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DEFINATION AND PROPERTIES OF sSOILS (QM)
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B+ Degqrae of saturction (s):- G
g = Volume obf WwaeYr a6 v O
volume of volds : ¢
/ . .
S = Mo xio0 Y
Uy '
[~ror - dry soll, Vy =0
s= 0/
For -fully sSodurated Vw =%
S, S = 100+ (or) |
]
AlY o =W
For a Sotursted Soil, Uq =0 ‘_

e B o/

For dwj soll, Vg = Yy

Q. = toO'/.,

Range: |0 < do. < 10O

{

i

o_\(.
N
)
NA
e

I+ e

1S = 265 (10)

I+ e

e = 016

guw = S &
Q2-65 (po0t)= S (0-76)

S = v70-/. = S +a,.=teo/ = a_ =30/

e g e g



DOWNLOADED FROM www. CivilEnggForAll.¢on
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welght of cdry soil + contalner = Wy
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clry soil sample- when  the soll s Poured {rrto the gradu-

void vatic of sou- v .
A Givens v = us cm? , Vg =25 cC -cu:r &
dry V= ysccr
& :
e = MW , |
Vs
-V =Vg
VS L.y AsTCC = VW
= ys -2§
e S =2 - 20 _ 4.g
QS 25

A Saxduroxde d Cla‘j has Ity COfT&Eﬂ't' ot =3-3%- and
btk SF'%‘@UH—‘:’ of -84« The sp- gravity of Soll and void

voho 9
A- w = 39-3°/. G = 1.8Y ( bulk or mass)
' m
/
e = WG ~ ( Soduraded B ()
| S
e = 184 (0-393)

e = 0123

Y
= d
G“m (advy) —  ——
iLL!
_ ¥ Gte Yy
G‘m (SO:(-) = Sot # (‘-{—Q (S8
Yo :
(98]
b+ 84 =  Ygar + f‘)
10 G Eife
/5 = 184 KN/yS
N _G\“F“G_> = 18«
i+ e/
ChtC —_ g -4
Sy 4+e 10
G = 1°8M (H—e) - _—_) 1.84 (1+023) —0723
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SOIL STRUCTURES  AND CLAY w (‘:M_)

e e e ——

Types of structures:-

- single grained  stuchure:- A -
coars rained soil :
cC‘-GvS < G—P:Ovs ¢ 9

Fine grained soli-

I wheh c.a-s material are  arvonged in loose chk:ng

the densi-hﬂ i< oW and vold vato IS mq_z_dmum.

Cmax = 0-ql

void 18 taken 0 sand or grave] W

= 0.9 _ Loose ’oacking

LQRAARRE

=035
Cdense dcfise raack?ng

J = d3 A |
T 7 e . e
Ve = '{T"dj g ——-35Phev9. is ’)ac B
B = ‘
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4 . . o 3
VPR VS

e Honefj comb stucture -~
I+ present 0 fine Sands oY  Sitt-
9. Ondey Vibvations and  shocks, e  chucture coliopse a@nd @¥ge

deformation  “okes place -

Cloy Hinevalogy:~

Koo linide | ~ /
i3 C'Cuj mincral /aipcite /ZANUmina

i-Sllica. sheet- and  Gibclte/ Allumina.  sheet  with equad  praportion:

2. Tt s a stoble minevals  NO Swellihg and No shrinkage

3+ Chino. cfo::! .
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INDEX PROPERTIES OF soiLs (3M)

Properties of  gol
¥ . .

Ewainee n‘/\g P'YOPQ rties

A

Tndex P'fo’f)@vh‘es
TIndexr pmpézrﬁe‘es o Fine cavm‘ned <Soils o~

Limit of consistency  ( Atkerberg's  (imit) -
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Solid | semi ! plastic | Liguid s
Stade solid 5 0]
y ¢ Hard) Stade | P
CLUCI'{EY O, = J\ & — & < a .
content) ( | Saturadion
CT
Wg e e,
O /- Wg
L.?cvﬁd Limit: ~ wede
(flow curue) I—F = (Wimwy )y (W - W) w.
o D '16 o Ny
%6 (73 %0 (D),
»_TF = Flow m\de H — Higher value
Grooumcj too| of water @ ,
R —2 NO: of blows
) U
ASTM Casagrandes
vsed ~HOr sit Lsed for sticky sitts. (clags) @v) ]Dlasﬁc
o {
e T . ¢

+ Shear Sif‘enqrh of sot}
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T T-F IS lincrease, Shear stength S decrease.

N
O

UJCI"'QT w H

w, sotts (Flatter, T.Fry, s54)

Soit 4 (stee,aer, I FP SsY)

l [ro, Ny

(=

~—> NOo. of blows

Fall cone —tests~

v T s used —for nNon Fkls«h‘c (or) Sitk (lboese) - and also f:l&sh“c

ggForAll.com

soils  (ov) clay CS‘h‘ckLJ St
Iﬂorcaan‘tc solls L.L < SO/
Orgcuﬁc: solls Of volcnie ash s Hfgh Ls b
Fot clays L >S5S0 ( /- of clay is larger) (cH are fat

clays)
Bentonrte L = 786-/.

Plastie LimHd —test: —

s

soit qusincj Qs 1L
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P-T = L‘L~- P L
Tp = W -y
Tp plastci: (Lecm dc.-ds — /. of clays i
o} - Non-plastic and sit-s more\_
<1/ Low Plasﬁc ( Lean days, clays h(lufh? o less
stcky nodure 'ES clled  fow plastic)
T~11 Medium piclgh‘c

217 ’H‘i‘cah'xj pla she



DOWNLOADED FROM www.CivilEnggForAll:éom

Shyin k&g& imit —test:~ &

wt- of only dish = w,
wt of wet soil+ dish= wy,

wt- of dry soit +alsSh = w

3
We=  Wa—ig
x 100y :
Wz -, Y, :
W = -
2 xt00 v
WS

Ul :U‘_'_’ VUJQ'{‘
/
(a) w.S = [w( — losc ot wader om w, ~+D ws]
SRR P
We W, = Puet ‘wd“.i
k) = Vd — Vg Wd"f
ws ( d S)Xw Y100
W
(c) wg = (Y =) Yo Vg = Ws
Wi ¥s
(Ud - _w_S_) LY
Wg _"‘__: '
¢
= Yoy Yo Y (% v
— B = | = T — =) E Yo
=y T |2 (e

D[ %]



ad- Wg = G’-/G‘

Shﬁﬂkoﬂe Rabio: -

FAQY

' - 2Y xt1o0
W, - w,

L
0
b
1
-
Z !
C
-
®
2.
(]
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AND

X (o0

QA3 = &5 -15 x 100

s

35‘—(168

\
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X) @R = VU - U v

1

. N o
W, W ¢ L £

= Yo -20 xloo
4o -VYe xioo

20 —
- 2.0
— e
O'G - O O« 6 —06a
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volumetic Shvi‘nkqae L -

SR (hM“LML)

SR (Wi ~W ) = &Y ryolumetric shvinkoge )

Av /
X 10D :

Ud

Wiy =W

= Bv xi00
Vd

Vd

SR (wH - WL) _ VS (UO'UMG"‘N‘C Sh'ﬂ‘(\kOﬁe_)

ERVUR UL'?‘l'o w, S =100,

5}

wWw=0, <€ =0

2 w=o0 aond wg , O0<KSy < 100,

- ® ¢
e = constont, Y8, = Ms
~ v
s- ® ¢ ®
e = variable , s, = Vw
UU
- B ¢ @
Av = variable , Gg = conStarnt -
O e @
water cartet = yanable
g 0§ @
Sy = constant
..
APPSC:-

e I - = /.
| = C Nerbral 277/

X T N'Cnodw‘cnl :_L(g‘-/,

Ly
s

Is

— G\‘me

(+e

Wy § %p ‘
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Chuus se

iNg = 1 &

X {00
Q72

Consistancy  Index (Te) -

T = W~ Wpatuml

W, —Wp
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Toughness Indexi- (T.):-

T.. = —Lp '
T = Ty ¢ —
Te ’ ‘ 8.8

AC'ﬁui'{\j -

/- Cf@\j frochion

A o7 —1a5 CNOTMG.()

A = tras (¢ Active)
EXL—-Soll  genonrte — High suueumg and
A>4  For montmort tlonse
C-G S ( Index pYoperties) : -
Densn-ﬂ Index (xp) (ov) Relahive D@_ns}{-&, -

L = e’nm -C
= K 00

Cox —Emin

V-loose (Rp=0+-)
Loose

Mud
Denge
V:bDense ( Rp=1007.)

Note @ -

Range:~ P/ S Ro < 100

Shvinkoge

Relaxhve der)s}-t\ﬂ ‘st 1S suttable —for Evicton Sotl-

Relahve: densi%h,] Descripﬁon |
o). 1S very toose mederial (This soll is used —for
- qrouwd improven¢
15— 28/. i00se  mModenal
35~ &8s/ Medium  mectevial
65~ 8s+/. Dcense Madenal
Z By very dense mestetal. 7

3 General shear fujue ocuwr  ushen Rp 7 30-/. -



Shcxpe of PClY*'ﬁd@:‘~
Engineering onpevﬁes de-’cends on  shape of Porh‘de_

(coarse grained S0il) - . €
< ™ Angu)cvr — Arraie ot fiction (@) 1S ﬂb;e o
O sun-onguer B
p O Rounded :
_,"\
et — . .
= O vounded Angle of -&icton (@) is less
O F3 . .
O [ C-Ges Mmoterial are ca@n@rcmﬂ called Bulky maderial @) .
BD \de-
?53 Pox“bcle
+D
KL‘CLDpoo*ﬁcI@ size digkibuhon:~
(@))
C *
|.|_J soltl
.S ]
O J \L i
;‘ C S FO00rS .
< 1 N -
=0 , {, Einers (Sit or clay) '
Ekean sand (or) grovel Fthes ( Hyar ¢ et
e (st ometet tes
gor\j sieve ancﬁ\dsis i ,(‘M)CM) { ) ) :
\ (et sieve @1 sedimentxtion Pippetie fest 1s ]
LL IS used) '
- analysis s conducted) conducted)
LL
g IN 75 Seve thevwe are Q00 oPem’ncas in  One  inch-
@)
— 100 : raded
Z C)n'rfc‘l‘m‘j ﬂ .
90 . ' i
; a0 “ / well %TCLde
8 70 -
) o A ;( Gap graded
40 —1 ;
0 -~~~ g ;
) (
20 f |
Lo D
o D D3o’ DGo

i PCLY'HC\G ISt



coefficent of u.n’rfbrr)%j (Co)L— . @

{2 CU = DGO

" Do

¢ . /
. Dis 'S also called cffechue size (mm)

c 1+, cannct be less than N

A untormly qraded  gail, Cp les between | and o
vayel!
A well qraded gef"v Cy, Must be qreater  than k-

For el

F oo

qrded  sand, ¢, must be grecter ~than &

5= pprformiy graded <sett i alse cafted pesry graded Sol ¢

C.GC‘-“!":‘H cient ot curvature (Q 1“) CcCoNcav HILj Cor ) (3 late) crh‘(‘_}[) (Ce )i

a
CC = D ag
DGo R D,o

I~ Tt ’represerﬂs Pcu-h‘de Size Ccurve:
- FOC well graded soll, c. les in between | ond 3

3. For untformiy Qraded  soils, <. &~ |
00| - — = — =~ — — = T | ~— ==

{i 10+/.Jgrasel y er

vo | 47 (
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C-S- { )
o/ sand ——> weill graded sand
RS ‘:; Ao > Uhformly  graded _sand
i e ,
Yoo/ |sitt - /
P
o r ] 7 Coor
' B & ¥
lé— Clcud ‘ﬂk——' sit -——-——:\k*‘sa"d‘)lé_@\m_)_ / L .
: 7S 2mM clay Stk sad grovet

— PC\Yﬁd@ si{ze

— T cwuve & -Pvesem* in Groval zone then the cuwne 1S

called  “Untformly groded  Gvawel” (or) Some other curve-

— well graded ar " wide Rcmcae" (Cu”€)

1SN

— Foorlg Qroded Qe Narrowd o g—\@eP Rcmcaeﬂ- (cy =13



(welt sorted sot)

v '(f i + . t 3
e ot qvqéed s olt — Acolian -‘soll ’ Talus, Glocier sotls (Tilf)

Q- PDON\:’ Cjﬂlded soll (Uﬂ%TmlﬂicaT&§€d s0il) —  Marine d@-F'Osw !

