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LINET-

INTRODUICTION AND INDEX FROFERTIES OF SOILS; Sod foomtion, clay mierakigy
anad aoil sneciore, malstun coen, weight-voline rebnonshs, eheive densny, Ui wee
gialyiis, sleve analyim, prisciple of Bydrometer method, comlmersy limin and mchoes, 15,
classificaton of soik

UNIT-11

PERMEARILITY, EFFECTIVE STRESS AMD SEEPAGE THROUGH SOILS : Capillary
et Plow of water thbrowgh il Dancy’s Liw, perveeliliy, bacions affeciong perisenblity,
labvwainry & Dold s For determstion of eoefTcenm of perneshiliy, perowehiliy of byvered
wils;

Total, neviml and effeciive siress, ugman! and dowwanrd secpape iheoegh sy, guick smd
condition, ow ners: charscwersics and sses.

LUNIT-ITL

STRESS IISTRIBUTHEY IN SOILS AND COMPACTHIN: Houssmesg s sl Westergard s
ihecries for poim ked, usnilormly Buded cleealr aml recangiuler ascas, pressure Budb, variatmon of
weriicnl dress wnder ponl komd slong seniaal and horioeen] plne, Sewmmrk™s milenoe chart fior
wrogulan o,

Mechanm ol cumpaction, [siom slfrcling compection, affects of cempacton on sail propeties,
field compaction sgpipere) el compection qualey comtml

UsTT-IY

COMSOLIDATION (Typea of compressbibiy, mmediste sertloment, primany consolidation and
seotulary cunsolidsi ke, siness hisiory of cliy, e-p amld e-log posrves, normally consalidued soil |
oy e wniler consnlidated soil. pro-consdidetion pressore amd s desermisation, Termghi's |-0
ol latan ooy, ooefcrei of comeldadon auene fool Gme and bganigha of tme it
it vy, crmmmpuitanins ol dotal el e aid Ve e oF s berneeni

UNIT-¥

SHEAR STREMGTH OF SIMLS: Imporancs af dhear arength, Mobw and cooksmb Bulins
thecries, types of bboratory tess for @rength parameters, srengih tests hased na drainage
condition, sengih envelops. sheor soengh of sods, delstency. eritical wobd ratio, bguelsction,
shiear serength of cln,



UNIT-1
INTRODUCTION AND INDEX PROPERTIES OF S0ILS

losroiuctivn e Soll dochamics:

The ienm “sdl” can buve diiTeeeni ll:lulnp._ ihpu.l.l.inu; i ik Pkl i which di =
wramilernd

T a geoleglst, & = e matensd o ihe ehtlve dun 2o of the Banhs wrlsce within
which wans mceur, amd which am forme] os the produces of pad aEfice proceses, The
pest ol the crud s geossped under ihe e Trock”. To o pedelogla. il & ke sabsiasce
eamstmg on the surfsre, whach sipporis plart Kle

Tor an engleer. i 5= @ malerial il can e

Balli an: foumbations of bulbdings, bisdaes
Balk be bascaeais, cobvens, uenels,
Balh with: smlsink mess, s, dans.
Sapparial: reeainmg walls,

Sl Mechanis b 2 disciplioe of Civil Engareesing lavedbang the study of sl g
bwsbavionr sl applesalion e an englieering maierml, Soil Movlsnes @ i applicaien
al oz ol mechamcs anid hydrealics o enginespmy. problems deafing wilh secimens amd
ather unconsolidated  scoumulmionm of wlid patckes, which e prodoced by 1he
mechapical and chemical disimegntion of rodks. separdiess of wheiher or o they
comvinin on pdmmoure of crganic onivdiments.

= @ m om

Soil corssty of & mukiphse aggreption of solid panicles, waser, md aF. This
Tusdanenial componition givos 1 10 wtigque eoeinoering propertics. pnd the deseriplon
aof s mochenical behavior requires some of the most chissic principles of cagincering
michanscs.

Engineers ure copcermed with soil's mechsmical propenies permeabiliny, siffiness, aod
srcogil. These depend primernily on the nafure of the soif srasns, the curres siress. the
wakar coaleal nnd ual weight




I i dee Bty sarlace, socks exiend upeo s mech o 30 kin depiie The mige mck iypes
are sileporierc] o igienis, wdimerssry, amd memaraphic

o Mpgnemans eosckoss ol Broms crysialline Beslies of conlad magrma

«  Seidbwentory rocks: fmed fnon Gyvers of ceimenied sedimenls,

o Melamorphic recks: formed by the slierstion of exsising mcks due 0 beat from
ipmeous tniseshons or presurs die o cedael mevemen

Sealy mro formed from materials thar heve resabled from the dismegration of rocks by
varioes processes of physdcall onid chemicel wenberiag. The nmure onl smacture of o
grown sail dopends on the processes sed consleoes thal lommed e

s Breakehmm of parent mock: wealhering, decompesstan, emsion.

o Trnnspartaiban b s ol Gl depenition greviey, Toudng waler, ke, wimd,

¢ Envimament of final depocitioer oo plaing river wvmece, glesal merine,
lenisdrine on murme

o Subseguent codithons of leabing mel dranege litke o oo suclsige, haavy
siifckarge due 10 ke or ovedlyiag deposile, cluage from sallae o freslwater,
faa: himg, onniaminaison

All sails originate, directly or Iadirectly, from different vock types.

il Tyees
Soils as they ane foand m Eifferem regions n be clesified mio fwe Boad caepnes

i1 Hesklualsadis
(2 Transportee salls

Resbdual Sedls
Biss ibimall savils e fiand sl the s loctios whons tay have been formed. Ceserally.
the dephy el residoe] wuls vanes from S @ 20 m

T ranssparil Sadls

Wonthered mock maierials can be owyved Bom heir ongisal sie o mw ocagom by ooe

or more of (he ranspon®lon ageacks w fom tramported solls. Trsspodted solls ame
clamified based om the awde of srensporiation e the final deposition enviFoament.

(n) Soils that are camried and depocited by rivers ane called ol bavind deposits.




(B} Souls that ore depesited by Dowlag saizs or sarlace msoll while enlensg o bike ar
cillesd wewstrine depmits. Ahermate liyers are ormed =B iferest semom depenlg o
Mo e

feh I vhe deposiin aro made by dvers an s wator, ey ore callod marine deposiis,
Murine depodits conten hoth pmieoinie. smieral bought fom ibe shore ag well o
argmic rrEments of marme life forms,

(i Meding of 8 ghcer couses the deposiion of all the malesiaks scounsd by i@ leading o
Tosimal boa of glaclal deposkis,

o) Hoil parmles corried by wenl ol wbwequemly deposiied aee Gnwn oy aealinn
dipasiiz,

Sk wre e Cumdaseets) resowne weppording erceiere and oy, e well e
wniribaibing bo Ghe msthilns of 2 grees plamt, They ane il a bise from which mseaks
are ealmseted and i which solil westes ors Ehpossd Ie atdktion, soll el & 8 madium
and filter for coliection and movemens of weier. By sopporimg pland growth, il
beooencs a major delcrminss of alrmdspleric composiliog and tbhercfne cand's climane:

ARBEIL D R LS

Suaby pre formed by wosthenng of meks doe 0 eechanicnl divmeprees o chepmacal
decomposmimn. When a sk surface gels 1:|.'|1|:nr|,! I mmenesphee i,ll'u.l.q'q'qtclﬁt,- irme,
n disiniegrites or deooomposes o smul] partiches and thas the il ore formed
FORMATION OF SOH1.S

Sumby aey Bl ether by (AL Piiscal Dot ion or (B Clwasenl sheumgusalmn) ol
Bk

A ERXSICAL DISINTEGEATION

Phpsscal diintegrtion o mechamcal weathenng of mocks nocurs due bo e
InTlosrmp physaca] procescey;




L. Temperutire changes

Hilferes minerals of ocks have different cordficenls of themoal expamsios.
Uyl evparnbon and contimction of (bese mkverals accur doe & temperstuse clanpss.
Wi the stresses [mdaced due to siech changes aro repested many times, the particles get
detiched [rom il rocks and the soils ae fonned

