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Chapterd  cowlpinaliog o Sndes. prapesiies

brsdes propertic are the properiies of soil chat help o idenii(ention
end gl fication ol sall. Thesy progenties are penemlly detssmined in
the lahpensiry. In sita denslty s st densbty reguimg ambisturbed
sarmple exteastinh while siher quanisics can be daermined from
disturbhed soll sampling. Following ure the major progeriies of sl

|, Water Coniznt

2. Uinia welght of Sod In-siru density
3, Specific Cravily

4, Canistency Limits

4. Particie Skie Dimribution

6. Scomilivity and sctivity of Clays

W

A Prennmigher
mcthod s alup weedul to deiermine water comieni. Hui this

Pycnnmeier
in used when the specilic graviky of the given soff semple b atroidy
knowii, However, Specific gravity can alwo be lsany

ycrsmeier. : F
Apnaratus used in presameier method are

« Pyenopieter
. Welghing balance with an securacy of 1.0g
- Lnles poid

Wacuiim puiip



Test procedure af pyenometer method is as follows

Wash, clean and dry the pyenometer and note down its mass (M)
ﬂmwhhrwmudmmuwighr“mwﬂhm
accumcy of 1.0 g.

- Now place n sample of wet snil about 200 10 HK g in prenometer and
ol 0w its tmees (Ms),

. mnﬂwntnln:htﬂtlmhﬁwmmﬂlhmm

Stbr the sedl using glass rod 10 remove sir volds of the sl saemple. IF
svallable comnect the vaciim pump o the soil speckmen i remove
entragped wir.

o Al sivme mare waler and afler eliminating the entrapped ois stop
atirring and fix the baygs cape Mane water is added throigh holde in
henss cap il the waer s fush with the hods

S take the muas of pycnometer (M)

Now enply and wash the mysnomeler. Then fill it with oaly warer and
Exke i mans {3,

Oibvarrvatjone and Colculations of Pycpameter SMeibod

The woier coniemt (w of ihe soll smple using pyenemeier meihod s
cnlodmied trom the Bedow lrmala

o [Bah(o) s

Whert M =mpas of empdy My cnomaoier,
Pels= muss al the Prosmor wigh wel anil
Bl = mmad ol the Pyomomveter s ssil, Ellal weh waern,



ML = mas of Pyenofeter flked with wakes anly,

L= Spocilic gravity of solids.
NI Determimatios &,

Na. Oibscrrations and Caboulaiions
i 1

Cibserynilon
' Whasss of emmpty pycnometer (M )
] hass of pyonomeie + wet sall (M)

P Mass of Fyeromoter sodl fifled with water

M

4 Brlaas of Pyewomeater Alled with wases conhy
(M}

Calculstinns

5 il - M,

A s - My

T (- 1310

L w {usimg above Toemuila)

IResull of Pycnometer Mot
Water conden of che .Imm-l.l-mrtphl i
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B.irven Diving Method
ORFECTIVE

b rstural st comabewl of ghe given soll samiple.

SEED AND SCOPE OF THE EXPERIMENT

kn st all sl tests notural melsiare content of the sail i to be
determined. The knewledge af the naturnl mosstans condent is
ewsenitisd in ull seuidien of soil mechanics. To sight a few, natursl

moisture comen b used in dewennining the bearing capacity and
seTilement. The natursl molstume coniert will give an ides of the stale
ol wed| i the [,

BEFINITION

'I'I'I-lﬂdll'l'-:mlu:d also called the nstural mossture comient is
the rati of the weighi ufwmhnﬁiﬂurw:ﬂlﬁlhuwn
taks af s, Thiv ratio is wsually expressed as percenings.

ATPARATUS REQUIRED

1H1ﬂ-|:=Ideh-I'-:lh=M1ttm
2. Elestric nven, madntin the tempermiure betwesn LGS0 Cpo | 100

3, Deviccutor:
4. Balance af sufficient seriRitivity

FROCEDURE

I.Lhnl}mﬁrrm-unﬂhriuhuuui;nh{wu

&, Take u specimen of the :
by mﬁlnhmmﬂwmm

3. Koeep the container in the oven will (id remirved, Dy the iocimen

I eonstane weigi Mainkainimg the leporabig Petwass
1106 C For n period ¥ b
S viryimg wilh the tvpe of sl but nially 16 1o 24

c



1 Record the flngl cumstant weight (W3] of ihe contaiter with drisd
ﬁﬂmh.]'mluidhn'utwﬂtuﬂimhhdrlﬂllm
u-qmltu't[ﬂarlﬂﬂ}p-:rm'l:rrﬁ'nrllqnmﬂnd.

4 UER comnient | |
W -
| L IOW DWW, W, ot —L
RESLILT

The nutural méristurs comient of the s0dl saple &

L2 Specific Giravily
ORFECTIVE

Dhrlerming e spexiflc gravity of soil frooion passing 4. T3 mm 0.5
sleve by dessity hottle,

NEED AND SCOPE

The knowledge of apeeilic gravily is nuoded in caboulstion of woil
progaerties e voul mailo, degree of wniummibon me.

