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Soil Test Report of Chovar-Patan-Chapagaun Underground 132 K.V. Transmission Line Project

1. GENERALINTRODUCTION

This geotechnical investigation report is prepared based on the site
exploration and laboratory test results carried out by Expert Testing PVT. LTD, Bafal
lalitpur for proposed new Patan sub-station at Lagankhel for the Chovar-patan-
Chapagau underground 132 KV transmission line project. The investigation
characterizes the subsurface conditions and develops the necessary requirement for
the proposed safe bearing capacity of the foundation. The Proposed Project area is
located at about 250m SW of lagankhel bus park and 230m South of Patan Hospital,
in Lalitpur metropolitan cit5r, as in figure L.L and 1..2.

Figure 1 - 1 a Topographic map of the of the project area

EXPERT TESTING LABORATORY PVT. LTD
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Figure 1-2 Map of soil investigation area

The investigation characterizes the subsurface conditions and develops
the necessary requirement for the proposed safe bearing capacity of the foundation
and other properties of soil. The soil investigation work was carried out between first
and second week of Decemb er 202L. The total quantity of soil investigation included
one borehole of 20m depth as per agreement. Standard Penetration Tests (SPTJ was
conducted at L.5m depth interval to furnish the compactness of the soil strata at field.
Disturbed and undisturbed samples were collected for further laboratory
investigations.

EXPERT TESTING LABORATORY PVT. LTD
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2.

Soil Test Report of Chovar-Patan-Chapagaun Underground L32 K.V. Transmission Line Project

SCOPE OF INVESTIGATION

The scope of work includes the following:

o Making 100 mm nominal diameter bore holes each of 20.0 m depth at three
specified locations using suitable approved method of boring.

o Conducting standard penetration tests in the bore holes at 1.50 m interval in
depth & at everychange of strata, whichever is earlier.

o Collectingundisturbed soil samples from bore holes at 3.00 m interval in depth
(if possible forUndisturbed samplingJ or at every change of strata, whichever
is earlier.

o Collecting disturbed soil samples from bore holes at regular interval and at
every identifiablechange of strata to supplement the boring records.

o Recording the depth of ground water table in all the bore holes if observed up
to the depth ofexploration during boring work as per specifications.

. Conducting the laboratory tests on selected disturbed / undisturbed soil
samples collected fromvarious bore holes.

o Preparation and submission of reports which includes Drill logs, Results of in
situ and laboratory test, Assessment of liquefaction Susceptibility, Assessment
of bearing capacity, Analysis of ground improvement techniques and
Recommendations of foundation type and depth.

METHODOLOGY

3.1 Desk Study
Site conditions, topographical and geological characteristic of the project

area were collected from previous geotechnical investigation conducted nearby this
project, topographical map, and geological map. However, very limited information is
available for desk study as no geotechnical investigations nearby area are found and
comprehensive soil information system has not been established yet. The geology of
the proposed building site is comprised of the medium- to coarse-grained salt-and-
pepper sandstone with large cross lamination, calcareous sand lenses, convolute
bedding, dark grey siltstone, and mudstone (shrestha et al.201,9). Plant fossils are
also present in the finely laminated clay bed and upper portion of the investigated
area also comprises of mud- to sand-supported pebble to cobble conglomerates as

shown in Figure 4.1.

A seismic hazard map of Nepal at'L}o/o probability of exceedance in 50
years was used for seismic analysis of soil (Nepal National Building Code: L05:2020
(NBC-105 2020). A peak ground acceleration of 0.38 g is recommended for this site
(Figure4.S). On the basis of these past data's, a general criterion was developed for
rating the soil condition along proposed building area. However, those studies did not
focus on the site-specific design of foundation considering major geotechnical
parameters like liquefaction possibility, earthquake magnitude, ground amplification,
and peak ground acceleration, which are very important aspect for foundation

EXPERT TESTING LABORATORY PVT. LTD
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analysis. In general, as per previous nearby areas experiences, the proposed structure
seems to lie on non-liquefiable zone followed by medium stiff silty layer.

3.2 Field investigation

The proposed geo-technical investigation was performed to characterize
the subsurface conditions at the site, to evaluate the bearing capacity of foundation
soil and to recommend safe bearing capacity for differenttype of foundation including
the settlement analysis and the potential of liquefaction.

Field investigation work was carried out in March 5-14,202t Drilling
works were carried out using one set of percussion and rotatory drilling machine. The
sides of the boreholes were lined with L5Omm casing pipes.

3.2.L Standard Penetration Test (SPT)

It consists of driving a Split Spoon sampler with an outside dia. of 50 mm
into the soil at the base of borehole. Driving is accomplished by a drop of hammer
weighing 63.5 kg falling freely through a height of 750 mm onto the drive head. First
of all the spoon is driven 150 mm into the soil at the bottom of the borehole. It is then
driven further 300 mm and the number of blows [N valuesJ required to drive this
distance recorded Standard Penetration Tests ISPTJ were conducted in the boreholes
at 1.5 m intervals. The tests were conducted in accordance with IS: 2131-1981,
Summary of SPT test is given in Annex 1 of this report. Photo graph of SPT test is
shown in figure.

3.2.2 Sample Collection

Before any disturbed samples were taken, the boreholes were washed clean

to flush any loose disturbed soil particles deposited during the boring operation. The
samples obtained in the split spoon barrel of SPT tube during SPT tests were
preserved as representative disturbed samples. The disturbed samples recovered
were placed in air-tight double 0.5 mm thick transparent plastic bags, labeled
properly for identification and finally sealed to avoid any loss of moisture. Only then,
the samples were transportation to the laboratory for further investigation.

Undisturbed Sample are extracted by means of thin wall tube [Shelby tube).
The tubes are pushed into the ground and the samples are recovered mechanically.
The tube are sealed with wax and wrapped with airtight polythene sheets and then
bound by adhesive tapes and properly labelled. The tubes were properly packed in a
wooden box so as to minimize the disturbances during transportation to the
laboratory and avoided the changes of moisture content of sample. These sample are
used for the determination of strength and consolidation parameters.

ffi
EXPERT TESTING LABORATORY PVT. LTD
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3.2.3 Ground Water Table

Prediction of depth of ground water table needs the installation of
piezometers and regular monitoring of those for at least a year. Since, the time frame
and the installation are beyond the scope of the work, visual examination was
performed to find the depth. Ground Water Table IGWTJ was monitored as per bore
log sheets during the drilling. Ground water table was observed to be at 4m depth.

3.3 Laboratoryinvestigation

All the requisite laboratory tests were carried out in accordance with IS

standard specifications. Standard laboratory test was carried out to characterize the
soil strata. The laboratory test includes the following tests: Moisture Content, Grain
Size Analysis, Specific Gravity, Atterberg Limits, Direct Shear Tests, CBR test, free
swell tests and consolidation tests.

3.3.1 Natural moisture content

The natural water content was determined from samples recovered from the
split spoon sampler. Natural moisture content is determined referring IS: 2720 (Part-
2)-1,992. Summary of natural moisture content test is given in Annex 10 of this report
and moisture content at 4m depth is L0%.

3.3.2 Specific gravity

The specific gravity test is made on the soil sample which was grounded to
pass 2.0 mm IS sieve. Specific gravity is defined as the ratio of the weight of a given
volume of soil particles in air to the weight of an equal volume of distilled water at a
temperature of 20 oC. It is important for computing most of the soil properties e.g.,

void ratio, unit weight, particle size determination by hydrometer, degree of
saturation etc. This method covers determination of the specific gravity of soils by
means of a pycnometer. Specific gravity is determined referring IS: 2720 (Part-3)-
1992. Summary of specific gravity test is given in Annex 12 of this report and specific
gravity of soil at 4m depth is 2.44.

3.3.3 Grain size analysis

Grain size distribution was determined by dry sieving process. Sieve
analysis was carried out by sieving a soil sample through sieves of known aperture
size (e.g., 4.75mm,2mm, L.L8mm, 425,300,1"50 and 75 microns) by keeping one over
the other, the largest size being kept at the top and the smallest size at the bottom.
The soil is placed on the top sieve and shake for 10 minutes using a mechanical
shaker. The soil retained on each sieve was weighed and expressed as a percentage
of the weight of sample. Grain size analysis is determined referring IS: 2720 (Part-A)-
L992. Summary of grain size analysis test is given in Annex 9 of this report.

EXPERT TESTING LABORATORY PVT. LTD
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3.3.4 Atterberg limits

The physical properties of fine-grained soils fclay and silt) get affected with
water content. Depending upon the amount of water present in a fine-grained soil, it
can be in liquid, plastic or solid consistency states. The Atterberg Test was used for
determining the consistency of a cohesive [fineJ soil. The Liquid Limit is the water
content at which a soil has a small shear strength that it flows to close a groove of
standard width when jarred in a specified manner. The Plastic Limit is the water
content at which a soil begins to crumble when rolled into threads of specified size
i.e., 3mm. The water content determined at a stage when the rolled thread of soil just
starts crumbling. Three such tests and the average value of water content were taken
as Plastic Limit. The Plasticity Index is the numerical difference between the Liquid
Limit and the Plastic Limit. The liquid limit of the fine-grained soils was determined
using the Casagrande liquid limit device. A Plastic limit was determined using the
standard 'rolling the soil into a thread of 3mm' method. Casagrande plasticity chart
was employed to determine the classification of fine-grained soil according to the
Unified Soil Classification System. However, in this study, the Atterberg limit tests are
not applicable as the soil found in the site which were sand. Atterberg limits were
determined referring lS:2720 (Part-5J-1992. Atterberg limit test was conducted for
the soil samples with greater amount of fine percentage, summary of Atterberg Limit
test is given in Annex 13 of this report,

3.3.5 Direct shear test

The shear strength of a soil mass is its property against sliding along internal
planes within itself and is determined in this case to compute the safe bearing
capacity of the foundation soil. Direct shear tests were conducted on disturbed
samples collected from the three boreholes. The samples were carefully extruded
from the sampling tubes and molded using standard mould of 6.0 x 6.0 cm2 cross-
sectional areas and trimmed to 2.5 cm high. Solid metal plates were placed on both
surfaces of the samples to prevent the dissipation of pore water during shearing. The
direct shear equipment is mechanically operated, and shearing is applied at more or
Iess constant strain rate.

If the samples are cohesive, they will be sheared at a relatively fast rate
(duration of tests less than L0 minutesJ to maintain un-drained condition. The
samples were sheared at three different normal stresses (i.e., 5 kPa, 10 kPa, L5 kPa).
The direct shear test results are presented in terms of the failure envelops to give the
angle of internal frictions (0) and the cohesion intercepts (c). Direct shear tests were

conducted referring lS:2720 (Part-13)-1992. Summary of direct shear test is given in
Annex B of this report and cohesion and frictional angle observed from direct shear
test for sample of 4m depth is 2.523kPa and 30.49o.

EXPERT TESTING LABORATORY PVT. LTD
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3.3.6 Bulkand Dry density

Bulk and dry density is determined for samples obtained from split spoon
sampler and undisturbed samples referring lS 2720 (part-B)-1983. Summary of bulk
density test is given in Annex 1L of this report and bulk density at4m depth is L.67.

3.3.7 Free Swell Index Test

The possibility of damage to structures due to swelling of expensive clays
need be identified, at the outset, by an investigation of those soils likely to possess
undesirable expansion characteristics. Inferential testing is resorted to reflect the
potential of the system to swell under different simulated conditions. Actual
magnitude of swelling pressures developed depends upon the dry density, initial
water content, surcharge loading and several other environmental factors. Free swell
index determination of soil helps to identify the potential of a soil to swell which
might need further detailed investigation regarding swelling and swelling pressures
under different field conditions. It is determined for samples obtained from split
spoon sampler and undisturbed samples referring lS 2720(part-40) 1977 Summary
of free swell test is given in Annex 15 of this report and maximum free swell is
observed to be l-8.75% at 13.5m depth.

3.3.8 Laboratory determination of CBR

California Bearing Ratio (CBR) is defined as the ratio expressed in
percentage of force per unit area required penetrating a soil mass with a circular
plunger of 50 mm diameter at the rate of t.25 mm/min to that required for
corresponding penetration in a standard material. Tests are performed out on natural
or compacted soils in water soaked or un-soaked conditions and the results so

obtained are compared with the curves of standard test. It is determined for samples
obtained from split spoon sampler and undisturbed samples referring lS 27Zl(part-
t6) re87.

CBR %
correctedunit (or total)test load fromthe loadpenetration curve

unit (or total)standard load f or the same depth of penetration as per code

Summary of laboratory CBR test is given in Annex L6 of this report. And observed
CBR is 25.3760/o.

3.3.9 Determination of consolidation properties

When a compressive load is applied to soil mass, a decrease in its volume
takes place, the decrease in volume of soil mass under stress is known as compression
and the property of soil mass pertaining to its tendency to decrease in volume under
pressure is known as compressibility. In a saturated soil mass having its void filled
with incompressible water, decrease in volume or compression can take place when
water is expelled out of the voids. Such a compression resulting from a long time static
load and the consequent escape of pore water is termed as consolidation. Then the
load is applied on the saturated soil mass, the entire load is carried by pore water in

s
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the beginning. As the water begins escaping from the voids, the hydrostatic pressure

in water gets gradually dissipated and the load is shifted to the soil particles which
increases effective stress on them, as a result the soil mass decrease in volume. The

rate of escape of water depends on the permeability of the soil. It is determined for
samples obtained from split spoon sampler and undisturbed samples referring IS

27Z0(part-15) 1986.