L Wedglng sction of ke

Wister in the pores mnd miswse conclks of rocks gots froeen i very cold chimaiea,
As ihe volmme of ke formed s mom ibae thal of wakes, expeesion ocours. Rodhs gel
brelen into paeces whon lege sirmises develop m ke onecis due o wedging acion of the
e Bl

AL Sprvwiling of roats of planis
Ag the oot of trees ared shrubs grow o the cracks and fissres of the rocks,

fosoes act on the focde. The scpmems of the ook are foroed apan e disietepration of
rockos oo,

L Abrasion

A veer, wind and glacwer ove aver e scfoce of mck, sbrasion sl soooring
takes plince. |1 resully in e formation of suiks.
Nate: In all the pnscesacs of phivaical disimegraiaon, (kere iy no change in the chomical
crmpsition. The sedl femed ks tbe pmpeiies of the e wok. Cosre grained =ik,
suich i praved end samd, wie fomied by the process of plysical divinbegmtion,

Lo CUEMICAL DLCUMIUSTTION

When chemical decomposiem or chemical seatherimg of rocks igkes plece,
cortgirml pock misgrals sve iransdormed 1o new menemls by chemsoul mactom. The wolk
Bl o et feive e properties ol e paresi rock, The fodliwing chemical processes
grmerslly ooeur monasupe:

1. Hydlrubine

I hipilration, walss combines with mick minerats sisd rescalis i the foomsiion of a
mew chemical compoond, The ihersical feaciion cmses & change 0 vahime and
scompiai b of mock into vmall porikles

An example of bydration reaction that is taking place in sadls s the yslmbysis of
Sk

BiDpr 2H;0  ——»Bij0H]s




L Carbonatbon

10 s @ e ol chemical decimposition i whicl curbon diosdde in the smspheie
cramhines with water 80 forme carbowic ackl. The carbomic scid reaces chemically wih
rocks and Caurees their docomposit i

The exaieple for this type of fs, tha i wiiag place in sedememary ks which
corin cakciirm cur bomaie,

X (hddatinn

Choibmiaen occurs when oxvgen ons combane wish minerals i mck. Cuidstion
resulls i decomposition of mocks. Osalation of mcks o ssmewhe simile o mosting of
sl

A, ahwion
Fovme off the rock. minerals T a sohition with warer when they get dissolved in
waler. Chemical reaciion takes place in (e solutkn and ihe sl ase formead

£ Hydrobyes
I is & chemienl process (8 which sser gets desocie] me H and OH o, The
Bryadiongen cotes replece the nesinlie joe soch s okeinog aodiom end potessaom is mock

minerals ind ik are formesd woith s sew cherscl oompesition

Note: Chenical decmposdiom of moks resal in the formaton of chiy miserals. The cliy
mingrab import phstc propzrties of il Cloyey soils e formed by chemical
decompraihom,

IEANSPURTALION OF SULLS

The soils fmmal ot o plas may be imnspoied o other plicss by apenls ol
Eramrsporiaiin, wach g waber, ke, wend ond grivies,

I. Water transporied snils

Flowing waler is one of the most imponianl apeats uf manspoitetion of soib. the
sz of the wil paricles comed by waner deponds ppen the velciry. The awift waler can
cuy b pasiaches of bege sine such os booklsn sed grovels. Wiih o decrosse in velocity,
the comresr particles pei depemsed, The mer particles sie carried furiber dowisbrenn and
deposind when the velocily modices. A delis bs formed ahei lis velocity dhswy divan o
abmosr pero o the confleace with o receiving Bedy of still wiier such g Ioke. o sen or @




Al types ol seils ool o deposiied by wuies ae knowas o alluvial depies.
Deporits mucke  Inkns are called oo deposis. Memne deposits are fommed when
the followsing woier carrios solls 1o ooeam oF s

2 Wind trumsporied soils

Sodl panacles ary traspored by winds. the particle sioe of 1he sl depomds on the
velociy of wind. The finer particles are carriod for awsy from the place of the formagics.
5ol depossts by wind are known s Acalion deposit,

Large samd dunes sre fodmed by winds Sand dunes oooer & arkl reglons and on
thit bee wasd side of the sea with spndy heachen,

Lo s sl deposdt made By sinl. These deposits hove low dersity asd high
comyuessibility. The bearing capucity of wich sls i very bow, The permeabiliey
verthoud directhm b krpe.

L Glsiders depusiied soils

Gilacicrs ans buge masses of we foosed by il comgacion of saow, A e
gleciers geow' misl tmnve, they ceay with ihem soils vwyag in siee from e graissd ©
buige banlders, Senle get mrised wih e asd are imnspesied far awvay from sheir smginal
prifthon

BASIC REFINITIONS

A sl mans comias ol salid parthcles winch fioeim a prsses dnsctuse, The valils @ the wil
s ey e [Fied witi g, waber or paily will watss sl porily sl suer, Sall b s
thnee phare sysiem in genersl,




Three Phase Diagram

Wkl patio ia pher vohirne of vosls noihe sodeme of sobide [ denonad By te”
=W
It i exprossed as o decinl
Bupets
I is defined as the ravio ol vokimee of voids o the keal volume. [t s dencred by 'n”
=Wy

It generally pxpressed as o penoartage
1= Y s [ Vel Wy

l= 1= (el = l1eke

H- | 142) ()
Lo (lnkds (|-nyn

sty | 1-mp 1hj

Im equrinns da) anel (B, the pomsiny shaakl be expressed a5 0 ratin amd n peeceminge,

D ol satumution
The deigroe of aefurstion is Ehe tatio of the volome of waser o the voleme ol wodds, It is
desotad by 'S

RaWaVy
The dogiee of ssturalon pemvally expreassd as o pacamage. It s ogeal 1o s whes ihe
il is phandoiely dey and 100 when the soil is fally ssormied

Percentape nit voids
It &5 the matke of wodume of nir bo the wal velame

= YV




I8 b il cupressed s i pefoentage.

Al content

Air comiend s defined us the o of the volome of sir 1o the vahime of voids
= Va™fy

AT
Iy=a i

Wager content

The water coatest [w) b delined os the rati of the mass of waler to the mass of sslds
w= Mw s

I s alen known s the moistue condent {m), T is expressed 58 0 perceatsge ol osed os a

e sl m oonipuiation

Wi total weight Vi total volume

Ws: weight of salid Wi volume of solk

VW waight of water Vw: volume of water

Wa: wasght of air =0 Wv: volume af the veld
L BULK MASS DENSTTY

The bulls muss densiny (o0 & defined nd the total mass (6 per unk valame (¥

MY

& DEY MASS DENSITY
[he dry mass dersity (pa) &5 defined as the mass of solide per amil wdal voloms

P Ma'V




L SAILKATEL MASS DENSITY
The ssturmed mass density {ped ® the bulk dessaly of the soil when 7w fullly

sasurpted
M= My

Whetn the sl exbas bekis wabe, i s 08 st condilgn The sebierped
me=s densiy {p') of the soil i defined s the submeryed mass per uni ipial selume,
P MuubY

o MASS DENSUTY OF SCHLING
The swss denaiy of wlids (pd B equal 1o e o of the miss of solids e the
W |Hlt'|'|;"|:||--1||ld'|
[ B

YOLIME-WEIGHT RELATIONSHIPS

Bulk Unke Weight (v)= WY

Doy Ui Weight (7.0 = "WalV

Sarorsted 1l Weigh (ya) = Waat'V
Submenged Linit 'Weight ivas or ¥ = Wenh'Y
Uil Wiz (H Soil Solids 1) = Wa's

LA a T B =

W,0 Air v




The specific grves of wil partcles (03 is defined os the mao of the msss of o grven
valurme ol solds to the mass of un equal velime of waes ol 4 C

Thmuh.lﬁ-:uhw:u foa 470 i Tgmiil, 10O k'm o | Mg
BAKIC RELATIONSIINS
| Sl Mo RsEivinshin bn mass dessity Reltiomship in wnit weiehi
[ i =l e} n=eilie)
%1 B =i & = wilm)
[ = Al L= Nk
:4 p=lr Sl el 7= 10+5c) 1o/ 1)
F = Gyt e} e Grddie
|6 e = [Geipait <o) | ou = (Groc) 7wl 142}
' T P S T BT 7 =G 1 peiliel
:H e = wiks &= wiiy
:.'i e = W) Ta= pilrw)
io o= (l-nalG p{ 1wl R




