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L04 15/12

Footingon p :0 soils

Failure : Slip Surface failure

a, Foundation pushes downward

b. Simultaneous rotation

quet = 4C

Dc=
Ol

=c+ 42

·↑ ↓

I E
<

Moment at O' :

Em = 0

CuXBX*- XB - EXBXB = 0

=> dult = 25c + i-> 5

= 2rC

= 6 . 28C



FortingonCSin
S

en

* #
General failure failure

#
Punch failure

·↓2

H= tan&
BA =

Love&

P. p:
w = t BlXHXr

a=+ fan (45+ %2) + 22 tan (45+%/2) = 82kp +2
= (t) kp +2p

Pp : Side = Sites an+depe
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Footing on 0 : 0 evil
the 2. 3 for soil

not
used
-> but : 40

pushingaround
da: Gut

for
design = 6. 28C

= In (may be designed

De = -4
↑ critical depth; safe to excavate wo collapsing wall

Footing on c-p soil

#wedge failure :

B/2 B12

(a M

Quet

b d
↓

T

↓

↓+E ↓

W = Y & : (45 + 8/2)

H: 32 tand B = (45 - 9)

Pop(
g

kp : fan" (45+2)

ka = fan2(45-427

-

EF = O

- BIXQuet+ L*/ V + CA cop-end = O

0 = O Aan (45 + %2) + 2c fan (48 + &2)

= CyKp +.. -



Po = Sa =...

Cut = c [t + VID++t - Yep

Qui : CNc + ENd + UBNg

Counit width]
very conservative
-

Reasons for conservative result of quet

1. Block agf not well defined

2. Block cyfe poorly defined

3. solh based on un't width , specially for circular ven,
& finite strip footing (need shape factors

4.Shean resistance along he neglected (need death

factor)
5. For inclined Id

, need inclination

Used with modification using various factions

- shope factor = s

- Depth factor : d

- inclination factor = i all added to upgrade
- ground factor : g 3 Pult
- Bone factor = b

N- N factor for Kp = far (45+2) No: -vie
cohesion

Na=V
Nc:- + Vip



Equation

1
. Tangaghi Eah 1st

san
footing

2:
# &

hut:NeL

C ↳

Shape factor- Sy

Strip-Round - Sam

So 1 . 8 2 . 3 1 . 3

Su 1 . 8 0 . 6 0 . 8

N-factor - from table (0 values

J -N
da = &d [a may not be used as and

boyed on engy experience &

other factor

2.8-- 600 Kpo , 12-400km]

PlBL1
Eqh not applicable in

T
3 cones :

D

↓
-B-



2. Meyerhof BC Equation : factore from
table

-

For vertical load ; <NiScd+ @NaSade + 0. 5 B Mr Side

Inclined load : cNadaic + [Nedain+ O5VBN dr is

D/BS 1

if ,
Dr B

, result almost came

3. Hansen
c= ESu

quet : <N Sadaic 8 . b. + ENe---

D = 0

qu = 5 . 14 Su (1 + Si + d . - ic - bi- 8c) + 5

4. Vosic Equation
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Lee82

Getecnical engg .

- Branch of civil engineering that deals

with soils
,

rocks
,

and underground water and their relation

with design ,
construction

,
and openation of engg . projects.

Bedrock-comparative hander stratum beneath the surface

materials of losse deposits Leg, soils) that canny the

Structural load.

important baz structures must be supported by them.

Issues to be addressed by Geotech engg . (SSG-ISFR-TEC)

- soil & nock layen cond.

-can they support the proj.

- Ground water level

- Impact of planned encaration

- Stability of slopes

- Tope of fan necessary

- Retaining wall neg? and design
- Tunnel

- EB

- Chemical composition



Geotechnical engineering design process

1. Assess the underground condition of various strata

at site

2. Engineering analysis of collected dato

3. Result analysis to generate geotechnical in put
4 . Work as part of a team
5

.Service during construction phase

6. Occasionally continue service beyond the end of construction
.

Requirements of Geotechnical enggn.

1. Geotechnical engineering knowledge
2. Avoidance of failure

3. Assess subsurface condition

4. Involvement in construction



Lea82

Foundation- Structural element that connects structure

to the ground & transfer loads safely & economically.

Foundation engineering-branch of geotechnical engineering
that applies the knowledge of soil mechanics, structural

engineering , and project serviceability requirements to

design & construct foundation.

Loads -> DL- > building not

LL > occupants

Donamic ed-> Id by traffic, breaking,
acc

Wind Id

Ed Ad

Bearing capacity failure - Shean stress in soil exceeds

shean strength of the soil.

categorized into - General
,
local, punching shean failures



categories -> shallow fan-1-3m.
LBDeep fan

shallow foundation :

Factors affecting depth of shallow fan :

1. Top loyer thickness - below organic mots

2. Ground freezing-below frost penetration

3. Vol change-below zone of vol ching
4 . Depth of scour

5
. Ground water Irl-above

G
. Underground utilities & defects

2 Property line

8. Footing at diff lvls :

IV IV

2H
2H

Granulan soil Clay soil

D . Sloping ground

Do em1->

=35
---

-

[not intersect w/ ground with go em



Advantages of shallow for

1.Construction works are simple

2. Less costly - equipments and in general
3. Less time

4 . Less uncertainty

5. Less disturbance to soil

Disadvantages of---

1. Chances of scorning
2. Uneconomical if GW is high

3.can't be used if soil's bearing capacity not adequate

Types of shallow fan :

1
.
Spread footing -> col of a larger area

2 . Strip footing -> cont . on wall

3. combined footing -> two on more isolated,
combined

i) slab type -> two cols are close

together
ii) slab beam type

-> bearing cap low

iii) strap beam type -> dimension restricted one side

4. Raft fan -> thick concrete slab
, resting over the

entire area of the struct on more, reinforced

with steel, supporting cl, on walls. fall tower to stone

r grains
&

Use -> poor soil condition, storage tanks
, sils ,

heavy industrial eaps, basement required



Bearingcapacity

Allowable bearing cap , Ga ,
is min of :

i) Limiting settlement to a tolerable amount

ii) Ultimate bearing capacity -

types of soil

en= reliability of param

structural info

·-
-i

Foundation pushes into the ground :

Bell's equation , 2 = 53 tan' (45+ E) + 2c Aan(4542)
For p = 0 -> 2: + 2C

Now, 03
, 2=

:2 , 2
= 53

, 2
+ 2c= + 20



Again, C
, 2

= 25
, 1 =+ 20 & if two blocks are very close

9 1
= 5

, 1
+ 2C to each others

=+ 2 + 2C

= @ + 4 =

quet

For beaning capacity ,
D = 0

,

quet = 42+

=> quet = 42 maximum depth to dig a hole

-L without wall collapsing
Critical encoration depth,

quef = 0 : 4c+

=) 0 = 42 + VDc

=) Dc=440 -> D : E

Footing rotation about point '

:

Taking moment at 0,

MutXBXE - CTBXB-XBX = 0

=> Mult XBL - 2CTB2 - BL = 0

=> Quef = 2ct+

· dub = 6 . 28c +e

= 6- 28c [2 =0]



quet = maximum vertical pressure that can be developed

at ground surface before shear failure mechanisms start

developing in supporting soil.

Influence depth of base contact pressure :

T

D

↓ -The &

58 1
.