Coefficientofconsolidationt,i=#fromsquarerootoftimeplot
Hav = ?v€r?ge specimen thickness for load increment (mm)
tso = time required for 90 % consolidation from square root of time plot

Summary of consolidation test is given in Annex t4 of this report. And coefficient
of consolidation for poorly graded sand at depth of. LZm is observed 0.0026 cmz f min,
for poorly graded sand with clayey sand at depth 18m is observed 0.0084 cm2fmin
and for clayey sand at 20m depth is observed 0.0093 cmz/min.

Data Interpretation and Analysis

After conducting desk study [study of available geological map of area, pervious soil
investigations in that area, and other maps, research papersJ, field investigation and

laboratory investigations following analysis and interpretations were conducted.

4.L Standardization of SPT value
The recorded SPT values are converted to standardized energy N60 as per

Skempton (1986J:
Noo- [E'n Cs Cs Cn N*.)/60

Noo

N.".
E,n

Ce

Cs

Cn

= SPT N value corrected for field procedure

= measured penetration number
= hammer efficiency [%) = 0.55 for hand drop hammer

= correction for borehole diameter= 1.0 for 65 mm to 115 mm dia.

=1.0 for standard sampler

= 0.7 for rod length 0.0 - 3.0 m

= 0.75 for rod length 3.0 - 4.0 m

= 0.85 for rod length 4.0 - 6.0 m

= 0.95 for rod length 6.0 - 10.0 m

= 1.0 for rod length > 10.0 m
Correction for Overburden:

In granular soils, the value of N is affected by the effective overburden pressure.
For that reason, the value of N60 obtained from field exploration under different
effective overburden pressures should be changed to correspond to a standard value.

ov = Effective over burden pressure in kPa.

Dilatancy Correction (for fine sand and silts below water table)
Terzaghi and Peck (L976) gave correction for water pressure as,

If Nrec < L5, then Ncorr =Nrec

= sampler correction

= correction for rod length

EXPERT TESTING LABORATORY PVT. LTD
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Nrec > 1.5 then Ncorr = %(Nrec-15J

4.2 General geology of site

In general Geology, typical lithology of formation of the Kathmandu valley is one of
the large intra montane basin developed in the lesser Himalayas, central Nepal. It
consists of a thick lacustrine and fluvial deposits of fine and coarse sand, sandy loam,
peat, sandy silty clay, carbonaceous clay, sand and gravel, all of which are more or less
consolidated. The maximum thickness of these sediments is over 600 meter in some
places. Recent drilling in these sediments has shown that the subsoil of central part
of Kathmandu Valley is very soft to very dense up to a depth of about 20 meter.

Geological map of the project area is shown in Fig. 4.1. The map is an extract from The
Engineering and Environmental map of the Kathmandu valley published by the
Department of Geology and Mines of the Government of Nepal.

r

i.

Figure 4-1 Fluvio-Lacustrine deposits of the Kathmandu valley: Megh Raj Dhital, Geology of the Nepal Himalaya

EXPERT TESTING LABORATORY PVT. LTD
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Figure 4-2 Gelogical cross sectional map of Kathmandu Valley from Charlottee EL Gilder et. al. 2019

4.3 Seismicity

Many earth scientists believe that longitudinally the entire 2,400 km long
Himalayan arc can be segmented into different individual parts (200-300 km) which
periodically break and move separately and produce mega earthquake fcatastrophic
earthquake) in the Himalayan region. From east to west, the great earthquake of
Assam, India (1950), Shilong, India [1897), Nepal-Bihar, India (L934) and Kangra,

India (L905J are the mega-earthquakes of the last century produced by the
movements in different parts of the Himalayan arc, all with magnitude around 8.0 -

8.7 as shown in figure 4.3. When a sector of the Himalaya moves and produces
earthquakes, it will take some time [from decades to century) to repeat the event at
the same place. Nepal is prone to an earthquake of minor or major magnitude.

?t"E m"€ t6't 90"9 14'€
Lonee*bfe|

Figure 4-3 Topographic relief coupling modes and historical seismicity: Stevens V. and Avouac l. Q015)
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Records of earthquakes since 1253 indicate that Nepal was hit by L6 major
earthquakes - the 1833 [magnitude 7.9) and L934(magnitude B.3J are two of these
which have occurred at an interval of 100 years. Historical incidents of earth quakes
in Nepal and surrounding is shown in figure 4.2. Statically, the earthquake occurrence
data of the last century shows that in average Nepal was hit by a big earthquake in
every L2years (Nakarmi, L997).

Figure 4-4 Historical events of earthquakes: Micro seismic epicenter map of Nepal and surcounding: DOMG,GON 1997

Statistics shows that 1934 earthquake was the severest for Kathmandu valley
where significant damages to the lives and properties were observed. Buildings and
other structures built on thick soft soils are very vulnerable to the force of earthquake
as compared to the structures built on top of hard rocks. Due to the thick soil cover,
during an earthquake, the structures in the Kathmandu Valley are shaken very
strongly than the structures in the surrounding hills with rocky base.

Ground motion can be simply quantified by peak values of expectable acceleration,
velocity and/or displacement. Empirical relationships, called attenuation equations,
can be derived from the interpretation of available strong motion records and relate
peak ground motion parameters to magnitude and distance from the source of energy
release. Attenuation equations are sensitive to the estimates of distance and
magnitude, especially in the near-field. Peak ground acceleration (PGA) often

EXPERT TESTING LABOMTORY PVT. *' 
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represents the main seismic evaluation parameter for simplified analysis purposes.

The peak ground acceleration fusually as a fraction of the peak) is the earthquake
ground motion parameter usually used in the seismic coefficient method of analysis.
Attenuation model of Young's et al (1997 J for subduction zones for bed rock was used
in development of seismic hazard map of Nepal as shown in figure 4.3.

lndia

Figure 4-5 Probabilistic seismic hazard assessment map of Nepol : D0MG,G0N

When fine or medium, saturated, loose sand deposit is subjected to a sudden shock
(generated by an earthquake) the mass will densify and consolidate or temporarily
liquefy. This phenomenon is termed'Liquefaction'. Pore-water pressures within such
layers increase as the soils are cyclically loaded, resulting in a decrease in vertical
effective stress and shear strength. If the shear strength drops below the applied
cyclic shear loadings, the layer is expected to transition to a semi fluid state until the
excess pore-water pressure dissipates. When liquefaction takes place in a particular
soil then the bearing capacity of the soil disappears and the structure built on it gets
tilts or even sinks. The past big earthquakes, have shown that saturated sandy soils
in a loose to medium dense condition were liquefied during earthquakes varying in
magnitude from 5.5 to 8.5 fRichter scale) and epicenter distance from several miles
to hundreds of miles.

To counteract earthquake effect due consideration has to be taken in the
structural design of buildings. The project area is located in the area having Seismic
Zoning Factor, Z, equal to L according to the Seismic Hazard Map of Nepal prepared
by National Seismological center, Departments of mines and geology, Nepal,
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Kathmandu is highly liquefiable zone, which may experience maximum ground
acceleration of 200 gal to 250 gal, whereas as per Building Department Memorandum
for Multistory Building it must be 360 gal = 0.369.

Figure 4-6 Seismic zoning map : UNDP/UNCHS Habitat 1994

4.4 Liquefactionanalysis

Saturated loose to medium dense cohesion-less soils and low plastic silts tend to
densiff and consolidate when subjected to cyclic shear deformations inherent with
large seismic ground motions. Pore-water pressures within such layers increase as

the soils are cyclically loaded, resulting in a decrease in vertical effective stress and
shear strength. If the shear strength drops below the applied cyclic shear loadings,
the layer is expected to transition to a semi fluid state until the excess pore-water
pressure dissipates. Propose building site is located in high liquefaction susceptibility
from reference of Direndra Piya et. al. (2006J and Narayan P. Marasaini (2014) as

shown in figure 4.7.

The present site consists of sandy strata and the ground water table being
encountered typically at nearly 3.0-5.0m below general ground level, so site may
susceptible to liquefaction. Thus liquefaction potential analysis is performed in the
site.
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Figure 4-7 Liquefaction susceptibility map of the Kathmandu Valley: Birendra Piya et al. 2006

Analvsis of Liouefaction

The stress-based approach for evaluating the potential for liquefaction triggerin&
initiated by Seed and Idriss (L967), compares the earthquake-induced cyclic stress
ratios (CSR) with the cyclic resistance ratios [CRR) of the soil. The soil's CRR is usually
correlated to an in-situ parameter SPT blow count. Factor of safety is evaluated as,

FoS =cRR''t * MSF
C.SR

Where, CRRz.s = Cyclic Resistance Ratio for earthquake of magnitude 7.5

CSR = Normalized cyclic stress that results in liquefaction
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MSF = Magnitude scaling factor that accounts for the effects of the number
of cycles during earthquake duration

- 6.9e-u/+ - o.o58 < 1.8 for sand

= !.!2e-M/4 + 0.828 < 1.13 for clay

cRRzs=exp(ry-i (Y)' - (*j]::*)' + (rc)- - r.u)

(Nr).,r, = Clean sand SPT count according to Idriss et. al 2008

(Nr.)00", = (Nr)oo +A(N1)6s

A(Nr)00," - exp 1t.oz*ffi- f#lrt
FC = Fine content o/o obtained from sieve analysis

(Nr)eo = Corrected SPT value normalized for atm. pressure 100 kPa

cSR = o.esffffra

cfmax = peak horizontal acceleration of ground = 0.369

g = gravitational acceleration m2f sec

ou, and o' u, = Total and effective vertical stress at depth of analysis in kPa

14 = stress reduction coefficient = exp(cr(z)+B(z)*M*)

a(z) = -1.0L2-L.126* sin(z / L1' 73 + 5. 1 3 3)

F (z) = 0. 1 O6+0. 1 18*s in(z / LL.2B+5.142)

z = depth of analysis in meters

Mw = Magnitude of earthquake considered

Liquefaction potential index (LPI) is a single-valued parameter to evaluate

regional liquefaction potential. Although, Factor of Safety [FS) shows the

liquefaction potential of a soil layer at a particulardepth in the subsurface, it does

not show the degree of liquefaction severity at a liquefaction-prone site. Iwasaki

et al. (7978) proposed liquefaction potential index (LPI) to overcome this
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limitation of Factor of Safety (FS). Liquefaction potential index (LPI) provides an

integration of liquefaction potential over the depth of a soil profile and predicts

the performance of the whole soil column as opposed to a single soil layer at

particular depth and depends on the magnitude of the peak horizontalground

acceleration (Luna and Frost, 1998). LPI combines depth, thickness, and factor of

safety against liquefaction (FS) of soil layers and predicts the potential of

liquefaction to cause damage at the surfacelevel at the site of interest.

LPI at a site is computed by integrating the factors of safety (FSJ along

the soil column up to 20 m depth. A weighting function is added to give more

weight to the layers closer to the ground surface. The liquefaction potential index

[LPI) proposed by Iwasaki et al. (1978,L982) is expressed as follows:

tpt= [io f (z).w(z) dz

Where, z is depth of the midpoint of the soil layer (0 to 20 mJ and dz is

differential increment of depth.The weighting factor, w(z), and the severity

factor f(z) as below

f(z)= 1-FS for FS<1'0

f(z) = g for FS > 1.0

w[z)=19-6'5*z for z< 20m

w[z) =g forz>20m
The level of liquefaction severity

l*usuli ct al- { l9ltf } Luna und Fro* ( I ll9llf htERhl (ltffi-lt

LFl s ll Vecy hxr
O<LPl{5 Lrrw
5 < LFl4 15 Hifi&
t_t { Lpt \ ffy hi$ft
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hlayr
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Low
trltrlium
Hi6h

EXPERT TESTING LABORATORY PVT. LTD



Soil Test Report ofChovar-Patan-Chapagaun Underground L32 K.V. Transmission Line Proiect

4.5 Allowable bearing capacity of shallow foundation using c and O

The bearing capacity analysis has been carried out for foundation soil. The well-
known Indian Standard [S 6403:1981) has been used to compute ultimate bearing
capacity [qurt) of soil on the basis of shear failure criteria

For c-O soil,
General shear failure,
Qutt = c*N c*Sc*dc*ic + y*D*[Nq * L)*Sq*dq*i, + 0.5*yxB*N7*S7* dy*ty*W'
Local Shear failure,

Q'utt = c*N'c*Sc*dc*tc + Jr*D*[N'q - l)*Sq*dq*tq + 0.5*7*BxN'y*Sz* dy*iy*W'

Where y is the bulk unit weight of soil and bearing capacity factors N., Nq, Ny

are determined using table 1 of IS 6403:1981 for internal frictional angle of soil 0

whereas bearing capacity factors N'., N'q, N'y zlr€ determine using table 1 of IS

6403:L98L for reduced internal frictional angle Q' = 6n-r[0.67*tan[QJJ. S., Sq, Sy are

shape factor which depends up on plan dimension and shape of foundation and can
be determined from table 2 of IS 6403:1981. d., dq, dy are depth factor according to IS
6403:1981 they can be determined as below

dc =1+0.2*'+ rn
dq=dv-1" fort <10o

n-
dq = dv = t*O.L*"*fi6-- for + >L0o

No= tanz(n /a+O /2)
Dr= Depth of foundation and B= width of foundation
i., iq, iy are inclination factor for inclination of loading to the vertical [a) according to
IS 6403:1981they can be determined as below
ic- iq=[1-c /90)2 and iy=(1-c/QJ2

W' is the factor considering effect of water table, if water table will permanently
remain below a depth [Df+B) beneath ground level surrounding the footing then
W'=1.0, if water table is likely to rise to the base of footing or above then W'=0.5 and
for in between linear interpolation should be performed.