WATER CONTENT DETERMINATION

The wester conlend of Tl sl bx an loposiant panmeter thal auimb jis bebaviour. 1 s
quiarlilalrve mesare of The wlress o The wml prosts. The vwalter comient ol ke soil can e
determiined by ay e af he Following methods
I. Owen drying method
2. Torsion halsnee mechod
A Pyeimmmetar medlad
1. Sand bath paoibod
5. Adcohal method
fi. Chiciurn carbide method
1. Endinon method

SPECIFIC GRAYVITY DETERMINATION

The spevific gravity of solid panicles i determaned m ike laborsiony wang the Dllowng
mithinds
I, Dewmsity bonle mehod
1P imtinstisr ol
Sbezamrng (Gsk melbcd
i o st
Shrindge fimi methaod

P ak 1

MEASUREMENT OF MASS DENSITY

The fulkewing wethids e genedally dsed fog the detenmliation of sass diisay
Water displacemenm mathaod

Sabmeigad mass demily meb

U ovtter mweihicsd

Sand seplacemen method

Water Baflonm methosd

Raodiatian method

o Ll R




MECHANICAL ANALYSIS

The mechomcal analysx, aka knoan os mmecle vze anlyas, s o methesd o

seporulsan of wolls o w0 differenl Ircdors basd oo panklk

e,

Caffeinin

EIATRIER Ve LY IRE IpaTione, By AR 0] vaous sEs Of Parnic les presen m che s Lk

A TR TR

iv sbwroen prphically in o portiche siee di

| e meesanecs ] s lvas o5 done iy ow ages
1, Sawe filal yEas

2. Sedemeniainon el

SIEVE ANALYSISIS

This st o meEm for ooarie graned woils | paits

w i |'|.u||..m|:I [LIESHE]

BN & sl of sV The sieves vl are 30mim, e

£ AP predler dhon 7Y micrrnes)

o i,

Thmwn, 4750, 2, | o, G0, 2%, 2120, 130, T30, The sebection of Lhe reguinad

mnbwr ol seves s ddome Ve alban 8 gesd

o b o gver (e vilher, Wil decioimbig e i

includied dry sicve amalvais md wat sieve omabyais.

F:_. S o [§ Sawoe

NEUR le s ilmbribulam ssrve

1 Wi B D)

A il
pleced ar the sop and 2 pan, which has no openimg, & pleced o the botiom. Sieve aivsn

T B L]

M g 0N



g St ool [5 S mrvas

|- el
i
- f
\ IE.E..E.

I

B

T

[
il

.

|

w5

—

g Musiraes Samve Analysis s prosedune




Fig: Nkisrees Seve Analysis (el procedee




Fig: Mustrees Sieve Analysie et procedae

Sedbvreniisn analvsss §s ol beswn as wet anslysis il s wed for partiche size b Lhon
13 miceons. The arakvsis k= bsed on Sief2’s law, it inchides preparmioa of ssspensnn
for e ez, Alvoul S0g of soil & weighed sl rawioered o en ovaporsing dish. To have
praper depersion of wal DNkl ol & digpésaon adeken o aded o the wol The dml =
washe] wee & 1LEIh&] ge and snoiagh waler 1 adilewl w0 iminka 1O NI wi Ao s il
mic lodde Pipetie methind and Hegd romneser aminlyvsis

Soedimentimon analyds iy also krewn as wet analysis, @ is meed For purtiche sivo less than
5 micrms. The malysis s based on Stoke's 1w, 1| mehides preparstion of suspersin
for the test. Aboul Sy of soil s weighed end renaferied to en cvaporsting dish. To have
propor deporsion o sml TMal ol & dispersaon solaon & aldod kr the sel The asll i
washed men & (=] @y aad enrdagh wole i ndikal wr meke 100Hked Vi Bt R il
incluih: Fipeie methodd el Hydroeeter azulysis







LOMIINED SIEVE AND SEDIMENTAS TION ANALY SIS

11 the wirkll mwaes. Conmists of bl ooarse grnbned aad foe gralsed s, o ooimilEned
mmabysis is domne. The slory of the =@l = made a5 mestioned in the wed analysis, The
shurry & sicved throaigh o 4. 75mim 15 seve, The materal retained on the sieve is oven
dried and coarse geve pnalysis = done, The matersd reaised oo Timm (5 sheve s ala
ovens dried aed ihe sieve snalysis i done using the st of fise sivea. The suspemion
passing theusagh 75 microm steve 15 miesd wilh o deflocoshnmg apent and che bycromeler
tesk i parfiimed on the suspemdon.

Thw rasticle aive oimtibsticon cierve sl Livan ae @ gradalam cisve ripivsealy G
distribution of pasticles of differsnt sizes i the soil mass. The percentape liver "N =
ploties s the ordingie aad the particie sire as abacisss. From the graph, the soil cm he
clasaifled as pagp sraded (s pradad), well Zroded amd uniform saths,

00 B " f..-_
= w ﬁ/
i ® .
Tirad e
‘ I
i |
- Dy =0.013 mm
B Dy =47 mm
| L By =74 mm
g b=t et
e £l "

g Hlhsirses Partate Sue Eistritation Curve



The nacst imponiani imdes aggregeee peopaTy of o eohesookess ol i is relacive
desaiiv (D), s abwr knoow'noay deasity index (lo). The relative density i delined e,
B = [ ] (i ] & 100}
Wihire, fues ™ mnbmun vkl racns ol the sl in e hoses oo
Sein = IEmiTEIT vorl i of the soil 0 1he densest copdaing
£ = void ralio in the el siasc

Luvuas] 5. mtsrmaedals Hals Cranamnl Sials
Snw
="

Fagr Wokime reduction Fom compaction of gransda ol




FLASTICITY CHARACTERISTICS OF THE SOIL

FLASTHITY OF 5L
[he plisticily of the sodl is ks obility iv usberyo dofimmatin withoul oracking o
fractiring. Masticiiy af the wal b diz io e presesce of ¢ly senerml

Fig: Stws Plasie Ll tes1 spparsis

CONSISTENCY LIMITS

T enpseaency of 8 flee gramed il w the physics] st m which # exisiy, i s
e Wy demmle the degree of lrmaess af e s, Comsistancy of e adl i imdcared by
the ierms wfl, fem or krd. The werer conbters at which the soil chasges fimm nne ame o
another b kpown ns Consistency limies or Anarbenz’s limis

Masticliy Indix = Llipok] Limii - Plastlc Llnl

L, LLAYS




| Lo plasticity " A
Inperrredisce plasticiy L 2 54 ik
; Ilgh ploti:ay “I b | 8
i Wors high plasiici s kS i Tl - D,
i l'l,!|1'|l"'|:|' I‘E" |q“"‘1||-'||:r “I= = L§ |8

LS Ny LIS
The water coslenl o whach the sml changes from e bguid siaie o the plase
se b known as che Hgaid Nk (LL. W)

Hpatules

L beganied lirmil clewric e

Groowing
[£=2 ]

—

“ * ‘-‘:h-. L

Al

- .

Mlod & e oo

ool mpenc o

Fig: Sk Lagaid limi s spypaishis




PERMEADULFTY O 8OTLS;

The properity of il which permis flow of water ibrough i b called the
permenbility. Permeabibty is. & very Emponsae propens of soil. 1 will affect the
et ol of Boildings, yiekl of wells, socpage thenizch and helow the carch vreotores. [t
coaminnls the ydeaulee shilny of sofl niasses,

Crmpamera
SN0 lp..r.

i = MmirRiTeE F o m] ﬂ."l
*

1 =natar
+

|  Srave




DARCY'S LAW

The flow of free water theoogh sml & povemed v Diorcy’s b, In 1ES6. Doy
demonstrabed cxperimenially that, for honaogeieoss sods, the welochy [ fow & piven by,
vhi
whete,

k= coeliiciem of permeabslity

i= hydveule grsdem

the abowve equation B bnovwn @ Darcy's lew. The decharge ' o obiamed by
multiphving tke velocity £ Bow by the bdtal cross scctiosul sava of the sod (A) pormal o
the direction of flow, Thas
g=vas hid

the coeffcicen of permeahilny s defined ss dhe valocity of Bow which woakd
o wider unit Bydrslic gradient. It bns the dimendons of volocity. I b measiesd in
ML sas Em s, mees af mvide.

