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Abstract. The most common cause of ground failure during earthquake is the
liquefaction phenomenon. This paper deals with estimating the liquefaction po-
tential of soils obtained from difficult terrain condition with high degree of soil
heterogeneity. Case study of Shahpurkandi Dam, Punjab have been considered,
studied and presented. Samples of sandy soil collected from foundation with
depth ranging from 8.5 to 20.0 m were studied for grain size analysis, relative
density, liquid limit, plastic limit and plasticity index and discussed in this paper.
Undrained cyclic simple shear tests were examined on saturated specimens with
confining pressure ranging from 0.1 to 0.4 MPa for determining cyclic strength
to cause liquefaction. Seed’s procedure has been used to find out cyclic stresses
induced by different earthquake magnitude of 6.0 and 8.0 with their respective
peak ground acceleration (PGA) value of 0.17 g and 0.20 g. It is observed that
the cyclic strength in all the cases is more than the cyclic stresses induced. Hence
the foundation is not susceptible to liquefaction except for depth at 8.50 m for a
magnitude 8.0, where sand deposit is found to liquefy. To avoid liquefaction, it
was suggested to consolidate the foundation, so as to increase the cyclic strength
to nullify the liquefaction. Higher PGA value of 0.24 g was also employed to
understand liquefaction potential at various depths. Therefore, cyclic strength of
soil should always be more than induced cyclic stress to conclude that the deposit
is sufficiently dense and not susceptible to liquefaction.
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1. Introduction

Liquefaction phenomenon on the deposit of sand was first explained by Casagrande in
1936 with the help of critical void ratio. He explained that when deposits of sand having
void ratio larger than critical void ratio, it tends to decrease in volume when subjected
to shear. Dense sand having void ratio less than critical void ratio, under similar condi-
tion tends to dilate. The void ratio at which no change in volume occur when subjected
to shear is called critical void ratio. If the stress remains constant and drainage is pre-
vented, the pore water pressure increase and effective stress decreases. This will reduce
the shear strength of soil. When the shear strength is reduced to a value less than applied
shear stress, the soil may fail in liquefaction. Liquefaction can lead to many types of
failures, such as loss of bearing capacity in foundation soil, floating of buried struc-
tures, spreading of soil in lateral direction, dislocation of retaining structures, sinking
or tilting of structure, landslides etc.

Critical void ratio may not be sufficient to justify liquefaction potential of sand layer.
There are many other factor responsible like confining pressure acting on sand layer,
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intensity and duration of ground shaking etc. Critical void ratio is a variable value and
changes with change in confining pressure. Effect of volume change in dynamic con-
dition is much different than static load condition simulated in direct shear or triaxial
shear test [1]. Loading in dynamic condition can be best realized in laboratory test like
cyclic simple shear test having smooth rotation of principal stress direction.

India has a huge hydro-power potential and major portion of which is still unexploited.
There have been tremendous efforts for water resources development projects for har-
nessing hydro-power. Most of the sites are situated in the Himalayas, the majority of
which lies in the zone IV & V of the seismic zonation map of the country [2]. Over 59
% of India’s land area is under threat of moderate to severe seismic hazards [3]. There-
fore liquefaction potential and dynamic soil properties are needed for the design of a
large number of civil engineering structures situated in seismically active areas which
are subjected to dynamic loads One such case study of Shahpurkandi Dam, Punjab has
been presented in section 7 where inference of laboratory test to cyclic stress induced
due to the earthquake has been compared to bring out the susceptibility of soil to lique-
faction.

There are many variations of dynamic tests to evaluate liquefaction testing and  dy-
namic properties and the user should select the one that is most accurately simulating
the conditions in the field. One of the methods describe in this paper is the cyclic simple
shear test. This test has advantage over other test in terms of inducing cyclic shear
stresses that reverse direction many times during the earthquake. Also it simulates the
smooth and continuous rotation of normal stress during shear.

2. General Concept of Ground Shaking

Consider stresses acting on soil element without ground shaking as shown in Figure
1(a) and with ground shaking as shown in Figure 1(b).

