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Soil Mecharics

50il —> “The unconsolidated Material Composed by Solid parHcles ¢
forrmed by Physical, Mechanical ¢ Chemical disinregkatiorof tocks
{s Caned Soil- ‘

—> Soils consists.of organic & irierganic Fratetial,. . .. T | .
—> EJ: Clog, Silt, Sand gravel etc. :

Soil mechanics deals ith the properties ¢ behovior of Soit aS 0 Siructura
Moterial -

. - * -
st ® g™ =.1 _ . . . =
- 0 -.-'I i oan # []

Classificator of soit: ="'+ ¢ -
[A] Based on Particl® Size [B] 'Based on Cohiesion

Type of Soil | Pardicte Size(mm) [ * @ cohesive 1

@ cloy. <= 00001 " | = Formiedicherical Weathering. .

@ Sik . 0002—0:06": ' | —> E-§v Cloy, plastic-siit+€tc-

Fine Sik 0:002—0:006 | (@ Nom—Cohesive Soil

Medium S+ | 0:006 — 002 | —>Formed pha\shulf'-mﬁharina,.
Coawse -Si+ | 002 — 006 — Ed NOH—plasHt sit, Sand, Qravel eic
@ sand 0:06 =435

Fing Sand 0:06 — 0.2 [C] urified.:soil: €lasgificatior Syste
Medium Sand| - 0«2 — 7:0 —> TThis System uses both particte Size ¢
Coarfe Sand| 2.6 —4.35 - | plasHciy CharaCteristics aF Sl

@ travel 4-+F5 — 60 - @) Cearse graned Soil

()-Pebbies 4-,35—80 —> 1F-more then SoYfs oF Soit vetdined oh
© Cobbles 80 — 200 - - - | 0+ OF-Gitdtm Sleves - i 0 v

@ Bouider =260 - 1 | . YRS DR LT
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@ Fine graired Soit |, |

—_— i-F ™ore then S0 of Soit Pnssing; ort 0:0%5 mm™ s;eve.

(@) orgaruc Soil

— Sout Corfaining) orgaric bafter Cormporert oF soil , Lonsisting
of plort, anirmal vesidues ab VaHous stage:

Note: Highly organic soil (Peat) are hot used in Eh&‘ﬂﬂeri"‘i-'.'ﬂw-
—> Tn this system irare classified into 15 groups):

[@] xrdian standard Classifaction syster
— T4 15 Sirmular4o USCS, exceptin the Classifaction of Fine grained so
—» Tscs classifies Sois inte 12 groups.

[E] classifaction of Hansported Sou

—» Soil ‘Hangported by viveri— Rluvial _ -,
—> Soit deposit by sea — Mgrine . ..,
— Soil deposi+ by lake — Lacustrine : -
~—3 Soil dﬂPﬂSlﬂ- b}ql Wind — Loess, dune Eund.rf'qeuliﬁe.

—3 soit Yrarisported by gravity — (otuViat Seil,4atus.,

—> Soit formed by decay of"vegetoble — peat

—> soit-deposited by, glacier{rce —* glocier drif+.

" = Soil formed by disimtegration oF rock — residual Soil.

(F] Snmﬂ-ﬁpnciulisnit.; Mt

@ Mooram —» mixture oF iron:, s+ore, gravel ¢ red Clay.,

® LogM=— mixture of Sand, Sit < clay

@Bemnke —* Wlcanic ash Which Corvtain Very high oo 0F Clay
miferals rmormorignite.

—> High Shrinkage ¢ Swelling) properties.
— Wsed during fhe driniry of bore hote.

Ne




@Blnr.k. Cotton Soin —y “‘3"‘ S‘W‘hi‘ﬂaﬂ 'ﬂ Skltmnga tlmrncienshc;
—> Lﬁm hEﬂl‘lHa‘ Eﬂpﬂtﬂ'a iy

@ Lﬂ'l'crli-ﬂ —% Soil hayin :

[ perforated £ Cewuar ghructure.
© Hardpam —¥ Son Strata Whith Yermain hard Liher Wob ©

@'Tgp Soll —y ':mSm-!egrc-}ed Surface materials Which Supports plant
Ep,. arnir—al ©tc.

@ Varied Clay — Alternate deposition of siw < Clay..

@ Loess — Fine grained getow Coloured Soil hawngJ Cohesive hoture .
Note : —> Clay is highy p!us-l-ic

—> Soil 18 pttl5+1t'. due 4o clray: rriRerals .

— DueHs" Chernicay Weathering’ Cohesive soiris formed -
—> Jug ¥ physical Weatering) Cohestonless sm';s-.r.qﬁ-ﬁeg .-

Grading of soils
—> Distribution of particies of different Sizes in soit wmass.

@ Wt Cuniform) Qraded Soit —> Soit Contairis particie of ‘different sizes
in good propor+ion: .