=B

DETERMINATION OF COEFFICTEAT OF PERMEARILITY

LABORATORY METHODS

I Comudam besd permeabalny tesl

/| Wastable el permeahidity s

FIELD METHOLS

1. Pumgping out tesis

L Pampirg (n wesis

L. Crgratation from the jraticle s or ifs spoe e sufece
1 wemputats froen il eo s dition s daa




CONSTASNT HEAD FERMESBILITY TEST
k= gL/4h
nherr,
i = dischargs (waler cullesacad by Gt
L = length of specimen
A= dren of Crioss Seclion
b= lweal causang Mow
k= 2803 nlAAR [log (ha o ol
where,
a - e of oross section of smnd pipe
L = kength of sisil sampie
A = aped of cross section of wsl wampke
= lame
i = mrhal hesl
hy = fwaal hwad
EACTORS AFFECTIN, PEEMESBILITY OF SOILS
Partich s
Seracvane of w0l mess
Shape of pamickes
Vol ritin
Propweriees of waler
[Degree of wlureiorn
Autsnrbed waler
lmgurities it waler

M = B N F e [ e

CEEMENBILCTY OF STRATTFTED SO DEFOSITS

(a) Flow poralled (o plans sl stratifiation

ba= i) 1 xlpd b b g Rl f woet dka) w5l
Hi+ Hi % it H

i) Flow mormal fo the plome of = nification
"0 | 1 IEY | —— fln
i+ HI + . eemtHn

kb (Kl




Costtents of permaatity %)
Kms Sod type - Peimaatuily Kmq

© ] - 0
o' 1| Clean grave v’
o’ — - ot
wi] | Gl Rapd | - o
Clean sand ang
ot grive motureg o
ot - o'
Very fre sands
o* | | Organic and inorgane B
clay
" e oo ot
gt | . o
sl
.'.4_ aximge. w®
| homoganeous CHiys
o™ | Delow B saaling "
100
1 Puccs

-'-'“

Fig: Mhsiraies ooellicient of permeability K)
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ol type tr st ftfemin
Clets garel 100-10 100-20
Coarse sind 1i-001 20-002
Fine sand G0i-000 QM-

. Siyclay 1001 -0.00001 000 -(.00002
Clas b

Fig: Mhustrates coefMicient of permeability(K) ranges,




EFFECTIVE STESS PRINCIPLE

i1 LERISTLMON OF EFFECTIVE STRESS
List s coividar o prim ol sall with eroe wotioea] men A,
Thie wegehi 1"af the oll privm bs given by
P o Uit wecight ol soil x hox A
Whens W' Is the helght of ibe prism anl A’ is the cross soiamnel anca of e prism

2 IMPORTANCE OF EFFECTIVE STRESS

The effective sacss contmols the eaginceriag peoperics of the soils, Compression pnd
shea sireesgahy of the sl depends on effoctive sticia.

Tetal stmess = pflective siress = poqe wiker e

Eiieanlee stneia - Toial sres- pose winer prossiss

Pore water pressume Unic weight of waier g h

Poae waler pressens is alst known as sectial pressare of neminl sineas

I FITRCT OF WATER TARLE FLUCTUATIONS ON FFFECTIVE STRESS

Sum| ahowve the wated lably 15 ousaaed as wel sl soil bolvw Uhe wer tohle o saturaied
The total sreis i obinined by mulipdying un seighl of each layer with ss ani weigh.
Ifectise sinma is ohitamed by subtractmg the pore water pressurn from the soial stress,

p EFFECTIVE STRESS IN A SOIL MASS TUNDER HYDROSTATIC
CURDTTIONS

i INCREASE |N EFFRECTIVE STRESSES DU TO SURCHARGH

A FRFECTIVE STRESSES IN SOMLS SATURATEDR 0 CAPILLARY ACTION

SEEFAGE FRESSTURE

As the water Bows theoagh the sodl, i exenis & forse on the soil. The farce 535 in
the deacction of Do in e case of isolrogie swds, The firce b kooee s e drag finee o
spepmige Borce The pressung doeed m e soal & senmed b souage presson.




LUAIT-IH
SIRESS DISTRIBUTION

SO STRESS CAUSED BY EXNTERMAL LOATY
Esterns] Losd Ty

— Poml Lol

= it Ll

= Lnitform Lomd

U“P
£=7

Stresses in il from sarface loads

The sveeses within o seml-mfinie, homopensom, sotropee mass, wilh o keear wiress-
srain relilonskip, due (o o poadt osd on Ue s, wene docmmined by Boussixsg o
[ELE

e The sireses dae it il losds dbeibnml over o perticalir ans con be olbeisel

by integraiion freum the poam load widbesns,




o The siresais o & poini diee Lo moee 1han one sarface ksd are obiained By
S e
I practice, losds are nol usually spplcal directly on e sarluoe ot the esulls for sefoe
lomching can be applied copservative by i profilems comoermag loads o @ shallow depth

MAMETER 2'a

z ]
NI
o 3q
T\ N ~—_o2a ¥ ] _!_
jeoezs Pis R oiy gosa l

i_-—--u-—-|-'-—l—+—n 8 e - 8 i —]

Vomilcal Simess Imereise whib Depih:
= Allwabkle seitlement, wamlly soi by bnldeg codes. may coniml the alkwable
Inearing capicdy

*  The vertical strese merease with deprth most be determined to enlonlste the aseont
af serllemest that o foondation may usdsipa

o Tm IRAY, Mmslaeay develsped & noilesuticed relavisbip fne venicnl ares
inregiee weith dlepll inciile 2 homopsnoie eladic and solmpsc mederisl foom poinl
Tondls ax fidkive s







. S

Sipian Dol jor Peescsore bulb)

Fire oo o 8 line st connests all s below the ool sicfaoe ol wlhsh
the vertical pressiee i the saang,

Pressure ol powes fakle the bulb s preater $aa (hal at @ poist on the sirfice of e
buadly; and pucssues @ puinis culside the Dol are snalier s de vah.

Any mamber of shress srbars can be down for any applied Iood

A syt ol babars (dbcanss the devrease |a smess inlensgy foan B inoes 1 oo
oecs

lsabars are Leminscme curves
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Newmark's Influene Char
The MNewvsrk's Infhuience Chorl method coemials of concestre cucks demmn 1o
seale, each square comnbuies 3 (rction of the e
* lm mmoat chame each squore coberbates. 17200 (or D005) snits of s (aflaenon
vakue, IV)
*  Follow the 5 steps i detcranine the sess inoreose:;
I. Deseimine the depth. & whers vou wish to celicubsbe the sivess (ncrease

1 Adopi o scale of z2=AR
L D ihe fning i wak ad plice ihe pat of inkeesd over ke cenler alf

1l iy
4, Ul the mimber of ckemenns il Gl nssde he Jating, N
5. Calkulate the stress meremse 1=

Ac=q,(IV)-[N)




Westergnard' s Theory af stress distrilution:
= Westergoand developed o solucion to deterrmine distrihotion of sress doe fo point
kil in- sails comprsed of ibin kyer of gramla metenal he ailly preven
laberall defiemation al the sal,

Wistergnar' s Theory of siress distribustbn:

Assumplicns:
1) T sl b5 lastad and serni-indimine.




