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p'\
factical engineers
€ering Aspects:
Neverthelos. = g Aspects: Fault§__

_ Ometimes, it becomes necessary f
engi ary for an
mogdre]?aetrefo fdeT'Qn anq construct even his major structures in
S té’ au _ted regnon‘s. In .such cases, precautions must
ek avoid any major failures. either by seismic effects
N Y movements along the faults, or due to heavy
'caKage that may take place through the faulted rocks. The
Improvement works in faulted rocks, such as excavation of
w§aker material from the fault zone and refilling or grouting it
with cement concrete. etc. may therefore, become neces-
sary. The additional safety factors in designs and
|constructions will have to be adopted.
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Erae Jointing

The image below is of vertical joinled, bedded meta-
sandstone in the Snake Range in Nevada.

Camyaghe sy Failows, Anraea Gecogical
These two images are an example of columnar jointing.
The mage on te !oersasadewewandmtmagebelow
% from the wop, These hexagonal columns of rock
Rrmed from cooled basal are
National

393
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EXFOLIATION/UNLOADING JOINTS IN FORMERLY
DEEPLY-BURIED R

OCK, UNCOVERED BY EROSION
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CONTRACTION JOINTS IN VOLCANIC ROCK.
COOLING LAVA CONTRACTS AND FORMS
HEXAGONAL FRACTURES (COLUMNAR JOINTING)Jgs

CE 203 slides by T.M Al-Hussainl

Practical engineering Aspects: Joints

For construction of any major civil engineering structure

in any area, it is absolutely necessary to investigate the

[rock joints thoroughly, mainly because joints act as
sources of weakness for the rocks, and also as sources

of leakage through the rocks.

Hence, if the proposed foundation rocks for a dam or a
reservoir happens to be heavily jointed, and If the water-
|table of the region is low, then the leakage from the

reservoir to the underground may be very heavy, finally
resulting in abandoning the proposed site,

CE 203 slides by T.M Al-Hussalni 206

Scanned by CamScanner




Scanned by CamScanner






Scanned by CamScanner




Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner







Scanned by CamScanner



(1845-2009)

Latitude

Longitude

1coMic8)  @5¢MeSS @ Gemca6d @ 7<M<7I 03“'-1‘-‘3-9
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EARTHQUAKES

IN & AROUND
BANGLADESH

" New Earthquake
Catalogue formed

covering
1845-2009

415
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2003

Mud-walled House, Ko!kmni; .

f
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syncli.ne: a sequence of folded rocks with the youngest rocks on
the inside of the fold

anticline: a sequence of folded rocks with the oldest rocks on the
inside of the fold

axial plane: the plane of mirror symmetry dividing the fold into
two limbs

Symmetrical folds

427

428
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: Fig. 10-CO, p. 216

Folds and Faults (Palmdale, Ca)
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Types of Fold (Contd.)

- Symmetrical folds: Limbs dipping :
symmetrically on each side of axial plane_
~ Axial plane is vertical. |

- Asymmetrical folds: have the bed on one
side of fold dipping more steeply than other.
Axial plane is not vertical. f

« Overturned folds: Both limbs dlpplng in the
same direction.

« Recumbent folds: Overturned fold where
the axial plane is almost horizontal.
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P‘ractical engineering Aspects: Folds

(\2 Sync?linal folded ro.ck—é'ih;é’ywyi’éldhardan'd ‘tro'uAgh'quaIit’y
zt(c)):es, whereas, anticlinal folded rocks will yield weaker
es.

(i) Folded rocks are under considerable strain, and hence,

excavations through them may be accompanied by slips and
rock bursts.

(iii) Folded rocks are generally shattered and weak,
particularly in the axial regions; and hence, they are unsafe
to be trusted as roofs or floors of tunnels, or as foundations
for dams. Such regions should therefore, be avoided for such
purposes, or must be thoroughly investigated, and remedial
measures taken, if at all adopted for such uses.

