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1. GENEML INTRODUCTION

This geotechnical investigation report is prepared based on the siteexploration and laboratory test resulG carried iut ty nipert Testing py1. LTD, Bafallalitpur for proposed substation construction proleciin Amlekhgunj, Bara Nepal. Theinvestigation characterizes the subsurface conditions and develops the necessaryrequirement for the proposed safe bearing capacity of the foundation, characteristicsof soil and identification soil type rrom rieta ,nd lrbo."tory experiments. Totalnumber of four bore holes are drilled using rotatory drilling, locations or uoi" holesare decided through discussion with Expert Testing pw. irn. representative andrepresentatives of client and contractor. Bore hole i (BH-O1J is located 415 metersN-NE of Nepal oil cooperation oil depo, 190 meters gist or fast-west Highway and320m west from the bank of Duhaura Khola. Locations of bore holes are shown infigure 1.L,1.2 and 1.3.

The investigation characterizes the subsurface conditions and develops thenecessary requirement for the proposed safe bearing capacity of the foundation andother properties of soil. The field ioil investigation iro.[ *r, carried out from ]une24tt'to Iune 28tt'and laboratory investigationi were carried from Iune zgur to fuly 1stof 2022' The total quantity of soil investigation included one borehole of z0m depthas per agreement' Standard Penetration Tests (SPTJ or Dynamic Cone penetration
Test (DCPTJ was conducted at 1.5m depth interval siarting from 1.5m to furnish thecompactness of the soil strata at field. Disturbed and undisturbed ,r-pl", *"r"collected for further laboratory investigations. Field observation and classification ofsoil sample were done and ground -ri". table [GWT) *, ..rrrred for each borehole inserting measuring string in each bore hole after letting the GWT stabilize forsome hours after drilling.

Figure 7-7 Map of Investigation area
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AMALEKHGAfiJ

Figure 7-2 Topographic mop ofthe ofthe project area
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SCOPE OFINVESTIGATION

The scope of work includes the following:

o Making 75 mm nominar diameter bore hores each of 20.0 m depth at onespecified rocations using suitabre approved method of boring.o conducting standard penetration tests in the bore holes at 1".s0 m interval indepth & at everychange of strata, whichever il";i.;.o collectingundisturbed soil samples from bore holes at 3.00 m interval in depth(if possibre forundisturbed samplingJ or 
"a 

*ru.y-.rrrnge of strata, whicheveris earlier.
o collecting disturbed soil samples from bore holes at regular interval and atevery identifiabrechange of stiata to supprement the boring records.o Recording the depth of ground water table in all the bore holes if observed upto the depth ofexproration during boring *;;k;;ispecifications.I conducting the laboratory tests- on selected disturbed / undisturbed soilsamples collected fromvarious bore holes.o Preparation anrl submission of reports which includes Drill logs, Results of insitu and Iaboratorytes! Assess-.nt of liquefaction iusceptiuility, Assessmentof bearing capacity, Analysis or g.oulJ i.;;;;;.ent techniques andRecommendations of foundition type and depth.

Figure 7-3 Satellite image map of project orea
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3. METHODOLOGY

3.1 DeskStudy
site conditions, topographical and geological characteristic of the projectarea were collected from previous geotechri."rr inu?rigr,io, conducted nearby thisproject topographical.map, and gejogicalmap. H;;;A verylimited information isavailable for desk:ildl ti no g"it"ctrnicat investigationi ,*r.uy area are found andcomprehensive soil informatio]r system has not u""" 

"rtrurished 
yet. The georogy ofthe proposed site is comprisea oiiin"."nt formations as shown in Figure 4.1 projectsite is located near bound ary ofsiwalik rlng.e il;;ir)rm g..9logr and Indo-gangeticdeposits. Major geological n:rtu*, n.ar sitels fvfain fronial Thrust. As project site islocated at 3zom from. 

!a.n\orn"r-p".inear river h;;j;;ilrory of flash flooding frompast satellite images high flood has not reached ";;?il.t site but speciar attentionshould be given to the impact of nooJ,ng on project.
A seismic hazard map of Nep al at h}o/oprobability of exceedance in 50years was used for seismic analysis of soil lr,repai Nrlio*r Building code; l0s:2020INBC-I0s zozo). A peak g.ornd ,.."t".rtion or o.sg g i, ,".o.mended for this site[Figure4.SJ. 0n the.basis orthese prrr-drtr,r, 

" 
g;;;;ilriterion was deveroped forrating the soil condition along proptsed buitaing"arer. no*"u.., those studies did notfocus on the site-specific resigi oi rounar,i"on ,"nriauring major geotechnicarparameters like Iiquefaction posslbility, earthqrrt 

" 
rrgnrlude, ground amplification,and peak ground accereration, which.r.. u".y ifi;;;;", aspect for foundationanalysis' In generar, as per previous nearby arer**p;iunles, the proposed structureseems to lie on non-riquefiabre zone foilowed uv,nJairn, Jr,nritay rayer.

