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Assembly of Pakistan The area is spread over that the major cause of subsidence of
RR52 acres and provides civic facilities 10 the tank could be 100, possibly triggered
millions of residents, mlgiﬂﬁ!hlﬁIl‘lﬂIh in DHA
order 10 provide the residents wi flon arcas. The soil of the ares has high
mﬁnlmhmﬁwuﬁ tendency to liquefy as it is rich in water with
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m&\ﬂmnwnﬂfhﬂ:\hiuﬂm
s Cosstal geology with Beach Sand Deposits
Q) found along the Arabian Sea. The Sand
Bar Deposits (Qsd) and Coastal Sand Dune
Deposits (Qesd) are widely distributed through
mthcmuhhlhhlupuwhm
Deposits (Qus) in the North East. The details of
these deposits are:
Beach Sand Deposits

These are modium o coarse grained,
unconsohidated sand with pebbles and broken
shells. These have been marked but keep on
shiftung by wind into small coastal dunes.
Sand Bar Deposits

Thrumuﬁml’mnﬂmnm:mmin

Several water tanks have |been
constructed in the area, the sub surface geology
is mainly influenced by recent coastal deposits,
details of the sub surface geology of each tank

and location is given in Table 1.
Coastal Sand Dune Deposits
Table L. Locations of water tanks and the sub surface lithology.

Sevial Coordinates | Location & Remarks Subsurface Lithology _

1| NI4T SS6EET48.387 r:':s:“:t Beach sand deposits Sand bar deposits

2| NMUSI99EET03TR Phase 6 Coastal Hd:;m :lg:uun'uﬁ-dhu

3| NMU49.020E6703.180 Phase § umru-w swamp

fa | NIMYOSEETOLAT Phase 5 Manchar ﬁ"w swamp
4 N24'49.128.E67703.1T2 Phase § Manchar hw: swamp
{ 5 | N24°49.552E6T'04.166 Phase 7 Gaj mm“':wl swamp
6 | N2TSOSITEST0AN2 m:. Gaj Formation

7 | N24°47.610,E67°04.092 Phase 6, Inchad Mﬂﬂw Sand bar
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Materials and methods Grain Skee
Sediment samples collected from 200 grams of each sample was taken for
’ Ok ' sieving using the sieve shaker set. The grain size

System ' i | L The
(GPS), from a depth of 3 fect. These mmnmmmTlﬂt
samples were snalyzed in the laboratory for the cumulative curves drawn from this data are

following parameters. illustrated in (Fig.2).
Table L. Result of Grain svize snalysis
Graim Sire Sample | Sample 1
Weight | Weight | Comulstive | Weight Weight | Cumulative
O MR o | % % (gm) . "
o | | 0 oo 0o 0 0.0 0.0
-1 10 02 0.1 ol 02 0.1 0.1
0o 1} 1.2 0.6 a7 09 D45 0.55
1 35 54 27 34 64 12 175
2 &0 i 15 ie 48 14 615
] 120 1.2 54 1.5 9.5 4.75 109
4 2% 3 4558 7.8 1034 51.7 626
- | Pan B7 4238 95 0.7 1538 97903
Fig 1, Cumulative grain size data

100 00

" 0

-i 80 .

Fnm " T4

j : ] :

= 4 ]

.‘ '1

» 9

x »

1 ey

'-:'1 ® v 2 3 & Tt T T

. 5 49 2 1 0 1 2 3 4 8

Simpe 1 Genin SinefPrv) Sampile 2 Grain Bire Phi)


https://v3.camscanner.com/user/download

Eurthgucabe shox by amd liguefoction

Sorting

The samples were found 10 be
moderately sorted, it was determined by the
formula
(DBA- D16V + (DOS- DSY6.6  (Folk, 1980)
The Standard Deviation determined is 0,84 @,

Water content

10 grams of each sample was taken afier
coning and quartering, and was placed over
night in an eleciric oven at 100°C. The
difference in the weight revealed that the
average waler content present is 1 7.85%,

Clay Content

10 grams of each sample was taken and
100 ml of water was added, the sand was
allowed 1o setile and was scparated by
decantation process, the remaining solution was
dried in the oven. After the water had

the clay left was weighed which was found 1o be
0.1% 10 0.2 % in mass.

Mineralogy

micas and some calcareous grains. The graims
were moderately to well rounded, poorly packed
with cementation almost absent.

Core Density

A diter cylinder weighed in the
laboratory was taken to the site and drawn 2 feet
inside the ground, it was again weighed and the
mass of the soil collected was calculated, the
density of the soil was calculated to be 1,39
gm/ltr,

Soll Classification

The grain size data reveals that the
samples contain an average 38.67 % Silt and
59.77 % of Sand. The samples were classified as
Silty Sand, (z5) (Folk, 1980) (Fig 3).

Fig. 3. folk classification of soll (Folk, (1950)
SAND

PERCENTAGE OF SILT/ICLAY

4, Discusslon and conclusions

Different parameters and  analyzed
results have been discussed below which reflect
the behavior of ground which includes: location
of ground waler table, soll type, soil relative
demity, particle size gradation, panticle shape,
depositional environment of soil, soil drainage
conditions, confining pressures, aging and
cementation of the soil deposits, the intensity of
ground shaking and its duration.

The soil may loose its strength and
liquefy due 1o the loss of effective stress during
carthquake vibrations if it as uniformly graded
with a grain size less than 0.7mm (Toay, 1994).
The analyzed samples of soil revealed that

99.37 % of the grains are of the size less than
0.7 mim.

