some were reconstructed 
(1 km of road costs more than 
RM1.2millions – Now is more costlier!) 



 Population: 
180k

 Area: 130 
square km

 More than 60%  
is peaty soil

 Established by 
James Brooke 
(1862)

 Density: 1,300 
people per km2



















 Ong [3] described the construction of a 13.5 km single-carriageway 
linking the existing Igan Bridge to a proposed university site in Sibu, 
Sarawak, East Malaysia. 

 The soft soils of maximum 30 m thick, which were found below the 5-m 
thick Peat layer. 

 They were treated with pre-fabricated vertical drains to reduce post-
construction settlements so that design requirements were met. 

 After site investigation and soil characterization tests, it was successfully 
constructed using hydraulically placed sand-fill to replace the underlying 
fibrous peat. 

 Settlement plates were installed to monitor the settlement of the sand 
layer-PVD system. 

 It was shown that the rate of settlement increased markedly when PVD 
was installed. 

 Field instrumentation results cross-checked with Asoaka observational 
method to measure settlements was successfully implemented to 
provide a good understanding of ground treatment of fibrous peat and 
soft soil. Figure 3 shows the installed PVD and the settlement plates [3].



Full paper on this discussion can be found at:
https://www.matec-
conferences.org/articles/matecconf/abs/2016/10/matecconf_iconcees2016_03013/matecconf
_iconcees2016_03013.html





 The Senggarang-Rengit Coastal Road is an 
alternative route to JB from North via BP

 The road was resurfaced everytime it is 
damaged

 The design is for single carriageway, federal 
road

 Cracks were seen at the nearside of the road
 Accidents due to road damages and uneven 

surface occurred

 The route is congested with villages nearby 
 Failure: Due to traffic loadings resulting in 

SETTLEMENT!











i. Construction is needed due to development 
and societal needs

ii. Soil cannot be changed but, can be 
improved/ rehabilitate/ remediated

iii. New methods/ technology can improve or 
can be proposed but, it does not 
necessarily be successful

iv. Engineers need the technology to solve 
problems but, most importantly is 
Engineers need wisdom and co-operation 
from leaders and the community  



 Soil investigation is important

 Laboratory tests are for ideal conditions but 
can simulate and identify properties plus 
characteristics of investigated soils

 Disaster happens because of human can be 
avoided

 Disaster due to nature is unavoidable

 New technology can assist in improvement, 
prevention and MONITORING















• The Pyramids in Egypt 

• Ancient Roman Roads and Aqueducts

• The Great Wall of China 

• The Erie Canal 

• The Panama Canal 

• Druid Lake Dam 

• Brooklyn Bridge 
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