(21 Skl s commposed ol eamerous Closely spaced horiponiel bvers of peplizibke
ihc ks o @0 il el maberml

() The regal matesial pernils only the dossrvand defomation of muss o which
bBarfeemitail delcarnating o aem

WESTERGAARD METHOD
Piimi il
a P 1
e T
g1 |
ed V'
I v/
=2v
a=_
V2-2v
4.
- s =
f:..'.'.'_ —. _“:.-H‘_a._.t aEnE s
i I g
— :..,‘_Pu.
i PO == e
e - e = =2
— o o 8 4 || ! " 6 Vi b
b "P o = |I-| | -
- - P T B
- 1= I:'_ -?'-"'IL'
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COMPACTION OF S0ILS

Compastion means pressing of s0dl panicles cose o esch ather by mechamical methols.
AT durimg oommpactaon v expelled trom the vood pace in the il mass and sherefore the
muss densiy is Beroesed. Compastion is doas o impeove (e enginearing properzics of
the sl Comgaction of sl & meqeind ke the comsracton of eenh dams, canal
crnbush e, highweys, nemanys bnd ouey alber stocons,

: !"sz? Yo

— - .m. -4
i '

Welghtw Wedgrht W
Volurme V, Yeluma ¥ [
Density v W', e bk

STANDARD PROCTUNR TEST

Tir awits Eho aowan of comoactiod and wasor coment foquired in the fickd, compacton
fcss wre done om the same soll s the laborsinry. The es provide a mkatonship between
the waiy contenl and the diy demity. The woler coeceat ut wiich the moakmum dry
deskily s alkmncd i ablained from (he felal anshep provided by the iesis. Procor sl o
sprmlar] smibd of 4 wchos sl dismeter sl on effective hielgh of 4.6 inches wath a
caupucaty of 1780 cubic fisl, The mould had o detacheble base plide ami 0 emoabk
oodlar ol 2 inches heighe @ iy top The soil is compacied in the mookld m 3 layers, esch
laver was gives 15 bows of 3.5 poands rammer filing teough o betoh of 12 nches 15
FTa0 pan V1 recommends essertinlly (he mme specilficanion &5 in Swnderd Progior (est,
ot minor medificaione The ikl recommended v of Dmim dlameer, 1273 mis
baighit anad 1000 empaciy. The rammed recommended 8 of L6 kg muss with 3 fros diop
of 310mm and & e dRameter of 3mi. The sofl b compactad in ibres liyerns, The
mould B fied 1o the detachable hise phae. The oollar & of Gl heghi.



l hammer

Abcnnt kg of s dided sodd i tmken for the tesl s neved with 8% walor conteat sl
filleal itk ke in thaee Byers sl eviag 25 Blows o ech byer The wolamre of the
mtiled amd mass of dhe commpaceed sl B otaken, The Wik dersity B ilcubied Bom the
oherrvatiome. A represestative smple = pliced in the oven fior desermoination of water
comlenl. The dry density id Found o fom ihe bl densigy end wiser conieal. The same
precedure in repeated by nonin g the waer canlenl.

Priceiure




=040

i
=
&
Woer] ragic, @

Dry Dansity y, &hm

ogfONE) |,

50 jem  * 180

tiaber corent, w, %

A owmpactinn corve i ploied hetwees the weier onntsai e shucisa snd the
ooatespoatding dry dessity as ondimte [ observed thet the dey deasdy  intially
ety wkh da diwneiae mowster conleid 1l the nmsirmiie deimdy o slseed, Wik
Tuetbey incresss in woer comen the div demaly decreses, The waber oomsm
comespoading i maximum dry demsity B known as the optimum water costen (0UW.CT)
af the optinum meistune comten (0 C).

Al waler comienl mawe th the optimum, 15 alditional wetee mduces the diy density =
i pecupies the spsice thal mighn hinee bees oceiprsd by the aolld panicles,

T v b comband, theomaicnl manirmim dersiy & nbtsine] comsqponilsg i ihe
cdition when there are mo air volls {degre ol silordion s 1B L The theoretical
maximuom density is ol known e saturited dry deosily. The Soo indiceting theorctical
maximum degsiy cam be plotd kg with the compaeton corve. R s knows a4 1he zem
air vaid ling.




MODIFIED PROCTOR TEST

The modifird Procior st wns developed o pepresent eavisr compsictionn 15an that in the
stizndard Procoor test, The test b aacd to sheulste feld conditns whete heavy rollers ane
s, The et was sandandieed by Americen asccation of Saie Highwy (ficule and
s, thereiivre ol knvem s modified AASHD pes,

Ia this, the moikd ustd & aming a0 thae 1o ik 5%l Prestor e, Howewer, the
mmmner useid is mmeh Benvier and bas o gresser dop ihan that a0 the S50 Procios et liy
s i 4 59 kg and the free drop is A50mme The sl i compociod i five egual leyers,
eich biyer is gloen 28 Blows. The comipiasct|ve el s iwcdified Procsor lesd b d S ghimes
st alian it S Procton il The et of the pevcsifure & saimi

S . beight of drop 450 mim hesght of drop

25 N hmaser AF N hanamer

25 bloawslaved 25 blovwslover

A laywrs 5 luvers

Mould sipe: 45 ml Muaild sige: 945 il

Emergy (05 1H0 M- mm per ||1.1 Energy 27 3060K} M-mm per m'

FACTURS AFFECTING COMPATTIN

Winter Content

Ar e water comignak the ecdl b s and offers mone fesimiancs &0 conpuction, As the
waler conlenl v incresed, the soil panmicles gol lubricsied. The so0d muss bicomes mae
warkable snd e paicles e closer packing. The diy deasiay o e soll inenmaes with
) increwse iy Uhe water oo Ll ihe OLMLC s resched

Amuue o coumpacion

The increuse o conpactive eilion will increass e dry deasily o ke waler conleat toa




certain exienl.

1 Type af soil

The ifry demity achieved depends upon the type of soll The GMC and dry demsiy for
different soils sev differcas

b et hind o compidion

The ey derriity achevel dependk oo the melbol of compaciion

EFFECT OF COMPACTIIN (0N PROPERTIES (0F S(ILS

I, Sodl Sicture

1. Saily compocied af wiice content kesa ihan ihe opimmum gencmily bas s
Moccibslad s

A Seily coompaetad W waldr cosdon) i thisn the aptsmimn sadly e s deered
sirnciure,

i, Permechifiny

4. The permeabiliity of @ soll depends vpon the skee ol volds.

fi. The permeshility of o soil decreases with an incresa in witer coatest on the dry
sl of pirE wales ML,

V. Sweling

H. 1Mo wiler pressurs

Y. Shrimkage

0. Coenpressibiliy

11, Stress-mrain e hationship

12, Shew sicength




METHODE OF COMPACTION USED I THE FIELD

Several methoils are wsed i ihe Bekl lor compaction of sols, The chosce ol mebod will
depend wpon e soll ivpe. be mexiewm dry deossy rogquied and economic
considerstion. The comnionly wsed methods are
1. Tamgers
2. Rallers
The compiction depsmis upsn il Bllowing faciens
I, Comact pressume
7. Mumber of payses
3, Layer thickness
i, Speed ofraller
Types ol rollers
1. Smwuh-wheel rodlers
2. Pmeymati iyred pollers
3. Sheop ool milors
Vibralory compecions

COMPMRCTHRNY CONTROL

Clrgaction costrol b doms by meadming the dry deniy snd the wabes comtent of
coempacted wil in the ekl

L Dey density;

The dey dermity is measusred by oore cutter method snd sand replstemes method

2 Waler conlenl:

Lo (b premiurstisinl ol wili owienl, v deying itlead, sed badi skl cakoain
cirbide method eie are used. Procsor neadle 15 alio used o this,




UNT-]V
COMPRESSIBILITY AND CONSOLIDATION OF SOILS

When o uoil mes s ubeeted w8 compressive force, its volime desrcass. The
oo poty of B el diwe o which & decnemse in voline ooouns umder cgresaive force &
kswvwen s she campressdibly of soll

EXRELEY

saturated
clay

Tl water b8 sgueceed owl of Use clay over o long dme (doe 10 low permeatd Bty of
the clay,

T?tmuq'rr:uiluuu' wibil o oy due bE
I. l.?l:ll1|1n:-h'm-u wll il particles and waker in ihe vorls
y | Comngrewsion amd expudsion ol s i e voiils
3 Expulsion of water m the woids
The compression of iotemied soil under o sicedy sfalxe pressae B known
comsolidarion. 1t is entiredy due oo cxpulsion of waser froan the wnids.




