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What is Mechanics?
What are the different branches of Mechanics?

“Mechanics” may be defined as that part of
physical science that treats of the action of
forces on masses.

There are many branches of mechanics, each

icular kind of mass or

classification of matter.

icable to a part

appl
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What are the different branches of Mechanics?

r
N

8
T

There are many branches of mechanics, each
applicable to a particular kind of mass or
classification of matter.
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Mechanics pertaining to astronomical bodies is ca
celestial mechanics.

The mechanics of gases is called pneumatics.

The mechanics of water is hydraulics.

The mechanics of solid bodies in motion is called
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e The mechanics of heat-energy transfer is called
thermodynamics; and so on.

e Similarly, the branch of mechanics that deals with the
action of forces on soil masses is called soil mechanics,
and on rocks, rock mechanics.
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Soil Mechanics is a subset of the broad subject
Geotechnical Engineering

l |

Geotechnical engineering is a specialty of civil
engineering that deals with the properties, behaviour
and use of earth materials and underground water in

engineering works

ear 1ate ere include both soil
and rock . The term geotechnical is a derived from
Swedish word ‘Geotekniska’ meaning ‘we know it

4
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Geotechnica

Synonymous to
Soil Mechanics

/
/ |
/ ~ Engineering Geology
il Engineeri
N Rock Engineeri
. | Foundation Engineering J

Geo

-environmenta
Engineering




Definitions

Soil Mechanics: that concerns
with the Engineering Mechanics and
properties of sail. It applies the basic
principles of Mechanics of materials,
Fluid mechanics and Hydraulics to soils.

e ————————————————————————

o

Rock Mechanics: that concerns with the'x“

engineering mechanics and properties
of rock. It also uses the basic principles
of Mechanics of Materials, Fluid
mechanics and Hydraulics to rocks, but
not necessarily bed rocks.
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Engineering Geology: that deals
with the formations and features of
earth crust including earthquake that
concerns the design and performance
of civil engineering structures.

' Definitions

4. Soil Engineering: that applies the
knowledge of Geology, Soil mechanics a
Structural engineering to the design and
construction of foundations of any
engineering structures.
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5. Rock Engineering: that applies the
knowledge of Geology, Rock mechanics
and Structural engineering to the design
and construction of foundations of any
engineering structures constructed on
or with rocks

6. Foundation Engineering: that covers a
broader area to include both Sail
Engineering and Rock Engineering.
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. Rock Engineering: that applies the
knowledge of Geology, Rock mechanics
and Structural engineering to the design
and construction of foundations of any
engineering structures constructed on
or with rocks

F

6. Foundation Engineering: that covers a
broader area to include both Soil
Engineering and Rock Engineering.
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7. Geo-environmental Engineering
considers the environmental effe
like earthquake, rainfall, ground
water, gravitational movements,
waste disposal, chemical etc. on the

properties of soil and rock.
S -
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Foundation of structures

Underground and ear

Scope of Geotechnical
Engineering

retaining structures

Embankment, excavation an

dam

billsu'bs'id'ence, Soil héave,
Frost action, Soil erosion,
Shrinkage and Swelling
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J, Development of

Egypt (2630-2611

meptior | L1 50)
Geotechnical Engineering / e Hangmg gardens of Babylon ____________________________
1 (605 562 BC) ____________________________
[
7 , The great wall of Chlna “
________ ( NS/
________ Ancient Civil Engineering /" - (220 = 206 BC)
________ Structures of Geotechnical &— The Ieanmg tower of P|sa in ItaIy
........ Importance \\\ \ | (1175 AD) N
- y \
\\ Large publlc bwldmgs harbours
\ | aqueducts, bridges, roads and
\ L sanltary works of Romans
\ SO|I subsidence, Soil heave, Frost

action, Soil erosion, Shrinkage
and Swelling




SO SASASASASLS,
Jebeebachaehachahacia ek kb ebaekaebeke L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L
i bbb bbb e e bbb e bbb e e e e e e e e e e e e bbb e e e e bbb bbb e e e e bbb e e e e e e bbb e e e e e e e e bbb e e e e e e e e bbb e e e e e e e e e o)

S S S R e

oot +=+ sttt bbb bbb bbbt bbb bbb bbb bbb bbb bbb b bbbt
e
AR, i

o e
b
o S

b AR R R R AR R e A R

v B

)

1. Pre-classical Soil Mechanics
(1700 to 1776 AD)

=
Q

g . Classical Soil Mechanics-
Phase | (1776 to 1856 AD

istory of Soil 1T Classical Soil Mechanics-
~ | Phase |1 (1856 to 1910 AD

Mechanics \

7

. Modern Soil Mechanics
(1910 to 1927 AD)

