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Rough/CT-1 22/12

Lateral Earth pressure

Pressure evented by soil against an engineering structure.

Depends on,

cohesionof internal1. Physical chars-cohesionless soil
both angle

cohesive soil

C-p soil L friction
2. Deformation chans-no deform

lateral expansion

lateral contraction

- --
- - ->

I I ->

->
t t

->
-L -

no deformation lateral expansion Lateral contraction

↓ ↓ ↓
stiff material Active earth pressure Passive earth pressure

more resistance

Earth pressure SSoil is giving Id sail is resistingId

is at nest
Koh S

kp
Y W Ka, kp depends

on passive soil is also
on failure direction

Resisting maximum lateral stress
-

at which soil fails

why Kay kp -> coefficient of active/passive earth

Y pressure

Ratio of lateral stress to vertical
Kp) ko) Ko

stress at active/passive earth pressure



For Earth pressure -> Ko
at nest derived empirically (by convention)

Normally consolidated sail
, Kn = 1-sing'

over consolidated soil
, Ko : -sinD) ocrsing

-

Procedure : determine vertical pressure

find Ka/kp/ko
determine lateral pressure

Total thrust = area

Point of action = centroid



Effect of sunchange - Point Id

GP
↓mH-

V
-

m=

u = T: - y= ult Y

For~ 3
Id of a point
perpendicular

of loading point
& wall

20=HCOSLICO) -> When not perpendicular

↓KimH-

van E

S

-
↑

So



Practice
50kN

173m +1
-

Insno
*

3. 186
m== = 0. 5 (20 .4)

As A2 5. 80
*

Gm As ↑ 4 . 916
n==

As As
:

3 .262 It:D.my
AtAt 026

&

-

As it , 250
=

2458hres
-(m) Area -> Force

O 8 8 As = 0 . 5x 3 . 186X1 = 1 ·593 KN

2 0 . 167 3. 186 Al = 3 . 186X1 = 3. 18) KN

2 0 . 333 5.88 Al = 0 . 5 (5. 8 - 3. 186) x1 = 1 . 307 kN

3 8 . 5 4 . 916 Az = 4916X1 = 4. 916 KN

4 0 . 667 3.262 Au = 0 . 5 (5 . 8 - 4916)X1 = 0. 442kN

5 8 . 833 2. 026 As : 3. 262x1 = 3 . 262 kN

6 1 1.259 Ay = 0. 5 x (4 . 916 - 3 .262) X1 = 0 .827kN

Az = 2. 026 X1 = 2. 026 kN

7 As = 0 . 5 (3 . 262 - 2. 826) X1 = 0 . 618KN

- An = 1 .259X1 = 1 . 259 KN

A
, 0

= 0. 5 (2 . 026 - 1 . 259) x2 = 0 . 384kN

use trapezium
instead

.: Total thrust = EA = 19 . 82 kN



Practice JOIN JOKN

158kN i-3m-+

8 I I

- A 8. 26 wall
*

H2m 2m+
A2 5 . 35

B

A3
*

0 .22 O : fan" : 33 . 69.

12m A40. 12

A50
. 07

m==2
= 0 . 25 [10)

P

-100 . 04

n==

#:us&Ho = Ccos (1 : 1X33 .69)

= 0 . 637 Ot
= 0 .0972xstrings

epthm)
8 8 8

2 0 . 17 0 . 41 8 .26

2 0. 33 0 .54 8. 35

G 25 0 . 35 0 . 22

& 8. 67 0.28 0. 12

18 0 .83 8. 11 0. 87

12 2 0 . 06 8 . 8 4



Al = 0 . 5X0 . 26X2 = 0 . 26 KN

Az=+ o .35x2 = 0 . 61 KN

Ay=*
to .

22x2 = 0 . 57 k

Ap = 0 . 127 8. 22 = 0 .39 KN

A5 = 0 . 12+ 0 . 07 = 0 . 19 KN

A6 = 0 . 07 + 0 . 04 20 . 11 KN

: Total Ahnust = EA = 2 .08KN [for single point ed]

: Total thrust for bothId

= 2. 88X2 = 416 kN
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L12 21/81

subsoil investigation

cost of explanation
Number & location of exploration boring

M2 N N2

Y/2

Y

Y/2

Spacing of boning

1/2 boning under bridge piens sand
Sand

Sand

&DA Depth of boring

until 10 % of ong stress by proposed construction

until stiffen layer- > SPT

-

M M

10% of signa
-Stress

where aned is lox of
2 Jeff

footing
↓ ↓ ↓ ↓ ↓ ↓ ↓ 2 =59sf

Cos .

-



Example
1828KN

↓

A

1 . 5m

3+2

3mX3m
-

A

32
Z 3+2

22 3m 212
~

3+ 2

-3 + 2 -

Gross stress increase

= 100 = 250 KP

Net stress increase

= 200 - VDf
= 200 - 16X1 . 5 = 176 KPa

1 % of net stress increase

= 8 . 1x 176 = 17 . 6 KPa

↳-17 . 6

-
: Total depth of boring

=> z = 6 . 5 in 15 + 65 = Em



1828KN
↓

A

3mx3m

Zo

-

22+ 8. 1928

1 . 5 x 16 + 18416 - 9 .01] + 20 - 1) (18-9 .81)

= 38 . 1 + 8 . 1920 - 8 . 19

: 22 + 8 . 2 zo

#X = 0 . 05(2L +Go

2 = 12.8 m

-> 12. 8 + 15 =

Use min of two methods



DDD Wannow building YBL--

For harnow cone Zy : 350
.7

s - > num of equir stories

wide 2y = 658
. 7

55 KN/m2

S=0
: 5

Hannow, zy = 3x5
% 7

= --

Neut -> method of boring



↓ 13 27/82

method of Boning

- -
willing fluide

blems

I caving

#7 -

Suitability---

Augan Boning looks like screw

in-built casing

Wash Boning
** describe briefly the method of wash boring

Percussion on Cable Tool Drilling
only for stiffen soil

Rotary Drilling

ODEX Brilling



soilSample grain size analysis, attenberg

- specific grav

i) Representative > no chug

ii) Non-representative > add/remove of constituents

↑
field indentif

....

i) Undisturbed

ii) Disturbed ->
not possible to the point
majon-absence of trionial pressure upon hole

*D Justify the statement all undisturbed -> representative

not all nep ... -> undisturbedY
Soil sampling #citem

mas inas

Block sampling
--

Soil Samplens

similar to syring

Explanation samplen ~
-

Drive samplen -> (i) Open drive, (ii) Piston drive samplen

cone barnel ↓
3 types...

