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CHAPTER-1

INTRODUCTION

1.1Inanattempttofacilitatethedesignoftheproposednewconstructionofthe

foundationstructure.

Subject:-ResidentialBuildingatWardNo.–02KhataNo.-172,PlotNo.-773
(LAND–10.5DECIMAL)Chanakyapuri,ChiraChas

Bokaro,Jharkhand

Asubsoilinvestigationworkwasprogrammedbytheauthorityandforthiswork;
theserviceisexecutedbyELITELABORATORY,Ranchi

LABAddress:Roadno-05,Indrapuri,Raturoad,Ratu,Ranchi-834005,Jharkhand.(NearBITT)

TO,
SMTREETARANA&VINODKUMARRABI

1.2Thescopeofthesoilinvestigationconsistedofmaking03nos.ofboreholesatthis
site.

1.3Theformationatthesiteistobereportedforvariouslayerspresentedattheir

respective depth along with theirthickness.Thiswould also include the subsoil

propertiesforeachstratum soastocomeupwiththedesignparametersfordesigning

foundations,thedepthoffoundationandtheselectionoftypeoffoundation.Asthe

groundwatertablelocationinfluencesthebearingcapacityofafoundationandthe

methodofconstructionofafoundationatthesite,itslocationhasalsotobefound.

1.4Soilsamplesindisturbedconditionarecollected.Thesesampleswouldbetakento

thelaboratoryfordifferentlaboratoryteststoobtainvariouspropertiesofsub-soil

formation.

1.5Theexplorationofthesub-soilformationbeinglimitedto03nos.boreholesitis

suggestedthatdueweightedisgiventotheunexploredpartoftheareaatthetimeof

selectingdesignparameter.
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CHAPTER–2

PROJECTDETAILS

2.1Thefieldworkconsistedof03nos.ofboreholeatpre-determinedlocation.Thedetailof

fieldworklikedepthofborehole,dateofthefieldworkofsitearepresentedbelowintabular

form.

Borehole/Test

no.

Depthofborehole

(m)

Dateof

commencement.

Dateof

completion.

Depthofwater

table.(m)

BH-1 4.0 22.12.2020 22.12.2020 NOWATER

TABLE

ENCOUNTERD

BH-2 3.5 22.12.2020 22.12.2020

BH-3 3.0 22.12.2020 22.12.2020

The fieldwork also included collection ofdisturbed and undisturbed soilsamples and
conductingstandardpenetrationtestsatregularintervals.

2.2Theboreholesof150mm diameter(SXsize)areinitiallysunkbyaugerboringuptothe

watertable.
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CHAPTER–3

LABORATORYTESTING

Thefollowingtestswereperformedinthelaboratoryadoptingstandardpractice.Thetests
wereconductedasperrelevantISSpecifications

SOIL

Slno. DescriptionoftestforSoil. ISCodereferred

1. Naturalmoisturecontent. IS:2720(Part2)-1973

2. Grainsizeanalysis. IS:2720(Part4)-1985

3. Atterberg’slimit. IS:2720(Part5)-1985

4. Specificgravity. IS:2720(Part3)-1980

5. DirectShearTest. IS:2720(Part13)-1983



8

CHAPTER-4

FOUNDATIONDESIGNASPECTS

Asuitablefoundationforanystructureshouldhaveanadequatefactorofsafetyexceeding
thebearingcapacityofthesupportingsoils.Alsotheverticalmovementsduetocompression
ofthesoilshouldbewithintolerablelimitforthestructure.Thefoundationsinaccordance
withtherecommendationshereinwillsatisfythesecriteria.

4.1FOUNDATIONDESIGNCRITERIA

Themaximum permissibletotalsettlementanddifferentialforthefoundationsettlementis
governedbythetechnicalrequirementsofthestructureandisusuallyspecifiedbytheuser.