3.2 Field investigation

The proposed geo-technical investigation was performed to characterizethe subsurface conditions it the site, to evaluaie the bearing capacity of foundationsoil and to recommend safe bearing capaci?.lor difrereni type of foundation includingthe settlement analysis and the poiuniirt oiliquefacti;;. 
-,,

Field investigation work was carried out in lune z4-z9, zozz.Drilingworks were carried out using one set of percussion and rotitory drilling machine. Thesides of the boreholes were Iined with iO0mr.*i;;;i;;.
3,2,1 Standard penetration Test (SpT)

It consisls of driving a split Spoon sampler with an outside dia. of 50 mminto the soil at the base of boieho^le. Driving is ,..o*prirtred by a drop of hammerweighing 63'5 kg falling flglty through a hei[ht of 750 irm onto the drive head. Firstof all the spoon is driven 150 mm inti the soil at the bottom of the borehole. It is thendriven further 300 mm and the number of blows (N values] required to drive thisdistance recorded standard Penetration Tests (spr] were conducted in the boreholesat 1'5 m intervals' The tests were conducted in-accordance with IS:2131-1gg1.

EXPERT TESTING LABORATORY PVT. LTD
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Summary of SPT test is given in Annex 1 of this report. Photo graph of SpT test is
shown in figure 3.1.

Figure 3-1 SPT test arrongement and rotatory bore hole drilling orrangement ot tsH-01

From BH-01 samples from 1.0m to 20.0m were boulders/gravels mixed with gray
sands as shown in figure 3,2 to 3.8, gravel and boulders were most of rock Sand stone
to Feldspar having high hardness 5-7 in Mohs hardness scale. Size of gravels and
boulders obtained were from l,7mm to 34mm. Samples consisting bould-er or gravel
with very significant amount of fine, laboratory test for these samples were
conducted mainly for infilling sand but bearing capacity is determine using IS LOO4Z-
1981, bearing capacity is also determined based on properties of infilling sand and
SPT/DCPT values. Strength of rock forming boulder or gravel could have been
obtained from unconfined compressive test but as .ample obtained were of not
sufficient size so this test was not possible. Core recovery was also very less along
with small size of samples obtained laving mainly length less than igcm which
signifies the absence of large sized boulders or bed rock.

EXPERTTESTING LABOMTORY PVT. LTD

J -{-

TT



Soil Test Report of Amlekhgunj Substation construction project, Amlekhgunj,Bara

Figure 3-2 Sample of BH-01 Depth 3m

Figure 3-3 Sample of BH-01 Depth 3m
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Figure 3-5 Sample ofBH-01 depth 12m

Figure 3-4 Sample of BH-01 Depth 4.Sm
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Figure 3-7 Soil Sample of BH-01 depth 19.5m
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Figure 3-6 Soil Sample of BH-01 depth 12m
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Figure 3-8 Soil Sample from BH-01 depth 19.5m

3,2.2 Dynamic Cone Penetration Test (DCpT)

It consists of driving a cone by blows of hammers. The number of blows for
driving the cone through a specified distance is a measure of the dynamic cone
resistance. Dynamic Cone Penetration test are performed by a 50 mm cone. The
method for DCPT is similar to that of SPT. First of all, the cone is driven 100 mm into
the soil at the bottom of the bore hole. It is then driven further 200 mm and the
number of blows fNcur values) required to drive this distance is recorded. The result
i.e., Ncbr values first corrected to the Standard Penetration Test [SPT) value (N) and
that provides and estimation of degree of compaction of soil strata, values of angles
of internal friction (0J and allowable bearing capacity. The dynamic cone resistance
is correlated with the SPT [N) as given below.

Ncbr = L.5 N for depth up to 3 m
= L.75 N for depth 3 to 6 m
= 2 N for depth greaterthan 6 m

3.2.3 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.