A

(a)Without Ground Shaking (b)With Ground Shaking

Fig. 1. Representation of stresses on a soil element at rest and during ground shaking

When the ground shaking effect is not present, the initial effective stress on the soil is
equal to o™ which in term of vertical effective stress is equal to oy and horizontal effec-
tive stress equal to on=Ko oy, where Ko is the earth pressure coefficient at rest. When
the ground shaking is due to earthquake, a cyclic shear stress tn will be developed on
the soil element. Ground shaking reverses its direction many times during the earth-
quake, making it a significant factor in determining liquefaction potential.
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Hence, to understand liquefaction problem in the laboratory, it must simulate the com-
bination of constant normal stress and cyclic stress on the plane of the soil  element.
The onset of liquefaction depends on the application of a requisite number of stress or
strain cycles to which a soil is subjected.

3. Cyclic Simple Shear Device

3.1. Importance of Cyclic Simple Shear Device

The cyclic simple shear device is the most desirable machine for reproducing the effects
of an earthquake on soil samples. It provides a reasonable close simulation of the stress
induced on a soil element by one component of earthquake motion in the field i.e.,
horizontal acceleration (which is 0.5 to 0.67 times higher than vertical acceleration). It
is capable of reproducing stresses induced by earthquakes much more accurately than
the cyclic triaxial test. With simple shear device the principal stress directions on the
sample experience a smooth and continuous rotation during shear as it occurs in the
field. Expressing the data in terms of the cyclic shear stress and normal effective stress
on the horizontal plane is very much useful for engineering purposes.

3.2. Test Operation

Cyclic simple shear test is the most reliable =1
method for measuring cyclic shear strength of
undisturbed or compacted soil samples. It de- peer .
termines the number of cycles to liquefaction “*" ;
and dynamics properties. Test condition defines = Ak
the normal and shear stress acting on the top face porzonma TR :
of a specimen. Normal and shear load is meas- smacc | [ SN UGAG m.—|
ured with the help of vertical and horizontal ‘ =
load transducer. Bottom face of the specimen is ! Iy I
fixed and the radial strainon  specimen is zero., . .~ 1 P
Saturated sample is consolidated under anormal gise. | [ =19 ——
constant load. '

HORIZONTAL
LOAD TRANSDUCER

crCLIC

Schematic sketch of cyclic simple shear device girrs  [EES: o
is shown in Figure 2. Vertical actuator helps to §f,§§*g;§ T
keep the constant normal load during con- —JFig. Hiliagrammaticstch of ==
solidation phase of test and also permits applica- cvclic simple shear device
tion of force for consolidation increment. Once consolidation is complete, a horizontal
shear stress (cyclic shearing) is applied to one end of the sample through the pheumatic
actuator. The test procedure is based on the constant volume testing of soils. The sample
height is continuously maintained during shear to ensure constant volume. The cyclic
strength of a soil is determined based on the number of cycles to reach liquefaction or
double amplitude exceeds 10 % strain. Liquefaction results are 100 % change in excess
pore water pressure ratio under constant volume (i.e., excess pore water pressure di-
vided by effective vertical stress). Standard test method (equipment, specification and
testing procedure) for cyclic direct simple shear test is available in the ASTM code

published in 2019 [4].
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3.3. Limitation of Cyclic Simple Shear Device

Cyclic simple shear condition provides a better 77PN
evaluation of the liquefaction testing. The only y Oy
shortcoming is that the test cannot be made to im-
pose uniform pure stresses because only the top
and bottom planes are subjected to a shear stress
but the required shearing stresses in the field hap-
pen on both lateral as well as vertical plane in a
complex manner as shown in Fig 3. To reduce ef-
fect of non-uniform stress, size of the specimen is

prepared in a controlled height with diameter to _, Field . Simle Shea'r Device
height ratio of at least 4 to 1. Fig. 3. Expression of stresses in field

and in cyclic simple shear device

4.  Factors Affecting Liquefaction

There are number of factors affecting liquefaction occurrence, but the most important factor
which affect in the field are listed here.

1. Type of soil: Saturated fine sands are more prone to liquefaction than coarse sand, gravel,
silts or clays. Uniformly graded sand is more vulnerable than well graded sand. Liquefaction
may not occur when there is a substantial amount of silt in sand. But medium to fine sand is
more susceptible to liquefaction; especially in the upper deposit of 5 m.