DEFINITTON
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ORSERYATIONS
3 |I { Meervarion Murher |

S N — L

%‘a“'ﬁ-’ﬁiuurmhﬁi"

3 W gl '

Weight ol denssty hoitle
* d‘ﬁ' sl (¥ .::|

I Weight of batsle + dry
soll + water sl
tempersture T ' C |
4 (W gl |
1 Weigh of botile = water
[Ws 1} ot \emperaiare

'€

m TAC

Average gruviry
mT,

=t e ‘-

CALCULATIONS

[ p— Eovemy of woarww w0 37
‘ - S —
- *'It'-ld'—n_.uu_




The specific gravity af the solf particles be within the range of 163
w0 2E5, Saibs contnining onganic nmtier and porma particles may havo
spocilic gravity volues Below 20, Swils having kavy submanges may
bve vibars shove 300

L3 Purvicle size distribution
ORIECTIVE

Lo Select sizves o3 per /8 specifications and perfarm sieving.
(b, COlbtain peseentage of soil seinived on ench deve.
\ek T graph between bog grain size of snil and % finer,

NEED AND SCOPE OF EXPERIMENT

The praim siee analysis is widely used s classbfication of sodls. The
dazs otmaing from gealn siee distribration canves % sisedd mn the desipn
ol filers for eanh daims I determing suitshility of sodl fie nomd
mm.ﬂrwmlﬂmmﬁ-nmpﬁm
walywis con be weed 1o predict soll water mervgment althosigh
permeahiliny wsty are more peterdly used

FLANNING AND ORGANISATION

The geis siee analysis i an wiempd o decermsing the reds)
pmpnﬂ}t-n{'dllfmlcdﬂmhﬂ'wﬁzinﬂnwlphmdlmﬁ

&



KNOWLEDGE OF EGUIPMENT

| Thss balanee 1o be weed mmust be eensltive 1o ihe oxient of 0 1% of woaal
weight of saephe ken,

0.5 400-1967 e to uied. The sieves Tor woll fesls: 4 7% mm w0 79
MG

PROCEDURE
| Voo sikl saimples af soil retined oo TS meiomn 1.5 seve

faf The proportion of sotl senple retsingd on 73 micran |5 sleve
in wesghed and recorded weeight of soil sample is a9 per 153710,

() L5 sieves are selocted and sreanged im the order 2 shoon in the
thde

el The soil aample ls separated i varioas fmoions by seving
inrough above sleves placed In the ahove memioned order.

(1 The weigh of soll ressined on each sigve 15 recorded
(e} The moisture content of soil iF sbove 5% It is w0 be messnired

and roconded.
3 Mo particle of soil sample skall be pushed tirvugh the sleves.
CHISER FATIONS AND RECORINNG
Wetght of soil ample
Monslime coetenl:
L P
o Metainod| sieve RN ER Y]
. im esch .
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478
4.n |
334 |
240

T. Thy Prssapy nrmrm.mmhmm % culbeiibae
U e ks ool ) weigln oF soll samply ke,

2 Cumiibitivg Perceistupe of sl retabinsd gy wEvessioy wleve s
Tioganl,

ILNYDROMETER ANALYNIR



UBJECTIVE

Ciraln shee unalysis of sodls by hydrometer anslysds fest
SFECTFIC QRIECTIVE

I, To determine the grubn sz disirtbotion of sall semple conaliving
appreciable amuoni of fines.

}_;nﬂﬂ- o graim skre distribution curve.
NEED AND SCOPE OF THE EXPERIMENT

For determining the gruls slee distribution of sofl sample, ooy
mechanical unatysis (sicve analysi) ix carried oal bn which the fincr
sieve used i A3 micron or the moarer openling. I 0 soil contais
appreciable quuntities of fine fraczions in (hess shan &3 T
mhwhhm.mihmnrhu];-mhh:mﬂut}“hh
very much helplul 10 classify |be sl a5 per 151 clasniieation, The

al the soil are very mueh infnenced by he amount of clay
mnid aither Fractlons.

AFTARATUS
1. Hydrometer

3 Cilass messuring cylinder-Tvwo of | 000 mi capacity with ground
ﬂmwm“mm?ﬂﬂwﬂnmm

0, Sbop willeh
Iih Plesscealon
il Conlimeter scale



varE— Y

12, Marcelain evaporsing dish.

13, Wide miitl conical [lask or eondcal besker af 1008 mi
capaily.

14, Thick funest-about 19 cm e dismeier

is, Filigr Mok o ke the funmel.

i, Mlmasring cylinder- (00 mi copaciy.

i7 Wush Biiide-conmiming diskilled waler.

1 Fller papers

9. Cilass rod-about 13 80 24 ¢ e and 4 10 5 mim in disneser,

Mk Hydrogen peracide-20 volume solution,

L. Hydmschlorp ocid N solution-89 ml of concentrated
bydrochlonic acid (specific gravary 1.10) dilued with distilled
wiler o Kire od salutlon.

23 Sodiuitt hovamstasphosphate  sulutinn-fissalve 11 g af
ssdliom hexametaphosphete and T gpms of sadisn arbonoe in
distilled witter wr makie ome Enre of solulion.

CALIBRATION OF HYDROMETER
¥olume

{a] Valume of waler displacod: Approsiemately 800 mi of water shall
be poured im tse 1000 ml messaring ovlinder. The reading of the water
level shall be phserved and reconded

The bydromneter shall be immersed i the wnter and the bevel shali again
ke chaenved and recorded a3 the volume of the Bydrometer bulb in m
phus wobume of thai gert & the sem (hat s submerged. For practical
purposcs the error W the Enclusson of (ks stem valums mry b
replecizl

(b} From the welght of the hydrometer The hydromeier shall be
weigthed 1o the nearest {1 gm.

The weight in gm shall e recorded an the vodime of e bulb plus the
vilume of e sem bebow the 1000 md geaduntion mark. For prucicsl
purpisis the exror due to the Inclusion of this siem may be negheied.