@ Unifor~— seil — Soii Comtains particie of, QoS Same Sizes.
@) fap ( Skip) Graded Soit —» Soil Which Contain pmr.ms Size .Such. that+
irHermedigte Ptl'l"htl!'.‘ are hﬂtﬂlng,

(Specific Gravity of soil coefficient of curvature

 H : i T Co .'_} ' -

5”'“’3‘? ‘Epem-hc"atdm o= (:Dg]"' : !
@ Organic Soll Z? T Deg X Dag | 3
@Tnorganie soill 2:68—2.80 | {p o =1—3, Welt Jroded Seil. (snnd 4 Jrave
B sit 2:60—2H |Lherey
@ Sty sand - o' 2060 — 2e30 | gy =/ of pur;-}i[.l: firnve then Dag
@ Sand - | 765 =268 | Dgo=rn 'm " Do,
@ t’l"ﬁuﬂl T 265 — /68 T10 = e " " " Tﬂ_‘_

e | BN
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Unitormity. Coefficiert
4= 5o i (y=1,Single graded soil
wh Cy<e, uni forrm Sall

' " Cuzk2—4-, pooriy- Graded So
Cy >4, Weu qraded soil (graver)
Cu> 6, Wl graded Son ( sand)

1 . o

“TRree phase Syster of Soil L
—> Rlso krown as Block sgsi-em- S -~
x* ;= ; '
+ | Va fir
Vv =V tV| 1 .
Vul |- -~ Water - - -

fig; Three phase Syster -
—>"The dh&r—am Which Fepresents the three rmoleriols hamed $0il,
Woter ¢ Qir IS Caned Hiree phase Systerru

=3 “The didgrarm, Which represerts +he +wo materials exher Soil € Water

oF S0t ¢ 01 (funy. saturaded o funy dried) i, Catied Huo phase 53!+e:r-1'

— Funy. compacted § Consoligated Seif-3sicAned ‘oHe phase 55.5'-!-em
r'rb-l»ul Vulumemu-l-Vq Volurne ol Soil.

-I.}

Bas;c Terms -

Vc:-lume Related Yermis - Cose=X Vs Vg =y =1
@ void tatio () = Vorur—e. U"F_\'ﬂ_l&l__v\r]_ Cose=I; W, > Ve => e>1
st oo Volume of Sod(Vc) | case~I0, WX Vg= e<a

—>\(0id FaHO tmay be equal, less or greaierthen one.
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_____—__._.—;_—__ e - a 2
@ Fmgﬂmm = \olume of Void (wy) || . Case-x} F=Vihgs

Voturme oF Soit(Vv) |  Case—1; wa-v, n1
— Porosiyy is mwng,s less them ome.  © Case—am; W<V, hey
satura
. @megree_t furation (511:‘-' ‘Julurne u‘-rhlm-:t-[vw]

'._ iy gyttt g g VMUMEO'F Wldi[W’ S
ease’—T; Fuuy seturated soil, Nu=W) ... 5= :Lnu.,, "
case—Ir; Fuuy dry soil, (Vy=0) . 5=0./- w1 WD
(ase— T’ Parkiony Seturated Soil @i s <00 -,

.-+ is expressed.in percentage. : '

@le cnn+=h+[uc}~-—\tﬂ o= W=V — 1-Vii = 1-s )
T | LTI Wy ~

f

— “T4-is- Expressed ih pn-ct'ni-u&!..

Erpercentage 043 air 'ﬂnd ('Ln) “"‘““’5“"4“ "F Qiftva) i‘.m'f'
't - X epaialiVolurme: o#swm - |

-—‘r T+ is ©xpressed in pPercentage.

L .
b et d o, e TP

Nz-';;m Relatéd Terms - * oty .
@ Water Content() = Weight of, ater (WE) 8o ga0 sl | <> Hoisture Cortant
- Weight of solid (We) ‘

Note:Reine graingd Soil has mork Water Currl-un+ then (oarse rained So1)

@)SPECI'FIC 3ruuz+g,lt;1} :, Wleight ot Eﬂliﬂ.{'ﬂ;ﬂ ol I O
et laughdt of Water(ku) | - Y )

_oR o= dEnS'*E_“{" i (8g) - f -
-_ - __density of Liater ot 4°C
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;‘i’c-rm:r?_ Ry
& il spy gravisy(ehy = Ys

—> ApPperent Sp: gravity., -

- Bulk[Motst] Wet dehsn;t (5% y- Mass of soil (M) N
I ' TTotal wmm:w}

Ea :DEHSEE-H’ ﬁ'F Siﬂllﬂ {5'5" == _H_g__ I * Dy dﬁnﬁﬂﬂ)ﬁdm‘] "'..:._Mvi;
. s ae e e e

* Density of warer((S) = M.
- N

¥ REIH—iH‘: :lens;‘-t-g, — T+ rmieasures +he aéﬂh‘ie n#'CurﬂpaH-mh

of Soil. —¥ T+ is alse caned density thdex - |

—>. T+ 15 indicated by Ry or "Toy . . - g
Ryp = 1€max — €nciural’ 3| Whete), emax 6 Ermin = Max™g min" Vaid voti
Ehayral = Void vato ot hatwal State

Cmo— Crmin
—> Rpplitable For Cohesionless Soit - )
tase —T ! When Soil fs in dengést Porm, Rp=1 . et g
Fase -—-.'II' Hh-a'n Soil 15 in (WSS lopsest form, Rp =0 .
(082 —T | When Soit 18 in bes" densest P fossest Jorm  D<Ry <1 .