18 % 22

↓
· 2% In
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Inoblem1 In using Tenzaghi eqh

S . F = 3 -Upx sheam
neglect

X

quef = CNSCENTOUBNus
D = Un

Assume sen footing -

[ B &
↓ ↓

Sc = 1 . 3 ↑
Rough base

Sp = 8 . 8
Assume B

-13NI
The Si= Shape factor

= UB

C = 28 KPa

N-factors Table 4-2 fora value

B = &
I

General equ for C-p soils :

-17.F

&ult = aNc + [Na + UBNy

=c +p)+ +UB-]
S

20

Kp = Ann (45+%) = fan2550 -> Tip

: Cuef = <NcSc + [Nq + 0. 5 VB Nv Sa

= 20x 17. 7x1. 3 + 117 .3x123x74 + 0.5X17 . 3 XBX5X8 .8

= 613 . 8 + 34. 6 B T

D

No:u

↳.= 204 . 6 + 11 . 5 B ; B = 15- 3 m

At B = 1 . 5m,
da = 221 . 8 KPM

B = 3 m
, Ma = 239 KPa



If By 2 m
, Terraghi recommended a reduction factor W

V = 2 - 0 . 25 log B/K B) 2 m

= 8 . 95 k = 2

Cut = CNcSc + ENe + o . 5 VBNSuXY

when Tenzaghi developed this, he assumed

General Shear Failure with DenseSoid

Dr= 65-85% if Dn given on specified dense sail, then above

formula

-

p
↓ 3o failure Id

C = 8 . 67xC = 13kPa

9 = favi 18 . 67 Aand]

= 13

Local shean failure

Using basic eq

Assignment- > Rest
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Problem 2

C = 8

&Ariaxial
= 42 . 79 T

8.5m
:
Im

Load ↓
-8 . 5m -

↳ your
BC Equ ; 2.Tenzaghi

2. Meenhat
3. Hansen

Hansen :

8=1 (hor, ground)
C =0

quet=NaS,diag,batNasedagaba + 0 . 5 VB'Nu Sudvigubu

= UDNaSqda + 0. 5 UB'N Su du

= 9 . 31x 8 . 5 x 287x 1 . 18x 1 . 15 + 8 . 5X9 . 31x0. 5x347X0 .9X1

&ult (computed== 2042 KN/m3

Put = measured

= 1863 KN

Put (mensureds=3 = 1863 kN/m2



4B
:%5

: 472 * = Pps

8ps
= 1 . 5 x 42·7-17 = 470 %ps

= if ↳B 2 -> Pan

↳B > 2 -> 1.50An- 17 "

*An (34
°

-> Bar

N-Factor (Na , Nul Table4-4

Na = 288

Nu = 347 ⑰
-

Shape Factor (Sa , Su] Table 4-5a

- eff.

Sai : It sind L

= 1+ sin47
°

= 1. 18

B
L #

SUH = 1-0 .47, 0 . 6

B'
28. 9

Depth Factor (dn , du]

da = 2 + 2 tand11-sing)"K k= -
- -

= 1 . 25

dr = 1
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Problem 03 :

Nc= 5 . 14

- Put = 14. 1 for

Hansen
,

[See Table 4-1, 4-4]

& ult
= 5. 14 Su LI+ Setdit ic+ bi + gi)+-

=Gult = 5. 14 Suit Setdel D = 1 . 5 m B= L= 1 . 85 m

Y
1 . 92for/m2

& B= 1 . 85m >

[p = W - Wp = 80 - 35 : 45 % 0
->

Settlement= 1" = 0 . 25 mm

2 .4x0 .81 =

-1 192

& = 3. 8 fon/m2
-

y Surane = 2. 4 fon/m2

W = 88%, Wp : 35 %

Mult = ! by Hansen method

Cut (measured)=uet

K = fan" (*)*0
= 0 . 96 i

c
= bi = g = 0

&
c

= 0 . 4k = 0 . 38 = Neglect

L
= Uh

fult = 5. 14 Sult Setdes Su = Sudesign
1

calculated = 5. 14X1. 9241 + 0 . 2 + 0 . 38)

: 15. 6 fon/m2

out (measured : Putx05 = 12. 8 tonym

- -

~

&m
= 3 . 8 for2;

C = Qu = 1 . 5 Asu/m2

Mult for qu=6
x 1 . 5 = 12 . 2 form
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SPT - N values

SPT samplen, shee by Tube Sampler

Blow count

most disturbed

Range-2 to 30
↳

soft soil "Hand soil

Problem 4-4 Meganhof's Equation Beaning Capacity

Cohesive soil
-I
p =0
S

Table 4 - 1 - Formula

&ult = aNaScda +@ Ng Sada+ 0. 5 UB'Nu Sud 4.4 - N factor

- I
= cNcSc + Ng 1 4-3 - other factors

-
1.2

-

= CX5. 14XSa + q

-

↓ =Nu

Principal stress
depth,ground

N factors -> Idio b

- 83 = 0 shape inclination
-

base

O

& = Stan (45 + 9/2) + 2 tan (45+----
& u

= 0 + 2 => c=

&=
= 1 . 039n + 0 . 39

2.

2



Tenzaghi Eah : I
M

Mult = ~NaSctNatN
= x 5 . 7 x 13 + &

& c
=ut = 1 . 49n + 0 .3 ~

2. 24 -1 . 13 = 1 . 8

a=qu
-

= 280kPa) 75 KPa

----



26/01
L18

Footing with Eccentricity
Y

c= 4

BXL N

B

L

rext

#footings may be loaded excentrically

with anial load and moment at one

on both directions

#May result from column :

a) Initially not centrally located

3) footing may be off center due to redesign/design change

Effective dimension

L = 2-2em => Zem = -Lisen : 42- = Y2-c = 42- Un
B' = B- Ley =) c = 4/2

em+ 2=z =) ep : Y2-



ACT-318

minimum dimension

Bmin = Ge + Way

Imin = YeutWi

quet - obtained by two methods
, either following Hansen/Vesic

equation on Meyerhof's equation.
-

vertical
Id

method 1 : Either Hansen on Vesic

Following adjustments to be made :

B' : in term VB'N

shape factor(Si-BLY Tab- -

method 2 : Meyenhof Equation with Reduction factor Re

Cult
, design

= Quet
, computed X

Re

ReB = 1 - Ze (cohesive soil,

= 1- (cohesionless soil) -> 0 70 . 3

Rec = --
-

Re = ReBX Rel if/B = 0 . 5

=) e = 0 . 5 B

then center of gravity
A ' will be at edge of bas



Problem 5

Vulf Check
T

A sen footing is 1 .8mX18m with 0 . 4m X 0 . 4 m san column.-It is loaded with acial load of 1800 KN . and My = 450 kN-m

and My = 360 KN-m. undrained trinial test give 0 = 30&
no eff. c = 28 KBa

. Footing depth : 1 .8m and soil's unit t 18kN/m3.

NGW table is 61m below ground surface.

