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FOUNDATION ENGINEERING

FOUNDATION ENGINBEKINGI 2
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—Struchure foundabiong are te Subdhuchure
elementg which honsmit the Shudura) lead
o the earth in Such a way that the Suppo-

vhng Soil is not overefrecsed & nof Ur\devgo

deformobon thot wowd Couge excesgive
Setlementof the Shucture.

— Hewe, the propertiez o} the Subprating soil
must be expected to affect the Unoice of;
type of Shuchiral foundaken Quilble for
the Shructure.

—>Tae Hoilure of foundakien may be due to

() Settlement o4 Soil /foundakion (Tt is called og
Cetlement foiluse).

(i) Suiding / SUpping. ofy Loil fouadabion (9t ig
Colled ag Sheaw failue).

—>The foundokion Shoud be loke in Shear
Grilevia ag vell og Settlement Critevia.

* lypeg of Foundakieng

Shallow
Foundohion

Deep
Fowndatien

(@) Terzagkd, Dy <)
B

L) Corrieg Hhe bod due
o Base Rediskance.

v
rrrrtt

Resigtonce.

(@) Terzoghi, Dt > 1
B

B lorrieg He lood due
o Dase & dide
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FOUNDATION ENGINEERING

Shallow Foundakion

Raft/Mak-

s .
Tcoloked  Combined  Stip  Spread

:

Squae Recl'onale CGrevlor

v
Redinavlaw Toropezoidal

Deeb Foundakien
v ) v
Pile Well/Caicson Foohi ng
Nole * Ag pexr kempton,

for Shallows fomndobion, Dt £ 2.5
B

@) 8halw s Foundahion

—A Shallbty fbb«r\dah'on Tonermit Shuchiwad Lood
o the Soil Shada ab a velahively Smold depth
by the action of end Beonirg.

—>As per Terzoghi if %f_ < 1,0t is fevmed og

Shallow fowndakien |

Note ¢ Dt =1-15 , it is fermed ag Moderate deep
2
Fowndodien
— Tt is fusther Cocdified into Raft/Mat L fsoh'na.

(B)Deep foundakion
— I %‘_ > 1, ik s feymed ag Deep foundohion.

—Tj %f_ >15, it is feamed ag Vewy deep foundakion.

— In deep fowndakion load iz Supperied porty by
frichonal vegistonce avownd the Suaface ond

vest by beaving ab the base of fpundakion.
—While. Gonghuching Shaltow foundahen in open
excavohion, the dichurbonce in Soil g minimal,
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FOUNDATION ENGINEERING

Howevey in Case Ub— deep feundah'an dishuvbonce
of Soil exfendz o a lawgey Zone olong the

len%\’h of deep frondakien.

Note: For 2eagong of economy, Shallots feundakion
ave albayg preferred over deep foundodion

[}
=

* Guidelin LelecH o

Gondikio Suitable

—’Tf Shudural load s lese & | Challow Foundabion
Soll is mediom to Denge.
—IF Shudind lood,is heavy (Raft/Deeb

g ol is Wose/weaK. Powndakion,
—If Lweling precswae ig Wgh|Raft/Deep
L dif(mam free. Saell Foundaliem

Volue ig move Hon 35 %
— 1 fboh'na oata is ragye thon| Raft foundakion/

40% o} plinth aea, Covbined ]Lbohn&
—I{ Shudhra) (ood ts hea
ond foundakion s to be ~ |Compachion pile.
blaced i yunni ng Wokey.
(mver, Sea, Conal).

— 1 Coil is looge Lafuraled

Sond k ic prone fo Uiquif-

aclion.

— I Shudwaad lood is lese
(1-% Shorey Building),

— I Soil iz expangive & igh Floaking e balondi-
Seling & Shaink ng foundakion /Under-
Chqmc?awish‘cﬁ ic foond. | vecmed pile.

* Geneva] Requizern ahi

—for a Sakisfactory. pexfoxmonce , a foundakion mugr
Sohisfy the following Huee (ondikions —

()locokion & deptih Caterion.

(1) Sheor failuae criterion (Beqaring Copacily Griteaion)

(ii1) Settlement- Cariterion.

—A foundakion must be properly locaked and
founded atSuch a depth thot e perfosrmance
Is not affected by fackrg Such ag lakevad
expulcion ol Soil beneath the foundation,Seasonal
Volume Chongeg Couged by freezing ; thawing 0
presence of moisture & odjeining Shruchioe.

A foundokion must be Safe agoinst Sheay foiluse
ov Soil Rubtuse.
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FOUNDATION ENGINEERING Shallow Foundation

—>The Sellement o the foundotien especially diff— —hundakiong for Shuchre in river have fo ke
eventiol Settlement, must be within fhe profected from the Scouing ackien of Waler.
bermicaible Uimit. The depth o} foundation in Such case musk be

> Excewive Settlement may effect e whilly of below the Scour levd,
the Shudoe & moy also cause i domage & —>Wren footing are adjacent o Sloping growad
decreageg 16 qesthelic value. 0¥ Where the bage o} fooking ave near by ol

diffexent levelg ov ab level different from the

Note: (ne Hwee Yequivement- are independent o} footing of odjaceal Shuchoe .

@ach other and must be Shished Seperalely Bllowing rewmmendatieng ane adopled *
(@) When v;ie Gvound Surface Stopes downvsard.

(locakion & Depth Caiterion iy foundakien adjocent 1o a fooking, the Sloping. Suaface

—As a genevad vule,ony foundakion Shoud be Shoudd nok encrvach wpon a frustum o Bear-
placed ak a depth dhere Wil Shraka is adequele ina maleriod Under the footing having Sideg
from the poink of view of; learing Capaciy or Which make on angle o} 60° Lith horizonkal
Seftlement Caitenia. for K ond 30" for Sl & the horizontad

—However, it mugk be placed aF a minimum distonce from the \owex edge o} the footing fo
depth of 0:5m bdow ndfiral Grownd Suaface. the Sloping Surface Lholl be o} akleask &oem

> Fuathex Bundakion must be placed below the for 1K A A0em for Soil .

Zone of Uolume Changeg, where Uolume Change |
1S expected

—In expondive Soil depth of foundakion must be |
placed below the depth of frost Zone. /]
—The Zone o} Seagonal vaxiakien in 1dakey Gnlend ‘
Vazieg in thicdknese fom 5m- 35 m( for Dlock e T
CoHon Soil).

ESENOTES.COM Page 5




FOUNDATION ENGINEERING

®for footing in Granwlar Ssilg, the Une Joini
the lower odjocent edgeg o the odjacen
footing Should nek have a lope Sreepey thon
AH: IV,

@Tn Uayey Seil, Sope of Line Toiving the lowex
adjacent edge oty the wpper footing & the
upper odjacent edge of; Wwer fpoking Should
ot be Jeeber bch dH:IV.

fffffff

@To awoid damoae o on exsting SHudiie, th
Pundakien for anen Shudoe ak an adjacont
Sile Showdd be Locaked ab Quitoble distonce
Such thakt

— The odjacent edge tf the rew fwh‘rg mugt be
aHeasy ob a diglonce ‘¢” from Hhe edge of;
the. existing fooh’nﬁ where te? is the idth ofy

Lavgey fDoH :
Ce)-Wza&hc {hor:? the edge U% new {oohng o the

edge o 45° or less With e hovizontad
blone, that is the distonce “S? chowld be
Gpeaker thon the difference in elevation behseen
the. od jacent footing

—Jf even pedition of new & existing footing
Wexe fo be interchanged, the vecommendotion
Woud 2emein Same,
(Thig provision enzuve that e Shew overlap
due 1o the adjacent footing does nd’ aseume

any Sgrifcont pachorrtion). |

——

aaaaaaa
ooooooo

S = (Ba, Ba)max

.
i T

? 3¢ 5
’ | 4g i
By

F)hen a new footing & placed lower then an
old ffoo\'ma the e)ésﬁv\a Shucture moy e
endandeved becouce ob latexal Flewy of Loil

News footi
b:fz:;\éuon
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FOUNDATION ENGINEERING

from beneath the existing fovtina.
—The excavaheon must nof, heveftre be feo
Coge fo Hhe exish ffooHr\.ﬂ % if it ic dona

*Bearing Copaci h# ol Shallow Poundahen

—;l?:rmirgo\nay Uged §owr anobydis c*\; beq‘h'r\a. _.

() Gross Pressuve/Grocs Loading Intengily (44)
—Ror a footing (enshucted 1sith il base ok He
depth Df lelon the ground Cuaface, the tolal
precaure ab the base & ooting due o cs;igm-
the  Supershudhne , 1ei j
fs%eig‘:\i of Soil fill over mﬁ)z&?gﬁﬁg
texmed ag Grose preseure/ loading intensify

(iDNet prescure/Net Loading Tntensity (9n)

— The. deforrabion of Soll below the base o} the
footing is Casced only by He bresswre over
L obodle ot 1ohich evisted before the

Goncruckion oy the footing ofy the Superstiu-
cire .

ESENOTES.COM

broper provision o lamcivxg mugl be provided.

—The diffevence behseen te giose preccwse £ e
Over burden prescure ok the base o footing-

¢ texmed ag nek precsuge o net loading
Infensity.

An=9g— 7. D¢ *

Un=99—7'Ds %If woley xble cﬁed}
rﬁ IS also (ondidered

A
R e af = Area of
S Shstite fooﬁn&
Wy NSRS St ch i k\'OF
A 4L (DL+ L1
*

=8c+ e+ Wg
% Al

(i) Ultimate Bearing Capacity (4.)
—> 1 the lood at Bage o} fosting is Qradually
inereasedy a Stage Will be reached 1shea Hhe

lood will Couse the Lhear foilure tf Hie
Subborting Soil.
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FOUNDATION ENGINEERING Shallow Foundation

—Tne maximum Guoss bresswe inkeneity of e —> Ik ig obtained by oliuid.iwn?f Qnu by detived facor
Loading thok the Soll con Supbodt- before. it o Sakely £
foils in Sheaw oY minimem grose prescune inlen- —Vsuelly, as fachr of Salely of 3.5-3 is Used -
Q’l'& O{Y the (oody ak hdn Soil ’P‘tlﬂ; in dnear CLI\S - ‘1& ¥ r\
s fevmed az Vlbmale Bearing Cabacily. \ F meat
> Ulhmale. bearing Cobacly ok the goil is wof Oy
velated 1o the “propertieg of Sil buk olso 1o the ViDGo earing Cobocify (4s)
Chagactenishics oy footing Such as g Yze, Shope, I is the maximunt gaoss intensiy ofy Loadivg
depth, mode 0} loading & nethey lood; Hhad the Soil con St-pport isithont
s opplied axially oe eccertrically. _ foiling in Shear
(iv)Nek Oltimote Bearing Capaciby (44 e e C;ns +D4
— The maximum neb indensily of Wading ot the Uns= Lo P_ by
base &} the fowndation thad the Soil on 2D X
Support before doilune in thear As= 1 7Df + 7Dy
1t iz diffevence ofy UOlhimate bearing Capacy
L Overburden pressuve. Note - Since the addibonod Fesm due fo gelk wei-
. [An= =7y ?Lit o go\L('YD}tzD is cg\IaiLaJo\e in full depth
Nag —q. _o i presend rom bast higtory, it Seemg
e TG e AP e b o
Safely for tnls feam.
(WNek Sake Beaving Cobaaity (9ns) —1k ie prefexred to use enly net Sake. Beari
It is the maximum nek infensify of lading Copaaly n Codeulohion ingtead of Gaoss S:I.
that Hhe Soil con Safely Suppert vithout Hhe Beaw'w? Copocily.

sk o6& Sheor Foalwre.

ESENOTES.COM Page 8




FOUNDATION ENGINEERING

ViDNet Safe Dearing Pressuwre (4ng)

— It s maxmum net inkensity of looding. that
Con e alloved on the Seil sithowd e
LeHlement eXceecﬁvx% the pexmiscible Value.

—No ffqdﬁ’r 6[3 SO{F'G {¢ to beo‘HoUed mn thig as
it Is aheady included in pevmigsible value
Seltemend

Wii) Allowoble Bearing bressure (Aanet)

—> Ik is the maximum net infensity ol oading
thod= Con be inposed en Sl with no poseibili-
*\3 ok Shear foilwse ov Seltlement follure.

—Hence,, it (s the Smoller o} net Sofpe fbaqm’n'ﬂ,
Cobacify( Shear foilwe Cikerion) k net Sofye
Beaning pressure ( Settlement Criterion).

*
Qones = GlnSc ) %sp>mn

Note : TE ig often Confusiv\a o Come. acnose Vagied
Termi y in diffevent Ukeradue % even
in Code \o'zruche.
Bt the feamindogy used here is logical %
Yakienad

—In IS6403 allovable bearing presswe ig

I$ named as allowoble bearing Capacily bul
bearing Copacily i¢ associaked “wikh enly
dhear (fai\\we chiterion

*Ciwice ok Neb alfowable Bearirg presguye

—For a Sofe desi ofivg Vtne lmd('vxﬁ
inensiy ok Hhe base of the fovndation Showd
be lese thon allowable  bearirg pressue.

—> It con be nel o gopss allou;ﬁe ovessuge.

— Tk is (onventional k also Gorveniend o uge
Net allowolble bearng bescuse in Hhe propo-
rhony oting ,due to following- ¥ason-—

WT 1e @TZEQ&D C:iv,bqw the f;d alhig:)able
Deazing Prescure Lith nek loadivg intensity (e
e loadirg intensiy ok the base of fosting-
in excess &k Loqclmg tndensily fo whidw it
wag Originally Subjected).

—> heve the excavated Coil in Hhe Yrench is lback-
filled ofter Gondauchion of- footing & Column),
the net \Do«lma ndensily is Hhe Grogs \;oqdma
i{:\l@gsilj M Nug wqdim% infensily due o Bock=

ill Soil

> IF these is ro backfilling of; Soil ofer foundabon

ok shuckoe s incovpovoled In Bagement flovy

ESENOTES.COM
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FOUNDATION ENGINEERING

(ke in case of; wat/ Mak, e Soil Is excavated.
upto the level of Boge &f voit, Here He gaves
loqdir\% infencity is enly due fo StHrucdinod lood
& Selfweight o}y vt & does ot indude the
weight sf Soil cbove the fundation.

—>In Such Case,net laadivxa infensity 1sonld gek
educed & even become Zeyo.

() Anothex e0son for Dsing net allowable Bearing
pyedsure in degigm b‘% oh'na Lubjeded o
Supevinposed lood (82) Upfo Ground level
{Tt Gnsisty luvn tood in Loil below Hhe
Grownd leve! ectwll o the veight ofy Soil

Y

.
S A
o ° (] .

:' I. L :' :. L

O
Qg = Qc + W§ + Ve

Area ofy fooking (A)=_ Bg

q,q,- 9088

Assw\in% the {eoHr\a o be Yuare of; Soe B,

RE= Qg,
Ta.g7r08s
B = [Qct P Vs
Ta.g03s
Heve , We= MDY , We=(Df— Do) BEY

*

B = /8c+ B*D Ye +BHD4-D)Y
Ta-gvogs

—>Tne obove equahion Con be Used provided bek
Ws aye knoun,

—> U X W Connot be Calewtaled Unless deptih
foundahien Dg’ b Size B is Known,
—Depth o foundahion con be Selected loy odel

provisien buk SHiL Caleutohion ofy Sie B ofy
foting would vequine il & exror oppavach.
—>However, this problem Con be eliminated b

using net lpada‘vxa inkencify /net precsure.

ch = Qe T W+ W 7

ﬁa_:: Qe + Bf + W

B> b* B+ B>

% = QB%' + DQ(Y¢+U){;—DL)W

ESENOTES.COM
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FOUNDATION ENGINEERING

Qca —Df-(Y— é& + D¢ CY(,—(Y)
b

HC'*C, q,a - D}(Y‘—: In
dn= QQ-,- De(Ve-9) *
&‘L

Maximum Value of V.= 24-26 eN/m® k 7= 13-21KN/m?.

I Ve Is assvmed 1o be equol to ¥, then —
=G

'L v Soje des@n /;ooh ek (mch \Mnns—
R Gl

\Ig mwst be le¢
presaune.
InE daner
gi < Qa.net

—>Since there {8 no Unkrwoion, there in RHS, thig
approach i nvene preferoble for propertioning

KHDMa

—> It the foundabion I8 ot backfilled as in cote
ok Reft /Mot then,

70N NN

Basement

Dr t Floor

l/l/i/v A L2 //// //I/I

Qg =8 +DcYe +6%
p%

An= g DY
b+

S.8ince De, ¥ €< Dy =Dkt onbe
Y\Ua\edrul,
= - DY
= e - B

%

— Ik con be onalysed that if Bakf Uina s vvol~
done net looding. infengify is deduced "oy
Ovexburdened pressure due o DY’ & it may
algo be veduced 1o Zero vhen QQ = Dy

(i-e- when Weigd ofy Sol excqx/ated s equal o
Safe .Qﬁu\du?j}_ Load). i

ESENOTES.COM
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FOUNDATION ENGINEERING

> Thig principle (s Used Behind desigming ofy
flook v~3/ Boldoncing [ Conpensaked voft/ fool-'ma .
Rurther, for Sape desigm oy 'fBDhV\a,
"0 £ 9anet #% — DY £ Faner -

¥

Be. £ Ganet+DpY

It con be refemed ok lood Cariging (opacify
fovndahion ic (onsidevobly enhanced ohen
fHundahion hrench is not backfilled

* Modeg o Shear failure

—>{|dnen a horitontad Ship footing ie Subjecked 1o
the Groduelly increading leod il Undergoes
Charockerishe Seltlement

— This Sektlement belhaviowr (S found fo be elat-
ed to te Soil prcperties.

—>The il Zoneg imolved in éenevahn%%esislvnm
fo foundahitm load, thet i3 vespensible (oo
beazing Copacify, have been 1dentified Queli—
tahvely.

—> Three lf(@e/r\f hybes 6} foiluse methanism based
en poktem of S\neqa'in% Zoneg Nnave been idenhi-
fied as foUpisg—

(D General Shear foiluse

Tt i typicol of Sols possessing baikie bybe
Shess- hoin behaviowr (medivm-denge Qond)

—> This mode of failure iS found in Shaltos found-
ahion i very dense - medivm dence Sond

It hag vell defined foilwe pottean.

—>8hress Tone in this Cage extend Upto Ground.
Surface .

A Sudden foilwe accornponied by tilling ot foun-
dohen s chserved tn this Case.

—>A bulging oy gr0d adjacent fo the foundohion
takeg place.

—lefore foilwe Sektement woirdd be Small

—>oad Settlement Cuave indicokes et foilwoe ig
abyuph & Ulhmale lood con be easily locoked

Load ——>

AN

Settlement ——

ESENOTES.COM
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FOUNDATION ENGINEERING

M Punching Sheor failure
Ik Occurg in Soils posseating the Shecs— Uvoin
Chovacterishes ofy ery plashc Soil.

—> It s fovnd in Shellow oundahion in Isote Sand/
Nee L in deep foundahon.

* It has poorty defined Shear plane.

+ Soil Zonep beyond Looded ocvea i nak/ Litle
affecked.

* Sigrificont penefakion /Selflement of Wedge. Shep-
ed Soil Zone beneakr the fouwndakien is sbsenvel
accomponied by Verticol Shear beneohn edges
o fovndahion.

—>Tha Wed Settlement Cuave indicotes a Gontinue-
ug ncrease in SelHement wikh inc%eols‘ivxg load,

—>Ulbmale lood (onnot be Uearly idenkifed

Y

Settlement

Shearing 5

<
«<

(M) Local Shear Roilwre

—Iks poldern hag come o} the Choaackenisheg o
Both geneyod ond Punchung Shear %i\um.

—>Main foilwe of, (0ol Shear failwe isits well
delined wedge & Sup Surface enly beneakin the

D

—>Stp Suaface nok Visble beysrd He ecl%e,! 6{3 Hhe
foundahon

8t bilging 6y the Ground Susfoce adjacent-
to the foundahien moay loe Observed,

—>Signifcant Sektlement of Gil divecky beneath the
fovndohien fokes place

—> The. locod - SelHement (uave dses not indlicate
Ulhmete lood Uecx"o'ly,

—Coil possegsivxa plastic &hess -Shroin properhes o

|
.g *
T

n Hag mode eg- Wwose Sand.

o
Y
oy

R

Load

Y

Settlement

ESENOTES.COM
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FOUNDATION ENGINEERING

Note * Guidelineg to identify wode o} failwe

Geneval | Local
Sond
—Frichonal Avgle (4) >36° Lag°
—SPT No. 7 %0 L5
— Relahve Dengily 7 70%, | L2067
—> \foid oo <055 | >075
a
—»u_\iy 7 16D /¥ £80 knyfm*

Relative Density ——»

0 0.2 0.4 0.6
| |

Punching Shear

Relative Depth
w

10

¢ factorg Affechng Bearing Colocily

(@) Posihon &f Ground Walrey tobole!

() Tybe of Soil X ila piwysicod Xgo\vero%e propesties
(Y,c % §).

([ Type o} foundahion (Ship,Squate, Gaewad).

(i) Size of MY\% (depth & widHy)

) Mahgf}e ¢} Ground Suaface (hovizonkad or indi-
ned).

U0 Type o} wading (Goncentric feccertic)

(Vi) Trnihad Shest am Soil (Nowmod e Overconeoli —
daked

Vi) Type o Lhear failuve (Generad, Punching, local)

*Metnods to Delermine Beaving Coboely

—Tt Con be Analysed by any' o the follotsing —

G)Analyh”cad/&ul:'/c me\?\bd. rt "

(1) lodod Provgion * Varloug building bdeg are
Poblished by Godal Aquncies. Lke 8IS, NBc,
TRC,CPRD eke in bhich bearing lapacity of
Zonad Soil (& Published 1shich con be Uged
diveclly for wnu%bu Analysis

(iii) Reld metid,

— Plode load test (PLT)

— Stondand Penelrobion test (SPT)

— Gne Penchalion tesk (CPT).

ESENOTES.COM
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FOUNDATION ENGINEERING

(I)Rankine’s Mekpd

— Tt Gngdered the equililrivm of bo 3eil
elementg, One immedialely belsws the fdounda-
fion (element T) & the othex jusk beyend the
edge of fooking (element IC), bk adjacent 1o
element T.