EXPERTTESTING LABORATORY PVT. 
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undisturbed sampre are extract.g 
!y means of thin wail tube fshelby tubeJ.The tubes are nushed 1y, ,r,. s.o",i#rn, yi" lrrni* ,.. .".or.red mechanicary.rhe tube are seared.witl *{" ,lrj *.rig.g.r1,h ;idH;rythene sheets and thenbound by adhesive tap€s and properry iut","a. rrr. ,r?.r"-ere properry packed in awooden box so as- to minimize ,ni 

3]:::!rnces durin, rransportation to thelaboratory and avoidea arr" lirr.,s", oi,,oirture content of sampre. These sampre areused for the determination orrt.in$; and consolidation parameters.
3.2.4 Ground Water Table

Prediction^.:,1_d.prl of ground water tabre needs the instaration ofpiezometers and regurar monitorirs 
"r11-"1" 

;: *;;;;r;"r.. since, the time frameand the insta'ation are beyond ifi"'..op. of-the *o*, visuar examination wasperformed to find the depth. crornl wrtgr ra!r9 (cwijias monitored as per boreIog sheets durins the drilring. c."r"iiater tabre was observed are shown in borehole log as in Aniex 1. procers;i;d *.rrr."r.nt in fierd is shown in figure 3.9.

Figure 3-9 Ground woter table measurement in freld at BH-01
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3.3 Laboratoryinvestigation

AII the requisite laboratory tests were carried out in accordance with ISstandard specifications. Standard laboratory test was carried out to characterize thesoil strata. The laboratory test includes thsfollowing tests: Moisture Content, Grain
Size Analysis, Specific Gravity, Atterberg Limits, Dire-ct Shear Tests, and bulk jensity
test were conducted. Investigations were conducted for infilling materials.

3.3.1 Natural moisture content
The natural water content was determined from samples recovered from thesplitspoon sampler. Natural moisture content is determined referrin glS:27Zl(part-

2)-L992' Summary of natural moisture content test is given in Annex io orthis repoft.

3.3.2 Specific gravity

The specific gravity test is made on the soil sample which was grounded topass 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 atemperature of 20 oC. It is important for computing most of the soil properti", 

".g.,void ratio, unit weight, particle size determinat-ion by hydromeie.,'d"giee orsaturation etc. This method covers determination of the speiiRc gravity of soils bymeans of a pycnometer. Specific gravity is determined referrin gis: zzz0 gerrt-e;
1992. summary of specific gravity test is given in Annex 12 of thii report.

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 ii.r", or tno1al, aperture
size [e.g.,4.75mm, ?mm,1.1"gmm, 42s,300,150 and 75 riicrons) bykeepingor" orru.
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 shakl 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 reflrring IS: z1i1 (part-+)-
L992. summary of grain size analysis test is given in Annex 9 of this report

3.3.4 Atterberg limits
The physical properties of fine-grained soils [clay 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 Tesiwas used for
determining the consistency of a cohesive ffineJ 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 fre 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 ttrread 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

EXPERTTESTING LABORATORY PVT. *' 
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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 thestandard 'rolling the soil into a thread of 3mm' method. Casagrande plasticity chartwas employed to determine the classification of fine-graineJ soil according"to the
Unified soil Classification System. However, in this stua!, the Atterberg limit iests arenot applicable as the soil found in the site which were sand. AtterbJrg umits weredetermined referring lS:2720 fPart-5)-1992. As Atterberg limit test is conducted for
fine grained soils consisting clay and rilts, but soil sample"s collected are coarse sand
to gravel from all bore holes so Atterberg limit test is nlt required.

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 io 

"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 cmz cross-
sectional areas and trimmed to 2.5 cm high. Solid metal plates were placed on both
zurfaces of the samples to prevent the dissipation of pore water durini shearing. The
direct shear equipment ismechanically operated, and shearing is apptied at mJre or
less constant strain rate. The samples were sheared at three differeni normal stresses
(i'e', 5 kPa, 10 kPa, 15 kPaJ. The direct shear test results are presented in terms of the
failure envelops to give the angle of internal frictions (o) and the cohesion intercepts
[cJ. Direct shear tests were conducted referring lS:2720 (part-13)-1992. Summary of
direct shear test is given in Annex g of this r"port.

Figure 3-70 Direct Shear Test arrangement

3.3.6 Bulk and Dry density

Bulk and dry density is determined for samples obtained from split spoon
sampler and undisturbed samples referrin grs zz20 [part-g)-19g3. summary orurtk
density test is given in Annex 11 of this report.