2. Relative Density: Soil in a denser condition may not liquefy, but same material in loose
condition may liquefy. In dense sands, both pore water pressure and settlement are consid-
erably less than those in loose sands. Chances of liquefaction are extensive when RD is less
or about 50%. But when RD is > 70 %, number of cycles to cause liquefaction or 10%
double amplitude, strain increases significantly.

3. Confining pressure. Presence of confining pressure increases the shear stress required
to initiate liquefaction under cyclic load. The transfer of stress from soil particles to the pore
water is delayed. Thus sand deposit would require higher intensity vibration for greater du-
ration. In Niggata (Japan) earthquake, at various locations, soil remains stable under depos-
ited fill, but similar surrounding soil without fill liquefied largely.

4. Intensity (magnitude of stress or strain) induced due to ground shaking: Ground
shaking intensity depends upon earthquake magnitude, distance from energy source and
max. ground acceleration. Therefore its assessment must be considered an important factor
in determining the occurrence of liquefaction. Past earthquake in Japan has shown that lig-
uefaction occurred whenever ground acceleration is in excess of 0.13 g [5].

5. Requisite number of Stress or strain cycle induced due to ground shaking: Char-
acteristics of ground shaking like vibration velocity, acceleration, amplitude and frequency
are important. Liquefaction usually occurs only after a certain number of vibration cycles
are repeated which depends upon the duration of ground shaking.

The occurrence of liquefaction is also affected by many other factors such as soil properties,
grain characteristics, age of soil deposit, local geology etc. The likelihood of the ground to
liquefaction increases if the ground is a loose sandy deposit, the ground water table is shal-
low, the ground is saturated and the earthquake intensity is high and for a longer duration.
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5.

Various Methods to Assess Liquefaction Potential

Various methods to assess liquefaction potential are presented in Table 1.

Table 1. Various methods to assess liquefaction potential

Sr  Methods to pre- Procedure
no dict liquefaction
Simplified pro- A comparison of the cyclic shear stresses induced by the earthquake
cedure  devel- With those required to cause liquefaction in the same number of stress
oped by Seed cycle obtained in laboratory test. This determines whether any zone
1 and ldriss.1082  ©xists within the deposit where liquefaction can be expected to occur
[6] ’ as shown in Figure 4. When the induced stresses exceed those required
to cause in the laboratory is the indication of liquefaction.
The grain size curve of the soil at the site can be incorporated in the
Grain size char- Standard gradation curves for liquefiable and non-liquefiable soils to
2 acterisation find out whether a particular type of soil falls between the boundaries
for most or potentially liquefiable soils.
One dimensional  Ground response analysis is used to obtain the induced dynamic shear
wave propaga- stresses. The liquefaction can be estimated by comparing the equiva-
3 tion theory lent uniform cyclic shear stress obtained from the ground response
analysis to the laboratory cyclic shear strength of the soil.
Empirical methods involve estimation of liquefaction potential based
4 Empirical meth- on histories of sites where liquefaction did or didn’t occur during pre-
ods vious earthquakes. The SPT value or cone penetration resistance is
used to differentiate between liguefiable or non-liquefiable soils.
6. Methodology Adopted to Evaluate Liquefaction Potential

Simplified procedure by Seed & Idriss is adopted
to investigate liquefaction potential of Shahpur-
kandi Dam Project, is presented in section 7.
Complete evaluation is necessary since soil prop-
erties do not change appreciably until liquefac-
tion is eminent. Accordingly Seed and Idriss has
developed simplified method for assessing in-
duced stresses (i.e., average cyclic shear stress)
due to earthquake motion which is adequately re-
liable for many practical purposes. Procedure of
this method is presented in

Laboratory test are conducted either on the cyclic

CYCLIC STRESS

ZONE OF
LIQUEFACTION

<—DEPTH

CYCLIC STRESS CYCLIC STRESS

INDUCED FOR CAUS ING

N CYCLES BY. _—LIQUEFACTION

EARTHQUAKE IN N CYCLES

MOTI0NS (FROM TESTING
PROGRAM)

Table 2.