—>3hen the ood on foeting increases & appyoaches

Ulfimate. Bearing Capacify (W), a Skfe oy
plashic equililonum is »eached Under the

—hr Ew%e 8hear failuxe of element T,element IL
rugt alss fail by lakeyal thyust from element T
—’Du%'ina the State cr(j Shear foilure (Ploshe equil-
ib¥ium ), the. analysiz con be done ag follows—
o= oafon?d + A¢ fona ¥

Rov Ghegionless Qoil, =0
a = fone ¥

—>for element T, hich ie in ackive Sfate of
ectul\uw\‘um.
o= GLu = o
0"3 = d”h

W = . fond,—()

[=;
A
ERaE

(v element T, Which g In passive Stake oy
eq/u‘aliloaw'wn.

=0

93 =0u =YDy

Th = YDy tan?el, ——(ji)

From (1) &),
q = Y-Dj fon?d
oY

= ——— %
L (Yb%gi:-&ssrr'w f

Note : In the effechive Lhess Analyais, gy s given

by

’ ‘lu‘—‘(y'DFi1+S"”Q' }9‘
1-dUng’

—>This Analyds conalso be Uged o find the
minimem depth o pundahon ag followg ,

ESENOTES.COM
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FOUNDATION ENGINEERING

— 9 $1-8ng
Dfnin =~y §|+smd>

—>Thig theory s Ondy opplicoble o Cohesienless wil

—> Effect o*[:\éoidl—h L Size o fooking I8 nok
Gonsideved,

— T} Dy=0 then q=0, Which is rol prachcal.

(D Felleniug “Theory

— T is Baged on plagtic theory & is applicable
fov Only bure Ghegive Loil (Ulays).

—In this theory, the. Fuphue plene / failwre plane
I8 assumed 1o be on ave o Civde & general
Shear failwe is (ongidered.

() Teaz0gi '3 th
1 s an improvement Over Prendtlels theory
— ProndHe (oncideved Hhe base o} the fooki
fo be 8omooth hesea, Terzoghi C»nsidewedhﬁ\e
Rase b be foug.

* Assumphieong [n Texzoghy TF»eowa
O Foundation (e Shalkow (D & B)
(@Base of foundation is wugh,

@) fooking is Continuaug (Smp)(L>>8) Tt meang
onalysig in &b along Kidth % depthn.

(WAt the time. 6} friluve Soil veacheg into plashic
Qlage.

(VFailue g General Shear failuoe.

(WThe Shess Zone of; Soil extendg ubto the
{bvugdahon leve) only buk ot Lpto the Ground
leve).

VidThe hear resistonce of Soil obove the
fundakien is ignored, it meong only base
resislonce s (onsidered (dhile Side 2eciclonce,
s lgroved

Note ¢ Tk ig the main 2easen due o Which thg
theary fs ot applicabole fov deepp foundation.

Vi) The Soil above the Base of foundation ig
vervoved & veplaced by an equivalent
Supchazge. (4.=VDy).

@) The load (g Vexhca) & Goncertric (Note* 9}
Wed s ecentric Meyerhoft's theory is Used)

O Grovnd Swrface Is hovinonkad & fpundation Is

also honzonkad
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(D Waker fable is beyond the Zone oy influence
oy Shess hence, ik doeg nat effecty the beasi-

g Copoaaly.

—>This erm»bl 12 based on the Uimikng equilibrivm
olpproach, Whereln the forceg ac ng on Coil
Wedge immedialely beneak the \en ave
exorned v Stabic equilibyivm Gnditon & fne
Ulimode becm'ng (obadily tg defermined.

—g—
Y

1q Ja=yDs

—>The bage of foch being Fough, (dhen the
{»ohv\a Sinks indo the Loil, a Cexlmin porhen o
il yi-e 86Nl wedge ‘adb’ immedialely beneatih
the {oohing s prevented from Undergoing oy
lodevol wovement by frichion % odhegien
bekween the Base of (fooh\ﬂa and, the Soil.

> The edge of il “adb? is termed. of ZoNE-T
and vemein in adake of ‘CLASTIC EQUILIBRIOM®
L is effechvely a poutofy the focting ikeelf.

—A foilwre , the Veaticod downword movement of
the footing & e intadk Soil. Wedge ‘adb? puah-
eg the il on eithey Side ok elashic edge L
fonsformg it info a Steke o) ploshic equilibyivm.

—In Zone I, where Soil s in blashie equiliorium,
it Is femed as *Zone of Radial Shear”

—>0ne Let of, Shear blone [n these Zone radiate
from the. edge of footing % the Curved lower
Bowndaoy of tese Zone bhes Shobe of a Grde
({W)Cohesive Qoil) & logarithmic Spival (pr ¢~
Soil ).

—>7one IT (s termed ag Rankine pascive Zone of
Unear Shear in Which the hoo (Sel,% of &h&c;?r
Plone ave inclined ak ongle of (8=45°—¢
o the horizontad, e b 2

—>The (ower bown ‘od? L *bd’ o} the elashic

e are foilwe  plone »ising ab angle of ¢
fﬁhﬂe l'\mrh{-:nfd b A g °

—The foilwse urface delf' & def ave taken o be

Vewhcod ab &’

ESENOTES.COM
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—>The foohing Conner break o the &il, Unhl Hhe
bagsive vegislonce of Soil magtes is Overcomed,
—> The inckined face tad’ sv lod’ can be Congidered
as a 'zrom%\m back of n%yid okl with Sheoxr
povormeless C % $.
At foilwe , TR =0
Ctu((b-l)—’-“/(fzx B X 2 jongd) = AP + AC-Sing

c=cxlad X V) =c(lb/%¢)
S

qub = 2Py +BClnd— IT‘Y&*—.W@

Note s The folod passive edigtonce Pp on the Swra-

ce ad & bd & mode Opto 3 Combonents —

() Ppy, produced by Lei oil in Lhear Zone
a':syuﬁv\in 'qubZoiL i?\taa% (onegiomless (¢=0) &
neglecting the Surcharge .

Pp, produced due to Soi (Shegen, assuming Bil
o be leight less (Y = 6) and n%\ech'ng the
Swacharge.

({i)) Ppq lproduced by the Quachapge asuming Soil
to be Ghesismless & \Weightless (¢=0, V=0)

= W B=3a(Py + Poo+ Py )+ BLIanS - %‘/e}m
Assming &Pp,—-lTWE% tong = bX ?Ix BNy

2Pp, + RLimd = BXC.N,

Qub = BCN, + B.CLNCL-\'!T-'YE Ney

Gu= N qNo + LBTNy wx

T I it
Qu =CNe+7DgNg + ?I.lbfvl\!«/.

ESENOTES.COM
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—Y m I feam is for Soil abdve Hie base &

Hn
—>Yin ]]@Z texrm I8 for Soil below Hue base.(r%
footing
—>C i3 tnt (ohesion for So\L b&lom the ﬁbohr\ca.
—Ne, Nq{, Ny ave beoxin 'fac\‘D”rﬁ
IShich dependjl wpon jwnaaon ( P) 61;7 Soll.
= ton2(45°+4)) ’>Ncl Nge
Ny= |-8. fonp(Ngq—1)
Ne = Gk (Ng — 1)

Nole : For Pure Clay ($=0)
Ng=1
Nq =1
Ny =0
Ne =57 (As per L'Hospitod yule)
Qu= 57¢ + Ypxi+ 05.7(0)

q“_57c+(7D}
=qy —¥Dy =57C+VBr -V
Anu=57C

—>The net Ulimole 9>ea7r'\n3 (opacly of pure (ohes-
ive Soil- i2 independent "oy ifs Size K depth.

—>The (beom'ng Cobacly 9 in Tev2oghd & Prandtl
Hweom& 18 Some with diffevence. in omly lbeamng
Cofdty foctor
eg: for Pure Ctay ag per Prandtl theoy,

Ne=514
Ng=1
N(y =0

(i) Modificahion for Dy oh
(@fr Ship footing & qu=CNe+qNg+ 05V Ny
(B for Square footing * Gu=)3CN+GNqTO4BY Ny
© for Cosenbar footing’ 4= lscN,_+QNcL+ 63BNy
@) for medmgulqv/ Fdooting

qu= §\+osb }CNa-)-aLNq_'__L@ 62L)BINy

Simp Squave Gyewar  Reclongu-
'.

& ! -3 13 (1 +odey)
Sq 1 1 1 |
Sy [ b8 06  (1-021y)

(iDModificahen for Shear Jailuwre
—>Téw2c aah S fheow% s apphcalole So?r 3eneval Shear
filwe .

ESENOTES.COM
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—No thepa€hico) Solubien s availoble for eod k
Punching. Shear foilure.

—Punching” Shear failwre is very Uncommon, Since
footing one wooely ploce Bn very Lsoge Sond

—>iceal Shear foilure s hovevey Commen.

—Th Case &5 footing en (oge Sond o Soft Uays
Dhere Vocol Shear failuwe ton toke place,
Lneamng tesistonce. (s not mobilised along the
entive brghh of, pilloe Leface as Bbserved in

enexad Sheaar foilwe

— Teoghi propoced empLricol adjugtment 2
Shear Skength pooamekerz (¢,$) to Gver the
Cate o locod Shear failue.

—*Shear Saergth posaelerg Cm & dm muat be
Used n beaying Gacily equahen & Bearin

Capadly factoss ave deternined en basic ofy fm.

Cm'—"%& % Wd’m:%#ﬂtp

Hence,
— )
%—%CNA —qNg'+ 0 3BYNy

(iDModificalien due o Wdtey table level

T T

Zone lll

v
Qu= CN¢ -+ (YD}NQ"Q‘ D-BEDVNry
u) Qi) (i)

T S
T
pﬁ#:h

—>Cage (i) : When waler fable is in 2one-T ie(Z>8)

—Waley ble level belowy the Zone ofy influence
o Shese.

—>Waley fable in thiz Zone hag n8 influamce em the.
beaving (aboeily. ence , o Uhenge. in beai
Co{aqclb% e inhoguced i-e. feyme an,’e('lD & (i) K
vemeing  Unaffected
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—>(ase (i) When Waler fable is in Zone-IL, at
depth of Z, bedow the foundakion.
(0<z,<B)

—In His Cage tewmg () & (D) of; bearing Copauity

equokien WLl be affected whereas ferm (i) 1L
vemoin Unaffecked

—>To accornt for Waker foble effect either use
effechve pavometers ', @' & effechve Unit
Ue«ﬁ;i:ru(; the Soil or Use wder foble Gorrection
fackor

—>Genevally, effeck on €% is neglected in
absence of; data & doeanal given , buh effedt en
Orat weight ofy Soll is acounled yie- effect en
frst dexm is Y\eaa.h'\f‘e.

~In abgsence ofy date , € 2C g
o= 5

" Nq'=Nq Ry=1 $i+2s
T Z2=B, Y=Y *5 B}
Clu: CNL"‘VD} N‘l —+ —F'I(, 2>=0 "\/q:(ysahkrya%
0-SBYNy.
*_E 22:‘ (») ) (Yc, ':{7' 1u:C\Nc‘+ (YD_‘.Nq'-’-

= CN + YDy Ng 0-5B4 L. Veat {NY'

—>(age (i) When Waker table 15 in Zone-II, ie.
ak the depth Z3 fom Grvund level.
(0< Zy <Dy).

—In this Case, all Hnee texme of beaving Gapnaily
equadion (), (1), (i) WLL be affected, buk effect
en Tat feam () ic negligible.

—> Heve alp either use effechive paremelexe or
wakey fable Gorrectionm fadoy,

Effechve Parometer Wakey toble (omrechon
fackoy

Effechve Potometers| Watew toble Cowection
factor
> q,= c‘N¢'+‘7l>au\ki+ Q= C'N + VD{Ng! +
0-5B.Y Noy! 05B.Ry + TaNy'
V= 2z V+(B-Z)Y' Ya= 227+ (be—zz)"/go}
B

q,u‘—‘c'Nc,“i'% D{.N q/'-{- Qu = d N ‘l’(RL‘{ 'Ya) D_}.Nq{' +
0-5B7' Ny 65BY' Ny'

Yo = ZaV+(Dg=22YY | Va=24+(Df-23). Yeak
D4 Ds
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—Tf 23=0, %=7"' ¥ =1 (1+ 23
Gu= C'N +Y'DpNg' + SR
0 5BYNy' =T} 25=0,%= Yook Rg"=L
—> 1 23=Df,% =9 — ('L
’ =C'N +L. ‘
Qu=C'Ne'+ YDgNg + ke “{?— set) Dyl
05 1Y Ny FTOSBY Ny!
1] 25 = Of, %=, Rq¥*=1
% C'N(, +(YD.; N(t')-
R SB{YNry
*Spetial Coge

(i) fo (shetinnlese Soil (€=0)3i-e- Sand
qu= CNg +YDgNq+0-58Y Ny
Gu = VD4 Nq+0SBYNy

T} Waker foble 2ices to the §rouwnd leve)
9u="Y'DsNg' + 0-SRY'Ny'

oY
Qu :(J_‘Yg&)b}\\!q'-l- 0-5 (_l__“/_ga}) Ney!

—>Th Ghediomlese oil, Vlkmode {beqmvxa
powhor\al t depH\ (0P & width tr[; @mdahon

().
—>Due o ¥ise in weler feble level Lbio Growd leve)

Llhimade Beasing Copatly approxim yeduceg
1o helly. A/ 4

(@ For Puse Govegive. Sol (= 0)3i-e. Uayk
Nc= 57, Ng= 1, Ny =0
qu =CNe+ YDqNgt 0 DBYNry,
Qu= 5FC+ YDy

I} Waler toble 7ises 1o the Grownd level
qu= 57"+ YD 5 oz 9 +V'Dy =YDy = 57

Unu=5%#¢

—The Ulhmode Besairg (opodily of foundatien
bloced en Cay (g independent- ofy WidHn/Size of
Pundakion,bwt g o\bPeﬂa\PJv\l‘ em it depth (bp)

—>Net U)fiale beaning (opadily ig neoaty Unelfec-
ted oy 7ise of Woler table o the (fmlmd leve).

() SKEMPTON THEORY

—TNg theory i query Based &n fiedd Observakion
porty en aloe\’a)maq Yedt & Poa'Hy on Hheorehi-
col Analysis.

— Tt is Quikbdle for pure (ohesive Soil (Clay).
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—It con be opphed for both Lhallors ft)ohna a%
well ag deep fooh

—Tn s Hr\eow& , bate wcsishrnce ond Side wegis-
tonce both are (ngidered.
The nek Ulhmake beqrm:@ (opatily ic gven ac—

9nu= CN¢

Wheve,
¢ = Unat (ohegion
Ne= Skemplon beasing Cobacily fadfor
Which depends U]oom _}_ wohe.

—> (e H Df =
B
Footing Sib  Lquene/Civenlar/Rall
Rec\on@mmv
Ne 5 6

—>Cacelil) Tt g£ >33

Foating _)9 .Srlvme/ Civewdor /Raft/

|’bn8 W
Ne 95 q

—(asei)) if 04Dy <25
(2N

footing  Ship  Squase R s
Ne 5(l+o~ngt) é(l-ﬁ-b-).gg) 5( \+0-1Q£)(|+0~2_B_>
B B B L

Nofe : Onlike Tevaaghi's Hheory Skempion’s Con
apply ab x\aﬁde“‘?- ?at

for Circular/SQ/ Rect/Raft

for strip Footing

_______ Exacted curve

Approx curve

\J

D/B —»

(X¥)MEYERHOR'S THEORY

— 1L is the moet Genevnliged theony owiloble o
find the beqm’%a Capocily as it giveg Gonpreh-
ensive analyeis for bean Pavamekrs

—The foiluve mechomm in thig 13 Sinlaw 1o ok
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Tevaogh buk 1t (onsideved failure Surface thod
exiended above the fwndahion level, hence
Shearing Resistonce o Soil obove He bate ofy
frndakion is olso faken into occount

—Ultimate bearing Cobocily for Shallow foundation
In thie Cage is given by —
W= QSSSCC\C‘C + mgqf\@lqj' 6% B"/Nzgﬁ/d'yvy

Q) w QD)

—>Heve,Ne, Ng Ny are Meyerhof bm?n‘r\a (oppoaiy
factor Some ot broposed by Prondtl. _—
Ng = "' ion2(4 5o+ /) =
Nc: CNQ" DCOl"P
Ny=(Ng—1).ten(1-4 &)

—Heve ¢, 4,1 are Shabe fackoy,depth fockr L
inclinakien fackor for each o Bearing Copacify
team vespectively, given as — R

| facimre Exprecsiong
© S, 84,9 | 1 v Ship foting
. & I+ o~1%_ion1(45°+%)

84, %y I+ M%ml(t\s%%)

Pr $>10°and 1 for $=0
<de I+ M%ivn(t:s%f_)
‘dq ,dy )+ D‘l%bﬂ(h‘i%%}

for $>10° & 1 for p=0
*icyiq (I -%)”,Dé IS in degvee_
e i,«\/ (\—,B%r_o)l

—Heae, ‘B’ veferg fo the Width or dismeler of,
Pundakion.

—The inclinabon factor €17 tokes inbo accounl the
elfect of incinakion ofy Wod on Bearing Gpatily

—%" is the indinaHon &} the yesultant force

m the Verhical §ie Z=ton-'(HA,).

—> Meyerhwof also recommendg thak in case o
Shib & veclngular footing involving. plain
Stvain value o} qpg IS defermined fwom the
triawiod test Znowdd e Converted 1o plain

Stoin ag follog—
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bpe = 11— 018§y

—Meyerhof infinduced the Gneept o} Usefud
Width to Gmpule the bearing Copodily When
te yesultznt lead on fooﬁv% eccentvically
with vespec to Centbre o, the " footing.

—To account for eccerticily o}y bading the
fooking dimensieng are twodified in Such a way
that “becomeg (oncentric fo the reduced
dimengiong of; the feoting.

—for a Ship fooling, if the lood hag on eccentsi-
aly ex in diveckion v} width a modified widh
‘@ is uged in place ol B in lbecm'r\i (opacily
equakien & in the detesrvinakion ofy Shepe ond
depth facors

B'=B-2ex

—In a vectongubar footing, theve Con be eccenticify
of Wwading ?n dinection’ of; both bidth & length
QCL\LQ—\ o eq & Qy.

—In Such Case ,2educed dimensien B% L' are
Used in place ofy octuel dimension.

B'=b-3eq
L'=L- Q\C\/

—The effective area ‘A’ for the puapose of He
fa!lculahm ,0'{5 tote] Vextical lood & is cawen by
A = B\ xl—‘ . = >

B

= B/2 —2e, =

’/.Q/ /_/ e

g
el

(V1) IS CODE RECOMMENDATION FOR BEARING
CAPACITY (18 6403)

—>18 Gode recommendg that for (ompulation ofy
Ulhimate Beoing Copacity c/a Shallowd fouwnda-
tien in generol Shear foiluve rﬁ:llmaiha equak-
ion ig Uged.

AUu=CN¢8cdeic+ Q,(Nq; Dg‘i,‘dq,l‘q;\'
0 BSBYNrySydyiy. '

> Hese, N ,Nq, Ny e bearng Copaaly fackorg
recommended by Vetic.
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“Ng = ™ fort (45°+ )
. Nm/ ‘-:&(qu- l)bﬂ¢
* Ne = (Ng-1). Gk

—>Heve, W' is Waler toble (ovvechon fadior 3 it ig
equivalent o Ry ¢
=10+ :%)

%

1
EY

—2, ic meagwred foom bage oy foundakion,

=Y in third team i Yoavg,

— The influence. o} Waler fable e foken care in
Second feym of Baom'% Cofpacily equakion by
iukma ‘9’ og effechive wchoa%e ok the leve)
6l base of the footing.

— The Slope, depth & inclinahien fadorg ane
as follows—

| fadorg Expressiong
Se 1+ 02 &L for veclongle

1% for Squane k Civcle
Sq )+ 0'9«% or sectongle.

12 4or Squonre L Giacle.

Sy - 04 &L for 2eclongle
0-8 for Square k 0.6 for Grde
de 1+ 02 D¢ (48" + )
2] Ey
dq(: C\ty 1+ 0 %{_.bn(45°+%) for & >10°
o L lfm;- b<\0°
le=\q (1-%) , & in deg"aeez
U - )*
Y ( 4))

—1In locod feilwre, the recommendatieng ave
Same. as o} Terzaghi theory
oo sz%czfa . i‘on¢:\a:%ivw4>

— Por Gredive Soil, net Vlkmode Bearing (opocily
6f O footing immediotely wpon (onghuckon
(u=0) Is Given by —

q-nu - cuNcgcchC

—Here, Ne=5.14 & the Undizined Shear Strength
Cu is obloined either from Unconfined, Combree-
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sive § fest-or from to-velohen with

Poink yesistonce volue obtoined from Satic Cone
penefvakion fest.

~Cu Voied behween S - G oo Nee &
|

bebween 4e — 9 for 0L F1dhere qy, is point
et by

EyEEE

!

....
]

* Comparigen of; !begm‘na C_A}aug fackye.
—>() Ne=(Nq-1)tot9p ,~ Ng=e" P jon2(45°+4y)

T $=0, Nc=5.14(insteod &b 5F given by
Tera0gki).