Scenario :

Y

c= 4

8

N

B

L

rext

Y

c= 4

N

B

L

rext
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footing with Eccentricity

-

1Ov
8 kN - m

-

I 1 Om I

V = 1858 KN

=

↑
An

= 36
D = 1 .0 m

↓ C = 28 KPM

v = r = 18kN/m3

&An ,
for 3 reasons :

↓

9 ps
-

Drainage condition (strictly controlled)
- n

-> can be measured

= Vw hu

-Simulates in situ-stress more accurately

↳ 11 use gam

YB) 2 = 3 See Able



Check
en= = 0 . 20

Ie
Ey = An = 0 .25

Brin = 42 + Wa
= 12 m /1 . 8 m

Lmin = Sey + Wy = 1 : 4 on (1 : 8 m

B' = B - 22%
= 14m) B'

L = 2-zer = 1 . 3 m \L/

# En4-Method 2 : Hansen on Vesic Eqhe:

Adjustments : B'-> 0 . 58'B + ev

Si - B'L

di -> B
,

L

Hansen equ :

Qut = CNaSadaicgaba + [Nesedgingaba + - .5B Nusu dudvigub

ii = gi + bi = 1 . 0

& ut
= <NcScd ,+ Ne Sada + 5. 5 r'BNU SU du

B' = B- Leg

= 1 . 8 - 3X8 . 25 = 130

L : L-Zec

= 1 .8-2X82 = 1 . 4 m



*An
: 360; pps

↳B 11 use Nam

= 1 ps : 360

Shape factor : Table 4 .5 b N-factor - Table 44

+ 0 .74641. 3 For 3 = 360

Se = 10+*
N = 55 . 55 = 51

Sp = 1+ Sing = 155 Na = 37. 7 = 38

su = 1 - 0 .4) ,
0 . 6 Ny Ll+] = 48 = 48

->
take 0 . 6 if less

= 0 . 62)
,

8 . 6 (ok]
= 0. 74

2. Aand(1-sing) = 0 . 242

P/B =
"%0

: /

Depth factor

dc : 1 + 8 . 4K k = * for 11 . 0

sanchange = 1 . 4 -->
da : 1 + 2 tan (l-sin of "K

= 1 + 8 . 247 X1 = 1. 25

du = 1 . 0 for alla



& ut
= <NcScd ,+ Ne Sada + 5. 5 r'BNU SU du

= 28(51) * 1 : 69 * 1 . 4 + 18* 1 :8(38) (155) + 3. 5x(18] 413] (40)(8 . 62)(2)

= 2413 . 32 + 2385 .45 + 298 . 16 = 5588KPx

Cau
st -> depends :

2. uncertainty of soil prop

= 1696 11700KPa 2. Unexpected loading
3. Failure consequences - Mitigetite
4. vaniability of construction

From loading test

&a: E: : 989 Kia

ea : 1d = 500 kPa
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footingwith Eccentricity

method : Using Meyerhof's equation with Re and BL

quet= <N
, Sada + Na Seda + o .58'BNusud

Re = Reduction for eccentricity

Mult
, design

: Mult
,
compXRe ;

Re = 1-t Cohesive soil]

1- [cohesionless soil)
Y

-

Res :2-
B= 1 . 8 m

8 kN - m Rez =-
N

-

I L= 1 . Om I

V = 1858 KN

min C = 28 KPX

D = 1 .0 m V = 01 = 18 KN/m3

↓



e - B -> 7 = 0 . 3 en

= 0.e = 8 . 5B

: 0 . 5

Cy = 8 . 25

e = 5 . 5 B -s unstable footing

e value seldom greaten than 8 .2

Check -> Bmin = I Y !I use Ban

↳min :? 4 >2 %ps : 1 .

5An-17

e = 1
. %An 134 ,

use * An
:

#An
=

9 = 360 YB1 1 = 4 : /

Table 4-4i Shape factor s

Na = 5 Se = 1 + 0 . 2 kp
Nq = 38

Kp = fan 45 +%] = 3 . 86

Nv (on] = 44 . 4 = 44
Mp : 1 . 96

Sq = Sp =to · 2 p &= 1 . 39

Depth factor

de = 1 + 0 .2 p = 1 . 39

da : dy : 1 + 0 . 1 Tp P/B = 1 . 28



quet= <N
, Sada + Na Seda + o .58'BNusud

----

= 5752kPa

Res = 1- 0 . 63

Ren = 1-5 = 0. 2
Re = Res* Rey = 8 . 422

But
, design

= Quet
,
compX R2

= 5752x8 . 422 : 2427 KPa

&:design27
= 209 K

Assume9 = 500 12Pa

Hansen : &d
= 500k Pa B'X=Km

: 0 = > 0 .928LXL= 3 . 6 m 2

B = 0 .928L/ * 22 =20
: 3 .875

=) = 1 . 97 m

B' 2 0 . 928X1 : 97

= 1 : 828 m

B = B + zey = 1.828 + 2x 8 . 25 = 2. 328 m

L = L + 22n = 1 : 97 + 2X02 = 2 .37 m

BX L -> 2 . 32X 2. 37 -> 2. 4mX 2 . 4 m



Meyerhof : & d
= 500 kPa

BXL = 10:30

=) L = 1 .89

B = 1. 89

BXL = 1. 89 X 1 . 89

= 2. 8 m X 2. 8 m

Allowable Id
,

Pa =

Nd X A

Hansen Pa = 500 X 2. 4X2. 4 = 2888 KN

Meyerhof Pa : 530 X 2X2 = 2000 KN

-

But

&ult
, design

&a

& d

footing dim
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footing with inclined load Hansen & Vesic

Produced when footing is loaded with both

-> Ventical Id and -> gravity Id

-> Horizontal components of loading -> wind Id

↓
Equipment foundation

o ·5m = B

1868kN

I0 . 5 m

V1 = 9 . 43 KN/m3

C = 8

A = 430

Hansen equ ,

Mut = cNcSadaic + ENISedaig +O.5UB'NUSudriv

= NpSqdain + 0 .5UB'NV Sudgiv

Along B direction

Aut:Na Sapdesie + 8. 5 UB'NV Su.du in

Along L direction 3 smallen

Quet= NaSaidaia + 5 . 5 rB'NU Sunda in



9)An
= 43a Y 11 same value

YB) 2 1 . 191n : 47 . 3

Ops = 470
2 . 5

=4)2-2 .59Ar-170 = 47 . 5

[4-5a)

Table 4-4

Nq = 28*

Np = 347

Na/Na = 2 . 12

2tand(l-sing]" = 0 . 155

Shape factor : Table 4-5 a

dq : 1+ 2 fan & (l-sinD]"K K: P/B when PlB (1

&&B
= 1 + 0 . 155 (1) = 1 : 15 P/B) 1 K= Aan+ (P/B] in radians

dan = 2 + 0 . 155 (8.25] = 1 . 04
k= Ph = 85 = 0 . 25

&u
= dro : 1 . 0 for all $

Inclination factors : Table 4-5b

it = (2-eacons 249 , 154, = 25

in :(2
can be any

Cr= 8 . 6 C

in : (2-At cncot)25
= L2-ISOL

25
= 00



iv =(L-J
:

352

iuB = 1. 8

iv = 0 . 361

Shape factor 4-50

Sq = I + sing

Sa = It singin
= It Sin71 = 18

S2 : Itsina : 27

Su = 1 -0.4
SUB = 1-04Bir

= 8 .72375 . 6 (ok]

Suc = 0. 422 (5 . 6

= use 0 . 6



Along B
,

quet=NSedaria + 0 . 5 ~B'Nr Subduing

= 0 . 5 (9 .43) (208) (1 : 18) (1163403 + 0 .