5. Recent Soil Mechanics
(After 1927 AD)
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“'IJ:Ien fi Gautier (1660-1737), a

Frenchman studied the natural
___________________ \l/Deve opment of slopes of soil when tipped to a
................ GeOtChr‘l i ca / . hea D )
fffffﬁEh_gineerln g A UEICRE GOl
____________ ./ (1671-1761), a Frenchman,
____________ 1, Pre-classical Period of / published a textbook in 1729
------------ Soil Mechanics (1700- 1 for military and civil engineers.
"""""" 1776 AD) \ He proposed a theory for
N 71\ lateral ea rth pressureon
AN oot _/
\\ Franc0|s Gadroy (1705 1759),
, another Frenchman, observed

the existence of slip plane in
the soil at failure



(el oo

pressure given by a

\l/Deve opt

Frenchman, Coulomb (1736-

1806) in 1776, and his works

.

on shear strength parameters

M
Geotechnica
Engineering

of soil and bearing capacity of

2. Classical Period of
Soil Mechanics: Phase |
(1776 to 1856 AD)

-

Exten5|on of Culomb s theory

/
Q

by a Frenchman Poncelet (1788-

J

1867) in 1840, a German

"

Culmann in 1866 and an

\ Austrlan Rebhann in 1871 _/

f‘\

\| Stoke’s (an Englishman) law of

falling velocity of particlesina |
fluid media, 1845




renchman) iaw o

| fluid flow through soil massin |
___________________ J Development of ! 1856 I
................ GeOtChr‘l ica / mme S (1820 1872) a
"""""""" Engineering / Scottish, theqry of earth
________________ ‘ | _ pressurein 1857
| 3. Classical Period of Soil /| pauker’s (a Russian) bearing |
________________ Mechanics: Phase (</’k capacity theory, 1859
________________ (1856 to 1910 AD) \\\\ ~ Botssingscs (s Framchina T
- <\ ) theory of stress distribution,
\ 1885 .
\ f Mohr s (a German) work on
graphical analysis of stresses in

1887 and failure hypothesis of
real materials in 1900
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: ell’s b'earing capacity theory,

4. Modern Period of Soil | )/ _~ 1915
Mechanics: (1910to &
1927 AD)

Slip circle analysis of saturate
slope by Fellinius in 1918

\  Prandtl’s theory of bearing
capacity, 1920

Terzaghi’s theory of one
dimensional consolidation, 1925
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\ N Fellenius, 1936; bearing capacity

\ - ’rhpory 1939

‘}\ Taylor s theory on stablllty of earth
\L sIope 1937; consolldatlon curve _

Newmark’s chart for computation of
stresses in elastic foundations, 1942
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\\\ Stress path concept of Lambe
\\ and Whitman, 1969
erzaghi’s Significant \ e
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Soil is used by different professionals and their
definitions are understandably different

Geologist

All the materials
mantling the
earth crust are
unconsolidated
sediments
overlying solid
bed rocks called
regolith or soil

Agriculturist

Soil is a thin layer of
loose surface
materials of the earth
crust, which is a
portion of regolith or
engineering soil,
where plants grow

Geotechnical
Engineers

Soil is considered to
include all naturally
occurring loose or soft
deposit overlying solid
bedrock. It is formed
by disintegration of
rocks and
decomposition of
organic matter
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N

Soil is a p?oauht due gtogdigsiﬁteggrétigorg\
and/or decomposition of rocks and organic
. matters .

Disintegration process is
known as weathering

N, r

r~

- The earth’s crust consists of both rock and
weathered rock (as soil) up to an approximate
depth of 20 km.

A rock is formed of mixture of several minerals.
Minerals have fixed properties and are formed of
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Layers

Crust

Mantle

Core

Rock: 3 types of rock formec

N4
N/

of several minerals

.......... |gne0us: Sedimentary: Metamorphi
95% of earth crust in 80% of surface | C
___________ R | e _
N 4
N\

.......... M |nerals
__________ More than 4150 Minerals Rock forming minerals=8 |
N £
.......... El em entS

Basic elements =118

98% of earth crust is made of

8 elements
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Rock is a naturally occurring solid aggregate of one or
| . "

For example, the common rock granite is a combination

O:tﬂl ALiartz n|dcnrr “nA |r\+itn tinorale. . The Ear e
\.i 1LL, 1Tl DlJ A | [N IVUVUILCT TTEHITICI 19 ETI1ICT Al LIl O

outer solid layer, the lithosphere, is made of rock.