EX i~ Marihe dePost, Beach sand
P-g No!- 19

i+ Giiven  cy=k o=t Dso/pp 5 "

T Cu = Pso = 4 Do = Do

ggForAll.com
mU
o7g
o

D = qD'OKD,O

| && 30

2
Dso) =
Pio
DIO

D.30 ,:: 2

SHokes lcw;¥

. vl y - 9 —1) dL'
“Terminal - velocHy, Ug = (& e
p |

&

(ooo Mpy
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U= volume of water (1 dt)
M= Mass of finer

Ry = _hlddvomei*er .m_odinc;‘ Covrected -

o). of -Ancr  obtained by N = [ R”(Cﬂvf@ded)»’x. i

Xico

S
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o SoIL CLASSIFICATION

. Labelling of soll is solt classification .-

i

Cyrteria 3 -

I Method used should be S‘mpfe

2. Tt shouwld giue move information
3. Eosj to wnderstand.

I s- Pc«ﬁc(c Size classificahion: - p

Ciasstficaton i done based on ngcﬁn Size  ONlY -

" 9511 Y- 7rmm gomm 00MM
2 o 42ISMMm 2mm ’———f——f
__________ . . A [ b boulde
Cloy St cine medtum QDQ'SQ Gravel ceobble

?

&F¥—/ Saond

AASHTO (Amevican Association of sStode  Highwoys  ond Tronspe
Officials): -
1~ ot is altd calied Public Road Administection (PRA) OF
Highway Research Boaxd (HRB)-
X AASHTO classificaton  is  uced ~f&y Rood purpose -not gener
purpose:- | /
Soil classiiaston: -

I sotl 1s  classified  into groups Hke Ay Ayy =~ --- Aq "

Q. A, is good cl,ucxh"c\j Soit, A, is. poor q{_,udh‘-hj <ol -
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3. Black cotton solis (or) clay comes  ander Ay group
- Stone fragments  (or) Gravel (or) Sand coumes wnder Ay A Ra
S Fihe sand, siit, clay  comes Ay Asgs Ag A - |
waoup NAEX -
G-I = 0 2(0)+0-005 (a-c) +0-6t (b:d)
). of soil pascing throgh 75l Sievey >3sy. am ho

‘@rceeding 7S5/, [The vange = o <+ #oJ



b= /. of soil Pctss'mg hvough 7S sieve, »1s¢. and ~
not exceed‘mg ' 55y/- [ Range is o <t ‘FO'/'] 'S

cC = a P()rh‘on of LL- >0/ and  not @xoeeding go/.

,EROﬂge is o to 20vY.] . : {
b - - {(“;
dZ a PO\”G‘on of p.T > 16 0ot exceeding 207
(Range is © +to 207 ]
= Group index is  used ‘o indicate Ciu&l;{’j of soil uxthin
ol _
Uts own qvoup-
<
LCLDE o L-L = &0/ ‘ L1 75 M Sieve
@ N
g) P-L = 35/ ‘d. value ronge (o-%40) G0+ fines passey
L _,_—_,__x/.,__——j[ S
5 ) 1c )Lo 3|0 JO SLO 6|‘° 70 S
. ; ‘(D f'O Pie “‘ i;o Yo
= _. R a—
2 / 6o fines (
Looas . ]
% " 60-3s =ask
& a = aAs L
D Pl = S‘S‘"'..
%X“n‘) Sott passing  through a5 A s 7e-). axd  LTH /-
< P-L =24/ - Find Group Index (GI)° —
9 _ o
—A) G-T = ©0-2(a) +06-005 (a-c) +o0-61(bd) . ¥
8 . a= Yo b= vo c =5/ d= fq‘/-

GT = 0:-2(40)+ 0-00S (uox&s) + o5-01 (HORIY)
\Q‘ Q)ﬂqe yo

P Ty

/ 8"1"3‘*‘3‘6 l—_ﬁ T T T‘\' 1 T T E T
16 20 30! 4o so 6o 70 80 0

6. 6 Lo =4Hn
o ' T8¢ passing
= 17 but- Conslder -rsu/‘-
onliy

.0

{1

[t

, -
Note:- Actually ‘a’ value s #3 but N G & RANGES
AN
o to yo, So toke &0 (Not- exceed \4O) - Acmouj o
value is @3, but b Ranges 8 O *© Yo- O @ conscder
[ '
b is HO (hot &=).
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m
*

e ‘b range @
= '
10 20 30 0 Ol Go
! b=40 . } %
v - ]
= ” soil qus(l\ﬂ 78+ but consider ‘b max
Yange is ss/.
g 15
o c TOJ‘)gQa 20
F 7 T t ! " !
Yo bX ) =20 O 50 ' do 70
{
-'S‘Aa’
L L =se /
}
d Ynng 5

ok
\{____4

P-T = 2y+/

Plastci hj chauwt @~

c — C'cuj
M — Silt

o — Onaonic Sit

*T LeL = 30
P-L = 5.
:LP = 30 —tS = is/.
A-lne = 673( X, L-L - 20)
= 13 (30 -20)
= 7.3
D CL
Note:- =& T

L — Low comPressc‘bilHt,
T — Intermediate oéom,:vess‘(b«‘(%fg

H — High compressinility.

p volue i abouwr the A-line /(7-3) then <soll

comes under  clay-  Liqud Mt is qiven  30-/. t 1S

n L —z2one ( Low zone) .

P(as’o‘cr"hj chart s used

50/. of soil

Then e Soll classthracion is CL

only  —for Fne <3ratnead <ols -

1€ retalfned  an 75 ML Sieve

J

CrOUS (507.8 retoined)

* 1

Fraes 650%: ve-fz_u\l\cd’i



Coarse -—Fr(lch"cs‘n e~

(1000 gM). Goo gm
~ (too0) (600)
60"/ 75 1 Sleve ? 1 400 3M groy J Y -5 MM Sieve,
X
qo-/_ AneS 200 Sm o <and
/ )

T soy s retaned on  ys mm . sieve  theh dhe coarse
Sfoction 1S camue_lv ' ' N

.. Giravel > Sond
Note;‘— Sc - doyey sond (Saﬂd ‘?S mo:\cw. part, Sond >clay )
C(c’aujej, sity ‘whichever s end wth ey 1y (9 that
1S minor Feu‘t-
EXI- Claﬂ@_j Sttty carq,ue l

cloy < Sitt < Govel -
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sand L -
Gyvavel ©— .
C S Cy> €, 2".3‘
W F< s/ & >4 cy=113 e =g/ Cu A
G P F<SY - F Fes/
r ;‘\M - > ».1«/ sikt > clay SM F>12y/. sl >Cloy
e >y, cl > Sl
GC . £ty clm\_j>sﬂ+ / Y t
' /
. T E= s-t2°/. Dual symbol
Givavel 1~
- : i Gnd — GM \ )
G e } Clojj>Sl"H7 (Af‘[‘@fb(‘:\‘g ‘) j Sitt> Clcuj
aP ~ G . coaq o ' E:fN)H:S) ; -G\P-—Gim CZ”“>L{’ CQ:I’(‘O3
(LY Y] c=1=
Sand 1~ -

Sk > C(cuj
clcuj > St

- N ~‘S ‘ :,f“
SN~ Sc s H } Cy ” 8, N3 3

|SP - Sc ‘zf . SH
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N 6 @

PERMEABILITY

Darcys Llaw:-

2 2. E
VA (PR 42, Ve 4+ -P_e-i—ze)
29 3w 29 N Yw

2
potential head
Cor)
Total head

AKX = [PA +2.A] [PB *‘Zel

Fov ~fow —Hwouah Solls
UV o
V= overage ~uelodty (of) Discho.rgc velocity Co) suPer‘f‘l‘CLC;odﬁ f
P = hydrautic camd;aﬂé = % (No unifx) B
V= Ki
Muttiply  both sides by  Arcach)
V-A = KIiA

m> = M xm>

Sec sSec
Uéheﬂ ;: l) V= K
K = coefficient of permeability v

A = C/S of soil —fabric = (Avt Ag )

AV = A v
Seepaae
Veide
Useepo.ge = ve A
Aucr’dg
~< d)‘sdnkgc) ( Av . i )
v
Sec = 4
F }>C9@ —_ C’LSChGrgt = Vcir‘schorge/
Vv —_—

A%

0/-< NnN<too-/,

Note ! — Scepage ue(od—hj o.lwosjs qreatey “+han DI‘SChclﬂgQ uezrodﬁ
_ /

USQQP.QAQ > &‘1’.;45;1__.‘!_";—-.



DOWNLOADED FROM www.CivilEnggForAll.com

)

VSeerje o Vg ischo.age' &

VSGG.POSc NE
/ R
-  Veecepage
kpevcolctﬁor\ - —CPME Lk
Vcil‘scixo@ge

= _K_

KP -

S Kp 1S cdwmds gvp,cxfer than ‘K.
— ® =KIA

(] :[C»ng » dw o @3 ) BiA
dheny Ve

= effective gvo}r\ size
. vfscong of pevcou(xh‘ng ~fluid
Vvoid  yacho '

i1

N MR ¥ o
"

P'Fopev‘tg of -Pevcolotﬁn(ﬂ Cluid -

KoK P,y % =,
w J“L—Fh.ud
Kidy = Ky,
a° Yo'
k‘fo‘ iy Kla'r' \JJ\D.?C
L'ul-m-c
void Yotio:-
3
ot Z
i +C

he o¥ove caouashonr (€ not vald for ci gr .
qH ays,

Sand ond Gravel (CGs Maderal)

Before compaction After co m,oqchbn

K = 16® oM/sa K=
€ =09 @ =025
Kge <

Kae %

= Shope cONStant depéﬂds upon “the —type of soi -

éﬂ*i?