5 (9 . 43] (8 ·5)(347)672331

= 1980 KPa

Along L ,

Quet = 2100 Kia

useQuet = 1900 KPa

Cult = /A= = 1060 KP



44 23/02

footing with inclined load Vesic's method

·5m = BosokoV =

->

I0 . 5 m

I 2m I

V1 = 9 . 43 KN/m3
-

8
C = 8

C =8

A = 430

gi = bi = 1. 0

2. Quef: Na Sadaba + 0 .5rB'Nsudri

2 . YB : Eg : 4) 2 for YB12- > PAn

Ops = 1 .50An-17" YB) 2 -> 1 .59th+ 17

Pan (34 -> 50)
= 47 . 5

·

1479

3. N-factors Table 4-4 ;

Na = 187 2An (l-sing]
"

= 0 . 155

Ny(v) = 454



4 . Shape & depth factor (s , d) Table 4-50

Sq = 1+ fan a

=It tan47 = 1 . 27

da = 1 + 2fan &11-singK k = D/B for P/BL1

= 2 + 0 . 155(1) = 1. 16 fant (P/B]

Su = 1 -0 . 4 B = 1- 0 .4 P/B = 111

= 8 . 978 . 6 [0k] = 1

du = 1. 5

5. Inclination factor
-Hu
Hi

in = [2-v+ A coax Jm
1868kN ↓ m = m=

base

adhesion

↓ :: 1 . 2

Ca = 0 . 6 [

= 8

= /1- = 0 . 585

ip = 2 -.. ym
+

= 0 . 374

~

Quef: Na Sadaba + 0 .5rBNsudric V = Usat-Un

=

--- +---

= 759. 87 + 320. 6

= 1080 . 5 = 1000K Po



D = 1868 kN Que=
A = BXL = 1000

= 8. 5X2. 8

= 2860KPr

** & value from Trivial Test

& Allows precise control of drainage condition

and ponewater pressure measurement

b. Application of varied containing pressure stress

condition

c . Most reliable measurement of soil strength
parametens 8 = C+ S And



Rough/midterm 28182

Footing on X-c soil

I B I

-

Wedge failure ↓+ ↓* ↓ ↓

Earth- D

Common format passiveaao
quet = CNc + qNq + VBNv cut)sure
But :c)+M)

W

Kp = tan2<45+ 9)

Tenzaghi Bearing Capacity Equation

- used shape factor (strip, round , san-> Sc , Su]
- Intended for shallow fan (D) B)

Meyerhof Eah

- Similar to Tenzaghi
- Added shape factor Sc

, So ,
Su

Depth factor De Da, Dr

Inclination factor ic
, in , is

- Produces similar value to Tenzaghi up to PB1

Hansen's Eah

- Proposed general eqh
- Meyerhof's ,

in addition of bi- footing inclination

& - soil surface inclination

- Implicitely allow and PB natio



Vesic's

- Same as Hanseri's

- Except : Nu , ii) bi , 8 :

- Easien to use than Hansen's

When to use which :

2. Tenzaghi - Best for cohesive soil where PB11 on

for a quick test ofdust
Not to be used for footings we moments

on hon · force present on sloping ground.

2. Meyenhof, Hausen,
Vesic - Any situation that applies , depending

on user preference on familianity

3. Hansen , Vesic -s when base is fitted, footing is on a

slope ,
on P/B) 1.

Good to use two methods and compone the result and go

for a third if varies . Use weighted aug fora



Problem 4-1 /
Tenzaghi eqh : B= 1 . 2 m

qulf = eNcS
,
+@Ne + 8. 5 rBNy Sp

-

= 20x17 .7x1 . 3 + 20 .76 x7 . 4 + 0 . 5X17. 3 XBX5XV = 17 . 3 /N his

= 613 . 8 + 34 . 6 B 8) = 200

C : 20 KPa

da : Aut = 204 . 6 + 11. 53

N-factors -> Nc : 17. 7 ; Na= F . 4 ; Nr: 58

For B7 15 m, Ru = 1 . 8 S- factor - > Sc = 13; Su = 0 . 8

B = 3 m
, Ry = 0 .95

&: UH : 17 . 3 x 112 = 28 . 76 kN

-: Da = 2046 + 1153x15 = 222 KPO

= 204 . 6 + 11 . 53X3X0. 95 = 238 KPM

-> 2252240 KPO1- fan + 5

General equ :

Mult = <Nc + @Np + VBNr

:c + mp) +/U -M]

= 2020 + Con) + 17 .3x12 + A3X is
Kp = Aan" (45

:

+ E2)
= 179 .77 + 12- 98 B

= fant <559

Ma = Aut = 2 . 84

= 59 . 92 + 4 . 33 B C = UB

= 60178KPa



Problem 4-2 :

D : 0. 5 m; B = 0 . 5m ; L = 2 m Ops: : 55 = 4)2

v = 9 . 31 kN/m3; Dan = 42 . 70 ; c = 0

&ps
= 1. 5 *An-178

Luel : 1863 KPa (measured
= 47

Hansen eph : c = 8

Mut = ENaSadaingaba + 0 .5 B'Nusuduir Sub ,

= [NaSqdq + 8 . 5 VB'Nu Sudy

N-factors Na = 200. 22 Nv = 347 . 26

Shape factors So : It sind Su = 1- 0.4, 0 . 6

= It sin 470
= 1 -0.45,

6

: 1 . 18 = 8. 9

Depth factors da = 1 +2 tanol-sing) du = 1 . 0 = 1

: It2fan47"4-sin47 L : K : 2

= 115

· Duet : 9.31X8 . 5 X...

: 2848 KPa



Meyerhof equ : c =0

Put : a Nadesa + 0. 5 UB'N Sudu

Ne = 208 . 22 Ny =- 586 . 86

↓ 478

da = dr = 1 + 0 . 1Sep Kp : tan (45 +]

= 10-104 = 6. 44

: 1 . 25

Sq = 1 + 0 - 1kp- = S

: 1 . 16

·: Must : 3113 KPa



Ex 4-3 :

1 . 05 m sen forting D = 1 . 5m

Du = 3 ton/m2 Su : 3 As/m2 Suvane : 2. 4 for /m2

W = 88 wp = 35 -
: Ip = Wc-up = 45

Hansen equ : * = 0

I neglected
Quet = 5. 14 Su (1 + Sa +dc) + 5

Sudesign : USyrane ; V = 0 .8 from Y vs ip graph

= 1 . 92 for/m2

Se = 0 .2 = 8 . 2 da = 8 . 4k : = 1 .43)2

= 8. 38
k: fan" (f) = 8. 96

· Just= 15 . 6 Aon/m2

Nactual:r : 12 . 8 toma

For unconfined compression, So: 15 Ao/m

Dut : 16 X 1 . 5 : 12 . 2 for /m



En. 4-4

Nu = 200 KPa SF = 3

Meyerhof equ : 1 = 0

quef : CNcSeda + @Nasda + 8 . 5VB'NvSydv

Ne = 5. 14 No = 1 . 8 Nu = 8. 8

Sa : 1 : 2 Sq = 2

dc = ! -> 1 da = 1

: Duet = 5. 14 2X1 . 02+

c = Au

· but : Ex5 . 14x12 +2 = 3 . 0042u + 2

face :L = 183 qu + 0 .335
↑neglect

Tenzaghi equ :

5
. 7

. 3 -L-
2

& ult
: <NcSa + [Nq + 8

= 7. 412 +

: 3.71qu+

&all
: 1 . 2Cut 8 . 33 q

& a
= Qu = 200 KPa
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Effects of WT on BC of soils

v : effective unitf For E = Vo

= Usat-Vw 8.5 VB'

