v,
Degree of saturation (s,)for Bulk soil = —~

whenv, = 0andv, =0is (v, =0 ,v, = v,,S§=0)
v
. . Uy o
Degree of saturation (sy,,;,,)for Dry soil = — = = o S not may be < O
v a
. . vW v’l)
Degree of saturation (sy,,,,)for saturated soil = — = i 1 S not may be > 1 o<s<1
v w
. . va
The air content (A) for Bulk soil = .
t
. - va vv
The air content (Am,ax)for Dry soil = el Rtk atv, = v, Amax =N Anot maybe >n
t t
. . Va o
The air content (A,in) for saturated soil = o = = 0 atv, =0 A, in =0 Anotmaybe <0
t t
(Mass-Mass) Or (Weight - Weight) Relation
M., Wi Z P
Water content (w,) = 7 Or = at Dry soil (wc) = 0 at Sat soil (Wc) = WCnax
S S
(Mass Or Weight) -Volume Relation
. M, Gspy,(1+w) pu(Gs+ se) ) . ) W Gsyw @A +w)  yuw(Gs + se)
Bulk density (p) = o oy = T Or moist unit weight (y) = o L= = TR
; ; M - - ; Ws
Solid density (ps) = o Or solid unit weight Vsoiia = o
S S
. Ms _ pwGs . . Ws _ vwGs
Dry density (Pary) = V_t =T - Or dry unitweight Vg, = V_t =i ta
. M, pPw(Gs + e) . . W, Yw(Gs + e)
Saturated density (Psqr) = U_t = wlT Or saturated unit weight Yygso: = v—t = WlT
P (ef fective /Bount/Submerged) — Psat — Pw Or effective unit We’:ght YV (ef fective/Bount/Submerged) — Vsat — Yw

Derived Relation:

¥YbDry = GSy,(1 —n) Vsat = ¥Vbpry + N¥Vy Y =¥YwGes(1 +w)(1 —n)

— — GS — Tt pP. M M v,
w.Gs =se | 4 S WP 4 4—n@a-—s e = Gs===—= = w
1+e ¢ ) 1-n Bos | Mailus PVl
-2 _ o S - _ Yw(Es—1) _ ¥pry(Gs—1)
Ppry = 1 4+ w Ybory = 1 +w Y (effective/Bount/Submerged) — 1+e - Gs
Psolid Vsolid Psat Vsat e
= T soud = 2 Soud = _— Or = — n=_—_——
pDry 1+ e or YDry 1+ e pDry 1+ Wsat YDry 1+ Wsat 1+ e
Volume —-Volume Relation
v,
void ratio (e) for Bulk soil = v—v when v, = 0 is (v = v,,e = 0) and whenv, = vsis (v, = 2V, ,e = 1)
s
v, v,
void ratio (e) for Dry soil = v_v = v_a when v, = 0 is (vg = vs,e = 0) and when v, = vsis (Ve = 2vg,€e = 1)
s S
v, v,
void ratio (e) for sat soil = v—v = v—w when v, = 0is (vs = v,,e = 0) and when v,, = v is (v, = 2v,,,e = 1)
S S
emay be >1 and e not may be < O
v,
Porosity (n) for Bulk soil = v—v whenv, = 0andv,, = 0is (v, =0,vs = v,, nn = 0)
t
- - v‘l} va -
Porosity (n) for Dry soil = > = . whenv, = 0 is (v, = 0,v, = v,, nn = 0)
t t
. . v'l) VW
Porosity (n) for saturated soil = el when v, = 0is (v, =0 ,vs, = v,,n = 0)
t t

€max — €
DrOrilr =——
€max — €min

is0O<Dr<1

p €max — €min .
Dr Or Ir for Dense Or Compact soil (e = ep;p) =———=1 is D74y
€max — €min

. €max — €max
Dr Or Ir for Loose soil (e = e, 0,) = ——mM— =

=0 is Drmin
max — €min
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The Geotechnical engineering 7/2

Assume the soil above the surface of the water
Dry Or Bulk Soil and below Saturated Soil.