EXPERTTESTING LABOMTORY PVT. LTD
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Data Interpretation and Analysis
After conducting desk study (study of available geological map of area, pervious soilinvestigations in that area, and other m-aps, research papersJ, field investigation andlaboratory investigations following analysis ana inte.irltations were conducted.

4.1 Standardization of SpT value
The recorded Spr varues are converted to standardized energy N60 as perSkempton (1986):

1166= (Em Cs Cs Cn N.u.)/60
Noo = SPT N value corrected for field procedure
N."c = measured penetration number
E'n = hammer efficiency [o/o) = 0.5S for hand drop hammercs = correction for borehole diameter= 1.0 for 65 mm to 11s mm dia.Cs = sampler correction =1.0 for standard samplerCn = correction for rod length = 0.7 forrod length O.O _ f.O 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 > 1"0.0 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.

Terzaghi and Peck (1916) gave correction for water pressure as,
If Nrec < 15, then Ncorr =Nrec

Nrec > 15 then Ncorr = %[Nrec-lSJ

EXPERTTESTING LABORATORY PVT. LTD
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4.2 General geology of site
Geological map of the project area is shown in Fig. 4.L and 4.2. The map is an extractfrom Geology of the Nepal Himalaya 

_by Megh Raj Dhital and geological map of
lfityln oun valley by Tamrakr. .t ,l 2008. Project area is located at the foothill ofSiwalik flower SiwalikJ and just above m-ain fronial thrust tMFT) of Great Himalayan.
Main Frontal Thrust [MFT) is youngest fault system and sluthern most structure inHimalayan fold and thrust bert, ii is very active and ail *.g, qurk". 

-in'lutrin
Himalayan Thrust are transported to the surface along this fault, so during design ofstructure for project seismic considerations should bI given higher priojry A. p",geological map sandy braided system mainly Sand stone. Mud Stone, pebble
conglomerates are dominant in Siwalik portion. As project area is in the bank ofDuhaura Khola so alluvial deposits consisting gravel to Uoutaers with sand as infillingwere observed.

Er-flE 85.8 B6.3oE

Figure 4-1 River terraces distributed in seti khola between Khaireni and pokhara (yamanato et al. 19g2)
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lndo-gangatic plain
l_.'.I Dun gravet deposit (euaternary)

I'qgk group (Neogene)
llllcongto*"r"i"
trH Sandstone, $ittston€, and mudstone

Figure 4-2

4.3 Seismicity

Many earth scientists believg-!hat longitudinally the entire Z,40}km long
Himalayan arc can be segmented into different iridividuat irrt, lzoo-300 km) whichperiodically break and move separately and produce ,.g, earthquake (catasirophic
earthquakeJ in the ilimalayan region. From east to we"st, the gieat earthquake ofAssam, India (1950J, shilong India [1g97), Nepal-Bihar, india t1934) and Kangr4India [1905] are the mega-earthquakes- of ihe last century produced by the
movements in different parts of the Himalayan arc, all with magnitude ,.ound g.0 -
B'7 as shown in figure 4'3. When a sector of the Himalaya moves and produces
earthquakes, it will take some time ffrom decades to century) to repeat the event at
the same place. Nepal is prone to an earthquake of minor or major magnitude.

EXPERTTESTING LABOMTORY PVT. LTD
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Figure 4-3 Topographic relief coupting modes and historical seismicigt: Stevens v. and Avouac J. e01 S)

Records ,of earthquakes since L253 indicate that Nepar was hit by 16 major
earthquakes - the 1833 (magnitude 7.9) and,1934(magnitude g.3) ,r" t ro of these
which have occurred at an interval of 100 years. Historta incidenl of earth quakes
in Nepaland surrounding-is shown in figure 4.2. Statically, the earthquake o..r.r"r..
data of the last century shows that in iverage Nepal wis hit by a big earthquake in
every 12 years fNakarmi, TggT).

soil rest Report of Amlekhgunj Substation construction project, Amlekhgunj,Bara

I GEltnil.I f*{*$h;ffi;r.*r*l

Figure 4-4 Historical events of eorthquakes: Micro seismic epicenter map of Nepal and surrounding: DOMG,GON
1997
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Statistics shows that 1934 earthquake was the severest for Kathmandu valleywhere significant damages to the lives and properties were observed. Buildings andother structures built on thick soft soils are veryvulnerable to the force oreaffiuale
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 verystrongly 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_reiaiionshipr, ott"a ittenuation 
"qurtionr,can be derived from the interpretition of available rt.ong ,otion records and relatepeak ground motion parameters to magnitude and distan;e from the source oi"r.rgyrelease. Attenuation equations are iensitive to the estimates of distance andmagnitude, especially in the near-field. peak ground acceleration (pGAJ oftenrepresents the main seismic evaluation parametei for simplified analysii pu.po.ur.