1.We is seldom above base -> I is adjusted

v = dwUwe + dwV

2. wi is at surface

Total press = 12CWT on on below footing level)
v = 1/2 Usat

-

1- BR+
↑

↳

H
H = 0 .5 AB fan (45+

-

(x = fau(45 + E)

F

F
/

En
E ↓



We below wedge

Neglected

eah won't be provided
WT is within wedge zone -

L

V : (2H-dn) Let do + CH-dn)
V = Kat

#

#
-

- /

D = 1 · Im

1 . 95m

- &wet = 18 . 18 KN/m3
2. 5on X 2 . 5m

C = =

En
= 8 - 85m

-

-
W ↓ *An

= 355
F

Gg = 2. 68

ww = W = 15 %

Check *Am

Y= = 111 ; use Pan= Ops = @

Find Na by Hausen SF = 2 . 8

ii =gi = bi = 1 . 8

Cust : & NaSeda + 0 .52 NuSudy

= VetDNgSeda + 0. 5UgB'NuSudy

Table 4-4 & = 35 by interpolation

Np = 33 2 tan DL-Sing)" = 0. 255

Ny = 34



Table 4-50 Se : It & sing = 1 .57 Y : 1 K=
da = 1 + 2 fan &(l-sing]K -

= 1 + 8 . 255X8 . 44 = 8. 11
= 8 . 44

Yany=wet = = 16 . 45

Vs:=0. %
= 0 . 626 mu

v = 1 -0 . 626 = 0 . 374 m3
Mems

X

Yat : Vanxt we of waten in voids

= 16 . 45 + 0. 374 * 9 . 887

= 20-12 kN/m3

W = Usat-Vw = 20 . 12-9 . 807

= 18 . 31 KN/m3

H = 0 . 5 * 2. 5 * tan (45 + 5)
= 2 . 4 m

Ve = C2H-das wetdut (H-ds
= (2x24 - 0 .05) 0 . 05 + 12. 4-0 .853
= 14 . 85 KN/m3



Mult = VwetDNySeda + 0. 5UgB'NuSudy

= 18 . 10 * 1 : 1 * 33 (1 ·57] (1 : 11) + 8 . 5 * 14.85* 2 . 5 * 34 % 0 .6(1)

= 1145 + 379 = 1524 KPa

= Au=7621pa &d
= 500kpa

= 145 : 572 KPa



-

··
·
I

·

Estimate &n where Nto : 24

D = 1 .
5

B = 3. 0m

&a=55 F = 0 . 85

F2= 8 . 88

Conditions : Fz = 0 .3

Fu = 1 : 2
1. N55 (Convent)

2 . B) Fr (. 2)

3. Ka = 1 + 0 . 33 b 171 . 33

: N55 = 78x24 30 Kd : 1 + 8 .33
= Ill & 1 . 33 20k]

B = 3.8) Fu

la:
= 508 . 35

= 580kPa



Average N7o : 6 in effective zone for a footing located at

D = 1 . 6 m in range of Im-21m depth

Estimate & a
for AH = 40 mm.

Qu = 500 kPa for DH = 25 mm

AH = 48mm
, da=

4%5
* 20/500

= 800 KPa

Ia = #5)d Ng 5

B) Fu

N55 = Fo * = DH = 25 mm

Kn = 1 + 0 .33 = 1.353
,

1 . 33
12) <1 . 33

= 1 . 33

Assume B = 1 . 5m ~3. 3 m

Da Vs B

B = 1 : 5un

20= [Oy "X133 = 216 KP

B = 3m

20= [03] "X 1 . 33 = 160 KP

Kd = (1+ 0 .33
= 1 : 18 [ok]



DH-> statistical accumulation of vertical deformation due fo

application of avial load in the direction of load.
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Assignment

1. Problem (Question]

2. Figure

3
.
Data given

4. Detail cals

5. Reference - table & chant

P

Soil settlement ↓ B

Influence

1. What happens when load is applied
depth

=a. StressAnansition
-

1- -

b. Change in Stress Aq A =

A -

-

-

- -

-> due to time dependent It =8 -

5B 2% te
accumulation of soil particles It = 2- > 5B

-> Rolling
-> Sliding

with limited influence zone

-> Crushing -adi
- Entan (45 + 8)& H = vertical settlement

2. Principle components of vertical settlement

~

IEil
a Particles rolling , sliding
b

.

I' crushing HE

C . Elastic deformation due to Elastic panams :

elastic parameters of soit =; G=; u=



3. Major problems with soil settlement analysis

a Obtaining reliable values of elastic parameter of soils (E ,
G , M)

i . Problems of recovering undisturbed soil sample

ii . Lab test 7
, 50 %o

iii . Used in-situ tests results

iv. Anisotrophy is a common problem

~ use connelation

Vi.For layered soils
,

more one set of values

b. Obtaining reliable stress profile from applied load

H = 5 B

S E = Ad Ad : f(l , load)AH = Ed

Es : f(It, soil variations
AH = H , Es , DG

#measured = 05 to 0 .0

Immediate soil settlement As soon as load applied on within 7 days

%=
X

DH = G, B El mis If B' = B/2; B ; B12

m = number ofaonuens contributed

As settlement
B

-> 4 ,
2,.

l = chant -> 0 . 3 to 0 .5 normally
L

Gs : 2. 65-2 . 80 Table 5-2

Es : Influence factor fromStuen.

1 - 24
m = VB'

-> m

= I
,+e

12

footing Ni,HB ↓

to bedrock N

If : Influence factor from Fored" Figure 5-7 ; Yo , u,
P/B



Consolidation settlement Due to expulsion of water

a . Time dependent

b. 3-18 years

C Pisa Tower) 800 year
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settlement

1 .

Def" :

statistical accumulation of deformation of soils due to applied

load in the direction of interest

2. settlement estimation :

a Expected deformation

b
. Causes change in stress

c. Produces time dependent accumulation of particles :

i . Rolling & sliding
-

11 . Grains crushing
iii. Elastic deformation

within limited zone of interest

due to applied load

i
=

A

DH = S Edit
DH = vertical settlement It

Strain
,
E- -> ching in

Stress

It to Xv
Do =(I, load]

H = 4B As 5B

Es = S(I, soil v -../



3. Principal components of soil settlements

a .
Particlesrolling & sliding

Produce void change,
e= a

b.
Grain crushing

c . Elastic deformation

Elastic panams : Es, G
, M

,
K

,

z

Es = E
#

-> F

G==en stressin Y

-

b -

FIA

=h -

l= Poision natio

·atenalsAnna main
----

Ks = Coefficient of subgrade constant

contact pressure
----

settlement

4. Problems with soil settlement analysis

a . Obtainingreliable values of soil parameters un = Fu
Lab tests : ennon 50% on more

In-situ tests : Obtain horizontal value

Use of Connelation

b. Obtaining reliable stress profile E



Types of soil settlement

2. Immediate soil settlement (within handover period on 7days)
2. consolidation settlement (expulsion of water - volt)
alay + water

Time dependent - 3 to 18 years

800 years
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Estimation of soil settlement (immediates

Equation from theory of elasticity (Timoseska and Goodiens

BH = &
,

B' ·
el
Is I 9 : Intensity of pressure Lin Esunif)

convent non-nect== tr equiv nect(B,)

X 1
For corner settlement (in Alt unit)