Loase | Medium | Dernse | Yery dense 1]

Designot-lon | Very. loose

To() | 1—15 |15-35[35-¢s5 |66-8S. |
4 soturated 'densityl{ Seq) = Mt | . :
fetil il Voo

-
-
-

—y THis Q1o :uned'mﬁum—dehshg.. #
— Subrﬂargaa density) is less then Seturated den !‘1-}3;
* turg, uh:{- Wtoof 5“‘|T=3cl'l

‘- Vﬂ ! ;
- unit Lo soidf 3.,\ = _l:lg__

Ve
T

-*-sﬂbmerggd dmgh‘yit SpuR= !ME}&.‘ ) Ok, Y’" A\

s-Unit W of Water 94»]
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“Lrmper{a-it- Relations

®e=D_ | @ Ya= GW’
h= & ® Yeup = Ywlt—1) -
—_— I==c 1re
@ se = Wh ® Ho = ale=s)
@Y= ﬁ\’m{;-'ijm ikt M ok
Tate T :
el |

-=Spi1'Water Relation
Topes o} Water i Soils.
@ Cravitational Woter —¥ "The Weter frow dug 4o force of gravity.
@ Eree Woter =y ~The Water thot-Fill the: Wwid.of - Son rriassys :
® Capiliary | pore Water —> Water oVailable For 4he growth of plant-.
— The Water absorbed by, plafit roo+s: :
@ Hygroscopic Wrter) — “The Water adhere on the Surface n#- Soll

P'.'I'H-‘IEIES by, m&k!h& the +hin layer: ™ i
—> Con be rermpved by hau-\-inai.

Method For Determinakidn of Water 'Content -
@oven Drying Method
—> Mist accurate laboratory Methods . i . i,
=¥ Sampie oF Soil is Kept im oven ot -t-em1ae+-ui-uf-’e iﬁ'ﬂi&%: a0

T L

- Sample o Soil is Keph in Over J;'-}-um a peried of Zd-tour

@ sarid Bath Method !
"'? HPP!‘GH!i—-—-qq.e "i.'tE'll! W‘E-\hud 1

— Ropid but-essn aanu»-&l-c, vrmethod .

5ﬁ—l—_
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(® Ricohel Method |, ,,. . . . ..

—> ApPRroxirate -TIE,H rmetho d- !

—> Jrying Process Cormpleted by rmethylated spirit (alcoho)

@) Calciurm Corbide Method

—» Quickest method (Fast mgihod)

® Pcyrometrer Method

—> This Ymethod 1§ qlso (N qm.:u rmethod. -

—s T+ 15 USed to deterrmime |dater Cﬂh-H:ﬁ" For Hhose Soit Whos:

P

tC Jranty 1s Rhowrm,
—> T+ is loboratory rmettigod -, - ..,'-i '1515‘? '11"‘1‘ Al
—» Used for Cohesionless Soit oniy,.,. T T OO LI, Ry

'*'| .i - - ' 1 fi. i " & i - . .,' + ! 'y '.;ll’ ¥

Par+icie: Size (ain Size) Determinakor . 1, 7

@ sieve Armalysis - v o o G Ty

—3 Suitable for Coarse gl‘mhad I
—sy €.9. 50nd, gravel @4C.; - - 140 . oot oboa L il
@ sedirmentation BRAgsis oot gt e et g

—> Sutkabie for fine grained Sui! i 4o
~ €3 Uy, sik etc,
—» SHOKe's, Jaw.ig used .. 3. chlrnmam- Hmlgs,s s dopye ; ,

-
- b
O -

Consistency’ of Soili. - -
Vo125 4 is $he yeasure of Firmress of soil-
— Mmeasure +he Firmness of Sl Whether +he Soit is Seft, hord or SHEL
— Consistency of Soit Cam be mitastred B/ GEFeEberg
—> Rtderberg limit Consists oF* @ liguid tirid T

—y Jor (ohesive Soil 1 (© Plastc it o U (dakl,?
_.(© Shrinkage lirit
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___;JE -4 . / ':- oyt ; L‘zu;d Stote
z vl e Lt
> soid State  jSemi—solid Shate " plastic State’ | ,

:‘: P L l' I . Bty ! | YR
: yd
W W v W
Water Cortent —> ' ' _
@ Liquid Lirmi+ (L) : T T

~—> Boundary of Water betweer liquid State & Plastic state:,
—> “The Woter Contertiat Whith!soit is SHit in ligud istate &) m}!ﬂs;}__’_‘:'“ﬁ

Sthal Shear strength- I T oY
~—> T4 15 deterrmined bg: l'.uiu%rands UFPut—nﬁ-u S. = ;g,ﬁ_ll_ﬂnu
(@ PlasHic Lirmid ( Wp) T :

—> Boundary, of Woter betuleen plastic State @ Sem: Solid Sate.

— “The Water Condert at Which Soil Jus+ Si-ar-l-'-tn Crumbie (Lreak) When
fotied in 40 U.PP‘!‘GHIMIIHWJ Mmlnigméheh e T

@ Shrinkage Limit (W) © '3 o

— Bﬁuhdul-a* o Water betiveen Sermi—Soiid State & Sand SHate.