4.2BEARINGCAPACITYOFSHALLOW FOUNDATION

BearingcapacityanalysisforshallowfoundationshasbeendoneinaccordancewithIS:6403-
1981.Thefollowingequationhasbeenusedfortheanalysis.

qnetsafe=1/F(CNcScDc+p(Nq-1)SqDq+0.5BɤNɤSɤDɤRw)

Where
q

netsafe

criteria

C

ɤ

p

B

Rw

F

N
c,

N
q,

N
ɤ

S
c,

S
q,

S
ɤ

D
c,

D
q,

D
ɤ

=Safenetbearingcapacityofsoilbasedontheshearfailure

= Cohesionofclay

=
Unitweightofsoil

=
Overburdenpressure

=
Widthoffoundation

=
Watertablecorrectionfactor

=
Factorofsafety

= Bearingcapacityfactors

= Shapefactors

= Depthfactors

AlltheBearingcapacityfactors,ShapefactorsanddepthfactorshavebeenconsideredasIS:
6403-1981,Table-1clause-5.1.1,5.1.2.1and5.1.2.2respectively.
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CHAPTER–5

GENERALSITECONDITIONS

5.1GENERALDESCRIPTION
Theboringhasbeendoneaspertheapprovedlayoutplan.Thesub-soilformationhasbeen
investigatedbysinking03nos.ofboreholesexploreduptoasuitabledepth

5.2GENERALGEOLOGY

Therearethreewell-definedseasonsinregion.Thecold-weatherseason,from Novemberto

February,isthemostpleasantpartoftheyear.LowesttemperatureinJharkhandliesbetween

-5°Cto0°C.HightemperaturesinDecemberusuallyrisefrom about50°F(10°C)intothelow

70sF(low 20sC)daily.Thehot-weatherseasonlastsfrom Marchtomid-June.May,the

hottestmonth,ischaracterizedbydailyhightemperaturesintheupper90sF(about37°C)

andlowtemperaturesinthemid-70sF(mid-20sC).Maximum rainfalltakesplaceduringthe

monthsfrom JulytoSeptemberthataccountsformorethan90%oftotalrainfallinthestate.

5.3SUB-SURFACECONDITIONS

Thefieldinvestigationdataandtheresultsoflaboratorytestsconductedonthesamples

collectedfrom theboreholesingeneralrevealsimilarstratification.

Thedetailedsoilprofileandvarioussoillayershavebeenprovidedinthesoilprofileattached.

ThesoilstrataareSandytoverystifftothedepthexplored.

TheBorelogsintheannexurepresentthedetailedStratigraphy,crosssectionsandnatureof

soilattheboreholelocations.
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5.4GROUNDWATERCONDITIONS

Duringthecurrentsubsurfaceexplorationgroundwaterwasnotfounduptothedepthof
explorationinthesite.Itshouldbenotedthattheseobservationsreflectgroundwaterlevelsat
thetimeofthefieldinvestigationandactualgroundwaterlevelsmayfluctuatesignificantlyin
responsetoseasonaleffects,regionalrainfall,andotherfactorsnotobservedduringthis
investigation.Theremayberegionalorperchedwatertablesatgreaterdepth.However,for
thedesignpurposesthegroundwaterlevelhasbeenconsideredatfootinglevelastheground
waterlevelmayriseinpeakrainyseason/duetounforeseenreasons.

5.5REGIONALSEISMICITY

Theintensityofanearthquakeataplaceisameasureofthestrengthofshakingduringthe
earthquake,andisindicatedbyanumberaccordingtothemodifiedMercalliScaleorM.S.K.
Scaleofseismicintensities
TheZonefactors‘Z’forvariousSeismiczonesasperIS:1893(P-1)-2002isas

follows:

SeismicZone I
I

III I
V

V

SeismicIntensity LOW MODERATE SEVERE VERY
SEVERE

Z 0.10 0.16 0.24 0.36

TheareafallsunderZone-IIIasclassifiedbyBureauofIndianStandards,Indicatinglowactive

zone.