—The above fo equationg have been adopred by-
. Tewzaak‘i & peck

—(iDNy =(Ng- ). lon(1-44) Meyexhof
Ny = I-5(Ng-1).lond Honcen,
Ny=4 (M‘l+ ). n¢ Vesic
Ny = 1-1(Ng - 1) len -3¢ Spongler % Hawdy

ESENOTES.COM

Note : Ny fadow has the iideskvange of; Valueg for
any N foctor

—Tn Genevol, 38 < Nvy <192 for =40

8- A Shop rfbol'ing s o be pruded for hso
Colomng ag Shown

OOOOOOOOOOOO

G—J !
12m

Calcwale e lenghn fbdmg (onsidering width
o} both footin gg ;%E:m % "lole Beq:—?ng
Cobacify of Sol ag 350 KN/m2
@am (B)A-5m ©)>5m da295m
Note : The Shab fboh'n& s (ongidered 1o be Qift,
ﬁmsfem? the Golwan loodg Lith equel &
Oriform Soil presaure Undew Dot fooh'na.
2 Mp2=0 2Py=0
3600 X¥ — R{7-1-2)=0 2600 +450 —R)-Ry=0
Ry=3620-F kN Ry = 3600+ 4500
—36)D0%
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RQ_'—" 387‘7'3 KN.
‘£u=ﬁ'— 3 4L = 36207 =295m
LB 325 X350
Qu=Ro_=> LL=_3879> =316Fm
Ly b 3.5X23%0

8.Tn a Braced Vexticol excavokien o Bm heiglhy

%25m pidkh in a Ghedive oL having On—
dwvined (ohegion =0 KN/mt & g =20 kN/m3

ot g the POS Agoinst heave failwre ol Bage.

ol ! D=5 =2
B 25

g /
ZAIRE N

4
.
7
8
-~
-7

for No foilwe , 9 < Gpe
= YH= 9nu = F=CNg

P YH
= F=20X5 §|+o‘ay_}-_—ﬂ
ab-5 B

8. An embonkment g o be Gondvitcted with a
Gronulay Sl (V=20 ka/m?) en o Sofurated,
Clayey Silt depoait (Undrsined Snear Sheng b
= a5 kpa) Asthming undyvined genern) Shear
foilwe % Bearing Cabocity fackor of 5F.
(orpue Hhe mox. height of the embonkment
at poink of foiluse.

ol: qn=VYH =204 KN/m*

Gnu=CNe=35X 5% = 142.5 KN/m2,

A pont of foilure | Fog (F)= |

oy Sofe deggning qn < qng =A0H=125
H=7125m

8. A builoh’ng hag to be, Supported en a ReC rolt
Ppundakion of dimenciong 14m X &l m The
Subgoil g Uay \Ohidn hag an ave Onconf-
ined Cornpresdve Shength ofy 0415 I;:?:n? The
presewre en the 8ol due to the \eight of
building % load thot it will congy will “be Kt/
al the bose o 7ok Tf the 7 of excavaled il
i2 19 t/m® ot Ohek depth Shotld the botiom
o} vojt be placed 1o proude a Fod of 3

aﬂoa'nsk Shear failufae,.

ESENOTES.COM

Page 28




FOUNDATION ENGINEERING

Sol! qq=H t/m>, q,=14- D¢
Qru=CNe = $015x10°3 }x Sx('+°'9%§)><

AX\0~4
%|+ ol
L
=o~79xsx§|+o-a L}_}(l +0.ax14 )
1 a

=425+ 006Dy

Qne = Q\gu = 4~.25+20\0604 = 1.4165 4 002 Dy

For Saje design o} fooking, An < 9ns
14—19D4 = 1-4165 + 0-0aDy = D}=656m

Q- A Squane ffoohv;i oy & m Sides 2eale on the
Suwfqee_ a horrogeneoug 8ol bed havma
the propextieg C=d4 kpa, =25, V=18 KN/,
Teraoghi Bearing Gopacily 'fad@ry, (07 p=45°
oye Ne=d5. th a7 ny 97, N= 148,
Ng'=56,Ny'=32
lonpude the. Ultirnae. bearing Cobauly of the
Purndation.

dol: gy =130C'N. + gNg' + 0-4BYNy'

>c'=a ¢
3

qu_lzxg 2 x4} X148+ 0+04XaX18X3-2
Qu =3539 L.

QAw»bt{Dundahm 1o m wide & lélmlon ¢ fo
be Gnchudied in a Clayey il hav
Shenghh of 12 KN/m2, “/ o—b Soil s \na\LM/
The Ground Suface Cavieg a dwrchoage. oy
A0 KN/m2, Pos=14 & Ne= 57 . fnd the
Sole de{:\'h of foundahion.

q q
J_kjddg ﬂ%_L

- A

Sol 5 quzszwo\z% §CN¢+(“/D{.+¢D Ng +
gl— oa‘&}xus&wy.

u §l+03(|ty)}ux5?+lexl);+ao
= 9, = I05.5 + [6Dg KN/m2

U= Qu-"D4 = 105.5 KN/m?

= 9ns =9z = 1066 = §79)
P -
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for Sajoe. design 9 9n < qne
70¢ =9ng
= Dy = 879L =544
16 T

L

m

(II) FIELD METHOD
(i) Plake \ood test (IS 1888)

—>The teat wag degigned 1o detexmime moadulug
o Subgrade reackien (shich is Used in de&ian—
in«&c’[j g Pavement

— Tt s fied fest b defeymine the Ulhmole
(bea\'a‘ir\a Copoaily of Seil, ond proboble
Selement Under a %qven Loadfna,

— The fesk esenhially Gonsiste U% loading &
vigid plofe of fondahion level & debefnining
the Settlement Gomsespovdivg to load, increm-
enk

— The Ulhmoate Bearing is then foken ab Hhe leod
ol Lhich the plote "Shantg SMKIY? of a wpid
Yole |

—> (e methad assumeg thod down o the deplh
o influence o} Shesses the Soil Shalke ig
e onably Oniform.

@)@mn‘na Plate : The bearing is eithexr Square

ov Gixcwlar made o} M\dﬂﬁhael oty N:FL legg
thon A5 mm Huicknesg & Size onging from
360 -T750 mm

—>Small ize ploke i Uted for dense & Shf Soil
Whereong Lovge Sne plade ie Used for wose &
Soft Soilg.

—>The Sze ofy plofe Shell be alleast 4 tires the
moximvem Size of the Coil parhices present
ak test locokion.

©Test pit : The test pit,usually at fowndakien
level ) mwsk have noimodly width equel o
five imeg He Size 0’{7 the test plate.

—>The test pit Showld prefevobly have dlepato
Go irdo the pit forr Selting b marking deading.

(© Loading Avyangemend : The loading o e fest
blofe May be abplied with the help o} o
hydyawlic Jack. The seaction of, e lydrau-
Uc JacK con be tiKen by ony of fwo mekhads

*Guavily ooding method,
* Reaction rues metod.
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—>13hen lood (¢ applied 1o the plate it Sinkg 4o
Seffle where Selflervent of plate is meagured
Wik the help oy atleast ho dial gorges
Which are mounked en independent” datum bar.

—>No Suwbport 0‘{5 Woding platferrm howld e
Weked within o\ch‘s;?(ce of test plate from it
(entve . 2

£ eI
e
P

(d) et lokes 2 The test plake Shall be placed
over a fine fond layer of max. thickness S5mm
% that the (entre oy blode Ginudes with He
Cenie of Hne eodkion giders/ beam.

—>A twinimum Seaking pressure of 07 £/m? Shalk
be applied & rervoved before Slaating Hhe lood
test

@) lood Tnerements -Apply the lood o Seil in
Grwlahve  equal increment Upfo 104/mt ov
Y5 of the eshimaked Olhmake (beq’kina Gopaily,
DNC«»\Q\&‘)’ < ‘Q&Q :?

be sbsevved for eath incvement o} lood ag
erved oy 1,225,4,625,9, 16,25 ming &

thexe affer at every ene houyr inkervad 1o the
nearest of 0:62mm.

—>In Cage &} Cloyey Sollg, the fime —Setlement
Cuyve Snoll be plotled of each Lood, Sbge &
lood Shall be increased to next Soge either
When Hhe Curve indicokes that the Setlement
hag exceeded T0-80°% of Probeble Ultimate
Qetllement o7 ak the end ofy 24 hour pedied,

— for Seils other Hhan Clay, rode 6} Seiement
qet oppreciably veduced o a Vodue 98¢
002 ram/min

—>The next incvement oy lood Chall Hen loe
abplied § Observokien {g yepeated

—> The test Shall be Continued 1ill a Settlement o
A5 mm 0¥ (50 mm extveme /Special Case) Such ag
in dense Gravel, Gravel & Sond mix is Obloin-
ed or till foilwe , Whichever Is earier

— hen Settlement doetnat reach 45 mm, the fest
drordd be Goritinued fo alleast “two times? Hoe
estimated desigm pressure.

(g)lood Settlement Curve & Oltimate Q:ecwir\%

—>A od Settlement Curve ig plotted, ot fo
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arithmetic Seale ,Stondavd nature of; dhich fo"r
different ol is a;s fPllows : 4

A:loose 1o medium Gohesionlese Soil.

B: Ghesive Soil.

C: frhially Ghedve Soil.

D: Denge Cohedive Soil.

Load Intensity ——»

Settlement

—>Cune Al T 4\3]96@4 fr looge 1o medivm (ohes -
onlesy Soil hidh ig Shaight line in early
Slnae;g but flatleng owk in lofer Stoge and
there 18 ro clear poind- ofy foilwre.

—>Curve biTs for (ohegive Soil Ihich (s nol-Guite

[ 8” in eaxly Stages L \ecmg towordg QeH(emeM
oaug os the Sehllemen) inereases.

—>Cunve C * Possess Charackerighes ols Both Cmve
ALkb®

—>Cune D:Te for Puwe denge Gohengionless Soil.

Note * (ozr Curve B & D, o difficwlly s experienced
in Dlogerving Dlfmoke Bearing Copacity as
tne foiluse 13 well delined.

—>Howewe, in Cate oy Curve AL C, bhere yield
poink is not wellr defjned, Seiflerent Guave i
plotted em Seni—log Scale.

13 Gode dies nol Spedfy ony Fol, hence in
Ovder fo defeamine the Sofe Rearing Copacity
it ig fokKen s -5
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log Loadingintensity

ment

log settle

* Deferminakion of Ultinate Bearing Cabocity og
Per Shear Caitexia

—>Case A) for Clays © Tn Qays, beaai a
approximalely w\o\etwnden\f ok bﬁn ol "bohr\g

hence —

U = Wp

qug= Ulhmate Bearing Capadly for footing.
= Ulimole Leaning Capadly v plode Wnich

iS defertined from lnad ivifenily V/s
Setilement Curve. S

—(ase B) for Sond Tn Sondy Soil, beowi &{oacﬁ
is pyoportional o the widkh of the hvsa

=9,,.8
Top = Lop B | 0t

B¢ = Bidkh
Bp = Width PlaE

Note : To pr\ovfte Sofe Bearing Copauly, Fos ofy
d-a5 (s applied ovey "Beoring Capacity
Computed cloove.

*Defexminakion of Safe Seltlement pregsure using
PLT ag per Settlement Critevia
—> et Qf be the Pevmiscible Settlement 6‘; foohi
prescribed by Godod ogencieg Hhen by Usi
'{Dllobbihg erpivical 'a:‘laOh'DY\. K

S¢ _$By(Rp+03) - dence Sond
Sp ]EP(B{--'-OB) } C[DY onee )

&p&ﬁfl&in m.

S¢ =bg  Pr Vo
Sp  bp
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& - agh Pt for Silk (n=05).

Sp Bp

*U&ma cbove aelohonship for a particular Soil,
find He permigsible Settlement of the olode (Sp)

and then Using load infencity. Settlement Cuirve,

veod the ofe Dearing precswie or the plake
(q’hp) which g furthey Used o find Sole Deor-
ing precswe. for foohr\a (dug) by use of
following velotionship —
qch = q,ap _fDT CJlO\ $ R
AQat = Ci,ap &{-_ j‘D%’ Sondsg.
Bp
qaq =allonoble bearing presewe for {oo*hna
°l°~P allowable bearing prestwe for plake

Note : The oloove Conpuled precsuat is allowoble
Pressure or Sote pressure in bR further
Fos e not vequived because prinissible
SetHemend for @ohr\a gven oy 18 Code \,@
Sale Seftlement. e

& The ood Sehlement Cunve dola from a b\ote
(ood fest for Sandy dol are ag @\mug—
lood (+/m?) 10 20 30 40 GO 60 70 8o
SeHlement(mm) 45 1D 155 a2 A9 345 50 &4

The Size of plate Used 1sag D8m X 0.3 m. Deter-
mine the Size of Suare Glvmn footing fo
Comry a lood oy 250t with a maximum.
Seltlement of a5 mm.
Sol: Since By is ok Known,
let B¢ =1 Sm.
qug =250 = 11131 {/m?
15+

Qug —QU_P.EL > Qup =423 +/m2
P
Sellemert from doble — for A4 24 t/m? load,

by intexrpolahion,
gp"‘ I mm
_534(’5?"‘03)} Cp=3082mm>
Sp BP(B}'I‘O 2) 25 mm
deg
TF)cﬂrease Bp invohe of (30 g?:
Br=15% 30 3 =167m =9,,=450
p=IeX (2083 Qg = !
=84.64 +/mx

=163 ¥/m2, om fble %=7855m
S = A58 mm <25 mm,
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* Housel Apbwach o find Oltimote, Bearing

Capadily.

—>Accordirg fo Rousel, the. foilwe (ved ig funchon
of avea ond perimeler ok Plak/jbundoﬁm
it is also influenced by il paopeshes

—In this melod, PLT is Gonducted en 4o rigid
ploes of different Sne ok Some € D)

—>lek A L P be awa & Periméer of te Tof
blote & &, is failwe (ood on Tet plote then-

Q\ =A.m+P,n —)
Wheve , m ond N ase Grgtonks hich depends
on dype o Soil.

—>lek Ay L Py be avea & ferimdier & dnd plote
ond &, is foslwre ltimale ood m And plote
(’o'nregbondiv\a fo the Fven Sebtlement

By = A+ Pun )
Poom () & (D, m & n aoe Gmpided.

—1f avea ok footing is Ap k Perimeler of
{ooh‘na B then Sﬁ'ma‘k lood ot foiluae ofy
fownd ahion .

Q¢ = Agm-\- Pn
l)l‘hmdfc BCQTW\% CO-PQCJKJ ) GLULG =

ag
Ap

Some ¢y the mogk importont onsidesnhiong ihidh
need 4o be tken Cave of ove ap Hollowss —
—Th ro (ase Shell a test plade Smolley Hhon 30
cm Con be Uted becouse lood - Seltlemeny
Pehavieur of 8ol i Bualitatively diffoent

T Smoller vidth of test plode

—> It Con be Shovn for Seltlement equetion X’
Seltement 6 a foundolion Connot exceed cbou
fouv dives the Selilement sf plote o 30 cm
Width, hotssoever lavge i Hre Widh m
be, hence this equehion i3 volid &nly for
medivm fo denge. Sand.

— T He Soll ot Sile is ot henogeneout whto
a loage depth elohive to the Siae of ofooh‘vxg,
s dest giveg misleading reswlt (Tt wsoidd

ive much Smaliey Sellemend thon achual)
> Hence, plote (vod test muat be Supplenented by
odequete Soil explorobion Hrowgh Barehwole
IShich moy 2eveal ony non-herogenely oy
Shala, bt adeptin 6} 15-2 times the widHy
ok fundebon,

he ~ J v

i \ 4 \
| 1 i \
\ ' 1 \

Sail, of low Deod \‘\_,»/’/
P'DCQQ\A‘}"& %
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—>The effect ; Gpillarily in Sond bed 13 to inee-
ose. effedive Shese, thot oud Sive less
Sedement then acued , hence HHs fest Should
be perfoamed of Wotex ble (evel if 1t ig
Within Jm belows te doundakion,

— TN test is Shoat durokon fegh hence 13
Suibble for Granuar Seil n hich immedicte,
Cetlement can be foken as toll Selflemend; but
rot for Ghesive Soil.

Nole : If Hre lood tfestis Comied ot obove \WSotex
ebole, he Sltlement (onpried from Cusve
LI have do be Gmected if thewx iz likel-
hsod s 7ise in waer Bble in near fudwe.

Aciued Settlement = Seltlement from plole \ood dest
Gorvechon fqd'br

e PENETRATION TEST

—>Thece fest imolveg He measwement & tegistonce
to penefvadion o} icxmb\ma Spoon | cone o
dther Shaped deols Undey dynomic v Slakie
loodivgg

—>The_ yelistonce is Vhen mpim"cally (orveloted,

With Some &f Hhe engineex volpertieg
Sil Quch 0\2}5 o\e«ns%ﬁ\%dex:%fn s’\‘flonqy, %
beaning Capadily ete.
—>The > oo Vsed 42ef ore —
@Stndard  Penefrohon tesk
(o) (one. penekrohion teck

(@ALtondorrd Penefrobion test (1S A121)

—>Thig test is Used fo dekermine,

* Relakve densily /dengily drdex

. e 6} Shearing resistonce.

* Unconfined Comprestive Shrenghn.

 Pile lood Capauly

¢ Ulhmole Beazing (obauky en Hhe basis
Sheay enlre, "¢ Py Sb

e Allouychle 'oeo\ﬁv»? presswoe on bogiz ofy
Settlement (oilexia.

Note ¢ Thig testic Quitwble for medium todence.
Sond. I Uoys due 1o dynanic load]
ervonlding may Oceur & excese pore
Weder prestwre may Qe ub Whieas in

>oge. Safure¥ed Qond ,Uq/w\chﬁern Moy
Oceuy,
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—>This feshis performed n o Uean hde, 55 to
150 mm in diometer,

—A (asing ov d@‘lUiv? mud (s Used fo Swpport
Hhe Side of the e

A thick Loll Sput Spoon Lompler, 508 mm
Ouker diemeder & 25 mm inner diomekey g
dnven irtdo the Undishurbed Soil ot e Botom
5f wole Under Hhe blowg of 635 kg doive
weight Lith TS5 an 6} free foll Tre ninimum

t]b}em lergin sk the Somble Shordd be 60
—>

e Lpll Mboe Jonpley (‘omw»ovdy kron og
Spoen Lompler aesting on bolem sk the bhore
hole i3 allovsed 4o SJinK Onder it Oion deight:

—>1E is then ’f%fm&h‘ IS cm Wik the bmi ol
Ihemmer ng Hvrd a e 75 em.

—>Thereafler W\ev,\a stonmag;w)ole‘zrz\%jr{\/\%e%’
driven by %0 un.

—The no. sk blows oecvmred to affect each 15um
penelroheon s %ecorded.

> The fosk 1S um & duive ey be Consdered fo
be Ceakng dwmve.

—Tre dotad Ro- & bloiss dequived fr Second &
third 15 e o) penehahion is dermed og
Penelrohon. Rediglonce. Number,

1t the Splik Speon Sampler is daiven less than
45 em (i), then the penelchion resistonce
o) losk B0 am i< Consideved,

—>[he enfive Sonple may lometimes Sivk Under
& Do iseight Whea ey Coft Sib-Qoil
Shofum (s Gongidered /encountered, Under Guch
Condifong it may not be neceseary o give
any blow fo the lample & PT Valve would
be indicated do Zevo.

—SPT Valve is not Congideved in frachon.

—>The test ig replaced cxl—a\re)a Amd bm
intervod or of hhe Ur\cdxge & Srvalum,

—The Ohterved SPT Nunbexr moy be vequived
o be weded (or e follobing —

(DOverburden preseure Comrechon
(@) Woker bble/ DfoJare»ﬂea/ fine’s Cowrechon.

(i) Overburden pressure Corvechen

—1In Gronuor Joil, Overburden preseune effeds
the penehrahen tesistonce

— T ho Seily, havng Lome telahive densily, but
different (enfirivg preccure ane tesid, the ona
bith a hgher lonfining precsire gives 4
higher penehohion nimleyr as tne Confiw\wa
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precaure in Cohegionlets il increages 18 H
depoth
—>The Penehrohion number for Soil al Shallowy
debth (s Underestimoted & thak at-a greater
depth i¢ Overeshmaled
— P2y Uniformily, e Numbers obloined from field
test Dadea- differen) effechive tverbunden &ORQS—
we axe (ovvecked {0 a Sfondard effechve
Ovexrlourden pressuve.
- 60 ‘
M= N°%o%5$voi o 51'4124 100 %
7o' = Effective Overbwrden jprecanne (KN/m2).
The aboove G¥rechon (¢ applicoble for,
%' < 280 KN/m* & for dry ov moist
Sond.

Note : The N \Value for (ohegionlese il Covyented
for Overburden, pressure ag per PECIC ig
given by =

N, = Np-(n
Cn= Noymalicing Cowrechion facior

—>Rokie of Ni/jy, Should be behuxen 0-45-2

—>1[ this vokie is more thon &, then N, Should be
divided by 4 to sbhin the design wdue used
In finding te bearing (apadky of; Sail.

—Ovevburden prewuse omvection g applied
fivsk & then dilalency (ovyedhien ig applied .

(ii)DilaYencfj Comrechon

—SilRy fine. Sond & fine onds bedows the Waker
tlole develops pore presgure phich is ot
easily dissipoted
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—Pove presune increages the 2edistonce of; Sil
then penehohion numboer (N) alw increases.

—This (ovechon. is opplied hen the Observed
Value of Nomber alter first (ovrechion exceeds
15 .

)

Ny=15 -I-i(N.—IS)‘

—>Tnis Covrechion Is requived enly When Leight ig
ok o7 obove the fegt level,ie- if mzkf i
below the fest level , this (owmrechen i€ nob

wved

—>Final Gyvected Volue 5[5 penetrokion number g
avevoge of (ovvected Value o Penehakion
Numbey ot different levels.

_Na+Np+Net..+N
N«m‘_ t ¢ n

T it is Gnducted, ok diffevent levelg tay A, B,
€;D.... N, the cbove analyds is done

—>At lask Check ¢ ablolied Hhok all the Cowrected
SPT Nurmber Showld be in the Limils ae fplews-

Nfinod £ 0'5Nfinad

—>If ony 6l the Value Na, Np,.... Np hag more Hon
50 /- Variakion on either Side of; dinod Nag,
that Volue is digcarded § averoge is found
from vemaining valees s SPT Number B

e alen o : 0mm CD ecorded)

Q-During the Subturfoce mveshgahion for desi-
6f fowndokion a 4PT s (onducked ak-45m
below grornd Suaface The vecord of numbex
ok blowg e given belos
Bnehobion debth (cm) b. low

0-75 3 }d&cqrdecl
75— 19 3

15 — 4.6 é }
QA-5— 30 6 12
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30-375 8 } 5 e 30-50 Denge
37.5- 45 ¥ e >50 Very Dense.