The peak ground acceleration (usually as a fraction or tne peak] is the earthiuakeground motion parameter usually used in the seismic coefficient method of anaiysis.Attenuation model of Young's et al [1997J for subduction zones for bed rock was usedin development of seismic hazard mrp oiNepal as shown in figure 4.3.

Figure 4-5 probabiristic seismic hazard assessment map of Nepar : DoMG,GoN

When fine or medium, saturated, loose sand deposit is subjected to a sudden shock
(generated by an earthquakeJ the mass will densiff and consolidate or temporarily
liqueff. This phenomenon is termed 'Liquefaction'. Pore-water pressures within such
layers increase as the soils are cyclically loaded, resulting in a decrease in vertical
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effective stress and shear strength. If the shear strength drops below the appliedcyclic shear loadings, the layer is expected to transitior"to , semi fluid state until theexcess pore-water pressure dissipates. When liquefaction takes place in , pr.ii.utr.
soil then the bearing capacity orihe soil disappears and ,hu ,,.r.aure builfon it getstilts or even sinks. The past big earthquakes, have shown that saturat"a .rrav.o1sin a loose to medium dense condition *ere liquefied during earthquakes varying inmagnitude from 5.5 to 8.5 fRichter scaleJ and epicenter distance from several milesto hundreds of miles.

To counteract earthquake effect due consideration has to be taken in thestructural design of buildings. The project area is located in the area having seismiczoning Factor, Z, equal to 1 according io the seismic Hazard Map of Nepal [."pr.uaby National seismological center, b"p".t..nts of mines and geology, Nepal,Kathmandu is highly Iiquefiabre zong which may 
"*p.ri"n." ,nr"*i11uir'ground

acceleration of 200 gal to 250 gal, whereas as per euitaing Department Memorandum
for Multistory Building it must be 360 Sal r g.i6r. o - -

Q6

0.s

Figure 4-6 Seismic zoning map : \LNDp/IINCHS Hobitot 1gg4

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 deformaiions 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. Ifthe shear strength drops below the applied cyclic shear loadings,
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the layer is expected to transition to a semi fluid state until the excess pore-waterpressure dissipates.

Analysis of Liquefaction

The stress-based approach for evaluating the potential for liquefaction triggeringinitiated by seed and Idriss (1967), compares the earthquake-induced cyclic stressratios [csR] with the cyclic resistanie ratios tcRRl of the roit. tr," soil,s cnitls usuallycorrelated to an in-situ parameter sPT blowiouni. r".t* orrafety is evaluated as,

Pg5 =cRR^' * MSF

wherg 
lRRzs = cyclic Resistance Ratio for earthquake of magnitude 7.5csR = Normalized cycric stress that resurts in liquefaction
MSF = Magnitude scaling factor that accounts for the effects of the numberof cycles during earthquake duration

= g.gs-M/+ - 0.05g < 1.8 for sand
= l.lZe-M/4 + 0.gzg < 1.13 for clay

cRRz.s=exptr- (ry), _ (Ir&e), + ((N,t".*)* _r.r)
(Nr)eor" = clean sand Spr count ri.oiaing to Idriss et. al 200g
(/Vr)00"" = (Nr)so +A(N1)56

A(Nr)o0"" = exp (1.63.#fo_ tffilrt
FC = Fine content % obtained iiom sieve analysis(&)so = corrected spr value normalized for atm. pressure 100 kpa
csR = o.osffffra
omax = peak horizontal acceleration ofground = 0.3Ggg = gravitational acceleration m2/sec
ou" and, o'uc = Total and effective vertical stress at depth of analysis in kpa14 = stress reduction coefficient = exp(c(z)+F(z)*M,,)
a(z) = - t.0LZ-L.tZ6* sinlz / 1L 73 + 5. 1 3 3)
B(zJ =0. 1 Oe+0, 1 1 8*sin (z / IL,ZB+S.L4Z)
z = depth of analysis in meters
Mw = Maglitude of earthquake considered