~> “The Water Content af Which decrense in {he; Water; cortent ¢
doesnof decrease in the Volurme of Soil-

giad Soil Tndex ' : LI
_@F'nﬂ-ln’-l-g. Trdex(Xp) | TEEREN

IF""" W= “P]

el — if Wp=>ly, TIP =0/ plosticity Andex hever be negaHve,
Cokesiverness of soil increase Wih increase of plas+cidy. index.

iu

1]
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8| Prasticity Trdex| stare of plasic] ol Mature’

v 0 Nih-plostic | Sand, gravel | cohesionliess

3 0—3 Low plastie A More Cohesiven +hen gand
Y| F-1% Medium Plastc | Sy Clay [ " st
+ 7% High plastic | clay, shaie [  Cohesive
@Uiguidity Tndex (TL) :

~5 Used 4o indicate the Comsistency of undisturbed Soil-
—> I+ is aiso caned Water plasticHy index:
—~»[ L= Wh=Wp | Where' Wn= Natural Waier Content.
—Tp
TR L= —ve, Soil 1§ Sermi—solid oF Soiid_ SHFEA . L L .
i+ T =0, Soiljs Very GHFF. - - e
W T =1, S0 i very soft behaves live plaskic:
it T >4, Soit is in liqud state. - - ¢ dem
@Cﬁﬁ'si-l-Erlc#_: Trdex () '
—> [ T = Wi=Wn [ urere; Wn=Notural, Water Contert.. . |
DHIROS P - T WFLE S bl ; : |

St i Te=—Vve, Soitisliquid: i Lo

It Te = O, Soirisin ligud imd o \

if Te= 1, SOt s th plﬂs-l—nc lirmid L I_ P T

L Te> 4, Soil 1S in Sermi—Salid state,. W 1 1S Sl ..

@ Shrinkage Tndex(Tg) ° :
— ['Ts = Wp—We¢ 1 d . ) "
@ Flow XTndex
—> Stpe of fiow curve.
~> “The §roph ket Water cuh’reni- up, I"}‘ '-'4 Etuw: 19 Rhown ns
Flow Curve. .
B Tughness Index(I-r) - . o)
= | = Tp g " -
El




"T?:l" s 0F; Etbective 5+rt-.-ss

“He states 1hul— "An measurable effect of charges
Cormpressive, Shear Strangth

chm—lge of effective sirecs"

—> —TRe rmeadsurable Ch.nhge 1 dhe ..
soi 1§ due 40 funedsh of
“eHective Stress.
|Total sttess(e)= ey u

Such qgsg
1 deforrmotion, distortion are due 4o

19 ['E:T 6 o

Where: &'= Effective stress 5 ¢ T
U = Ppore Water pressure ,, - o
‘il Ell._.. E'...m " ;I P ': : ”

—> “The Principle u-T- eflective. Stress s tmost Important prncipte
h Soil mechanics.

L]

Hssurmptionss.
@ —TRe sou 1S hah—uggehuus £ isu-l-l-o;:'tc

@ e :son is Puirggatirated. -

@ “The solid particles qre mcnmpressfhle.

@ Cﬁr’hpt—esm’uh ® fhw qre ohe— direr tional.
® Strain 1 4he soil are Felofively Smag)l} ),

©® Davey's low is Vard for an hydrauric gradiens+s,

L | . "

Factor RiHecting Eftective Siress -
—> Effect of Water table Fluctuation on effective shhess,
sE'F-FECHUE. Stress Under thm static Cordition.

> EHectlve syress dugto SurChorge loady - .3
= b n Th son Sajurated by, Capinary, ackion.
' -:_ Al o l— Seepag e conditon: . ..
7 Quick sand Condition. 3 o T
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(?llll:k Snnﬂ Cnndpl-mn,vﬂm“n}p .garid
—> HIl the Cohesionless ol lposes the Shear 5%”3‘"" due +o
_"=ero effective Sirese’ is the Conditibn of q quick sard.

—> R+ [}luclt Sard Corditlorn

Critical exit{hydrauiic) gradient ! o= -1
L ke

Where, (1= Sp. gravity of St
e= \Void tutte

Darcy's Law - | G _
T4+ states that " VRlociry of F0u through the Soit ™ass i
directly ProporHorial +0 the hydrautic Gradiert.”
Ve Where ¢ v = vercity of fow
s, V=ki | = hydvaunc qrth'er-rl*
. @ =VA =KiA ¥ = coefficient of permeobility
—> Tarcy's law i§ Yalid fr’ @ = "Discharge: - : :
® Larunar Liow A = ([s drea of Soil™ass 1Y 4o fow.
@ sg+urated Soil > X ' - :

Permeability, 0F Soils

— “The Fiow o Water dhrough e Void 0f "SoiTrass i< caned
permedilityd oF Soil,

—s A\ raterial Whith Corntaing. CONuou S Nold 1§ Said 46 be

permeatte. ” vkt

Fachi*s Affecting the PE“""EﬂblIﬂ#;
@ Type of soif '
— Course rained Soil has more PEr"ﬂeuhllH-ah +her Fine grained &
— |smgof [“kqmﬂ] )
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Whett,.. C= Constart,

Dy = Effective qi'r.ﬁn size™ .- .o R BTy
—(;S:;uid ratio
-—*TF‘ — g3 —> Void Fatis increase , the permeability. of soil

1€ | also increase.
- qreater the \oid vato, the \mﬂher vae of coeflicient of peremes:
@ Epﬂ—upped Qi : , L - ability,

—s|k o _L Y '
_'ﬁFT"ﬁ

@ Jegree of saturatior

—> Funy saturated $oil has rmore perpieability then puﬁmmqu Saturated
® presence of irmpurities

—» presence of- impurities, "decrease the permeatiiiy. of soir

@ cormpacHon .

__H proper cormpaction decrease e permea th-ﬂ.a of suua

.:mpes ol soil! Loetf, of P%Eﬂblllﬂe(tmlsec] N = """ L & H-If

| Graver >1 B :
Coarse Sand 10m'— 1 : Sy et o
Medium sand | 10-'—Fo—' . , : N 1
Fine Sand 103 _ 10-2 ; 1
§ity Sand 40™ F_ 10~ 3 T ,

St = 4r | 40-9.. 10— F - i : . r'l‘.i
A clay < 10— 19 1:

Coefficient+ ofF Permcuhnd-}.