Fig. 4. Comparision of cyclic stress induced
vs. Cyclic stress causing liquefaction

simple shear device or cyclic triaxial shear device to obtain cyclic resistance ratio
(CRR) with respect to number of stress cycles to cause initial liquefaction. The approx.
number of significant stress cycle, N corresponds to the earthquake magnitude [5]. CRR
with respect to significant number of stress cycle is then employed to find out cyclic
strength at various depth of soil deposit. Liquefaction potential is assessed by compar-
ing the average cyclic shear stress induced by earthquake motion with cyclic strength
obtained from laboratory test program (See Figure 4). The procedure has limitation that
it uses the loading as average equivalent cyclic stresses and the uncertainty of CSR
increases with depth dependent stress reduction factor (rq), when used to simplify cal-
culation.
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Table. 2. Assessment of cyclic stress by seed’s simplified formula

Steps

Procedure

Maximum cyclic shea
Btress, tmax

Step 1

Consider the max. ground horizontal acceleration (amax) for
soil coulumn at depth h for rigid body (r) as shown in Fig. 5a.

y = Unit weight of soil, g = Acceleration due to gravity

(tmax)r = ('Y h/g)*amax

Step 2

Soil column in the field, behaves as deformable body (d). Ac-
tual shear stress at a depth h will be less than above equation
as shown in Fig. 5b.

re= Stress reduction coefficient. This will decrease from a
value of 1 at the surface to much lower value at larger depth as
shown in Figure 5c.

(‘Emax)d =Id (‘Cmax)r

Step 3

For practical purpose, average equivalent uniform shear stress
(induced cyclic stress) is taken as 65 % of the maximum cyclic
shear stress. tmax in the irregular stress cyclic is  normalised
t0 Tavg S shown in Fig 6.

Tavg ~ 065('Y h/g)*amax*rd

Step 4

Appropriate number of significant stress cycle, Nc¢ is decided from duration of groung

shaking and magnitude of earthquake

Step 5

Liquefaction potential is assessed by comparing the cyclic shear stress induced by earth-
quake motion with cyclic strength obtained from laboratory test program

(a) Tmax of Rigid body

Maximum Shear Stress

an‘lax._..

Depth
1

(Tu.mx)r = ('Y ]]/'g)*ﬂmax

g -

ok
(=]

Depth-feet

o (rma:).—

\7\/%} < (Tmaxlg 1?;L

(b) Tmax of deformable body

Upward shearwaye

Range for
different soil
particles

r4— L Fmax)d
(Tmax)r

0.0 010303 04 0.5 0.6 0.70.8 0.91.0

Averase values

(c) Stress reduction factor

Fig. 5. Determination of maximum cyclic stress (Tmax) induced due to the earthquake

clic Stress

Fig. 6. Average uniform shear stress from time-stress history of earthquake
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7. Case Study of Shahpurkandi Dam Project, Punjab

Shahpurkandi Dam, a multipurpose major project [7-8] is being constructed on Ravi
River in Pathankot district, Punjab, 11 km downstream from the existing Ranjit Sagar
Dam. The project lies in seismic zone 1V as per the seismic zoning map of India [2]. It
is a 55.5 high concrete Dam with 206 MW power expected capacity and comprising of
7.70 km long hydel channel, 2 nos. head regulators and 2 nos. power houses. It is being
constructed to provide uniform release of water to Upper Bari Doab Canal, Kashmir
canal and Ravi Canal (J&K). Shahpurkandi Dam project is likely to be completed by
2023. Layout of the project is shown in Figure 7.

“*Ranjit Sagar Dam

§J=m-\m
D 15
)
y

Balancing Reservoir 15.38 MCM
(0.01246MAF)

J&K STATE

~Ravi Canal Head Regulator

e “ " Shahpurkandi Dam
NER g BT Hydel Channel Head Rezulator
e BOT ann

nan .
N n n Sbhabpurkandi

SPKPH NO1 Township

59 AW s

| T SPKPENO2  'spanpuriandi
! K PH purkandi
NERCHR iy Hydel Channel PUNJAB STATE

Fig. 7. Layout of Shahpurkandi Dam Project

The completion of Shahpurkandi dam is of utmost importance for optimum utilization
of Ravi water for power generation and irrigation. Shahpurkandi Dam will also act as
balancing reservoir for working of Ranjit Sagar Power Plant during the peak hours.
Reservoir capacity of the project when completed will be 9.47 million cum. Construc-
tion work of Dam Project is shown in Figure 8.