Liquefaction potential index (tPI) is a single-valued parameter to evaluate
regional liquefaction potential. Although, Factor of safety (FSJ 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. [1978) proposed liquefaction potential index [LplJ to overcome this
limitation of Factor of Safety (FS). Liquefaction potential index (Lpl) provides an
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integration of liquefaction potential over the depth of a soil profile and predicts
the performance of the whore soir column as opposed to a single soil layer at
particular depth and depends on the magnitude of the peak horizontalground
acceleration (Luna and Frost, 1999J. Lpl combines depth, thickness, and factor of
safety against Iiquefaction (FS) of soil layers and predicts the potentiar 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 lwasaki et al. [197g ,lggz)is expressed as follows:

tpt= Iio f (z).w(z) d.z

where, z is depth of the midpoint of the soil layer [0 to z0 m) and dz is
differential increment of depth.The weighting factor, w(z), and the severity
factor f(z) as below

f(z)=1-P5 for FS<1.0

f[zJ = I for FS > 1.0

w(z)=16-6.5*z for z< 20m

w(z) =g for z>20m
The level of Iiquefaction severity

l,Trelal(i cr al- { l9lt.I} LuAa snd }-ro$t ( l$}fl) MES.M (l.t}Oj,
I-Pl:O
o<LpI<5
5<LPt<15
I5 < LPI

t'rry lott
Low
Higb
Vrry lrigh

Lattle to lrore
Mirur
Mo<tffatc
Mejrx

Norid
Lou'
Mcdium
llig*r

Detail calculation of liquefaction potential analysis is given in Annex 6 of this report
and from which it is observed that project site has lowlevel of liquefaction severity.
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4.5 AJlowable bearing capacity of shaflow foundation using c and s

. Tlt-uearing capacity analysis has been carried out for foundation soil. The well-known Indian standard 6is o+os:rs81J has been used to compute ultimate bearingcapacity fqurt) of soil on the basis of shear failure criteria.

General shear failure,
Qutt= C*Nc*Sc*dc*ic + 7*D*[Nq - l)*Sq*d.q*rc + 0.5*f* B*Ny*Sy*d.y*t *W,
Local Shear failure,
4' utt = c* N' c* S c* dc* i c + T*D* (N' q - l)* S q* dq* i q + e.5* y* B * N, r* 5 r* 4y* iy*W,

where y is the burk unit weight o^f loil and bearing capacity factors N., Nq, Nyare determined using table L of ls o+og:1981 for intern"al riictionat angle oi soil e
whereas bearing capacity factors N'., N'q, N,y ,re determine using table L of IS6403:1981 for reduced internal frictional angle o, = fxn-1(!.67*tan[OJJ. S., Sq, sy are
shape factor which depends up on plan dimension and strape of foundation and canbe determined from table 2 or is e +bs, r 9g 1. dc, dq, dy are d"ptr, rr.ao. according to IS6403:1981they can be determined as below 1

a,=1+o.z*DiJM
dq=dv-1 for .ir <10o

fMeyerhoff, 1956)
[Terzaghi and Pech 1967)
[Strounf and Bufler, t975)

dc = dv = t*0.1*?fif ror 0 >1oo

No= tanz(n /4+4: /Z)
Dr= Depth of foundation and B= width of foundation
i', iq, iv are inclination factor for inclination of loading to the vertical (a] according to
IS 5403:1981 they can be determined as below
ig= iq=[1-a/90)2 and iy=[l-c/O)z

W' is the factor considering effect of water table if water table will permanently
remain below a depth (Df+BJ beneath ground level surrounding the iooting 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 spr 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 assuming a fictor of safety of z.s.

.Qalow = 8*N*([B+ 0.3) /B) ^Z*[1 +0.3 3*D/BJ kpa
Qallow = 47.8*N kPa
Qallow = 34.0*N kPa

Where, N= Corrected average SpT N value
B = Width of footing [m)
D = Depth of footing (mJ
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4,7 Allowable bearing capacity of shallow foundation using allowablesettlement

The maximum allowable settlement for isolated footings in sand is generally 25mm and for a mat foundation in sand the allowabt" s"ttt"m"nt is 75 mm [ls L904:L978)' For isolated footings in cohesive soil, allowable settlement is generally zs mmand for a mat foundation in cohesive soil the allowable settlemenl is 100 mm fls1904: L978). According to Meyerhofs [1965i ."ain"a by Bowres (r9TT) sateallowable bearing capacity can bL determined uiirg 
"qu"tion

Q'"r"= 11.98 *N60* 
Ktt3.ZB B+1)/3.ZBB)) n2*fd*1S/25J*Rw1

Where, N60= Corrected average SpT N value

B = Width of footing (m)