EII



Conlibirantioni

(m ) Thse soctiannsl ares of the (000 ml meniurmg oylisdes in which the
hydromesse {s 10 bed whall be determined hy measnring the distance
beiween the grodumions. The sectional area iv equal 1o the voleme
mmmh the 1wo graduations divided by (b srasurad distince

WpPlace the hydrometier om the paper and sketeh it Oin the soescly nose
Ehe lowest and highest readings which sre on the hydromiater and alsos
mark the neek of the Bulb Mark the center of the bulb which is kall af
the distance between seck of the bulb snd flp of the bulk

(i} The disiance [rem the lnwest I the coniler af the bulh §
ukyod reading a CYL Y

(R dp=Hy + L2},

mmd]-.m[rmﬂ-hiﬂmhjmmnlbummﬂ
the bulb shall bo mensioed and recorded.

(4} Draw a praph Iydrometer readings vs Hi and Ry, A sirnlgh ling §
obezined. This calibouthon curve s un:l'ludlh.'lltdih:rl?lfrrmﬂl;
readdings which nre saken with m 2 minsies.

|} Froan 4 minotes orwands the readings are 1o be tken Immersing

Wﬁﬁﬁﬁhﬂ%mﬂh&ﬂmw
S0 cormection

mﬂm particle i applied to the

(1) Comrection spplied 10 the Ry and Hi

— L Y B i
AchoBowih



V= Volume af hydrometer bulb im ml,
A% =Arca of meusuring cylinder in em’.
From these two coerected readings draw graph (@right fing)

Urain Stee Distribution in Sofl-Data and Cabkculation Chan
Dhatg:
Sample Mo,
Total weight of dry sodl raken, W =
Speciific Gaavity af wil, G =

Hydrameter Mo, '
e .“'-,?'r © WL OF soil gone

Memscus COrTeCTion
C 0090000000 0000000060005
Ipitadon ageni comectios - ?
Resding in water W -t -

Tﬂﬁmw-

% [ince fow Wi or =il W, geac T

mnmﬂ“ "i-nlm:uﬁu'. u*_ﬁ m:pj L9
- ¥ in iy

Elap o Corre 2 Voo
1? 'I- ﬁ neading H:nhurn '-':nmh"" '"mn'm
m Lo o L £l 0f e [

crer




a. w5 oY & 3 - SR L S
i Menme Readin ¢ V=7 Panicle or
Hhec B p R D | S0ll)

s Ca)

The comuintemcy of 8 fine-grained soil refiers 1 s lemnesa, snd it
vigrka witlh the water comeny of the soil.

A grodual incresse in waler comten Causes e soil o change
irom vafid 10 sewel-sodiil 10 plasiic 10 gl mmes, The wiler contents

al which the consdstency chamgrs fem one abae to the ather are
called cnasintency limits {or Atierberyg limin

The three limits are know as the shiinkage lmis (W), plastic Timi
(Wel, wnd figuad lemit (W) as sherwn. The valises af these limits can
e obexined fromm laborniony L,

Two af dhese and utilieed in the chassificaion of fing sedl:

Liquid limit (W} - change of comslstency from plastic o biguid s
Mﬂmmr]*dmwﬂ'mﬁruq'mmblm:i'm
plastic sime



&

The difference between the liguid limit and the plastic Hmil & known
o 1l prlasticity imdex (lp) aoad It b8 in this ramee of waler conbert s

bt soil hus a plassic consigency. The conalstency of most sodls in the
et will be plastic or semni-solid,

LEGUTE LIMIT TEST 1

OBIECTIVE

| .Frepare sedl speeimen os per spevifleaiban.

2. ine the relmlomshilp between water contend and sumber of blows,
1 Dvow flow carve.

4 Fimd oxl Biquid Fimia,
NEED AND BCONE

Ligquid limi b slgmificant bo know the soess history and general
mﬂdﬂnlhiﬁlmmmﬂrmlnn.thnlhanmH
lmit thy compresshon index may be estimated. The compression indes
value will help s im serslement analysis, [ the mamrs] mobstare consen
of 50l |s eluser to liguid Yimd, the soll can be considered = wafi if the
maisiurg contesl b kesscr thon Bquids (iesit, the soil can be considered
m soll if the moisivee content i lesser than Nqusd Bms, The wail @
hrintle and wilTer.

THEORY

mmhllhwmmnﬂlﬁhmhﬂnﬂh
& manidard wood into the sample of suil iaken in the siondard cup, closss
For 10 men on bemg given 23 bhows |n a wandard mammer, At this fied

¥he soll possess liow shwear strengih,
APFARATUS REQUIRED

I. Balarce 2. Ligquhd limit device (Compresds’s) 3. Oroaving
wol 4, Mixing dishes

5, Spatuly 6. Flectrical Dves



PROCEDURE

L. Abaul 120 gen of nir-dried sail from tomughly mined portion of
matevial pussing 425 micron 1.5 sieve is 1o be ohlained.

lmummhﬁﬂnmmmﬂw_hnmﬂMm
farm uniform paste, The paste shall n comsnlency would
reqquire 3 10 35 drops of cup 1o cause cioser af stundan} groove (o
wifTicher lengeh,

1. A portion of the paste s placed in the cup of LIQUID LIMIT devace
o apeead into  portion with few strikees of spatisd,

4. Trime il 1 o depih af lem ot the point of maximum thickness and
zmmn:-;-_,ufnum the dash

5. The soil im the cap shall be divided by the Tirm strowes of e
groaving tool ulsmy the dinmeter through the contee line af 1he follower
a0 iisl chesn sharp groove of propet dimenson |& farmed,

i, Ll mnil drop the eup by turning crand. ol the rate of two revolutions
per second until the two halves of soql cake come in conizct with each
other for a lengsh of aboun | em by Aow anly.

T. The number of blows requared 1o cause the groove glone For nboi |
o shall he recorded.

N, A representative portion of sofl is wken from the cup for walsr
canient determinatsm.

9. Repewi the tedd with Jiiferen: mowtare contenis o lesst three move
tirss for blows between | and 40,

CMISERVATIONS
Detnibs of the sample:. .