4.6 Allowable bearing capacity of shallow foundation using SPT value

Several empirical equations are available to estimate the allowable bearing
pressure of the soil. Following are the some widely used equations to estimate the
allowable bearing pressure of the soil.

Qallow = 71.8*N kPa

Qaltow = 47.8*N kPa

Qallow = 34.0*N kPa

[Meyerhoff, 1956J

[Terzaghi and Pech L967)

[Strounf and Butler, L97 5)
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All these empirical formulas for the allowable end bearing capacity were
proposed by different researchers and practitioners assuming a factor of safety of 2.5.

All uncertainty is embedded in the factor of safety (FS).

4.7 Allowable bearing capacity of shallow foundation using allowable
settlement

The maximum allowable settlement for isolated footings in sand is generally 25
mm and for a mat foundation in sand the allowable settlement is 75 mm (lS 1904:
1978). For isolated footings in cohesive soil, allowable settlement is generally 25 mm
and for a mat foundation in cohesive soil the allowable settlement is 100 mm (lS
t904: 1978). According to Meyerhofs [1965) modified by Bowles {L977) safe
allowable bearing capacity can be determined using equation

Qsare= 11.98 *Noo* (#f xfa*(|)*R*r

Where, Noo= Corrected average SPT N value
B = Width of footing (m)
S = Allowable settlement (100mm)
fa = Depth factor= 1+0.33(Dy'B) <1.33
Rwr= wdter correction factor, for water table at just below footing=Q.$

Note: It is recommended that net allowable bearing capacity of soil should be taken
as 120 kN/mz for the design purpose.

aJ
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0iE
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UJ1
PEbo(6tr
6J 'r-1
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(6 (i -u> o-- o
5 fiSc';
G ool ?
3 E ?tso(6e.I- o-L' -o

UEi
bo() i (dtr(/);o-':-(gE-v:-o o,l E-
3Ffl5.H
.() Y 0)S (,')

; U's e

x(l)r)
-.l.:AV
\vilr

3 U?r
? pE=
E.EE S(t(o
La q)s

2 2 834.71, 1,44.78 290.77

3 3 676.55 132.29 290.77

4 4 667.12 126.26 290.77

5 5 681.58 L22.71 290.77

6 6 678.55 120.37 290.77

7 7 676.75 114.50 290.77

8 8 675.71, 110.19 290.77
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4.8 Settlement analysis of shallow foundation

The settlement of shallow foundation can be divided into two major categories:

a.) Elastic, or immediate settlement

Immediate or elastic settlement of a foundation takes place during or
immediately after the construction of the structure.

Elastic settlement in granular soils can also be evaluated by the use of a semi-
empirical strain influence factor proposed by Schmertmann's et al. (1978). According
to this method, the settlement:

Se=Cr *Cz*q^*L,roftAz

Where,
Cr=correction factor for embedment of foundation= l,-0.5*(q"/qr)
Cz=Correction factor to account for creep in soil = 1+0.2*log(t/0.L); t is time in year
qo= Over burden pressure at base of foundatisn = y*Dr

Qn=Qu-Qo
qu=Stress at level of foundation from foundation kPa
Dr= Depth of foundation (mJ

y = unit weight of soil [kN/m3)
Az=lncrement in depth (m)
z =Total depth up to which effect will be considered (m)
I, =Vertical influence factor obtained from figure 4.8
Es =Modulus of Elasticity of soil, for square footing Bowles (L982) gave empirical

equation using cone penetration resistance [q.)
E. = 2.5*9. for square/circular footing
E' = 3.5*e' for strip footing
Es = Es,qu,."*[L+0.4*log(L/B)) ; L, B length and width of footing

q. [kg/cm?) can be correlated to corrected SPT value Noo using figure4.9
depending on mean grain size (dso) .
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Elastic settlement in saturated clay for poison's ratio 0.5 can be determined from
relation given janbu et. al. (1956) average settlement of flexible foundation, which is
as below

5" -4r*.Ar*9od
Es

Where,'Ar'and'Az' are function of H/B and L/B which is determined from figure4.L0
given by Christian and Carrier (L978).'H' is depth of clay layer below foundation in
meter, 'B' is width of footing in meter in meter, 'qo' average vertical pressure from
foundation kPa and 'Er' is modulus of elasticity of soil in kPa.

A.

f,.()

t.5

,41 t -()

()--5

t0
H/B

Figure 4-10 Values of A1 and AZ for elastic settlement calculation: Christian, J. T. and ond Carrier,W. D. (1978).

Note: For rigid foundation settlement can be considered as 80% of flexible
foundation.
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b.) Consolidation settlement

In clay layers total settlement can be expressed as sum of immediate settlement

[S") and consolidation settlement [S.). Consolidation settlement consolidation
settlement occurs over time in saturated clayey soils subjected to an increased
load caused by construction of the foundation. Consolidation settlement depends
up on the extent of clay layer beneath foundation, as found in site from field
investigation and from Ranjan Kumar Dahal and Arjun Aryal (2002) at project site
there is very thick layer of clay beneath the foundation in that case according to IS
8009 part-l:1976 consolidation settlement can be computed as below,

s.=l*# c, * logrs(T)

Where,
Po =Effective pressure at mid height of clay layer before construction in kPa
AP =Average increment in pressure after construction in kPa
eo = Initial void ratio at clay
C. = Compression index obtained from consolidation test results,

For preliminary analysis according to IS 8009 part (l):L97 6

C.= 0.009*(liquid limit -10J

C.= 0.30*(eo-10)
Ht =Thickness of clay layer in meter
l. = A factor related to pore pressure parameter and [Ht/B)

according to IS 8009 [part-l):1976 for normally consolidated clay
)t= 0.7 to 1.0

Detail of settlement calculation is attached as Annex 5 in the report
according to which for proposed shallow footing (3mX3m) provided at depth of
footing 4m and for pressure from footing 150 kPa total settlement is estimated
as 42.848 mm which in with in allowable settlement recommended by table 1of
IS 1904:1978 according to which for shallow foundation is 50mm.

4.9 Allowable bearing capacity for bored cast in-situ concrete piles using
Static Analysis

The ultimate load capacity of a single pile may be obtained by using static analysis,
the accuracy being dependent on the reliability of the soil properties for various
strata. When computing capacity by static formula, the shear strength parameters
obtained from borehole data and laboratory tests of disturbed samples and
undisturbed samples. Bearing capacity of one bore cast in-situ pile is determined
using equation below
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For cohesionless soil

Qu = Apffo "T * Ny + PDNq) + Xi=r kipaitaniiAri

For cohesive soil

Qu = Ap * (N" * C) +1,!=raiciAri

Where,
D = diameter of pile shaft, in m;
Ap = cross-sectional area of pile tip, in m2

y = effective unit weight of the soil at pile tip, in kN/m3
Nr = bearing capacity factors depending upon angle of internal friction, 'I at pile tip

it can be determined from general shear failure referring IS 6403
Nq = bearing capacity factors depending upon angle of internal friction, 0 at pile tip

factor will depend on the nature of soil, type of pile, the L/B ratio and its method of
construction. The values applicable for bored piles are given in figure 4-12

Nc = bearing capacity factor, may be taken as 9;

cp = dv€rilge cohesion at pile tip, in kN/m2

ET=t=Summation for layers L-n in which the pile is installed and which
contribute positive skin friction;

Ki = coefficient of earth pressure applicable for the ith layer, ffi
Poi = effective overburden pressure for the ithlayer, in kN/mz
6i = angle of wall friction between pile and soil for the ith layer=[0.S to 0.8)*O

ci = adhesion factor for the ith layer depending on the consistency of soil can be
determined using figure 4-1.t , using undrained shear strength 6.25N kPa from
Terzaghi and Peck (L967)

ci = dVerdge cohesion for the ith layer, in kN/m2
Asi = SUrf?ce area of pile shaft in the ith layer, in m2

.- .cr-:r 5.r:i et:r *t;. !{ru, liti r4il ',r:*al !8ru ;dl:x:}

tJrdflx.lAllii.*f,] gi"{*"AF( $-i'RILi.rCi-r'{ C u {lq'\l.m*l
:r'rllq {3 * * *trht\a.'rrr? tarn{ Q * . I

4-11 VARIATI}N OF a WITH Cu 0S 2911 part l-sec 2: 2010)
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4-12 BEARING CAPACITY I:ACTOR, Nq FOR BORED PILES (IS 2911 part 1".Sec 2: 201O)

For determining allowable bearing capacity, ultimate bearing capacity is divided by
factor of safety, according to IS 2911-part1-sec 2:20L0 factor of safety is taken as 2.0

for static formula.

Detail of bearing capacity calculation is attached as Annex 7 in the report
according to which for bored cast in-situ concrete piles of diameter 500mm and
length 10m is found to be 125kN/m2.For other diameters and lengths of piles
bearing capacity can be determined from equations above.
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4.10 Allowable bearing capacity for bored cast in-situ concrete piles using
Standard Penetration Test (SPT) values

The correlation suggested by Meyerhof using standard penetration
resistance, N in saturated cohesionless soil to estimate the ultimate load capacity of
bored pile is given below. The ultimate load capacity of pile [Qu), in kN, is given as:

For cohesionless soil;

e,=13N i o, *#
For cohesive soil;

Qu=10N '; O, *#

Where,

N = average N value at pile tip

L = length of penetration of pile in the bearing strata, in m

B = diameter or minimum width of pile in m;

Ap = cross-sectional area of pile tip, in m2;

N = average N along the pile shaft; and

As = surface area of pile shaft, in m2.

For determining allowable bearing capacity, ultimate bearing capacity is divided
by factor of safety, according to IS 2911-partL-sec 2:20L0 factor of safety is taken as

4.0 for static formula.

Detail of bearing capacity calculation is attached as Annex 7 in the report
according to which for bored cast in-situ concrete piles of diameter 500mm and
Iength 10m is found to be 205 kN/m2. For other diameters and lengths of piles
bearing capacity can be determined from equations above.
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5.0 Conclusions and Recommendation

From the desk study, field investigations and laboratory tests following conclusions
are madel

Project site is susceptible to liquefaction, based on MAP prepared by
Department of Mines and Geology, Peak Bed RockAcceleration for Kathmandu
Valley is around 200-250ga1, and estimating with amplification factor of 2,
design maximum horizontal acceleration is around 400gal.
Sandy gravel soil followed by poorly graded to clayey sand strata lies on
proiect site within drilling depth
Project site is moderately susceptible towards liquefaction, to a depth of 4 m
from general ground level.
Soil stratification is found as back fill of brown sandy silt from 0 to 1.0m,
followed by sandy gravel up to 6.0m, at this depth very high value of SPT was
observed. From depth 6.0m to 12.0 m a grey to black sandy soil with gravels
was observed. Beneath grey to black sandy soil with gravels layer a very thick
layer of clayey sand was observed.
At level of proposed foundation corected SPT N value is 1-6, soil type is poorly
graded sand having Dso=0.489, cohesion 2.52kPa and frictional angle 30.49o.
Allowable bearing capacity is taken as minimum 120 kPa for shallow footing
and estimated total settlement is 42.09 mm which is less than allowable
settlement recommended by IS 1904:1986.
Allowable bearing capacity of 500mm diameter bored cast in-situ pile of
length 10m is found to be 125 kPa.
Maximum coefficient of consolidation was found to be 0.0093 cmz/min at 20m
depth and maximum free swell index was observed to be 18.75o/o for soil at
depth of 13.5m.
Ground water table was observed to be at 4m from ground surface.

Recommendations

To decrease risk of liquefaction different methods can be applied among which
certain suitable methods are sand compaction piles, vibration compaction and
bentonite suspension grouting.
Because of presence of seepage water and probable rise in water table in
summer, side fall (collapse) is eminent. So, at the time of construction of
foundation, it is strongly recommended to design the appropriate site
protection measures based on the soil properties shown in this report.
To protect the foundation reinforcement from this undesired effect by these
chemicals, a cover of 75mm thick rich concrete mix to the rebar at base and
sides is recommended.
Conventional excavation equipment such as excavators, loaders and
bulldozers will be sufficient for most of the excavation work. Every effort
should be done to avoid soil disturbance at foundation level.
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o Where space permits, the sides of the excavations shall be battered to a slope
of two vertical and one horizontal (2V: LHJ to avoid collapse. If these
recommended side sloped cannot be achieved for insufficient lateral space or
for any other reason, lateral support system [shoring system) for the sides of
the excavation will be required and should be considered to maintain safe
working conditions.

o It is expected that the excavation work for shallow foundation (Raft) and Pile
cap will be below the water table, so dewatering is required. Experience has
shown that small close-boarded excavation can be conveniently dealt with by
conventional sump pumping techniques. However, if larger excavations (More
than 2m) are to stand open for considerable period, the installation of
dewatering system along with protection wall (Sheet Piles, Contiguous Pile,
Soldier pile) may be required.

o Specialist contractors should be consulted in this regard during construction.
Care should be taken during dewatering to ensure that fines are not removed
during pumping since this could result in unpredictable settlements of the
surrounding ground and associates structures.

o It is recommended that proper and efficient surface drainage be provided at
the location of the structures both during and after construction. Surface water
should be directed away from the edges of the excavation.

o The SANDY/GRAVELLY materials will probably be satisfactory for backfilling
purposes, whereas, the CLAYEY materials will not be satisfactory for
backfilling purposes. However, the final decision shall be taken during
construction after complete excavation.

o As soil strata consist layer of sand with gravel followed by poorly graded sand
then by clayey sand so, for EQUIPMEMNT foundations dynamic loading shall
be reduced.

o As weaker strata is beneath sandy gravel so skin friction shall be considered
major contribution for strength in pile foundation.

o As free swell is less than 20, so effect of soil expansiveness can be considered
very low

EXPERT TESTING LABORATORY PVT. LTD

sx



soil Test Report of chovar-Patan'chapagaun underground 1 32 K.v. Transmission Line project

Annex L: Borehole Log
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EXPERT IESI/NG LABORATORY PVT, LTD.
BAFAL, LALITPUR-17

Gmail: experftesilabOTg@omail.com

Project:Chovar-Patan-Chapagaun under ground
Location: Patan Sub-station, lagankhel
Type of Boring: Rotatory Boring
Inclination of Boring: Vertical

Ground Water Table: 4m from ground

Log
Bore Hole no: 01

Date: 2022/03/1.0
Diameter of Boring: 85mm
Sampling Equipment Split Sampler
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soil Test Report of chovar-Patan-chapagaun Underground 132 K.v. Transmission Line project

Annexz: SpT correction

EXPERT TESTING LABORATORY PVT. LTD
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Soil TestReportofchovar-Patan-chapagaun 
underground 132 K.v. Transmission Line project

Annex 3: summary of Input Data

EXPERT TESTING LABOMTORY PVT. LTD
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Soil Test Report ofchovar-Patan-chapagaun Underground 132 K.v, Transmission Line project

Annex 4: Bearing Capacity
Calculation For Shallow

Foundation

ffi\));
EXPERT TESTING LABOMTORY PVT. LTD
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Soil Test Report of Chovar-patan-Chapagaun Undergrouncl 132 K.V.