Depending on chans/thickness (3 types)

- Thick wall (split spoon samplen, ss]
- Thin wall (shelby tube , si]

- composite



Sample disturbance

- cutting edge

- Inside wall...

---



17182
L14

Soil disturbance

undisturbed soil sample -> exactly field condition

except stress

Disturbance dependsIn

L. cutting edge
2.Inside wall friction

3. No-return volve

cutting edge -> C : btwn 1 % 3%

Co ! 7 Ci

An ↓

Recovery natio Rn: I
Rock Quality

ROB= x150%: 83 % -sai
Ground water level

connected

-Standard Penetration Test (SPTY - Common Dynimic Penetration Test
2

- morb/skg 6"penetration
~ 30 blows/min 30"/760mm

-
for

SPT value
7 X# % 315 -> N-value

-

should be continued until -> 3 criteria



should be continued until : 3 criteria

connections of SPT value



215 24/82

Standard Penetration Test

140 lb/63 . 5 kg

38"1768 men

6"/150mm -> 7 blws -> ignone

18
" & 6/150mm -> 5 bews

y + + 13 + SPT value

6"/158 mm -> 8 blus N-value

SPT-N

Nf

connection for field procedure

1
. For Hammen energy -> 60% ideal

2.For Bonehole diameter -> 100mm -> 1

3. Fon Brill nod connection

4. for samplem connection

- always whole

N = 15-> 45 % eff

No
=XXXX 15

= 11 . 25
I

could be function

-

sand if sandy soil (below Guty-z Cry
further connectionned



-

-m

16 kN/m3
N - 15

-

5m 18kN/m3 Noo = 11 . 25

SAND

connection for overbunden pressure

2 = 3X16+ 5(18 - 9 .81)

= 80 . 95 KPA

Cn = 0 . 77 log() ; 5'), 8 . 25 KN/m2

= 0 . 77 log (2000) = 1 in= 'in 18/cm2

Nicoos

#1) 60
3 = CN * Not

= 1 . 34x11 . 25

= 11 . 7

Efficiency from table

other connections ([B , Cs , [R] from table

CR-depth of SPT sample

connection for water table ---

No longer used

we use overbunden connection



Spr & said props connelation

Cohesionless soit

7 50 -> very dense -> Anget

interpolate angle of internal friction

cohesive soil

-

Unconfined compressive Stren , Qu(kN/m2 : 12. 5 Ngo

Cr: 8

↑: cu+

For Bangladesh soil , qu = 14. 3 N LL 135

16 . 9 N 361LL258

17 . 8 N LL) 58

*** W 0
°

= 27 + 0 .3Ng0 + 0 . 00054Nso
2

&= + 15



Rough/Midterm 81/83

SPT-Standard Penetration Test

- Driving a split spoon samplen into soit

- Bonehole dia 55mm -150 mm

- Hammen weigh 63 . 5 kg dropped on to a drill mod from

38 in on 758 mm above -

N-value -> Number of blows to penetrate 12" Lavoid first 6"

Boning to be continued untilnefusal occurs.

Refusal :

1. Reach 50 blows during any of the tree 6" penetration

2. Reach total of 150 blows

3. No significant advancement during 10 successive blows .

connections :

[A] standardization

1. For hammen energy -> Ell

2. Bonehole dia ->> CB

3. Drilling nod -> CR

4. samplen - > C

Noo : EFCCp
In



EH- 8 . 5 for BD, Donut hammer

& -> 8.65-100 man -> I

158 mm -> 1 . 85

28 mir
-> 2. 25

& -> W/ linen -> 1 . 8

~ linea -> 1 .2

Cm -> fen 3-4m -> 8. 75

4. 6m +> 8 .85

6 - 18m -> 8 . 95

& 18m -> 1 . 5

[B] No longerned

(2) Overburden connection factor (Cry

Cn = 0 . 77 log(000 - 20; 00 . 25 KNML

(N 1360 = NooX[N

Spr & soil property :

Cohesionless soil -> N : 0-44-18 18-38 38 -58358

V. Loose Loose Medium Dense V
. Dense

Cohesive Soil -> N : 8 - 2 2-44-88- 15 15-38(38

V . Soft Soft Medium Stiff V
. Stiff Hand



SPT value & consistence of cohesive soil

&: 12. 5 Noo CKN/m2]

In: A
E = Cu

For Bangladesh

&m: 14 . 3 N LL 135

= 16 . 9 N LL258

: 17 . 8 N LL >
,

58

Defh angle of internal friction :

& 0
= 27 + 0. 3 N60 + 0. 00054 Now
: No + 15



L16 83/83

Dynamic come penetration test (DCPT)

100mm -

> comm -> 100 mm -> 100 mm

/

30 mm -> # of blows

65 kg - high - > high dyna...

low -> low "

-> super 1

Dutch come penetration test (CPT)

Come resistance

skin/side friction

22

- file
Soil profile based on depth vs Rf

Geophysical method (not impo for enam)

-

[Skip to page- Soil Report (scope of ... )

[Then P21D]