F B' = Least lateral dimension

-
= B12 for center

= B for Conner

8 L = Y2 for center

= L for corner

l = From Table 2-7

8
T Es = From Table 2 - 8 (x1000 - KPoy

m = 4
m = 2

Em = Number of comers contributing
-z settlement

-= Influence factor from

Steinbrennen eq

= I+ 2

-> I , 12 from Table 5-2

m = YB ; N =
H& influence dept a

Do interpolation if nees

If : Influence factor from For

equ
From graph-yes,% - round up

-> 3 .35 + 8 . 5



# & = 134 KPa

BXL = 33 . 5 X 39 . 5 m

sand is layered with one sand seam from GS to sandstone

bedrock at -14 m and mat at -3 m

Es = 3 to 6 m = 42. 5 MPa

6 to 14m = 68 MPa

Es = Sand stone >500 mpo

Required : Est Al at center of footing #
---

AH = G
,

B'1
-e

mis If u
me

H = 14m- 3m = 11 m
Es

f B' = B1z = 335 = 16 . 75m
= 134(16 ·75)3 x4x0121095X1000

* MPa -> KPa N = H/B1 = "1675 = 8 . 66 = 0 . 7

= 16 . 47 min

m =-= = 118 = 12

↳ =(.063+ +
= 0 . 0815

=2=083+ 0090
= 0 . 0865

M = 8 . 35

5

=I yoo
= 8 . 121

Es
, aug

=Ex+60x55 Mo

m = 4

FF = 8 . 95 YB : 1 . 2

PlB = 3/3.5
= 8009

= 8 . 1
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Immediate settlement

2 . Joseph E Bowless-Fan analysis and Design

2. Donald p coduto-Geotech Engg ,
Principles & Practices

3. Hansen ,
Peck

,
& Thornbunn-FdL Engineering

Total settlement of a structure

> diate
-

imme

DH = Sit Op + 8 -> secondary compression
S

- consolidation
=> DHi + DAs + Alts

P = 458 to 200 kN

-

-

Required : Recommend da for this
T

Nav = 28 (Npo]

-

I
#

#
D= 15m

project so that Alt 35mm I
-

~Mediumdense sand&o
a

= B) F2 = 0 - 08

Fz = 8 . 3

=(1 + 0 .3 Ey = 1 . 2

Kd = 1 +0 . 33 130

N55: X20 : 25 . 45 25



#139day
651 . 2

2. 8 1 . 247 - 1 . 25 512. 4 = 515

3 . 8 1 . 165 = 117 448
-

&a
= 535 KPa = 588 kPo

ActualI

&=55 = 2001pa

4 KPo in Table

=:5 = 400 kPa

Tentative value recommended In = 250 KPa

Note : The momda = 500Kpa with marm DH = 25 mm

12mm
(25mm

25 KDa

~Btable 3-
. . .

↑ - -0 . 507
m = 4

DI = Go Xgx↑ 1. 6 2 Y 20, 800 KPa
4 0 . 65 ↑

X X
0 .8 = 2

Fromther /Sd- -

Xam
=2

->
25

Es = 500 (N +15 = 20000 KPa

: foo : 35000 KPa& one may

= 2680N = 65000KPa be used

B - check&a: Pow

B2x 250 = 675

BL = 2. 7

B . 1 - 6 m



DI for Es = 20000kPa = 12mm

= 65000kPa = 3 . 69 min
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Consolidation settlement

- Estimated with great care : Building, bridges, on high cost struct

- Embankments
,
dams

,
leaves , etc - room for losse calculation

↑
consolidation settlement

⑳ P + Ap

↓ + So
- -

e=
= V = eVs

eVs = V

Vs
-

Vs

- -

M M

Recompressioa

Es ↳
,High

qualita sample

↓ eLI !
I

->

sunve ↑Rebouna

Semi-log

Casagandre procedure to determine C
preconsolidation stress

Schmermann procedure to reconstruct consolidation curve



1 . 6 = STCR

I/

Pose
waterpressure ↓

I log side

& ↓
7 Sc

I

= Erh-u - e

E2 I/
settlement

Norm scale

0 . 429

& O

log scale

C= compression inden - > compression natio

Cr : Recompression indel

-Recompression nation

Normally consolidated soils (NC) :

S526

20 = Initial eff .
stress

Out =E It log = Final"

↓
compression natio

It : thickness of sil layers

20 = Erh-us

- UH1 + VHz-VwH2

O2f = Ozo + Volty #is Fill W
8

H2 Uz



L22 85/84

Consolidation settlement

S
, me

= E It log)
⑮So approx 2.

↓
Soil is normally

consolidated

Er. 11 . 5 NC stil

C = 8.48 Tc = Preconsolidation Stress

to = 1 : 18 52 : Init eff . stress

Cn= 5 . 88 = Ern-uCVwhw]

82 = 72kPa

8c -> Even consolidated

&20 = 18. 5 (15) + 19 . 2 (2) + 160(4)- D -81(2 + 4)

= 72kPa [=E ] [.: Soil is NCJ

= G2 + Villhill = 72 + 10 .23) =

= 52 + 57 . 6 KPo

Recompression curve

K
Cn -> Recompression inder Co-> Compression

natis
e

V &
[ Virgin curve

-
compression indem

->
5



-01 = 00

divide anbitrarily

1- 4 w



L23 86104

# 22 = 0 . 40

Cn = 8 . 88

eg = 1 . 18

&! = 70 KPa

soil type : NC - Normally consolidated soil

82 -

&o = Initial - eff. stress

= 72kPa

&
r

,net
= Ec It log

&If = 520' + Verfill

= 52 + 19 .2x3 3 for each layer

= 82s't 57· 6

Layer 1 : It = 1 . 5 m

e = 0. 008

midpoint= =0. 75m

->
Da %

To = Erh-u from table

= 18 . 5 x 8 . 75 - 8 = 13 .875

Oze' = 52 + Veill heill
= 13 .87 + 57. 6 = 71 . 5

&
ninet

= Ec It log
= 0 . 008(1 . 5) logt7 = 0 . 000 m = & mm



Layer 1 : It = 20m

midpoint = E = 1. 0 m

To = Erh-u

= 18 . 5 x 1 :5- 19 .5 (1) - D . 81 (1) = 37 . 4 KPO

Oze' = 52 + Veill heill
= 37.4 + 57. 6 = 35KPa

&uet
=E It log

= 0 .008(2) log = 2006m = Em

Layer 3 : It = 3 m

midpoint = 2 = 1 . 5 m
- = 0 . 1

To = Erh-u

=
18 . 5 (1 ·5) + 19 . 5 (2) + 15 . 84 .5) - 9 . 8122 + 153 = 56 . 4k Pa

Oze' = 52 + Veill heill
= 56 . 4 + 57. 6 = 114 kPa

&
r

,net
= Ec It log

= 0 . 19 (3) logy
= 0 . 1746m = 175mm



87/84
124

Consolidation settlement :

1. Normally consolidated soils (NC soils]

2. Ovenconsolidated soils (O2 soils]

aft
8.

4 B' = Bly
- brea get - m

= 4

Dia tr

L

8+ B' - B

m = 1

Is: + In Table 5. 2 m vs N

↓ ↓

IF = --
YB Hp

SPT NI
F2= 0 . 08

da=5)d Fz = 8 . 3

Ra = 2 + 0 .33 11 .33
Fu = 1 . 2

init eff
. Stress

consolidated settlement ↑ Pre consolidated

52' = 5 strass

Hlog



& (G : Over consolidated soils

Case 1 : 020 <If 1 5.