~2? T+ is defined aQn average \elocit+y of {—tam-ﬂ-m-mm occur

ihmu;h the +otal Cross=secHonal areq of soil under unmit hydraunt
gradiertt.

—% "I+ s expressed in +erms of Cm|sec, mlday or F1doy.
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TDE:H!*mmqhun uF coefficie
A Laborat-ory. Methiod
@ constant head Method
b Suitable for Coarse grained Soil.
— €3l Sand gravel etc.
—|k=VL | Where: v= Vorur—e of Water
- WAL — Length of sonm Sample
H Head of Water -
- f[g area of Sait sarple
{-_ fime +aren Yor Collection of- Hﬂ'l"
@ \ariable o Faliing head method .
—> Suitable for Fine q,t-umzl:l 501l .
—> €3’ Clay' Siiy e¥c, b
—> Usuany. unsaturat+ed Sample are tested.
- wiﬂELA:Ls;b:%ﬂj Where! _
l TR t) e il | 0= Cross=sdeton of tube above-SeirSample
| A= Cross—section of Soil Sarmple
= Tnhia Hime o) L= Length of soit Sapie
t, = Final +ime hi = xritial héad :

b2 = Final head

nt of permea bili‘i"} .

[8] Fietd Method
®PHMF;”§ test (@ Bore hole test- ‘@ Recuperation +est

Cormpaction of Soil )
—% ~The process of rerroval 0F air frorm. 4he oid of Soyr,
‘—y “Trhe exputsior of air from 4he Void of qw—
—y T is fHeasured byproctorfest.




purpos e of d.nrhpqc«{-iur'-[ .
— }
_y “To \ncrcase the' Sshear 5%-:5-13%1 of Soil+ " -

— % T
> To increase the dry density of soil
g ol

N 1. decreacse the PE‘I"h—uaqbili-‘? d.F gu'“.
> “To ncrease the Pﬂ-n—-—;eqbil;-lal of sou.
= To rrinimize dhe Shrihkﬂae, $ SldE'lI;naJ F?ﬂPEHH’-

i

s - 4 . . .
cormpaction Consolidation
— Rrificial process. 5 Natural process.,
sy G}ufﬂk process: — (hradual process:

-é'D:f“ﬂ"“‘C \bad applied: (> gtatic load applied. .«

(> Conducted fh Unsaturated Soits (= C(orducted in Saturated Soil.

—> Volurme uF seil ig decrease |, Vowme of soil 18 decreqse

by reducing the air Voids by expuision of laier From \oid

_ Factor Affecting +he Compaction _
@ TyPes o sot —> (oarse’graned Seil lin be moke compacted
ther fine gt‘niﬁEd gy for Sarme amourt of Compqc-ﬂun-

@ Meshod 0f Compaction — Dynamic ~iethod of cornpacion Jives
mere Cormpackion’ then Static method of Cormpaction,

® Rmount 0F Cormipactors — Rrmount of Compaction increases
the rate of CormpacHor isg increose: B
@ Woter Cortberdoy “The dry densi+y of dhe Soit increase With O
increase, the Warer Content upts omc, begyond ormc i$ Water corvhert
increase, 4he densiy il be decreases, '

© Rdmixture —> 8y uging the different admfxiru*ﬂ lime, cermer

bifumen etc o be incleased rate of compackion - -




Optirmur Moisture

0P+imu m Water Cori-er

¥, max "\;?\,\__...---' ‘zero ar Vo

TContert (OME) -

r———

+(0w()

ttooT:

; I\\ \‘\
$ o

Dty den 5I.4ﬁl

L~ | — Sehuraléd~soir.
T - &

id line |
e o0

e

__..—:—'—'_'_—_._—_

- ; 5‘3““-., atetr

content —7

'Pla b Cnr'r-lpqc!-;un Curve

—> —TRe . Wdter Conterit at Which rraxivur— dry d

Elhﬁi'lﬁr occurs,

the particutar Woter Content 1s KrigWwnas OmCe

o g S e KT N T

5 (ormpacHon Curve is plotred bet™ Water content- < dry denswy,

44 - . -
' o 0% Sl

Se o oty . ormc for Compaction (Range ) |
(Iut_;.ey. Sands, Sand-Cloy mix - cio41—40 S
Sand- $il+—Clay. Mix Wk plostic, 156 —-11 ¢

Sit+ 4+ clay Frackior Cot AR e 14T
Trorganic Sitt Cloyey Sitt -. 24 — 19 .
| ‘rnur?uh-:c clay Q4=-17"

oFgaric it A cazpeE

| Enorganic oy, highty plastic 36— 14
orgarmc Clay © 45-9q

—ero Qi Yoid line —> R line Which Show Jhe - Water Cortertt — dry

density relation for cormpacted Soil, tontaining q Constqnt . of

alr Voids 18 Knowim as —Zzero air Viold dine:
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4:!:(2::. Ao 4
r,, = (mm m— When ;0iF vold is Zero,
G R AW | y_,;:.—..uwrw I

' o SRR T Ry

Methods of Cormpaction . ..