Naturl moisture comtenis,,. IRisomn empersiurg: .. ..



‘Weight of waier | ; |
! W-ll..hl:lf_tjl | ) - _i
" !

Al islane comien ! . i
L _
Na, of hlows | _-_'l _i

CEOMPUTATION f CALCLTATION

m-mmm:mmhﬁm“n_man
axia) and mamber af blows (on n-uxis) on semi-log graph. The curve
chvigiied is ealle Muw curve, The maisture coniens cucnesponding 1o

'H:iﬁp[bhﬂjnrﬂdfbnﬂhmmiﬂhi.“hﬂﬂr
expressed i the dearest whole snimeser,

INTERPRETATION AND RECORDING
Fhow imdden Ty= (W-W, JilagN M) = slope of the w parve.



PMasticity Index = wpw, =
Temghness Endex = 1,1, =

PLASTIC LIMIT TEST
SEED AND 3C0OFE

Sail m used Ter mukisg bricks , tiles , pnil comenm blocks in addition i
bes use @ fiousdation Gor sirusbees

APPANATUS HECUIRED

| Mercelxin dish.

2 {blnss plme Tar mlling the specimen,

J.Air tight eomdainers o determing e mossiuze conseni.

{ Balance of capacity 200gm and sensitive to 0.05gm
3.0nven thermsnstanically controlbad wilh nierior of

material 1o mairain the temperature sl 1057 gl 110,

PROCEDURE

|. Take aboswi 20gm ol thomughly mived ponios of the mmenal

passang through 415 macroa [5. sieve obinmed i occordance with
L5 T00 (part 1)

5
I M isaroughly with distilled waler in the evaporting @ish o[ the
sodl mass becomes  plastlec mough 1o be wsily molded with {ingom.

Y, Allow it 10 sesson for sullicient thme (for 24 hrs) 1o allow walgr 10
permeate thraughoat the soli mass

4. Takn shown 10 of this plastic soil mass snd roll @ beiwesn fingen
anad plass will jusl safMicien presaure 1o rofl the mass 0o o

threaded of sniform diameter throeghow it lengeh. The rmie ol mlling
shall be Betworn 60 and 90 strakes por mimle



3, Contimwe ralking till yosi pet a ihereaded of 3 mam dinmeter,

. Kneed the sid 1ogether 1o & wnifonn mass and re-roll.

7, Copudinue the process until the ihread crumbles when the diameter |s
Y mm.

B, Cuslleet the picoes of the crombled thresd in ale light conaimer for
spistire conicnl desenm mation.

9, Mopest the towd to adlesst 3 times and (oke the avernpe of the resulne
caliulabed 1 the nearest  whasle number.

ORSERVATION AND REPORTING

Compare the dinmster of thread @ Intervals with the rsd, Whens i
digmeter reduces to 3 mvm, note the surface od the thresd for cracks,

PRESENTATION OF DATA

Coniminer Ma.

W1, ol contadner =
bid, W '

WL of corstalngr = Hd
= ilry sampie, W'y '

Wi of dry samjile = ‘
Wi W,

W of waler in e |
il = Wy Ws



Water cemient {94
- (Wi Wa) (W = |
W E 100

EEREEEEEEREmEEE

SHRINKAGE LIMIT TEST
DRIECTIVE

tnmmmwnmﬂmwum rakion fi
e givern soil, e

THEORY

h{ﬂﬁiﬂilhﬂﬂ%ﬂﬂnlnhﬂﬂﬁlmlmmhﬂ
lnﬂmnlnﬂuhﬂmmmunh:]uﬂumllqulddd:hphh:
sate, from plastic stale to semé-snlid staie and then 1o solid sigte

¥odume changss sl ocour with changes in water connens. But there Is
mm-whhwmwmmmmum

valume change.
NEED AND SCOPME

Soils which undergo lege volume changes with change i
mwhmmvnhtﬁmf;-mﬂuﬂ;:m

ol bt equal
A shrimicage limii test showld be performed on 8 soil.

1. T eitiain n quantitative indbeaiion of how misch changs i solsire
an peeur helom any  apprecishle valume changes oecurs

2. To obtuis g indficaiion af chenge ik volame,



'ﬁ

Tﬁ#ﬁﬁﬂtﬂﬁllhﬂhlmmﬁiﬂum iinideres latpe volume
ﬂwmnhmmu[w Wit emd Ay eyelos [y in case of
damsy

AMPARATUN

|\ Evapomting Dk Fovesain, bt | 2em dinmuter with fla botigm
2. Spanals

lthnmdmeulhrthﬂl have promgs
T Eitrul:rnm-lﬂ!-ﬂﬁ:rmlhhu
L thmhumﬁnﬂ&-w

9 !’I-ru:lu.u_nhu, mq-r:npunhy of 24 rnlmdlﬂlhnuﬂl-nl:l.lu]
and 100 oo v sk M),

10, Balunce-Sensitive e L0] g mirinym,




1. Pl nbautl 30 g e abave soil sample in the evaporating dish anid
vharoughly misex) witly dissifled walir and muke o crosmy poste

g waler comiend some whiere pronid the Tigahd limli
Filling the shrinkage dish

4, Copl the tmido of the shrinkage dink with o thin loyer of YVasclioe i
prevent the woil sticking 1o the dish.

4. FIll the dish in theee layers by pacing nppeaximaicty 103 ed of the
oyt of wet sail whly the hetp of spiala. Tap the dish gonily on a
firm hake utdil the =il Mws naver the odges and no apparen air bubhlcs
eulst Kepeat thin process for 2nd asd Ind layers also 1l the dish s
eomphetely filled with the wet sall. Sirike ofT the exoess sinl ael make

the 1o of ihe dsh smooth, Wipe ofT all the soil sdhering o the cutside
ol the dish.