, we = [Hlog

Case 2 : Go' Loc'\O2f

Out =EteHlogHo

8 = Git but Es



Rough/Final 29 184

Lec 81 Intro

Geotechnical engg : Branch of CE that deals with soil
, nock,

and

underground water and their relation to design , const
,
and op.

Bedrock : comparatively hander stratum beneath surface deposits of

loose soil
, it can carry structural load.

Importance of studying Geotech engg:

Almost all CE structures are supported by soil

issues to be addressed : SSG-ISFR-TEC

1.Subsurface soil & nock condition

2. can they safely support ...

3. GWT location

4 . Impact of encovation, drilling , filling
5. Stability of purposed/natural earth slopes stable

6. Type of fan near

7 . Retaining wall Reg

8 . Tunnel new

9. Earthquak 2 respond

10 . Is ground contaminated



Geotechnical engineering process :

1. Assess of underground condition of site

2. Engineering analysis of collected data

3. Result analysis to generate geotech input

3. Work as pant of team-struct. engg , architect

5. service during construction phose

6. service beyond construction phone

Reg .

Of geotechnical engineer:

1. Gertechnical knowledge
2. Avoidance of failure

3. Assessment of subsurface condition

4. Involvement in construction



Lea 82 Foundation engineering

Fan : Element of structure that connects structure to ground

and Anausters load safely & economically ·

Fan engineering : Branch of Gestech engg . that applies soil mechanics

and structural engineering for the purpose of design and

construction of foundations .

Purpose of Gen :

1. Distribute Id

2. Prevent beening cap . failure and excess settlement

3. Find hand strato

4. Improve stability of struct

Beaning capacity failure : whes stress) stren of said (sneary

-> 3 out : General
, local , punching

soil's shean stren :

(i) Interlocking
(ii) Frictional resistance btwn invidual stil particles

[ii] Adhesion : attachment btwn water & sil

# Cohesion : like particles to hold on to each other

T = a+ 5 tan &



Type of fan : shallow, deep far

DLB
-

shallow fan :

Advantage :

(i) construction simple,
less costly

(i) Equipments are less costly & simple

iii) Less time ned

[] Less disturbance of soid

[vs Lower uncertainty of behavior

Disadv :

(i) chances of scouring if near river

(ii) uneconomical if GWT is high

[iii] Can't be used if sol's bearing cap is sowen

Type of shallow fan :

(i) Isolated footing

(ii) Continuous forting

(ii) combined footing

(iv) Raft fan



use of combined footing :

4) strap forting would overlap

(ii) footings are closely together (due to low quer,
[ii] Dimension of one footing is restricted

Factors affecting depth of footing

(i) Top loyen : below thickness on organic mate

(ii) Ground freeze : below frost penetration

(iii) Val change : below zone of vol ching
[iv] GWT : above

(v) Depth of scoun

(i) underground utilities

[vii)Property line

[iii) footingot diff level

-

2it: In for clay

↓

I

2
X

man for grandan soil

(iv) sloping ground :

↑

M

90cm
38

% X

shouldn't meet



Influence depth of base confict pressure :

-B93%
- B 34 % 2
- 1 . 5 B 10 % be

- 5B 2% &2



Beaning capacity

Allowable bearing cap is minimum of

i) Limiting settlement to a tolenable amount

ii) ret bearing cap

5. F . depends on types of soil
&=

reliability of param

Structural in fo



Bearing capacity of 0 = 0 still :

Ble B1
-

Puf =Uz D

83
,2

·
From Bells equ : 2 = &stan (45%2) + 20 Aan (45+4)

When Q= 8 : 5 = 53 +22

From diagram :
83, 2 =@

·: 0
, 2
= + 22

Again , 83
, 1

= 0
, 2 =+22

: 0
, 1

= @ + 20 + 2a

=+ 42

: Quet = E + 42

Beaning Capacity ,
D = &

; Cult = 0 +42 = 4C

critical encavation depth, 0 =E + 4c =) VDc = - 4C

·: Dc =-> Dai



considering footing notation about point o :

fasting pressure but resisted by perimeter sheart overburden pressure

MutXBX=BXCXB+B

=) Quef B2 = 2 CB2+B

= Quet = 25c +

= 6 . 282 + q

At D = 8 : Dult = 6 .28 a

Aug:2 = 5. 14



Footing in c-e soil :

Kp : tan (450+ &]
quet = cNa+ &Ng + VBNr

= c(+p)+UB)

quet by above equ is underestimated, because :

i) Block agf is neglected
ii) Block age is pronty defined

iii) considers unit width strip footing -> need shape factor

iv) Neglects friction from ground surface and ae -> needs depth foot

v For inclination ,
need inclination factor

Be equations :

2. Tenzaghi equ : for shallow fan

used shape factors

2.Meyerhof's equ : included shape factor
, depth factor , inclination fact

upfs D & B
,
similar to Tenzaghi

3. Hansen eph : Proposed general can
In addition to Meyerhof's : bi - footing inclination

8 - ground surface incl.

Allows any pla implicitely

4. Vesic eat : same as Hansen except Nu , ii , bis Gi

Easier to use than Hansen



When to use which !

Tenzaghi : when soil is cohesive , PlB11
For quick test of duet

No to be used when moment is present

on hon . force
, sloping ground

Meyerhof Hansen
,

Vesic : Any situation that applies ,
based on user

preference

Hansen
, Vesic : when base is tilted

, ground is sloped,
on PB) 1

use to then compare and perform 3



Problem 1
-

-

-
V = 17 . 3 kN/m3Using Terzaghi eah :

12m

0 : 250 ; C : 201Po

Lust : CNeSc + @Nd + 0 .5rBNrsy -

I
= 20x 17 . 7x1 . 3 + 17 . 3x1. 2x74 + 8 .5x17 .3xBx5x8 .8 I

B

= 613 . 8 + 34 . 6 B
Factors :

&n : Aut= 2046 + 11 . 5 B

Nc= 17 · 7
, Ng = 7 . 4

, Ny : 5

③ likely to range from 15m to sm ·

Sc = 1 . 3 , Su : 0 . 8

B = 1 .5
,
Ril , da : 2046 + 11 · 5 X 1 . 5 : 222 kPa

B = 3 m, my = 8. 95
, da = 0 . D5x 2046 + 11 . 5X3 : 229kPa

· An = 250 - 228 KPa

General equ:

Cut = c [t+ ] +-]

Kp = fan22450+ @S= 179 . 8 + 12. 8 B

= 2. 54
&x= 59 . 9 + 4. 38

B= 1 . 5 -> 66 KPx

3.8 -773kPor



Anoblem2 :

D = 0 . 5 M,
B = 8 . 5 m

, L = 2. 0 m

v = 9 . 31kN/m3 *An = 42 . 70

C = 8

YB : E = 4) 2; : Ops : 1500-170 = 47

Using Hansen eqh : c = 0

&ut
:SadeicgebatNasda in Gab + 0 .5UB'Nusud in gub

12= ga= bc = in= ga = ba = ir :gr : by = 1

N-factors : Na = 208 · 22; Nu = 347 · 3

S-factors : Se = it sing Su = 1 . 0 - 0 .4 7,
8 . 6

: I+ sin 470 .: 0 . 9

= 1 . 18

Depth-factors : do : 1 + 2 fan * -sing) 17 Ply : 1 -L

: 1 . 15 : k = /

dr = 1 . 00

· duct
= 9.31x0 .5X 200. 22x1 : 18x1: 15 + 0. 5x9 . 31X 0 . 5 x 347 . 3 X0 . 9 X1