O3

)



3 pe\rmeabﬂﬁ"j of dffewent "!"dPCiS OF— soil v - @

hy
Ptk Sodurated

o~

o <
< o0 . o A
O e _aste Ccles J}\\NTS P
ASYeks 34 K 1\ C Lo ;}CM EENT%%;%F‘;{LC’&
o T sy @0l
< Kps < Ke 519 i 5 )
W’ Satuwraded  Soit.
v / _ .
an QIQtj permeab,'qr‘.,.j < low becotee Tt hdu?ng a adcorber
(e water. :
3
! . ,
= T’es*hng (or) Determnahon of permeability (k) :~
o) pemeability (K)
= |
- I , N [ d
L (Le,,ss tme —for conduching .V (More acurade method ‘v
S Lob test (smatr EsE) Freld ~test(insitu) for k') Fadirect Mcthec
Py SO”’P'QS) ( smadl Samples) _ (—L—eb—) <
Q /__[,_(J/Un—dismrbed) ( On=dicturbad) (consoiddatic .
é Y jupﬁaomm N
; constant varable Co.’:)ttfcurg f . l/
= head ,:Cf,?:,:g peYmeabitity Open well Tube u}eu
O head -tes': Cpumping out) Cpumgngy in) i
e This test isacy, This Hest is accurcdely
L constant head test: - used for soif
D N
L Q = KiA
<DE QA= K- —‘-"L:- A
O e @
é Al
K= wvol./ L
2 v (ar)
P9 Now-28 .
B Gwen A = 1o cmh, i=0's, t= Go sec
A= kiA
/
K= &
TA
— v
= (¥4)
o 5K T(roy*
Y
S
= 00/¢ 0 = 200 emys

A = TS



e TemPevcxtuve ™ oy =015

Temperatuve 4 By & = 09

condition - @ condition -@

LOW ~tomp- tigh ~temp
e AL, = OIS (M)
B = Yus, B, = 090 (¥u,) |
K=K, k = Ky

W, Jw,
Moy,

K’ . Yuu,

wE‘J\LuJS
$ug
/)Oa"\
R)_ = YLU)_ \( “Llw' >
al Fuws, AWy

Nv:)-'fS‘»'«l(

Ky = K, (1+20)

Vovicble heod mst (0¥ Falfing  head FLEE S

Ag, = K#iA

- (* 5l (e

ah - K - A*f dt
BN -~ S B
y ho A .
{ by +,-t
—
K= ab (og (ht
\" - A% % ( ha.

Highty —peruious soil  use lorger
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soll emant  dlamneter Pu‘pe s  uscd -

P Q Nov—28

- . QL(’ 4 h \ \
* o o, () = R R e s Sant
At "
he = ha
Y, ' na ns

hi_: \} hﬂ( h3



(} £ine Soand is  Suitoble —or  both constant head, and variakle
C cor) ralting head -test. |

(- Same sample (s -tested 0N
Ex:-) constant  head variable heod —test
'V = 800 C-C : o h,= 100 cm
& = 80 sec h, =75cm
A = I00 cm* A a = loecm*
g= H= oo cm t =0
8 L = 10cm
< a L
— K = IC)
2 ar 5D
= .
N e) 'S = B aL log (.ﬁ'_)
Ii 1A At ¢ Uhye /
'S QU _
= —f = — L og (_h_a)
O h K At e (T
= .v
2 (famg Sl AE)
H t 1
=
8 &oo
6o = 8 o9 oo
LL o0 | -+ e (
A
UDJ + = lava-ser 2876 Sec-
< - E“(‘\ .
O Capiliary  peymeab: by Atest: -
S
< XJC-%" R Ko h
< - T Pt he /
O ~L—2_._-(_-' SXn
a

ENIE R '
Xy — 4y = Cx Ky X (hythe)

2

Note: -
Acquiter 1§ used Ry conshuct’hg  of wels -
AcquiMer — Gravel, Sand

Aguiclude  — Clay

- QX @y B
= n( ) - ____“__m&\— ——}Pumpi‘ng out test

TTChE—hr) - TT(H - hy)

chcbuh‘er



permeabiity ©f stotfed <ot depostk;»
N Y f“‘i
o- Flow IS Powomel “o planes of strattrficadion . ,
/ O
| &

loss of bhead or hkjdm.uh‘c cgmd{ent € same —Pr ad 40_36_‘(5

T = Hact

% = q«“‘i":i/:_"f‘cl,3- ra—
P T G 2
Tr ("H‘Vough ertive solt) = LT, T v - - -
KIA = K, A KA, +kgighgt =

\,)\
1 1S Same

Kente collt = K, (AD+K (A Fky (Ag)E - -~
Khorizonal = K, (BXD & Ky (ReX1) T Kz (2zx1) + - -

Kh(A'rX‘I) 5 K| 2y +K12L*K323+ “a”

Kavg ('x£2)) = K2 +k,2, tKg23t -
ka\Ja = gK'Z‘

&z,

V-KH = £(Kz)

2

- -
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Ky — Kz tky Byt Ky + 0

2(-f—2)_—{- 23 + ;1._ -

b rlow thwough Pefp,eﬂd;CU(OxT “+o stedtfication

kv - z, b2, F2g3F T
_2;‘_- Zl + 23 +..'»'
Ky Ky ‘—“KS

o Ka S oluucnjs gﬁcdev Han Ky



B =X ! - - Kz, + k, 2 K
O Ex:- 3) Ky, = Ve 2 ,’"E 3%3 2= TR
= 2,4z, 42, == om3
o = 0y + 2o (D > = o4
L+t
—y St s wxiot T
= 10"t 1+ o0+ 1]
3 :
‘- Ky = Hxiomt cmfs ' | _
- /
| P NO:L~ 26
o Pq
(’-\(-J. + y
— 3. Guven K, = X to"> M /sec
<L
e _
(@ M=o M, = o5, (ot veduced)
c) t
5 < o< 7
: 3
Ll_J Ky & ALy
= Ka V1§ i
O K
; \)J-.Z. -
; - Kl OJ—M > . - _
ST, ‘
= |2
@) = Ux(o i
& oS
y / -
A K, = ax10”% ; |
D T
<
O
-
§
@)
a
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e — -oTicAL HYDRALLIC GRADIE
SEEPAGE  PRESSURE AND CRIMCAL TLIZT- — T———
P ]
o
L
SeePo%@. Pvessure (Ps)l-_. -
Pe = £ Yy b —5 -
- = =V
. " - o e~ (""L-/ -
PS = 1 2 Yw = Sw‘ L - —‘SP:Z . :
' 18—for {prcmi Flow i decreases Soﬂk——‘gé’ °/ ¢m% Flow through

£ low \;& g: wmd dwechor)

' for downward How IS (Ncreases though ~. S 2 ol (“Ps)
domnwmrd .
Ad'rection
C+Fs)

GrRcal hydaulic gradient and  quick sond  condlition -

X. = Yw e 2= b o
: - YL
St = X
}’U)
— G\"" 3
(n-«—e) o
Y w
= &=t = (G- (1—-n)
e
void vatie in dense stoade = O35

Medium Staxke =
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Loose Stadte = o0-9l

Quick cond condtion occurs  when the soil having o 10w

pewﬂeqb?lﬁg (-ine sands)- @Quick Sand conddion Not- o “for Ccoorse

Sand or cam.uel.
/ \ . ‘ d.
Spepage  pressare  increases  Quick sand condifion will be reduced -




)
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e

Effect of surcharge on quick congdition s ~
& =0
q+¥'L = (h+0)Y,

A+Y'L = Y h+ Y, L

A4+3'L —Yuh = h |
YU_) '

p‘aPima:—

I le = F-S (Factor of . Sofety)

lexie (Smalier)

<o FrS >0 (No piping) cor) safe criteria

i
oL - = = F-S-
lexit (grecder)

.

Lo Frs <t ( P"P‘\"‘j occdr)  (or) OUnsafe crderi

Lo Frs = | (crifieat)

U/S
Theulatioh or cla:j
<5 iZnket |
1= |
oile
P Flow (o) SeePaﬂ@ (or) Stream line:

P-9 No:i- 35 ' /
Given e = 062 G 262, E-§8 = 5
F«s = ic
‘exit
F-s = G-t
te
'@ x &t

1 -
exit =




Qe Given sG=21, =07, rL=2m’

Quick sand condition (s occur then F-s = | -
| Fs = ¢
rex‘t{-
fi = ;C‘_‘
iexit L
'.C: — "GKH" _
Cn?:e = lexit b
.
g &‘1—" . l- "
- K
O 1 +07 <
<=E S "exif —l}_l-
—
LCE- A=L =2m
(@) /
(@)
(-
u
= :
O
=
=
=
=
O —_
nd
. B
QO
LL
A
<
3
= /
@)
A
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COMPACTION

compactiom—-

Compacton s artficial process N which Pm*b‘ql!j saduy-
Tted  solls will be compacted by Mechanical means -to expell
most of H#e air uoids FnsimnH‘d. These 1S one of the cconomical

cavound ?mprouefvf\eﬁ& -t@:hm“czue .

Benefits of Compo.ch'on:—

Y ] ) /
l« void vyato decreases
K- permeabil Hﬂ decreases
3 Future c:ompregs‘nb?lHH witl be lesser
by . Erodqbiu‘—bj Wit yeduoe -
5. Durqbn&-j of Stucture INCreases -
6- S’rnbi(?-h:f Ncreases
@b.}gcfﬁue ot c:om,oqcﬁom.-—
com’)adien test o done to dclermiae
A amount of Compcxcﬁ'bn
b. the OFﬁmum moisture content comc)
/
P9 NO:- §5
&- Enc = wt of hammer x bt of fall X NO of tayers X blow:
Y = per eagh,
A 3 N v
cm Volume of soit mpachon
Bnergy = Q-6 X 30'48 X 3 x 2F
cm3 A { '
= 5Hy9s> Kﬂ -cm .
=~ 59-52 '/\'3 -m
MO’te:'-" ‘ 7z
Energy ug X 4§ % s-xapf/,o&@ o * s
M = ‘ = = y.637
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. 3 @
ComPQctl on Test (lab)i- -
te To Judge the sutobility of soil —for spectfic  use («\

cOm[aciﬁson pbetween Low c:cquch‘on and l—k‘gb c:ompcxd-?of\ (o) O

Standard onc’(ms ‘st and Modifed Prod-ov ~testt. O

N

Dty dens}-hi c'ncreomf,-;

OMC dccrases

u.-/, 16/

i N : ' me -
alr  voids fine ohd loo/. saturated UNC are so

nd'ﬁweor‘rh\ml U +GWw d { sodurodad ‘\‘I\G)-

(. iine)
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0

/
Fer® >7d(_§0d,) B L s =1t ((soturated)
1+ W
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CONSOLIDATION

€ —
. com Pressibi l?-hj L=
a Expulsion of ‘omd voids’ compressibility  Occurs.
. Exi— AY IS +the hiahhj compressible Mmaterial . ]
« consolidation : -

- Stadic lood ‘ - —

Sxpulsion  of -the woder  fom  the satuparted Sott due

to stabfic load s called @nsotidation.
[« sSatuwrocked Soti f
2 Sstobic (pad
2 Water volkds ore expelled
- Long prvocess

4

After makma or butldmca SHuctures . consoltdation occurs

after constructon as  well s  before construchon:
Factors of-(@‘c,hnq Consoliclaion : - -

a- For coarse <3m§'n@d Saoils  (Gravel sand)
K (Pevmectb‘ni&j) = 10 Mfsec ( Fast consalidadion )
- -7 .
K =10 (M/sec (slow consolidation),

Dwalnage (d) has ~two -types sand exit (open)

—

]: % wote? F&hde

moving "*‘;\:} coi
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constant
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h . volume (v)
5. Nccf@v ColTﬁPf){-(W)
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@scm lsejﬂemem%
U= S x 160 i2em
12 ‘
= !-f,?_o/,

Again some more  Years, e <setttement will be maore- so

Degree ofy consolidaton -k Encveqsma-

coeffcient of volume compvess'ibi h‘«hj (M)~

mv = AV
\¥

A
lmu = AV ’
V-A@' :
=

a, and M, = _ = —

| KN &
' AH K
m. = ¢ S
' ( “ _Ar)
Ag'
m = AW st . s, AW -~ Ae
/T T (Ae*‘> ' | Y &n e

© N

T L5
m, = ev Oy
|+

cocthcent of COMP“‘?SS‘\‘D““*'ﬂ (o )
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EX” rov cofie A&, which of soil wil hove move (&) ([ 7]

) GWQ\,@ b) Sand <) C.‘io.nj d) None

€
O

.