Annex 5: Settlement C
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Soil Test Report ofchovar-Patan-chapagaun underground 132 K.v. Transmission Line project

Annex 6: Liquefaction carculation

ffi
EXPERT TESTING LABORATORY PVT. LTD
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Soil Test Report ofChovar-Patan-Chapagaun Underground 132 K.V. Transmission Line project

Annex B: Direct Shear Test
Results
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EXPERT IESI/A/G LABORAIORY PVT. LTD.
BAFAL, IALITPUR.lT

Gmail: exoerttesfl ab0TS@qmail.com

Direct shear test Results
Project:Chovar-Patan-Chapagaun under ground 132 kV
transmission line Location: Patan Sub-station, lagankhel

Test Method:152720 part 13:1986 Specimen Plan dimension: 0.06m X 0.06m
Bore hole No: BHO1 Thickness of specimen:
Depth(m) :6m PRG factor: 0.00328
Soil type:SC Rate of loading: 1.14 mm/m
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EXPERT IESI/NG LABORATORY PVT. LTD.
BAFAL, LALITPUR-17

Gmail: experttesfl abOTS@omail.com

Direct shear test Results
Project:Chovar-Patan
transmission line Location: Patan Sub-station, lagankhel

Iest Method:152720 part 13:1986 Specimen Plan dimension: 0,06m X 0.06m
Bore hole No: BHO1 Thickness of specimen:
Depth(m) :7.5m PRG factor: 0,00328
Soil type:SP Rate of loading: 1.14 mm/m
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EXPERT IESI/NG LABORATORY PVT. LTD.
BAFAL, LALITPUR-17

Gmail: experttesfl abOTS@gmail.com

Direct shear test Results
Proj ect: Chovar-Patan- Chapagaun undei giound-132TV
transmission line Location: Patan Sub-station, Iagankhel

Test Method:152720 part 13:1986 Specimen Plan dimension: 0.06m X 0,06m
Bore hole No: BHO1 Thickness of specimen:
Depth[m) :9m PRG factor: 0.00328
Soil type:SP Rate of loading: 1.14 mm/m
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Normal Stress

(kN/m2)
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Gmail: experttesflabOTg@gmail.com

Direct shear test Results
Project:Chovar-P

transmission line Location: Patan Sub-station, lagankhel

Test Method: IS 2720 part 13:1986 Specimen Plan dimension: 0.06m X 0.06m
Bore hole No: BHO1 Thickness of specimen:
Depth[m):10.5m PRG factor: 0.00328
Soil type:SP Rate of loading: 1.74 mm/m

S,No.
Normal Stress
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EXPERT IESI/NG LABORAIORY PVT. LTD.
BAFAL, LALITPUR-17

Gmail: experttesilab0T8@gmait.com

Direct shear test Results
Proj ect:Chovar-Patan-Chapagaun under groun-IIiTkV
Eransmission line Location: Patan Sub-station, Iagankhel

Test Method:152720 part 13:1986 Specimen PIan dimension: 0.06m X 0.06m
Bore hole No: BHO1 Thickness of specimen:
Depth(m): 12m PRG factor: 0.00328
Soil type:SP Rate of loading: 1.14 mm/m

S.No.
Normal Stress
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EXPERT IESI/NG LABORATORY PVT. LTD.
BAFAL, LALITPUR-17

Gmail; experttesilabOTS@qmail.com

Direct shear test Results
Proj ect: Chovar- Patan-Chapagaun under ground LZII$
transmission line Location: Patan Sub-station, lagankhel

Test Method:152720 part 13:1986 Specimen Plan dimension: 0.06m X 0.06m
Bore hole No: BHO1 Thickness of specimen:
Depth(m) : 13.5m PRG factor: 0.00328
Soil type:SP-SC Rate of loading: 1.L4 mm/m
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Direct shear test Results
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EXPERT IESI/NG LABORATORY PVT. LTD.
BAFAL, LALITPUR-17

Gmail: experttestlab0TS@qmail.com

Direct shear test Results
Project:Chovar-Patan-Chapagaun under ground 132 kV
transmission line Location: Patan Sub-station, lagankhel

Test Method:152720 part 13:1986 Specimen Plan dimension: 0.06m X 0.06m
Bore hole No: BHO1 Thickness of specimen:
Depth(m):16.5m PRG factor: 0,00328
Soil type:SP Rate of loading: L.L4 mm/m

S.No.
Normal Stress

(kN/mz)
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EXPERT IESflNG LABORAIORY PVT. LTD.
BAFAL, LALITPUR-17

Gmail: experttesfl ab0Tg@qmail.com

Direct shear test Results
Project:Chovar-Patan-Chapagaun under ground t32 kV
transmission line Location: Patan Sub-station, lagankhel

Test Method 152720 part 13:1986 Specimen Plan dimension: 0.06m X 0.06m
Bore hole No: BHO1 Thickness of specimen
Depth[m):1Bm PRG factor: 0.00328
Soil type: SP-SC Rate of loading: 1.14 mm/m
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Normal Stress

[kN/mz)
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EXPERT IESI/NG LABORATORY PVT. LTD.
BAFAL, LALITPUR-17

Gmail: experttestlab0TS@gmail.com

Direct shear test Results
t/roJ ect: unovar-Patan- chapagaun under ground L32 kv
lransmission line Location: Patan Sub-station, lagankhel

Test Method: lS 2720 part 13:1986 Specimen Plan dimensionr 0.06m X 0.06m
Bore hole No: BHO1 Thickness of specimen:
Depth(m):19.5m PRG factor: 0,00328
Soil type: SC Rate of loading: 1.14 mm/m
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Soil Test Report of New Patan Sub-Station at Lagankhel

Annex 9: Sieve Analysis Results

EXPERT TESTING LABORATORY PVT. LTD !



Ez
o.)Fo
c)
(9

(!
U)
Y,A

F(/j
b!x

g"E

=>t^ v)

o)

6

ro

o
E
5
:z
Jooooo
dU

3ttl
i]ol
F.l
6\l
..t

col
orl
+l
,rtl

orl
ol
>{

=lolql

9_

c!oq
N

il
o

!

co
@
U?
ca

I
o€o

Fl
Fl
cl?
O
N

il

!

ao
il

U
ilxP
L

o
U
Eq)
o(J

@
@
r{
ni

t€

"-l ddl :ta

il
I
aU

il
o
L
P

L

o

q,
U

0)

(J

\o
N
.j

il

o
+\o
i-r
n

II

E

0)
N
o

6L

0.)

t-
U

P

!
L
!
v)

o
O
N
t/)

(!
Ir
(-)

L

o

L
(!

V

Fi (!Otr
I4co:
..LoEl
ZA x
Q)h.'q
Z-j q!
F .; I 0)* -c >-voJ.u! ()
L s= (u
O q.,) o-CCoO-u

(.)

=
,a
q

E
tt)

6trP

-v(\
co
F{

L
b!
!o-to

a ax
o,=r!dJo!
a MJ+(g--,,. o_ E
E6o(!,C 'E
o.(J (!

w
^FqJc{ !!-o ^^rt'-X5Nd(, (\'
U1 ,tcC!
-;hio<j>H q'l
^9^;-c* q
T9; ,Y
:Ho=a x'F e
P.x.c6 O)oaoPoiooFo-i a

o
t)

(!

6)
N
V)

(6
L
L,

oooooooooooooooooooooo
ci ci ci ci c, ci c, ci c, c, cioor@ts@n<lmNd

tqBra/vr dB raurC aBEtualrad

Luo_cc xooc !'6s3
rl
F{

r-
N

I,)

ni+

\o

O
N
r(
c{

Nq
rl

@

+
rl

cf)
Fi
o

Nq
\o

\ot
N

O

bl)P

a Ee33-
tnI
c{
Fi
\o

c!
+
m
cf)

N
cq
@
co
N

F\t
@\o
r{

c{

LN

rn
@
.i
Fi
d

c{
L4
c{
r..

o.l

t-s
c{
U?
o\
ri

O

t ..C.)--
.E 6oG(! ';'',i -:z9Ys
&3

\o
cq
ri
Fl

ca
U?
@
F.
c{

o'l
rn
o\

rJ)
a
N

orr
F{

ii

a\o+

ca
co
Or

i--
.n
N

@
N

a{
rn

!i

Fl
TN

+
ol
F-

i s?.;6 tr
rn
N
+

\o

N
Fl

\o mto
ca rn

i.{:
o\ rnt. O

F

z
a ?i C\t + U1 \o N @ orr

F{

co
al
C.l

rn
U
+
t'-

\o
s:(\

I

rn
F.
:
d

L':)
f..
+

\oo\

6(h

I

rn
F..
+

s
q.)

li(,

il

rn
F.
O

ox
U

(!
P

th

Cil-
-J
|-
o_

x!l
]- n. EIsi6t{- 

= olorEla=H
sjpl
orSi
='61l- cla .El
uJ vr
I
1-(
IJJ
o_

il



)
(_)

ro

o

@
Ol
U?

lt

o

p

-i

I
oa

U

\o
c{

lt
o

H

tr-

o'
I'

il

a

@
Or\t
+
F.l

I
o

a
oao
I
U
il

L
€

o

0)
(.)

q)
oU

N
\o
rn

te
"ol d($l etrr

il
I
a(J
I
q)
L

6

U

I

q)
o
U

-co
0)Fo
q)
(9

OJ

l-

(J

L
P
0

o
0)
N

t,

u

E
o)

oEo

o
E
f
:Z

.. I>o
\. co o.t> c)slx oJ

0JL
FU

I-Uo_ctr >oo
q! 

o.)s3
i.\
0q

o\

\o
rn
+
f.. IN

\o
?.1

LN

N
m

rn\
co

f-.I
o\
rl

@
0q
o\

+
ui

PE ^
a H.P3=-

@
@
l-
f.-+

o\

.i
o\
co

or\
4
TNo
cf)

\o
t-t
m
(\

@
f..
...i

N

@tt.
N

c{
1
O
F{

LNq
Fl
rt)

+
^lFl
m

E:
.= oo bn
s'0 €
&3

@
$

o\\
rn
@

Lr)
\o
@

an
e
F{+

@q
Fl
\o

+
N

\o

+
N

F.-t
Fl
Ln

r'l
F.

N

+
ry
m

rn
N
IN

I s?
'r5'J' 5

LN
F.r

+
\o
n
N

@

"j

\o cato
cf)
O

rn
n

o\

ci

rn
F\ (!

P
F

z
q) t{ N m $ rl) \o N @ o\ d

(!
L
F
v)

L

F

!4

Fl 6oc
q

L
olI]zxoE:: m
om X!* -c >L9:-P
OO^Emo6u

:o
:N
tu)
icl r(J

(!
lr1

Es
!=
toc
u0x
o:3#
3>U) V)

,,j n
jO

oooooooooooooooooooooo
oodciciooodooooor66{oNd

oo
oq
G(E0ttHH.=

0Jo.9
NNg

.l .i(t') (t) e
--?a<H=r- r- )e(!(6i]
(J(Jx

ca

a
L
h0
L

..9 =
v) a3
dibo
a h.0 --r+c
trAo(g-c'E
o-(J (!

w
^dqFN !!-oi<;= -'c.td(, N
a.h,tcN
- = d {o
<i > E 6'rl
9Po-cE
"o;99U I: T F ,

=E.E!Eu.ao,Yq)oouLPoiooG
Fo.Jo.O

lqEIa^\ dB JaulC aEBluaJJad

(a
n
o\

o\
+
@

q
rn

il

rn
F\q
O

g

tn
F,T

+

s
(!
t/)

I

r,
F\
+

s
C)

(!
Ir(J

ll

L/:)
F\
-i

ox
(g

U

6

(h

Ci

J
H
o_

xsl
.v (ElF r.. ElsiELLI@l
OPEIo=tl
sjpl
93fl
l\ tulU) ,EI

Ul vr

(
trJ
o-

il



o\

n

il

o

o\
LN
U?