Three major groups of rocks are defined: igneous,

sedimentary and metamorphic.

There is a geological rock cycle taking place on the
earth that results in the formation of

wn
=4




" ‘Rocks and Minerals

""" | Classification of IVIiajOI’ Igneous EOCkS

........................ Ch .m‘cal . = - ! g
Composition Qi el ’ e

N ‘ Quartz Amphiboie ‘ Pyroxens

Dominant Potassium feldspar Sadium- and Calcium-rich

Minerals Sodium-rich calcium-nch - 1
.Wm feldapar plagioclase feldspar | plagicclasea feldspar

-

Pyroxene

et SRR |
Coarse-grainad Q" + ‘ Granite Diorite Gabbro . Peridotite
B a5 WE Pr—— i

- tee e ag b

Fine-grainad { P IS Rhyolite Andesite : Basalt : Komatiite

: (rare)

|

e e wreosrre—w caewws

“Porphyritic” precedes any of the above names whenever there are
~ appreciable phanacrysts.

Obsidian {compact glass)
- Pumice (frothy glass)

e e i L s AL Wt T ——

0% to 25%

........................ Porphyritic

Glassy

2wy =

........................ Rock Color
(based on % of dark minerals)




Clastic Sedlmentary Rocks
n,m_m, WSS i WL E A S
(grain size) - Sediment Name Rock Name
Grave!
Comae .. (reunded fragments) m"::?‘
(over 2 mmy) Gravel T
fn‘ {angular fragments) “_i-‘-'i'-:;h';w
Madium 5
{1/16 ta 2 mm) Sand Sandstone
Fina AT e
(1716 to Mud Siltstone
1/256 mm) 2L i
nvew ;m S TR Mud Shale
eeisbshicoly R
wzsemm | [0 e

COmposition
!
:

|

Calcite, CaCO,

| Chemucal Sedimentary Rocks

Texture
igrain size)

Fine to coarse

crystalline

Visible
shells and shell

fragments locsely
cemented

Vanous size shells

and shell fragments
cemented with
calcite cement

Microscopic shells
and clay

Very fine
crystaliine

Fine lo coarse
crystalline

Fine to coarsa
crystalling

Fine-grained

arganic matter

A e ———p ya— .t

Rock Name

Limestone

T TN ORI WAL T

T o cee od

Chert (light ¢
f!‘:'i".!fh“'m. oot
Rock Gypsum

P e e T TR

Rock Salt

.m-"~|
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Periodical
temperature
changes

Hydration—- Dehydration

edging action of

Oxidation

ice

plitting action of | | Hydrolysis Leaching

plant roots action

brasion action of
wind & water



forces that break rock

Physical or
Mechanical — into smaller pieces |
Weathering without changingthe |
/I\__ . rockls mineral ...................
[ ecarseFamed composition
________________ _ Soil 4 Involves breaking down
________________ Weathering N Chemical rock components and
L : Weathering internal structure and
\ . l. : k_forming new components |
\ _Fine Grained Soil ;
e Accomplished by the

action of plants & animal

due to their secretion of

enzymes (weak acids) for
their nutrients

Biological
Weathering
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Factors Affecting Weathering

icularly physical and

chemical, depend on the climatic conditions

part

Processes,

Climatic Conditions

ipitation

Prec

Temperature
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- Hydration

\
C » Hydration is one of the most common
- processes in nature and works with

secondary minerals, such as aluminum oxide
and iron oxide minerals and gypsum. Soil
forming minerals in rocks do not contain any
water and they undergo hydration when
exposed to humid conditions.

b a) 2F9203 + 3HOH - 2F6203 .3H2O
» (Hematite) (Red) (Limonite) (Yellow)

o b) AI203 -+ 3HOH - Al203 .3H20
o (Bauxite) (Hyd. aluminum

Oxide)




Hydrolysis

» Hydrolysis is the most important process in chemical weathering. It
is due to the dissociation of H,O into H* and OH' ions which
chemically combine with minerals and bring about changes, such as
exchange, decomposition of crystalline structure and formation of
new compounds.

« KAISI,05+H,0 —  HAISi,O, + KOH
* (Orthoclase) (Acid silt clay)

. HAISiaOs + 8 HOH w— A'203 .3H20 + 6 H2$i03
» (Recombination) (Hyd. Alum. oxide) (Silicic acid)

« Some substances present in the rocks are directly soluble in water.
The soluble substances are removed by the continuous action of
water and the rock no longer remains solid and form holes, rills or

rough surface and ultimately falls into pieces or decomposes. The

action is considerably increased when the water is acidified by the
dissolution of organic and inorganic acids.