¥

e

¥y

Fig. 8. Construction work of dam project
Keeping in view the importance of project, in 2008 Shahpurkandi Dam Project has been

declared as ‘National Project” by Ministry of Water Resources, Govt. of India with
various benefits presented in Table 3.
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Table 3. Benefits from the Shahpurkandi Dam Project
Sr. Benefits from the Shahpurkandi Dam Project
1 Project will create irrigation potential of 5,000 ha. in Punjab State and 32,173
ha. in J&K State

2 Project will deliver electricity and irrigation worth Rs 850 crore annually and
to fully utilize the Ravi water as per the Indus Water Treaty

3 Project will enable the U/s Ranjit Sagar Dam project electricity station to act as
a peaking station, besides having its own generation capacity of 206 MW.

4 Shall produce 1042MU of electricity annually.J&K will share 20% busbar rate

5 To act as balancing reservoir for optimum utilization of releases from Ranjit
Sagar Dam Project. Boost intensive irrigation for 3.48 lakh ha.of UDBC system

6 Shall regulate and ensure uniform supplies to downstream Upper Bari Doab
Canal (UBDC), Kashmir Canal and High Level Ravi Canal (J&K)

8 Project will provide silt free water to existing and proposed power houses
9 Development of tourism, recreational facilities and fisheries
10  Overall socio economic development of area

7.1. Laboratory Investigation

Sand layers were encountered at various depths of foundation near the left abutment of
the Dam. Project authority felt that this material might liquefy under earthquake motion.
To verify the susceptibility of sand deposit to liquefaction, laboratory investigation was
conducted on the sand deposit by CSMRS [9-10]. Laboratory investigation consisted
of determining index properties of soil and results from cyclic simple shear test. Details
of laboratory results collected from CSMRS records are discussed here.

7.1.1. Index Properties of Soil 100 /
To identify and characterize the soil, fol-

lowing index properties were determined. /
termine gradation of particle size. The gra- /
dation for three tested samples varied in the

range from 0.002 mm to 4.75 mm and two —

tested samples varied from 0.002 to 2.0 mm. o

Gradation curve of one of the sample is pre-| %®1 oo 0l 1; .
) i article Size (mm)
sented in Fig 9. Fig. 9. Girain Size Distribution

oo
=

en
=

Grain Size Distribution: Grain size analysis
was conducted as per 1S 2720-Part 1V to de-

r=
=

Percent Finer

r
=

Liquid and Plastic Limit: Liquid limit was conducted on Casagrande’s device varied
from 26.1 % to 30.5 % and plastic limit varied from 19.7 % to 22.5 % and Plasticity
Index varied from 4.3 to 10.8. Based on the grain size distribution and atterberg’s limit,
soil samples falls under silty sand classification. In 1925, Sheffield dam, with silty sand
foundation failed completely in magnitude of 6.3[11].

In-situ Dry Density and Nominal Moisture Content: From the field data, in-situ dry
densities varied from 1.50 to 1.68 gm/cc and nominal moisture content varied from 8.7
to 14.4 percent.

Relative Density test: The maximum density of the sample varied from 1.66 to 1.73
gm/cc and min. density varies from 1.21 to 1.31 gm/cc. Results of RD from maximum
and minimum values with respect to in-situ density varied from 50.6% to 79 %.
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7.1.2. Cyclic Simple Shear Test

Cyclic Simple Shear test was conducted to evaluate the cyclic strength and liquefaction
potential study of sand layer at various depths. Tests were carried out on saturated
specimen of dimension 75 mm dia. and 20
mm height. These tests were carried out on
soil specimens initially packed at 50 % rela-
tive density. Once the sample is packed, all
the specimens are then saturated by passing
water so as to achieve higher saturation.
Specimens are then isotropically consoli-
dated to an effective confining pressure rang-
ing from 1 to 4 kg/cm?. After the consolida-
tion stage, cyclic shear test was carried out by
stress controlled method. A cyclic horizontal
shear stress was then applied to the specimen
with drainage prohibited. Each specimen was
tested with varying cyclic shear stress. The
plot obtained for applied cyclic horizontal
load, horizontal displacement and pore water 3

pressure of the specimen is recorded as i WL‘O'aﬂ‘:'w\ro
I | “
l

w

(8

Pore Water Pressure, ’;g/\imZ
L}
|

]