)




[

¢
"
~
S
£
. Ex:—
Ex:-
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]

consolidatian

m

= AV
v v

ac'

™ A ()

A

H 2 my- H'Aﬂ = -é-CH)(Ae‘)
C

C',:é— = 206 3 Z‘El'

= 20 (2)

As = 4o kN/mL

Seg = AH = M, H - Ag!

V)
= sxto Yy 3 x yo

= 60 Mm

new % }’( Ae'

Soid V{Uwéwﬂc'

Cocfficient ot (cdzsmut,

= (1SS0 +100)

100

= Qs

«
{
¢
{
{

|
Az 3

Setement (S,)v-

/

(a4)

\
tc = COIY\PT‘G cson

a0 YT

R SRRy

cl'cuj \TSM

Modulus

/
NneWw a
€— IS6 kN
otd

1y 100 KN/m*-

my= Sxio™™

confred sous .-

T egeely og (el
—> fog '
Cc = Compresson index

.= _Ae

i
103 ETu

H=sMm




(=)

n
11

c ___AE___ i
1043( o -f-Ae)

Ae = c. log <c +Ae‘) | o

AH - Ac

H [+C,

R IR

/ I+,

=|s = (H)zoa(é“"FAc‘)
@neolidodien| max I+, T
.

wheve,
c_ = coeffcient of compression index of <oy

= ©-009( w,_-10-/v)

Sconsoﬂdoch‘on s CC_'

Sconsoh‘do:ﬁ on X e'\

S concolidation = H
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Q = looo kN
Exi— /
S \ N = <, " AC
consolidat on - log (
e,
t ]
CO = Y-« H
= 16 (v) ;
=6 km/m3
Aec — 600 KN
= HHo KN/
Xy m*t
2000
S = 03’“)(,1)((03('0*"”“0)
c - —_

i+0-9 1o o
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e R T R A A e

Note 1~
1+ Mox setHement ocurg when opp(c‘ed load (A&) is move
Q- Mox Setiement opccurs when c s more
3. Mox sctitememt- occure when H s more
ExXt-~ | loso kN

fror MHWQ ‘FONO(\S(”\(\‘? CALES '

e s Cy, W= Same :

hSXi-s
TN which case sctement i< L*_‘J

minimam 9
a) when clay
b) when Clcuj
o) when clay

d) same

Ans:- (C) when gqoes  down

s dQFef\dS

Note -
When

compensated "‘Foaﬁr\(ﬂ

Coefficient of

0

SetHement

IS 2m below 4ocﬁn<3
s btm below

is 6m below

-—

Settement is decreas (‘fka , SctHemer

Ae  value -

L.LPOD

IS  zero (s=0) such -footing ar cale

(or) Floading ~foundadion .
lctte'rcdly confined Soils: -~
/
/'\ .
o Loading (or) compvess«‘on curve
@TQ(QQ‘:” ‘
%)
nfoqdi}ns®
| >
_ <!
l . on iNaex
- compress© Soa, <<

SetHement  Setie

o < C

Recom Fvess‘toﬁ 1ndex y

Retease (ov)
U“‘mdéhg (cr)
expansion /

> = swem‘ng inalex

—_— ‘09 C‘

Hoorod



'C',Onso(i‘dat'ion of undisturbed Spec?mens .
v Preconsoldated ©F Over consolidatded <ot~
o. Void vaio decreased
b. setttement decreased
c- ONit Wieight inCreased
- Beqn\hg QQ,PQ.LH;,:, iﬁCY@CLscd..
- Under consolidaded | Soil: -
- void vatio Increases
b- Untt Luet\cah-b decreases
C- Beﬂﬁrﬂg CO)Dou:Hj decreases
d- SetHement increascs
EX!~
- BErcess pore pressure (or) Hydro dynomic Fm_sswg Cov) hydro

static pressure IS move at Middle

R Exauss  prove presswe s Mminimumn &t the énd of Hhe
consolidation  is  bottom  (Bme = o) and Moxmum ek “tople=e)
e /

Oegree of consolidahiod (U) and Time Factor (Ty)i~

T =T (8, “r L 6o

T, = 1-781 —0:933 10‘3{0('00“ o-/), —for 0>607.

,’ Q7. T
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( settement ot ony —Hme)xtoo
U -—

/ Ortimade  setHement
kN
U = —\X IOOAN
[0 = (5)e]

—

U)‘nH—?m' (t=¢)

U= —Ud?s? ted
P X oo

Vil

Rt



L
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Determinaton of cocthaient ©f  consotidadion (c,)- @
e Time '“ﬁ*t—h‘ng mcthod

d“ Square yoot of -tme —ﬁtﬁrg method (To.tdlev“}e

b- logasithm  of -time —fitting method (casagronde method)

A Square vyoot of -tme ~R~H:‘m<3 method - - d
(& Sl 0=0[
Diad
Jorge
reading
(8t)
Q=90ff -~ —- - - _ ‘
< ')L‘: v i) —‘:-———>:
Vg
br Logarthm  of time fithng  method -
AN -/

l

5
Ve

—_ loq \-t,

[t Durn‘nca consolidation  (oad -transters  Hom pores to ﬂm‘m

P9 NOL-ST

G- Ad = Ae
4 tte, \L
~ A
A = H ( x+§e> o

—

= Toco o+

t+ o'y —
=1 Kgfem™
= socm t

—_— e



fo RPN K £ S IR bt ot Sk

7. Gluen ¢ = 0-5 cp=0-2
A - A«
H ite
NS -
= OS-02 o
I +0-5 o
AH = 3.0 -
E G- A B ™~
i)- sincjte drq‘fnoae_ Double dmu‘noge
< =t d= ¥
o PN
LL O = SO‘/- U= <o z
= o-/.
(@) —-t' = 10 min 't
(-
Ll_J —+ 2 \ ]
P .~ ) ( H/J .
O . _ ,
= 10 =y
; ta ) .
; +, QS My) -
O . At . _
& settement = tCm | 6% = ' S/CMsL , &yp = g/cm
- 2. 3
a setitement . = ? d o = 2 kg /ems €p = M legfem _
m —
(A
< /s = S 1og (S
O ' (4Cq _ 2 ,
-
< S_L = Cc ( >
; 1 Ae, e
3
- 2
b= log (7‘)
S2% log ()
D*S_z. = 9.
S_'z_ =1 cm
20 Given K= 5 | M, = 'SI“ Tay = ?
v = K = - = K -bmes (ncreased
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Cof)
Cy, = K,
mV‘
CVL = ‘D\Kl
O-s My,
CV = Lf CC\J;)
21 . A 2
double dvainage S“ng(e Avad nage
d= gy
= 3d
€, =t o=
1 _ /Ay
+, ( s
+ = d/.L)L
+, ( 3d
£, 36
+, = 36+t
N\
=3 A 8
£, = 4 yeors t,= o
L = SoY. O= S‘O‘/.A

s;inale drqx‘nqge Double drc&noge

di: H d’_:—

—_—

2.

£, d‘)l
't), dﬂ_

.
5 = ()

%j cQrx




29.

[apWN LOADED FROM www.CivilEnggForAll.com

0

At t=o, the lcad is carried by As =200kn |
.‘ X ml—.
pore water pressdre and cffechve J, \L )!c J

Steess s zevo:

S plezometer iy (O

<. I prezometer the wader i€ inserted i cloy

volsed /is ecbuql —to qpph‘ed (oad -

Degree of consclidation (or) stage of ‘ {
consolidadtion” (o) .
— — L5 uniform _
V= Y~ Dany-+time Qug poie ’
—_ pressury
O =66 N
T 220760 vioe
200
U =70 ;
At t=o¢ U; = 200, Oang -time =0
O - 200 - O X100 +/.
200
/= too-,

At .t =0, = 2006, Uony‘ﬁme = 200

200 <200

c
(1

X1oo
2 oQ N

o-/. )

C
¥

t U +/-

Tn  both coses L <&0 /.

xlon

Ty = s ( U)L ) = Scm&! fime
. i ) N = mMaximum
v = T [ Sany Hime ] ‘

q gmM

CU-{— = T <t ]:_

od Y S max




o S, max
<+ - s
=y - T 246 A=
o'+ # ( Sm)
2
S,
n—__z. —
Sy t,
- +, - (S, N /
+t, So

i
&
.o’;
!
o[
e
P

- B T\
S, = 120 mm ~69°§%$ch>
oo | -@&gyfj
B . 02 8 5B et
= 4000 m - \e© T
m H =yvooo mm 5_/__,/,;\:-»@’.%« R G O
= — =0 mm s 26,6;@;1’00@9
max Smax = ? ST et

Sn’ka(a o ltali nage Doub ie dmjno\ae

A (S oA
Y ﬁgﬂﬂ'm«mej X 6o

=)
: N copstant
IN  single daitage  scttement (s same asg  well as
double. dYCJuV\C\%e~ But in S-D  Hme vares compare o double
dfa}ﬁ@g& S ) $'D, HMe s jow, TA DD -Hme I —fast but setHeme

'S same 1IN both caces -

D-D v s-P
__§ _Somm _ 4 -11;—5“-—’“9 — e vavk

_L.L_,_—‘ T T 777
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G-
= = Ce IS fOCJ Q'*‘F Ac
—_—
I+, >

AH = H(ae) (Mmy)

Ad - Ae (H)
{+C&

S I Y
[+c,

{ G

Sp 280 = /100 —0,-_3_L)égﬁee)




o = . .. PN R s I LTINS EIL L e L E e S R T LR LR T SR T FERRE ]
R e N A T B L TR T D T S R e S :
- UNIT - 12
e

SHEAR STRENGTH

_ {——; comprestu@ stress (=) Q] 'S
Applied load |, o heie shess (53 g] &

— sheax stress () ofcet load pmducea( _
L T Shear stress ;

Soil stength can be measured in  shear Stength (S)- ~

Corrtribwtov§ <ol “aype example. SignHicant MfﬂofCOh‘H(‘bbkk)i;