5.6LIQUEFACTION

Liquefactionisastateinsaturatedcohesionlesssoilwhereintheeffectiveshearstrengthis

reducedto negligiblevalueforallengineeringpurposedueto porepressurecausedby

vibrationsduringanearthquakewhentheyapproachthetotalconfiningpressure.Inthis

conditionthesoiltendstobehavelikeafluidmass.

Typically,cyclicloadingofsaturatedsoilsleadstothebuildupofexcesspore-waterpressure

asaresultofsoilparticlesbeingrearrangedwithatendencytowarddenserpacking.Under

undrainedconditions(suchasduringearthquakeshaking),loadsaretransferredfrom thesoil

skeletontothepore-waterwithconsequentreductioninthesoils’shearstrength.

Liquefaction-inducedgroundsettlementandlateralspreadinghavebeentheprimarycausefor

extensive damage to aboveground structures,foundations and pipelines during many
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earthquakes.
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CHAPTER-6

SOILPROFILE&RECOMMENDATION
From theexploratoryboreholesatthesiteitisobservedthatsubsoilformationatthissite
consistsofcohesivesoilatsurfacelayerbelow.Detailsoftheformationsalongwiththe“N”
valuesareshowninthefieldborelogdatasheets.
Sincethesubsoilformationbelowthefoundinglevelconsistsofdecomposedrockproduct
BearingCapacityhasbeencomputedbasedonNvalueandinguidancewithfigure-1andtable
-1 ofIS:6403-1981.However,based oncalculationthefollowing bearing capacitiesfor
SQUAREarerecommended.

SOIL

LOCATION
SHAPE DEPTHOF

FOUNDATI
ON

TYPEOF
FOUNDATIO

N

EGLOFBORE
HOLETOPTO
BOTTOM(m)

EGLOF
FOUNDATION

LEVEL(m)

RECOMMENDED
NETALLOWABLE

BEARING
PRESSURE

(t/m2)
L B

C
H

A
N

A
K

Y
A

P
U

R
I,

C
H

IR
A

C
H

A
S

B
O

K
A

R
O

,
(J

H
A

R
K

H
A

N
D

) 3 3 1.5

SQUARE

100 98.5 18.7

3 3 2.0 100 98.0 21.2

3 3 2.5 100 97.5 23.8

3 3 3.0 100 97.0 26.4

(AuthorizedSignatory)

Date:-
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CHAPTER-7

SAMPLECALCULATIONOFBEARINGCAPACITYOFSHALLOW FOUNDATION

Thedeterminationofthenetsafebearingcapacity,qns,isdonefirstonthebasisoftheshear

failurecriterionafterdividingthevalueofthenetultimatebearingcapacityqnf,calculatedas

described below,byasuitablefactorofsafety.Thenetsoilpressure,q s,foragiven

permissiblesettlementisthencalculatedasexplainedinthenextsection.Thelowerofthe

twovalues,qnsandqs,thusdeterminedistakenastheallowablebearingcapacityofthesoil.

1. ShearFailureCriterion.Thenetultimatebearingcapacityqnf (t/m2)ofashallow foundationof

breadthB(m)anddepthD(m)isgivenasperIS:6403-1981(Sec.5.1.2)bythefollowingequation:

qnf =cNcscdcIc+q(Nq -1)sqdq Iq +0.5BN s d Iw

Wherec=cohesion(t/m2)

q=effectivesurcharge(t/m 2)

=unitweightofsubsoil(t/m 3)

Nc,N,Nq=bearingcapacityfactors,whicharefunctionsoftheangleofinternalfrictionofthesoil

sc,sq,s =shapefactors

dc,dq,d=depthfactors relatedtocohesion,surchargeanddensityofsubsoil

respectively

Ic,Iq,I =inclinationfactors

w =watertablefactor(=0.5to1.0)dependingonthedepth,Dw ofwatertable-videTablebelow.