[A] Laboratery Mettod . e
¢-N|Description . .- ;. [Pondard procror [ Modified pProctor
o | Welgt b [ 25y~ [+ srg

2. | Drop height : voBoem o | 4mem -

3. | Sample fiuing in layer 3 | 5.

4, | Compaction of lager . - | 25 blow, 1. 25 blow,

5, Famd{urqfﬁ&#mmma- ce 2 50 e it Sormm .

Based ON: Tristturment Used - . s o

@ Srooth Wheet Roler: —> Suitable For- Cokiegiontess Soil,

® Pheumatic tyred Roter:—> Suitable For Cohesive ¥ (shesionless Sil.
@ shpifooe Rojer —> Suitable Tor Cohesive Soit. fup+o301
@Vlbkﬂra: Roller —>, Suttable, for COhesianle'ss seit For Sman thicknes
@Vlhﬂﬂ-mg plote Compactor —¥ Surtable for cohesionless soil For- large
thickness. (=30 cm) —> Monkey, : SFumpeH > large area.

@) Ramrmer ~> Suitable For Cohesive 4:- CﬂhESIﬁHIEES soil for Sman.
{hicknesg £ Srall area- - o0t _

@ Vibretlootation —> Suitabic Tor COhesioniess Sml for large Hhickness 4
Small areq ! '

e :: - Consolidationte ¢ - ol P )

T 1870 process involving. dECHED

Saturated Soil Lithout Yeplacermert: ﬁF m mm- l-aa nh-- 0
——:r T+ s rmeasure by. cedymeter oF consoitdormetersy

-y

i e

.
R



*z‘fr::a:f—_—.________ e
—> Untt of Congolidatien 1¢ C"""{sec oK Trichas: /rﬂm
—» "The 1'-5'I-"I““'-"5ﬂ-é 40 Consolidation dug4o INCrease in Water Corrtent
or increase in Volurme of sm.,d_;g Kripwn Qs swutgg{

e ——

Types ofF Consolidatior. . :
@ “TritHal t:unsuhdnhun Y S D LR RN e
—> The I'adﬁt'l‘irﬁl'r in the yolprme: o-P‘HmI al4-er GPP“':'H"&“ of load.
— T+ u-. a180 known asjiFFrF-ediate) curtsolt’duhbﬁ‘ eeten)

— for Saturated Soil ¥ occurs dug 40 cdrﬂpressmn 'o¥ Sotid parkicies:
@ Primary’ Consotidatior o '
—% e teducHon in 4he Volure of soit after corpletion of!
imiHal ConselidaHor due 4o expulsiorn of Water Prom Voids .
@ secendary consolidatHeri
—> The reduction in the Volurhe of ol after: cornpletion of, |
primary Consolidatiorr: - Rk * 4
~—% “The 1uunhﬂf of Secnndm-g) Congolidatich 1¢ Very- srmall-
' ., PR R I

e Stage of Cunsultdu-l-e:l sm ¢ I
@ Wnder Consolidated Soif - :
—5 Seilig iﬁﬁ"w cansulfdnwi under Emshng; over burden’ Prgg&“he
—>» OVer Consolidated Ra+io (0CR) <4 . :

@ Normaty conselidated Sl _
—Soi’ 1§ Funy Concolida¥ed under existing’ over burden pressure.
~% OCR = 1. :
@ over Constlidated Soit

—5 Spit 1 Bver Consalidoted ok present.under the ER!Shhg)
ipver ‘burder Fl-e gsure $hen W Ppagki - —

—% 0(R=1." SR B st E

o

-
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Note Book

Date:20 /

Shear strength o solls
— [T []

—y "The Shear Strergth of Soit 1§ Maximum resistance o Sheay
stresses Jjust before 4he faiure.

., Riso Candd 'Shear tesistarce. .

¥

I r.'bluﬁ—ub § Law of Shear strem gt
H‘SSN?'HP{'IHH b I,

—» Soll 1S hormo-geneous 'P 1go+opic.

— coetficient of perrmeability 15 Constant.

— Rnge of repose 1§ comstartts, . §o o
— fingte of iternal friction is con s+nr-r+- T)

— Norral Stress s tndependerrt ‘o) Cohesion'
—> Rt —zero norrhal shres’s, the shear stress oF Soul ec;uul 1o Cohesioh

L= ?-H'enﬁﬂn envelope 1s'a St ling aS—]ﬂH—qhgl ‘-Fh:rn m—uam (:ahesmmes:
coll) £ from (0-ordinates (Cohesive ‘Coit) [

PHnciple/ Ol Merer b o
The Shear Srength of Soil o7 | 7= Shear Stengdh of Soil
T-=c+ang -1—c-|f{'uhﬂs|w son)——@'| &'= Normal siress

T = &+ah p' [¢ coresiontess sail) — ® # = angie of irftemal Frictior

e = ' T
F[-um E:Iﬂ @ ! ! ! (o L Cﬂfﬂ.glﬁﬂ
e © Cormpare 'ltidh 3-- M-H-l-f.‘ )
T &O.J/ ' = Etang <-C
s ' T-¢ = €+my
oty |
r - +€|np'ﬁ —z—C
> . —
c 6 'l
r——— - N|p =+uhr1f}:_glr 3
‘r'l'g} cohesSlve Soh ' ; e 57_!1 s

M



Note Book

A
"
T ﬁ@.,e /

Piq* Cohesionless Soil
Note : TThe stope of Failire plane =+4an p’