O

il

oa
o\
F..
On
O

il

o
o\O
c{

I
o

N
C\
\o
+

I
o

a
a

il

U
IxP
L
€

o

()
ug
oo(J

+

IG

"-l dcrl 3tcr

lt

il
I

il
0)
LT

(!

(J

o
P
C)

I

a.)

(J

o

a.i
N
q

(6
L

o
l-

o
p

trp
t/\

o
0.)
N

'rZ

(!
t<

(.)

L!o_ctr xooG !'6s3 (j
(

s\o
m

Ot.
..l
@

\o
N
cf)

+q
c.)
Fr

l'-(\

\oq
r.o
\o

+
N

o't:
+

\o
ry
C.l

F{

ca
nrn

\o
N
+

\o
Fi

\o

...i

r+

boP
.= tro bd
A'd ,x3=-

\o
rn @

rn

U:
.= h0 hd

E'0 5p3
N
Fl

@(n @
$

O
co

N
o\

\o+ N
LN

N+ N
rl + \o

F..
0.)

H sE.q"'.>
rn
tr
+

\o
o?
N

Fi
Fi

9
O

mt m rr)
ri
.i O

IN
N
e O

(!

F

z
v)

r-'l c{ m + rn \o l-- @ o.

(!
li

6

L
6

V

r{6

I4co:
..L
oEJzE .*or-D"HE+ 9!* -c >-Y
e a: E
O O o-cmA-u

6t/)

0)(4

ga
0J=

=#3>q) q)

3tttl
J:I
ol
r'.1
o\l
Frl
c6l
o\l
+l
rl
a.rl
ol
>t

rI
olql

:

oooooooooooqeeqcqqgqqq
ooooooooooooo6r60toNi

rq31am dg raulg a8eluacra6

ta
v,

lrr .=

o.9N3
r-t) E

-2t=
(6!

.l ,

Fl

o
L
o!
Lo_! o.)

rh a.Yco-tr
-ilho
- 

bo j+(E--t 3b
(!.Eij
o-(J 6 w
Otr?Fi.N Q-oNx5
N.I(, N,
u1 ,tcN
- =; I'O
-; ! t 6qioPo-cE
leiEPE

= 
[EE 3

OOUL!3&Sea

tt
th

(E
-
o
N
tt,

Gtrrl

(o

(o

G
Ea
:z

..v
\-B.E
-<E 3

o!j
FU

'9,Ja(

R

H
o-

(El
v '61

l- r- El4acrt

d*sl
OPEIe;El
s j€l
93Bl
F- ol(/) fl
UJ vr

]-(
lJ.t
o-

il

or\
n(a

+\
IN
o'

\o

..i

il

u1
t'-

O

d

rn
f..
+

s
(!

U)

il

rn
f-,
+

s
OJ

L.

il

rn
N
O
O

qx(!
(J

(!
P

(r)



rn
ca
r-l
C,

il
o

a

FI

Fi

I
a

o\
IN
@q

il
o

O
I.\
cr)

il
o

a

\o
@
+

I
0

H

aIo
il
D(J
ilx
li
.o

o
9

0)
Q

G
o)

U

O
Fi
.i

te
''61 Q.fl :tcr

il
il
UU
il

L

(!
L
(.)

o

o
(J

ooU

q)
N
o

6
(J

,-
al

-o
L
tt)

H

0)
N

V)

(!
L

(!
L
tt

li(!

)
:Z
.(J

H(!Otr
H1
.-L
oElz>.
o tr..@66 9'o

+.!*oq -c >-Y9:-Po o ^-coo-(J

q

V)x
'E

th

(!
th
(.)
X

(J

;a (\r
q .,

!ooo
EqLO
€or
EA

q)

(!
bn

(g
P
th

t/>

o.

r!u
-I

tq
oq
(! (! or

HL..=

oo.9
NN3

.l .lv1 q)E
--2
-H=.- .- !v
(!(Ejj

rX rlr .Yv v c\.I
mri

L
o0r
0)t

r.a 3
@_

=(!abos(6
L(!
o.uvr
^ 

F

c{(!
N:
o'I o:u1 ,t

-- (!
i>

TJU
:PZ lia
€.aoo
OLFo.

q
ooo(>
ci c;

EEEEEEqEEoooooooooOO)0OtslOntfmN

fq8la^{ /(g rau!J a8etuarrad

@
Fi

I

L9o_ctr xooG p'6s3
o\

N
o\

cr)9
r.r)
o\

@
ri
o\

o
@
si

Flo
+
@

\oq
\o
F\

l'-9
LN
rn

t:)
\o
cn
m

\o
N

N

hoe
'a .9',9,
ho-8=-

L?
t'-
Fi
co

m.!
rl
cr)

N
j

N

Orq
@
@
N

+r!
N
I.\
N

+
j

+
N

N
l

\o

O
F.{

cr)\
LN
\o

E:
.= oD bd(! 'i -lz

&3
+
o?
\o

rn
n?
F.

\o
n
N

@

O.

trJ
rn
Lri
Fl

U?

+
N

N
n
F\\o

\o{:
F\

m
n
ca+

coN
l.r;
\o

(\
+
+
c{

H s?
'rA v' 3

IN
t-r
+

\o
('?
c!

F{ I m
<: co

CJ

rn

d
o\

d
IN
t. (!

F

z
th

Fl N + rn \o N O
ri

Fi
Fi
N

co
9
t'-
N

\o
c.l
O
N

il

IN
F-

o
€

rn
F..
+
\o

tt)

ll

LO
F\
+

s
o
(!
L(J

I

tn
F\q

6x(!
U
t
(!

<h

s
H
o_

x!l
tr,-EIsidLLI@l
O*'Ela;fi|
a =.El
-riEl
93fl
F- <olU) EI
lJ vr

1-(
lJJ
o-
X
IJJ

o

E
P
0)

oEo

(o

E
Y

>G
-*.: e
QE3

0)i
FU



rt)
rn
n

ll

!

m
rn
1

ll
oI

a
+
e{
o,

CJ

il
o

H
N

CJ

I
a

o

o\
ol\

+

I

a
Io

il

(J
I

L
€

o
P
C)
q
EooU

N
Fi
cg

t6

"ol <f
<sl g

tcr

fr
{l q(
[{.8{x

s
(J

E
3
E
(.)
oU

=a

;o q/)

LE
Ododo. --

o- 2.
th (h

o
lil
l
i

E

0)
N

(o
L(J

OJ

t-
(J

P

Or
al
C)
N

v')

t-(J

(!
L
q

L

V
9

r'{ 6Otr
co:
"Lo14zE 5oLn.'H
Erj 9!
* -E >-Y
P A: Eo o ^-cc006u

:

i
:

ooooooooooooooooooo6
ooooooooooOleF.(on<tmNd

lq8la^ IB JaurC aEelualrad

oo
taq

G(!o,--)r tr -=

oo.9NN3
th tt) E

--2xH=.- r- )v
(!G!

r|! rrl -YvaJ

o
L
bo
L
-9=

ri1 5 iZ
o\=(!dJoo
- 

o0 j

ts Ao6-c'!o-u (!u;9@
od?F
- r! _o -li<H= -,Nd(/) c{
u1 ,tcN
-=d-'Ot i E 6qi9Po,cE!CI;99iu€Etp .X rs .Y c,:
baoL!otrooJ(!

FrJra

o.l
thl
;1
OI
F.j
o\l
nl
6l
o\l
+l
cnl

arl
al
>tFl r

-l 
P

'-l O
ol 6.ar e

o

o
E
f
:z

..J>(ocO o_
\\a -o.ld:ar uo(; o

o.)j
FU

L!o_ctr >,hDc !'6s3
\o
Ln
+
o\

@t
N
@

o\

N
F\

tJ)\
o\\o

t
@
Ln

+
aa;+

+
rn
+
c.:

rn

\o

F.\ O

b.0 P

aEe8=-
n
N
co$

IN
6t
\o++

\o

t-
Ol
cn

N
o?
tr)
a
ca

Fl
m
co
or\
c!

tn
9
m
N
N

cl
rn(\
Fi

Ln
o\
+
co

rnq
or1

O

E:
.: EO bj
s'0 €
&e

+
F.
t-
N

r..
(j
co

o\
cq
@+

$
U?
Fi
$

rn
f-
rn

\o
\o
+
t-.

Lnt
on

rn
c!
O
Or

o\
rn(\

rn

O.

+
r<

r{
rn

H sE
1Z'/, E

rn
FT
j

\.c)
(t?

N

@
n
Fl

\o
C;

rnq
o

(f) rn o\ rn
l-.q O

F

z
(h !i N + rn \o t-r o\ O

Fi

$t
rn

F-
N

F\
F-
..i

il

tJ)
t.\

ci
oa

t)
F.r
+
.e

a

I

rn
F.
+

s
(.)

6!

il

E

rn
Nq

ox(!
(J

(!

a

S
-l
H
o_

(gl
11 :l

(6l
l-*Elsi6r.L. I @j

OPEIa;6
s lEl
-JAEI
o<*81

='61-:lF- olqfl
LU VI

1--

l-(
LU
o_
X
UJ



o

o
N

rJt

(!
L()

o)

(J

o
P

,.o
I.
o
a
0)
N

ch

(!
L
L)

o.lt^l
4
NI
o\l
nl
col
o\l
+l
6l

6rl
al>l
Fl !
-l 

P
;-l OJol q
tht .E

(o

(o

E

:z
.. I>(o\easrx o)E{.Y O6
c)L
FU

,eo_ctr xbo(tr€.6
s3

t--q
F{

o,

oq
t,
@

o\
rnt.

$
(r?

@
\o

(\:
co
O
\o

o\
F{

6
rJ1

N
oq
@
m

N
(n
ri

N
c! O

boe

aE9
{=-

@\o
+c!
cf)

c/)
N
(j
o(n

Ol
oq
o\\o
N

+I
m+(\I

.f
e
t)
H
N

o?

O
N

F.it
@
cf)
F{

+
co
l-
r+

Lri)I
r'{

E:
.= b! bo
d ';'i -Y

&s

(n
oq
F{

cn

r')
$:
@
il

+
cf)
(j
ca

rn
c!
\o
N

q
@
a!

co
N
+
F{

q
rl\o

F\

.j
o\

OlI
La)
ca

rnI
!-{
Fi

r,lt)
.O
to
c.)

H s?
',5'/' e

rnt.
+

\o
a(\I Fl

Fl

\o mt (Y) rn
rl

rn
l.\

O

(!
P

F

z
U)

ri N cn $ La) \o t. Or O

6L
o

L(!

!4

H6od

-.LoEJZx
o:q..CO
=iodi? eg
i ia= 6o 0J ia_c
CAA-U ffi

3,g
il(/J

bEO tt1q..
o.z

0.)

bo

5co

)l(n 
^lcc!

jj .a c.l
G q !:rto
: oi 9.1EC-osq
6d c)UL€ooJ(!

.q
qqxx
(EGor
SSe--.=
oo .9NN 3r- .-q)V) E

--2)r)r=.- r- !u(!G !
ee i

m
t-{

a

=
L
o!
k
0)

Loa
Pc
nd
-b!+(!
LG(6-co. (J

9t

c\t (!
N:
crr 6]ua .l
_-6clAU

ij(JO) r:>q_9
ooq)L

LA

EEEEEEEEEEooooooooooo@F@otmNd

tqtlam dg JaulC atEluerrad

Eoo

f..
$
N
ci

il
o

!

O
Nt

I

!

cr)
o:\(\

il
a

F{

rn

il

a

mq
$

il

I

n

(J
Ix
L
€

o
P
(.)
(J

G
oo
Q

@
\ot
O

"-l .r"
6Sl :lc>

il
I
UU
ll
O)
L.

I(!

(J

o

O)

I
E
q)

(J

mq
@

@
N

N
ry
cf)

il

rn
tr

ci

€

rn
F.r

+
1Qo\

(h

I

rn
F\
+

s
q)

(!
t<

il

rn
Nq

q

(!
(-)

(!
€
U)

ol-
-J
s
o-

qEt
^:l 6ll- ". EIsrELL I col

OEEI
$3#lj +Pl

93Bl
-:l;- olqEl
lx vr
l-
t-(
IJJ
o_x
UJ



=J

U

(o

E
.9

1d
1

i

to):N
: t/)

6]L
i

i
id
lo

c,
t-

U

p

L.Ita
o
o
N

u')

(!
L(J

L
4
6

L
(!

V

Fi (!

I4col
L

odEJ2,2 x
o ^1 .'CO
7Y oa
F;,PO* -c h-Yo1iPuL s= qJ
O qJ ---cmO(,u

J

:

I

l
l
:
i
i
1.-........

o

(!
ho
(g

i
gco

=coJl
AN
cN
rj .? o.t6H':
*-tJ(4
-o!)

(o!E 0)
ULPoo(!JO-o

q)

o
tn
V'

U'

L

.Y
N
m
F{

!

o
L
b0
Li
0.)

!25
O\=
=6^UD+(o
L6
6Eo. (J
otr
cI(!
F.:c{ o:ua ,t

.. (!
!>oy
EUOJ ..r>6:a
EPFo"

0.1tl
ol
F-l
6\l
nl
col
o\l+l
rl
ol
ol
>l

=lolttl

LPo-ctr xho(E !"6s3
o\q
cf,
o\

@
U?

o'
@

c.)
ry
co

La)

n
cf)
t-.

ri
n
c{
\o

r')
0q
+
tn

N
rn
o.
ca

q
c\l
Fl

Or\
N

O

tOP

; EE(!>v
o->

o\
v?
o\
Ln

o\

m+
cf)

l'-
t'-

Fi
co

r\
r<
CJ
@
N

l.\
@
N
c{

F\

c{

F\
n
F.i
LN
ri

l'-

o,+

F-
\o
ci
H

O

E:
.= ho ba
6 ';'i llg;-

+
cn
N

rn(,
F(

N
ca
+
N

@
cf,

(r?