Sandy and silty sands are most prone 1o
liquefaction (Environment C fact sheet,
2006), the samples collected from the collapsed
tank site are classified as  Silly-sand,

The density of soil is an important factor
in the evaluation of its strength. Saturated, low

density soils have the highest potential to liquefy
(Moffat, 2007). Poorly packed sands with low
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relative densily are mare susceptible to liquefy
(Tony, 1994),The soil samples collected are
saturated and have a low density i.e. 1.39 gnv/It.

The liquefaction potential of soll is
greatly influenced by the particle arrangement.
Pootly graded, well rounded grains increases the

water pressure which increases the
susceptibility of soil 10 liquefy (Mofiat, 2007).

The soil samples analyzed were moderately
sorted , rounded to well rounded | poorly
packed with cementation almosi absent.

A soil deposit consists of an assemblage
of individual soil particles, the weight of the
overlying soil particles produce contact forces

between the parlicles - these forces hold
individual particles in place and give the soil ju

strength (Fig. 4 n, b).

(Fig. 4, (After Jorgen, 2000)
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(a) Soil grains in a soil deposit, with blue
color showing the pore waler pressure

(b) The lengths of the arrows represent the size of ‘
the contact forces between individual soil grains. |

The contact forces are large when the pore waler
pressure is low.

Figdc. Arrows shawing Small contact
force between the grains
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An increase in waler pressure which
reduces the contact forces between (he
individual soil particles, thereby softening and
wenkening the soil deposit. Contact forces

become
pressure. (Fig 4¢), in some cases, the pore
pressure may become so high that many

small because of the hl.:h_';'

L

Ls

soil particles lose contact with each other
soil will have very little strength, and

behave more like a liquid than &
(Jorgen, 2000),

The samples collected from the 10

contained average 17.85 % waler,

will

Arabian Sea coast at a distance of 300 @
Saline water also plays an important role

s0il behavior. The water contents are
the close proximity of the sea as well a8
water that may have also change

high ¢
the
o the

salinity. The local conditions are favorable

the increase in the pore water pressure
table in the area is as shallow as

34 me!

Liquefaction has been abundant in ares *

ground water lies within 10 meters of the ¥

surface (Hussain ef al,, 2004).
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Reclamed lands, wind-deposited soils,
of sites comprised pnmanly of sedimentary
deposits are all a1 a higher risk 1o liquefy.
(Moftat, 2007) The Coastal zones of Karachi
specially DHA and Clifion areas have been
developed on reclaimed land, this un-natural
process of regressing the coast is still underway
with an efficient pace. Uncomsolidated loose
sand deposits are found 10 an average depth of
33 meters in these areas

Sands may liquefy duning periods of
carthquake due 10 the propagation of seismic
waves through the grains (Tony, 2002), the
revdents of Defence Housing Authority and
Clifion have been experiencing sersmic jolis in
which the energy propagates from South 1o
North, Due 10 un-availability of seismic stations
no records are present but the residents have felt
intense shaking produced due 10 the unknown
phenomenon responsible for producing these
jolts

Durng an  eanhquake, significant
damage can result due 1o instability of the soil in
the area affected by internal seismic waves, The
sorl response depends on the mechanical
characteristics of the soil layers, the depth of the
water table and the intensities and duration of
the ground shaking. I the soil consists of
deposits of loose granular materials it may be
compacted by the ground vibrations induced by
the canhquake, resulting in large settllement and
differential settlements of the ground surface.
This compaction of the soil may result in the
development of excess hydrostatic pore water
pressures  of sufficient magnitude 10 cause
liquefaction of the soil, resulting in settlement,
tilting and rupture of structures (Bertero,1997).

In recent times, shocks have been felt in
the area of DHA and Cliflon which seems 1o be
responsible  for  causing  liquefaction,
synchronized with collapse of the fank
Significant damage can result due 1o instability
of the soil in the area aflected by internal
seismic waves. The soll response depends on
the mechanical characteristics of the soll layers,
the depth of the water table and the intensities
and duration of the ground shaking, as discussed
above. If the soil consists of deposits of loose
granular materials as of the coastal deposits it

may be compacted by the ground vibrations
induced by seivmic shocks, resulting in large and
differential settlements of the ground surface. It
iv concluded that the subsidence of the water
tank took place due to the liquefaction which
was triggered by the local seismic activity which
is being felt by the residence of Defence
Housing Authority and Clifton areas.

- 8 Recommendations:

Several hundred of thousand people
live in Defence Housing Authority and Clifion
areas along the coastal belt of Karachi. High rise
residential buildings of Clifton and The Sea
View Apaniments Township are the most
venerable localities 1o natural hazards specially
to hquefaction. It is recommended that the
following steps should be taken immediately.

* A network of seismographs should be
installed through out the area in order to

. Studies should be under taken in order to
exploit the ground strength for various
layers through out the area which should
include the Standard Penetration Test
(SPT), Cone Penetration Test (CPT) and
& data-base should be developed for
these geo-technical information which
should be applied while planning the
construction.

*  Liquefaction hazard maps should be
developed and made public.

. Standards for constructions should be
designed and implemented.

. The buildings constructed in the past
should be inspected and checked
thoroughly for strength and the subsoil
conditions, reinforcements  should be
applied to the buildings or the soil as
necessary.

. It had been observed that old buildings
and water storage tanks were fitted with
advertising hoardings and cellular phone
antennas which might be responsible for
extia load on the structure and may
become fatal.
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