TIrteviocking @P-soils samd, s @ -
Gironvee|

C - soils dcnj d&fj @ ® | : ”
c—-¢ Murvam RO @

N 6

Coulombs Low: -

s = C-i—e*-'tcmgS

S = shear stength KN/m*>

N

= cohesion  knp-
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= angle of intevnal fichion (or) shear Yesistance

ASN

Note: ~
‘¢’ and \gZS' are not constont —for & Poxh‘culw Solt-

Mohvs -theovg L -

Very much used Hfor the cetermination  of shear Shength  of

Solls -

/ S =f(c)

S = normad stess
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‘ fg
Types of soil:i- - @

i ¢ - sotl

Q- C - soil

3 c-¢ - solil

©=i1f — size s small '

— Dense sStoe howinzj a hfcahesi— ~Giction

— Rounded Pou-t?ctes haufna A low ~frichon angle -

C -sol +-

\ S cloy z

=0 med?um c[aﬂ
/ .
c Soft dcuj
s~

C-@ soils: -

Shear shess (7), Mohrs civde diagrame -

- €
@)
.0
<
@)
- L
(@)
O
c
g
2
O
'S
=
=
=
O
e
LL
A
L
A
<
@)
—
2
=
@)
fa

Major (s7) and minor (e3) princple planes (ab ¢ &g ©ON which shey
stress (9 "(_Oﬂcael\-h"&l sheayr sbesc qch‘nca e zeto

T, 6y —> induced stresses




'Tevzoza h‘n‘é concep‘t L

S:C'+-€"_m¢'

y G
S:C|+(“"'u)'b:m¢' | .
c' = effective cohesion SN
cﬁ = cffective C:mgle ef- chear ryesstonce { _
Eh(MAX) = &, , o=0 - ) :
' } Toin = © S
&p (Min) = &5 X =90
&
8 &n = Gi.tfﬁ ) x =4S } .Tmax = i
— 3 -
<
o ,
LL :
o) l q
g’ e
o=
= i
O
=
<
= ;
=
O -
Y
LL -
O L
UDJ T = 6\-3 <inax : ‘ :
< > |
9 G‘R = ‘ '\CL+6‘nL
= .
- -1 iy
; p = tan ( G“n)
@) Y, e
0 Pmax = sin™ (1 °2 )
€y tea

Critical sShear Pio.ﬂ(‘ii -
a0 = 2+t (q0—pP)
29X = (80 -0 + ¢

= Q0 +

Xp 2uSEP
: - 2.

Host™ clangefmus sheor plans’




G various —teste to determined —the strength o©f saif:-
s

1. Divect shear —test 1S suitcble By @ - solits

~.

¢ Lab
po g TY‘] - QX;CU COMPTQSSiOD ‘et ;S -Stﬁt&b(e _'FOV‘ C—¢ Sotis tesis
3- Unconfined compressed stm-ma‘r-h -
] - vane shear s sutoble ~for  soft clays  } Lok and fied Hesfs ¢
Direct ghear (of) BGoX sShear test -
. Fromal - o = congtant /
- ' & xé h
‘. —2[=d]
| ~ s

Y (shear staess)
Remoulded sout (or) Ondisturbed  sotl

cem

Advoﬂ-tq:a&.s Y- ' | shear toad
' T =sSheor stress = Aven )

1. ™t s a q(ut‘ck —+test

Q- CheaPer

Disadvon%'oaes L _
1. T Is used only —for @ solls (Rictonal soi) nOt Cohesive sof
2. No faclity ~for “Pov& worter pressure! meosurgment -
3 Area corvected 18 Aot used

Y. Fadlure plane s Always horizontad

&
@)
X
@)
LL
(@))
{ O)
-
L
2
=
s
=
=
O
i
»LL
A
L]
D..
<
O
-
Z
=
O
la

&,
Triaxial compression —test: - , / \L '
- )_o - ,l 7\
T eu + 6 /j/‘_
&d, - g 2 S 6-\3
Cd = Load j
covvectad AVEQCAC) 1\
-

A = Ao (Original aren)




"t

. S G TP
Shear charactevisiics of @ohesiontess  soust-

Bulcal‘na —atlure s -

&

~ T+ Occurs N loose sand and St Clcuj

-
-

2. When ‘al’ s lo.r%e e
3. ot s o P(c:.s—ﬁc ~fallure ¢
BrittHe —allure: - -
I« b Occues I dense <sond (
&= & I+ occurs i S?l{—-c_(cxsj
3 cded ovea (A y
© a- Orviginal oo (As) = Corve c
<_E Y AL =~ gmatt
e
LCL) s. Tt occure N Stabilize of soils
=
LI(—] DePend\ﬂq Lpon dfq?nqcie condthiong, —ther dre three +ypes
EOF tests as cxplaited  below:~
Q stage-T stage-X closed
é & ol o Ruick test — Undvained (value (s completely ) :
= ~ clou R—test -— sem\/Fcu-Hallg dwmined sott-test
E ‘ (value is cleged and oPQA) ,
@) /6-‘ = D Slow test+  — dwmalned ( value s open ‘throuahoodﬁl
e test) B
u N
A '+ VU — sStoge -T — Not allowed
UDJ Sﬂae - T — Not allowed
<
9 R C — Shlcde - T — Ucd(L&_ OPG/\GC‘
< stage - — value closed : pore water prescure ‘o’
% IS Mmeasurable
3 ¢b — stoge - — ualue opencd
A 9c -+ pEne Roth test measuwres effechve, -

stage - T — value opened Shess () but Cy’ takes

cb -
Plastc G,cbui‘tibr‘mmtv

1~2-2 circles are cotabl® Eipcles




P9 Now- 7t
1. Given €r =295 kpa

U= {20 K‘PQ . /
(,,? CcC = fz.k',‘Oo.
¢’=‘—3o° o 2
S =c'+e' tang ' ,
P = c'+ (& ~0) +an @' : -

=12+ (Q9s -120) taon 30
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< 120

Q° X — | —_— ¢ — et
Giuen c:—o. QS_SO S =9 &y = 200 kipal

Mcthod T €3 = €3 (tan(s’+ @/, ) + ac tcn(q?f‘_?_)
= 200 (ton (Lfs°+_::_0_)) + 0
&, = 6oo k~(>o.'

Ca = & — &
= 600 -200

= Yoo k'Fo. :

Method - e Remove M ¢ B Mohrcx
) which s not touch and
20 S | Mmeasure —the —todchin g
€3 = circle dictance

= €n tang

60 = 200w tanpy

¢ = 26-s6°




Onconfined comPression test L -

[T

G5 - -

e 6"3 =0
Q- Axial sbess = & (ov) &y :
3- O'scs con be used —for puely cohesive soils (cloys)
Y- U-ccs con dlso be wvsed ~for c-@ sois
5. U-cs connot be used KBy sad and Giravel
& Rrittte ard qusﬁc ~fatiure -

- _
7. =

o ¢ =0

© g c= Au (o) Sa (ovy LTS

z S 2 2

5 a MOhrs civcle dia. = (Ucs=«s=¢

LL

= pcs = F- F N il

Sy

c Ae L~

LI —

= -

@, A, = correclked aea

é Ay = Oviginal awa

S .\ .

O e = _F

' A

LL <

D 7z 100

L (2"

| = Y

< § - S-2 B

9 7Y

zZ /=

%b‘ Vc's can be used —foY SHFE, mMedium, Soft clays .

-—
-—

Vane sheaxy  can

Mcderiak

enNd Yesufs

be used —for

Quick sard
Foe sard ¢ Sk

Seepage pressure
(Ps)

Ve soft clays -

Liguifaction

\\S'P” (Pooﬂy qVOd&i SO‘tU
oniorm <oil

Carthguake , Vibvahon,
pile driving




e Given e, =100 kN m>

e T = ety = 300 e
', 8 @d6+) = 200 KN/ML
d'_- /
<£ €1 = &y 'Jccmzogf +c tanx, -
@)
! = = :
LCLD 00 —+an (qs\q-%_) + 2. C tan (\(S‘+%) S Sadurated clay
- g) 300 = 100 +tan® (Us) + 2c +an (4F) # =0
U__J 300 = (00 +2C
= ~ T
U C = o0
=
<
<
=
O Z
nd
L )
o s /
QO
<
O A
]
§
@)
0O
Q6 - Griven &, = 20p KN/ML €3 =0 (V- Cs %@S‘f)
= 208 % (060 pn o =ys®

2

(100" mm

& = o -f:n::m?‘(qs-r—_f_) + < tan

O« 2 (N \ o —°

[mm’“) = O+ R +tanys
02 = ac

c =01 Nmm>
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32 &4 =200 e, =100 _ -0

3 o=
Co &(co
C = 200 _ p —
(3 Py - (o} ,G—‘—z‘—;—ioo
p cu~5acxd?us: 1600
33 G»;u
cN &, =So K
3 K p- a3 = €3 tey = ISO ke por

/€4 =100 kipa
QS:?

e = Ggml(qﬁ—gﬁ_) + Qc ‘fml)(“{s-l—ﬁ)

Isc = So -f:onkchi?+_g_> + o S, =0 (dvy sond)
—t—qnl(w‘fﬁ*ﬁ) = 3
(q'§+ _9_5__> = —tm\-‘(\‘g)
——
@ - o —us
2
¢ = 30
P9 NO:- Gy
/
- Ghiven 65 = 0«2 M:*Pa
¢ = 30 y

c =0 (avny Sand)

&, = o3 mn*(qs-*‘rfﬁ_)-&-zc-t—anc(_r_
=

n

O 2 -E'QAL(L{5_+ 3¢ )+0
2

= 0-2 tan’ (60)

Z 02X 3

€, =06 M-)Da

q,u: &Cu (o) sq = 2c, (ot) U--C-.S.:LCD
/
<, = Vu
2
=0-5 9,

3 GIVEeN = -




D ' i
s ONIT — Ity - @
E=ARTH PRESSUORE
'S Retnming wall con be classthed o Mmany  types i~
o I+ Based ON material
) /
- a- R-Cc:c ' =
. b- Masomrg
-~ ¢ Sheet pile (Metal) _

Q- Bosed on *‘JPQ
b- contilcver ve:tar‘m‘na

3 Based on movement

A Earth pressure ot
Cc- Eaxth pressuve

Only Hor sheet plies L -
€arth Pre_ssufe ]

pressure

O.DOH :80.