5. Weigh immedimaly, the dish wiah wen sl und record the welght.

. Ak dry the wet soil cake foe & 1 Bhes, umil he coloar of the pat
turms fram dark w [ight. Then aven-dry e to coivstant weight al 105%C
# 1 10°C may aboul 1210 |6 b,

T, Remive e dried disk ol the il from oven. Coal it in 8 deslcestor,
Then obtsin the weighd of the dish with dry mmple.

8. Determmang the wekght of ibe empty diah and record.

. Debermsing the volume ol shrinkage digh which is evidently cqusl 1o
valume of te wel soil = folkows. Mace the shrinkage dish in
evapormiing dish and fll the dish with mecury 611 I overflows
shightly, Press it wigh plain gliss plate firmby on its top (o remave excen
mercury, oo the memory (o s shricknge dish Bio o iscasring

jar and find the vobume off the sheinknge dish direetly. Recond this
valume us the valume of the wet soil pat.,

Vulmnse af the Dry Soil Fa



10, Determine the volume of dry soll pat by remaving the pad frim the
shrinkage dish and immersing it in the gl cop fll of mercury In the
fullowing manses.

PMace the glass cup in 4 larger one und fill the glass cup to |
with mercury, Remove the excess mercury by covering the oup with
wlase plate with prongs and pressing (L See that no oir babbles are
:lﬂnmﬂ.mp:mdmmﬂlufﬂ:.hlmmmmm
mercury, Them, place & in ancther larger dish, which is, clean and
ey caredlally, .

Place the dry soil pat o the inercury. It floas sibmerge It with the
Fwﬂﬂillﬂrhlﬂlihhu-hmﬂihﬁﬂmnpﬂmum.rh
mﬂ'lﬂlhmwmhmﬂiuﬂwhmmmh

lhphrﬂh'ﬂtnﬂlpﬂhmhm:ﬂu-}ru}'ﬂﬂudHlemcnr
b 304] pat directly.

CALCULATION

LR L S —

Shwwliage lovs (S0 (W 0 0V W O e 10
W W baaman sl of wat 1 par (4
W= Vohwne ol ol st s 5mid
W= Vkawe of dey vl pat m 1m ]

W= Mgt of sem deyoond e

CAUTION
Lo ot nouch the mereury with golil rmes,
TABULATION AND RESULTS

SNo DeermimtionNo. | | | 2 | 3 i

Wi, ol conisiner jn .
| B
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Classification of Soils
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Sl Classification:Systems

L. Particle Size Classification

1 2. Textural Classification

';_ 3. Highway Research Eu.&rd { HF.HJ Classification

4 Unified Soil Classification System (USCS)

5. Indian Standard Ehs:sll:br:al:iun System (1SCS)
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S Classification ofGrainiSize
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TexturaliClassification Chant
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HRB Classitication Table

For A=T=5, Ti== w;-30 For A-7-8, 1. > w, -3
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Exampie

#56% passes 75 micron sieve,
~ Plastic Limit (w,)=23%
# Liquid Limit (w, )=36%

Plasticity Index (1,) = 36-23=13%




Example

Passing 735 micron=>33% I < 40%

¥ i b’ R NNET
LI o i ey B s 1 e

I_H.-I -




Example

Group Index Calculation #36% passcs TS micron sieve.

¥ Plastic Limit (w,,) =23%
> Liguid Limit (w, )=36%
> Plasticity Index (1) =13%

= 36-33=1]
b=36-13=41, Take 40
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Plasticity. Chart
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Plasticity Chart




B &8 B W B D O E
e e S

symbal (CL-ML).

+ B Ir-'l 'I||_-I|-.|‘.-I-:.;._I'_ ] .I'.J'.I..-I:'I L | el .k ! ip -; . - ._ ; .- i || .I. .



" —
L1 A i i, iy B i [ ml |, AR W
Ll LTS X
R i L T S et ; g B M 0F
it alll P n o 1k Bk A
.. —
e = , T £, P I —_—
I iy H, i o
| B i i, e P Plass | AR E i
= 5 ~
| —— i ianm o .-..-.-.'l.'l.
reteaind W
TSN E| | Hrm o b= & - ki
F 1 i |
I & s .
IisF k= W
[N = i " L
O SRS
& | 'I - i
- ]
il - __ LAl
b ] T
Ll = il
= l_r"IH- ‘riln |
: th _—
- N E E F Y B E =
I
= N

RN WHLE
e

Iipiadianibeh # ol sl



Typical Name

Well-graded gravels

GF Poarly-graded gravels
M Silty p:ull.
I'EE- _L'.Iiim-' pravels
S | "Helj—g;udui.:;dq.
P anrfr!;ﬂﬂn-d ETEY
et | Silty sance. N
o 8 ﬂ-!}'l"f:l-lﬁ-lil..




Group Symibols and Group NS

Group Symbaol i Typical Name

CL Inorganie clays of Tow plasticity.

| tnarganic silts with slight plasticity.

Crrganic soil of low plasticity.

Inorganic clays of high plasticity.
Inorganic silts with high plasticity.

Organic soll of high plasticiy.
Peat.




Example

Passing No 200 meve MG

Paming Mod wieve 70 %
|

Pi= 12 _
Fl= 0L THLL-200); A-Eine

Fl=0. T 15 2H]=4 45

Pazsing o, 206 sbevs 30 e
Passing Nood sieve T %
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Classilication Group:s
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Classilicarion
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INTRODUCTION

Definition

It 1s the property of soil which allows the flow
of water through it.

— - waler

=y

loose soil dense soll



Importance of Permeability

The design of earth dams is very much based upon the
permeability of the soils used.