Atcuming the Waker table ak grownd level, Sail
s fine Sand and, (owedhion. fador for Overbur-
den {s | the (omecled N Value for Soil ig,
QL\: No—"&? 9 N|=N0C«n = N;= QEX ) =27
Cpnsidem'r\a Woler lobole Covrechion,

Na =15+ 1 3a7-15F >Ny=a).

*Ultimate Bearing Caboaly a8 pexr Shear Gritesia

—*The final (owrecked avernge LPT number i¢
selaled 1o the frickion angle & relobive dendily,
hich is further expressed either grobhically v
in taboulay form.

—Using frichion angle , bearing Gpacily facker
(N¢, Ng, Ny) can be delerivined hence Ofim-
afe (opadfy can be fobnd using ony ¢
/’\Y\oly'h\cal l”nen’)a.

—>Relahionghip belween LPT Value ond Relahve
Dengiy is ag llolg —

SPTIN)-Value

0-4 \}erbl looge
4-1)0 wose
16-30 Medivm

80 ————

70

60

50

40

20

(N)
SPT value

10

o
Y

28 30 32 34 36 38 40 42 44 46

Angle of shearing resistance (®’)

*Determinohion of Allowable bearing precsure /
Bean 1eLude a8 per Sebflevent Cailerion
Empincod aelahienghip Con be Ueed, o find
allonclole bearing pressne on e batts of 40T
Numboey

(1) Peck Honson Equakien e
—>The. net allowalde loeayi rgy breseuae or het Saje
Seltlervent P»essu}c 1 gaven by —
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Qpet = 0'41.Co. SN | (k8/m)

Where,
S =Permissible Seltlement 6} foundohion n
mm ag onven by I8 Code.
N= fnal Corrected ove SPT Nurber,
Ca= Waler wlole Covrection fackey

Cia=1 31+ Dw 7;
L Dy + &

05< sl by
0 éDnéD{-Hb ~_ | bo

Vv

Note ¢ Here depth & Woker foble i meagured
from Guround Sunbace.

C‘DTEI\%’S E‘\CL uation e
—>The nel alloweble loeom'ha resaune, s given
by

N M:JA%%—\-_EM}".S(N—S).Q\\_QD N/

lbh@e,
8= Permiscible Cellement (mm)

B=idkh o} the footing.
N=FHnal (orrecked owexoge SPT Number
Cp="Debpth (owechon fador
(p= %l+ g*_} <2
B

Ga= Weker trble Grvechion fackor
Co=1 (1+Dw)
2 B

05 £(Cw & Dy
0 <DWSEB.

Note :Here, Depth ol Wakey fable is measuded fom
Prndehon leve)
—>Teng’s equation alw incudes the effect o
depth tn (ombinobion of Sofe Befm'ha presswe.

® |8 (ode Method
18 (ode reommends use o Teng’s equakion
with Some madification to find Lafe bearing
presawe for fooking.
Qarer= 1-%§BI£-9}2.S,(N -0 (kvmd)
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—>18 (ode recommendg use o} Peck, Homaon equ~
akon to find Saje Bearing  ppregsuse for ot
Qanet = 0°88CsNg  (KN/m2)

—> R Permagible Settlement 6} 45 mm,
Qanet = A4 CisN  (Kny/m2).

— T Wakex s much below the fowndahion leved
Ganet= AN (kN/m2).

Note : A vt o0 mok foundahon Grverp Hhe enfive
Plon area 8 the blfxl/dina.

— It is Uged hen individuad Spreod fooking Connot
be Uted becauge of heavier lood or due to
pooy Seil Condikon o Bekn

—>Decouge of nigidity A w0t dends o bridge Over
locol Soff pockels o oy other heélesogerily §
Soil & Iegulanities Tends 1o gek even didhibube-
d belo1y & Wt

—Due fo Hhese re0s0ns, & ol foundsfion Subers
mudn lete difterentia) Setflement thon Tesladed

foohr\a .

—Hence, the Laje Dearing preseune for o rafh
Should be much hgher thon isolaked ook
((o')r Rome. Umit o}diﬁe?refiﬁm} Seﬁlememf) or
tol) possible Seklement for voft s almagt
b0 times that ol an lsoled footing but SFill
diffesentiod Setlement Lsonld ke Some.

> lhe allonoble bearing Iprewstre of voft ig
alisoys governed by Sekfement Giteria as due

o1 lavge Size voft assuser a very high Sale

beaving Copadly. e
o eon 6’npd‘ Cq'(h’o’)f&&i\ré Sheen | B
Gangisﬂﬂf-g Gu(n/m 1)

very Sofh Soft Medium| SHif ey SH{{ Solid

SPT(NValue] <2 |2-4 | 4-8 |85 | 15-30 | >3
Gu £25 |25-50| So-160 |I60-260 460-400| Y4ba

§- Using Peck-Honcon equakon, find net- Sobe
Learing precane belas tne forndehion for the
gven Situahien Test Is Conducked ab-15 m
inkerval and the doterved value of PT
number ane. 10,15, 20 o4 debth of 115 m,
3m K 45 m oespectively §Vis= 10 ky/m>}’
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wa Y = 18 KN/m®

Y =16 KN/m?

<

Yo = 20 KN/m?

I
|
5.
|
i
J

Sol: Qanet = 041 LoNS
@oo=j_3‘+|> }:l ]+3 %:1
S Di+B < I-5+15
&= 40 mm
NoA= 10
NoA,= NoA § 250 % o A="Ha = 18X1.5
7o' +70 =27 KN/m*
N,A= |o§390_} = 2608
A++ 70
N‘),A: N|A= 26.08
N\A = 3608 = 3608 >
N oA lo
N,A= 3608 = 1§04 v
a

> Nob=15 = 0oB = H,+ Yy Hp, = 18X -5 +16X15
= 5) kN/m2

N.&=MOB§ 250 } =43.38
'B+To

NG >2 = NDR=4%%8 =169 > 15,
Nob o'l

Ny b= IS+_2T(N.B—IS) = 18345

= Nol =20 , 93'C="Y Hp+YHptYaHe = 66 KN/m?
N\C = NoC § 350 } = G147
' C+To
NC > =N, =847 =2575 > 15,
NoC a

NyC = |‘;+_3T(N,c—1s‘) = 20.%6%

N@nat = Nat+Np +Ne =18:04+18-245+20.265

3 3
=1ga1219
ChecK,
Nfinat £ 0-5Ngin, = 19T 05X19
=385 L95
95 o285

“ Qanet = 0AIXTX 19X 40 =N 61 EN/m?
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(i) Skakic Cone Penelsakion test (CPT)
—The Sfatic (one penefvakion test, Simply terme;
as CPT is a Simple. fest thet s Used in
bloce 8]5 SPT poghcwlasly for SofF Clays &

fine 4o medivm Sond deposily.

—This fest is also feamed o “DUTCH CONE TELT,

—>The fest asembly Consiet o} a Cone 15k, an

le of 66° % boxe ovea af 10 em®

—*The. Sequence of Obexaliong of Rnchomeler aoe

ag followse —

WThe Gne ofy the friction Jadkek ic in Sakien-
oy posihon.

() The (e ie puched into the ol by Hhe inney
wd to a depth ol ‘a’ ol a Steody 1ake o
a0 mm/ﬂec.

— The bip residonce q, called Cone or poink
resigtance is (omputed 01 (9= 8§/4) Phere
§ is fovce 2ead on precsure Gouge

(1D The Souwnding ¥0d (s pushed fuzther fo a
Aepth “b? This hog effeck o} pushing both
b‘id‘ion jocke & (one. assembly <h33e_ er. The
holad fovee (Qe)requived for thig i 6gain nofed

— Tne {orce 2equired o push frickion jacket (§4)
is Obhined ag Q¢ =§- Q.

—The Lide 0¥ Skin frickon ”fﬁg'—'Q%}, Where As

o

e Surface Area of Hiction jacket. Lo

Note!: a & b are normally token o be 46 mm
howevey Heiy minimem Volue ig 35 mm.

(W The Dukside manHe fube is pushed down to
distence (a+b) b?h'h.aiﬂa Cone & duickion
Jacker to Oh‘ﬁrinoﬁ posikon.

—>The above procedure is (onkinued, Hill the
propoced depth of; Covnding is 2eached .
—>CPT giveg a Conkinuoug decovd ofy Variakion
ol both Cone vedigtonce & frickion sesislonce ofy
Coil, howeker it dpeg not give vield valve oy

any Lomple .

Note : Tt is unsuilable in qrovel & Very dense &ond
owing o difficully in putking the Cone.

—Doka fiom CPT 2 used 1o Calculale the poink
Bemin% redigtonce, & Qkin frickon 2eciglkince 0‘6,
pile foundahion.

—In Guonulay Soil selkionskip behdeen 9, &
N ig Further eslabliched.
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Tybe of Sail | ¢/N, qc(Kg/em?)

Sandy gravel ov 3m\/e,! g&-10

Cvorse Sand 5-10
fine to mediom Sand | 2—4
Silhé Sond )

—turther 4 &N for fine Siltly medium \oose to
medium denge Sond is Given by —
de= 4N

>4, Con aleo be elaked with Undvvined Chear
Shength ok UO\yCCu)

Qe =Nply + 55

here , Nk = lone hjadm
7 = {olad Ovevburden presanre

o Settlement of Shallow Foundahen
—Tobal Settlement (S¢) In genexal case for any

'kdtae, B’l)f Qeoil is Fiven by —

Sp=8i+%+S¢

¥

Settlement (S:)
w

>

tio0
Time ——»

—> Immediate 0r elagkic Settlement “Q¢” idhich fakeg
blace immediakely or Over a howt fime (pprox
abowt 7 days) afler the load is place Is teamed
ag “Initio| ombresgion’

—In Uay, it is ale known ag “Distoation Cotilervent
and g due fo Change in the Shope of Soil
Skeldfon with 6y (hange in waker Gonfent

—In Sahuoted Joyg immediake Lelflement ig
Gorepuled Uting elashe  theory.

— It Is Sametimed Gondidered emall (ompaded o
the longer foxm Consolidahion Sexterment- hence
ne_caleded‘

—Tn %wonuq'x Loil immediade Lettlement accountg
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approveg the entive, Settlement

—Tn imnaot\io Cayg Pﬁmoma Gensolidakion accounty
for st ofy Settlement

> In Organic Goil, Seesndary (onsolidabion assbmes
sedler S\avﬁf\'car\ce.

> lhe. theory of elasHaly con be Used fo delermi—
ne Settlement Caltsed by load aching svey
{lexible o Mgid avea ofj diffesent geomefical
SW Gﬂd IS ?\\fen by - b

g = 1&(] - %) I

Whese , &= Veshcod Lettlement
B = Widkh of qowndakion
m= Pisen’s yokis.
E= Youna’s Medulug of elagficily.
It = Influance fackoy for Sethement
bhidn depends wpon Shebe & g -
diﬁd o% foundakion.

Shale )

Plexible fowndakion
Centye | Covner Avevoge
Grde | 0-64 085
S%ucx}e )2 056 06:95

R&J’Oﬂ%'e 194 068 1-a

—>Seltlement of vigid fowndakien Sudh a3 beam &
Slob volyt Is approx equed 4o mean Seftlement
fr Gyregponding flexible foundakion.

—Tn a flexible ﬁmﬁﬁé the. Gonback preceure e.
bresswre, ab the nberface behseen e efoohvxg L
Gl is Uraformly dichvibuled

—A Uniform precswre produceg o dich Shoped
Pattesm 6 digplacement in day Sil.

—>hr a nignd footing. the Cettlement is moye oY
lese Uniform Over the area of (onkact

—>8ince a Oniferm Gontack presgure produceg dighy
dhobed, Setflement palfemn the (orkact precoure
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musk be mote near the edges of loaded avea
k less near the (enbe in Ovder to produce
Unifesm  Selflement:

—>Becouse of Variakion in modulug o} elagtialy of
granular Soil, the immediale Cetflement connot
be accuralely found in Such Loils.

—*In thete Sils, Eincseaseg with Gnfinivg. presewe
and thug it incveases bith deblh |

—>further € Vorieg acrvse bhe bidkh of the loaded
area, it s more near (enbre, thon near edaes.

—>fAs a Gngequence the distribibion oy precaune will
be Uniform below flesible footing, bik deforrma-
fion Will be inverted dish podtem

—>For a ¥ipd foohing. bhese Leltlement ie Uriform,
the Genkact pregsuse is move near the (enfye

thon r\e_mrﬁ ﬂeﬁ J !
,mm ) *r r

s

|||||

Note : for- 7igid foo‘l'ir\g in Silt

| 3 Rigid

)

Note : The elaghc (onglanks 5{5 the il ade deteymined
tn the lob Under (ondihen o} Shese range
L mode o} deformahion tshida ave I'd@f\HCOi
with field sbsexvohion.

—E & n for different typec & il con be relaked
With SPT Volue ond Cone vegistonce Value
ervivically.

—’Accowima to 188009, the vohe o} folal Seltle-
ment of a rigid foundakion fo the fotad lettlem-
ent ol the (enhe oy flexible fowndakion ig
Colied “Rigidify fockor”

A gidily fadkor ofy 0-8 (s secommended by
(ede for (ompuling the Settlement ofy igid
fooh‘v\g.

8 The plan o a propesed hech (s hovn. The heap
Wil Stond on a ticK depost o Soft Uay Wit
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B=15 MN/m2. The Onifom paessure n Soil mass ig
assimved ae 150 kN/m* The \mmediake Sedd\emedt
UnAer the poink A ot Suaface of Soil ig

. TeKe N=1035.
Value Qb E(Qlu@nge, :fag!'m:
Shabe of, (oded area Flexible Foofi
Reclongle (L/p) at Gowney (If)
| 0-56
15 068
2.0 07F
) 1-05
10 1a¢
160 1.69
Sol 3
Sip = ‘i,i I= M1 5 By T
E Si=
=50 31—0-5’L %ﬁoxo~7¥+4oxo~56+&ox]
IBX(0> 017

= 6% un.

*ALLOWABLE SETTLEMENT

—>SekHement con couse Cracks in masonay mu;
and infezivy plogler (ollg oy bollding .

It con couse a Struchire o tilk, Which may
become noticable in high bwlou v Con
avoid the funchon 6{7 .Sh’rucﬁ% '% Audfiled in
in many Rayg,

—>Setflement con be of different paliesng Under
different Gonditiong & the effect Canded on the
Shucfure Wil depend en the fype of Selfle-
menk

I} be. Sruchine Sdfr\eg Uriforrdy it ¢ nof Ukely
o Sulfer dam

A Skuctoe with a very rigid woff o mak
founclakion will experience Uniform Setilement

—A Shuchine ie Soid fo Undergo differentiol
Setflemedt,if One o il part Settles more
thon the olthers

— The. difference in totad Settlement behween ony
how polrts is Colled, “DIFPERENTIAL SETTLE —
MENT’

> AngWar dighohon. s the vake of differentiol
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Settlement betiseen hoo Glumng 6 7 1o He Spaci-
ng behoeen them 1"
Anauiocr digtorhion = TS

—> The differentiod Settlement may aleo lead o the
Oniform Hilt,lohen the entive Shuchoe votakes

as il (ensequences.
Shuchoe

b o TR |
B U— —
Onifoom gl g'g S,
Setterment L]
() Uniform Settem Wme | W!b:%—
. —

Angular Distortion = §/L ‘ |

iii) Differential Settlement

It (s relahively easy fo eskimete the folod Sektle-
ment & is very difficult fo estimale diffevenbicd
Sedtlement .

—In granular Soila, the minimum diffevential
Sedflement con in Qome cages , be cloge o maxi-
mum foled Selflement Wheseas in clay the
diffevenitiod Setlement ig much legs than ot
Sektlement:.

—>Maximem differentiod Seltlement ) genevally does
ot exceedg 75 7o of the maximum fotad
SeHtlemend in grondar Soil, Dhie in Cay it
neawly exceedg 0% oy madimum tolod
Settlement

—>Higher tota] Settlement Is peymissible in Clay
than in Send.

1Tt is due b difference th wode of Setfement
in Sond ¥ Uay.

—>In Sond SeHlement Occurs almost immediolely
on placement ok lood While in Uay it fokeg time
thug there 1¢ Hime for Shuctne westing on Uay
b adjust fo differentiol Seldlements

—In Sond, the differenial SetHement occurp ag
Soon ag folad Selflement, thug leaving the
Sruchire ho time for groduol aobuv,\im@nf
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—1In ony Settlement, onalydls d oll fernpora &
tronsient load have fo be Gongidered in defer—
ining  the Setflement in Sond 4 Bheseog in Coy
Peymonent lood con Cowse Congolidohon
Seltlememt is fo be Congideved .

]- A Square fookn % (@m X &m) is Qubjected to an
inckined poink Lood ‘P’ ag Shown. The Woder
fabe is located well belo the, lase cf fooki
(ongidey Only bne- way ecerifvichy ond G:mbti:
the net Qa{;e— lood Ca{oauia ¢ e fonndoRen

{63’ fog=

Asspme © Cabau& Focfove, Q o4
Ibeomna 3%.% 3716
Shope 1314 1314
Depth 11442 113
Thelindon 0-444 569
;Soﬁ}er

— 3
—_—

.
“—085m
m

Sob* 9, = (NS tede +4NqSqdqiq
T0 BB YNy dySy iy

qu=0+(1X18) X35 X1-514 X1 113X 0-44 4+
0-5X (22X 015) X1 X 37:16 X {-314 X 1-113x0-02

qQu=405.84 KN/m*
Tnu= Qu- 7Dy =405.84—1X 18 = 38784 K2

an-_— 38284 =129.3 KN/ml_

Qns= Inp XA =129.3 X (aX 17)
= 43855 kN,
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EsSe

. A 30 em Squoare &eo\w% plofe Sedleg by
§ mm in the plake lcod test em Cohesitnless
Soil hen the intensity of loading (s 180 kn/m>
The Seltlement o o Shellows qoundahien of 1-Sm
fquetre Undex e Same infengity o Wocling
Will be nww\y

(@) 26 rm.

(b) 26 mm.

) Ad mm_

@18 mm.

Teg-a620

Ang @) dd mm
Sol: Bp=20 cm=03m.
Sp=8mm.
$= LSm
Setlement of foundabion
éf__{&!r_ (p+d2) 1%
Sp LBp (Bsto3) )

S¢ - 3 15X (6.5+0%) 12
&% )oaxUst+od)
$p=A2.22 mm.

Q. A Raft fowndahion 0t wide ond A m long ig
fo be lonshucted W a Uayey Sil hav
Shear Shength o 12 kN/m? Unit weighl™ o} Seil
s 16 ILN/wD/ the gaownd Swface (arries a
Suardnoafﬂa sk A0 EN/mt ; the foafsy o Q&bekbL
is 12 ond the value 6f Ne=357 The Sake
depth o forndodion will be nesarly

(@) 8am
(o) 7-3 m
@) 64 m
@) 5 m.
Teg-a019
Pns : () SSm.
Sol -
ZK_I Qf X
= Heouvin,
q],l, — <JJiid ¢

Given : 9 =20 KN/m2, Ty=Cu= 12 ka/m?,
V=16 KN/w?
B=1om, L=)am
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Bearing (apacify ofy Soll for }ectvn%.ulw (@) 333 N/ m2
fooki K In Cohesive 3otl (g () 285 KN/m~
Q¢= %HOE,B %CN¢+“/D,L+0L ©) Sy kN/m2
@B EN/mr
{H—o 5x10 }MXS?-b- 16Dy +20 Teg-a019
=105 + 160§ Ang:@d)23) KN/m2
Sol —
Bage foilure WLill occur hen Q=0 T LY
Hence, Dj= ~108§ =-653 !
| |

(mirwg Sign indicokes that it is excavakion),

Sakd%%: D = 689 =S49m,
Pos ]

8.4 Ship foohing dm in sidth ,0ith i bate ala
depth 6} 1S m bdos ﬁvowwl Swrface , resty

OY\ o Sahmal*eol Ciay Coil with '7£al-=9~0 KN/mb

Cu=40 EN/m>, du=0 ; c'= 10 k\/m*> ; and
&'y=3d0° The nahrad Waker toble (¢ ot | m

deptn kol Ground level . As bea 1S:8403-1981,

the Ultimole. Bearing Copoaily of this fooh
will be (1’044%3 the R\e\lanl;d Ne as 5"')%

<«—D=dm—>»
As pex 156402 198}
qu=Scde e CNe+ Qctdctl‘q,q,Nq-f-_jr(}yN y (L Syda)d

For {oohv\a e Gnsider end sF Conglruchion
Sfalnhba
.C= Cu= 4o Kl\\/ml , 4):4)u:0

R{B'_ <!l , de=dgq=)

for Ship footing
S¢c=38% =1
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for $=0,Nc.=514,N9=1,Ny=0 GATE

S qus N+ x 1+ '\/szO-S)XNaL
Q- The Recenl Pecluction in e Bearing Capacity

Qu=40 XS 14 +(20+(20—2-81)X 6-5) X o o Swib footing wedting an Sand” tnder \coch
=25%0. 695 EN/mt 2 A2) kN/m*> Cpndjhon(wa}ew level ot the Base 6f M&boh (?
(Assww‘r\a Ve 2 Yeat for Uay) When G>\'V\\oa%ed o e Situahon phere ke wonr

level (s of a de{DHo much 3fbeal'22r than the
widh o foohna, s approximalely

@O

(0)as

©) 50

(d) 100
GATE- 2018, Shift-T

Ans :(©) SD
Sol ® Iea—zoah & Ibecm Co.{oacjig ecluah‘cn
Qu= C.Mc_-I-CLNci-(- LBy Ny

Ry Gohesionless Svil,C=0 {ooh }eshnéx g
Sond Suxrface $o D} 0
(When waker \evd \s ob Base of foohrg

Qus= & B % Ny

Dren 1akexr level is ab much greater defoty
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Pexcent %educhon in Beamr\% C,apac:fa
- Clum ‘1‘1
Ty
= "/g(\,%u&, % 100
£
Aﬁ, 'Y,gu\b = O'g"yt,
So,, percentage, deduction = SO 7.,

8. Tae Plate load teat was (onducked on a Uayey
Shalo by Using a ploke of 03 m X 0:3m dime-
nsing ,and the Olhimate (ood per Unit area,
for the plote 13ag found to be 180 KPa. The
Ultimake Bearing Cobacily (in kpPa) o a &m
Ride Squane {eohna PoWd be

@ a¥,

() 180 .