C- counter —fort YthMiﬂa wal

IS Fo.ss‘lue

Q- when wall Mmoues -towards Back-Rit s <calted Passzve carth

a- G'wo\w‘-bj Qe-tz:ﬁm“na vl

Lot

of the wall w-r+ BRack-fi

rest

- b+ Earth pressune S actue t

. when wall mMoves away  -fom Back ~AUt is caled Actve

\

3 No wall mouement 1 called pressure ot vest

ps

DOWNLOADED FROM www.CivilEnggForAll.com

Active E-P H in mm
1 Bagkfiu .
—%. whep wall moves that side achuve earth
RN pressure s oftmcted and vice
\ . : ‘ versa

/

coefficient of Sarth presswe (k) : -

T & the vothis

of hovizonl shess (<)) to Vertical stes

€v) . I
¢ [K = h | - € latenal
G“\.0
Sverticte




By T R D S S S A S S L et B 0 e ez, ———
Eavth pressare ot Testi- &
ke = h
€V

9
>
7
x
2]
~
ol
N
A\

P, = K, (¥2)

f Ke = VEY
L =M o

= K, = (t—-sSin@) —fr cohesionless <ol
O
B Ko = coefficent of carth pressure ot vest
% — Ccohesive <ol i not csuable —fy back-fitt materiod
LCLD-% cohesive soil dchnds on kaolintte, MHontmorittonite:
g_> cohesive sotl h&vil\a A Sswelling, <hrinking, ond m,‘sq(.‘anmef\i— '
L propertics -
.5———) coheciohless less  sotl  is  suitable —for back R (¢ soil
= and  c-¢ soll)
é ~ Top 2760 605
/ e .
% i <Ll _’j;}‘- = (KN) (> (™)
- = uet) = —(K ¥H) (H) X O L
D: H:Z K- ¢« - o (’th? ) 2. 0 (mﬁ- (e’ﬁﬁ)
m J PO | (Ko 3H)
) , gottem z=h
<OE / pressuve distibution diagram
-
— Active presSurei—
ashard ¢
; 6](?"0'00' H < wail moving this vy umoumao“é?wm Honomn
= e S0 \C

O > R
o YR G EvE

v Sz .

‘ vz Ty = sy = £ (achve carh

presswoe) - o
. ) Moo .
- T was P\“OPOsed by Rankinels -7 =

Q- Re'tm‘n?nca wall mou‘mca away Fem the back-At -
3. Soil yfe(ds +o be S‘b‘e'i:cht‘na Co) “ension

/




9 |

DD T D

-
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/-\SSumpﬁons OF Active pressure: ~

i+ Sotl iI& homogeneous, Semt - irefinite, dry and cohesionless -
Q. Re-ba%m‘na wall back 18 sSmooth and vertical .

3 - p(oLS'HC_ eq,ur‘h‘bﬂ“um condk'on .

“h < Sy (achive pressure)
N € >, (passive P'fessume)

Rankine’s  Laoteml pressuve  —for dnj cohesion fess Soils @

2 .
&, = s‘s-bon X ”I-.’LC'&CL/\O(_F

L. Cc=0

I = &3 Hant g

2
sy = Po_tcmx‘F

i = a ' 1 =
< ('t(ln"(q 5--(-%))
a —= ’<CL 6——\}
(s Ka (32|
Fasse pressure Fo) > G
| Spz=c-os5(H) - soil Mmoving upmcmd
P " ’A

H fh mm L7 gadkity 7 downwaxd

2 Rest /

i

]




Relodion  between  Kp ahd Ko o

/
FOT ¢ = 30° KCL -

PasSs ive PrESSWE L

Fo = 5 (KedH) (H) (1)

~ i

ComPo:N'sgn of Kp and Kol

FROM www.CivilEnggForAll.com

/
PP Sheet piles awe
designed for Pogsi\;e cohdttiian
Most of the K conddion
() Rekain inﬁ wadls _JIC:_,___,AL-—————/#—‘L”’—”\? SH
LLlave designed at Retalning 3
(5 e‘—_*_—'_ 1
g:acﬁue condtion N ' S “‘towards
O Back -fitl back Rtt
—
S
Gwed K, =L Ky =0'S, p
3 ol LR e
PP = kP- P =
/ H =Sm [,Qo — Ko‘ ¥z
13 =16&
(75:36"
&y = &0

n




Notet —
i+ Any  Soll which (s having a lesser frickonal angle (#). ka
witt be  less

Q- H?ahe\r ~Aichonal Qnale ic vecommonhded -for cgn_g-emcHoh=

o, — N\ L — V\. Fa R
¢ Ex surchaval q=5° " (No verticle load)
{" YTV %y = SO Kk FCL (SL\“CbO\YQG PY’E_SS}’\VQ TS considered ¢
‘ : é: F < verficke pressuw
(—\ s T 4 _
) s

&
@)
. O
:ﬁ',<_£
@)
LL
(@)
oe)
(-
gy
=
O
=
<
<
=
@)
nd
s
O
L]
QO
<
@)
—
Z
<
@)
A

,

fF @ =30, Kg=-_
3

e

Total 6\ = 50+ (3#)
T Sot Ty ;
=128 : =

. N 5 P'D'D
Oue o (soil in Back Rl + Surcharge) the P\Fessuve(dfsh?bu:ﬁbh

. ! .
dtcxcamm witt be _T’YO-PezEum 2

Variatien - Of*  Latkeral FTess arel ~

(ka3 DF (kg3 h)

Rankines carth presswe  whed ground  is  inclined (ot curharge
angle) 1 - .
O @& -of gc'i\)ws = CT_CX)C H) O )] d

-

B___

:g\h\.FP& A
S<TE S N
—
o = conp [ R oh Y |
cosp + Jcog’-,s —cos™g
b = g [ o
©%p = Sooss ~corp




ggForAll.com

Nhen 2>2,
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the “H, area (H-Hc).

R T el [ S SRR R

N -

Eovth presswe N c-¢ soiti-
1+ Acthve P"re&?d\“e ( Po) s -
&, = o5 tan™(us+ FL) + 3¢ tan (45+B/) o
& = 3= ey = fo -
N .

¥z — ac-tan (st ¢/.2.> = fa +an (q§+ ﬁ/%) ()
Divide both sides by +on* (1St F/,) -
¥z _ BCtan (USTBL) Py tan® (wstH)
“t'OnL( H§+¢/z.> (,_‘5_{_ ¢/2.) "l]DJ'\L(L(S_'(:' Qs/g_) i

K, (¥2) = acVme = A

' Py = KO_(?‘Z—i:C/EJ

s BT T

K3 H = ic\ﬁ?a '

Py = Ko (32) — 2c iy

" Po =O

KCL(BZ?) = 2C \rKTL

C
ka.')z
= Qc (\IT<1 ol IKa = &
3 Ka , Vig - Uk, Ka
2. = R’C = dep’ﬁ\ of Aensile cyocks-
E’\I_K—&

(oV) depth
H. = Hescah-l— of -the unsuppcﬁ'ed ex&wcchof\

F’*'ZZ &62@ = depth of Unsupported @ xcavation

. . J e S o
. No pressuve s qchmj on 'Ho awea- pressure s acting elow

-~




e , —— @
—3% Area of the -tapezium | g, :__?:(Od_b) ‘

0} p o ¥ H ~2¢ I
(‘ = H-He [QQ\I?CL 'i‘.CKOLY A —AC\ITQ)}
2

0 This cose s coonomical and  less force because Shorter

orea. i
. -
(-\‘ . t .
‘ — A= & [((Ra3f - Vi) (n-q)] °
C . ' e

Th‘\S s —ﬁ\& wiorst Casce and h{ahesf CH “zc)
—force (area. IS lorge) s—
A ko ¥H =20 VIS,
—2c e,
H
A + = [ (R 38) (H) ] + [ 2¢Vk, Xﬁ]

oy 1 2
_:kayH QCH(%

- E
e,
. O
<
e
@)
- L
(@))
o)
(-
LL Ko 3 H
=
O Ex:-
= ek,
N ¥ Vg 17-66 X | .
E H:tom - = Ka
N (o¥)
O C= 9-81 KN/m* . .
i w 2c o 4o Ze |
T Y= t1ga KM/m‘3
‘ “¢_:5_ Y - . : Ise-q8 -
D kQ_‘Jl-l —)_QJ?Q e = hedd
LU
2 Tt @F=0 then Kk =
® o o
-1 M&ated,— —ve zone
Z , b.bc\
; Fo = _‘Z ( @@%) ( 8-3q) (Un‘d— leneﬂh‘\)
@)
Q 15698

= 697'77 < I\
=4 O+ISE 9 }
2..[ ! &

Now  consider whole dtagram
tholed;osm:n 6Q1-77 - (’E_‘X lq-esu-u)
= 8R86- KN

(or)

a6,

wshole

= EOF = 7.7
totald

8 (19:62+ ‘
2 ( +156.98)

2 &68e kN

1$€.98




7 _ < (176:6) (1) + (1166 x10) O
+ B e
= 686 KN ;
1e.c — 2
Ko ¥ H
Note | - o v P
-haYa
- J Tsure - =, Ko d — 2C kg,
Y YTNTNTYD -
{« S
8 ! I there 1S &
B ’g Suvchoﬂje-
< L= %
LCLD / H ey = (v +¥H) £
oYY YN ————
g Ko (o + ¥t 2c i,
7 fapopy T 2D - 2cik, ﬁ

= Ko () -2k,

Fa(be-t(om) = Ko (at¥t) -acdic

—2CVkg,

'3 : (Sub merqg ad)

ANOVTVA

= _

| Malum R

— |

)

< faz) e (2]
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= K, (‘szu) —QC\JKQ

= Ko (342, t3'z,)—2cdk, — bo-&om/
' 4

By
1
Kal3g2, +3 z)- 2¢dk,

= kcx (rv) - Q_chcl = -—1Q\f?q —_ +OF

-—5 middle

2+ Passive pressure ( Py~ (c—@ soils)

Pp = K, (32) +acJk,

i

}PO{Z) “ZCWF-'LRFU-z)(’J :




| Ex - - Kq &V
f: 6_‘ =
v =G 033 o}
B NN
£
5Z) = 30 i
] T e
2 = &5 KQ 3
3=1s _ _ _ _ A O i+ X 15
. o
@, =40
z =S k“: o 75+ (16x5)
X
3= 1€ rv‘v-sgx(/\ [SS
= |sc o-2l
) p
CrWQPhI cal solut'on- - /

- Cculmanns method: -

Ay
Iam = iocm -

Im = 1em

oo
c:u\(ﬁf\&f“'(Q qm{

\&: (10— ot~ 5
N

1= tine Con) veference tine p | i

Prifevenag betwueen cotumb’s ‘tﬁe@rj and Rankines theory
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coloumps | Rankine’s
"' X ,_\L_____ ) e
[ ) .
Q- Rough wallls (8§ #0) Q- sSmocth walls (§=0)
2- quonnj - 3- RC
5 - ;<CL_:9¢‘ B 8, 4. K (Zj‘;.'go




P-g NOL-869

& - Given c= 30 kN/m-

Y = 206 kN/mS

= jcC For satueded C‘O‘j
Y VKq : =0
= j{¥X 30 Ko =1
/ 20 Xt
g Ho =68 m
&)
= =.
<
O S
LL & By (disturbangy
=
C .
L ':s(tdfn(j Y A
= ‘ﬁp‘a g
6 8 = g£v-Tan8
; . o
§ §=angle. of wall -ficton
=
Q'er I+sng
Y Ke / S 2
LL — - |—~S(h¢ X n AL, - 3)(3 = q
N Ka { —<ind "3""
LL | +sing
QO
<
-
- A=
Z
; ¢ = o forv chohesion
(@ | _
Y - Ka = |
| He = e
3k
J;Q = Hc
22Xt

= 232 km/mL

_ /
Retrining  watl s o R-cc: shuchirer I can be determined base

o0 QCU\ k l'n e’s 'f'he_ohj .