Ihe stability of slopes and retaining structures can be
greatly affected by the permeability of the soils involved,

Filters made of soils are designed based upon their
permeability

Estimating the quantity of underground seepage



Darcy’s law

Wi'hese
A = e croxt sschon of woil samiple

L Is the length of the soi wamgile
Miv i Tha kead at 1the gt
thenst (8 thae Bl at 1ha ot

0 g the dichafpe
[ is thés FaIR ol fescharnge per umt ima (f] = a1



Darcy’s law

It states that "In a saturated soil, under laminar
flow condition, the rate of flow of water

through given sample of soil is directly
praportional to hydraulic gradient”

V=q/A=ki
q=kiA

Vilerp

V i the superficial ..-E-!e;lm:,. (mifsar
L i the co-efficent of permeahiin

e by [myfeag
5 thae Mytraglic gradient= {h .k :IT-'l |



Superficial velocity

it |s defined as discharge per unit cross section

area of soil
whers |
W g the superfical valocity {my/secl
g is the discharge PBEF L | fafrig

A is the area of the soil tample



Seepage velocity

It is defined as discharge per unit cross section
area of voids to the direction of the flow soil

Vi=a/A,

(L PR

W, % the seepage velocty (m/see)
£ 15 the discharge per unit tme
A, 15 the area of voids

Relationship between superficial velocity and
seepage velocity is

V. = ¥/n

AW ' pomaty



Particle size

F'I"ﬂ'p'E'F'lIE'E I:If porg wrater + Waid reafes

Degree of saturation
presence of entrapped air & other foreign matter
ctructural arrangement

stratification of soil



Particle size

The Permeability varies approximately as the
square of diameter of the soil




actors affecting permeability ¥

Property of pore water

The Permeability of the soil varies directly with
density & inversely proportional to the viscosity

of the water

k = y/H
k=1/p

kp=constant



Factors affecting permeability *

Void ratio

Increase in the void ratio increases the area
avallable for flow hence permeability increases

k = e¥/1+e

Waligig
F 11 vl ratio e 1hE sl
pormeaiity &



Factors affecting permeability ™

Degree of saturation

Higher the degree of saturation, higher will be
the permeability

Presence of entrapped air &
Other foreign matter =

The entrapped air and foreign matter will block the
vouds in soll results in decreasing in permeahility




| Factors affecting permeability *

Structural arrangement

For same void ratio the permeability of the soil will
be more in flocculated structure as compare to
Dispersed structure.

=z —lL =

Flocculated structure Dispersed structure



Factors affecting permeability *

Stratification of soil

Stratified soil deposits have grater permeability
parallel to the plane when compare to perpendicular

to the plane
k2

K1 NN

k1>kZ



Laboratory Testing to find

coefficient of permeability

Two standard laboratory tests are us to

delermine the coefficient of permeability
of soil

+ The constant-head test

The falling-head test.



Laboratory Testing to find

coefficient of permeability

The constant-head test

The sl head il v wsed] PnmenPy dor coam
graineil siil

I Bas 1wt 12 Bt omid the agnirsrs e of Lamines
fhoi (Darey's Law apply) |

==
oL
J
|
I

W her
L = sl ol waler collection
A oroan eectiM aren af soil epegimen

1 = durslin il weiler cpllecdion

AT 3 R, |:-. -



Laboratory Testing to find

coefficient of permeability

F-a”'”"l'g HEECI TE'Et @ = gy srod bewl| sl Ja

o
arvy 4xf el g W
ik
= Varatile Pesd method & sdoptes 1
| L] I'I-;|"|!|.- .I'II_'"_-l IR S Mgl e my .
= Thes tesf i conduictes] w®aEn waler o
througs tha ol s very imall such that i | | [
b very dificult o mesure dinchidge i)
= | ] o™ i g . B
-II:“:“.“L 'II‘| K= iFnee s i pete g | t &4
R= S— erimnal np Aoy et
L2 L i =T o
F exul el = Ll o 0L
rI ;r;- b= _'_I - _' _I .
Wharp e Tt T w—1
B, b the retial Feas s b Lo : |
h; i the fnal haad | | | |
& |5 the s amed of (ha stand pipe |
A iy The o'y ares of sod wsmiple .
L 1§ the length of the soll samgle —— —

1% EhE Lemie
[ SRS, T —



Bamsbend Frowtenr 3 | pul i o 3l Sopd
TH = PR o) e of wad sl mm e e A IR WS LT DA W G L il i 3 Ly The il i

i L vy p B e e many [ PTT INE Ml PES AR

T mosl i w mhi & dm ws rrew are ey w1 a0 et b Dby jderakad By da et Pl b e o mesdend wwd ol 1 myrkes sevepd
el o Rt LRI SR TN T N R Tt ey B T -

L Bk mad e ol S pwE L s i sken Ak bl b dea [ T [ R e R & il bt & i, 1 Pl ! P PYER bR semTEmee o
o mrrt T The dey ety ol bnad o o o Bl g el wakn e Fits ey e = rpT . prryvy P s ce—







‘ -]ti
!