CE 203 slides by T.M.Al-Hussain| 443

Practical engineering Aspects: Fq_lds 1

e s ey

:
(iv) Fractured folded rocks are highly permeable, and as
~ |such may pose numerous problems. Say for example, while
~ |excavating tunnels through such regions, ground water may
~ |rush into the excavation. Similarly, in dam construction in
~ |such areas, heavy leakage from beneath the dam may take |
. inlace. | ,

’ \(V)‘Sin“(;e,the‘;folded rocks offer great prospects for ground: |

~ |water, they become quite important for engineers searching |

. |forwater supplies. Infact, artesian conditions are developed |
jonily*Wh‘enVaq‘uifé‘r{s“ are folded (or inclined) as synclines, and

|are enclosed between top and bottom impervious layers.

;(’V,i)Th'e"énti(;liﬁ‘al'folds‘ proVide-‘good'prospeCts for stored
ieloleum: . T e
TP N;'CEZbavfélides‘bffM.Al-ﬂqéiéihl S

Scanned by CamScanner




Scanned by CamScanner




Scanned by CamScanner




Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Nose of anticline points direction of

plunge, syncline nose in opposite direction

433
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® Orogeny: The formation of mountain ranges
by intense upward displacement of the
earth's crust.

e Usually associated with folding, thrust faulting,
and other compressional processes.

Folds & Thrust Faults

CRATON
-

FOLD AND THRUST BEL T
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Sediments cempressed,
. {oldod snd upliftad

Newhy
formed

MU nzNng

Qld veleanie

rangic

When the ocean floor has been completely consumed, the landmasses
collide. Accumulated sediments are comprassed, folded and uplifted to form
mountain ranges. Older voleanie ranges are also compressed and raised.

i

Fig showing Collision of Continents. leading to
Earthcuakes, Voleances, and Building of Mountains.

CE 203 slides by TM Al-Hussaini ' 488

Continent-Continent Collision

: http://Wwaai_thfreedom.org/debaleslNaikCamphellpS.htm
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Lewis Thrust Fault

Precambrian rock layer begins Qverthrust of
to move on op of Cretaceous * Precambrian rock
rock layers along thrust fault

Crelaceous

rocks
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Suhsaqcml erosion TEmoves 10D ia;m’
of Cretaceous rock and paris of Precambrian |
; overtbrust to create present landseane j
: CE 203 sides by TMLARHuss2d o

- Compressional and Tensional
Structures
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7‘ ‘vami}sl ]V()lcanm Mountams As we know by now, volcanoes at
o places, throw lavas, which get deposited and solidified in

the form of huge conical heaps of solid material around the point of
- ermptmn These huge dome-shaped heaps, when become guite
P Dmment in comparison to the level of the surrounding land, may
be called as volcanic mountains. Volcanic mountains are gener ally
small or medium sized mountains, ,

‘Mount Vesuviug', ‘Agung’, and ‘Etna’ are a fow examples of thiz
tvpe of mountams.

CE 203 slides by TM.Al-Hussaini

M. Fuji, Japan
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L Horsts and Grabens

. Older Rocks are exposed along the ridges
formed by the horsts
. Younger rocks lie beneath the grabens

. Sediment fills in the linear valleys
Horst

Graben

Horst Graben

488
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. 5.21.4. F old Mountains. Fold mountains are the *:::p@rza”f
jmountains of the world, and inciude the Himalayas and the Alps.
[They are the most complex 1n character, possessing all soris of
- ﬁu@mral eomplications in their constitution. These mcun:a: 1S ars
 Ithus made of rocks, which are generaﬂy jointed, folded and faults
 [Tke formation of these mountains is not very well understo
 jthought thatthase mountains are formed asaresultofcertain forces
o Wi:z;ch ﬂngmdte mthm the Earths’ crust, and are called orggenic®
. forces ; the process of formation being termed asorogeny. T he Earth
. mwmﬁta whmhmvclvefeidmg, faulting and thrusting, are called
" , and involve both horizontal as well as vertical |

~ [erustal movements . Their fermatwn and alteration over time is
wﬁ&fb&dmﬁoloumd fines | |
. Thzssmgeny or mountain buddmg acthty is a very complex and

_ aﬁme wnsumingpmwss Itscamplﬂmn may mke millions of n‘z*
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The Adlrondack Mountams
of Northern New York

How Folded-*x\'lmuntz;ins are

Formed and then

Altered Over the Course of Time

Rigid though rock 1, great
horizontal pressure can cause
it to bend into wavelike folds.
The folds usually oceur In long
ijarallfz] rows of mountain
ridges sepamted by valleys,
such as are found in the
7agros. The upward folds are
termed anticlines; the
intervening downwarped

troughs arccalled synclines.