G- 7 = QLC

C——- — & 1 -

Jko = {' sing _ [i-sinrs
€ I kg & = | = {.373

P tsing J isin

(”} = 2 X1y

16 sx¥1-373 /

wd

D

(-\ = D-33
¢ 5 9 = tl2o KN/m-L a
& ¢ =30 .
- Ko = _1%_ =
i_) = ';"g‘(”—O) = Yo K’\"/mL
ks
O
L
- O
(@)
c
g
(= /
O |
S
=
=
jad
Ll -
O
L
A
<
@)
-
Z
=
@)
-0
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FOUNDATIONS IN EXPANSIVE SOILS

e T T T ,_,\;
EXpansive soils:-

. Black cotton soils s also calied l:xpcmst\ve soils

9- Water 1S @ Polo.v‘ hc]/u(d and cousces SUAG'-“‘”E) ord Sh“”“ee L

2. Montmorittontte mineval s Preseh&- in clay wahich Ccauses

Mmore swelting and _shn‘nkcuae‘ Expansive <olils are also casled

cohesiye Swellting soil .

~
}
D,

&  TIdentthcation of expomsuuc Ssolis -

@

3. te IN dvy soll cvacks are develop.  Absork that cvacks

<£ ond measure ~the Size and dep‘fh ef the crack:

o . . ]

LL Size — ihches

(@) /

o depth — metres

c

L Q- Walk on wet goilg, F sol is sticky Chi'zahly Plo_sﬁ‘c pils) ”
-5 ' can be indicate o©s ex\;onsiue Solls -

;I 3. Observe lig h‘HLj lcaded stucture (ONlY ground storey building;

é vodld woys, conal (empty)) ¢ damage ic severe soil can be

= exPons(‘ve . -

O | —

i Tests |

C d N

UDJ _\L e X -Ray test complimi'v”
Less fe Free swell test $ %
csstly % <t Qe Mfcro_gco,:ic —test erpensive

. Dt al ce SWell e ' “teg Lo

tose | ¥ Different 3- chemical analgpls v [

g 3. Swellifg  pressure test |

O _ ,

() Frec swel test i~ - 00 CM

v h ah
Ah = h)”_ h ) [ - b,_
Free swell = %b— R 100 /

Free swell > 5a-/. domage & causcd

L
be Hght damage — It is  nld
R Stucfural damoge property  clamage
3. cosmelc (o1) architectunl domogje

Most of dhe d‘omcuae n o the @\C‘Do,nsm@ Soils are CQS,’V‘@““C d“'mﬁt




=8

DHferential  ffee swell test:-
“ h h
€ DFs = > ' xi00 L~~—rs-oc
- £ R R R
o ' Jah .
hl “:(F—‘\(:-(
- Des = Ah X oo $ =l = ¢
. h, .~ kerosene

(._/-) St
lastict 7
P *330 - V&T\j
Index h‘.g&h
20 - e*POnsi\le
/]\ \0‘1~~S°—\\$‘__'—~~ 4
} Low expansiyeness when lime is

1 i {

!
o 2 § & & © (/) added | then -the plasticity - Trdex dro

Lime —_ down o to-/.

Methees of ~foundahons  n eKPcms‘(ue sotls L —
Des‘écan

e > - : 1 3 VOJ”l‘cIﬁof\ of MmMosture content
) tith depth . g
depth : : s/ voet seosen

4 . Sthable zone
swel(mﬁ is constant ¢ S )

I+ shallow -foundations are not recemmended in/e_chﬂSiUe soils

We - .
QR Suitoble —for de@_]) '—Foo-h‘ha and UnNder moMedPﬂ‘bo-Hnﬂ - Mo

AP
depth  of foundation i€ 2am. best method

cohesive Noh Smef(fncl soil

»
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SHEET PILES

Shect Pilg .is one of <the :Ftex}ble mhining wadt” They f
ore Made of -tmber, Steel, RCc, prefabricaded wnit (Ree) ete ~
I+ sheet Ptles always d@.sicjned ~for  |xderal force: e
2 Timber darrﬂt‘nca less load - ‘Dwo‘b:'tt—f:, s less- . t

Stecl p‘({e 2 Movre |oad, (RSN dﬁuf’na Pf(e, .

= -Bmber ple : Lless load, ~temporary stucture, duvabliity  (ess

O : X .
3. Prefabricated pile = More —“thickness, more load, life s good
%;;« aIn sheet P‘cle_s, secton is  -thinner —to suitable low bearing
LCLS) copacHy  soils -
c) .. Y
- Sheet FNG_ Ret‘qmma uxadl (R <) )
'Ll_—J o (Masonry)
> -
O |
; _ o . weep _ho(es
S Fa
= K g
=
86- No weep holes in sheet piles f- Bearihq copactty (nerases
L9 - Apchored R Regd .
3- Not anchon :
as- Flexible < :
2 ‘ Q: ,N&EF holes are. preuided:
O Cantilever sheet P‘iie:~
—
Z piatform (whort)
< T '
—~——
O ~
o - - T ‘
[
— — —
— - !
— ;hb\' F. (achue Pvassmrﬂ IS Qlc'gffuvb@ﬁ

PG;SSEUQ s Yes (Stance
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SOIL EXPLORATION

Soit exploro:h‘om s also called soit !‘ﬂuesﬁ'cactﬁbn cor) Site
c invest 8c:tl‘o D ) |
c Exploro:tfon means —to bring ou the hidden things  (ike 2
;--.; yock, wader table, —type of soil, sound yock <ctc eon carth -

Budget —for SHe investigadion & o Spend  maKimum 27 O

&
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‘the —otal Pro)ec-t— cast

Stk inveshgotion s not dene  Cor) adequate  causes
- Failure of the stucture .
Q- IMproper —functio n\"na ot the sStucture
3 A LUnable -to decide aHvration oOF ddd%h‘on. _
Seismic vefractve method s the one of the method
wshich s non destuctve method .
Note : - / |
- When pore holes ore N closer s'ocmcina, no: of lbore holes
are  increasing, tme s increasing  cost @S increasing
&+ seil — Homogeneous,  unrform | spacing s more, No of Bore
holes (s less
3. Soil — Evvotc <oll, non uniform sou, s,)qc:t‘ﬁcj s tegs , no: of
Rore holes (o high-
Methods of cxploration : -

1~ Test Pa‘?t mMmethod L -

. . . 55
P Disadu'aﬂ‘tc’la@_s = ﬂo"»eff}?”’%;\»
' =) “ﬂ ?@' = -
. ' 1227 3P GiE T et .
- soit s disturbed B
fv'/'j',g'\' 'é«c&fﬁzﬁﬁﬂloggd Aef '
. o G O h AW
Q- Uneconomical ~for deeper depth 5 %o P:o'xé‘;f}cp@g
-2 S
(o
~AC

A dv‘cmmaes L
tv Economical

Q- Lcn‘cae Ov;mﬁ*\j - sal ¢ avasloble.




" Bovma mMethod @ ~

Makn‘na a smadl hole in sol s calied eom\c,- Theve
Qre +4wo ypes ©of bo fings -
Augex .’2:0.'0303 i
1 Auger Bor?nca gives h?cahlg disturbeal Soil:

2- Tt is cconomical —for shatlew de’a'fh
3. Tt e a Pwhmmcﬁj St‘ce mues—hsdzhcn wtth a WLFKJ- ’hme(%‘“d’g

4. Theve are -wo -ypes of Auger BGering. -Theff are ‘
Hond Auae‘rs ‘—5 suitable for shallow ,derS, ke Roads
power Aucj-ers —> deeper de,:th.'

Inosh bo/ﬁnq: -

Advamtages « -

- Trformation —for Cleepey stata

Disadvantages « -

1. Destructive —test

Q- Cart. be used H§ Rock present

3- Disturbed  soit

pe,v;:ussi'on dvilh‘nca or cabke tool methed: -

Adudwbges L~ v |

t« Surtable for all <ol

Q- Brings jéo‘it sample

D‘astuo.rrto:aes e

- Highly disturbed

DOWNLOADED FROM www.CivilEnggForAll.com

R progress is Slow
. ol eV ;1
3 puvrabilty of Reck (of) Slack  duvaliliy —“test

Y. DQS"HLlC‘h‘UQ —+tect

Factors O:F‘Fechna the sample disturbance:-
I split spoon  sampley (sss) — pisturbed
Q- shelby -tubes |

3. piston '$qu(@( undisturbed

4. Thin wall sampler




— Static  lobods are %ood —for disturbed SomP(e-

€ k

~ — Oyhamic loads ar good —for  undisturbed sample .

o pPressure meter test: -

o I« Bt s A feld tect

o & Deeper soil g

2 Radial disFlecczmem{— ’

Y- volume Chouxaes —

Selemic vefraction method @ —

1. One of Non dicturbed —test

Q- preliminary

3- No SClmP(es are —token out 4 *

Y- surface or neoxb‘j surfoce zone CDeeFer soti c:onr\o-f—be e valuote "
bj this Merth od )

S. Suitable —for TUNways, hlgbwmds

S- Lcu‘se ara. (n short ,De'n‘od of- -time

.‘ A \ Y \ L\?
T IN seismic  vefachon method slope gqives inverse of-weloch

Ti me Obsevve

by Geo 4 ' i
phon eg/[\ S -

Y

) X Distonce of GCOI)hcmes -

(vound  Tmprovemerst Enginsering
r ! l

Geo synrthetics Stobilizadion G routing

E
@
.0
<
@)
L
(@)
O
c
g
=
O
=
s
S
=
®
o
LL
A
L
A
<
O
]
Z
=
O
.0

1. Mechanical stabiizahon: —
BLj o\dd?ﬂta one soill + other c<oil s called Mechanical
Stabilizaton. NO chemicals are  Used . '
- Chemical Stabilizahen: -
SOl + coment + Luater + compaction + curing - Auontlty Of Cement
vequired appoximately, Sv- for sand and (s Afor Cleys

Soil + chemical = chemical SHabilizadion:




Lime stabtizahon—

| O
Lime + cohesive Sofls = Lime -Stabilizahon- .

€3

t« Bind (‘na INCreases e
pemeqbtlthj decrases |

/ O

Q.
3 Durcxbn‘lt—{-ﬂ iNcreases
Y- Eresion decreoses

Woter onoﬁna :

N\

Euwourd (Mprovement  -technique : -

51 Blectro  osmosis

fﬁ&- Vibvoflotation mathod

—

O3 Terapvobke methed i
L?LDH' Lime plles :
U‘—]s‘- stone  columns

EG. Geotextiles

5

=Gieotextites . /

=

';l- Tt Is a synthetic materia)l  (ov) orbfidal  Moderial:

=a. Tt I used insde of soil (ke Teinforcement raitage -

%' Tt looks black ih color:

. Tt octs membrane (uxder PMGR/)S) L

Lz,
0
LLI
O
<
O
—
Z
=
@)
0
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STABILITY OF SLOPES

Slopes are  Embankment,

A

Earthen dams, canals,
Tvench ae°
/

Flat s—teep@,f Sto pe

I« MOre. [and i

Less |and

Q- Stqb?h"h:) S More Q- S-to.b}(n‘-hj s less

3. More moterial 2

SIOP& “fatlure may ‘takes
b Gravitotional —fgree
R - Noturald disastere

Rains ( S@QFQ-CJ e)

Toe Hfailure: -

- Toe failue € +the common

Basce —fallure : -

1- Tt Occurs beyond the

DQPth -factor (D_p):‘

H
For Hface failure, D < |
For toe fallure,

oY base failure,

D+>\
Stability  of  infinrte Slopes

Factor of safety, € =

- less madenad.