The sy dwymi
el
-
T
o fepr ol sl O {F ML md
iy sy
P dilliidd
ads H EIT A9Teye



LET - I RCETTSTE Py S FTST=S

Thain r-.._-rﬂll.lnl_ll_l._"l Tha porpas b minerwil B0 st on Do Mooy s L0 i by, o open oyl o i 0 Pty oo - vad
wtal e bmimty sl prevrwer e b el Vi i ] b dep— v e




LR T AT,

HEEEEER] [ P ey s e e oo P ad TOF AR
i il Bl L

SR DT e iy e A e )P DM [ sl e kL ey e Db g ey )







Ton mprs e wmamern o Sisiuii Lo 0! ool ol BN it s L R R T R I T ayp— =ty habmmn dp Uy vy e o

Vi wrst 2t 1 wbarin o T TR iy et 11 R 14 AR i e e e e T T T T e ——
dsmme s and 4o P b ol 4 b em by @i FR PP PR L I ere—

Thes! v st o 18 b o st 5. Vi sl oo 3w sl & oo ey o . Tl s i el i iy e, W sl Sl b o

Wl i g T (TR L = whn (b b i T B P P L il e 3 g ey P s b L R R
el L L TR, SN TP SET PIPY PSR T | SO S S ——



!-mm-nhm mﬁdlrwﬁmmdmnihrﬂ:uu miress wilkuin b
nonil, Whintn tha veiilet jressre ml a poinl i e soil is equal io the soial
veriicad siress ol thal paint. the effective stiress s oo and ke 50|l Bas
i fActicead resksiance 1o defoemation. For @ surface loyer, ik
vertieal effecrive stress begomas pero within the laydr wihen dhe
uprevard Wvdranlis gradsent is equal 1o the critical grafient U Af 2em
elffectve stresx sail has very biile sirengih snd layers of relatively
impzrmesble sail may heave up doe o the smderly g water préssures
T ks i skrengih due (o upward scepage 9 8 conumm conimbuies
to leves filures, The condition of toro efTective sfess mmsncliled with
upwand seepaye i also cafled ligpefaction. uiskaand, or a hoiling
enngditin. Lhaicksand was 3o pamed Pecause the soll partcks move
aroiind omd sppear i b alive’' (g bibfical maaning ol ‘yuick” - m
oppirsed 1o ‘cload | (Note that it s neot possibsle fo be "usched dosn’
min guicksand. On the comrary, you wosabd Noat with sboent ball’ vour
by 00 o the wilir, )

Flow Nets

Craphical frm of salutions fo Laplace equatios for twa-dimensioal
seepage can be presesied i flow newe Two onbogonal wets of curves
feem a flow net;

+  Eqpuipotential lines connodding poss of equal toinl bead b
v Fhow linm indicnting the direction of seepage dovwn & Bydrmilic

Twu flow Bnes can never mee and sinilarly, 1wo eguiposential lines
can fever mom, The spece between two adjacent (e lmes s kniven
as o Muw chasnel, sl the Tgure formed oo dhe fowno boiweo sy
oo adiauen Mo Tines and 1w adiscent coulpotcnial e is

refermed o i & fohil. Seonege chrmgh mm embukmen dam bs shivamn



Flow net
“:nﬂmr&fﬂmdh}-ﬂ'h:ﬂnwllmmdhﬂupum which
shows the path of Now oa well ns the dissipation of potential
it 0 system of seepage trough 8 laver of soil.

Propertics of flow net

L. The flow Tines und equipotential lines meet uf right angles
1o each other
2.Two flow line pever erass cuch i,

3.Two equipatential lines never cross each other.
4.Flow and equipotential lines are smoath curves,

J.the guantity of water flowing through each Now channe| s
ERRTE

ﬁ.nm;mmil] drop occurs between the successive
equipstential lines,

7.Two flaw lines or equipatential line never start from the
BAM¢ pobm.

8. Smalles the field , gresior will be hydmulic gradient,

AEFLICATION O FLOW NET
Thlﬂﬂltﬂﬂmmtﬂ"hm*:mwhunﬂnﬂnmhl
salutioms flor many seepupe problema such g



1. Esnmation of seepage fasses frow peservaies: 1o possible to use
ihie ow met i the ransdormed space Lo celoulnte the ow undemeab
the dam.

1, Determinntion af wpiift previres hetew danns From the flow nel,
the pressare head al any point al the base of the dam can be
diiermisied. The uplifi pressure distribstion slong the base can he
drawn amid then summed up

3, Checkimg dhe povsibdiin: af pipg beavark deany: A the fos of @
darm when the upward exit hydrsulic grilient mppeoaches unity,
boiling condition can oceur leading bo enoalon in soil and conseguenl
siping. Mamy dams on sall foandation have fled becouse of o
sudden farmation of 3 piped shaped dischitge channel. As the stared
waser rgshes ouL, the channgl widesi and emastrophic milure esule
This |5 alse ofien referred 1w s piping Tl



Chapter-8
Lateral Earth Pressure
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Chapter. — &
What is Consolidation?

When a saturated clay s loaded axternally,
S TR Y 1T

saturated clay

The reduction in volume will Takes place by expulsion
af water from voids ower a long time £
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Compacﬁun VS Consolidation
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Types of Consolidation

The total compression of a saturated clay
strata under excess effective pressure
may be considered as the sum of

= 1. Immedijate compression,

s 2. Primary consolidation, and
s 3. Secondary COMPression.
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2. Primary consolidation o

If the rate of compression of the soll layer is
controlied solefy by the resistance of the flow of

water under the induced hydraulic gradients,
the process is referred to as primary
consolidation. The portion of the settlement

that is due to the primary consolidation is called
primary consolidation settlement or

compression.
Change in volume by expulsion of water



3. Secondary Consolidation

Compression due to the compression and
redrrangement of the clay particles and

clay layer. It is linear with logarithm of
the time,



Basic definitions
i. coefficient of

compressibility: T
Coefficient of compressibility |

s defined as change In void |

ratio due to per unit change 5
in effective stress. It is

denoted by (a,) "y
Ag

%=,

ia




Basic definitions

2. Coefficient of
Volume Change:

The coefficient of volume
change is defined as the
volumetric strain per unit

increase in effective stroesgs,

It is denoted by (m.,)
av
v

1 B - -

¥ ﬂ#;'



Basic definitions

3. Compression Index:

The compression index i defined as
the siope of the inear portion of the
woid ratio (e) verses logya'y « ILIS
denoted by (c.) M .