8]

Shear Displacement, mm

shown in Fig. 10 2 oo ‘hfl"'ﬁ I 'MM UHM ’ﬁ |

. . 3 o AR | il
The number of cycles required to liquefy the = of! i) \; ‘1I' |'” il ‘ " n H,"F
soil samples in each case was noted from test = '° ,ll ;‘ ‘\ ”[ I il ‘\ ‘ ‘lh M “H"‘
lot. Graph is plotted b lic re- = 2| “" M (LA
p.Ot' raph 1s plotted between cyclic re- = v\\mi vim;'rl «\l “l}“llrl &Hll“l 'M
sistance ratio (CRR) and number of cycles to Nuniber 6fCyelo, N
initiate liquefaction for samples tested at dif- Fig. 10. Tlest record from a cyclic simple
ferent confining pressure as shown in  Fig shear fest
11.

030 8, 0.24) (N, CRR)

7.2. Assessment of Liquefaction
potential based on DBE 0.20

CRR vs. Number of cycle curve as shown
|n Flgure 11 |S Used tO flnd CRR Va|Ue W”:h‘]“:I [ ] fRR'I.'fs N ourwe to initiate ligue faction from aboratory
respect to significant number of stress Cy- 1 o chRvaiue comesponds to significant N cycles of 0
cles generated or assumed for a particular e o ooy

earthquake magnitude. CRR value is then

(26, 0.19)

1 10 00 1000
employed to find out cyclic strength at var- Fig. 11. CRR ({7, /0, ) ufs Number of cycles (i)

ious depth of soil deposit. Cyclic strength values are compared with the average cyclic

shear stresses induced by earthquake motion obtained from seed’s simplified method).

The detail procedure of simplified method is explained in sec 6.

For the analysis of initial liquefaction, two different magnitudes corresponding to peak
ground (horizontal) acceleration (PGA) were adopted as shown in Fig 12. PGA values
were considered based on the concept of Design Basis Earthquake (DBE). c/on

Accordingly, stress cycle selected for corresponding earthquake magnitude of 6.5 is 8.0
and for magnitude of 8.0 is 20 [5-6]. The cyclic resistance ratio from laboratory plot
corresponding to particular cycle of 8 and 20 is 0.24 and 0.20 respectively.
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PGA and stress reduction coefficient is used to find out average cyclic shear stress in-
duced due to ground motion and CCR value from laboratory is used to find out cyclic
strength of soil.
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Fig.12. Comparision of cyclic strength with cyclic shear stress

It is observed from the Figure 12 that cyclic strength of soil at different sampling depth
is more than the average cyclic shear stresses induced due to PGA of 0.17 gand 0.20 g
at respective depths except from 8.5 m to 10.5 m depth at PGA 0.20g. To avoid lique-
faction at this depth of foundation near the left abutment, it was suggested to consolidate
the foundation, so as to increase the cyclic strength to nullify the liquefaction. However,
since the sand deposit is confined by dense boulder material, the effect of liquefaction
would be localised.

7.3. Assessing Liquefaction Based on Zone Factor

Following points are considered in assessing the liquefaction potential based on zone
factor value of 0.24 g.