Soil Exploration Report Drainage - via gravity

Dewatening +! (1); pump

Borehole log
- 55 sand

M ↑

3) Silf

Scopes , Anace--- %o - 24 clay

------. sandy soi
-

WI some silf

~ a little clay



Types of foundation

Shallow fan ccommon-footing)
Df 23m

depth less than breadth (B)

~ 44 ; 88
-

M /

Df

-

B *
ban 40 : 00

Deep far W

↓ driven pile
↓ Push-in Bise
-

can be not circular Press-in Pile

Capacita I - Boned pile

-circular

E already provide

-
#

Cont

-

capacity↓
I & ↓

less skin friction



31/83
47

Bearing Capacity of Pile Eah

->Df

Lut = cNotIBUNu + qNq 1
j

q =VDf
#↓

- N
I

B Ip

-

Bored Pile fan
#

X
Casing

Driven
pile
* takes more

Id than boned

-> static and is method t EEr Ef EM

-> Field methods

-> staticId test

-> Dynamic Id test I will not be studied

-> Driving formulae z taks 10 bew on one soil

28 11 "another

static analysis method

Nc, Na, Nv-> General beaming capacity factor



- -

↑

Y
↑

-

# ↓
80%

-
if mostId is taken

↑ ↑ friction
skin fisiction by skin friction

↑ &

↑ ↑ t
-> friction pile

↑ N End resistance if by end

n End bearing -> beaning pile

->Pile in cohesive soily pile in cohesionless soil

Driven pile in cohesive soil

-
L ↑ ↑ Es Quet-G + Ab

↑ ↑ Efs : &Cu : Asfs As = TDL

↑ N

- a
i But = CN+te

failure boun soil particle 9b = foAd fo : Que : CNC

-> S

- sheen for conceive-e
to for deep

failure btwn said & concrete fg : Se undrained -> C fan)
-> varies + 2



Cu: 20 kPa - disturbance ↓

100KPm E ↑ ↑

&G

and- > 2 1 disturbance higher, at

Cut ->

Cu= 28KPa -> & = 098

Cu = 100 KPa - & = 0 . 45
Y interpolate in btwn

-

Dia, D = 300 mm

-

Q
= 8

, U = 10kN/m) a
= 0 . 85

5m

Cu = 38kPa

3
-

eu= gokpa
18m

% = 0 , U: 17 kNm3 30
= 0 . 5

-

Cu= 128 Kpa

9 = 8 ,
V = 18 kN/3

&= Asfs = Asifsi + Asafsz

=> (TX03X5)(0 ·85x30 + (4x8 .3x106 .5x98]

= 128. 1 + 424 . 1 = 544. 2

&b = Anfy : (3) (DX120) = 76 . 3 /N

*ut = 544 . 2+76 ·3 = 620 . 4 KN



86/84
L18

In general
cohesive : C = c , p = 0 : dog" ; NeXcay , plastic silt

cohesionless : c = 0
,
0 = 0 : sand-gravel; No day , non-plastic silt

c-p : c-p : Both

Alpha method

# ↓
↑ ↑

fs = &Em 9

↑ ↑ z f=s
: Asfs fo : &Ng

↑ &
= 9q

↑ M

↓ Wh

a Mtf-Qb= Apfe

Cohesionless soil :

& ->When failure btwn

-
sail

t
fs : Otan & I KUz tano

L t
= KE Aan

t
↓Sv

Y

-
Y
-

-E =B usually given

kV

Angle of wall fricon = 8

can be measured

Fr if not, 8 = :I a
-



300min Beta method

- ↓
t

C =] f = B5v
, ang

15m t * = 300
= 0 .gy = 108 KPa

t 8 = 16 kN/m3
- B = 8 . 9 & s = Asfs = (x0 . 3x 15] x108

- X
= 1526. 8 KN

240 KPa

&

=N +N (20 : 38]
= @Nq

-o

Na = 15 Egraph , Ya]

fu = @Nq
15m

= 240x15 = 3600 KPo

- XL Tdh

↑
q = UL

& b
= Anfy= X 3600

-0.3 x300

= 254 . 5 KN

*
ut

= Ps + Qb
= 1526 . 8 + 254 . 8 = 1781 . 3 kN

-
if pile Id test is performed on site

Fs = 2 to3X
No pile Id test

Pa = 1813 = 593. 7 KN



Regarding B method critical depth

-
L

After certain depth
,
went pressure no longer increase

fs = BO-UD, any from two density of coil

t ↓
t

---X Loose sand
, Pc = 10 · D [40iss)

- X

U 16 - 38
-
Med"

, Da : 15 D

Dense ,
Da = 20 D

Y
> 38

↑ j
= Qs + &S2

= Asifsit Asafsz

soom
= 3m

*
Dc = 10 D = 10 X 8 . 3

-

- 48kPac=0

& si
= Asifsi : (5x0 ·3x3) 20 .9 X*

* = 300

8 = 16 kN/m3
- 61 . 87 kN"

Bi 8 . 9 PS2 = Aszfs2 = (x8 . 3 x12] (0 . 9 X 40)

= 488 .5 KN
48 kPa

& s
= Psst &2=

Q = Apfy = (0
.3 (48X15) =... = 549 . 57 kN

= 58 . 89 KN

u= Qs + Qy = 680 . 49 KN

Qu=49
= 200 . 15 N



On ques : considering anitical depth on smit

Pile Id test to be done -> S. F = 2

Usually limits are imposed on fs
, fo (wi critical depth)

E. 8.

2
BNB2

, fo
,man

:

--

fs
,
min

=--

if on ques limiting values are prov.