(¢) 100

(d) Attd

GATE-201, Set-TI

Ang ! ) 180 Kla
Sol &

Becmna Capadily of {whhg dn purely Cohesive
Coil doeg net depend tpon Size o footing.

Qop =g (for doy)

~-Ultimate Bearing Capacity 6 a dm bide SKuate
fDoHng 180 \f—."‘:a

8 A Gvadar valt foundabion o 20 m diemeter and
16 m thick is prouded for a tonk that applieg
a bearirg preseure ok 110 kPa &n Sandy il
wikh Yow\a’s Modulug €= 20 MPa and n=0"2,
The vokt is made of Concoete €e=20 4Pa and
W= 0.1S, Gonsidering the. ag ngid, the
elashc Se&leme/r\\.?- ls -WH

@ 50-96

) 5334

&)E3-74

@67
GATE-20(4, Sek-TT

Ang:(L)53% .
Sol : Elashe S&ﬂlcmmf
= 0.8 X [ q &Ct H’“
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Shallow Foundation
= 0.8 X[110 X200 X(1-6-09) S8C-J¢
20X o=
(0=6 Q-Makch the type 6f test (lisk-1) with the Objechive
= £6.933 X0-8 ok He test (List-I)
= 52.96 mm.

ESENOTES.COM

Wsk-I
A- 8rondord Penefrodion test
B. Hydoometer teat
C- Prochoy tesf.
D. Vone test

sk -1C
|- Qvoin Size Analysis
a- &heoy &Yi@ngh.

3. Bearing Capacity.
4. Gompaction .

2018~ Maa—nina Segeion.

Pns 2(0) A-3 B-1,C-4,D- 23
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Q. A 300 mm Squoe beaairg blate. Sedles by 15 mm
in plake load teshon a cohesive Soil 1ohen the
intensity & loading ts 02 N/ mm The Sellement
& o proohype Shadlow jooting ‘Im? Square
Order the Some infensify of (oadirg is:

@15 mm.

®) %0 mm
© 50 mm.
@) 16F mm.

2012,

Ans: &) 6D mm .

Sol+ Square Bearing [lofe : Dp=200mm=00m.
Size of the Square footing, b =1m
Selflement in Bearing ploke, Sp=1Sem,

forr Uayey Soil

S — By
Sp Bp

S¢= 1y 1S
03

Sp=5Dmm,

Q. Which 6} the folloning heg least Beani rg Cabouily?
a. lsose Gravel.

b. Hard Rocke

C. Soft yockg.

d. Compock growel,

ad4- MDM}‘% Cegsion

fAng 1 (@) loose Grovel.

Sol® Hoad wocks ane Usuolly wefers to ignesus o
Mekamorphic Tocke | bhereas foff- yodks ane
Osually oefers o Sedimenlzma yockg

Bearing (ofodily b thete are a2 follons!
Iﬂneo:\g ks > melobherblc yocks >

Sed.n‘meninha rocke > (ompact gm\-e,\ ~loose
%m\rel.
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Deep Foundation

DEEP FOUNDATION

— In Sifnahion where Soll ie poow ok &hallow deb Hy,
in ordey to Roagmit the lood Solely, Hhe deblh
s} foundadion hag to be inceaged 4ill a
Sukbbole. <ol Skatum i met

—In View of Inereated depth , Such foundatims
is colled DEEP FOUNDATION,

— Piles, Pier, well are exambleg sk Deep Rundabon

* Pile Foundahon

—A pleis a selakively Smalf diomeler Shoft 1dhich
(s driven or ingtalled Into the ground by Suilb-
le meong.

> The pileg are usuolly driven in groubs fo provide

wndabon for Shuchne.

—[he Pile group Moy be Subjected 4o Vextical
loads , heviontald toads ov a (ombinahion ofy
bohh.

—>Plleg have been Uawified tn the basis of He
Pollosing —

(") Makeriad Used for Conghruchion

¢ Ttmbea' b\le_.
* Stee] pile.
e (oncoete Pile.

* Sond pile .

(i) C2oge Sechiom

* GircWar Pile.

* Squane pile.

* He xogonod bile .
e I-Qechn bile.
* H-Seckion bile

(iii) Shabe

-CVUndm‘coJ pile .

* fopered pile .

* Under-veamed pile.

—>These pileg are Gongidered Useful in expongive
Soil nese. the use sl Shallow Cpread footings
IS not featible due to excessive Shfn'v\kaae, Y2
Swelling  behavieur oy Such Soilg.

—>A further developmen) ol these pileg ig mulk —
Onder weomed pileg,in Which hen the numbey
sf bulbs I< inmeased from ome fo two , the, Carry-

ey Capodily ofs plle increates by chout 50%.
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Deep Foundation

(iv)Mode o} load brengler
— End Bearing bile: These pileg vest over SKff ov

havd Shrala k load Cormying &
(opouly s due to end Beaving  —
achion o¥ poink egiglonce .

—>The lz?c?kh o these. bileg

dependg on portion ofy Haod
Shrata, Me.,

—> Frickien ing_biles : Such pileg are doiven in
Soft Uay o looge. Sond Bl

exlending t qrecler debin S I
The (od (arriging (opacify 1|
ol these piles ic due 1D dtin ol
frickon action The length |
b ficHon pleg maybe 10-20m. o

Qg

> Beaging L Briction Pleg T pilke ave duiven in
medium fo dense /St Soil, DL
then (ood Coomging Capacly 1 o
ig due to (ormbined achon
oy end Beaving ackon &
Stin frichon ackon.

— > ——> —
—_— — — ——
L
-

WMelhod o Porming
' Pre Cast plle.  ©
¢ Pre Shessed pile.

o Cogt in Sifg

Vi)On the Bacis o} Anchions

(@) La,\a'mlb;/ looded piles

—>Pileg ot also Used to recist horondad loed o
in Cage of foundahion for seloiving wall ) bridge
aloubmenlg ete

A the hwnondol load acks perpendicidar o
the pile axis, these pileg are Known ag lakerolly
Waded pileg

() RBatter Pileg

—Tn (e o laage lokerod loads pileg ave driven
aF on engle and are tevmed as batfer Piles,
dach, Cenve belder then Vexhcol Pileg.

(©lormpackion Ples

—>Shovt pileg are Somehimeg Used for (e acting
Wose Sond debosifg,ohich get dengified by
Vibyation Sebt vp on doiung ave tevmed ag
Gorvlpackion piles.
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Deep Foundation

(d) Tengien Piles

—>Pileg aoe Somehmes Used to yesist UpUft Loadge
and aoe thug in fension, hemce. known ag Tenseny/
UpUft piles.

*Tﬁe«/ ave Suifpble o be provided in Swelkina
Coile . For c’.83 Olac)k Gohon Seil.

@ Anchor Piles
—>Piles can also be sed fo byoude ancho
pinst wrizonkol pull as in case ofy andwoved,
buwlK heodg leymed ag Anchor Pileg.

@) Sheet Pile
— Tk is Used fo 2ehain earthflig and provided
below hydrawlic {huciines

@) Pender Pile
—>Thege ooe Used 1o anchor the Shuckoe ogain
Sk tidal Waves 0y floaking ebjects in oler

ViDOn tne lpasis ok mebivod o instodlation
@ Driven Pileg

() Dored Plleg

© Vibyoled Pileg

() Jekted Piles.

() Daiven /Displacement Pileg
—>Thege Pileg ave dwiven thro hommey achon,
Such pileg ave essenhiolly pre (osk ,mede oy

mekod /1dead .
—Tn driven piles, end bearing sesistonce, & Skin

frichon vesistonce. bolin are efficiendly developed

(&) boved Piles
—>Doyed Rleg may be presemt ox Cogt in SRy These
Plleg ave lest efficiend Hhon dwiven pileg.

Note : The. best way to Uakify the pile ts en the
basis ofy the elfect of; insralletion oy Pile on

He Qoil.

—>Dased on iz Caiteron, pileg con be Considenred
to fall info T30 Uasses —

(@ Displacement- Pileg

() Non- Displacement Pleg.

I dwing the ingtallakon of; the pile, a large
Uolme &f Soil is disploced latevally & Ulpwardg
Such o plle s termed og ‘DISPLACEMENT PILE’,

—In loote Sand, Such Pile dencifies the Lond upto
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adigtonce ofy obonk 55 timeg the diemeter ofy
bile from Cenlre.

—>(orvpaction of Sond leade fo inceage in il
angle 6} £\ne.om‘n8 yesishnce within the one
o} tnfluence ,Impact ofy Whidn con be Computed
o8 follows —

4),;1 = b + 40°
Q
here , $=9IriRal Value o} cmake. ok &hecm'na
yesistonce..

by = finod Value of w\alc sk Sh&@)’i%

ajpter chion.

1, >40°, no Benefit bill be devived, from
Piles dwiving |

> For ¢ >40%, piles daiving Shall in fack, have the
effect o} vedudng fhe le G't Shean
resislonce due 428 A:‘la}e/nar\a effeds. . ¢

—>ln Uays large digplacement pile semantd the
Soil 4o a dislonce o abewnt hoice the diomeker
st ile.

—During driving Very high pove wofer pressuse
are Zg[l' wp Yo\?farowa the pile & Soil afaoins i
iniRod LRuchine My offer a penod “of time

Bren the excese pove walker precswoe discipates.
> [nis is hy displacement bileg are preferred for
Uge {n Slosge to medivm dence Sond? & na in

Denge Sond or (’Juy ’

—>Daiven k Cast in Oy ox precast bileg, made wp
of Gonerete or timber are exambles ofy displ-
acement pileg.

A Uoid /Opening is formed in the Soil by beving o
excavehom L is thea flled Wity Concvete

—> These_ fpileg olferg a ad\fanl'w?e. o no ammd,
heaving noise or ubyshion, thelr th Con be

&qg&l Vomed ok the Qe & it is possible o

ins very l/or\8 pileg with lovge diomeler.

*Seleckion o Pile tybe

~>The Selection of the type of bile to be uwced
depends ubbdn Sevexal factors.

@ Type of Shuchre & load it Carries

(® Locakion of the site.

©) Sl Gondition & position of Weler toble

(d) Requived pile lengthh & Shruchural Cabobilify o
pile.

© Eeonomy.
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—>The Selechon tf[; malerial ob the Pile, 1vowd
debend ubon the maahﬂ?{cle of Shuchural lood.
—> oy Ll\%‘/\" load timber plle ton be Uted & {Ur

heavy Loode only Stee) ox Re Pleg ove (onsidered.

*Pile lood Capaalky

—For Salisfaclory behaviour ofy Pile Joundakion, it
muak be Safe in Shear failure & Selhement
foilure caikemion(some as that ofy Shallow found -
abon).

—>The load Capadily of the pile can be egtimated
by Severad mehhodg og followe -

@ Stakic /Anayhica) Pile lood mekhrod,

© Dynomic /Pile l)wiv\‘ng metod |

© Pile lood tesk.

(d) Govrelokion with Renehohen test dala

(@) Shhic Ble Lood Mebwod

—>When a Comprective (oad is applied ak the fop
o pile,it tends to move Vexticod daniard
velakve to the Quaminding loil .

—>As o vesulk, the applied lood (s disribuled ag
frickion Udad, along a Cextain length of pile from
the. top.

A e load ab fop i¢ incaeaged, the frickion leod
dighibwhon Will extend move & viove toards
the tip of pile Hill a (exlain extent the enfive
length o}, bile ig involved (n geneyating frickion
yeaigfonce .

—> This & feamed ag Olhmede Slin ﬁn‘cHOh sislonce
> Load in excese dfs this, beging fo be Bondeyred to
the G\ ok the base o pile & is tevmed as
Poin residance/ bose /end bearing redislonce ot
te poink phese pile foils by ﬂ»{\c)mr\a Sheay

foiluwe .

—>The maximem bood Which pile con Subport
through Combined. wesiclonce ie Qkin frickion &
end beaxng i¢ fexmed og ‘OLTIMATE LOAD
CAPACITY(44)" o} the Pile.

Qu= Bep,+ Qqf

1 Qe, >> Qgp the pile is fermed as end / point
Beaying bile A if Bgp >> Qep the ple is fermed,
ag packion pile

—The selokive properhon 015 lood Carried by end,
Beamna & Lkin ficHon deberds on the Sheaw
Sﬁef\al*n Kcelqsh'ch\d o oil .

¥
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Note ! It is being Observed that —
() When the wltimake Skin frckion wesistonce ig

mobilised enly a fraah&n Ub Oltimake point
Lood s mdo:hged,

(i) hen the Llkmote poink Lood vegistonce ig
mobilised the &Lin frichion sesiclonce ig
decreagsed o a lower value thon itz peok..

Qu= Qgf + Qay,
Qb= debA T
§ep=q-As L 0, A

K3

*

Qu= Gep A+ 9ep-As

As =Surface adea of; ple tpon which Lkin friction
acke.

Ap=Area of Cwoss-Sechion of Bile on 13hich
beoring resiclonce  ackg.

Note : for fobeved ple ‘AL’ may be token ag the
Crose Lectionad orea ok the (ower eme-Hnird,
ol the embedded \enaHn.

Qep = Uik lood/fe/end bearng resiclonce.
qey = aveyage Skin frickion desic

Case (1): (ohesive Soil

—>or the Ple in (ohegve Soil, point bearing ig
éu\emdly Neg lected  for individuad pile ackion,

nce it is negligible og Gorepaved o ﬁnchonal/

sedistonce .

—>The Unit Skin frickion may be taken equal 1o the
eowr Sﬁ»mad*n multiplied by a veduchon fodoy
o« 6F m.

Qg = Averoge Skin fickion adong the length

OkPle

=a.C or m.C.
Yot = CNe
Hese, Ne=9 =*| 4., =9C

8u=4aC As +9CAL*

o 6% m =Adhesion (oefficiont ov Yeduckion fackoy

Value G(s Which dependg 04900 Jr&t)e, 0’{5
Clay itg Value con be delexmined,
by Ple leod fest
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Congsigtency  |N-Value Value o &
Boved Pileg | Diven Pileg
‘Coft to Very | <4 bF |
Soft
* Mediom 4-8 05 0%
« ShfE 8-15 04 04
« SH{f 1o had| 215 03 0%
C = Ave Undwained Cohegion olong Hhe
lenaﬁazcg Pile.. L
C =Ave“mae, Undvoined Cohesion of Soil af-
tip of pile.

Note : In absence o} ony depth both T & ¢ may
be token equal to “qy,°

—> [he allowoble load fvv (oile s 34\(3(\ by Qa= 8u
)

—>F=Pos (25-3)

—Tf different Fog Value are addpted for Stin

(rckion oesislonce & end Beani ng resisloce,

then, %

8a=%XCAs + 4C AL
A 21

Cage liD); Por Cohegionlegs Soil
Qu = 8sf + Qeb
Qb= qgp-As
Usp= m X Booth Presswre,
.M = tonds
& = Frichtmal Angle behseen Piles
L Qoil

— Borth Presswre =K. 7
K= earth Preicwe Geefficient
0_~=§o+(<.“/L_} = kYL
oL 3

g st '-'-'1I KYH. tond

Bk =Teb Ab
Qebb=Gu = MCQPQNQ+ 0-5B7Ny

= qe,= INg + 05BNy
Since , gNg >>>0-5BYNy = e, =qNg=YNqlL

Area Circway
Ag bL 4L
AL TIb*/4 p2
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Pile Matexiol 5 Value K
Looge Sand | Dence Sord
Sheel A0 065
Conerele [075¢ !
Timber 0-37% 15

(B Dyhomie Load

—>|3nen a Pile hammer hiks Pile , the. tolal dvnvma
enexgy IS ectwd o Hthe we«ahr o} heramer
timeg “the height ofy daop or Shoke.

—Tn addition to tis, in cose o}y double acting
hoammer, Some energy. is Gnsomed, by Lok
done in Peneﬁahn #?\e Pile & by Cerlmn,
Losseg | moreover m this Cage e,ner?y ig alo
m\owr#ed by Sfeam Pressue.

—’Polbowm% metirods are ovailoble e WNs
Abpwach —

(@) Engineering Newg Pamwa

—>As pey this mekd, Allowcble lood on pile ig
%iven by — "

Qo =WH

P(s+<)
heve | Qa = Allowsabdle Ioad |

H = Height of fall (cm)
F Poggrolzﬁa(—d'y'—"é

1)

S =Ffinad Seb(Penefrokion) pex blow, Ugual-
Uy faken as an averoge FeneTaokion(cm)
per blow for lagt 5 blowg of a dwp
hammer & 20 Blowg of Steam Ham—
mer

C = Embiricol Formula.

=a5 cm for Dwp Hommer
=035um for Single & Double Acting-
Hommer

—>Hence,,
)y Dfrob Hommer ! §,=

A(s 6(3+a5)
( dvop hommer is Lifted novmally & s
allowed to fll foeely).

i Rr Sinofe Achnq Sleom Hommer: §a=

é(s»ro 75)

(Smale achn% Steam Hommer is lfted by Steam
Pressure & s alloned to fall fieely)

(iR Doubole Ac_hng Steom Hommenr: §,=(W+ap)H_
6(S+0 Ag)

a=effechve area o} Picton (em?).
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p=teon effective Sfeom  pressure (Kg/emb).
(dowbole acting Sfeam  hammex (s bokh, lifted &
dwopped Onder Sleom Preseuse )

(@) Hilley's Formula
— (s method is vecommended by 1S Cede algo.
> In tris methed, allowable load Cavrying Copad-
by of Pile ts given by —
Qu= WH- My N
S+ A
Dhere, Qu=Ultimake load en Pile.
W= Leight &} Hommer (Kg).
H= Height o} dvop on Hommer (em)
& = Penelyahon on St (em) per blow.
C = total elagtic Compression (Constonk)
fo C= G+ Ca+Cy
C=Tempoyary elastic Gompredsion
of dolly & Packing, pile, Soil
respechively
Ny= e.(ﬁa‘&f\ca o Hommer,
=65% — 100 7 (657 for Gme double
acting Hommer &
160 for doop Hammer
Ny= effivency of Hommer blows,

(e vohie o} energy offer impack to the
Shriking ene: o?» ¥om).
‘Tt Signifieg the lows ofy enexgy during impact
W= R+teP I Ww>epP
D+ P

oY
= WreP — 3 u—e.P%L , T w<ep
P W+ P
P=Weight of; Pile, hedmet & follovses-
e= (oefficient of vestituivon.
=Tt is Vagioble from Zers fov a timber lile

with Poolr (onditiom of heod o 0.5 for
dowble ackion Steam hommer for Steel
bile or RCC Pileg.

—>The allowable load is given by
Q= B

F= Fackor of Sofely (2-3)

Note : Dynamic. formula ase best Suiked 4o Coawrte
groined Soil for hich the Sheaz Skenghh ig
indebendent of; vole o Loading ag Hhey cltow
no developient of excees Pore Pregeure
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avund the Pile dr’win% if Sarofed o duy.

> The Greak Objechon of ony of; the Pile dwivine
fomuda is Uncerfainily about the elokionshi
the dynamvic & Stakic vesiglonce of Loil.

—>In Cage o, Qulome“r?epl loose. Oniform fine Sond
impock of daiving may Couge Uquifaction oty
Coil, Hhug Qhouina mueh lese ¥esislonce. thon thalk
Phich Will Occur Undex a Slatic Load

~ On the Same Unes, a very denge dohivated fine
Sond may ol on inevreaged driving yesistance.

—>For Uay, dynamic frmula are Ugeless betome. the
Stin frickion developed is veay much less %
revoulding alte lkes place |

—Dynaric formula gives ro indicahon aboud
Probobole futire Settlement

Ik dieg ot foke info aceount the teduced beoaing
(apauity of Pile in group.

> et of Pile in inerbia effect ic Neglected.

— Tn Hilley’s fovmula, a number s (ongtont ase
involved hhich ave difficul to Codcudobe .

(©Ple Lood Test
> This tegt Con be pexformed etther on working o
Pile which foymg the foundakion of e Srruchure

or 6m a ftest Rle.
(Qince , oster tne tect Pile Connot e puk into
_Service/Use,, it s a tybe of deshruchive ftS\*)
> he fest load is applied pith the hel oy
Colibvoked ek placed Ovey a ¥igid, Ureular o
Sguare Plode hidh in tuam is placed dver e
heod of Pile Projecting abdve the ground level,
> The reachion of Jack is boane by a Truss shich may
have 8‘(OME, (bod.ina 0¥ Fuse Can be anchoyed
to the gvound with the help oy ancher pileg.
—>The. lood is applied in equod incxementg of abouk
Ls*h o eshmaled allonalbsle oad.

—>[he. Seftlement is vetsvded by the help of Hvee
diol gouge (placed of on argle o 1)

—>CBach lbod increment is Kebt/opplied wbto an
extentd the yode O‘k Cefflement Yeduceg B*Mmm/h’r.

— The. test pile is oded Unkil Ulhmole Load ig
Yeoched , Ordinazily the fesk lood ig increaged
bplo &' B Himeg the eshimolked olloable value
oF a Idod which couges the Sedtlement equed

ESENOTES.COM

Page 66




FOUNDATION ENGINEERING

Deep Foundation

to I of Pile dismefer, Which oceur eavtier.

—> The regults ave }e(obﬂwed in texmg of lood —

Settlement Curve eithey tn Arthmatic ox
Scole,

3
log (settlement)

settlement

—>In Cage Ultimate lood Connot be, Obtained from.
lood Settlement Cuvve, the allowable (vod ig

token og follolya—
U):;, to 13 ofy finod \pad bohich cauge the Cettlem-

ent equal to 107 & Pile diometer.
(u)& o finod load L3hich Caugeg a told Cettlement
0’{5 |12 ram.

(m).t Uf{mo: lood Which Causes a et Qettlement- of
6 mm (vesidual Settlement chfex He vervovad o lood)

—>Tnic method is move accwnke & vecommended by
IS Cede .

> [his melwd con algo be Uged to find te allow-
able lood en pile Using Seftlement Critexia.