—_—
7

l l q="1vq Xh

G.S denote to Ground Surface

Weight KN
Stress = g =y X h Unit—; hG.Sl
Area m?2 h
G-Sii W.T denote to Water Surface
h
U = Yyater X Awater- (Ywater = 9-81 KN/mZ) water1
A\ ®
aeffective = z:(Veffective X hG.S) Ototal = z:(ytotal X hG.S)
for — Saturated Soil Yerre = (Vsar — Yw)- for — Saturated Soil Yorar = Vsar-

—Bulk Or Dry Soil Verre = Vouik OT Vpry-

Ocffective = 4 + Z(Veffective X hgs)

—Bulk Or Dry Soil Yiotar = YBuik O Ypry-

q only added to 0 ffective AN Oro1q

—q = 0 (Immediately ).

Ototal = q T+ z'(ytotal X hG.S)

U = Ywater X Awater

.—q = be considered (Many years after the fill )

3Pz* _ 3P z° P i I —; for point load
AO‘Z =Eﬁ=zmzz—zllforpomt load. 1= 2T 2 5/2 p .
] +1
z
2qz° 2q , I
Ao, = 2% 1 2272 = 22lOc/2) + 112 for Vertiacl stress by vertical line
2q  xz? : : -
Ao, = Aoz = —————= for Vertiacl stress by horizontail line
T [x? + z2]?
[ ]
I 1
Aoz =q | 1-—— | for Vertical Stress below the Center of a Uniformly Loaded Circular Area
INE
| [(E) +1]J LorB  LorB
m = 7 n=
z
q1/By+ B B B2 B ]
Aoz = . [( 13 2) (ay + ) — ,3_1 (az)] < >¢ > Acz = ql; forVertical Stress Caused
2 2

= (tan‘1 ('81 b

) et (2))

Loaded Areaby a Rectangular

Aoz = q Surcharge load

z 180 a; > A2 12
Py, T ) A X8 strip load
_ -1 (P1 0z = rip loa
Oz = tan <Z>X18O 8, (B+2)
2 — 2

_qaq (P2 T < Z _ qXxXB

Aoz = = o, = tan™? (7> X 180 /KﬂiH Aoz B+ X B +2) Square load
poz = —4XD° Circle load
q=vH o |2 |2 T D F ) x @ £ g Circleloa
o

y = unit weight of the embankment

H = height of the embankment

q(B X L)
(B+2)X(L+2)

Aoz = Rectangular load



0%h 0%h

k, 322 + kzﬁ = 0 (Laplace equation of continuity)
k, = k, (isotropic soil) x = kyi, =k ?
. Ahn oh
L= vz=k,i,=k,— 25,
=y—/=y_yw=GS_1ata =0
er = Vo 1+e eff

v = ki at normal condtion Or Darcy velocity

. = ki, at Critical condtion

v = ki (Discharge velocity Or Darcy velocity)

v k = hydraulic

ki .
vs == oy (Seepage velocity)

conductivity of
q = vA at normal condtion soil(cm/sec)
qer = VoA at Critical condtion

q = vA by Area total

q = VsAyoiqe by Area Voide

k = 1072D,,* For Clean Uniform sands (Hazan)

Seepage discharge or Flow rate

Nf
q = kAH — ] o .om?d
Nd In isotropic soil — /m
sec
AH =H, — H,
Ah = Nd (Head loss or Drop head m)

h; = AH — Nd;Ah — z ( Pressure head m)

u; = yywh; = yw[AH — Nd;Ah — z](Pour pressure m)

(u; + uy)
Pw = — X Lpam (pressure of water
or uplifit force KN/m)

The weight of the dam
F.s = (Factor of safety

pressure of water

Ao, =Att=0 Au=u,=0Att = oo
Au Or u,
Symbolized u;
‘ Ototalfinar = %o + Ao,
Ototalfinar = 9o + Ao,
Ufinal = Up
Usinal = Uo + A0y .
Ocffe pinar — 00 + Ag, — u,
4Tv 0<Tv<0.197
Uavg = |/
J T
8 -m?Tv Tv > 0.197
Uavg =1- Fe 4
T
Tv = ZUu,,gz U <0.60
= —0.933Log(1 — U) — 0.085 U > 0.60
h: The distance from the surface of the
0.C.R = 2 soil in the middle of the clay layer.