S = Allowable settlement [2SmmJ

fd = Depth factor= 1+0.33(DflB) <1.33

Rw1= water correction factor, for water tabre at just below footing=g.5

4'8 Allowabre bearing capacity of shallow footing over graver and bourder
According to IS 10042-1981, allowable bearing capacity of boulder deposit can bedetermined using empirical equation as below

Qallowable = 
1 

[N".s']- z.S4 L D*Bf )

where, N" = cumulative number of blows corresponding to depth D in meter

Sa = allowable settlement (25mm)

Br = width of strip footing

calculations for bearing capacity of different sized shallow footing (isolatedand Mat footing ) by different methods mentionea auove is given in Annex 4 ofthis report and summary of bearing capacity is given in Annex 7 of this repoft,Allowable gross bearing capacity vr.j"r riatrriuptr, of footing and size offo-otin&-bearing capacity of isolated footing (size < dm) is recommended as 200kPa and for Mat footing (size > sm) is recommended is 1s0 kpa at depthi.smfrom ground surface.
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4.9 Modulus of elasticity and Subgrade modulus
Modulus of elasticity of granurar soil can be estimated
Mayne(1990), according to which

Modulus of Elasticity (E.1= p, *flxNoo

Where, Pa = atmospheric pressure in kpa

q = 5 for Sand with fines

10 for clean normally consolidated sand

= 15 for over consolidated sand

Noo= Corrected SpT value

Subgrade reaction modulus can be estimated using

from SPT value using

K = E,/[B*(1-p2J)

Where, Es = rnodulus of elasticity of soil

B= width of footing

;t = poission,s ratio for soil

4.lO Settlementanalysis ofshallowfoundation
The settlement of shallow foundation can be divided into two major categories:

a.) Elastic, or immediate settlementand

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 it, 1f eZA1. According
to this method, the settlement:

Se=Cr *Cz*qn*Dfi!Az

Where,
cr=correction factor for embedment of foun dation= 1 -0. 5* [q "/q,)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 offoundatiop = y*Dr
Qn=Qu-Qo

EXPERTTESTING LABORATORY PVT. LTD



Soil Test Report of Amlekhgunj Substation construction project, Amlekhgunj,Bara

Qu=stress at level offoundation from foundation kpa
Dr= Depth of foundation [mJ
y = unit weight of soil [kN/ms1
Az=lncrement in depth (mJ
z =Total depth up to which effect will be considered [mJIz =Vertical influence factor obtained from figure 4.g '--'
Es =Modulus of Elasticity of soil, for square fJoting Bowles t1ggz; gave empiricalequation using cone penetration resistanie [q.J

I. = 1.1*q. for square/circular footing
E, = 3.S*g. for strip footing
Es_= Es ,q,..u*(l+0.4*log(L/B) I ; L, n length and width of footingq' [kg/cmz) can be correlated to corrected spr vJue r,luo uring ffie+.0depending on mean grain size fdsoJ .

Rigid ftxrndarion vmical srain
influem facru I,

0 0.t a.? 0.3 0.t 0.5 0.6

ttak4 =0J+r,,#:

Drph topeak/,

Figure 4-7 Equation for strain influence factor: Schmertmann,s et al. (192g)
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Figure 4-8 Relation between qy'N and Dso : Ismael and Jeraagh 19g6

Elastic settlement in saturated clay for poison's ratio 0.S can be determined from
relation given |anbu et al. (1956J average settlement of flexible foundation, which is
as below

S. -Ar*Az*{'*B
Es

Where,'At'and 'A2' arefunction otH/B and L/B which is determined from figure4.1g
given by Christian and Carrier {7978). 'H' is depth of clay layer below founiation in
meter, 'B' is width of footing in meter in metei ,qo, average vertical pressure from
foundation kPa and 'E,' is modulus of elasticity ors-oit in kpi.

r0

I
t
1Z

t,
or

o

lr

0
0mr

EXPERTTESTING LABOMTORY PVT. LTD

ti
il

5*_*_---._ .-. l

rL

3

2

t**:--*r1-r-utl r i r



Soil Test Report of Amrekhgunj substation construction projec! Amlekhgunj,Bara
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Figure 4-9 values of A1 and Az for elastic settlement calculation: Christian, J. T. and and carrier,W. D. (lg7s).