N+ F.
N

\
@
rn

a?
c{
Fl

t
@
cn

F-
\o

Orq
c\l
@
m

H e?
,5'/, E

rn
FT
+

\o
o?
N

@
n
F{

I
O

cY)
$ m r.,. o, r/)

F\q
O

r!

F

z
V)

N m + rn \o N o\ Fi

q
th

G
I

o
N
q)
Lr
(E
LI

q
q

G
I

o
N
q)

(6
Ii

ooooooooooo'ooooooooooo
ooooooooooooo@ronsoNd

tqtlaM fB rau!C a8Etua)rad

-c
P
OJ
q
o

.C
(U

(o

E
f
:z

..v>(o\-, co o
S-o I-<s 3

oJLFU

cf)
rJ)
ol

il
o

(\
o\a

il
oa

!

\o
@c!n
O

il
o

LN

lt
o

!

a!
N
r/)
+

il
a

o
ao
I
U
ilxu
L
€

o
I
q)
(Jg
()
(,

c{
+

lc
-ol o*
rfl :td

lt

lt
U(J
il
o)L

(!

u

9

o
(,)

E
{.)o
Q

J

.t, n
Fl
o,

o\\
N

il

La)
l--

CJ

€

rn
r,r
+
qO

6

il

t!)
F-
+

\oo\
o
L()

ll

LN
F..

C,

v)x
Q
!

a

S
J
H
o_

(EI
SJroll- r-. EI
f,itJ,

d*sl
OPEIa;61
a 1El{eEl
otElz'61
l-- rolU) ,EI
LU VI

F-
l-(
lX
o-x
tJ-i

v)

9-
t!=
6b c/)

On
O.;a. ..
o- 2.tAa



ca
oj

il

r]

m
@
o!

il

@
@
co
n
O

il
o

!

A

il
o

a

FI
r,l
c!
co

I

o
Ia

il

Q
il

p
€

op
o
U

C)oU

N
l'.
F..

tc

"ol a"
6f,1 :tc)

il
il
I(J
il
0,L

6

u
o
P
C)

I

0)oU

I

r/)
x

!

th

0)

(!
L
bo
X
L

o.

E

0)
N

q

a!,
L

0)

U

-o
L
P
lr1

o
o
N

TA

(6
!.

(!
L
o

=L(!
d

V

r.l (!

m
"trot!
Za;a, tr .. co
ie! o*
+,.8O* -c >-v9:-?
O q) 

^-CcaO(;u

thl
Aol
F.l

el
col
o'l
+l
Frl
t.,l

=I6rlplx
ll
ol

?hl

0)

IA
o

p
P

x
N

tr
h0
tro_

r.o 5!co-tro.=<!
n b.0i!+ c6

I Ao6-cEg? s co
^aqRfl€ m:
Nd(n c{
u1 ,tcN: a $ l?-o>Eco'.--
Y;r-(5o!-E9,9
=q;EEu .Y. o,! o.r
O-OLPotrooJG

LA-^N

ta
.a

(6
Li

o
N
ttl

(E
L(J

o
?a

(E
t

o
N
(t)

(E
Lg $oooooooooooooooooooooo

oodocicictddddoor@ts(o6<fmNd

tq8larvr fg raulC e8Etualrad

-c
a)
(o

(o

G
E
l
:z

..Y

S-8
-..s 3

odFU

LPo_ctr xuo..r -o '6s3 o
Fi

m

d
ot

rn
U?

O
o\

rf)\
ca

GI
n
F.

o\
c!
ca
\o

@

+
m

c{

-it-i

oq
c{

O

b!P
'6 .9P pp
bo:
{}-

\
o\
@
rn

@
0q

t-.
rn

@q
m
rn

F\
0q
CO
Or+

N
+:
ca

+

N
(..1

ca
F-
cf)

N\
a{
O
N

\o
o.
+\o

N
ri
N

Er
.= b! hri

$ g.
N

o\

q
rn+

Fl

+
+
rn

r/).!
t.

l,

t-.
Fl

\o
F.
N
cn

$
oq
N+

N
rl
r-
F{

\
Ol

rn

H gE
|Z'n 5

rn
Ir
+

\o
n?
N

@
n
F{

9
O

mq o?
O

rJ)
rl O

O

IN
t.\

ct

(!
I

F

z
v')

N ca .n IN \o F.. @ o\ O
rl

R

H
o-

qbl
n :-l

(EIl- r.. EIsi6LL = col

Or'Ela;fi|
sjpl
93Hl
F- olU) ,EI
Lu vr

1-(
lx
a_x
UJ

Fi
l-.
o\

o\(\

il

tn
t.
CJ

€

rn
N
+

s
6

Lh

il

t,
F.
+

s
q)

L(J

I

IN
l'-

O

t

(!
!
U)



)
o\cl

il
o

o

ro+

I

\o
cq
I'

lt
o

o
Io
il

U
ilx
tr
€

o
P

o
u
()

(f

c!
rn
U?

!G*ol tr'
dl st5t

il
il

(J
I
O)L

(!

()

o

o
(J

0)

(l

$\i'
N

d

il

a

o\\o

-i

il

o

-c
U
OJFoo(,

0)

(J

P

,.
!
IA

o
o)
N

t)')

(d
L
L)

(6
L
6

a
rr(!
F

!4
t

H(-0

H1
--L

-q tr q'lz,,7 xa,"i..m
i9 qc
F;; I-l 0,)

E r- dO 0) ---cEO(;U

tt.-
ta

(Eo)
tr .=

o.9N3
V)E
-2Lr:
(6jl
il lZ

ca
F-{

t
a
o,
b!
TTq)_

'6 q)

tn =x@-trd\=(o
-ii!PA bbJ+(!--
.r. o- E
L69
(!E ij
5? g co
otr?!i.
il*€ mi
Nd(, N'
u1 ,tE(\I
-=di'Oii X H 6ql
9Po-cEtC;99U :: ; F ',Eq;EE
P.:<oqYorE93bE
FO.JO.Q

?a

IA

r!

o
N
rt)

Gtr

0)
N

6

(d

()

(h

0)

(!
L

L

o

(n

UI

"l0.1tl
ol
F.l
o\l
..t

col
o\l
+l
vrl

Y
OI>{ -cFI 6

-l 
6'51 Fqn i3

L
(o

E
l
\z

.. -:z>(o
G,@ o_+\6 9?

-*6oiFr!

EEEEEEEEEEEooooooooooooo@F(orl1tmNHd
tqtlarvr dg JaulC a8etruarred

LPo-trtr >boc -o'6s3
O
O
C;

il

F.l

F-
o\

\o

+
+
m
+
F\

@

N\o

+
d:
O
L':)

\o\
rn
ca

\o
6.1

e{
C\t

F-
o

PE ^
a H-s'8=-

q
o'
+

.n
J
O+

m
rn
ca

l'r
nc!
ca

F.
I
\o
N

cq

N

+
no
La)
r{

rnq
ca
o\

rn
9
rr)s

9u
.= ho bn(! ';'i .LPYv

&s

\o
0q

m\
F{
rn

+
++

u]
H
r.l.

\o
0q
@+

NI
\o

o\
9\o
rn

@
N+

LNI
l,
$

q
o'
t-{
$

H sE
|5'/, E

tn
F.
+

\o
n?
N

@
r'l
..i

\o cot co rn
n

o\q
o

tn
I\

CJ

O P

F

z
V)

F{ N co $ IN \o F\ @ o\ ri

ol-
-J
H
o-

qEl
(1 

-:l.v (5ll-n Elsi6L{- f cololElo;6
a 1El
{==t

otElz'61
-:ll'- olu) fl
lJ vr
1-
l-(
IJJ
0_x
rx

O
O

m
rl
o\

trr
o?

r-{

il

rn
F.e
O

d

Lri)
Fr
+

s
(!
v)

il

ult-
+

s
q)

L(,

il

rn
F\
e
O

ox(!
U
t

P

lr')



o
o\
FI

I
o

H

rn
$
ry

il
o€o

@
I.\
c{
rl

il

o
O+
.:

il
o

o

Fi
o\
c\

I

o
oao

il

(J
I
ts

L
€

q)

o
(E
0)
o

(J

+
o\
l--

lcrrl-<

d"l :ta

il
il
U(J
il
q)
L

(g

(J

o
P
(.)

o
o)o

-cI
qJ
F
o)I

o
N

U)

(6
L()

0)

(J

o
P

trP
v\
o
0.)
N

V)

(!
tr

lr

o

L

F

V

H(!Otr
il1
..L
olllz->,n, tr ., coiI qi
F';*0)! -c >r-Y
0)lieL)
O 0) 6-Ecaa-u

q
tox
19o
lr .=

o.9N3
(nE
-2Lr=
(6il
., -Yv,\

cn
r-{

L:
ho
Lo_!o)

rn 5.y@-tr
diU0
A hDJ+(o_-t3bi! -tr 'jj
3? s co
oCqri
N !!_o ^^l\E; "
U1 ,t E a.I
-=d1'O-ci X H 6qi9Po.oEir.i9g
O::=F,:H-ul=zY'EXep .Y. it ..E orEPSbHFo.JO.o

6!

a
x

(h

c'l

\t\
\.ri

th

(.)

(!
b0
X
L

oa

0.1q)l

ol
F.l
o\l
nl
col
o\l
+l
Frl
tt

O.,l

ol
>lFl r

-l P.-t U
Ol 6utt e

6

L
(o

E
f,
:z

..J>(o\.co o-*E
-<,rY Oq

0Js
FU

lr.

l

l

:
j

t..
I

i

fq8!a^i fB Jau!C a8etuaJJad

o-Etr xboc E'6s3 Ei

m
N
Cn
o\

rn
0c
cf,
o\

FT
\o
t-
@

Nrr
F.

oq
N
F.

+.!
o\
cr)

rn
N
+

rnI
ca

o

LV) e

aEe83-
N
N
1
\o
cf)

N
SI
\o
cd
rn
co

o\
co
ca

@
(j
F{
cn

N
rn
+
N

N
c.l
O
\o
N

c\!
oq
F{+
ti

N
U?
Fi
m

o.l
m
Fl

O

E:
.= oo hoE'05
&3

N

N+
no

c\l
n
N
c{

+
o?
N
m

ca
+
c{

q
@

ca
d
o\

N
n
@
cf)

el
co

N
Nt
F{

\o
m

H s?
,5'/' E

rnt.
+

cf)
N

@
Fi

.i
Io

m
a (t?

O
rn
F{

o\

ci

rn
F. O

(!

F

z
TA

rl N (n + r,) \o Fr @ o' Fl

ateeeqeEqqooooooooOo)COI\rO6$mH

S
-J
H
o_

(81
(1 

=l(gIt- r.. ElsiELL 
= 

col

OPEI
m=El
a 1El
-J=EIotElz'61
-:lFolqEl
uJ vr
l-
t-(
tx
o-x
u

Oq tn
ca
d
o\

rJ)
I

il

rn
t--

<i

€

rn
F-
+

s
(-h

I

rr)
N
+

-oo\
a.)

L

I

rn
F\
.:

IA

(!
Q
t
(!
!
a



)
(J

co

o

Qo
F
(J
I

No.l

I
o

o

o\+
n

il
€o

\o
@
N
F{

CJ

il
a

H

$
$

il

!

\o
$q
N

il

aa
il

=(J
I

L

o
!

0)

E
0)o

F\
l'r

lcttol E*
Efl :ta

il
il
o

Q
il
0)k

tr
()

o

q)
(J

o
LJ

l

t:

I

..i

L
q

L
(!

)
la

Fi6Otr
H1

L
odEI2,2 xerIi..m

=\Yoa+..9O* E >.Y
oilie(J
Oq)6-tcaAc u

E

0)
N
o

(!
L(,

o

(J

-o
L
t

o
0,)
N
a

(!
L

3"=a

88888888888
aocroddctdciciciocroN(on$mNd

o

th

?

15

(!
th

c)

Lr
ho

tr
oo
o.
o.
t/)

o.lq)l

ol
F.l
o\l
nl
col
o!
+l
;l
orl
OI
>l

=lolql

q6
thox>
(!6o
--lr )r .=

oo .9
NN A.- .-(t) (t) E

--2lrl.rZ
.- .- ls

qr(5 i
(f)
Fi

,r
h0
Lo_tJ 0.)

tn 5Ja
o\=(!.ri9l
A obi:
$(!--.r.oHE6o(E-cE
rurv

P
^Fq

Ng€o.rd(,
u., ,t c
--(!!9>.r>Ecoo !?o--f6;., EgUqE
e,X.i!doooLq)Lo0.)
Fo-Jo-

xa
lq8Ja^ fB rauJC a8eluaf,rad

o)

(g

o
E
f,
:z

,.v>(o\eeEAX OJ\aE o
oi
FUJ

@

co
(\
N
N
o
0)p
o
0)P(!
o

LUo_ctr xb!c E'6s3
O
O

o\q
o\

Fi

m
o\

tr

\o

L/i)

l-
N

o\
cq

F\

@q
@
m

F.\
co
F-{

@
L?

bop
'6 .90 9pq axfl3-

(j
+
ca

o.i+
m

t
c{
c\l
co

\o

d
o\
N

9
o\
\o
a-l

4
rn+
N

r..)
m
Fl

N
r-+

a
N
Fi

Yu
.= b! d0(! ';',1 lzPYU

&3
U':
m

q
N

+
ca
+
N

\ot
N

r'l
+
N

I,)
CJ
Fi
F{

m
l'.
@

n
rn
m

t
N
Fl

a?
\os
ca

H s?
|Z'r, E

u)
F..
+

\o
(t?