— In Order to Seberately {ind Loty end Bearing
resistonce & Skin fhc\-mn rsigtonce Gyelic bldﬁ
lood fest is performed. e

(IY) Gorelokion with SPT(N) Value & CPT aesiskbnce
Uolue :
(@) Relakion with SPT(N) Value
W)According to Meyereyls, for driven foiles
(Displacervent type).
Qup = Qeb-AbT qg-Ae
Qup = G60NA, + AN Ag

N=3SPT no. a} Hhe base & Pile.
N= Avg. SPT nb. over Hhe lenghh of pile.

() for Driven Pile (Non-digplacement hype) (H- Pile).
Qup= Beb+1. 13- 8sf
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Qup= 4coNAb+%(aN).Ag

(i) o Boved Ples,
Qup z—é<Q“P)D(sblacemen.\-

Qup= qgﬂ_NAb-r 4 NA

() Relokion with CPT 2esistonce

W6y duiven Ple (digplacement ’rg{be)
Qup= Qeb+ fgt
Qup = Qe Ab t+ % Ag

) for driven pile (Non displacement dye).
Qup = Qoo+ 1&g

Qup= qe-Ab+ LTcT.As
() Por Goved Piles
QUP:T‘B’(QuP)dﬂblacunw
=9 A+ A
Qup < Ap e Ae

IDhere , e = Stabic Cone redishance o}y Soil at base o}y
Pile (kg/em?)

Qe = Averoge Static Gone Redistrnce o} Soil

ovey the length ofy Pile (Ka/cml)élm

T
........

'Negahve Skin Faickion

—>Ples installed in freshly placed fills ofy Soft+
Gmpressive deposity ave Svlojected o a downwand
d'm.g ;@ (ongquence ¢} ongolidahion &} Seil offer
Pile vt ingkalled .

—> s dewnward dvag. o Pile Luaface when the
Soll move doun velohive to the Pile I termed ag
‘NEGATIVE SKIN PRICTION,

—*This negakive Skin frichon moy olso develop if
the GIL moleaiad is lodse , Sond deposit ov due
t lowering o}, the ground waler loble Khich,
incoeageg the eﬁcjlw‘\«t Shese, tug Causing
Concolidohien ofy the Soil.

Ik may also be sbsexved due to placement of
Surchowge. dver the gronnd Susface due o
Dynonic leod om Soil

—>A dmall relohve movement behaeen e Sol & the
bile o Ordex o5 aboud 16 mm, may be Sufficient
{or the fll negakhive Ckin frickion fo maleriolice.
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> In Rearing Piles,where Settlement v, Pile ig n
Flole netadfwe, Skin foichon becomeg a pile CZ{;
IRy problem, bk for Pileg in Gompresive Loil
Whese pile Capodly is Corfribuled oy both peink
wedistonce & Skin, the problem &k negakive Qkin
fichon Snould e (ongideved as Sebtiorent
Problem. S

A
Filled up/loose
consolidated layer

Negative skin friction

Natural Stiff clay

% Frictional resistance

!
Té?eb
—>Trnie magnifde. o Negokve Ctin fricken for a
Qir\ale ple in filed uh Soil dejpost may be qiven

> ———

as —
(@ foy Cohesive goil,
h=aCA
Fh=a.C.PL,

Wheae , € = adhesien factor
C = Avevoge (nesion ok (onpresaible. layer
Le= Length of pile in Compressible. loyey
P = Peimelex OF Pile.

() For Gohesitnlese Loil,

Fn= L KY LabonS Ag = LKV Lefond L
Q

Fn:)[: Kp . ch‘. lond

Idhere, K= Latevo) earth preteure (oefficient
p= Analc faichon behseen the Pie & oil,

(56-4 d>)

*Groub Achion Of ile Ee
— T Applied lood i lavge & more no. o \ou\e;s are
Used , then either Pileg will ock individually or in
Hhe %mvp depending upon the Lpacing in lekseen,

the pileg.

— 1 ¢/c Spacing i¢ d5D to 4D, thea Soil may get-
Gompacted behween Pleg & entive Ledge of dize
(Bx8) may ack ag a Single pile Such a adion is
Colled *GROUP ACTION OF PILE’.

— In growp action, base Area & Surfoce ovea bothn
WLl increage.

—In qroup achion, the depth of Sbecs Zone extends
to greater depth tran in Individual ackion of Pile
therefore, Seltlement” due to Gongaliddfion in growp
a?hf‘)on is more Hhon Sedlement in Idividuad acken
ot Hle.
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> Tne minimum no. ofy Pile vequived for Guoup adhin
ie 3’

— The Ale grovp may be Hriengular, Urelar; recta-
ngulary o Polygon (hovever Square Pile avoup ig

> Growp action dependg wpon e Rpacing loehsean
Piles.

Ofr end bearing Pile Spacing is (25-3.5)D.
() for Fnchon pile. pocing is (2 - 4D
(ifor Pile in Loose Sond Shadv? lc Kept aD.

I the Spacing is govermed ad above then Lood
Carrying Lopadly of Pile growp in Lond Comes fo
be greoker thon Sum of lood Cavrying of oll
the piles, whereag in case o Qay, it depends
upen properhes sf Soil &t:adna.

Tt Rleg ave o be dyxiven, then Pile Am‘w‘(r? mechan-

ism Should St from cedlre L fproceed ouwhsond & 7N 7y 3Xx3  PB=2s+4
| le | : o N B=38+4d
. Tk meong Cenfrad e is to duiven fisi™ & 4x4 S
brocessing piles ase duiven in wadially ouhsard, S 5X5  B=48+d
divechon a8 in thic proceqe Yesislonce tn pile &) O For MX 1
dmiing will be less & hence it woWd be moxe .
f - f
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*Deleaminahon oﬁfwad Cmmajn% Cobadily & Pile.

Group. -

A0

Qug =Qeb 8y = Qug= Teb Aot st As i

() for Gohesive Qoil
Bug= 9C0>+ «T(4BD)

Heve, @ = | (adhecion betueen &l & Soil).

Bug = 4CB>+ C(4BD) *

C=averoge (ohesion ot base of- File group.
C = Averoge. Gohesion ot age of; Pile group.
(i) for_Gohesiomless oil

Qug= Wa Aot LRV tonS Ag

Heve, 8= & (frichien angle. behseen Sail. L Qo).
Quq ="/m¢m+fz KYLiond(4BL)

*Alloable Lood/Soke Load On the Pile Gaoub
~Allowslole. Lood / Sabe Wod en the Ple growp ig
%ven as minimum o {oll,omirxa —
QS&FC = Qu%/‘: }
nQup/f 7 minimum

Wneve, n=nd. o} Pileg in Gronp.
Qup= Indivdual Ple Copacky.
Qug= Pile (ojpoaily ofy Grovp.
f = Pog.

ek

*Gyoub Bifiu £

I ie defined ag yakie o Uiimate load Carrging
(ebadly of Ple groub fo the Sum of Ulimate
lood Carrying Cobacify of all the pileg Under
Individued ackion,

ng= ug.

n.Qu

Whese , N=1o. of Pileg in the Group.

Note: T} g >1, then §epe= - Qup
F

Therefore, In degign, hg Shouwld be = 1.

—>Dishibonce of ol during inglallakion ofy pile &
Overlop of Shesses befiseen adjacont bileg may
(ouge Hhe group Copadily > betome less than
the Sum of Individual Cabocily ie g <1

> Qenevally, for Smollear Spacings behaeen the piles
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K1, & loager Spading, the effect of; pile inkesae-
ton veduceg & Ng approacheg Uni

—Tn driven (oﬂe,g bhere the Soll avoun Hne piles
9el dengfied as in loose to medivm and, hg
may be moe thon 1

> In this Cage ; groub terds fo behave (ike o blok,
ox liKe aftw\mle/r\f gw{:?{ pile .

> The hg depends maialy tn the Spacing beheen
Pileg M;e, ok il in L)Nd'\ Ple tg inckodled &
mannex oy pile ingtallohen (i-e. daiven , boved)

" hg con olewo be lompuited m}oumcaﬁy as Using i~

@ Conveme. Labayre Formula
_1— B8 ¢lh-Dm+m-In
g=1 90 % mn }

feres 0= toai(dg) Jelegrest

dhere, Mm=nb.of %
n=no. of bileg in a roun.
d = dicmeler sf Pilez.
$ = Gpacing of bileg
(b) Feld's Rule

—>According fo this Tile, the Volue ofy each pile ig
yeduced by T%*h en accownt of effect ofy nearest

bile in each dwﬂﬁnal/ ov Shaight o o}y whc,h Hne
bile in queshion is a menber,

1A

2 biles @15/ ¢ 3 bileg @ 14/,
g= ax gs/u,)x 160 = SX(;VIO
=9%.75 /. | = 815 7..

4 pile @ 13/, + | bile@(%/é
yla=4xQ3/u__)+leaA/O L 160
5
n,% =8 7.

*Gaonb SeHtlement Ratie B
o eliminafing the Setflement ofy bile fromlo n

Sond, Pile load st is Dged imkey{oolahbn of
lood Qetﬂemen} Conve i a\one,§

—>Settlement of; no. o Pile groups, (onsishing ol
duiven pileg,vith Hhe Sertlement of Individued
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Pile in Sond, for the dame \ood per pile okter
being Gormpared Can be exprecsed in tems of
deltlernent of on indinduct bile & s Termed 0)$
"GROVP SETTLEMENT RATIO” given by —

S 40+27 1
E% L p+36

Where , B=Width of; Pile groufp (m).
Sq = Settlement of; Pile §voup.
81 = Seflement ofy Individucl pile.

Note : The above rahe is for Seme lood 4 per pile.

>S4 in Sond Varieg in the vange of 1- 16, ivveshec-
tive Gb bidhy o} bile

* Delevminatien of; Seftlement of; pile groub in Uay
—>The. Settlemend 0‘{3 bale 8‘3\%@ in %,(ay Canr\/o\' be.
eshimated from the dala of lood test en a Single
bile, becouse ol ime effect, the effect of semould-
ing o} Sil due to pile dvnvma & Hhe Scale
Lb\'qah are dj/'fe%ew\’ for the Qmale test

bile. % quoup oy pile.
—>In tis Cage,approach Used for Seltlement of

Pile ca%omp g ‘Bquivalent Raft Approach ?
> Deponding bn the Sub Seil Gondlitions, Sevevod
QQSbmbhor\S e being made fo 'defnhf the
locohien of equivalent okt over Bhidh W\a bile
are assumed fo fonsfer e verhical Lood

Qchna en them,

—>(nse )’ Dhen Pile a¥e end Beaxin

Ik meong the il below the base of Pile is Shff /
dense Wheveae above the base o} pile is Loose/
Soft.

— In thig Case, Slin frickon i negligible & equivodent
vaft may oe assumed af te ose o bile

grovh.

| KI/ Pile cap

Soft/loose
soil
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—>Tn thig Qeltlement i Cowbouted og —
@Assume. equivedent voit ok Base of Pile Guovp.
BIdentity Hhickness of Gonpressible Soil (Ho).
© 7' ak o,

@ Increage in effeckive Shess Ac
Not= —8Q
(B+an)*

e AH=Holc o> +Ao—‘
OeHTie (=)
—>(nse@): Phen Piles are driven Bavolgh Unifosm
Oay depost & pie gvoup ack as a frick-
on pile gfmwp
> let the top layer is Coftydf) lergth Ly & Boliom layer
is Skff and is embedded plo the lenghn o) Ly
— In thig Case,end [beq‘znna ?;egnskmce, & &kin friction
resistonce bo\rh WL e develdped .
—>The equivalent voft In thg is case agsumed to be
precentab A Ly from base o, fop Layer &
remaining p“a%cedu')e i¢ Same.

RN
=
3

Uniform clay
deposit

1 n="%

® Guidelineg to Design a Pil
@) . Fox Friction pile ’50\/\{3 length ma |oe o—
g 20 m. Kherxag 4o~r end Zﬁm g.\e_ Freup,
ik is equal fo depth ofy havd &ﬁo)a
(iVDiometer : Tk ig Kebl'\nwnae,tf% 0:%—09m.
(i) Qbacing - Tk is Kept in ronge of 5D - 4D (qenerally)
W No- ol Pileg in Gaoup: G(enem'alk Squove. pile growp
[(2x3), (4x8), (5x9)] Vs preferved

WGronp Efficiency: Tk Shoud be = 1.

Note :TIn end Be.qmr\g bile, Qup= Qey,
In frickion pile, Qup = Gt
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v

“ Le J \ Negative skin
J \

friction

Frictional

i
% resistance
!

T T 7

—>Ihen pile growp passes Hrrough a Soft,Unconsoli-
daked hodum, the mognitide. ok ne(aIaHve Skin
frickion on the 87")"“’ ng i& given ag Na'nea' of
the velue sbizined thvough f\')l\;otbiﬂa_ e lakion —

Shib.
an =n.fh —O
(. &=1->adhesion betseen Soil & Loil)
ﬂ\a: Ca_u.L.Cpa-\- “/LCA84®
Wheve,

n=no.cly Piles in qroinp.

By = Peximelex o} groub.

Y = Unib Leight of Sol with pile growp upto
depth Le.

Aaz Area L‘)‘[s Ple %‘A‘Db-k) within the beximeley
ke

Note : The Qecond 2elakionship is omputed, on the
bosig of block Shear- failwre along the Peai—
meter of Fle gaowp 1shich includeg the
Volume of; Soil enclosed in the gwoub (ALc).

—>The effect o negakve 8in fiction on the FoS pt
ectimale load Cabadly o pile or a Pile group
(on e Gonsidered, as —

_ LIkmole lood Cabadily o Single pile/pile
Fog §y o Single Sroe
Working  lood & neaal-r'\ne Skin frickon Load.

Nole: Qu=&eb+Qs; (for Cohesionless Wil)
el = %_Ab > Gel, = 9:Nq => %=VL
9er="TLNg
Qep & L

—>From the cbove ¥elationship ik Con be Analysed
that the Unit poink resctance incveages, in dinect
byoportion 1o the. embedded lengthn o pile.

— However, field Obgervakion indicate that these
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valueg incveases only upto a limiled depth ; beyord
WNch it Yemoing Gnglont .

> Thg debth is Called the ‘Critcol depth ofs Pile”,

—>This Phenamentn ig due to ¢ ARCH EPFPECT in
the gqrannular Soil.

—> The Criticad debth depends on the angle o
She,m’inal vesiskance sl oil & ize o} pile .

> Iks value may vary from abeuk (SO in looge 1D
medivm Send 1o 0D in denge. Qond 3heye D iz
pile disméler or idHh.

Ik is olso secommended thak maxmum value ofy
Unik poird esistonce 9y, be 11,000 KN/m® in
novmad Gilica Sond ov SODO KN/m> for Calceveoug
Snd.

—"Anbing’ Oceup hen there is a difference of; the
Shffness behseen the ingtolled Skucture & Hre
Sunpunding Qoil.

— I the Shuchnre i Shifex than Hie il thean lodd
avcheg onfo the Lhudlne othertise, if the Shue-
twre (s lese SHfer than Soil, then lood oxches
awoy from He Shudine.

1

Pressure ——>

5 B =Usp-As
‘is§=k-"_?a«3hn5
di Clsg—z k(\/TL"W\S

Qe X L

Depth

Assumed
variation

Vertical -

pressure

thok qqp increazes Wikh debth, but in actued ik
doeg 2o tnly upte (aikical depth Whidh Vavieg
from 15-20 timeg the bile diameter:

> Below the Crikical depth, the vadue o & & e
Value o ggp Yemaing Constony.

— The maximum value &f qgr Snowl be limited
to 160 kN/mt for $ﬁw‘<&M' bileg in nowymal Silica
Sond % uptp ADRN/mt for Coleazeour Sand

Q. A Single. Vextical frickion pile of; diometer D mm
L length 20 m is Subjected 4o a Uerkical
Combressive lood. The bile is embedded in a
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horvogenesug andy Straka where angle o inférnal
fichon ¢ = 20", ¥=2a0 Kn/m> & ongle o wall
fricion 6= 2 ¢ (ongidering the Goefficient of
laleval eaPhh pressure §=9\-?7 Ng =45, find
the Ulimate beqm'nca Capadily oy Pile. ChecK for
Am\m’n% Effect. I

Solt L =20 =40 > 15 /%]\ T

D o5

Qe ‘lela-Ab Aom
qe,=9Nq ’T 125 m
= 9e1,= 7(I5SD)Ng, L

= 1DX 35
= 3750 < 11010 KN/m2

Qe = el Ab
= 3750 x%(o‘s)’-

= 736 KN,

%= Upt Uspa T Usp = KT fad
=27x50. ton (2 X 36)
Q 3
> g, = 7370 ky/m?
= qof, = K. tond=27 3150+50 )
9y = KT fond=27 3+5},lan@xao)

> qqp, =474 kN/m2 > 160 kn/mZ

=qgp=7370X N (05)I15x0-5+ (6D X TX(6-B)X 7-S
= Q@ = 283).S kn

> Qu = Bep,+ Qs = F36+2821-5 = 35677 kn

R-Determine the alloobole pile Wod Copodty of;

y=16 KN/m? k=1
Loose sand
¢'=30°

v V

— - ;
Soft Clay Feat= 1810/ a=1

Cyu= 15 KN/m?

Dense sand k'=2
Ysar= 20 KN/m? ¢'=40°

Ng= 160

5m

2
AT iy

Sol: () Loose Sand
L=2 =75<15, here noarching effec
D 04

= B¢ = Ut-As
qgp,= K0 lon8 = IX u,zz x'v"(%x?"ﬁ

=4.9 KN/m2 < 16D KN/ mt
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Bgpy =X TX0-4x 3 = 37.43 kN

(1) Soft Coy

Qopy =X Cu Asy = 1X 15 XTI(04)6 2{Qsp,= 113 09N

(linDenge. Sand
L:i = |49 <QD)NO A)’C/N‘ﬂ% EH{d‘
D 04 =
Rsps = Usfa-Asa b
Aspa = KT o (FEF 16X3 +£(g-10)
=9¢ lLN/mZ.
27 =[6X 3+ 6(18-10)+ 5(10) ﬁ”" 7 bottom
= Lce \Ll\l/m’—

= 94 = AX 1AV X fo0 (3, 40°) = 139H Kn/m2->

4 )60 K/
= Qgp, =10 XNX(0-4)XS = 628:3) kN,
= |Qeb = 9eb Ab

! Qe =qNq = %" Ng =H6X160=23260 >

11600 KN/m>
" Bu= (8gh + By, t+ Aspa)+ Qels
[Qu=21¢) kN] .- Qo= 8By = m_egg-auzgéq.s
F - KN

*Ples Subjected to Uplift Laade

— Shudhoe Cuch as fall uere, dilse Ummr\,z,
Off dhove platformg and dvnd d/od@ are Dsually
provided with pile foundakon fo resist the large
DpUft presswe (due to Waler) & Dverhivning
reoments

—>Piles Used for Hhig purpose ave (alled ag Opuft
o¥ tension Bileg.

—>The Uplft Capaufy of Pile is Caleuloled in a
menney Similar to pile Subjecred 1o Compredive
load.

—> LpUft Pileg are invagiaboly provided with an
enlovged area ok the mge in form ofy bulb
or ball,

> Pile develop retisionce. fo pull -ouk Only from e
8kin faction develsp olor\% the embedded length
& fpoink beaw\% i$ rof included but e eight-
o} pile (8 induded in Uplft Resistonce.

—>(age () Pile in Clay

Qut = QL Ac+ Wp l
Where i
l

qgp= Unit Skin frichon l
in tengion. o
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As = embedded avea oy Ple Shoft
Wp= Beight of Pile.

qaty s foken equod fo qgp in Gmpression for

Ondvyained (ondihenms.

—>dhen the. Dage oy Pile Ig enlavged in foam oy
bulb ¥ a ball,the Smaller &f o Volues 2
(Gnsideved given by —

Qub= CuPek+We+ Bp —O
or

Que = 225 T (Dy2—b2). Gy + Wp ——()

(Wdhnese |

As= Swrface aea oy Verhcal
Gjinder above e boge |

Dy= Diometey of Boase

b= Diametey o} Rle Shelt

K = Coefficent:

Ws= Wweighy ok Qoil included
in the. 2egion behseen pile
3nelt and Cylinder
above the bose .

| Tybe of Soil K
Seft Cloy 1—125
Medium Clay 0%
Shff Uay 05
Fssured Clay 6-a5

Note ! The (i) equatien is on basis o} failuwwe agsi-med
through fall mobilisakion ot frickion vesisiznce
olerg the Gylindaical Surfoce obdve the
bage diameter and eq(ii) is based on
bearing Copouly foiluse ofy Bage.

ﬁ !
A
l l

Q
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FOONDATION ON EXPANSIVE L0\l

> Expongive Seilg 07 Swelling Soilg ave thoce
Which have e fendency to increate in volume
When waker ig availoble & 1o decoease in volume
if Waler i removed.

—> £g Black Gotlon ol , benfonite Soil.

— Black Goton Soil o india have liquid, Limit (W)
”o’ana»ina from S0— 16D %, plasticily Thdex (Ip)
Yonging from 26— 65 7 L Shainkage limikt (ws)

m 9-147%..

— [he minug Au frachion in Soil varieg from 40-75
7, The Loil (¢ very hoact in dwy State and
possecs high Sheaaing Sﬁreﬁth Which gel
veduced appreciably with additien of Wwdler

—Tn genexod, exponsive Soil have Wy, Ws 4, Tp
LM

—>The Swelling behaviowy of Loil woud deberd.
lavgely on Hhe tybe o Uay mineval precent

in e Soilg and Propovtiong o these minewalg

—>Tn Ovder to deleamine thig behaviour folbowina
techniqueg ave owsiloble —
W Diffeventiod Thermald Analysia (DTA)
() X= Pay diffsaction mehhed.

(i) Elechon Microgcolpy.

—>The DTA methed is based tm the fack that
Cevloin Unavackerighicg veachon takes place af
Specific temperafuwre for different minexols
Wren these ane heated o high tempevoiuee,

mcsm in loss 0% gain in heap,

— Diffe minevalg Will have different reqular
Pakterns o} Oryskalline SRuchine will diffevent
X-vay fo yield diffevent X-vay diffvackon
Pakkern.