87184
L19

Small Atn-> stress
Bearing capacity of pile fan

Cap It -> fonce

skin friction : End beaning :

cohesive -> &Cu Calpha method - & Cu

-
Cohesionless -> PE

, org
(beta methods- &Na

↑ (Evang + 2Cuarg] (x method) -Cu, &Na,
(Dcu+ &Na)

it
fs : 9 Cu

B =K Aan &

100, 60 OL

For boned pile -> /g (fs] ; 1/2 (ds]

Pen column more than one pile normally

If pile dia > 2 , may be one pile; preferably not

capacity based on spi value :

-> Noo

N
, Noo (N ,Sout

normally not considered; but for ED , liquefaction

N- aro

End bearing Skin friction

Sand = HON (110000 -- 2160km2;
2
45x45711g00



-

- -

1
Pile cap

&
--

- 888

888

Pile fan

Piled fan-> Pile cap in contact w soil

S113
8 8 8 - S = 2d to Gd

S

8 8 8 / = 3d

S
8 88 -

Efficiency of pile :

ng
= 1- [Ch , -Just not

ISIS
n. = 4 08 8 -

S

n2 = 3 8 8 8 /

& = tan[5] = tan (og] 8 8 8
S

-

: 18 . 48 z z z
-

9 : 905 mm

388 min

ng = 2 - ((4
- 1 x3 + (3-

7x43x18 . 4
Do x4x3

= 1 - 0 . 29 = 0 . 71



* s
= 258 kN

* y = 390kN

&u
= *+y

= 648kN

&usgnp
= 648X8 . 71 : 454kN

Block method
-

Is , S1

Ps : Asfs 8 88 -

= (2: 1 + 3 . %) 2x15X8. 7x58 Cu= 50 kPa 8 00 -

= 5355kN & = 0 .7 3. 8

z 88 -

S

*b
= 9x180X2: X3 L-15 m

8 88 -

= 5588kN
2:

300mm

& u
= 5355 + 5588

= 18935kN

&
s

= Asfs

= (TX 8 . 3 x 15] x 0 . 7 x58

= 494 . 5 KN

Efficiency = --- &b
= 9 X100XTX8 .31

= 63 . 6 kN

&u
= 494 · 57 63 . 6 : 558 kN

Pug = 558 X12 = 6696 KN



Not for exam :

Uplift ~ 55: 88

-

I
-

i

---

V

building 48mm zomm

allowable settlement dif. settlement
For lateral Id

winded , highnise failure

check-> beaning zap

-> settlement

->
latenal movement/settlement

normally, 12 of verticle self. allowed

Y Y Y

compressive fac, uplift, lateral Id

erret -> site pile test

88 8

08 if at center-> rent

z z *
[
- in such case

,

leastId on one side88 *

highest 1d on another

if And test performed -> SF = 2 -
saves money

els 2 -> SF = 3 hence in big proj , piled

test performed



Pile Id test

Double of design Id

proced une

#05,7 sand by
is jacking

& vanion
↳ method Y

e. g., Davisson method



Rough/ Final 27/84

Lateral Earth Pressure (Ref . #187 : Principles of Fan Engg- B .

M. Das

Earth pressure - Pressure evented by sail against an engineering
Struct

Uh (0
,]

↓
-> -kin (83]

↑

Depends on ->

2. Physical chans : cohesionless soil (E= OtanG)

cohesive soil (t = c)

c-o soil (E = c+ 5Aand)

2. Deformation chans :

-

- -

- E =t E
t t

- -

No deformation Lateral expansion Lateral contraction

Earth pressure Active Earth pressure Passive Earth pressure

at nest Deforms away from Deforms toward soil

Ko = It sil Soil is resisting
Soil is causing to deform

kp:
Ka:



k=- coeff of lateral earth pressure ; Kp)K0] Kn
-

Requires wall movement to achieve On passivecond soil is also

passive/acting stage resisting

Earth pressure at nest : when retaining wall may berestrained

from moving, the lateral earth pressure on the wall

at any depth is called atnest earth pressure.

&
n

: Kov : Koch

for normally consolidated soil : Ko = 1-sind
I

I 3sing empirical
overconsolidated sil : K= #sing' OcR

&) -> Drained friction angle of soil (effective

&CR-> Oven consolidation natio

-> Past eff. vent . Stress/current eff . rent stress

OCR : 1- normally consolidated

71- over consolidated



P21/Example -
& 159

Step 1 : Ko : (l-sing' OCRY
D' = 350

sin 350
2. 5 m V = 18 KN/m3

= 4- sin 350) X2
8 CR = 2

= 8 . 635 -

basement with

Step 2 : Po[n] : Ko8h
at nest

= 8 .635X18h = 1143h

8

t
Step 3 : P

. (o) = 8
t

Po (2. 53 = 28 . 58 KPM t

Step 4 : Total force = - 28 .50X1. 5 --
8.83m

on, pointld = 35. 73 KN/m-len -

28 . 58 KPo

Loc of line of action , i=x25 = 0 .83m

Step 5 : Connection factor : (1 + 0 . 5 AomB]
<

= (1+ 0 .5 tanljoy" = 1 . 29

Connected point Id = 35 . 73X129 : 46 . 09 KN/m



Lateral Earth Pressure Theories :

Rankine & Columb

Rankines Earth Pressure Theory :

Assumptions :

(i) soil mass is semi-infinite, homogeneous, cohesionless

(ii) Ground surface is horizontal on inclined

(iii)Retaining wall is vertical
, smooth

(i) Conjugate relation exists between vertical & hon pressures

Active Earth Pressure (Cohesionless sail)

Un

↓
-karh friendD

4509
[

8)-
aA 83 8 &

pole B D

A8 - 8B

Ka= =AOtOD
: A

·
&

= Kn = for (450 - 22



Passive earth pressure (cohesionless saly

45G

8)- port

A 5 8 Is

B D

Kp = tan245+ &]

Failure planes :

Y
45+4 45

:2

Active condition Passive condition



#

-

Ka= fant(450- E/ -
C= 8

= tan= (450-300 Em
0 = 300

2 = 16 KN/m3

= 0 . 333

8

t

t Pa= 32x6 = 96 kN/m

T
- Y3X6 = 2 m

t

Karh

= 32kPa



Active earth pressure : cohesionless
, inclined ground surface

↑
/

B
-

8,

↓
[5,

h

-Pa
= KarheoBXh
KarhcosB

N/3 -
--

Zarh

cos-a
Ka=

costB-2559

Passive earth pressure : inclined, a= 0 sail

kp:



C-Q soil :

Active earth pressure :

-

/X /X

5 = rh
h

If
↓

+83 -
D 19

[ -
E A 50 8,

- B C
--

i

sing:A:
= sing:atus
= 2ccot sing + (8+ 8) since = 0

,
-0

,

=

) 2ecosC = 0 - OsinG-Ey-Essing

= 22c0s9 = 0
. 4-sing]-E3 (l + sing)

=> 5 : 0,sind -2

Now,ing:in
-in

·: 5z= 5
,
Ka- 2e Mo



Active earth pressure (ne) :

↑X] ↑

I ↓
5,

C

G

⑮
7 5

-
D- 93

L-
E A 835

B

--

sing:to =i
:to

=> 2ccoA sing + (O , +5) sing = 5-53

=) 22 c0sQ = 0 - P sing-5-5 sing

= O (1-sing] - 54 + sing)

=> U = 0.ind-ind
Now,in

: Find

·
: Oz = 0

. Ka-2c Ma



Depth of tension crack [ha) :

5 = Kark-zeka

At h = 0
, 53 = -zava Lie, pressure is neg

-> tensions

za

5
z

= 8 =) Karhy-2avey =S
↑

T I

ha

=>heTo
-

x Zha: Hu

H - ha

#S
+ &

: 2.ar
-

KaFH-2ata

=
= tan (45)

Theoretical unsupported ht Hu = zhe= Lan45 +4)

At 2hc,
resultant force = 8

For purely cohesive soil (9 =0) : he:

Total thrust anea : only pos portion as soil doesn't

resist any tension (i.e.,
won't pull wall

Pa = &LKarn-Leva] (H-n ,]

Passive earth pressure :

55 : Kp& + 2etp



Effect of water table :

-

↑I

It O , Vr

H

- E
KaYH ,

H2 O, Usat t

-
-

KaYHit KaYat-Vn) Its VwH2

[Pone water pressure reduces vetical pressure-> ↓ lateral pressure

water induces hydrostatic pressure ]



En . 12.1
-

M

V = 165kN/m3
25m

D' = 30% c = 0 *

28 . 6 kPa 20 6
#
F

Vsat : 19 . 3 KN/m3
2.5m

I' = 300 ②

c = 8

32 . 5 24 . 5 54

*CR = 1

sind
Koi= 11-sinD'] JCR Po = A+ Art As

= L-sin30 = 0 . 5
= 8 . 5 X 28 . 6x 2. 5 + 20 . 6/2. 5 + 0 .5x(54- 20.6x25

= 2575 + 51 . 5 + 41 . 75

Ko2 = 8 .5
= 119 KN/m

I : ZA
CX(25+ 35]

+
515X125 + 45x

= 1 . 55 m



En. 12. 2

-

M

Ka = tan (45 :- 2)
V = 17 . 4 kN/m3

= Ann <450 - 2012]
Em 0 = 26

= 8 . 3985
c' = 14 . 36 kN/m2

Defini -

T3 = Karh,-2Ca = 0

= Kath
,
= 2cFor

= 0 .3905X174xh
,
= 2x 14 .36x = 17 . 95 KPM

=> ha : 2. 64 m

17 . 95 KPa
/ /X)

2. 6hm

*
-

22.81kPa

After tensile cracks appear :

Pa = 8 . 5x 22 . 81x (6-2 . 6h)

~ 38 . 32 kN/m

= = 526 - 2 . 643 : 112m



Effect of uniform load :

#d
: 36

kNm
zm

36 kPa 12kPan

t C = 8

t
Em

0 = 309
Em

- V = 18 kN/m3

↳
-

144kPa 48KPa

Ka=ind = 0 . 33

Equir. ht , He : 36 = 18XHu =) Hu = Im

Alt : Hu= 2um

: Pa (h) = Ka V(h +Hu]

= 0 . 3333x18(2+h]

= 6(2th)

PaLO] : 12 kPa

PaL6] : 48kPa



Effect of stratification :

depends on U : -> Steepen

9, Vi r
92,
22

Kakha

Kaz(Vhi+V2h2]

if 92) &, if &20 ,

-

Kai= tan" (450- say zm
C=8

MX)

0 = 350,
V= 16. 5 kMm3

= 8 . 3333
-

11 kPa

C= J

Kaz : Aan(450-359 4m 0 =- 350
,

% = 18kN/m3

= 8 . 2718
-

28. 3 kPa

Hu== 1 .83 m Y
33km

↓ ↓ ↓ ↓ ↓
·: Paz= KazChy Hu]

= 0 .270x18(1. 83 +my Eun

: 4 : 864-83 + h]

: Paz(4) = 28. 3 KPa



28184

12.3 Active

U = 18 2 lb/ fA3
18'

Di = 350
1328 348 348

F
265 265

Usat : 12/13/fA3
181 t

O2' = 360

1686 417 624 1541

Layer 1 : Kn = tant(35) = 0. 3333

P v (18] = Uh = 102x18 = 1028 lb/fA?

PaLIO] : KaPv = 340 lb/fAh
1028 1b/fA

?

-

Layer 2 : Kar = tanik5 - 2) = 0 . 2506 ↓ ↓ ↓ ↓

He=21741

Pach] = (V- 2) (Heth] Maz

= 58 .6x(7 ·41th]X. 8 . 2596

Pw 1183 = 62 . 4 X 10 = 624 1b/fA?

·: Pointd = 0. 5 x340 X 10 + 265x18 + 0 . 5 (1841-265]X18

= 1700 + 2658 + 3008

= 8238 1b/f8

=...