Place due ~to

<o toe farlure .

Trenches,

Gi-L

(33

“SofE A

N

io

NN IR = e <

shenr h

Shear stess

—
—~—

/

=
tT?

<7

amomng  the  Hhree —iluves

Haxd vo




!

Tnfintte  Slope C—-@ Soiis:—
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Swedish -

F = Ctepntang
(TJ
E = C+ 3z cosTt tong

Yz cosi sint

| = C+(32;codi) Tand

Y2, cost sint

= 1 sint -
¥ 2. cosi si = © L Yz, cos
> z2_Y
, . = Z. Y
C AN 7\ - LY
~—— = Cosi Sihl - cogi —tan &
2.3
[l
S H
—t = C g Fc
2z H

Ze = (FQ‘Z)

—— = cosTi (tani —tan B) = S~ = stobilify Number:

civele method (o) method of Shiceg: ~

l-- T+ con be uscd —for Cc-@ <oils-

\

= .C_(L‘mtw)-i-(éf\’) tand

ET

DD DD

o




@ - FPellenius method : - : @

0 For i/ Slope
(., | = 2&0
{ﬂj ,‘3 = 37
. wne
o e (\}S H
\ ce -
C
1 H _
Y-S (t4) A -
£
) 8 Factor of safety: -
<=£ fo = < = He - Critical height
| 5 Sm H Actual height-of- slope
LL :
fo)) = frict
2 F¢ = tong _ ~friction angle y
I.I(—] tong MObilised -tchon angle
2 By = -tcm"[ tan &
O Fa
2 P:9 No:-79
e =3 '
S - Gived o= Le T/ > e ~
8 \ASQ:{- ZulliS) '{Z‘/MB
LL Sp=06-1 - N
0 -
Sy = .
<D[ | " vy
O Feo = <
Zj Sy
; = 1- < ' /
8 O (a=1)(s)
Fc = 2 |

She Method of slices

ET = soo kN ., = Cllare X 1) + £ (N -v) tan &
EN = Q00 kKNI T ‘
SU = 200 kN = 20 (a7xf) + (900 — 200) tan
bave =27 m Svo

= 1-529%




35 Given  C = QT fm* PE= aTt/m3, F=2 S, =04}

Sﬂ: - o
F-¥H
/ = 0
On' — 2 -
DX AXH
H= 2> - <m
O~y
B6- Given c:z-e{—/m’* —
v =90
S 1)
Sy = 0261 | °
¥y = a+/m®
H = c TE F-s (S no-l—gq\;@ Hhen dake
SpX¥F AN,
= Q€
/

0-261X 2 X (1)

o S04y m

Aclditional questions: -

te Given  H=7m
¥ = 16 KN /m?
C = 25 KN/m*
{ = 30

Sy =078

’

/ O 1AX 16X 1
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= |1-25 .
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BEARING, CAPACITY

Shaliow Fowndaohons: -

A —foundation is considered as  shallbw depth is calleq

Shalipw —foundation: TF -the depth is e@qual to or less than the
width t & shatlow -

Bxi- Spread —footing, continuous ~Roting,  Roft *-Fog}ndoﬁon te -
Deep Foundadon: -
Load & tansmitted At considerable Septh below G L
Ext— pile, pier, caisson et
Net prEssure (qn):-
Ghrass pressure - Oriainql ovey burden pressure
Uy =9 — 7D
D = Depth of ~-foundation
Ot made bec_wm(j chchc‘d—g:w(q,u) _
The minimum gross "oressuré at -the base of "ﬂ\@_&’u‘””
dation at  which soil -fRlls in shear -
Net  UHimade beoxincj C‘ilPﬂc;hj (V)= /
Vo = V- YD

Net Ssofe beoorinoj mPQCHH (q/ns)l’

Une = (Benw)
=

F = Factor ef Scxfehj =3
GYCss  soxefre beaving Copactty  (ov) Safe bearing CCLFqc'rhj (Gvg) ™

q% = Opns + YD

Rankine's Aﬂ&iL\JSilS V-

D, = 9,["'-S?n¢
min
¥ P +sih ¢

q = load in-ter)sﬁ‘;j 'o:t— the base




T@ra&ghu‘é general  beaving  capacty  cguation Hfor continucus

~footing : ~ e
wd for .

(81
) O

N, N, Ny Qre beoﬁnq CQ,PCLCH‘H factors —for General Sh@m%“‘ .
“aliure. Tt cepends wpon  ong @ of -Ricton & ‘
Note .- Y ~

= As the anq e of mernal ficton INcreasces beon nq capacity

o
Z = p—
o Vet = ( U ~ 3D, |
S :
(@) Anet = CNo +C’1,(N‘%~t)'+—..i8;\jg.y :
(@)
(- a | |
>
O
= . N A Y
; q,uH"(‘Jfoss) e N, TT q’Nq"*" - S¥8Ny
; 'Sc' Sq” S}i — . _
3 S¢,S,, Sy ore  shape factors:
O (o) qfa 4 Pe
m .
- S PS factors St P Square circular vrectangular -
A : _
a S i -3 -3 1+0-3 =
@) c
< . {-0 oo
@) ch ! e}
= o ey B
prd Sy I c-g S) l-0a 2
O Civauiar ~ooting: -
A
= 1-3CcN. t+ I+ "q,NqY—t— 06 X‘LT(D)X“(\J); )
Uit (9ross) c |
SC:L-3, Sq/:| 33:06

Square *ﬁ)(}h‘ng L~

/
= . . 08 VRN
q/uu‘ (qross) 1.3 Cf\)c + 9 N’q, + X + ¢

R@C—Eaﬂcau!of —fochng 1~

o+ (h—o-z%) ts&ﬁy

q,

wie = (H—o-s _S_) O
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Note: -

For puure

+

net
V(N —1) + 5 38Ny
Veafs = = (v (Ng~1) + Lxan]
(b -soil)
Effect of water -ble op
- Becm‘ﬂa capacry  will not offect  when

Vet (9)
C - <oils
Cbn et

q’r) et

q’

Net

cohesive soit (¢ =0),

-—

1

~
p—d
—

safe (Net)

Nt (1) +0o

chC-i-q,_] -9

C N

cxXe

&eC

3

= .
[sa-(-e(c-soh) = U-c~s‘J

Mast of the <sollg

Factor

of  Sofety

[%‘N%_“:.TYBN:!] -1

C D‘F -+ e.p) "FfO!T)

i
D)
r
L 1
BFT — g

wound sSurface and abouc.

[jl,«o»-L

Bearing <capacty  of Solls +=

- - - Foundahen tevel (F.L)

-0- =
ij_ OS‘(f"“ Z%UL)

L

Water table s
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PILE FOUNDATION o
I et ;

Cloasthication of P?ies L

o Basced on load ‘ransfer -

. . Resonablet| [X Ne skin fiction _
1. End bearing pies ctepth )
No skin friction . Eopenetable Motoid
C y ® (vock, hord Soiy)  —
2 P(Ooctina Cor) —friction pile N end “ 0
&\}%‘m oy
____.T Ll’ T /(\ R
4 N
i Ak
un {4
o X (heglidible)

— NO hard stota avatlable 0 yessonable dep’fh

3- combired cnd be‘l‘”‘”% and frictien Fi‘(e

&Q Totad

AT
Loose
“\ T&ski'n " Sond
1 1?
1\ .
T pense § st ’
Qend , L

b: Rosed on methoa of  instatlehon : -

. Drivuen ond cast-in-situ Piles -
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Load carny copacity of plesys
e Stale formula

2. pynamic —formula

a- Penctation test (sPT, CPT)
w- pile load —test




Statc -formulia: - . @

s
(5 \ 'y
arspiles N clayy=—-
o Que = Qer\cl t Qqin
¢

= (F) A‘h‘P + () Acurs ' X = Adhesion —factor Cor)

Shear mobitised fack

e

i

= Cc_b;\’:"c) Ap + (S %) Acurprce

P9 No:i-9&

i Floading pile /ficiton pite

&ulﬁma‘@ = G ASu“che

-

(e - -
- 8 Yo7 x 0(o-3) 10 d=o.2m
p= = 2€-389q T CI/=H‘T/ML Fec=ac
, < X =07 T el
» 5 &Scrfe <= Qume - 26389 : ;
. P _ Rerd =0 i
cLL F-s 5.z Z
(@)
R e) = lo-ss 1
(-
= Tf o :
S P of the F(fﬁ Oad (s zero aond end i< gluen
(; Ruit = Qepy +o
é N =t :
E = YxXgvw "ﬂ“(o-s)‘z‘
L{
| 8 £ o .G
B Qsafe = 25T _ ¢ )
D : R STT :
L : ' ] g
a Tf both loads  are gtuven  then Venfe = 0lss + 1 = ttesET
<
O Ex:- :
21 ®~QH: = Qepg + Qskin
Qute = © + Qguip L= c=a-3
2 2
O - C :th‘/m
) ('S Xas 1) = e (tudlL) <=0
: Fg=2-%
g 2T = Y (o-7) Cﬁ*xo.ng) S =2
S Qoafee = R
L = 2um s
b. pPiles in Sand § -
Que = Qena + @y, T -
Loose Saxi
= (5 Aﬁf’ T (1) Asurface j
= oL A A !
(asp Ng) Ay, + (P‘E"&lné‘%oya)~ A /
L Eadh pressuve 6= anqle of wol et




E.’."‘» t
X)') Quie = CNCAﬁP+K‘tCm¢DDAS

'n') Quu = CNCA_S +K-tun¢)°b"A.5r 2

O -
- . M

(=$ cl o=
/ = |
" ond

P-q NOL-Q6

o

S Given W= 12 kN h=2m <=10mm Fs =6 (assume) -
N, =1 (assume) max A

Re= Whn

C = &S H oM <“for dmla -

F (s+c) oL

homm er £

= [2X200 X1
& (' + e=2sy)

= Ha-a9 kKN

wauP of Piles: -

&3 X too

E:—Fﬁc/iencj of pile <3vouq>} v’L(a |8

N X Qq.p ;
Gvoup capactty  of ples i cloy (Qg)i-
a: Individual -fitare: -

R =N

g?

usr

= N [(EipNe ) Agip (c=)A| —5 O
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@s‘rou')/btcck/im"e:: C'h"P‘ Ne Apioek (‘ﬁi’) + C“""a'— As (block)
= C'EID -N_ - (NCS)““D):L —+ chs “As ( blocl<
Weli “foundation: —
: )—+| b1 -7 “P‘J_/’f-ﬁvef
\ — L — 11 ,ngef
g = [
/ N - _ QTC—F‘\(Q Cop
w@.\z 2 B leue(&r@gg \enek
e et well cop s constructed o
g_t‘\%)“\;l ’ = 3’3“'}’ lergth Bad level of viver
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£t pile caxry o lOQd/ something Y
no s f tood ot ¢

& pile covry o TG-‘W‘ of rFipile
3™, w'h also carry  Same  =fh fad

L ;»3(_"5_

_ 16 -3
g
= I3-
Sy

FESEER

il B 1