— In elechon - microgeopy the Soil (s Observed
Undex polarised Ught tn a eleclion micvoseobe

to ide/nh‘ﬁd the Chavackerishicg Shoin of a
nevad

> From engineering poink of wew , following. fest
ooe performed, fo fird the Swelling pofentiod

o} Soil.

(D free Quell teat

—>This is performed by powring Slowly 10 cm? ol
dvy Soil bassi;\ﬁ Hough 425 micvon ieve ,into
a 10D ce graduated Cylinder filled 1sith (ke

> The Volume, of Swelled Soil is eod alfer 24 g
fron Groduahion of Gylindex to qive free Swell
Value .
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Pree. Quell = fned Volume. — Thihial Volume. 100
(%) Tnitiod Volume,

— Denfonite Soil, containing montmorxilkonite, hove
free Susell Volue of 1280 — 20600 %5

— Koslinite has free. Swell Value of 80 7 & ilure
have Siell volue of 20-807%

(i) Differentiad free Siyeld rect

= In His fesk, two Samble ofy dvied Seil. Leighing
10 gm eadh, passing Hwol,ak 43S M Sieve are
taken,

~>0ne is puk in a 5D cc graduated glass Cylinder
Gonloiring Keosene &il (a non polay liquid).

—> The ofhey Somble is putin a Similar Gylinder
(onlzining distilled walex.

— Doth the Sombple are left Undichurvbed for a4
howrg and Vslme (s noted.

—>The diffeventiod free Swell (DRY) is exbressed.

DES = Qoil Volume in Soil Volume 1
- Woker Kexosene

Soil Volume in Kexosene

X 160

~>Degree ofy expanciveness k Possible damage om
L\‘«SAHV Loaded Shucture may be eferred og

followss —
Degree o} Exbongivene Dra()
Low <0
Modevate A0- %5
Huigh 35 -50
V&w\d Hig >50

Note : Fxbomive/ Swe,Uina poferitiod o Loil. con also
be velated ag follobs—

Colloid To(%) | Wel(/d| Proboble Degaee of
(ontend (%) Expansion |  Expansion
(%)
<15 <LI8 >15 <]o Lol
13-23 IS—-a8 | 10-16 J0-20 Mediwm
-3 A5-4! F-12 | 20-30 | High
>a8 >35 <1l >30 Very High
Swelung fotentia T ()
Lo 6-15
Mediwm 10 — 35
Righ 20 - 35
Vewg High, > 35
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We () |Llineay th‘nkq%@ Dezme o Exbansion
<10 >8 Cxikicod
lo-1Q 5-8 Maw%inaj
>1a 0-5 Non- Crikical .

(i) Sweling Pressure Tesk

—>dhen on expansive Soil imbibeg weter from outside,
pressure builds ub inside the Soil.

> free Juselling of oil i3 vestoined by fplacement
oly Shructure over e Soil, this resswie is called
‘QWELLING PRESQURE and is exexted by Loil on
the Ovenlying Shuchure.

> The force requined to prevent exponsion in the
Soil is funchion of time.

A Swelling pressude less thon a0 kn/m? moy net
be vequrded as o much (onsequence.

*field (ondition that fovourg Swelling

A Soil may have high Swelli r\ak(oow(;)ﬁd bwk SHW
may 0¥ Moy het Swell in acfuad prockice,

—>This wowld depend en mony factong , the mogt
Sigrificont o them 1< being e difference behs
een the field moishee (onfedt & equilibsium
moisfwre (ontent Fnak ill be makeralised Aftey
(onghruckion.

If FMC < EMC — Exponsiom o} Soil 2egults.
FMc > EMe — Shainkoge ofy Soil seculig.

A fill Which hoag been Gompacked to a greak
degiee 0¥ on ove¥ Congolidoted delpogit 1ill
have more fendeney to Suell , Given accegs 1o
Weley

—> T} lood that is placed tn Swelling Soil ig more,,

the. Suelling of Soil te inhibited Xk Vice-Verga.

*Decign ofy Foundakion Bn Expansive Soil

> The yohonod method o forndalion design ishich
are being Uted 10 reduce o5 prevent the effeck
o} Swelling con be grovped info 3 Categories —

(Whkolaking the Shuchure from Swelling loil.

() Degigming a Shuchure o wihstand the effect ofy
Swelling.

@) Pv;evenh'vxg the Swelling.

) Tn fast Appradn either belled pievg or Under-
veomed pileg are Pyovided.

—The principle o}y Under—reamed pileg is based
on fact that to nvolve the Wod fronsfer to pile

at a depth beyond the Zone o} Seaconal
Variahon.
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—>The depth of; black Cotion Loil is olpprox 35— 4m
in Tndia,

—>for other Exponsive Soil, the pile i foken doisn
to ateaglt 06 m into the non-exponsive layer
Urder lying the QweUiN(z’ Soil.

—>The Ondev—veamed. pileg are beved Cogt-ingify
bileg Wikh their ey povtion enlarged or reomed
in e form o Bublo,

—The Lpocing of pile is in the ronge ofy 15=3m.

—> Diometer 6 these Pileg Voaieg loekiaeen A0D-560mm
% yahe of diameler ol endoaged bage o7 bulb
fo that- o} Shalgt (Du/p) is in Tonge ofy A—3,

> Tn Case &k mubh-deomed pile having move
thon One bbb, the fop mott bbb Showld e
ok a minimum depth ol & timeg the. bull diometer

—>The ¢/C distonce betveen the bulb is
(1-35-1.5) Du.

—>A P of 253 is Used 1o (aleudode Qo Lood

> for Uoy Soil, the Ulhimode (pad Corrying (opodity
o Urder-seemed. pile is given by -

Ru=Ap.Ne.Cp+ AN (ol + Co' A+ X-CaAg

Where, Qu=Ultimode Bearing Copocty of; pile. S

Ap= (x0e8 - Leckion avea. of foile tem o} toe
level. (TTDY/4).

Ne= Bearing Capacily fader (9).

Aa = Area gf; 801l Suardunding the Stem
below te bulb. é ’.I;L(l)ul._ D‘)}.

Cal= Averoge. Golesion oy Soil around Under—
reamed bubb.
«=redudion fackor.
Cp= Averoge (ohesion ofy Soil caound the toe.
(a= Averoge Gohesion of; QoiLalmxa bile S€m.
As = Surface fheq of Stem
Ac' =8ufoce Area ofy Gplinder Cicumgeribing

the bulb.
Nole . If Pile hag Only Bne owll, third term Wil ol
loe. Used. +% A
e T . x

N N
1l 15l
1|

Dy, ‘ I% DU.‘_\Q I

’ EREEE A
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(iDDesigning a Shuchue vhich is Siong k vigid
enough 4o withsiond the effect ofy dwelling may
brove 1o be highly Uneconomical , except in Cage
of Very Smoll Shuchoe Where even if the toodg
ove Supported by the Certrod avea or Periphesic-
al avea much Smoalley thon the blon cvea, e
beowing pregsure are ithin limilg,

Q‘"")deiir\a con offen e (onfyolled bt Connok be
eliinaked by lpyouiding on impervioug aoron
around the Shucture.

DBy providing the. opron, the moichize gracliend
behaeen the (erive by the, Shuchuire % ils edgeg i
inimised hence e differentiol Swelling ig
(oritvolled.

— Eliminahiom of; possible Swelling tan be achieved

y —
(@) Pre- be,&ihg the ?mwnd fo a moisture Content
equad to the equilibnum molshue Confent.

(o) Maki g douvnard load lavge to exceed

ﬁweﬂirg brecsure.
© by Chenicat Qlabilicabion

Q-A pile 45 tm in diameker L 40 m long ic dviven
inko o Ua7 Qoil BiHy Cu= 4o KN/ml) =0,
Yeat= 14 leat/m> ground woler s almosk o groud
leved.

I pile hag on enlatrged lonce o}, diameler 1.25m

Defeymine the LPUft Copacily o} pile Under Unde-
ained Condibon. Submexged Unit weight o pile ig
40 kN |

Mso Gongider Skin frickhon Yesistonce Lle ax\alysiVﬁ
the (opacify by bearing foiluve. 2y

Sol: Qub = Cu Ac. K+ W+ Wp 13w
R N B

Acgnme , K=0-7S. T |

h‘s%l Qs

|

ryl
Qut = 40X 1(1a8)x20X 075 + (19-10)X 20X pj{(n-msko‘qs‘)
+40.

Qut = AS88.4S N

Or,
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Quit= 2 A8 T (D —D) Cu + Wp +0ol-Lu-Ag Sl
=225 %% 14X (1-26%- 0-452) X 40 +40 R
+0-S x40 X T x(0-4s)x20 LS £ R0 Cdd B o e
But= a9 kn O O O G- o
. Qut = (A588-45,990) KN puiimonn e e [ ] o
8. A groub of; 16 pileg o}, diametex (S0 em), lengHh= () Pile aclirg Induvidually
lem, Cle Spadng oty Jm awrenged in Squone Bug = n-Qup
poklean passes Hrough a vecemk HIL (Heckness 3 =n[Bes,t G4 ]
Overlying. & Soft Gay deposit (Hricknecs Sm) ivich, =n.[qep Ap+ 9. A

IS (ongolidaking Undex e fill toad & rest iz
Shif Aoy Shola,

All the Shala ave &furoled & Soil properties ave
Fren belots .

Tstimode Ulhmede load. Conrying Copauly of Pile
qvounp.

e oy Soil [Orak 1ok | Shength Paramefer| Adhesion

(eN/wp) | CulkPs) | Su Parometer
Fill 6 §O 0 0-6
Soft Uay \7 A0 0 04
Skft Uoy ) Fo 0 0-4%

= 16[CuNe Ap + T L (MDY L |
= |6[‘{o)(ﬂ)(%_x(o-5)l+("l'l xo-s)x%o-ex Sox %+
04X3DXS +0-UsX70X b |
Rug=9996.54 k.

(i) Pile Acting in Growp
Qug = Qe +8gp
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Bug = YebAbt qe-As

=CuNehp +Ted Cug (4m) L

= 70X X (5-8)>+ LX4 X3 S[SDXD +A0 X5+70Xé]
Quﬂ-‘— 17097-S kN

Qu.a =(a996.54, 17097 ) KN minimum

Ql"ﬂ =9994.54 kN

Q. Galewlode the Seltlement of 9 pile gooup for
londiition Indicoked. og {ollos.

500 mm
% )
A MM / ‘ RSN, Tﬁ
T T I I I ‘
O OO |z
200 mm dia c\ay NN WD\:\m NN NN

Sol” Locakien of equivalent 3aft from Ground
Surfoce = %XL = %_XG= 3%y m

Thicknets 017 (erbe of» combressible =3.34+-8 67
loyer fom Grownd Surface .
=53 m.
= 05'=Y'D=(20-10).5\1%
= 517 kN/m2
B=a8+d =3AX0:5+02=1am
B'=B+anz = LA+AXLy 367 =3m.
¥
Ac'= S60 =55 5§ ¥N/m2
32.
AH=Cc Ho boa.w{""o‘-t-Ad"}
I+e ry
Ce = 0:609( 13~ 16) = 0:609(40- 10)
0-2%

Wl

AH=D2FX 367 Log,e S S1F + 658
I+).05 SE;

DH= 1S mm
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STABILISATION OF SoILS

—>Stabilisahion ofy Fhe ol includeg Varioug mede;s
for moahéd\ the bmloahe,ﬁ (T[; the Soil to
improve. |l$ mie_. eaﬂr\a pexformonce.

—>Stobilisabion is being Used for a Vawiely of engin-
eeving Ldorks like Madways , oirfields ,l%undahon,
work elc.

—> The main objeckive. In khig Case (s fo increoge the
Sﬁenﬁl’h or Srabilify of the Soil fo moke 1t move
(ost effective

— Methods of .Ql'abilisahow ic gronped into fwo —

(@ Modificakion or Tmprovement tf o Sl propesty

ok the exighing il (Oon\bachon,o\%mno\ e)

(b)Modexcahon D'E brobexty 1>ikh the help U{;
adnixhures (Mechanical Stobilizakion, Bitumen ,lime,
Cemend Chemicod , €lechical , Thermal Slabnh.%hon)

() Mechonicod Skobiligation

— It involveg o Opexokiong -

@)lrenging the Composition of Seil by addition or
removod of Cexlain Conshituents.

(B) Densificakion 0¥ Gomlpaction.

—> g (S been Carsied pub lomady in Conghruchon of
Uneap woadg Using Locally availobole mahm'aj_

(i) Cement Shabiligation

> The Soil Chabilised ikh Cement 1S Known og SmL
Cement-

—>The Cementing action is due to vesult of; the
Chericod veaction & Cement (dith Siliceoup &il &
by binding achion o the indiuduat  parheleg
Harough Cemont (Tn Coarge Groined, Soil)

>In (age o} Aine Groined Soil binding ackion is due.
o Gonesion.

> Well Gyaded Loil with lesg than 5D 7/ Smdﬁ‘on
{iner thon 75 n Sieve & Tp < 20 are found to
be mosk sespensive fo (ement Qlobilicakion

—>The amount of Cement }eqw%ed ls in Tange of
S-15 7 by weight o} duy Soil.

—> for Cemend, it i@ 5-10 %

For Sand, it ig 7-15 %
for- Silt, \t ie 12-15Y,
or Cla\/,tl‘ g 12-30 7,

—The Amount of Waler to be added ig decided
from (naidevakion o} &ood (ompackion and Hig
amount mugt be adequole for Gmplete,
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hydaakion o Cemenk:

8. Colewlake the number of Cement kag requived
for paepori ng a layey of Seldlem hqv‘masa
Surface Avea of %5 md & Hnickness an
With doy dencity of 18 KN/m>.9f 1070 of
Cemend “(assume) by weight o} dw& Soil i
requided.

Qol Lek seight o} Soil be 2’ Kg

eigh c[; Cement = 1067, 0‘% r=0lakg
weight ol Soil Cement = 2+ 0L = L{x kg

L®
beight of Soil (ement Qlabiliged=4S X055 X8 X10*
=228 xw*
=4S 6D k&
—®
Il =225060

= 2= 045454 kg

heighy o Cement = 0-1 X2= 01X 20454.54
= 0455 Iy

Numbery &} Cement boﬁg =ADSZ|S-5 =409
0

" Numbesr & Cement laaas =41 Bags

(iDLime. Shobiligation w

—> Hydanted lime is very effective in ﬁe.aﬁng heqv'*
Ploghic Uay Loil.

—>Lime. may be Used alone or in Combinakon ik
Cervent, Ditumen , fash.

—Sordy il G olto be Skbilised uging thig
GoreboinoHon.

—>Itis mainly Used for dicbilising the v0adz, Sub-

vadeg elc.

—>0On addition of Uime. to Soil ,hse fybeg of Chemical
geachon b6CCUTS

*Altevakion in the natuwre o} obcovbed layer Hvou-
gh base exahonge phensmenon .

« Cementing dr Pozzolonie achion.

—Lime. 3«% the Tp o} N?:\y blaghic il OF
Icreases, the Optimam molgture Content ond
decrenses the Combpacted densify bur Shrength
duvoboilily increases.

—>No'rmalL7,J—8 7 of Lme oy be sequived for
Goarse 3wo~ined Bbil and 510 7. for plasHe
Soil .
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Gv) Bitumen Qtabilization
—>Acphall and far ave the bituminoug matexiaf
Bich are Used for Slabilisohien of Soil for

pavement Conglruckion

—>lince the Vistoaihy oF Hhese. mokeriad (s Compa—
rahively very hgh, itie 1% veduced before Otd&irg]\
it indo the Qil.

—>The bituminoug malexiad when odded  imboot
bin&ina oachm o Waker (omo(x‘na achom or loth
in Soil.

_’Def)endma ubon these, achien & natuse ¢ Qoil
bibmen Slobilisakon is further Coscified ag —

a-Qoil bitumen

b-&and Biftmen

L+ Wokey pwwof Mechanicel Staboilisation,
d. tiled Eowth,

B,
i

R

a. Tt velerg for Cohesive Soil in Ishkich main finckion
s 1o preserve the Cohesive Shenghh o Soil by
RNaler proofing the Seil

b. This feam veferg to the Diftmen Shabilised
(ohesienlese Joil Queky ag \oose , dunes, river
Sand.

—Here, Potmany functien of bilmen ag 1o bind the
Soil Poaticles.

¢ Tn Hig, Small amovnt of bitumen 1-%% are
Lometimes odded o mechenicolly Stobiliced
ol 1o moe them weder prost.

d.8bw & medivm curing yad stlg ore Ypread on
qroend Suaface to make ik woker and abrosion
yesigtont,
The oil Penefacdeg into the Qoil 4o te Skt
depth & ol imbariz Cem@f\h'na achion.

() Lheicold Shabilis ation
Q- Calcivm Chloride,
—> Ik ¢ Used as Waley retenhive. addifive in mecha
nical Slaloilised basec b Surfocing.

—>Deing hydroscopic & c\eiiciuesceml' , thig alpgerbg
_‘rﬁto\‘s e from the aimhe“rc and %efoin it
—> 1t ackg ag @ K formi ?reaa%rcmd,

helpg in &mﬁ & Qoi}q.> ¢

b. Sodivm ChJovide.
—>The achiom of Sodivm Unlorde 12 Some. ag Hhal of
Cally bu¥ it ls not widely Uged.
— It affyacks & velaing molsture ond reduceg rade
of evopowahen.
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C.Sodivm Qilicote

—> Tt is Used in Gonoinakion o tner Chendcolg
Such ag Cadly,Nad, ete for Shabilisakien of
Soil.,

OT) Qtubilig akien by Heak i
—>He,0~h‘n8 a fine qoined Soil 1o a ervperatuae of
400 — 660°C Canges irreversible Unonge s in

Uay mineval

—>The Soil becomeg non plaghic, Lees water Sensitive
& non-expansive

> Tns mekreds is debloyed in fuanaces.

(VIL) Elechiced Stadoilicatien

—>The. srauua or Shear ¢ th trb fine. gmained
Soil Con be incyeated ‘o\\;‘e:l?'oir\i Hn@r?x Wikh
Pags of diveck Cowrent Hhao them

—> e process also hermed ag  Blecho osmogic.

Q-A Square pile growp of; 16 bileg penelroteq
Hn%olngk a filled p Soil Sm depth. The oile
$=35 mm & Lpoding = 035 m The Unit
(ohegion o} the maderial (g 18 kn/m2 & e Unit
Weight of il ig 15 kN /m> orpute e ne%ah‘ce_

kin frichen on the Grovp. Asrme 4= 04

— - ——6——Q)
H H H “ ® O O O

O O O O

CEEaTalNY))

Sol: () Frg =1 %
<) Fnaz Cq.Pa. Let+7 L Ag Maximum

Pna = n-Pn = (bX O(CTU Pta Le
=16X064 X 16 XTI X025X5
= dF|.43 N,

Pnarc.—q-Pa-La'i'(\/-LC‘
= 16X ASX3X4 + 1SX2 X (3X075+625)™
= 2125 KN
" Adopt Fng = 84125 KN,

QA Qinge Undev-recmed pile is instulled in a oft+
Qay deposit, the (enfe of Under-reom ¢ loca-
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ted ak a depth of ISm fom the Grownd Suafece.
The diometex o} pile Shaft ond bl 1s 1 m &
A5 m Yespectively. Defeamine the ollowable load
wikh Pog = 4.5 The Undvouned Shear &F?ena%h
o} the Cuil Ob\aihir\& from one Lheow teet is
ven loy Cu= 65+ 7D
Cu= 10 EN/m> L D ig Depth (m)  Acsime =1 ond
avexode Gohesion of ol arowrnd the bulb ig
0-9Cu.
Sol! Cu=65+7FD =65+7X15 =170 EN/m2
¢'=09 Cy= 09 X170 = 152 KN/m?,

&u=1}x 1+Xx9 x1=ro+%(a‘51_ 1D X9 X152+

1X 6S+I170 XN X 1X15
o

Qo =13416-55 = 4966.62 N
a5

Note :If these iz another bl o} Some § belows
the T+ bull & Gpadirg behueen the Cerifie
& bulo ic 4m Compude the allowcble load

&w%y 12X9 X 170 +%

Cu= 65+7X (9 = 198 EN/m?
Cu'= 69X 198 = 1382 KN/mL
Co= 65+ 6547X1S) = [17.5 KN/mt

2
(o= (6S+TX 1) + (65+ FX9) = 184 EN/m*
L
ox
Ca'= 6S+7X17
= 184 kn/m*

QuD XX+ 1) (25— 1) X9x 1782 +
IX184 XN XA & X4 +IX 1175 XT X 1X15
Qu= 19220 18 KN

£0.=19330.08 =¥Y32.0% KN.
25
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Sub-soil Expliati

SuB-30IL EXPLORATION

—>The Objeckve of; Sife expovakion is to provide
velidole , Specific & delailed information abou the
Sol B¢ gound walexy Gondiion o the Sife Lohich
may be required for @ Laje ond economic design

engineering Works,

> lhe. explovation must be preceded by the Sike
delonnaussance .

> The informokien Tequived, i

* The Ovder o} Occurence & extent o} Qoil &
weK ARala.

* The natwe % engineesing propertieg o Coil
and wocK fermalion.

* Locokien o GWT and i Vaxiakion.

*Depth of Explorakion

—>Eiplovakon in genevnd Shovdd be Camried ouf
Lbto a depth ak Bhich in®vease in presaure
due fo Sruchirad looding ie kel to Cause
Selllement 67 Shear failure.

—Such a depth ic tezmed 08 Qignificont debth.

1Tt depend tpon ybe o Shucdure weight, Size,
Shape ond depesition of looded Aveq.

It is Genexally Safe o assume Sigrificant” depth
ag depth of 107 0¥ 46 7 Overburden frescuse
Resid uaf.

—>The debth of explovahion for diffevent 1sookz ave
s follows -

i+ Jeoloded Spread foo\'iﬂg/’o’aﬂ' ;15D

0- Adjacend footing 1Sith clear Spocing Less Hhon
ab:14-5L.

lit. Pile foundakien : 16-30 m ov more

0¥ ableast 15 woidth of Shuchwe

V- Boge ¢ vefoining wall 115 the bage widh o 15
timeg exposed height of

face , Whichevew 2 Grealer.