FOLDED RELIEL
Mounsain

Valley Anticlinal
valley

,Amicline Sy'nn:lme

i
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Anticline

499

Scanned by CamScanner




W md sk the

Broston w Hmt? ¢ & » Ewmm \ﬁm |
ueture of the folds: e

he wu:t Tt

hasic str
The top of.a fold mav |
away to form an mmchnal |
valley (Teft). Havaw ‘mam*;
can completely wear away lhe

anticline, 1*e.sultm};~

inverted relief (center). In this {
case the synclines-once the
bottoms of walleys-are left

standing high above ther

CE 203 slides by T.M.Al-Hussaimi

%0

(right), the folds are first
eroded down to a flat surface.
Renewed erosion then wears
aw;w the areas of soft rock to

produce valleys separated by

swroundings. In the case of APPALACHIAN RELIEF
so-called Appalachian relief | Valley eroded Former band
in seft reck surfie '
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ridges of move resistant rock. Syncline
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~ Strike and Dip
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Mz.m and dip - blures ‘
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s show the outcrop pattern and,
trike, dip and fault symbols:

2D geologic map
~ ideally, contain s
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stisale ,,u&ad to describe LACARLLES

ath@““g process @ landscapes that are form
a‘l"a N&ﬁamlnanny ng\mm“ed Dby groundwater activity. Ka?gt?gn?emlca'
A ; msed Qf hmestone rock that contams > 70852@% t
n

:smkhe\as
Dlsappearmg Streams
Spnngs | |
Tewers

Oopyrlgmo oklahoma Unlversity
Mlssoun is a karst landform
formed by chemical solution in carbonate
limestone rocks. Features within Onondaga
Cave include stalagmites, stalactites,

| dripstones an and a active flowstone deposits.
512

Onandaga Cave in

CE 209 slides by T MAl-Hussaini

Sinkholes
one features that develop in karst landscapes.
tone bedrock 18 chemically weathered by naturally
ater, The ground water slowly dissolves the
til it eventually bacomes unstab\e and collapses

re collapsed limest
when the limes
icals. in the gr@und Wi
w the surfaca un

ad éreas becg\use if \hby ocour banenth houses ‘

' evelo
1ré hay may callapse with the sinkhale.
nd deple\ad groun
of gravity of the vo

d water tables can trigger
ld formed by the clep\exed
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Seamounts

. Seamounts are steep-sided isolated submerged|
volcanic mountains (active or inactive) on the |
sea floor. - |

« Seamounts often occur far from mid-ocean

| ridges and trenches. , |
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Seamounts nsmg

above sea sur ace

seamounts

Hawaiian Islands and

HaWaiialj Volcanoes

poke above the

~ |sea surface,

they form
. lislands

Examples are

Hawaiian

~ |Islands and

Tahiti Islands.

Source. US Navy
CE 203 slides by T.M.Al-Hussaini
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Seamounts rising above sea
surface
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over \ong
ocean\c P

| below another p!ate
Trenches are associat ted | §
with volcanic island arcs, i,
and areas of intense i
earthquake activity.
Marianas Trench in the
South Pacific Ocean is the
deepest (>10.6 km) trench.

dtstances were
late is subducnng

CE 203 sides by TMARHussaini

Jﬁn§p?ﬁia' L

Formation of Oceanic Trench |
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| Mid-Ocean Ridges

USGS created this “baseball” graphic to illustrate the
locations of the major mid-ocean ridge systems. The
continuous line marks the location and orientation of the
ridge, and the cross-stitching represents potential fauit
patterns along the ridges. Because the ridges mark plate
boundaries they are more or less continuous, but are
differentiated by name relative to ocean basin or

continental proximity.
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PR

In eenoral, voleanoes have been found concentrated along
mountain rcg‘iuns. where earth movemoents take place frequently
(e Lhoy occur in the regions of erustal unrest) Thev are also
found in the marine areas near seas,

N'he factors which are vesponsible for the ovipgin of o volenno

includo :

(i) The presence of molten niatertal belowe the Earth s erust

(i) The presence of fissures or vents (through which thu molien
‘material may erupt) which may oecur along definite tracts or helts,
and |
~ (fi0) the factors which may couse the upward movenieni of
magna, such as orogenic movements.