1. Location of Shahpurkandi project w.r.t earthquake hazard map falls in the close vi-
cinity of seismic zone V and close to epicentre having earthquake magnitude greater
than 8.0 as presented in Figure 14.

e
{

i 'L;gshahpur :
~ Kandi '} é B
@ >8.0

NDMA website [3]

4 e Kagenn
Location of project is in
Zone 4 (In close vicinity to

Zone 5) (IS 1893-2016)

OEpiéenter >8.0

Location (IS 1893-2016)

of Project

Fig. 13. Location of the project with respect to Earthquake hazard map

2. PGA value of 0.17 g and 0.20 g (in sub-section 7.2) was considered for analysis
with respect to Design Basis Earthquake (DBE) in the year 1992. Subsequently PGA
value of 0.31g for Maximum Considered Earthquake (MCE) condition for Shahpur-
kandi project was approved in National Committee on Seismic Design Parameters
(NCSDP) for river valley projects in 2006 [12], considering the seismo-tectonic set-
up of the region and regional geology.
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3. Design horizontal seismic coefficient or PGA was much relied on DBE which was
assumed half of Maximum Considered Earthquake (MCE). Both the definition and
concept of DBE and MCE which was the design concept in old IS code [13] was
dropped in the revised 1S 1893-Part 1, 2016 [2].

4. With new revision in 2016, designer is reg- Table 4. Feifzmic Lane Facter

ulated to adopt actual value of A, from the I5 1883-Fart 1: 2016
equation given in code or when the depth  Soimic Zone Factor 11 10 v v
of deposit is less than 30 m, then A, value (1) @) @) M) (5

shall be interpolated between A, and 0.5
A (for depth > 30 m, An is half of value
obtained from equation).

Zz 0.10 .16 0.24 0.36

e L Cyclic Shear Stress/Cyclic Strength (kg/cm?
5. IS code specifies seismic zone factor of y o gth (kg/em’)

0.24 in zone 1V [2] as shown in Table 4.

6. ICOLD, 2018 also specifies PGA value
of 0.29 g as a Design Basic Level and
PGA 0.54 g as Maximum Credible Level
[14].

Examining the above points and considering
the importance, benefits (see Table 3) and
service life of Shahpurkandi Dam Project in
seismic zone, PGA value of 0.24 g is taken
to study the liquefaction potential of soil de-
posits as shown in Figure 14. It is observed
from the analysis that all the depths are un-

der the zone of initial liquefaction for higher  Fig, 14. Comparision of cyclic strength with
magnitude > 8.0 and PGA value of 0.24 g. cyclic shear stress induced (PGA 0.24 g)
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8. Conclusion

Seed & Idriss simplified procedure has been used to assess initial liquefaction at various
depths of sand deposits at left abutment for Shahpurkandi Dam Project. It is observed
that for PGA value of 0.17 g, cyclic strength of soil is more than the induced cyclic
shear stress and deposits are not susceptible to liquefaction. For PGA value of 0.20 g,
sand deposits are not susceptible to liquefaction except at depth from 8.5 m to 10.5 m
where sand lenses are found to liquefy. Based on the analysis made on the higher PGA
value of 0.24 g, it is observed that induced stresses are higher than cyclic strength at all
depths and sand lenses at 8.5, 16.5, 19 and 20 m are prone to liquefaction. In such cases
it is important to treat key location of area with remedial measures so that structure
withstands a strong earthquake without any major damages. Suitable measures like
providing drainage for release of excess pore water pressure and lowering water table
are required to keep the foundation soil free from saturation. In case of loose or unsuit-
able soil strata in foundation any of the treatment like densification, solidification, soil
replacement, strain restraint method etc may be helpful to mitigate the effect of lique-
faction. Therefore Assessment of liquefaction potential of foundation soil is important
so that essential remedial measure can be taken in advance stage to mitigate its effects.

It is to mention that seismic zonation map has been revised time and again with respect
to the actual occurrence of earthquake and damage associated with it, which was
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underestimated previously (e.g. Koyna, 1967; Killari, 1993; Jabalpur, 1999 and Bhuj,
2001; Strong ground motion in eastern coast area and in A & N). Due to increase in the
size of population and urbanization, damage risk from earthquake hazard is much
higher even for a moderate magnitude and its after affects could multiply. Therefore
design process should guarantee dam safety without any causality in the downstream.
Low to moderate earthquake magnitude (M 4.9 to 5.9) may bring instability and dis-
tress to dam site which may get unnoticed. Good observation of dam site after the low
magnitude earthquake may help in anticipating dam safety at higher magnitude by cor-
rective measures. It is important that observations of PGA record with respect to site
specific spectra (from seismic instrumentation) of actual events from the nearby
field/dam site are monitored for safety analysis and comparison.
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