Effect of pointId;

I
kimit

Or
him H,

V
-

it ·
rent section top view

For m 1 0 . 4 : U-20 ; m = manco,a

my 0 . 4 : C = It is

At least 6 sections



# I
3m

m = - = 0 . 570 . 4 --
*

- G :Aage
on

V
·

58

2= En

·
4. 916

= 150my .

3. 262

·
2026

= 2.45i - ·
1 .258

Z # At Anea, A -> fonce

8 z z

A
,

= 0 . 5 x 3, 186X1 = 1 · 593
I 8. 167 3. 186

2 8. 333 5 . 888 A= 3105t5x1 = 4 . 493

3 8. 5 ↳ 916

4 8.667 3 . 262
As:+4916x1 : 5 . 35

5 8.833 2. 826 Anet32 : 4 .8

G I 1 . 258

A5 : 15262+ 2526x1 = 2. 644

As : 20
+ 1258

x1 = 1642

· [A = 19- 819

J = -



# I
3m

150kNMX12
- -

M 501N
.

58kN
-

8268
A

y & 3m

-
·

8 . 345
* -

2: /2n

12m ·

0 . 225 wall

·

8 . 125 '2m' zm
8 . 869

⑮

- ·

8. 848 & : tan' = 33 ..

m = z = 0 .25 10. 4

The :Ito
n = 42

8 8 8 8

2 8. 167 8 . 488 8.268 =
4 8 . 333 8. 542 8 . 345

6 8. 5 8.353 8 . 225 =8 8. . 6678. 196 8. 125

15 8.833 5 . 188 8. 869

12 I 8 . 862 8 . 848 &
Ho :

5
+
los"(18]

- 5 X0 . 637

Anea
,
A- > Force :

Ai = 8. 26

Az = 0 . 61

Y
Totalthrust for single load : EA = 2. 80KN

A z
= 0. 57 for both load = 2XEA = 4. 16 kN

Ag--8 . 35

As = 8: 19

Ag : 8. 11



Effect of line load : ↓0.4 xm = 0 . 2007-

-> 8 . 283

·
x=mHa LkNm]

-

(in)-"
A

m)0. 4 : pp=m
m[0.4 : pp=m

# 1 . 5m

-- o
140kNim
↓

/I

m = 15 = 0 . 5 78 . 4

V

n =3 Zin

3m

· ph=min
= 4 .244+ 0.25)"

-

Pu : - 1 In EPn=

8
-

-

8. 5
-

-

I

-
-

1 . 5

-
-

2

- -

2.5
-

-

3



Coulomb's theory of lateral earth pressure :

Assumptions :

[i] Soil is homogenous, isotropic

(i) Failure wedge is a rigid body

(iii) Both theruptured pressure surfaces are plane

[i) There may be friction between wall & said

() Failure is two dimensional

(vi) Soil is cohesionless

A-
gord -Gi -a)

=) x
-0

&
- -

T

-

~ ↳ nuptune
Pa 12

-

G
W

↑
plane surface r

H -
W

- V

-7 A R 8-9
E

Pa
Y

~ &
~ W

~ &-> angle of wall friction
~

-

X

- -> 0 . 679 on 8 . 759

unknown
4 -> 90 - 155 -2) - 8

= a - 8

knisimsin3



componed to Rankine's :

B=

B = z

& = ggo wall

Esmaith)
S = z

:

A=gjr
sin(x + &]

Ka=

sina sin" (a-8) [1 +
sin (0-0) sin (C-P)J

2

sin(a-8]sinLa-B)

cos" O

(x1x[It
inusing

·sing
inS

: Kind
-Ka



#

C = 8

Em 0 = 309

V = 18 KN/m3

failure plane : 45'

Taking 6 Anial wedges w
,

= wz=. = Wo = EX2X6 X 18

= 54 KN



0:30)
4=90°

Let,25 im=54KM/m"
1mm=216KNAm)

50mm= 108krm)

4=0-8

90%-0=

=90



Ex . 11 : 13
-

I

5. 71

-

16 kN/m3

7m & = 350

8 : 28.

289
-

--

I



subsurface investigation

Planning:4 phases; Info nea :

2. Obtain available info 2. Nature of deposit

2. Field necon 2 Depth , thickness of each strata

3. Preli investigation 3. GWT loc

4. Detailed " 4 Engg . props

Considerations

1. cost of emplonation

2. Number & location of boning

3. Spacing of boning

4. Depth of boning

Depth of boring

Technique 1 : Until net increase in stress caused by the proposed

Street is less than 10% of man value ·

↓
p

A

-

>mar man:
1 A = 18XA

2

Al



Technique 2 : Until stress becomes less than 5% of eff.

rent
.

Stress caused by soil we

224/ 1888kN

v

-

V22
I sun

h

,I
M

U = 16 kN/m3
1 . 5m

3 X3 footing
-
-

Im
T

-

=

2
Z

V : 18 KN/m3
2

I I
3+2

-

Gross increase = 1800/9 = 20kpor Prev Id gets replaced

Net increase : 200 - VDf by new load

= 288 - 16x15 : 176 kPa

Depth of boning : 18% of 176 : 17 . 6 KPM

17 . 6 : 1 =>2= 6 . 5 m [p=]

Total depth = 1576.5 : Om



Technique 2 :

1888kN
-

v

/

V= 16 kN/m'3 1 . 5m

3 X3 footing
--

Im

F -

12
V = 18 KN/m3

2

-

Net increase in stress = 17 . 6 KN

17. 6 x3X3
= 0. 05 [16x2 . 5 + (18 - 0 .013x(2-1)

(3 +2)2

=) z = 4 m

Use min of two



Empirical ean

Nannow : LB) 18 2p = 3987

wide : 2z = 698 . 7

-> # of equir . Stories

total depth = Zo + If 18 KN/mB
-> 1 stoned

20kN/o2 -> 2 Stoney

method of boring

2
. Augen boning
2. Hollow stem augen boning
3.Wash boning
4.Percussion boding
5 Rstand drilling
6. ODEX drilling

Auger boning

soils which can stay open who casing

Upto 10m for hand op

3 m " power driver

Hollow stem augen boring

Upto 50 m

hollow stem facilates prevention of caving



wash boning

Very popular

works on any soil except for very stiff, hand
,
cemented

,
on neek

layen

A hollow drill bit is connected to a hollow drill nod which

is connected to tripod with hope as a pulley system .