Ep = — = Y
mym{u'—'“i'

Terzaghi and Peck
£, =0.009 (LL-10) for undisturbed

C=0.007 (LL-10) for remoided

logyar s



Basic definitions

#. Recompression Index:

The recompression index is defined
as the siope during reloading (c.)
ful:

ep == ——g-
Iﬂ'ﬂ 1|;||:E.TT:| @

Terzaghl and Peck
frnﬂ.ﬂﬂg {Ll-'lu.:l for undisturbed

£.=0,007 (LL-10) for remalded

(D01 »



Normally consolidated clay and over
consolidated clay

« Normally consolidated clay: A soil Is normaily
consolidated when it has never been subjected to
stress higher than the present stress.

« Over consolidated clay: A soll which has
experienced higher stress in the past than the
present stress. 15 not type : of s0i but |

« Cause of aver consofidation | '8 Pﬂ”ﬁﬂ”‘"

. Removal of the overburden; .m-p-:nl e

excavation, erosion, landsiide ete. | Over consolidated clay)

. Bemoval of the structure

«  aration In pore waler
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Terzaghi spring &Ralogy
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Valve Opened @ Valve is opened; The
system is equilibrium,

el Ve i 8 prten

Wﬂlurl
" This is similar to the soi
before loading
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When valve is opened the
peston start to move down
and the pore water
Pressure 5 gauge

reduced. The applied load
s now share by both

spring and water.

At final stage; pressure
ghuge shows Ust pressure
(g} (d) all load ks taken by spring,

= The amount of settement in the spring is depends on the
stiffness of spring { comgressibiiity characleristic of sail)
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Consolidation test

To determine the compressibility characteristics of

soil one dimensional consolidation (ODedometer) test
is carried out.

Objective of test:

1. To determine the amount of deformation
2. To determine the rate of deformation
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= Procedure;

1. Sample is placed in the cutting ring in between
WD porous Stone,

2. The lpading beam is then brought into contact
and dial gauge |s set at zero.

3. When first locad of 10kN/m? is applied reading of
dial gauge is taken at 1/4, Vs, 1, 2, 4, B, 16, 30, 60,
120, 240, 1440 mins.

4 Now load is doubled and dial gauge reading is
taken as in step 3. Load is doubled upto 640kN/m?
5.Unloading is done by removing 3/4™ load
and reading Is observed as earlier.



. Determination of void ratio
A, Height of solids method.

W Ah-Ah,  h=h,
G """ ah, &
B, Change in void ratio method.
DAY ka
BV I

h= ;
final height and, e= fing void ratip
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L felbing mel
Oy= 0-%AT d Bega et "y ""‘4
T

Determination of coefficient of consolidation €y )
1. Logarithm of time : Casagrande method

'RS0=(RE+R100)/2
:Tl.r-{E:'u- ty/d? :

Tw=0,197
|Fnr5u% consalid-




2. Square root time: Taylor method

T ——— s

et T T S——
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Terzaghi theory of one dimensional
consolidation

Assumplions

1. The soll is homogenous

2. The soll is fully saturated

1. The solid particles and water are incompressibile
&, The flow Is one dimensonal

5, Darcy's law s valid

&. k and m, remains consiang

7. There Is unique relationship betn void ratio and effective
stress and remain constant



One Dimensmnal Cunsﬂlldatlnn

saturated clay

Inflow = iy w dy =
Qut flow = »

i:lhrl!;p:-:{:ij. +"—H|Err|:tr}

Difference
of e’
T=grrdexdexdy







_Bolution  of one-dimensional equation IS
complicated. The approximate solution used to

calculated degree of consolidation
.WhenU<06: T,= LI'*-E

i, When U > 0.6 :
T, = —0.933 log(1 — &) — 0.085

k¥



Se
ttlement computations

. consolidation settiemean
UIVIURI RIS dan |
TR, wikIng m,
T
: | setthamant = my, Ao H
S L~ e
N
- S L J:l Irr .
_J,..-* settlement = -
s -+ :'_I. H



Settlement computations
~ Fomputing Ae using e-log . plat

If the clay is normally consolidated,
the entire Ioading path |5 along the VL,

o

N\ s-

c Iug +ﬂn:r
l+¢, o

Vir




Settlement computations
-~ Computing A8 LSINg e-log o, piot

If the diay is gverconsalidated, and remains S0 BY
the end of consolidation,
'+AC

- crog™=—
ag

l‘ 1+E'|:| : v

-ll P-I--I-'_‘--.'._ II
r.#l \\ III
note the use of &




Se
ttlement computations

== LM
puting Ae using e-log o, plot

IF an gverconsolidated day becomes normally
consolidated
h]l' 'I:I"IE EI"I-E' ﬂfl:-l:l-!'ﬂ:lrl'l:hﬁm I
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FOUNDATION ENGINEERNG

Fespselasm is the Bress pan of 1he bailing or the chol sinstaw tu o
fipoct conttac iy the mil which trmafees loady froen e sinacasi n te il

el
, the fpvarabstion can b chmsified i o, nessely shallas

Gemrtally
Faustedunfinm 2] dewp fonmdaling h
Fparzamy gf [oaradations

1 Provade averal Ietersl siahisicy foe she structier

1, Funssslwron eenvy the lisetion of provading o level surface for the comtroction
red subana i

1. Lsed Eriburioon = carried oo evenly
4. The b intemstty is reduced b be within the sfe besring copsaiy of the il
S The send marvernent eflect i realsted and prevenosd

b Scoumg md the usdenmiring raues e wived by the comstrictios of
et

Im the folfowieyg table the muin differences between shallow 2 decy
leundation are gives:

(1] Defeion |Fosduem which in | Frasiuiation which s e sl g
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