ISITIAL. PRIMARY ANDSECONDARY CONSULIDATION
Tnbttaal Consolidation:

When o loed is wnpled fo o paislly salnnsied soil. & decrease in volame ool
chig 1o epaibann s cnmprecsion of aire in the woils, A small desrease = oolumee ooy
g o puinprossion of sl paniches, The reductbon in volioe of B ol gl Gler e
application of the boad is bows e indial comobdation or intial compresson, For
satursted sodls, the lnitial consulidation i maialy dus b copression of solid paticles,

Primary O Bl koo

Adier indlial eomsalidatinn, Fenler reducess in vobemo mecure due i saplsan of
wuber from ehe woids. When o wsirsted adl B adbjected w g pressure, initially ol the
epphied pressure & taken wp by woter i3 an exoess pom waber presre. A bydralic
gradiert will develop and the waber stans lowing o mnd G decnzass In volome oodiers.
This reduction im volume is colled s dhe prinary comsolidation of snil

Sevandury Comadidalion

The reducinan v vakime continiees a8 very ddow mie even afler the oo
hivdrostatic prossan dovolopod by the spplicd pressune is idly dissipatod and the primeny
comsoldation s complete, The addiicmal rechiction in the volume & colled & the
ooty coasoidation

. -
’ LIEE WTTESCATTT TR [P A |

Cramular sais han'e I."'. uil il st ik |

w0 odreacn | i ol ol i

vk, dy, = 1

e=hfe=0 | :
L 1 T — —
: X "/

i

For normally consolidated
clavs, ¢"=0 & c=10.
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JIAPHRAGM PIEZOMETER

0P
Fore waler pressure

b Measures pore water
pressure & specific
depihs

P Excess pore water
pressures are related
1o primary
consolidation of clays|

Pz Shosws Lnapdragin pee i



UNIT-V
SHEARING STRENGTH OF SOILS

Shewr stength may be delined as ibe resbRance in shoarbng stresses and o corsoguon
tenckency [or shear dekwmmimn
Bl darivis s sheurlng strongib un the Sollow lng

I, reststonce due ip mneriocking of particles

2. [dctiodsl resistmee Between the indnvidual soil grains

3. adbcsion berween soil partickss o cohesion

Nevessdly af studying Shewr Strength of solks:
o Soul fpikore wsually oocom on the Tarm ol “shearmg® slomg insamal srksee wahin
the wil. Shear Strength
e Thus, siructual seogih s pricasily @ hesctom of slear spmglh
#  The erengll off & mabeiad &5 the grespest stress B can sastaln,
#  The salety of amy geolechmical strocture B dependent an the stremgth of the sl
o I the soll s, the stroctere toonded on @ can codlapse

Thas sheir sirengih b = The capacley of o materlal 1o restst the Indernal and external
Iwrves which slide past ench oiber™

Slgmifcusee ol Sheur Strength -
#  Fagineess mud undersdan ihe natuse ol sheirmg resssdance m onler o malye sl
stubility problcrms sich asc
#  Hearmg capaciy
®  Hlope muhiliy
# Lateral canth prossurs on camh-retaning strocmue

- 1 -
l"'-ll
i, i —,
= [P | =
3 ) . 1)
“ o - | T
2 |

I Shear Fallure uader Poosdation Lead




‘embankmant /

J,w

mmlludltw

“‘*{h -

Fig. Shear Failure

Ad faiture, shedr drew aleng the fodlmre varfuce reache the dhiear Tl sheas sinegih
ol moil i “The eapueity ol a wil o nesml e el and asltmal mees wiich slide sl
each uther”

Shesr Strength in Soils :

*  The shew strength of o sl is Rs pesetance b slearig srcice

# It s o measae of the sl resssanes (o deformation by contimEms displacement of its
individusl sl panicles.
Shear seremgih in soils depenids primarily an imorsctions berween panicks
Sheur Lailure covirs wien die slresses helwesn the panickes am such that ey slide or
| pasd each otber

Cammpumnents al shaser sirenglh of udbls

Snil derives s shear stremgth fom oo samces:

7 Cobesion betwosn particles (stress independent covnponcent )

P Compmatam belween sind grios.

& Blecimamic anmeimn berwgen clay pameies - Frictinml resismace sed inberkocking
between panicies (s dependeni component)

{Cohesinn; Cohesion (07, & a measure of the forees thin cement pocticles of snils




Inicrmnl Friction: eernal Friction angle (73, 1 the mensrn of the shear strengeh of saiks
dhic B fricdion.

Facinrs Infnenring Shear Streagih: The shearing strengrh, is affectod by

FoSol eonposiion: minembkgy, gam oswee md grain e deanbsion, shape ol
particles, pore (il pvpe md conten, o oo gram aed o pore Teid,

F Itinl smie- Stae com be deacribe by torms such ax loose, dease, overonsolidaied,
noremally consolidoed. wiff. solt, s,

# Sirucnwe; RBefers o the armsngement of paticks within the snil mass; the menner in
which the pomches s packed or dstribaied Fesivies sk o8 aven, wids, pockels,
cerperiilaen, i, ane padd of the dnadine,

Muohr Circle of Sireses
I saiedl mestbing, oy bisdrcal samples are commmaly il inowlich bl amd asil siesses
wt om prmapal phases. The vesticsl plane is swially the minar prancipal plane aherem

the horisoitst plaoc is the major peiscipel plase. The radisl stiess (o) & the ianor
principal sress foal, aml the ot stnsa b s ke mapor principal siress (m).

welal = -

T visunkss ihe ponnnl snd shes siioses acimg o my pline wiilen ihe sl sanple, g
graphucal pepresencation ol svesses colled the Mobe cirele b= oblained by plodisg the
principal reases, The sign convenlam ia ike comstricion i i conshler campressiyg
strpusce g3 poditive snd mglen measwed coamer-chockwise aluo positive.

T




huw  line inclined ai magle 0 with the hortamial thoagh the pole of the Mahr cincle s
&5 Lo imersect the circle. The coordinnies of the point of imersection an: the sormal and
s saneses aeting oo the plase, which is ioclioed a0 engle 0 wighin tha sl sarsple

[ IE]. - ]‘. Iﬂ-l 3 ’-.MBF
Mol dress 2 x

{o

o)
Ty = ———1ig o=
Shear sipess 2

The plane inclined at s angle of X0 the horzones has acting on & the mavimom
55 o) 6
shear sressoqual o isd the nosmal siress on (s plane B egual o £

The plime awih the masiormam misg af shear siress io nommal stress o incloed al oo gk

&11-' |-E

al £ wm the horammal, where @ is the slope of the line tengent to the Mobr circle
ol passbng through the oaigin,

When the soil sample has Giled, the shear sess on the faibare plane defioes the shear
sty of the wnil, Thn, @ i necesiary by alenbily the Silore plena. Is &t the plane on
which the maoxism shoar seoss acls. or i i the plane whee the mitko of sheer srosses sa
mirimal sires is the moammm ?

T vl i), i com b s s @ (aibey plos exias and @ |y pooaisde s apphy
prineipal siesses sal mensas them in the lahonasory by conducting d trlesdal test. Then,
the Wb corche of sires ot Tailuse for the saiple con ke dewn using the koo values of
the principal siresses,

I data [roan seversd tests, camied ool on diflerent sompies upto fllure s svailable, n
retics of Mobr circles cmn ke ploticl. Bk convenient o show anly the upper balf of the
Mohr carele. A Tine tangenisl 1o the Mehe circles con e dmwn, and fs called the Maohr.