NaCl + H,0 — Na*, CI'




_ Carbonation

» Carbon dioxide when dissolved in water it
forms carbonic acid.

® 2H20 G C02 o H2C03

« This carbonic acid attacks many rocks and
minerals and brings them into solution. The
carbonated water has an etching effect up on
some rocks, especially lime stone. The
removal of cement that holds sand particles
together leads to their disintegration.

® CaC03 + H2CO3 P Ca(HCO3)2
o (Calcite) (Cabi

carbonate)
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N

Reduction

» The process of removal of oxygen and is
the reverse of oxidation and is equally
important in changing soil color to grey,
blue or green as ferric iron is converted
to ferrous iron compounds. Under the
conditions of excess water or water
logged condition (less or no oxygen),
reduction takes place.

» 2Fe, O, (Hematite) - O, — 4FeO
(Ferrous oxide)




 DISSOLUTION |

* Dissolution occurs when rocks and/or
~  minerals are dissolved by water.
The dissolved material is transported

away leaving a space in the rock. One
consequence of this process is the
formation of caves in limestone areas.

* Several common minerals dissolve in
water

— halite
— calcite

* Limestone and marble contain calcite
and are soluble in acidic water

* Marble tombstones and carvings are
particularly susceptible to chemical
weathering by dissolution.
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* Biological weathering is the actual molecular

breakdown of minerals. There are things

called lichens (combinations of fungi and

algae) which live on rocks. Lichens slowly eat
away at the surface of rocks.
* Lichens, fungi, and other micro-organisms
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[ T L ——A Horizon

Zone of intensive weathering and organic accumulation.
Usually it has undesirable characteristics as a foundation
stratum._It is generally very compressible, elastic, an
unstable.

Zone of moderate weathering with an accumulation. of
many products. including clay and other small-particle
aggregates. “This is a relatively stable stratum;although
it can possess some undesirable engineering
characteristics at times.

Han'zmg

Zone of slightly weathered parent material. It may be
weathered rock or unconsolidated elements. It is a rela-
vely stable- stratur and desrrable m many respee—ts ----- a*
a foundatlon. '
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SEVEN SOIL TRACTS

D ( S1dUC N el 0 50

Madhupﬁr Tract |
or Red Soil Tract

/ Barind Tract

Seven Soil
Tracts

rahmaputra’
_Alluvium
Gangetic Alluvium

:// Tista Silt

e

\ Coéstél Sa Iiiné

\ [17] Madh Tract or Red Soil Tract
Tract B e sty o ST
[37] Tista Silt
% grahmaptﬁll'la Alluvium
. angetic Alluvium
H | I I TI"a CtS [[6 ] Coastal Saline Tract
77 Hill Tracts |

ource: Islam and Islam, 1956


http://www.banglapedia.org/Maps/MS_0222.gif

1. Modhupur Tract |

10,000 sq km

Dhaka, Mymensingh and some isolated
areas |n Chlttagong, Cumllla and Sylhet

2 Barmd Tract

13,000 sg km

Rajshahi, Dinajpur and Bogura. This tract
belongs to an old alluvial formation

T

16,000 sq km

Rangpur, Dinajpur, Bogura and Pabna



4. Brahmaputra Alluvium

Cumilla, Noakhali and Sylhet except the |
40,000 sq km hilly areas of greater Mymensingh, Dhaka |
and Chattogram |

5. Gangetic Alluvium
Jesohore and Kushtia and some parts of |
27,000 sg km Rajshahi, Pabna, Faridpur, Khulna, |
_BarishalandDhaka |

6 Coastal Salme Tract ______________

Barishal, Patuakhali, Khulna, Noakhali

20,000 sq km and Chattogram
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7. Hill Tract

Chattogram Hill Tracts and the Garo Hills
15,000 sq km of the former greater Mymensingh
district
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ALLUVIAL FLOOD PLAIN

ESTUARINE AND TIDAL FLOOD

PLAIN DEPOSITS

RAISED ALLUVIAL

TERRACE DEPOSITS

Nortn of

IS

P
Norih of
Serojgong

Bhucpur

6L 1259 6L AL

3w W Ya(q

University

Khulna

Sand B Silt mix.

[E Organic Soil

Fsin & clay mix.
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;
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Sand, Silt 8 Clay mi
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(230)ng puncs) wos4) axaw w ydaQ

GL = Ground Level in matre, Public Works Datum
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