The hole is advanced by a sequence of jetting and chopping
of the sol using the drill bi. The separated sails is then

transported upward through the annular space btwn drill bit

& wall. The the soil settles in a tank while overflow

water is repurposed for drilling

Soil is very disturbed & only provide identification of strata .

Primarily used for advancing.



said sample

Depending on soil confituents compared to institu :

1) Representative : There is no change in constituents but

soil's structure,
void natio

,
water content may beoftened.

ii) Non-representative : soil may be mined w/ other strata,

its constituents may be missing.

Depending on structure an arrangement :

i) undistured : Sample is an exact replica of institu;

i. e
.,
all constituentsone present in similar structure

& annangement . Though not feasible (stress releases

ii) Disturbed : Any sont of disturbance

soil sampling :

Block sampling : Best quality
said surrounding the sample is excavated and

collected in a bow

Borehole sample : Hole is formed up to sampler depith by

any method , then sampled is used to collect



Soil samplem : Tool by which sal is collected

Exploration samplen

Drive samplen

core bannel

Drive samplec - Open drive

Piston drive samplen -> stationand

retracted

Depending on thickness Free moving

is this wall samplen (shelby spor samplen , ST]

ii) Thick. "" (split spoon samplen , ss]

iii) composite sampler

sample disturbances

Three stage : Prior sampling (removal of overbunden pressures

During sampling (displacement of sil

After sampling (during transportation)

Depends on : cutting edge
Inside wall friction

Non-return value



Cutting edge :
dF
1

Inside clearance natio, d I
sampler tube

C = 100X Edide -> 1-3 %o

& cutting edge
Outside Cles--

C = 100 x* C

I

'da I

I
an

Anea natio
,

An = 100 Ede Is 20%

stiff soft

-

Recovery natio : Rn =I 198% - 96%] --

L It

-
-

Rock quality designation (R& D]

-

& (portions >
, 4"] 53

R&B =

Total les 5" 12" sample

2u
-

=-83%
collected nock sample 12 "

Found cracks

Excellent Good Fain por veno por

98-15875-98507525-558 - 24



Spt-standard Penetration Test

- Drives a split spoon samplen into soil

- Bonehole dix-55mm to 188 mm

- A 63 . 5 kg hammer dropped on to a drill nod from go in

* 758 man above

-6 + 6"
L

N-value - Number of blows ned to penetrate 12"after initial

6
"

Boning to be continued untilnefusal occurs :

is 50 consecutive blows in any 6 "

ii) Total of 100 blows

iii) No significant advancement after 15 successive blows

Connection :

(a) standardization :

Ngo:FBCRXN

EH = Hammen eff

CB = Bonehale dia com.

Cs : sampled es nu

CR = Drill nod corm



( not ned anyone

(e) overbunden coun · factor - for sandy soil

Cn = 0 . 77 log(2000) 20
; 03,

0
. 25 kNIm2

(N ,Joo = NooX In

SPT & Soil Props :

↓
reliable

cohesionless : 8-44-18 18 -38 38 - 58 > 58

v loose horse medium dense v dense

Cohesive : 8 - 22 -44-88-15 15-38 > 38

-
usoft soft medium stiff v

. stiff hand

notreliable

SPT & consistency of day :

For Bangladesh,
&u

= 12 . 2 Noo LkN/m3]

= &u
= 14 . 3 N Pf 8 - 35

1 6 . 9 N 36- 58

E = Cu

17. 8 N > 58

&u
= Noo ; PI)30



beth of angle of internal friction :

&o = 27 + 0.3 Noot 0 . 00054 Now [nate Noo ,
not (NJ60]

Dynamic Come Penetration Test (DCPT)

150 mo
-> 158 mi -> 135 mm

-> 135 mon

-

300mm #of blows

65 kg hammen

Dutch cone Penetration Test LaPT)
SPT-N value

->
↑ -> fine

come resistance de
-> 1 + course) &

.
20 .

N
side friction fs

Friction natio , Ry =AsfineT
Rf -> 0 . 0 -0 . 5 - loose gravel

8 . 5 -2. 0-y sand , gravel

2-5 -) day sand min

25 -> day , peats



Soil Exploration Report :

(i) Scope of investigation : why ,
what tope of project

[ii) General description of proposed structure : building ,
stories

(iii) Geologic condition of site : fill soil
,
natural said

(iv) Drainage condition : expulsion of water Lanainage ,
dewatery

[v) Details of boning : bone dia, depth

[u's Description of subsoil condition

(viD GWT

(iii) Probable fan alts

[in] Anticipated construction problems

[u] Limitation of investigation

Boring log :

Trace few little some mostly

8 - 5% 5 - 10 % 15-25935-45%7 50 %

55 % sand
, 31 % silt, 24 % day

sandy soil with some silt& little day



Soil Explanation Report (Re] :

2. scope of investigation
2. Description of proposed struct

3. Geologic condition of site

4. Drainage facilities

5. Details of boning

6. subsoil condition

- GWT

8. Probable fan alts

9. Potential problems

10. Limitation of investigation

Trace few litte some Mostly

8-5 5-18 15-25 38 -45355



Bearing capacity of Pile Foundation

Types of foundation :

shallow foundation : Of 13m
/X /X

-

Bf S B
Pf

-

Deep foundation :

driven pile t
hammer of huge not

sound &

↳
may also be non-circular Push-in-pile

Bored pile ↓ Press-in-pile
-

↓ circular
- Y

: capacity t

than other two

-

Driven pile : impact driven , pre-formed piles

Push-in-pile : hydraulic system usingwt of existing struct

M



Geotechnical resistance of pile :

static analysis methods

Field method :

staticId

Dynamic Id

Driving formulae

static analysis method : single pile :