O—O
Ho :Thick layer clay

-Normally Consolidation Clay (O.C.R) = 1 op = 0,
-Under Consolidation Clay (O.C.R) < 1 op < 0,
-Over Consolidation Clay (O.C.R) > 1 op > 0,

1
Aoz = 3 (Aazm7 + 4002 g + AUZbottom)

6, =Yh af‘ =0, + Aoz

Ae
1.S;=H

— 2.8 L af\
% (1+e) f = (1+ep) 0b0g o,

Sy = myHpAoz 0.C.CR<1

op < 0, < 0f

3.5;

Cr O'f\
= H,L —
e olLog (% )

(1 +eo)

0, <of <op O.CR>1

against Uplift force) Wt.Dam = Y oncrete X Aconcrete

4.8 “  nL GP “ _nL af\
. U — 0] D E— (0]
r= (1+ep) 0%09 (1+ eo) 0%09 Op

F.s = - " (Factor of safety against piping force) 0 < ap < g O0.CR>1
L exit Or min
loxit = 7 ~ . Cr N N
exi Lexit Or min Sf = mHOLog <Uo ) = —ve g, > Of
kAH —= NS _ k, X k,AH — Ny A t il S,
= X nisotropic soi
1= Nd Nd ( p ) Uavg S—C ou, 0%ue
=cv
. _ HiK; + H)K, + H3K; —2 y ot 0z2
Heq — H, +H, + H, > . UZ=1—A . cvt
Oz = U; Tv = Y
H, + H, + H; ‘L \1, dr
k, = 3 t=0 U,=0
b (i) + (i) + (é) K = C,yMyYw
K, K, K; e > t=o0 U,=1




T=c+ctang ¢ = Angle of friction
ogl’— o3’ 0 = Angle of failure
sing’ = 12
, 01403’ o0l1—-03’ ’ rq = ’ ’ ol’— o3”
of =Ty cos 26 c’cotp’+5(a1’+037) o = sin 20
2 4
cl+03 o0l1—03 9:450+£
oTf = + cos 260 2
2 2
! ! UU Test:
ol’= 03’ tan? (45 4+ %) + 2c¢’tan(45 °+%) OT = = (i 653
1—-03 cl—o
Tf=%sin29 , ol’+03” ol’—03’ su=cc=——
® of '= 2 B 2 sin ¢ V = Constant
6 =45°+ > ol — o3 U = Unknown
sinpT =— if c¢=0
¢ ol +o03 ! su = Undrained Shear Strength
Mohr — Coulomb Circle: CD Test: CU Test:
ol + o3 , cl’+03” ol’—aoc3’ . , ol = g3 + Aogd ,
Center = — of = > — > sin ¢ 63'= 63 — Uf (C]briccp,
po ot=03 b= Sm-l(M’) - ol’=0l-Uf
2 cl’+ 03’ -
¢ ol =0’
63 =45+ > Sand Normally Consolidated Clay ¢ = 0
01 = 45 — % Over Consolidated Clay ¢ # 0

P 0.5
¢ =2 [tan_l (OO:;-,((II))_ Z;. ,((IIII))) — 45 o“ for two SpeCimentS

Fallure envelope :
\/




7r = C + o7 X tan(@)

MR

Normal Consolidated Clay

T: shear strength of soil

Sandy Soil Or T

—_ 1)

C:0tr=f X tan(®) >
C: cohesion intercept o
@: angle of friction Clayey Soil T
\_f‘>
o: total normal stress :0 t=C c
on the failure plane C and @ shear parameter | a>

o,0r o1

Failure plane
J

Minor principle plane

Major principle stress

1
T = 2—(01 — 03)sin(26)
1
2 (01— 0}

sin(@) = T
C cot(D) +—2 (oo}

Direct shear test (Shear box test).
Function of €ffECtIVE STL 7, rancon + ¢

T

Normal force

Major principle plane

Minor principle stress

Normal force(o) =

Cross — sectional area of the specimen

Resisting Shear force
Shear force(t) =

Cross — sectional area of the specimen
C=C/andp=0/ando=0/—-U=0/—-0=0/
Over Consolidated Clay Residual C’'=O