N

@
nri

\o
CJ

cnt
O

m Ln
Fi

Ol

o
IN
F- o C!

F

z
l.n

N m <n LN \o t.\ @ o\ O
Fl

ffi
6\-

eil-
J
H
o-

(Et
n=l
,v (Ult-*EIsi6r-t- I @l

OEEIa;tl
: jpl
otSj
=-61-ltl'- ol(/) .Eltx vr
F-
l-(
t{
o_x
UJ

O Nt\o
o\

IN
co

I

rn
N

€

rn
f..
+
\oo\

(g
tJ)

il

lt)r\
+

s
o
(!
trI

il
t

rn
N

CJ

txrt

(!
v



+
Fi

lt

o

\o$n
O

il
os

O
FI
ri

I

!

+
fo
@

il
o

!tr
rn
F-
.i

It

o
Io
I
U
IxI
L.

.P

o
P
C)
()

q)
o(J

rn
o\q

lo*ol Q'
Gfl :IA

il
I

(J
I
0)
Ii

U

o
P

o
u
o
(J

!

tn

a,)

(!
L

x
L

o

6
c/)

E
E

N
6

(!
L

(J

0)

(J

,o
LPta
o
q)
N

(h

(g
t<

s
q)

(o
so

(o

E
f:z

,.v>(o
-\ 

co o

:}E8
oiFr!

L9o_etr xboE E'6s3
\o
0q
o\
o\

\o
n
@
o\

O
U?

N
o\

o\t\o
+q
F.

\oq
r_{
F..

N
n
m
\o

f..
oi
m

@

lji
O

hoe

EE933-
FT

o.t
m+

rn{:
r\
N!+

nq

+

m
0q
rn
FT
cf,

ca

cfi+
m

\
N
Fl
ca

Ol
N
+
F\
N

\o
I
t'-
LN

\o
La
LN
N

O

E:
.= bo b6
u 9-
&3

o\
rn
C,

N
Le
\o

U?
rn
c\l

N

6
N

N
ca

cn

m

$
s:

ca

cv)I\o
F{
N

F{(\
\o
L.l
rn
C.l

\o
u)
+
ca+

H s?'rZ' E
U1
l--

\o
a?
N

Fi

Fi

r,)
c{q ca rn

r'{
o\q
O

rnrr O
F

z
cr'')

i.{ N m $ rn \o N @ Ol

6L
th

z.
!(!

V
t

F16

.l (!
r
.. ,<oEl
7 q .a
ET C<+.;P0)* -tr >-:zo!€uL lI= OO O 6-.cc00(;u

(J

.G

IA

(!
L
I

.v
a{
co
Fl

o
L
ho
L0)_
'EJo)

tn 5i4@Ftr
d\=(d
nd*0
a h.0 -ir+6
r^C
L69

3? S co
Otr?ti.
SS€ 

"o'e!d(, (\'
u1 ,tcN: 6 r! >,Pe > E m'l'l
f6;EEjjiotrq
zP5!oe .Y. is ,.Y o.rEPSbEFO.Jo.O

o
ox
(!

6)
N

ca
lr
(E
tr(J

o
o
(!

6)
N

V)

(!
(J

88888888888
SSgRBBESRE(,

rq31am,{g raurg a8eguarraS

s
n

@

m

@

r;

ll

rn
F..

o
€

r/)
D..

+
\o

(o
tt')

il

rl)
F..
+

s
G)

r!
L(J

il

rn
N

q

U
t
(!

V)

cil-
-J
H
o_

x!l
6lF-EI

ddo,;>&c)q-=@l
O*'EIa;61<)61j ?€l
o<*81

=-61F\ (olq;I
l_uJ 

vl

l-
(
IJJ
o_
X
I.IJ

I

l
I

I

i
j

lr
.i ci
I
I



m
Fi

il

a

+
@
FI

lt

Ia
F,|
f..
@
:

I

!

cn
F\
rr)

CJ

I
o

Ol
f-l
o.l
m

il
o

o
oao
I

Q
ilx
L
€

u
C)
()

o
U

o,

\

t6

"ol tto
d"l g

t6

lt

I
a

Q
il
otr
(6

!
Uql
ot
ul
trlol
ol(EItt
EI

E

C)
N
o

(!
L

0)
L

(J

o
!

-o
l.p
t)
o
o
N

v')

(!
L(J

H

m
d-z.= i
o:..c4

7e-'oavH^:
* -c h-Y()1i- o
o o o-c
coO(/)(J

!o

)

j

qq
ota>,x
(6(!

o€)NN
(a V)

(gG
LL(Jg

9AOOOOOOOOOgqeccqqQQQ6
888R83eBRE.

0)

o
U)

lh

(g
lr

x
N
m
r-l

L
bo
L()-rdo

:bos(!
6_-
e-o

!!?s @tr?r<6Alt= co
6Jto- c/) N
i c..t!
s fl hNO^-eF*Eo

;-i.:o()
YtrcP9O!qo.-ra.gE€;
PSbH

E!r!

rn
@
o\
n
$
L
(!
o.

N
F.
N
ah

0)

P
t
oF

(Jt
.l
Aol
r'.1

nl
col
o\l
+l
U\I

;l
ol
il
ol
v)l

L9o_c
E3'Hs3

O t.
f..
GJ
o|\

\o
o\

o\

co
9
N
@

tn

F-

\oq
N
\o

ca
9
F\
TN

+
+
m

O
n
m
Fi

O

h0P

; E,G
6OE8=-

n
rn+

m
0c
IN++

9
+

q
N
N
ca

@
U?

H
fa

Oit.
6
cf)

\o

\o
c!

+
9
m
rn
i'l

N
n
onrn

E:
.= b! bri
s'0 5
&3

O
F\
4
rn

cn
(..1

rn
ra

NI
t'-
m

+
+
rn

o\\
t<
t-l

co
\o
6*f

N
rn
6
Orl

N
LN

+
o,

N
ri
o,
rn

t
tJ)+

H s?
',2'n E

rn('-
+

\o
(r?

N

@
n
Fl

\o cY)t cr)
c,

LN
F{

o\
O
CJ

rn
tr

CJ

6
oF

4
U)

c{ m + U) \o F\ or\

fq8lal1 Ig JaurC a8elualJad

-c
0)

o
-co

(o

E
f
:z

..J>6
{-co +
=\? Uq.Y o

oJL
FU

eil-
J
H
o_

x!l
(Ull- r. ElsiEt{l@l

o*Elo;61
5 l.slotsl
='61;\ :tF- Nlu) fl
Ul vr
t-
1-(
IJJ
o_x
UJ

O o
o\
\o
@

m

tl

rn
F.

CJ

€

rn
N
+
10o\

(!
tn

il

u)
t.\
s
\o

0)

6L

il

rn
l'r

U')x6
U

6
P
a

(E(h

q)

6L



Soil Test Report of Chovar-Patan-Chapagaun Underground 132 K'V' Transmission Line Project

Annex 10: Moisture Content
Analysis Results

EXPERTTESTING LABOMTORY PVT. LTD
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Soil Test Report of New Patan Sub-station at Lagankhel

Annex 11: Bulk Density Results

EXPERT TESTING LABORATORY PVT. LTD
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Soil Test ReportofChovar-Patan-Chapagaun Underground 132 K,V. Transmission Line Project

Annex L2= Specific Gravity
Results

EXPERT TESTING LABORATORY PVT. LTD
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Soil Test Report of Chovar-Patan-Chapagaun Underground 132 K.V. Transmission Line Project

Annex 13: Atterberg Limit Test
Results

EXPERTTESTING LABOMTORY PVT. LTD



EXPERT IESI/NG LABORATORY PVT. LTD.
BAFAL, LALITPUR-17

Gmail : experttestlab0TS@omail.com

Atterbergs Limit Test
Proj ect: Chovar-Patan-Chapagaun under
ground 132 kV transmission Iine
Soil type: SC

Location: Patan Sub-station, lagankhel

Period ofsoaking before the test:

Bore hole: BH-01

Depth:6 m

Determination No. 1 2 3 4 5

Number of blows 42 29 22 13

Container No. c-0 c-1 c-3 c-4
Mass of the (container +wet soil) W1g 87 B9 B5 83
Mass of the (container + dry soil) W2 g 84.75 86.9 82.5 B1
Mass of water [W1- W2) g 2.25 2.7 2.5 2

Mass of container Wo g 68.62 7L,9L 69.58 74.84
Mass to dry soil (Wz- WJ g 16.13 74.99 72.92 6.1,6

Plastic limit test result
Moisture content (w) o/o L3.94916 74.00934 19.34985 32.46753
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i0r
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Liquid Limit (wr) =

Flow index (11) =

Plastic Limit [wr) =

Plasticity Index PI [%)=

Attergberg limit chart
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Er. Deepak Kumar Mahaseth
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EXPERT IESI/NG LABORATORY PVT. LTD,
BAFAL, LALITPUR-17

Gmail : experttestlab0TS@qmail.com

Atterbergs Limit Test
Project:Chovar-Patan-Chapagaun under
ground 132 kV transmission line
Soil type: SP-SC

Location: Patan Sub-station, lagankhel

Period ofsoaking before the test:

Bore hole: BH-O1

Depth:13.5 m

Determination No. 1 2 3 4 5

Number of blows 55 40 27 L2

Container No. c-11 c-2 c-10 c-20
Mass of the (container +wet soil) Wr g 110 109.5 776 L74.6
Mass of the (container + dry soil) W2 g 108.4 706.4 110.06 106.55
Mass of water [Wr- Wr) g L,6 3.1 5.94 8.05
Mass of container Wo g 75.6 74.84 68.62 7'1..91

Mass to dry soil [Wz- W") g 32.8 31.56 41.44 34.64
Plastic limit test result
Moisture content (w) o/o 4.878049 9.82256 14.33398 23.23903

Attergberg limit chart

OJ

c
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U
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f
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t'...

Liquid Limit (wr) =
Flow index (l) =

Plastic Limit (wr) =

10

Number of Blows

16.00

26.43

13.00

100

.il
teste& ey:

Er. Deepak Kumar Mahaseth
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ishraGeoTech Er. Aa

lvlL"
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EXPERT TESI/NG LABORATORY PVT. LTD.
BAFAL, LALITPUR-17

Gmail: experttestlabOTS@omail.com

Atterbergs Limit Test
Project: Chovar-Patan-Chapagaun under
ground L32kV transmission line
Soiltype:SP-SC

Location: Patan Sub-station, Iagankhel

Period ofsoaking before the test:

Bore hole: BH-01

Depth:18 m

Determination No. L 2 3 4 5

Number of blows 3B 30 24 15
Container No. c-6 C-18 c-7 C-B
Mass of the (container +wet soil) W1g 114 108 L06 9B
Mass of the (container + dry soil) W2 g 109.5 703.4 98.4 91.5
Mass of water (Wr- Wr) g 4.5 4.6 7.6 6.5
Mass of container Wo g 68.62 7L.91 69.58 74.84
Mass to dry soil (Wz- WJ g 4O.BB 37.49 28.82 L6.66
Plastic limit test result
Moisture content (w) o/o 11.00783 14.6078L 26.37058 39.01561
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EXPERT TESr/NG LABORATORY PVT, LTD.
BAFAL, LALITPUR-17

Gmail : exoerttestlab0T8@gmail.com

Atterbergs Limit Test
Project: Chovar-Patan-Chapagaun under
ground 132 kV transmission line
Soiltype: SC

Location: Patan Sub-station, lagankhel

Period ofsoaking before the test:

Bore hole: BH-01
Depth:19.5m

Attergberg limit chart

o
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0l
f
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o

45

40

35

30

25

20

15

10

5

0

Liquid Limit [wr) =

Flow index (l) =

Plastic Limit [wr) =
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Number of Blows
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81.4L

18.00
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-::. ....-...
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t
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Tested By:'

Er. Deepak Kumar Mahaseth

yed By:

ishra

Determination No. I 2 3 4 5

Number of blows 37 27 20 t4
Container No. c-5 c-1.4 c-25 c-20
Mass of the (container +wet soil) W1g tt2 130 L42 1BB
Mass of the (container + dry soil) W2 g 108.5 L23.4 L28.5 154.3
Mass of water [W1- W2) g 3.5 6.6 13.5 33.7
Mass of container Wo g 72.3 74.5 72.5 74.84
Mass to dry soil (Wz- W") g 36.2 48.9 56 79.46
Plastic limit test result
Moisture content (w) o/o 9.668508 13.49693 24.707t4 42.411.28

"ctvtL"



Soil Test Report of Chovar-Patan-Chapagaun Underground L32 K.V. Transmission Line Project

Anne x L4= One Directional
Consolidation Test Results

EXPERT TESTING LABORATORY PVT. LTD
lffisrri
L-i
ffi,, .q



EXPERT IESI/NG UBORATORY PVT. LTD.
BAFAL, IALITPUR-17

Gmail: experttestlaboTS@qmail.Com

Consolidatiafton rro es
Project:Chovar-Patan-Chapagaun under ground
132 kV transmission line Period ofsoaking before the test:
Soil Wpe: Sp Bore hole: BH-01
Location: Patan Sub-station, lagankhel Depth:12m
Test method: 152720-partLS :1986 Date of test:2022_3_78