Load is carried by : Skin friction

End bearing

Quet = @Nc + EBUNu +@ Ng



Driven pile in cohesive soil : & - method

que = en
,+ ↑ = Cu

↓
-

& ↑ Skin friction (as)

L

A &
t *m

= *s + &b

& s = Asfs ; As : 2TR) : TDL
-

↑ End bearing (Qb]
fs:Cu

&D
: fyAb; fo = quet : <No

f -> unit skin frictionresistance -
7 to9

-> adhesion between pile & soil
↓

-> fs : C=Cu 9 for deep

-> X-) adhesion factor

(n -> soil-soil slip

soil-concrete slip-> varies
,
lowered

Steepen soil -> morereduce

Steepen sol -> more disturbance

-> reduced mone

Soften

↓
Cu-20kPa -> less disturbance -> & &

-> 100KPx-> more 11 - ↓

Cu = 20RPa-> & = 0 . 9
interpolate

= 10SKPa -> &= 3. 45 3



#

T = Cu D = 308 mm

↑ inW Cu= 30 kPa ,
& = 0 .05

↑ M
fs=Cu 9 = 5, 0 = 16 KN/m3

M M
-

da Cu : 50 KPx,
& = 0 . 5

Isu 9 = 0
,

U = 17 kN/m3

↑ &N fz = Ques
-

-

= CuNc= Cu

&u
= Qs + Bb

& : A
, filt Aufsz

= (x0 ·3 x 5) (8 .05x35) + (1x0 .3X10) (05x90) IN

= 120 . 2 + 424 % = 5443kN

By : Afg : A CuNa

=My (90 +30]9 = 76 . 3 kN

: Buet = 620 . 6 KN



Driven pile in cohesionless soil : B method :

B : 1 fant; 8 : 40 on 39
↓
-

&= Asfs ; fs : Stand
t

L
Z - = KUz fand

↳ = Kand

t
= BC

,aug
-

kuL Py = Apfy = fy : &Ng

8. 3m

Q ut : Bs + By

C = J

& s
= Bar

, aug
X As

D = 350

= 0 . 9x 15 x (TX8 . 3 x 15) 15m
V = 16 17N/m3

= 1526 .8 KN B = 8. 9
-

&b: + ana) As
=& NqX As Yp = 50

=
16x15X15X [Ne from graph)

= 254 . 5 kN

· Guet : 1781 . 3 KN

Par = But : 54 N



Considering critical depth : After certain depth, pressure no longer inc .

Loose sand : DC : 100 + @ = 20 - 30

med sand : D = 15 D C = 38- 35

Dense sand : Bu = 28 D 9 = 357

& = 30
·
-> soil is Loose D=8. 3 m

-

·i Dc = 10 d = 3 m
/

48KPa
C=&

*

15m 0 = 300
&

s
= Asifsi + Asafs2

V = 16 kN/m3

: TDL
, XBOvi

, ang
+ MDLX BOvz

, and
B = 8 . 9

-

= ↑X8 . 3x3X8 . 9 X 1 + TX8 . 3x12X0 . 9x48

= 61 . 07 + 488 .58 /N

= 549 . 65 KN

9 b
= Apfy =xqNa

-x40x15
= 50 . 89

·
: Fult = 600IN



c - q sol : i.method

infriction Endbearing

cohesive &Cu CuNc > DCU

Cohesionless B &
v

, aug & Nq

C-q soil * (Ev , aug + 2Cuang) D Cu on qNg on (Scu+ eNe]

Fr boned pile : Is : lofs ; fr : 12to

capacity based on SPT value :

skin friction r
End bearing

ava
T

Sand 2n 1768 KPa 438N ↓ 1000 KN/m2

Silt 2. 67N 388 N

Cay 5 N ↓ 75 KPo 45N



Group piles :

IS

Pile
car

88 8 -

S-
88 * -

-- 088

S -> 2d todd

-> 3d

Group efficiency :

ng = 1 . [IntlyO
n = # of nows

2 = # of cols

* = tant d/s

0 : tan" 5 = 18. 43° ; n = 4; n2 = 3 88 8 -

900 mm
08 & -

~ 888

8 88

d = 300mm

= 8 .71



For single pile -> Qu

group -> Qu
, grp

= QuXNg

Block method :

composite pile :
-

85 2 -

8.9m
008 -

&
g : As s Cfs= Cu] So

z 8 8

=((2. 1 +3) x 2]x 15x) (0 .7 x 50] -

J G 8

= 5355kN
I I

8 .942+ 8 . 3

& z
= Aufo (fy = CNc] = 2. 1 m d = 8 .3m

= (3X2 .1) (100x9] L : 15 m & = 0 . 7

Cu : 50 kPor Cu
, end = 100 kPo

= 5678kN

-
: Qu = 11825 12N

Single pile :

& = Asfs = TDLXXCu

= TX8 .3x15X0 .7x58 = 494 . 8 KN

93 : Asfy : TDYXCNa

= Tx 100x9 = 63 . 6 kN

- Bu = 558 . 4 /N

I
· Oug = 558 .4x(3x4) = 6700 kN

eff=



Eu. 15 .

d = 8 . 45m

B = K fan 8 = 1x tan 22. 50
-

= 0 . 414
- = 17 .5 kN/m3

15m 0 = 358

BS : Asfs : TDLX BOvang 828 .759

= TX0 . 45x15X0.414xx15 -

= 22. 50

Rs = 1

= 1152 kN

4D = 33 . 3

&
b : Anfy = MDYy X & Ne

= -x17.5 X 15X 17

= 718kN

·: Qu = 1862 KN

· Pau: 1745