H ! LI

Lmpord-aritt “{eyrms’
@ RAdheSiory, —> T+ is the OHrachon bet™ 4wo or mmove,
molecules of d:-F-{gre:rﬂ- ﬁuid,mﬂ-ﬂﬁﬂl .
| —» Exarple’, Surface of qlass tube, Water ec.
@ Cohesion —> “The property of Son hotding 145 grain Yo gether.
@ Angle of trdernal Frickion — —The rmeasure of theresistance
of soit 4o Sl;din? along a plane. :
@ Hnguz.n-l: repose *—> F rass of earth or other materia
15 lef+ exposed 40 Weather for some -hrr'rel i+ Side I EIEE'I;.I
_jrqcluuug: aHain a Sable _Slepe Without -l-endnna 4o Shide.
—> “TRe Angle bet™ horizortal < it Shpe ts Caned angle of fepose
—> ~TRe ‘hurmerical Vaue 6f angie of repose Vvaries 60— o°

L]

Clay{ Wet €xcavated) 15° } ,
Clay [ turmp) 25— 44° o

(aravel [ 100se dty}) - 4-5°

(aravel  Natura) 25 —30° | B

Flour ( Wheat), Chatk, Sand{wed) 45° ) .

$and (dry) .2 | sa°

sand (Wek fined) 15—30°

Sand (ke+) - 45°
F Snow 38°
I fchec a0° -
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Note Book

Date:20 1 ¢

Earth Pressure,
Lateral Earth pPressure
— TTRe pressure exerted by Sotl on any fﬂﬂlhlﬂ&) SHru okt

[1.3 re+amm5.- uml; Ciabbion é-!-c\ s !mumh as lateral earth Presure

@ FActive pressure > Moverment |
—> IF 4he reraining 11 gigk fin W'_\ Retaming
Wait roves away Trorn '\ {rf- o3 ; \/ Wan
the backfin. = 7 AcHve ___l_,’ k/\

— Backfinmdiedtowars earth Pre.ssul"e \

4he t'e{vmmng. \air. ' N ' 4\1

—> Acttiveearth pressure|(Ry) = kq\gmﬁwx R
Where: 4 = Unt W of spil

H= depth of Soll | 3
ka = Coetficient of ‘dctive earth pre ssure.

S, |ka=4—5sing - ,' = +un""-{ 4-5— Ff,r.z\

Ay ¢ e -ﬂ—:"ﬂ—lﬂh{‘" ‘;‘i T .'. .« g0 s=at .r

i ' ]

' L] . .

— Mu?eﬁen-l-

@ passive Eear-th pressure - B[\
— i‘F +he I"E‘i'ﬂih':ﬂa;:l\lﬂll -BUCK .F;“ \ ""r '. v \\ 'Pﬂssll'.r'ﬂ
MOVES Howards +he backfin. RO - \earthpressm
~> Passive earth pressure((R,) = KpYH RTRN I XK
iFEE (oot oF passive éarth pressee © MLl * _-\J.
KF-‘: }iﬂzﬂ_ -— +un1f4-5.{..p}'!\
- 1-sSing \ ]
TN Pe £
_@_:)Prcssut-e at rest | here;, )
— Np movermenrt oF Watt. | Ko ='-CaEF'F|'cfEn+Jd-F p-e_ssnreai-ml
re Ko= 1—Sinf#| — R
—% pPressure tH— st(R) = [(b'f]-} | |jKe . _,_ﬁ o
. RF‘? Ke= Kq \ KaxKp=1 .—;- A = poission ratio
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Coefficient of earth pressure

Note ! TTo+al Lateral Earth pressure -
P = Kol Po = KpYH - f=KoYH = - !
+ H=0, B=o R X ;:-za{‘l A
at My Pa=KavryH, = .2 KirH N

at H, Fa = KaYH N
H .{-——H—Lq TN i L
. “Total lateral earth pressure = Aren of .- |I< TE \\7
o pressure diu&vqm R —t \\L
T T e R
= KaYH s . 7 kavH .

-Pm,- pressure diagrovy !
(@ Total loteral earth pressure, T H't EPR—

@ Lateral Bart Pressure ok H

i |
Rorkine's Eor+h pressure "Theory’  (HsstmpHens
1 @ “The. backfin goil rwusk be dry, Cohesionless, hgrmogereous,

isotropic & Semi—infimite ., | .oy La-plil Ll
@ “The back of the retaining ldan is [SFaoth Pavertical-
@ TRe gvound Surface Is plain, b!hich *ﬁag, ‘be: horizondal,
Ver+ical oF inclimed et . . ) )

@ “TRere 1s 1o 'Fl'ic-l-mn bet™ back u-F Wall & bucﬂm Sait.

L on L g ‘ LY

Principle IR
(A) cohesive soil
@ Achve earth pressure . "

Pa = KaYH ==2¢{wa| L
(D) P‘pssiv?: €arth Fressia'_t_é;;_ 2 S h : , e

(p=kprH-+2cfp o

s efl, 8 Y et o]



Cnlwcsmnlcss Sml , -
@ Active eatth PkEsgut‘d,.l

Pa = KaYH ~(C=0)

- @ Passive earth pressure
Hj = RpYH |

[ ] r

“Note: (@ Heigt of Poln+ n-F Zero pressure, LH::

& z_
v

‘ @Uh!‘.‘hppomd height of cut He) = 4Cc| [T}
il Ve A 3 i = EI. i 'ﬂ

- Foundation Engineerin&!- T
Foundation ! Faundation is +he lowerrmost part of Structure hat

fransfers load From SupersHuckure 40 Sub-Soi” LWihidh s in direct
CorHact +0 Sub—Soils 1+ - s

i .o H] Tt . P

Types of Eoundation . B

@ Sharels Found ation’

(@ Deep Fuunduhuh

— if depth. P R

Middhs, - ;

o "'""!'".l'pt'ggf.!h .‘?l-‘;
o Wddhe

@ Tsoloted -Fau+in? Iy

@ pier Foundd+ion

® Combined Footing IR

® WenFoundation

@ strip footing E

© pite Fourdatioh ' i

@ Strap. footing .