Over Consolidated Clay peak C'#Z O && @ # 0

~
7

Over Consolidated Clay Or Dense Sand

P

Shear Displacement

Expansion

)

Normal Consolidated Clay Or Loose Sand

Change in height of specimen
(Vertical displacement)
Compression

3

of=

A
<
~
S
I
V)
~
~
[7,)
~
S
(V)
<
[7,)
e
~
c -
\
pd N 2 N
~ 7 N 7
o3 R R 01
v o normal stress
Ji

1 1
2_(0'1 +03) + 2‘(0’1 — 03) cos(260)

o=otan? (45+) -I%ZC tan (45 +) g

At
Slope =Es = =modulus of elasticity Residual Or ultimate
N
Peak
A Over Consolidated Clay
<
g Dense Sand
e Tf
@
§ Loose Sand Or
Q
< Tf :
: Normal Consolidated Clay
\ 4
N
< >
15% Shear Displacement
: M
: 1
= Loose Sand
g
Dense Sand
>

Shear Displacement



Triaxle Test 03/ = 03— Uc(0)

1. (CD) Or (S) Test.

Function of effective stress T = o/ X tan(@/) + C/

—_ <
Ah o3/ = 03— Uc(0)
Axial Strain (g,) = h
AV
Volume Strain (sy) = v

Find C/ && @/ 03/ = 03— Uc(0)

2. (CU) Or (R) Test.

Function of effective stress T = g/ X tan(@/) + C/

03/ = 03— Uc(0)

l 0'3/=0'3—U(;

%e

o3/ =03 Uc

Function of total stress 7 =0 X tan(@) + C

Find C/ && ¢/ && C && @

2. (UU) Or (Q) Test

Function of total stress 7 =0 X tan(@) + C

§<100% 0 >0, C < Cax

l O'1/=0'3+A0'd—Uf(0)

o3/ = 03— Up(0)

\l/ o1/ =03+ Aoyg— Uy

%@

0'3/=O'3—Uf

!

01/ =03+ Aog— Uy

. A
SRS
Stage 1: Confinement Stage Stage 2: Shearing Stage
Find C && 0
Residual Or ultimate
A /’ Stiff Clay g — £ A Over Consolidated Clay Or Dense Sand
3 Peak £%T <
IS Over Consolidated Clay g g =
2 S
3 Dense Sand cs H
2|l /o o3 >
) _— / P \ Soft Clay 2 :; 5 Axial Strain &,
Loose Sand Or £8 7
Aoy %5 &
Normal Consolidated Clay =2 £ Normal Consolidated Clay Or Loose Sand
= o
, Sy
7
< >  Axial Strain &Ea
15% /- o8
o =% gn
A P =2(tan"1( ) —45)

Normal Consolidated Clay Or Loose Sand

~_
N

a5/ o= o5/

an

Su for NC

3 > Sy 1
< Axial Strain g, Po_/ = 0.45(PI)2 PI in demical and > 0.5
Sy 0.11 + 0.0037PI PIli
Over Consolidated Clay Or Dense Sand Py +0. inpercent
\ 4
Note for A Consolidated ~ Undrained triaxle test = Ondraimed Shearrenoth
Po’ = In Situ overburden stress
T shear strength q q - & Pl = plagticity index
U =0gr=
A B =T Ay )
2 R Ao oo
. . i
Sy = Undrained Shear Strength = (1 — ga) (0.c. R)08 — Over consolidated Clay

C
o Normal Stress -
N
[l C
03=0 o1=07(qu) Po

(0
(F/)

0 Normally consolidated Clay

—l/ = (0.23 £ 0.04)(0. C. R)05