Note; For rigid foundation settlement can
foundation.

be considered as B0o/o of flexible

b.) Consolidation settlement

tn clay layers total settlement can be expressed as sum of immediate settlement
(S"J and consolidation settlement (Sc). Consolidation settlement consolidation
settlement occurs over time in saturated clayey soils subjected to an increased
load caused by construction of the foundation. fonsolidation settlement depends
up on the extent ofclay layer beneath foundation in that case according to tS'AOOS
part'l:1976 consolidation settlement can be computed as below,

s.=1*# c, x logrs(#)

Where,
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Po =Effective pressure at mid height of clay Iayer before construction in kpa
AP =Average in*ement in pressuie after construction in kpa
eo = Initial void ratio at clay
cc = compression index obtained from consolidation test results,

For preriminary analysis according to IS g00g part [rJ:1g75
C.= 0.009*(liquid limit -10)
Cc= 0.30*[eo_10)

Ht =Thickness of clay layer in meter
l, = A factor relate-d to pore pressure parameter and (HI/BJ

accordingto IS g00g (part-lJ:1g76 for normally consoiidated clay
It= 0.7 to 1.0

Detail of settlement carcuration is attached as Annex s in the report.According to which for proposed shallow footing *t i.t is with in allowablesettlement recommended by table lof IS 1rgo+=igzg according to which forshallow foundation is S0mm.
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5.0 Conclusions and Recommendation
From the desk study, field investigations and laboratory tests following conclusionsare made:

o Project site is very low susceptibility to liquefaction for peak Bed RockAcceleration around 200-250gai, and estimating with amplificatio, irao. or
2, design maximum horizontar accereration is arlund 400gar.o Gravel or cobble mixed with sandy infilling is observed throughout the depth
of boring DCPT test was conducted and oblerved values were greater than 50.o Allowable bearing capacity is calculated from different suitable approach as
discussed in repor! Iowest value is adopted as recommendation. Calculationsfor bearing capacity is in Annex 4 ofihis report and summary of bearing
capacity is in Annex 7 of this report.r Allowable gross bearing capacity varies with depth of footing and size offooting bearing capacity of isolaied footing (size'. im) is .".J__"rrded as200 kPa and for Mat footing fsize > SmJ is i---"rdei as 150 kpa at depth
1.5m from ground surface.

o Estimated total settlement is round near 5 mm for pressure 200 kpa which is
less than allowable settlement recommended by Is igo+:rgge.o Proiect site is located near Main Frontal Thrus! which arises higher possibility
of impact of seismic activity in project.

o Project site is located near river, which arises need for study of flooding and
its impact on project.

Recommendations

o For gravels or boulders vibrator rollers are recommended for compaction to
decrease settlement at design loads.

o Seismic activity of fault near project shall be studied with effect on project.o All organic and silty top soil should be removed from areas to be developed
prior to site grading.

o AII areas of proposed deveropment should be graded and compacted to
prepare uniform surface. At least of 0,3m surface shall be scarified and re-
compacted for maximum dry density up to 95%o in cut.o Load from the superstructure should to some extent be transmitted centric
into the basement and/or base plate, otherwise a substantial tilts may be
expected

o Jdeally common fill should consist of well graded gravel with sands with fines
less than l0 o/o, fill supporting structure shall be iompacted to a minimum of
9570 of modified proctor maximum dry density

' Where space permits, the sides of the excavations shall be battered to a slope
of one vertical and one horizontal (1V: 1H) to avoid collapse. Unsupported
excavation is only recommended up to 3m depth. During excavation-surface
protection for eroding from rain water shall also be provided.
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Because of presence of seepage water and probable rise in water table insummer, side fall [collapseJ is eminenl So, at the time of construction offoundation, it is strongly recommended to design tt " ,ppropriate siteprotection 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.
To avoid ponding of water during excavation work for shallow foundation
fRaftJ.and Pile cap dewatering is required. Experience has shown that small
close-boarded excavation can be conveniently dealt with by conventionar
sump pumping techniques. However, if larger excavations (Moie than zmJ are
to stand open for considerable period, the installation of iewatering system
along with protection wall fsheet piles, contiguous pile, soldie. pil"i;t b;
required.
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.
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.
The SANDY/GRAVELLY materials will probably be satisfactory for backfilling
purposes, whereas, the cLAyEy materials will not be satisfactory foi
backfilling purposes, However, the final decision shall be taken during
construction after complete excavation.
Prevention from washing of filler materials from boulder excavations should
be adopted.
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Annex 1: Borehole Log

EXPERTTESTING LABORATORY PVT. LTD



rESr/NG LABORATIffi.

of Boring: Rotatory dril Boring NX
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AnnexL: SpT correction
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