Thebearingcapacityfactors(N’s)arefunctionsoftheangleofinternalfrictionofthesoil.Their

valuesarefoundforgeneralshearfailurebyreferringtostandardtables.Ifsubsoilconditionsaresuch

astoleadtolocalshearfailure,thevaluesof thesefactorsarefoundforareducedvalueofangleof

internalfriction(’)givenbytheequation: tan ’=0.67tanThevalueofcohesionisalsoreduced

to c’=0.67c.

Thevaluesoftheotherfactorsforusualconditionsareastabulatedbelow:

sc = 1.3

1+0.2B/

L 1 dc = 1+0.2(Nf)0.5D/B Dw at G.L. Fou'dn.Level

sq= 1.2

1+0.2B/

L 1 dq=d 1 for f<10o
w = 0.5 1

sg=

0.8//0.

6

1-

0.4B/L 1 dq=d

1+0.1(Nf)0.5

D/B f>10o
Interpolation between

FORsq.//O Rect.STRIP Ic,Iq,I=1forverticalload thesevalues islinear.

Inthepresentcase,therepresentativevaluesofcohesion© andangleofinternalfriction
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(ofthesoilmaybeobtainedfrom thesoildatagivenearlier.

6.1OPENFOUNDATION

Forsatisfactoryperformanceofafoundation,thefollowingcriteriamustbesatisfied:

(i)Thefoundationmustnotfailinshear.

(ii)Thefoundationmustnotsettlebyanamountmorethanthepermissiblesettlement.

6.1.1 Theallowablebearingcapacityshallbetakenaseitherofthefollowing,whicheveris

less:

a) Netultimatebearingcapacityasobtaineddividedbysuitablefactorofsafety,thatis,net

safebearingcapacity.

6.1.2 Thenetsoilpressurethatcanbeimposedonthebasewithoutthesettlement

exceedingthepermissiblevaluesasgiveninIS:1904-1978*tobedeterminedforeach

structureoftypeofSoil,thatis,safebearingpressure.

TypesofsoilformationsarespecifiedinIS:1904-1978.Themethodsforcalculationsof

settlementsforassumedpressurefrom standardpenetrationresistancearespecifiedinIS:

8009(PartI)-1976;bycalculatingthesettlementsfortwoorthreeprobablesoilpressureand

interpolating,thenetsoilpressureforpermissiblesettlementmaybeestimated.

ALLOWABLEBEARINGPRESSUREOFOPENFOUNDATIONSFROM SHEARFAILUREMETHOD

ASPERIS:6403-1981:

IS Code(IS:6403-1981),(Sec.5.1.2)recommendsabearingcapacityequationwhichissimilar

innaturetothosegivenbyMeyerhofandBrinchHansen.Thenetultimatebearingcapacityof

ashallowfoundationofbreadthB(m)isgivenaspertheIScodebytheequation:

Qnf=cNc.Sc.dc.ic+q(Nq-1).sq.dq.iq+½.B.γ.Nγ.sγ.dγ.iγ.W’

Thenetsafebearingcapacity,qns=(qnf/factorofsafety)

Where c=cohesion(t/m2)

q=effectivesurchargeatthebaseleveloffoundation(t/m2)

γw=Unitweightofsubsoil(t/m2)

B=breadthoffooting:

L=lengthoffooting
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ɸ=angleofinternalfrictionofsoil

Df=depthoffoundation

Nc,Nq,Nγ=Bearingcapacityfactorsgiveninrelevanttablesforgeneralshearfailure.

forobtainingNc’,Nq’,Nγ’correspondingtolocalshearfailureareducedvalueofɸ’=tan-1(0.67

Tanɸ)andcorrespondingvaluesaretakenforNc,Nq,Nγ.

