
CHAPTER 1
INTRODUCTION

1.1 GENERAL REMARKS
Karl Terzaghi writing in 1951 (Bjerrum, et. al., 1960), on 'The Influence of Modern Soil Studies on
the Design and Construction of Foundations' commented on foundations as follows:

Foundations can appropriately be described as a necessary evil. If a building is to be
constructed on an outcrop of sound rock, no foundation is required. Hence, in contrast to the
building itself which satisfies specific needs, appeals to the aesthetic sense, and fills its
matters with pride, the foundations merely serve as a remedy for the deficiencies of whatever
whimsical nature has provided for the support of the structure at the site which has been
selected. On account of the fact that there is no glory attached to the foundations, and that
the sources of success or failures are hidden deep in the ground, building foundations have
always been treated as step children; and their acts of revenge for the lack of attention can be
very embarrassing.

The comments made by Terzaghi are very significant and should be taken note of by all
practicing Architects and Engineers. Architects or Engineers who do not wish to make use of the
growing knowledge of foundation design are not rendering true service to their profession. Since
substructures are as important as superstructures, persons who are well qualified in the design of
substructures should always be consulted and the old proverb that a 'stitch in time saves nine'
should always be kept in mind.

The design of foundations is a branch of Civil Engineering. Experience has shown that most
of these branches have passed in succession through two stages, the empirical and the scientific,
before they reached the present one which may be called the stage of maturity.

The stage of scientific reasoning in the design of foundations started with the publication of
the book Erdbaumechanik (means Soil Mechanics) by Karl Terzaghi in 1925. This book represents
the first attempt to treat Soil Mechanics on the basis of the physical properties of soils. Terzaghi's
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contribution for the development of Soil Mechanics and Foundation Engineering is so vast that he
may truly be called the Father of Soil Mechanics, His activity extended over a period of about 50
years starting from the year 1913. He was born on October 2, 1883 in Prague and died on October
25, 1963 in Winchester, Massachusetts, USA. His amazing career is well documented in the book
'From Theory to Practice in Soil Mechanics' (Bjerrum, L., et. al., 1960).

Many investigators in the field of Soil Mechanics were inspired by Terzaghi. Some of the
notable personalities who followed his footsteps are Ralph B. Peck, Arthur Casagrande,
A. W. Skempton, etc. Because of the unceasing efforts of these and other innumerable investigators,
Soil Mechanics and Foundation Engineering has come to stay as a very important part of the Civil
Engineering profession.

The transition of foundation engineering from the empirical stage to that of the scientific
stage started almost at the commencement of the 20th century. The design of foundations during
the empirical stage was based mostly on intuition and experience. There used to be many failures
since the procedure of design was only by trial and error.

However, in the present scientific age, the design of foundations based on scientific analysis
has received a much impetus. Theories have been developed based on fundamental properties of
soils. Still one can witness unsatisfactory performance of structures constructed even on scientific
principles. The reasons for such poor performance are many. The soil mass on which a structure is to
be built is heterogeneous in character and no theory can simulate field conditions. The
fundamental properties of soil which we determine in laboratories may not reflect truly the
properties of the soil in-situ. A judicial combination of theory and experience is essential for
successful performance of any structure built on earth. Another method that is gaining popularity is
the observational approach. This procedure consists in making appropriate observations soon
enough during construction to detect signs of departure of the real conditions from those assumed
by the designer and in modifying either the design or the method of construction in accordance
with the findings.

1.2 A BRIEF HISTORICAL DEVELOPMENT
Many structures that were built centuries ago are monuments of curiosity even today. Egyptian
temples built three or four thousand years ago still exist though the design of the foundations were
not based on any presently known principles. Romans built notable engineering structures such as
harbors, breakwaters, aqueducts, bridges, large public buildings and a vast network of durable and
excellent roads. The leaning tower of Pisa in Italy completed during the 14th century is still a
center of tourist attraction. Many bridges were also built during the 15th to 17th centuries. Timber
piles were used for many of the foundations.

Another marvel of engineering achievement is the construction of the famed mausoleum Taj
Mahal outside the city of Agra. This was constructed in the 17th century by the Mogul Emperor of
Delhi, Shahjahan, to commemorate his favorite wife Mumtaz Mahal. The mausoleum is built on the
bank of the river Jamuna. The proximity of the river required special attention in the building of the
foundations. It is reported that masonry cylindrical wells have been used for the foundations. It
goes to the credit of the engineers who designed and constructed this grand structure which is still
quite sound even after a lapse of about three centuries.

The first rational approach for the computation of earth pressures on retaining walls was
formulated by Coulomb (1776), a famous French scientist. He proposed a theory in 1776 called the
"Classical Earth Pressure Theory". Poncelet (1840) extended Coulomb's theory by giving an
elegant graphical method for finding the magnitude of earth pressure on walls. Later, Culmann
(1875) gave the Coulomb-Poncelet theory a geometrical formulation, thus supplying the method
with a broad scientific basis. Rankine (1857) a Professor of Civil Engineering in the University of
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Glasgow, proposed a new earth pressure theory, which is also called a Classical Earth Pressure
Theory.

Darcy (1856), on the basis of his experiments on filter sands, proposed a law for the flow of
water in permeable materials and in the same year Stokes (1856) gave an equation for determining
the terminal velocity of solid particles falling in liquids. The rupture theory of Mohr (1900) Stress
Circles are extensively used in the study of shear strength of soils. One of the most important
contributions to engineering science was made by Boussinesq (1885) who proposed a theory for
determining stress distribution under loaded areas in a semi-infinite, elastic, homogeneous, and
isotropic medium.

Atterberg (1911), a Swedish scientist, proposed simple tests for determining the consistency
limits of cohesive soils. Fellenius (1927) headed a Swedish Geotechnical Commission for
determining the causes of failure of many railway and canal embankments. The so-called Swedish
Circle method or otherwise termed as the Slip Circle method was the outcome of his investigation
which was published in 1927.

The development of the science of Soil Mechanics and Foundation Engineering from the
year 1925 onwards was phenomenal. Terzaghi laid down definite procedures in his book published
in 1925 for determining properties and the strength characteristics of soils. The modern soil
mechanics was born in 1925. The present stage of knowledge in Soil Mechanics and the design
procedures of foundations are mostly due to the works of Terzaghi and his band of devoted
collaborators.

1.3 SOIL MECHANICS AND FOUNDATION ENGINEERING
Terzaghi defined Soil Mechanics as follows:

Soil Mechanics is the application of the laws of mechanics and hydraulics to engineering
problems dealing with sediments and other unconsolidated accumulations of solid particles
produced by the mechanical and chemical disintegration of rocks regardless of whether or
not they contain an admixture of organic constituents.

The term Soil Mechanics is now accepted quite generally to designate that discipline of
engineering science which deals with the properties and behavior of soil as a structural material.

All structures have to be built on soils. Our main objective in the study of soil mechanics is
to lay down certain principles, theories and procedures for the design of a safe and sound structure.
The subject of Foundation Engineering deals with the design of various types of substructures
under different soil and environmental conditions.

During the design, the designer has to make use of the properties of soils, the theories
pertaining to the design and his own practical experience to adjust the design to suit field
conditions. He has to deal with natural soil deposits which perform the engineering function of
supporting the foundation and the superstructure above it. Soil deposits in nature exist in an
extremely erratic manner producing thereby an infinite variety of possible combinations which
would affect the choice and design of foundations. The foundation engineer must have the ability
to interpret the principles of soil mechanics to suit the field conditions. The success or failure of his
design depends upon how much in tune he is with Nature.
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