Ring internal diameterImm) 60 Moisture contentfo/o): 3O.BB

Height of specimenImm) : 20 Weieht of empw rinsfsm]: 184

Weieht of rinefsml: 784 Specific sarviW ofsoil [G]: 2.59

Weisht of soil+rine[gm] 260 Bulk density of soil(gmlccJ: 7.34

Table for dial

Average specimen thickness for load increament (H",)=

time required for 90 o/oconsolidation from square root of time plot t o=

Coefficient ofconsolidation (cv) =

20 25

Square root oftime

19.93 mm

324 minutes

0.0026 cm^Z/min

20005

&oo

iBss
6

tSgo

i$as
'6

1&)80

o
LW)ls
o

19970

F
19965

30

t

\ry
Tested Bi:
Er. Deepak Kumar Mahaseth

Square root of time fitting method



EXPERT TESI//VG LABORATORY PVT, LTD.
BAFAL, I.ALITPUR.17

Gmail: exoerttesfl ab0TB@omail.com

Consol dati

Average specimen thickness for load increament (Huu)=

time required for 90 o/o consolidation from square root of time plot t r=
Coefficient ofconsolidation (cvJ =

t;;;;.."", 
"r,,r" i,r,r* method

15 20

Square root oftime

19.93 mm

100 minutes
0.0084 cm^2/min

2000s
tr
E

b 20000

E rggss

o
€ rggso

;
I 1998s
'6
o
tl 1es80

o

fi tssts

! rsszo
F

.t
\}\

Tested By:'

Er. Deepak Kumar Mahaseth
GeoTech

N

.ed By:

ish ra

Consolidation Pro

on rties Test
Project:Chovar-Patan-Chapagaun under ground
132 kV transmission line Period ofsoaking before the test:
Soil type: SP-SC Bore hole: BH-01
Location: Patan Sub-station, lagankhel Depth:1Bm
Test method: lS27 Z}-partLS :1986 Date of test:2022_3_lB

Ring internal diameter(mm) : 60 Moisture content[70]: 26.72
Height of specimen[mm) 20 Weisht of emotv rinefem] tB4

Weisht of rinefem]: LB4 Specific garvity ofsoil fGl: 2.42
Weight of soil+rins[sm) : 260 Bulk densiW of soilfsm/cc]: 7.4t

r. Aal

3"CrVrL'



EXPERT IESflNG LABORATORY PVT. LTD,
BAFAL, I.ALITPUR-17

Gmail: experttesfl abOTg@qmail.com

Average specimen thickness for load increament (H"u)=

time required for 90 o/o consolidation from square root of time plot t n=
Coefficient ofconsolidation (cv) =

Square root of time fitting metnoa

19.89 mm

90.25 minutes

0.0093 cm^2/min

E 
2000s

E 2oooo

o 199955
fi rssso
a
9 1998s

.E 19980

fr rsszs

& 19970

b 19s5s

E 19960

! rssss

F t9950

t
I,\

Tested By:

Er. Deepak Kumar Mahaseth

ld ey'

Ishra

Consolidation
Consolidati on Properties Test

Project:Chovar-Patan-Chapagaun under ground
132 kV transmission line Period ofsoaking before the test:
Soil type: SC Bore hole: BH-01
Location: Patan Sub-station, lagankhel Depth:20m
Iest method: IS2720-part15 :1986 Date of test:2 0 22 _3 _1,8

R!ng internal diameter[mm) : 60 Moisture contentf o/o) 
: 24.80

Height of specimen[mm] : 20 Weight of empW ringfgml: tB4
Weisht of rinsfsm): 784 Specific garvitv ofsoil IG): 2.37

Weight of soil+rinsfsml : 260 Bulk density of soil(gmlcc): t.2B

Table for dial

r0

Square root oftime

l"clvlL"
GeoTech Er

Nec

Time(min.) Pressure Intensitv (ke / cmt
0.1 0.2 0.5 L 2 4 B

0 0 0
0.25 3.5 0.5
I 5 1.5
2 6.5 2.5
4 B 4
o 10.5 5.5

15 t2 6

30 13.5 7.5
60 15 9
120 16.5 11
240 1B 13.5
480 20.5 L4
1440 2t.5 14.5



Annex 15: Free Swell Test Results

Soil Test Report ofChovar-Patan-Chapagaun Underground 132 K.V. Transmission Line project

EXPERT TESTING LABORATORY PVT. LTD



EXPERT TESI/NG LABORATO,RY PW LTD.

Free Swell Index of Soil
Project:Chovar-Patan-Chapagaun under ground
132 kV transmission line Location; Patan Sub-station,

Test Method: lS 2720 part 40:1997 Date of expe riment:2022 / 3 / LS
Bore hole No: BHO1 Lab temperature:27oC
Depth[m): 1.5-20m Time for swelling:24 H

Soil sample of depth in bore hole :

Type of soil:
Weight of soil sample in each graduated glass cylinder:

Volumne of graduated glass cylinders:
Volumne of soil in cylinder with distilled water [Vd):

Volume of soil in cylinder with kerosseene [Vk):
Free Swell Index (yo)= (Vd-Vk)/Vk*100=

1.50 m
SW

10.00 grams
100.00 ml

9.50 ml
9.00 ml
5.56 o/o

Soil sample of depth in bore hole :

Iype of soil:
Weight of soil sample in each graduated glass cylinder :

Volumne of graduated glass cylinders:
Volumne of soil in cylinder with distilled water [Vd):

Volume of soil in cylinder with kerosseene (Vk):
Free Swell Index (%)= [Vd-Vk]/Vk*100=

3.00 m
SW-SM

10.00 grams

100.00 ml
8.00 ml
7.50 ml
6.67 o/o

Soil sample of depth in bore hole :

Weight of soil sample in each graduated -,r3ffiff:l;
Volumne of graduated glass cylinders:

Volumne of soil in cylinder with distilled water (Vd):
Volume of soil in cylinderwith kerosseene (Vk):

Free Swell Index (0/o)= (Vd-Vk)/Vk*100=

4.50 m
SW

10.00 grams

100.00 ml
8.00 ml
8.00 ml
- o/o

Soil sample of depth in bore hole :

Type of soil:
Weight of soil sample in each graduated glass cylinder:

Volumne of graduated glass cylinders:
Volumne of soil in cylinder with distilled water (Vd):

Volume of soil in cylinder with kerosseene [Vk):
Free Swell Index (%)= (Vd-Vk)/Vk*100=

6.00 m

SC

10.00 grams

100.00 ml
8.00 ml
7.50 ml
6.67 0/o

t\v\
Tested By:

Er. Deepak Kumar Mahaseth
GeoTech Er.

BAFAL, LALITPUR-17

Gmail : experttestlab0T8@gmail.com

rel{ ay:

ishra

Nec No\693 "clvlL"



EXPERT IESI/NG LABORATO;RY PVT. LM.
BAFAL, LALITPUR-17

Gmail: experttesfl ab0Tg@qmail.com

Free Swell Index of Soil
Project:Chovar-Patan-Chapagaun under ground
132 kV transmission line Location: Patan Sub-station, lagankhel

Iest Method: IS 2720 part 40:1992 Date of expe riment:2022 / 3 / ls
Bore hole No: BHO1 Lab temperature: 27oC
Depth(m) : 1.5-20m Time for swelling :24 Hrs.

Soil sample of depth in bore hole :

Type of soil:
Weight of soil sample in each graduated glass cylinder:

Volumne of graduated glass cylinders:
Volumne of soil in cylinderwith distilled water [Vd):

Volume of soil in cylinder with kerosseene (Vk):
Free Swell Index (%)= [Vd-Vk)/Vk*100=

7.50 m
SP

10.00 grams
100.00 ml

9.00 ml
9.00 ml
- o/o

Soil sample of depth in bore hole :

Weight of soil sample in each graduated r,Jff,lff:X;
Volumne of graduated glass cylinders:

Volumne of soil in cylinder with distilled water (Vd):
Volume of soil in cylinder with kerosseene (Vk):

Free Swell Index [%)= [Vd-Vk]/Vk*100=

9.00 m
SP

10.00 grams

100.00 ml
8.50 ml
8.00 ml
6.25 o/o

Soil sample of depth in bore hole :

Weight of soilsampte in each graduated r,Jff,lff:l;
Volumne of graduated glass cylinders:

Volumne of soil in cylinder with distilled water (VdJ:
Volume of soil in cylinder with kerosseene [Vk):

Free Swell Index (o/o)= (Vd-Vk)/Vk*100=

10.50 m

SP

10.00 grams

100.00 ml
8.00 ml
8.00 ml
_ o/o

Soil sample of depth in bore hole :

weight of soil sampre in each graduated,,Jff,iff:l,
Volumne of graduated glass cylinders:

Volumne of soil in cylinder with distilled water [Vd):
Volume of soil in cylinder with kerosseene (Vk):

Free Swell Index (0/o)= [Vd-Vk)/Vk*100=

72.00 m
SP

10.00 grams

100.00 ml
8.50 ml
8.00 ml

6.25 o/o

vt
Tested Byi

Er. Deepak Kumar Mahaseth

By:

ish ra

L"



EXPERT TESflN 
.

BAFAL, LALITPUR-17

Gmail: exoerttesfl ab0TS@qmail.com

Free Swell Index of Soil
Project:Chovar-Patan-Chapagaun under ground
L32 kV transmission line Location: Patan Sub-station, lagankhel

est Method: IS 2720 part 40:L997 Date of experimenti?ozz / 3 / 1,5
Bore hole No: BHO1

Lab temperature: Z7oCm): 1.5-20m
Time for swelling:24 H

Soil sample of depth in bore hole :

weight of soil sampre in each graduated,,Jffiiff:l;
Volumne of graduated glass cylinders:

Volumne of soil in cylinder with distilled water (Vd):
Volume of soil in cylinder with kerosseene [Vk):

Free Swell Index [%)= (Vd-VkJ/Vk*100=

Soil sample of depth in bore hole :

Type of soil:
Weight of soil sample in each graduated glass cylinder:

Volumne of graduated glass cylinders:
Volumne of soil in cylinder with distilled water (Vd):

Volume of soil in cylinderwith kerosseene (Vk):
Free Swell Index [%)= tVd-Vk)/Vk*100=

13.50 m
SP.SC

10.00 grams
100.00 ml

9.50 ml
8.00 ml

78.75 0/o

15.00 m
SP

10.00 grams

100.00 ml
8.00 ml
7.50 ml
6.67 0/o

Type of soil: Sp
weight of soil sample in each graduated grass cyrinder : 10.00

Volumne of graduated glass cylinders: 100.00
volumne of soil in cyrinder with distiled water (vd): 9.00

"'"'.:::"r'#,TH'iffi;iii.',ii;i.ifl:l e:oo

grams

ml
ml
ml
o/o

Soil sample of depth in bore hole: 18.00 m
Type of soil: SP-SC

weight of soil sample in each graduated glass cylinder: 10.00 grams
Volumne of graduated glass cylinders: 100.00 ml

volumne of soil in cylinder with distilled water [vd): 10.00 ml

','-'.:::",'#iill'r1-.i#iffi'ffi;liflil,? ?? ;,'

I,,\
Tested By:

Er. Deepak Kumar Mahaseth

By:

ishra

tvtL"



EXPERT IESI//VG LABORATORV PVT. LTD.
BAFAL, LALITPUR-17

Gmail: experttesfl ab0TS@omail.com

Free Swell Index of Soil
Project:Chovar-Patan-Chapagaun under ground
132 kV transmission Iine Location: Patan Sub-station, lagankhel

Test Method: IS 2720 part 40:7997 Date of experiment:2022 / 3 / 15
Bore hole No: BHO1 Lab temperature:27oC
Depth(m): 1.5-20m Time for swelling :24Hrs.

Soil sample of depth in bore hole :

Iype of soil:
Weight of soil sample in each graduated glass cylinder:

Volumne of graduated glass cylinders:
Volumne of soil in cylinder with distilled water [Vd):

Volume of soil in cylinder with kerosseene [Vk):
Free Swell Index [0/o)= fvd-Vk]/Vk*100=

19.50 m
SC

10.00 grams

100.00 ml
9.50 ml
8.00 ml

L8.75 0/o

t{
Tested By:

Er. Deepak Kumar Mahaseth



Annex 16: Laboratory CBR Test
Results

Soil Test Report ofChovar-Patan-Chapagaun Underground 132 KV. Transmission Line project

EXPERT TESTING LABORATORY PVT. LTD



EXPERT TESI/A/G LABORATORY PVT, LTD.
BAFAL, LALITPUR-17

Gmail : expeltestlab0T8@omait.com

ra est
Proj ect:Chovar-Patan-Chapagaun under
ground 132 kV transmission Iine Period ofsoaking before the test:

Soiltype: SP Bore hole: BH-01
Location: Patan Sub-station, lagankhe[ Depth:1.5-10m
Test method t 152720-partL6 :1987 Date of test:2022_3_lB

Diameter of mould[mm): 150 Moisture content(%): 24.1,8
Height of mould[mm): t75 Weight of empty mould[keJ: 6.4

Height of specimen[mmJ : 725 weight of mould with sample[ks): L2.93
Diameter of plunger[mm) : 50 Bulk density of soil(gm/cc): 1.67

Rate of loading (mm/min.): 7.25 Proving ring constant: 0.0631
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25.376
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load penetration curve

58
Penetration mm

74
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Er. Deepak Kumar Mahaseth
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Soil Test Report of Chovar-Patan-Chapagaun Underground 132 K.V. Transmission Line Project

AnnexLT= Photographs

EXPERT TESTING LABORATORY PVT. LTD
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SITE PHOTOGRAPHS
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