A thae maress, condition S amy olher sl sample B epresemed by o Mohr cecle thal Ges
below the i envelope, every plune within the sample expenences & shear stress
wlich i wmaller Chain (e shesr apangih of the semple, Thas, e poia of tengescy of the
crvelope o the Mohr clrede ot Faikire ghved o chic 1o 8 deeermingtion of the inclisstons
al the fadure plase. The celeatstion of the fulere plene can be finally delermined by e
poile methond,
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The Maohr-Coulomb Isflire criterion can be aritlen o b oquotion For ihe Ene that
Feprescats the fadure eaveliopo. Tle ponoral copuatson is

Typ=e® Fpunf

Where = shear stress an the fuilure phise
o = appanEl oohesinn

% = munmasl sbness i bhe Tuilene plaw

- wngie o interaal friction

The: fuiloare criteriom can be expresasd in beram of the relidonshep between (e propal
streises. From the peomeiry of the Mobr circle,
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MOHR™S CIRULE

Omio Mohe, o Gorman scientist deviced o graphical method & (be desenminalion of
aresses on A piane inclined 1o the major principal plnes. The graphica) consmaction is
known & Mohe"s cirche. En this metlod, the ofigin O & soloied amd ihe nofmal sresaes
are phenid aboog che evkenntal acis and the shear stoesses on e verical asies,

Moo
pervRcip
al plans

Mujor
E [ l izl
—ar .E/E plas:

| —— |
" |'5Ii -

Tor comsbrect & Mok cieche, fost nmrk magor md minor principal sresaes on X ais, Mark
the cenre posre of dhal as ©© A chele b damm wilh s centre and OF e nulies, Fach
puind o e cirgly gives the sireusss @ and T om o particuler plane. The post = boown
as the pole of the cincie.

I. Mole's cwcle can be drawn for siress system with principsl plnes melined to co-
it axe

2. Serews gysbem with vertical anid Bongonial plases s ot ihe priscipal planes
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The sod s & particalme saterial. The shear failure in soils i by sippage of particles due
W sbenr suesses. Acoondisg to Mohe, tbe filuse s caesed by @ criicsl conbination of
morial and shear siresirs. The sod Ffalls whien the b ares on the Eilone plime 2
laibwre v & uiuge function of ihe normsl s sctiog on thel plase. Since ile shear
siress of the frilure pline s defined s the shear strengih {s) the equation for that con be
wisen i

5= filn)

The Mabr thaary s ooncemed with the slear ganss o fillure plane al (aibare. & pld can
bw miasle I lawen the ahrer siemses aml ilw pormal seee sl lailere, The care delims by
Ehi s ko as the Gl emvedope.

‘The shear sirengih of o il al @ poinl on o perticular plne was expreseed by Couliomb s
& Bnear fumction of the ool sees ca thal plore s,

S=C+alano
I b i enguiad b Al Al i W s amd plif o ehe angle sthich the smvelope make
whh X aaim,




DIFFERENT TYPES OF SHEAR TESTS AND DRAINAGE CONINTIONS

The foliwing fests ane wsed 0 measne the shear scrength of the snil
I. Il shes best
2, Traval ompmesion kel
3, Ulnundnied corspes s bos
4, Wame sheur|2si
Drepending upon the doainapee coaditiom, there anc thiee tvpes of o
o | bcomearhdied Uniratnal condsion
o Comsolidated - Undraiied condi s
o Compaldasd-Drsted condinan

DIRECT SHEAR TEST
Apparaiis:

The s & conducted in b osoll spesimen e o shesw bax which i spld o w two kalves
alieiyg b Bocorinniidad plise o we makibe. The size of (s diesr boi w60 x 60w S0 @ de
b b devided borooally sich dat the dvidmg pline passes tbough tee cemre. The
twn habves am bold opether by bockag pma the box is alse provaled with grpper phites
plein o7 perforated poconding 1o the testng cond ikons

Poerranl |

|

5% =— Ghear farce

Tist Procedure:

A sul specimen of sipe 60 60 1 25 nun = laken. 1L is placed 1o ihe docd shoa box and

comgrcted. The upper prid plte, poroos sioes md pressue ped & placed op the
speciman. Movead load and shead lnsd = b agspliod il Taikore




Presendatbon of resals:

& NErews - ETn curve
= Faibwre envelope
s Mole's circle

Merins

1. the sampde prepasnnbon k= casy

2. m the thickmews of the sample is vory loss, the drainnge is quick

3. ot s mheally soiled for conductng cdrareed e on oolescnicis sils
&, the appaans o rebiively chiap

Dremerits:

1. the dress condivions aes knowm onlky ué faklmne

2. the sress distribution oe the fdlure plane i ool wniform
3. the wea of shenr gradeslly decreascs &5 che losl prognesacs
£, the orwsntaban of e Gilen plee i leed

5. oowind of drarage coadikons  very dif ficul

fi, measmrement of pore waler prosuare (s aof passdle

Tewtn om saiubs et gravels can b perfoinmd guakly, am) my wally pesformead dry as il
s Bl (bunt wmter dees nol signilicamiby allecn the dumed sirength. Bor clas, the rae ol
shisarmyg sl be chisea b previes exoess pree prissures baiklsng up

As g veriical mwmal kad s opglied 1oothe simple, dhear dess & gradosdly opplsd
borizaninlly, by cavsing the two kabves ol the box i move elative o sch othor. The
ahvisr Il s risasaned Egether with the comresponabng shesr displement. The change
el thleknesy of the wimrpho [ s memiumd,

A mamiber of samples of the w0l are tesied asch wnder diflerens yerical loads ond the
valdue of shoas sirces ot faile s ploticd ngeinst the pomual stress for each g, Provided
Ehere bs o eatoss e waler e in i soil, the il aod elieoive suresses will b
idemizal. From che stresses an faftore, the Sallue envelope can be obtalned.




The drfaxial s b corvied oul 2 coll on o cylindricnl wil emple having a length o
dismeter miso of I, The usual stees ars 76 mm & 38 mem amd 100 mm x 50 mme Theee
rincipal stressss one appldied o (b sl g, el of which wo e oppled wsm
presvmre insids Uhe confining cell and sre egqual The thind principal sess bs spplied by o
Rensctingg o ibwesgh gt of (e ool ind &= dfenen o e clbed o pricipa] dissse
A iyl eraial ol B sdsrwn

Dieviatar stress

'Eipnrn“—-- == [Fore pressure | Back pressure
=* Yolums change

The eoil semple i ploced imside n ubber sheush which = sealed 0 o op cap ard bofiom
pedestal by iblwr Dopings. For teats wilh pose presirs messrens, poms dias am
placed a1 the boitkain, ol sometimes @ the Lop of ithe specimen. Filber paper dauis miy
b previded aroumd the cansile of the speclmen in oder 10 spead up the comsolidsten
procese. Pose prewssne penesaled iﬂi]qlhnp;imndmhﬂi‘ﬂnb:n_dhy
et o pressure imnsdocers

F 0t wend Do il deienminaiem of dhear chnrmdereio of all trpes of ik under
dilferen drsisape coaditiom. In this o cyladiical specimen b sinssed under
conditions. of axial symmeiry. Tn the fird stape of the jesi, ihe specimen =
siiljected t an all roied confiidng prosire o the sides, iop o batbom.

# This stape is known as the consodidmion stage. In the second singe of the =
calied shenving vage, an additional exial siress calied devigicr vireas s appliod on
che wop of the spectmen (hicugh & tam, Tlus (e (ol serea in the aaial directon
a tha i of shesring & egoal to the condflaing sress plas the devator slaes

P The vemicnl sides of the specamen ere princgal planes. The confinmg pressare &
that mamer piimeapal sbress, The sam o i confinang siress il doviator sires &
thie e princigal siress.




# Traalsl appesies comdss of o clesbe b willh o0 ceairsl pedesial.  The
specamen B plsced on the pedesiul, The pedestul his one or ten holes wdich are
usenl |m Lo draingze lanction o (Ooe pressuin (EasIremen.

* A wasial oell s plced to the base plase, It s 8 Perspex oyfimder. There ane thive
tie rods which sappost the cell A central ram is there for spplying auial sdress. An
aw release valve and an ofl relesie valve ave stached o the cell The appanibus
sty bave special femures Boe,

o Mooy contiol vsiem
o Pone wisler pressane messsnmsl deva
b Violume chunges mossione,

Tamaniad bewi gn pobesive soil

CU, UL and OO jzsls can be condictod on soil specimen. The spocineea s pliced i the
pedesanl inside a rubber mendtwane. The coaiining pressare snd pxial poessure i= applied
till Failure.

Triaxial | | g

The procesture s sume v thal m (e cobesive wail only ihe smple prepanstion s
differeni. A metal Former, o embrae oad o funne] e used for the sample preparmioa.