Sc,Sq,Sγ=ShapeFactors

dc,dq,dγ=depthfactors

ic,iq,iγ=inclinationfactors

W’watertablefactor(=0.5forwatertableatthefootinglevel&1.0forwatertableatdepthB

belowthefooting,tobeobtainedbylinearinterpolation).Thevaluesoftheotherfactorsareas

tabulatedbelow:

Shapefactor Sq./circ. Rect. Strip dc=1+0.2(Df/B)(Nφ)0.5

Sc 1.3 1+0.2B/L 1.0 dq=dγ=1φ<10

Sq 1.2 1+0.2B/L 1.0 dq=dγ=1+0.1(Nφ)0.5forφ>10

Sγ 0.8/0.6 1-0.4B/L 1.0 Ic=iq=iγ=1.0forvertical

loading

Thenetsafebearingcapacityvaluescalculatedasabovehavetobecheckedforsettlementin

ordertoarriveatthenetallowablebearingcapacityvalues.
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CHAPTER–8

LABORATORYTESTRESULT

SOIL

MARK DEPTH

PARTICLESIZE
DISTRIBUTION(%)

ATTERBERG’SLIMIT

NMC(%)

SPECIFIC
GRAVITY

SHEAR
STRENGTH

GRAVE
L(%)

SAND
(%)

SILT&
CLAY

(%)
LL(%) PL(%) PI(%)

C
(Kg/cm2

)

Ø
(degre

e)

BH1
0.0m
to4.0

m
9.25 40.36

50.3
9

19.58 10.23 9.35 12.54 2.610 0.12 23.8°

BH2
0.0m
to3.5

m
6.35 52.31

41.3
4

26.34 NP 17.85 2.534 0.03 27.5°

BH3
0.0m
to3.0

m
11.54 51.52

36.9
4

24.87 NP 15.36 2.489 0.01 30.3°

DS–DISTURBEDSAMPLE. C–COHESION Ø–ANGLEOFINTERNALFRICTION
LL–LIQUIDLIMIT PL–PLASTICLIMIT PI–PLASTICITYINDEX
NP-NONPLASTIC
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CHAPTER–9
LIMITATION

Thisreportpresentsrecommendationspertainingtotheproposedstructuresasrepresented

toELITELABORATORY,asdescribedherein.Thefindingsandrecommendationspresentedin

thisreportarebaseduponsoilconditionsobservedtheavailablesubsurfaceexplorations,

interpolationofthesoilconditionsbetweentestpits,andextrapolationoftheseconditions

throughouttheproposed sitearea.Theyarefurtherbased on theassumption thatthe

subsurfaceconditionsdonotdeviateappreciablyfrom thosereportedandthoseassumed.

However,thepossibilityofdifferentconditionscannotbediscounted.In theeventthat

changesindesignloadsorstructuralcharacteristicsdescribedinthisreportaremade,ELITE

LABORATORY should be retained to review our design recommendations and their

applicability to the revised design plans. In this way,any required supplemental

recommendationscanbemadeinatimelymanner.

Thisreporthasbeenpreparedforthespecificproject,purpose,andcustomerstatedinthe

report;thereportmaynotbeadequateforotheruses.Theuseoftherecommendationsofthis

reportforotherprojectsorpurposesorbyotherpartiesisnotauthorized.

AlthoughELITELABORATORYhasendeavoredtocharacterizethesurfaceandsubsurface

conditionsatthesite,ELITELABORATORYisnotasabletoassesspotentialconstruction

difficultiesasisacontractorspecializingintheworktobeperformed.Consequently,the

Contractorisresponsible,andELITELABORATORYisnot,forfinalevaluationofpotential

constructiondifficulties.