® Ginege Footing

® Mot Foundation. .. .

e e

e ——

Benrmg. capacity.- '

= he
-‘--'-"'-‘-—-__

Suppor+ing. pouer of 4he Sotl

~7
""-._._‘__-__‘-__

The Yesisting Pouer of the Soil.

-"""-—u.._.__‘___

"'\..._'__‘____—__.
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Date:20 [ |

)4#:{2&: __

' 'j‘;.Pcsr of B BeuH
@ Uirate bearing Cupqcﬂ-_yp(gﬁ){:-{. is the mox™ son * .’
Pre€ssure!at+he bage of foundation* at Which i ~Faiis in sﬁe:'n
@He{- UlHirrate bEﬂHha_, tapacity (Thu)f =+ is 4he max™ Soit
Fressm-\e In excess of Overturder pressure at the base of
'Fﬂ'-*"'d“""“h ot H'r"ch soil Fans shearr [ Qny='7y— 'rq:[_—
@) Net Sofe bzuhﬂgx Capacity(Ing) § T4 1s the Safe soil pressure
@t the base of the Foundation in excess of overpurden pressure

Which Soil LI Fe sist Safely Without: ﬂvgv-hsk ot Shear failure.
b The'= Ina: -

Nhr=1t -1 1 FAS

) .o ' LR

@ Cross Safe bearing capacity (o) T+1s the makirurm
dross pressure Which the Soit cam carry safely Without Shear
-Fqnm—e-Jj_s = q,hg—i-‘r:nq: TR URE T T i
. 13
Factors Tnfiuencing Bearing Copigity |
! '@ "Tuee of Foundation — “Deep foundation | |hctE'ﬂ-se beut-ma,
Capacity ore then Shanow Foundation.
@ Size of Pourdatior Higher 4he Width of {!ug.;..ng, Qreater
Wi be the bearing. Capacity because of lurgtt- areaq.
® Depth of Foundatior —s RN increase 1 the depth of
Ffourndatior Win fesutt in arn increase n surchm—ge q ot the
base Jevel of the foundation,Jeading. 4o Increase n bearing
cupucrl-g)
@ shape of Fourdatior §i

Ll .- b
I + * I T T “d
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Note Book
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~ Modes of Foundation Fajure
@ Creneral Sheafalure
—3 T+ Occurs mosHy in dense sand & SHEF croy. butging
—> At +he +ime of Panuwe large bulgingis observed |

—> ery less setlernent 15 Observed. 11 4
— Tourd in Shatiow Fourdation. -_i— - S I
—> Very. Well defined Fanure patern-

—> Sudden fauure (g observed by -Hri-ina!. I AV e

'..

(@) Locat Shear Paiture
~—% T+ Occurs in redium dense sand < Clu&»

—> N0 O Very less buiging is observed.  — - - - o7 |[[[7

—> Large SetHer—ert ig observed. v

— fanure surface does hot reach 40 qround. /
fj

L o

(@ punching. Shear faiure
—» T+ Occurs i 100Se Sand oF Sef+ Cloy .

— Nb buiging of Soit R | —
—> Very large seiHermentis Observed. |
—» Found th Shaibw ¢ deep foundation- g

O

. -
)

BEurinﬁ)
‘l'i:'r-'zughn s prmclple. of Genewal Cctpchl,
FlsSumF-l-mq
—> “TRe Soit is hormogenous, isstropic £ Coutomb's low of Shear
Strength is Vatid. -
— “The Fosting has Fough kase,
hd Falwure ~zone does et extend qbove He base of Foundatior
~ Shear resistance of Soil above +he base of Tounda+ien is heglected:
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— Fun-l—?n;, ls. Continuous ¢ . Shallold:

— Two dirensional €9 hetd good,

Prnciple’

Ultirate bearing Capaciy for Shatlow (SHip footing For

genetal Sheat Lailure (s

= CNc~FYDgNg—+0-SBYN¢]
Where! C = Cohesior d

Y = umit W of doil _

B = Width of Tourdepior

DP = Tepth of Foundation

Nc ,Ng, Ny = Bearing’ Capacity factors

Note !
® For square footing [fu= 2:3CNc+ YDpNg-+0:4BYNr
® For Circular footing,  [q= 1:3¢Nc+YDPNG —+0:TBYNE
_Porlocal_Sheor Laiture
C= %3¢
g= %s tan g

Beating Capacity of differerit sal
Cohesionless Soil

| Gravel, Sand € Jravel 4-5 fon[m?
Coarse sand cormpacted. @ drys | 45 Hn[rm?
mediurn Sand .. Lo | 28 e[z
Loose gravel OF Sand gravel 25 ton|vm?
Fine Soind € Sk : 15-toh[ ¥
Eine Sand, \00se £ dg) ) 10 fon|vm2