Micais
I, Thise s crampliete coneml over the desmags condifanns
2. Pore pressure changes snd volameiric changes cun be measired direcily
3. The stress distriwtven w ihe fastore plane & wniform
4. The spocimen i Bee (o il on e weakedl plans
3, The stnte of stress &l imgermeduie guges up o Giue & known
fi, The el s suilohle for socuime cossarch work

Dhermeras

I. The apparines ls elabosats, coatly il bulky

2. The drssed iest takien o linger pecind o compared wilh the e dinecy vhear e

5. The sirain comdiion in the specimen are not uniform

A, Tvis noq possible to find oun tbe crom sections] ared of the specimen accurmiely
ander large sening

5. The sest simaloes osly s symmeric problems

f. The consdidation of ke specioen in the 108l B isiropse whenms in e Geld,
cormmnlabat ks 16 prarally sivssaple,




Competation of varione parametors

I. Post consslidnion dimemioas
V=T X (n'd, [e')
o~ [Vo'ind X Lay"?

2. Crnes sectional anea during shesring <lige
A A =51

Y. Sioreses
Devissor siresa=PA
Principal siresscs
aleadsjsl=al)

4 Compresive drengih
The devistor stiess o fablueo |s Liown i e compeeaive assnjih of wil

Presendation of resalts of trinxial test
& Higeps-sirain curves
& Mliphe envelnpes i reres of renl ores, sed effactive wpes

UL Tt
T4
. - b =0
P 7P
o ; :,.\Tursﬂ-!)"Hh :
Test1 [ ]r Tesk-3)
[ P i T
03 o
—
2 J

All Mashr elrebes Fer UL rest plomed (n searms of ioesl shresses b the sime diimseser.

The sl hure epveldape i a beortiomal sarsighi line and bence oy = 0
|8 oy e :q.l'un-ﬂ! b].llnq-iun:
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Feor nests imvedving deninage i the fem stage, when Mohe ciches are phttad i emes of
flad sbressen, the decoeier imcreases with the comfinimg presusre, The resulbing fklune
envelope is an imclined line with an intorcept on ihe vertical axi.

In 5 ks obseevad rha oy 2 Cop asd &1 2 B

I can ke stae] that for Blenieal sl samples tesled ander dafferent imasial comsdions ol
UL, U aad CTr beste, the failare cinielope in ot unigue.

Effective Striss Paratimeiers
1F the saim trinsid deit resulis of UL O and CDr fests &re phisied in eme of effecove
siresses inking inie consaderation ik memsured pore aoter pressares, i b olserved tha

all the Mobr cocles at fuitere are tngend 1o (be same adlure envelope; indicwting 1hat
shiar areegth s o imague fme o of the effective stess on the failie plne.

a
Fatlurs envelope o
-
¢} Y..f b
* ]
%




This Tailere envelpe i the shear serenpth eovedopes which miy Chen e written as
L PEL T 4T

Wharn ¢ = crihesiim Imsenoepl In ETH al eflecine nimesi
= unghe of shearing toiisusce i tonme of effiocive sircas

1] r:':' i Al elleotive sress uchimg e Nl plise 6 leilse, L i Dl slmemr sbress oo
the wime plame and & theretione the shewr sirengils

Thhe relatmmakip between the effective sifcssda on (e fuilure pline

= Tema ] .Ili-llu-:l"
i ﬁ[l—mﬂ"] Ef"ﬂ—fi'udr

The unconfmed compressinn fest & g spocial fonm of wasil e o which the cnofining
pessre is mefn. The test enn be conducied only on clsvey andls which con st without
ot There are tan iypes of 10T machines macking with a goine and maching

wiih a proving rieg

A compeessive e is applied 80 the apecimea till filire, The compredsive lond con ke
meisured ousg & proving fng.

P Uneembingd Comprassive Siremah Ted




Preseitation of resalis

Im this bt the minos priscipal stress is soon. The nioper principal stress is equal o the
dv b alree. The Mot el can b deawn o simess conditions st falkang

Mierits

I. The test s comeenkent, simple ond guick

1 N idenBy swited for scosasing the unconsalidated ondrained shee strengih of
itact salunsied chys

A The weenitiviey of (B il con be asly determined

Dermerss

I The sest compot be comcluctad om fissurd cliys
2. The vea may be mislending for soils of which the amle of shearing resistance i
il For

AANE SHEAK TEST

The undrained strengils af soft ¢lays can be determined in o Tebaretory by vane showr 1es
The sesd can also be eomductcd in the lkebd on the =il @ e Botom of bore holz, The
appuratus cossinin of o veriical el rod hovieg Tour thin seinkesy aped hlades or vanes
Tl o b hntnien e, Dleighe oo the vame should he equal o vwice ihe diaineter. For
wnductimg bonl m a0 bboraicoey, o spevimen of dia Mo el height 75amm = prepursd
and lixed # the base of tbe apparwine. The vame is sheady lowered oo the specamen il
the top of the vane is af @ dopih of 10 to 20 mm bekew the top of the specimen The
readings of e stroin indecaner and toagae idbeator are 12kan

Shess sarengih 8= TTHIFHGE + DVIN]
Where T —Taorgque applusd

13 DNarneter of vune

Hy= Heigha of vne
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et

I The sest bs smphe and quick

L liis keally sited for detenstnatin of e in-siu endrsaned shear sereigth of noa
Timsured, fully satmraod clay

3o T west cun be cunvenieatly used o descrmine i seositivily of e sodl

Derncrits.

1. The test cannod Be condacted on the fssusd clay o e clay covtninieg sl o
sl fapmations
2, The west doos ool give nécurse eoinlts when the fhibeee enveiope s non honeontal

Biress- Sirmin Behidor of Sands

Rumile are wanlly shewed wnder draimed] comBliss & they have relatively higher
permeibalay. Thes behavsour Gin he rmvess srated m direc) shesr or masial ety The tun
mosl mpanian) paremeters  govensang (Bl Bebaviour e the relative densty (ln) sl
the negnivmle ol the effetive e o' The el densdiy (s waially defimed in
percenge &

- TE ey

‘e
Pt i




Where Epge A fma ore e oodsmam sod s i skl recks th can be defermieesd
froun samdned este in the Inborabory, and ¢ is the cwwem void roe. This expression can
b pe-wrintan in Vg il diy denasty m

Fs—F, # i
b= o _4.- r Mmoo
LR T ]

WHEFE Yinax 90l P e the nacicemn and minknue) ey deimdies, asd g b the currem
dry derwity. Sanid i geeerally refemed m s dense if fe > 65% mnd loose i = 35%,

The infhsence ol relative density on the behaviour of samrased snd can be seen from The
ploty af T jests perfoimed o the same effecthe confisdng stress. There workd e m

miduged pore waner presares exisiing in e sumples,
rr,l:luﬂl-ﬂ.‘.u
E Mectam (M)

g Lioose (L)
A sirmn

My 3
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Fowr the desce sand sample, the deviasos stnsss resches b peak ana kow value of anial simin

aml then drops doen, whereas for the kase sl sample, the deviator stress hoikls up
eradally with axiol strein. The Behovioor of the medinm sample i in between, The

Ilkraing olsgrvaions can be pmb:




= Al cammpbes approach the same plimete coaditions of shear asess and voil mis,

e spctive of the Lnital density, The desicr sample atumns bigher peak angle of shearing

rasiaance in hawesn,

o Ireially dense sainples EI.F.-.I or deale when sheared asd ingially ks samples
COETRWCSRE,

Esumple I3 A LU tes) i curned ot op g satumaied normally como bdated cly sample s
 coafining pressse of 3 kipoon® The devistor seress s filane | kgiom'

(a) Drelarmine s boial streqs sisgih paramistins.
(b IF aaother identicol semple i ested o & confining pressure of 4 kgeem?, s will be
thic vertical mxisl seress al Mnilase?

Sod,
d
T r—\ ol
i %y Rt
g = gt
By = Gop gl em’

Frmm the pled, mote that @ - 1F and

.;_,-ﬂ“'_:l.'_-{lﬂ;.:m‘

oy =diglem’

U tasms. o ickomical samples yheld the same failuee devistor mess Vi) g g

- = 1
wrmfining prossames. Tlwnefor, the vriscul aakal siross an fader, ittt