"
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- lpack to earth ina pile. i

| chunks of lava ca

and conical shape.

volcanoes on larger exi

Mount Etna, a volcano
covered with hundreds

me\ted rock fragme ts inf
sprays hese | rock fragments are glassy,

lled cinders | that cool rapidly
|the air and land next to the vent opemng slowly accumulatlng in

the geometric shape of a cone. Cinder C

sized volcanoes that range in
meters high. Cinder cones are charactenz

Cinder cones may appear as smgle Vi

Mauna Kea, a volcano on the American isl

height from

on the Italian island of

of cinder cones.
CE 203 slides by T.MAl- Hussaini

ent in the crust nd
where they then

ohes tend to be. small, hnll

tens to hundreds of
ldes

ed by thelr steep s

olcanoes or as secondary
isting stratovolcanoes or shleldvolcanoes
and of e

B ARSI DL, e

fall
‘gas-filled

as they sail through

Hawau and
Slcnly are both

= “"’55,0 g

Cinder cone in Utah, USA
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Shield Volcano

Slow and gradual accumulati . e _ ‘ .
' : : ation of thin layers of lava build up over |
long perlodg. of time, forming a long shie{d—s’ha Ia(\j/ Dedinl

Gentle sloping sides. Eed yoleanio,

CE 203 slides by T.M.Al-Hussaini

B) Flood basalts .

_ A flood basalt is the result of a giant volcanic eruption or
series of eruptions that coats large stretches of land or
the ocean floor with basalt lava. Eleven distinct flood
basalt episodes occurred in the past 250 million years,

- resulting in large volcanic provinces, creating plateaus

~ and mountain ranges on earth.

— They are formed by flow of very low viscosity magma,

- which is why they 'flood' rather than form taller
~ volcanoes.

_ The Deccan Traps of central India, the Siberian Traps,

| and the Columbia River Plateau of western North

| America are three‘regions covered by prehistoric flood

|  basalts, | o

CE 203 slides by TM.Al-Hussaini
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C) Calderas

— Large depressions
(> 1km) from
violent eruptions

— Ugashik Caldera,
AK

CE 203 slides by T.M Al-Hussaint
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~ Formation of Calderas e
,}/olcano:raptdly empties  Overlying material conap‘sés
sts ,magnr:a chamber, and into magma chamber and
support is lost - Calderaforms

o
w
(2]

CE 203 slides by T.MAl-Hussaini

Caldera: Taal Volcano, Phillipines 2014
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- Gosces over touser = =
B ars Today,ladel b2
| \andscape contains vestiges = i}
past glaciation, with only afew
" ctive, high elevation alpine  f
glaciers. Recent temperat_ure ._
creases are melting glaciers i
at an alarming rate. Scientists |
predict that by 2030 there
may not be any more glaciers |
in Glacier National Park!

~
sy By 0P Rpibas 5
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ice sheets are high latitude polar L
Ice Sheet glaciers that cover gxtens‘ive aregs' offf

continental landmasses. lce sheet||
formation requires long periods of |
extremely low temperatures, which ||
allows snow to collect over vast areas | |
covering the underlying terrain. it is
estimated that 90 percent of Antarctica||
and nearly 80 percent of Greenland are | |
covered by ice sheets. Both of these ||
ice sheets are so thick, that portions |
the Earth’'s crust below them are|
isostatically depressed, placing the
actual landmass thousands O feet
below sea-level. As the ice melts and |
the weight is removed, the landmass
‘will slowly rebound and rise back up to
sea-level. Both the Antarctic lce Sheet
and Greenland Ice Sheet are over 9800
feet thick in some places, and the on\y\

landmasses exposed are the highest
reIeVation mountain peaks. K
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