Thisreporthasbeenpreparedinaccordancewiththecareandskillgenerallyexercisedatthe

presenttimebyreputableprofessionalsinthefieldofgeotechnicalengineering,undersimilar

circumstances,forprojectsintheprojectlocality.Nootherwarranty,eitherexpressedor

implied,ismadeastotheprofessionaladvicepresentedherein.
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ANNEXTUREI

GEOTECHNICALINVESTIGATIONFORTHECONSTRUCTIONOFTHEPROPOSED
FIELDBORE/DRILLLOGDATASHEET

Location:-CHANAKYAPURI,CHIRACHAS(BOKARO)

BOREHOLENO. :01 WATERLEVEL :00m

METHODOFBORING :Augerdrilling Dia.OFTHEBOREHOLE :150mm

DATEOFCOMMENCEMENT :22.12.2020 DATEOFCOMPLETION :22.12.2020

DATE
AND

DEPT
H

DESCRIPTIO
N

SYMBOL
SAMPLE
ANDIN

SITUTEST
LENGT
H(m)

NO.OFBLOWS(SPT) NVALUE/
RECOVER

Y

TYPE
OF

SAMPL
E

REMARK
S

DEPTH
/RUN(m)

FRO
M

TO
15c
m

30c
m

45c
m

GRAVEL&
SILT

0
1.
5

1.5 15 16 18 34 SPT

GRAVEL&
CLAY

1.5
3.
0

1.5 23 26 28 54 SPT

MOORUM &
GRAVEL

3.0
4.
0

1.0 29 34 38 72 SPT REFUSAL

TERMINATIONDEPTH=4.0M

SPT–StandardPenetrationDepth
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GEOTECHNICALINVESTIGATIONFORTHECONSTRUCTIONOFTHEPROPOSED
FIELDBORE/DRILLLOGDATASHEET

Location:-CHANAKYAPURI,CHIRACHAS(BOKARO)

BOREHOLENO. :02 WATERLEVEL :00m

METHODOFBORING :Augerdrilling Dia.OFTHEBOREHOLE :150mm

DATEOFCOMMENCEMENT :22.12.2020 DATEOFCOMPLETION :22.12.2020

DATE
AND

DEPT
H

DESCRIPTIO
N

SYMBOL
SAMPLE
ANDIN

SITUTEST
LENGT
H(m)

NO.OFBLOWS(SPT) NVALUE/
RECOVER

Y

TYPE
OF

SAMPL
E

REMARK
S

DEPTH
/RUN(m)

FRO
M

TO
15c
m

30c
m

45c
m

GRAVEL&
SAND

0
1.
5

1.5 6 9 12 21 SPT

GRAVEL&
CLAY

1.5
3.
0

1.5 15 18 22 40 SPT

SEDIMENTE
DROCK

3.0
3.
5

0.5 24 29 38 67 SPT REFUSAL

TERMINATIONDEPTH=3.5M

SPT–StandardPenetrationDepth
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GEOTECHNICALINVESTIGATIONFORTHECONSTRUCTIONOFTHEPROPOSED
FIELDBORE/DRILLLOGDATASHEET

Location:-CHANAKYAPURI,CHIRACHAS(BOKARO)

BOREHOLENO. :03 WATERLEVEL :00m

METHODOFBORING :Augerdrilling Dia.OFTHEBOREHOLE :150mm

DATEOFCOMMENCEMENT :22.12.2020 DATEOFCOMPLETION :22.12.2020

DATE
AND

DEPT
H

DESCRIPTIO
N

SYMBOL
SAMPLE
ANDIN

SITUTEST
LENGT
H(m)

NO.OFBLOWS(SPT) NVALUE/
RECOVER

Y

TYPE
OF

SAMPL
E

REMARK
S

DEPTH
/RUN(m)

FRO
M

TO
15c
m

30c
m

45c
m

GRAVEL&
SAND

0
1.
5

1.5 11 19 26 45 SPT

SEDIMENTE
DROCK

1.5
3.
0

1.5 16 22 33 55 SPT REFUSAL

TERMINATIONDEPTH=3.0M

SPT–StandardPenetrationDepth