V-Floatirg basement : Depth o}, (onstruction,

vi. Domg 1 15 Botom Lidth tf earth dom,d Hmes

height of bed to Crect from Concvele dams

vil. Rood ,Cut, fills & Bne meker where little Cur ox

fllig e vequived ,can be extended
wbto dm for deep Cur
Vili. Bovyow Avea t (onvenience o} excavation or
thickness available..
IX. From khe (onsidewahion 215m n Geneval.
of Weatner ng
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Sub-soil Expliati

*Method of Sile exbloration

—>Sile explovation can be done by ony o the
fllowing mekhods:

() Oben excavatien.

() Boring.

() Subotusface Sounding.

(V) Geobhwsical mehod

i Open Excavation

—>Test pit and Trencheg con be Used for ald Hype
ok Soils.

—>8il Con e inspected in their naturad Condifien &
Sombles disturbed 6% Undigturbed Con be
Conveniently taken.

—Tlhe Gosk o Open excavahon howevey increages
With debth.

—>They ane generally Considered Luitable for Sinallovs
depth wpfo 3 m.

it. Boxin
—>The meliod of Boving b dilling ave ag follows!
G-A\Lgex Dovi
—>These 0%e Used i Cohesive & otner Soft Soilg
above wolertoble .

—>Hond Augert ate Used wpto depth of bm &
mechonical angerg ave Used ©r goeader depth
& they con alco be Used in Gravelly Soil.

—>%umble tetovered. from these Soil broughl up
by augers ave badly dishiboed & ane useful for
ldenH ficahion purpose Only. e

.....

b.Auger & Shell Boaing

—’Cy\(‘!ndm‘caﬁ Auger £ Qnell 1t culdirg edge
feekh ab the toler end con be Used for making
the bovings.

—Avgerp e Suitable for Soft to 3hiff Uay, Snell for
Very SHff & havd taye & Snell pumps for Sandy
Loilg.

C. Wash beving

=Tt is a fast % Umple method for odvoncing holes
in all typeg of Lils

—>Boulderg & vockg cannot be penefyofed by Hig
metivod .

—>This mebod Gnsicls of fivst doiving a_ (asing
Hr\m-ou.a)n a hollow dnill,7od ik a Shoap (Uhietel
& woler is fowced Undev prestuse Ho \/8‘/1. Hhe.
dilled wod.
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> The Cuttings ave forced up o the ground and
ave furthey tested.

d. Percussien Boving

—Th trig methed, Soil & rock fermakion ave baoken
by vepeated blows &}, he.ava (hiesedz by Cable
o¥ dwilled vod.

> Rakey is added do the hele during the boring if
not odveody joresend o qoam tne Sluway.

It is Suitabdle forall type of Soil bowlderg and acks.

e-Rolmg Boxing

— 1t is a U@rao&as\- mekhod of advoneing a hole
in both yocks & Soilg

A drill bit fxed to the lowerend of dwill aodg
s yotoded by a Svitable Mechonism.

* Qoil damble

—>80il domple in genexally Uasified into & Colegodi-
es.

I-Dighwrbed Sombple.

I. Undisharoed Sombple.

I. Digturbed lombles Erass

—Thege ave Hwee whese the Soil SRuctune ”3""
Modified or deghoyed duning the dampling
Opeyokion.

> Thece ave fuather Uassified info followsing

a.Reprecentative Somple

—>With Svitable precantioms, the nedural moistuse
(onfent & proporten of minexal Constituent can
be precexved in the Somple termed ag
Repoaedentative Sarple

b. Non-Representahive Somble

I} during the Sombling in the addition fo the
alkeyahion in the Owiginad Qoil Shuchuoe,, Seil
from the other layex gefe mixed up & Mineva)
Congtituents gekg oltered, the Somple I8 fermed
as Non- Repre eenfodive Samble |

—Reprecentaive lampleg ane Usefud for idenhific —
afiong test bud non — Representohive Sompleg ane
& No Use.

. Undusturbed Sample

—>These ane Hrote sherve Origined Soil Shuchwe ig
bressured & the madexio) propesties have ot
been Alteved.
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Sub-soil Expliati

—>lhese Sombleg ave prockically not possible o
Obtoin bul Samplee iy minoy alerakion are

ShIL Suvitobole. for lab test.

—>Tyle o} Qoil Lombles Yequived for Lol fest :

Tybe of Test Tsbe of Sarple sequived
Noduved Water Gontend Unduistuzbed
Densify Ondusturbed
Specific Graviky Represenlohve or

Undisturoed
Groin Size dighibukion Repretentiative oY

Dndusturloed
Atterbery limit Reprecentahive or

Ondisturbed
(oefficient of bermeability Undighurbed
(onsolidation Parométers Undustuybed
Shear ‘QFrezr\al'h Unclisturboed
Poyomeler

—>The extent of Dishurbence of the Qample, due 1o
Somplex depends Upon thiee featwoes.
Q- Cutting Edge.
b. Tnside Wall frickion.
¢+ Non- Retwon Valve.

> The following vahsg relaked to the dimensisng 06
the. Cutting edae. & the Kamblew ove Useful

—> Indide Clearance (¢¢)

= _D3=D , |00
G — b, X Ci=1-%%

—>Oultide Ueavonce (o)
Co= —Qq;-& x 100

pR

Co= Da=Dy 160 | (o=
Dy
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Sub-soil Expliati

—>Area Rotig (Av),

Ay = —Dzl—lbll x 100
Dy

Whese,
Dy=Tnside diomeler of Gulting edge.
Dy = Oukdide diameleyr o} Culting edge.
Ds,= Thgide diometer of Sompling tuloe.
Dy= Oubside diaméler of Samlohha tube.

—>The. ingide. Clearance ¢ meant 1o 2educe the
frckion behoeen the Gil Sombple & the Somplex
lshen the Soil entesz it the tube by allouing
for elaghic expansin,

—If e ingide Uearonce g 150 Wgh, thee sl be
to much of laRyal expension.

—>Owlside Ueawance will heth veduce the fckion
While the Somplexr s being driven & bei
withdyawn ZJ;;F; the Qan\]oﬂl&e (s Collecked . k

—>l=1-% %

—(5=0-2 " (9t Snowd not be much realey

thon Ci).

—>Avea vakie Should be Keplag low ag posible,
Gongistend 1uith te Skrength vequitements o}

Ay P 2076, for SH formakion.

—>Ay F10 7, , for Soft Sensitive Soil.

—>Ancther Payameler (3Ndh ig an index of Sample
distwibonce s yeeOvedy Rake (L),

Recovery Rakip = recovered lenghh of Somple
(L)  PRenelrakion length of Sonple

—T Ly =1 = Good Recovery.
I} Ly <1 =lompression nhile Lampling.
—T} Ly >1= Exponsion/Suelling while Sampling

—To veduce wall frickion , the Sampling fwoe
noudd have Srmooth finigh & Showld be proper-
ly ciled before Lse.

* Iube of Sompler
—>The Commonly Used Sampler ase ag follotse -

. Oben dvive Qombley

—>Tnis Sampler essembially Congish of o Seamle &g
Oben end Steed tuboe 1dikh a cuum% edge.

—> The fbe ig Connected qu/ah a head to e
Dill wod.
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Sub-soil Expliati

—>The lombler head is provided wikh Vendp 1o
permit Wader & alr to eswpe during the
So.m{ou'vxa & aw a Check Valve to '}Vjufn the

le

—TRin wall Sardlers one Used in Hig Case 1o
Obtoin Undisturbed Sampleg.

I.Piston dambler

—>A piston Sompler Congis o & Separade fparts
a: Sampler Cylindew

b. Piston Cylindex

—>The Pision Bhich iz actusted Sebevolely and,
f\'@ h‘gkﬁy n the Sampler Gylinder

1kl Oseful in lompling Soduvaked Sond & other
Soft ond et Soil Which cannot be Sanmpled by

bben daive Sampler:

I[[-P\olaforioﬂoml_oler

It is o double wolled e Sompler with an
inney Removoble Liner

—>The Ouker twbe or the Qo\ahh& bonrred g
provided with a Culding bit.

—>The bit Cwke an onnular ?n'ncg[ shen Hhe boryel
\s Yoloded.

—>The inmex tube. Which {2 Udfienary Uides dver
the {ylindricod Somble Luk- oy 0&? Robdmg
Bawvel

IV. Block/Chunk Sampler

> Dlock 67 Lhunk Con be Obloined from Open
excovahenm UKe fest pity Shoft ele.

> ®r thonk Sampling, iE s necettary that the
Seil hag dome Cohesitm |

ii. Sounding & Penelvohiem rect

—>Subsoil explovation can be done. by folloising
PeneRodion fest

Q. Llondod Renelrakion test (SPT)

b. Skahic Cone Penefohiem test (CPT)

C: Dynamic Cone Penelvahion test,

d. Byessure mefer test

€. Plake (vod test.

C- Dynomic (one Penelrohien test

—Tn Iis teat, a Cone which hog on abex ongle ofy
60° & aldached o the dwll vod g driven irdlo
the Soil by blowg of the hommer of 65 kg

falling fredly from the height of; 70 mm.
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Sub-soil Expliati

—>The blow Couat for every 160 mm penefrakion ig
noled (ontinuously,

—>The Gne is driven Unhl wefasad o7 ubio the,
requived depth.

—The numloer of blows bj/w%ed Jor 20 mm
penefyahion it noted ag dynanic Gene 9esistance.

—>This feaqiveg @ Conkinuoug vecord ofy Ned
Wit dejoth.

—>No Somppleg however con be oblained in Hug
test,

—>(velohon behyeen dynomic Gene residonce %
QPT Valueg can be eferred ag followg hen
50 mm diomeler (one i¢ Used,

Nedg = 15N for depth ubto 3m.
Nea = 376N for debth wpho 3-6m.

Nea= aN for depth > &m.

d- Precswremeter test

1t s a foom o Woad test & the lood in Huig Case
¢ being applied by a Uniform vodial prestuwee
to the Sides of the borehole in Wch o
bresewsemetey s placed

—>Theve ove Two bagic fybes o pretsunemeter

T.The Menavd Pretswemeler (MPM), Ishich 18
Loweved intd a prefoymed Borehsle

IL The Celfy Doving pressuremeter (SBP), Dhich
forms & Own Borehole & Hhug canges much
less disturbance 1o the Soil prior 1o the
Jre,sh'lrka.

—In Wuis” tesh elaskie Gonstonks of the oil UKe
Menoad 13 modulus of elagkicily & Menard's
Shear Medulug 13 also fownd.

Nole : Relahonehip behseen Menoad's modulug ok
elagtiaily (F) & Youl\g’s Modulug of elethi—
aly (B) is given by,

E= Em
&

Wheve, o = Rheological factor

Nofe - Tn Uoyey Soil, Undrnined Shear Skrenghin con
also be delermined og follows,

Cu= Pi_
q’

IShese, Py = Linit Pressure.
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V. Geophygical Method
—> Thege. methods Were developed in (ennection
_ltiin bmbech'r\a for Usefud minerals & sils.

— lhe major mehrods of these e —
a. Q‘K‘QYA\OJM‘!B\'\&.‘ md'h:} O:R%Dm oPe
b- Magnehe method.
¢ Sedsmie Refrockion mebod |
d. Elechicod Resishvity Mebned,

¢ leismic Refraction mebrnod

> In g methed, Chack Baveg anre (reated wlo
the oil at their Ground level or Certoin debth
belows it by exploding Small Chafraq,

—>These. baveg ave then delected by Geoblrones
Whese the time o} Hrovel gebs vecorded.

—> Eithey uumboer 6F Gecblhones alm'% a Une age
Used o Shoek producing device 'is maved
away from the Geoprone "o produce Shotk
woves in given inderval.

—>Some &, e waveg ave divecHy veached to
the geoplanes along. the Ground Swaface
Phereog Some ave ek penefanded dolsrvards
iilo Undestying densexr medium % then

Reflected to the Geobhones

—over frovel much fosler in denger medium.

—As the distonce behseen the Shock poind &
Geobloneg increaws the Yefrocked Laves ane
able to deach eakiey tHhan divedt wave to the

Geophene .
—*The depth o} ‘ooundcwa behsen hss hata con

be esHmated ag,

D=d [Ma—-Vi
L Va4V,

hene, \fy=Velodly of- Wave in Denser Medivm,
Vi =Velocity of Wave i loose mediom,

— Dy — 3
Shock Point Geophone
‘| Geophone

D,

Y

/,:)( A\Y

e
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Sub-soil Expliati

Time

(milliseconds)

d

Distance (m)

d.Elechnca) Resishivity melthod

—>TNs mekhod s based Lbon the measuwsement of
Changes in the mean aesishivity or Speaific
redstance of Vorioug Soil.

—> The resighivily is defined o Hne Tesistonce
behseen spposite foces o a Unit Cube ofy the
mckerfod

— Boch il has (G oL vesishiily depm@n%i)bm
Wo¥ey Contend Combachion and mineral S

—>This dest is (onducked by dm'vir\a 4 melol
elechrodeg indo the qround al,orxa the. Shoigind-
Une of equal distance.

™A divect Wltoge i3 imposed) behseen the huso

ctue.

ouler elechoder & polentiad drop {g measured
behen the inner elechrodeg.
—> The. meon vegistiuily is given by,

= JTH)% =JATDR

Wheae, R = Mean vesichvi
D=Distonce behseen Hre elechrode.
€= btenbiod drop behseen oukyr elechde
2= Cuvrent flowing behseen ouler
elecTyode.
R= Residonce .

—Tnis Resishify is further Used to gauge the
pvobexties of the o).
‘ 11

O

P
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ESE
& The Skin frichon Yesistonce ok a pile daiven in
Sond does ol defpend  om

(@ lokeyo) earth pressure Coefficient
©hAngle o friction befiseen pile ond Sil.
© Plle maderial
@) Told Shese Analysis

Tes-2019

Png : (&) Tolrl Shess Analysls.
Sol :
Skin fn‘d'im'\ sesislonce. for a dnven pile in
Sord.
Qs = (k-Gay &)X Aguaface

hese,
K= lakeyal earth preasure (oefficiont.
&=angle o} fricton belieen pile and. Sail.
K, 8 depends wpon the bile maleriod.

A The Er\ainee‘m‘v\g News Record dormula,
= 13-h
% &(8+0°25)

S used for the case 6}
) Dyop hemmer
A .Sir\%(e, aah‘ng hommey
2. Double ac.Hvxg homme,

Whdh 6f the obeve are Gorvrect?
@1 OV\\V
) 4 Only.
© 3 On\y.
@1, end3

TEs-2016

fins 2 ()& Only,
Sol* Empiricol formula ‘¢’ faken a8 6-3¢ em for
Slv\ale_—o\dw‘r\% hammer

& A drop hommer is Uged fo drive a weoden pile.
The hammey neight-is 45 kNl and il free
(z\l.li Wuakl' is 0-& m. Thee Penchation in the
lasl—ﬂalms is 1A mm. Dhot {8 We neqrect
appyorimalien f the (oad Carrying Capacily of
the pile awoYding fo the Engineedsing News
ormuda ?

@ 1S kN

® 10 kN

() 2600 kN
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(@90 kn
16s-a014

Mns : @) 90 kN
Sol: W= KN
h=08 m =28 um
S=lamm= | dem.
As ber engineering nens formua,

GQ,UOQone = &
Pos (840)

C=2Sem for daop hammen,
Fos=4
Q= _a§ X60
6() 2+2.5)
= 90-09 kN.

Q-When He ocbserved Uolue of N exceedg LS, tne
(ovrecled penefrakion numboey N¢ as per

e W and Peclh, recommendahom in the &)
e, Do 3

Wil be
@15 -1 (Np—1S)
K]

©)1S -1 (Na+15)
a

@IS+ A_(Nn— Is)
(@DI1S+ L (Np+)S)
2

Where N= Penefrabon number; and Np= Recovded
\alue
18¢-2020

Ans: () \‘§+L(NR—\§)

8ol . 2
As pexr Térzogbd and Peck. 1948
Govvected penehrahion nuwber,
Ne= |S+%CNR— IS).

Q- The cbserved N Volue jrom o Stoandodad peneWrobi-
en fesh Gonducted in Soduraked Sondy Shraka
& 305 the N-Value (orrecked for dilatancy may
be token ag,

@ 1S

G a0

©a3

@) 39

IPs-a0l)
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Png: () A3 GATE
ol! N Vdue (oryected for dilateney is N,
N'= 1S+ (N= us_) & A 0:SXK0Sm Square loncrete fle is 1o be dwiven
in a N)mofaeneouy, Uoyeyy Soil ho\wr% Ondwaimed,
=S+ (%0 —ns) =a3-§ Shear Swength Cu= 50 kPa and Onit deight-,,
& V= (80 kN/m> The design Capocity o} the pile
=a3, Is SDO KN . The adhesion factor « is given ap
075 The lenghh ofy the pile dequined Z
8 Phich technique ofy Stabilizofien for the Sub-base above design load mkh a foctor of Sojely «r{;
i preferved for a heavy blashe il ? a0 is
@) (emend &tabilizakion @5-am
(BMechanical Slabilizakion. ©) 58 m
©@lme Yobilization. ©118m
@) bitumen Staboilizahien. @128 m,
TES—2016 GATE-A0(8 , hift-T
Ans : (©) Lime. Stodoilization Png :€) 118 m.
%ol - Lime Changeg the nofure of the adsorbed Sol : Guen, Size 6} pile=0SmX05m.
layey and provides pozolanic achion. Plasti— Undwained $heas Sfength, Cu=5d Kia,
Gikg index of highly plaskic Soile ave yeduced Uit 1seight , 7= 18 EN/m>
by oddition as Ume with Soil. These S an adhesion fackor, o =0.7S.
increase in Optimum Woker Conkernd and Q. Focor o]y Safety=4a.
decreate (n the maximm (ompacked dengﬁa Dedgn capaaly of pile = SDO k.
and the Strength ond duwobility o Soil
increntes.
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- Olimate Copadity dfy pile, Qu= 500 X2=1000 KN

Qu= CNcAp+ X CuPL
1600 = IX SDXO6-SX0-5 + 0TS X SDXAX0SXL
L= W18y m.
= 1l.g§ m

8. What is the Ultimoke Capacily in KN o the pile
gyorh Lhon in the hamfe asguming the gnonb
1o foil as a Single. Plock 2

[ /

////////$ 11 7/7777777

(Om 4 0-4 m diomefer pileg
¢ C|0\\/ Soil
— — Cu=4%0 lL(\\/mQ-,
T O O ZP =0
l.am ¢/e
e O
Kk— A m—4
Ye
@9al-6
CRIEENA
©)24%8¢
@) 348 .6
GATE-2007F.

Ans {(d) >4&1-¢
Sol * Pile group is failing as a Single Block.

< ) 6m 51
A ldm——

O O

Sie 6} pile gvoup J6m X 1-6m

Olhimete Calpacly of pile g = Bearirg Copae-
ity o Dase X Base avea + fwchional sesistancex
Suxfoce ovea .

= qu.Ap+fe.Ag

= (N Ap+ A CuAg

= H0X9X)-6XI-6+ | X40 XU X1-6X1D

34816 N

"

8- A Gove Culder of 130 Mmm heighd has Innexr ond
Oukey diametert o} 160 mm ond 106 mm,
respectively The avea ¥ahis of the tote culter
(in 7 upto hwo decimal places) is ,

GATE-a018, ShifH-T
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FOUNDATION ENGINEERING Sub-soil Expliratic
Ang i 12-36 SSC-JE
Col : Gwen,

Tnner diamelex=>-0D,=160 mm
Owkex diometer =D, = 106 mm.
. Avea yohis,
Ay = Dy~ D,”-x 160
D/
= |06>-100*
1004 X

=236

100

Q-A frichon pile o} dismeter &D um 13 embedded
IS m inho the homageneous Gonsslidated Clay
deposit. O the adhesion fackor iz 0F and
adhegion developg behoeen the Uay ond pile
Shaft is 4t/m> bhok s the Sale \vod (£) for

fockor of Sofely 3.0 2
@15
(b) 24
©a6
@30
20\7—&@'&?\3 Secsion.
Ans :(b) A4
Sl ¢ Given *
D=50un=0%9m
L=1% m.
L= 0¥
Cu= 4t/mt
Fog = %

Ulhimafe Bearing Copadity for fckion bile

q'u: d'CUﬂDL
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FOUNDATION ENGINEERING Sub-soil Expliration
= O0FX4XNX05X15 ing Tahe=_C
= 6597t DMb " @-’th(;al da-rv\\oir\g Coefﬁamd-
= 0-1= 245
Saje load, Ce
Qsofe = Tu_ = (=345
FoS 0
= 659t =250
3
=alqq 223t

& T the demping vakis is given by 010 and
domping (oelficient is 445 kn-s/m The volue
ot Coibica) dooping vakie (knN-g/m)®

@ad 5.

®) A5

©2aa50.

(&) 2560

&DF}-Momr\a Cession

Png : ©) 2250
Col ¢ 'Dam’(:ir\a Tahe = 0|
Damping (oefficient,
C= 325 tN-8/m.

§. When (ompared i) Open Caissons, rfboah‘f\g,
Couseong ﬁeﬂeb’aﬂy _
@ Have a higher |ood Ccvn?)ina (apadi
O Have a Slow ond inenvenient Inslallabiong.
©) Are less expensive.
@ Hove o greaer depth below e greund Surface.
a0Ig - Momir% Segs(on

Ans :(0) Ave less expensive.

8. The Ume Stabilizakion s very effection In )?eah’ng
@ Sondy Soile.
(©)Sily Soilg.
(© Nen- plaghe Svils
@) Plashc Gayey Solls,
AO\D .
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Pns : @) Plashic Clagey Soils.
Sol * Ume ig Used for the Stabilisahion of Mgy
Ploatic Soil like Dlack Gothon Soil.

*The fine Uay porhicles Yeack with Ume and get
flocaulaled 6w oggregaked nfo Lavgen parki-
cle grounpe which are fairly Skeble even
Undex Sbsequent Soaking.

*Due fo this Hocuehion, e lime - freated, Uaya
nicoSe diffevent™ qroin She dishibukion
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