= 2843 KPa



Meyerhof equ : c= 0

luct : Nasda + 0 . 5rB'Nusudy

N-factors : Nq = 20822 ; Ny = 506 · 1

shape factors : Se = S = 1 + 01kp ;p = Anch+ &]

= 1 . 16 = 6 . 44

Depth factors : dq = dy : 1 t 0. 1 Tip -
=1 . 25

·Puet = D .300. 5 x 208. 22 X 1 . 16 X 1 . 25 + 0 . 5x9. 31 x 8 . 5 x 506 - 1x1 . 16 X 1 . 25

= 3113 KPa

but (measured)
= mes-1863 KN



#4- 3 B=L = 185m
,

D = 1 . 5 m ,

At I" settlement, load : 141 fors

& a : 3 .0 As/m2; Su : 30 for2 Suvane = 24 ton/m2

WL = 80 %, Wp = 35 %

Hausen ean : * = 0 ; hon

&ut
= 5 . 14 suLlts: + dn] to

Sudesign = USurane = 0 . 8X2. 4 Aon/m2 Ip : 80-35 : 45

-> V= 8 . 8
: 1 . 92 ton/m2

shape factor: S = 0.2 = 0 . 2x1 = 0 . 2

Depth factor : do' 8 . 41 = 0 .384
neglect

D/B: ) 1.0

↓
·: dur : 5. 12x1.92X1... ) + o : K= tant (PB) = 0 .gor

= 15 . 63 ton/m2

quetimes=: 12 . 79 form

From Qu : Su = Yet = 15 foron
2

· tuel: x1.5 = 12. 21 Any



En 4-4 : unconfined compression tests -> day (4=0)

&
u

= 200 KPa ; SF = 3. 0

Meyerhof ean :

Quet : CNcSada+ Nesade + 0 .50 BNgsd

c= = 100 KPa

N factors : Na = 5. 14
, Na = 1 . 0 , No = &

Shape factors : Sa : 1 + 0 .2 kpB/ Kp : Aan145 + b)
= 102X1 = 1 . 2 = 1

Sq = /

Depth factors : Ec : 1 to. 2 top -> 2

da = 1

: quef = 2X 514x1 . 2 + 2 = 6. 17a +e

&a = 2. 062+ 8.339 = 1 . 83 an + 8 . 335 ~1. 09u

Tenzaghi equ :

&ust
: CNaSc+Ng Na= 5 . 7

,
Ne = 1 - 0

= 5. 7X1 . 3 XC+ Sc = 1 . 3

= 7. 4)a + E

&
a

= 2. 472 + 0 .33q
↳ nedech

= 1 :249x + 8 . 33q

-

: da 200 KPa



when SPT sample is used
, dow to

Not recommended if In <75 KPM

footing with eccentricity :

L = 1-2 em em:o ; e:
B' = B- Zey

For design, ACT 318-i

Bmin = hey t Wy col waxwe dim

Lmin : Gen + Wa

Defh Quet : 2methods

2. Use Hansen on Vesic BC ed w/ adjust :

Use B' & L'in UBNu team

B & I' in shape factors

& & 2 in depth 1

2. use Meyenhof ed w/ reduction factor :

0 .50 .3

But
, des

= But
, comp.

X Re ↓
ReB : Led for consive on 11-] for cohesionless

Rec = 1- Z 2-)
Re = ReBX Rew



=45 : Serfoting , 18mX 1 .%m
,

P = 1800 KN , Mr= 450 kN-m

My = 360 KN-m ,

%An
= 360 ,

C = 28 kPa
,

v = 18 kN/m3

D = 1 . 8 m
, Dwt = 6 : 1 m

Using Hansen equ :
1880kN

zen ↓
11

-

M-
My = 360 kN m

-
Mr= 450kNm 1Im

& 1Em
-

I I
18 m

-

Zey
- -

I I
1um

en=M 3 = 0 .20 e: = 0 .25

B' = B- 200 : 1 : 3r;
1

= 1-Zem: 14m

Must= (NoScda + NeSeda + 0. 5 rB'NrSudy

8: : 112 : @ = Dan = 360

N-factory : Ne = 50· 55
, Na

: 377
, Ny = 48

Shape : Sc : It 16

Sa = 1 . 8 + &sing = 1. 55

Su = 1 -0 .4 = 8 . 63



Depth factors : da = 1 + 0. 41 = 14 B = 17p

da : 1 + 2Ann *-sing) : K = 1

= 1 . 25

dy = 1

· Just : 2392+ 2366 . 65 2948h -- 5053k Da

· : Pa : Late 1684 KPA ~ 1700 ka

[alt: = 0 . 11 (0 .3]

using Meyerhof method / Re : (consideringresionless as a ic only 201.

Re = Rev X ReB Rev = 1- = 0 . 667

I 8 418

ReB = 1- - 0 . 627

-

↓In
1

Cust = CNosada + @NeSada + 0. 5 BNuSudy

N-factors : Ne = 50 . 55, Na : 37 . 7
, No = 44 · 4

shape fac : Sc = 1 + 0 . 2 kpB kp = tan" (45

= 1 . 77 = 3 . 85

Sa = 1 + 0. 1 kp
- 1 . 39 = Sy

Depth fre : dc : 10. 2/p fo da = du = 1 + 017 Up f
= 1 . 39

= 1 . 20

- Mur = 2487 + 2837+ 1200 = 5724kPx

Aust
,
ne

= 2393 kPa &al
= 797800KPA



suggestion of footing : Limit da = 50 kPa

·: A= 3.6 m2

&= = 0 . 929 ; 3 . 6 = LX0 . 9292" =
1

= 1 . 97 m

· : B' = 1 . 83 m

↳: L' + zem = 1 . 97+ 8 . 4 = 2 . 37 m

B = B' +Ley = 1 : 83 + 8 . 5 = 2. 33 m

: Footing of 2.4mX2. 42

Using Megenhof :

LXB = 2
2

= 3. 6 = > 2 = 1 . 9 m = B

: Im X Im footing



Footing w inclined load : Hansen & Vesic

HL = 382KN
14 : 1060/N V= 9. 43 kN/m3

↓
"B = 0

8) An = 43 % c = &

->
& --

0
. 5 m = D

-

B = 0 . 5 m

-

I I

L = 2. 8 m

Y = 47
,

2 ; %s : 1.5 x 43- 170

= 47 . 50

Hensen method :C= 8

qut: No Sedacia,
+ 0 .58LNusraducion

and : Nasadasil + 0 .5UB'N Subdu in

-

N : Ne = 288, Ny = 347

2. 5
i :

in : (1-Hi -
v + AfCact@
#

: igo = (1-0) : 1

192 = 8 . 608

iv = /I-wHi3
-

: B = 2

ivL = 0 . 362



shape! Sar = Iti Sind : 1 . 18

Sal : It L Sinc = 2.7

uponS
Depth : da = It 2Aand(-sind)" x kp *

B
= 2 ; k = 1

= 115

& = 0 . 25; 1= 5 . 25

dec : 1 + 2 fand(-sind)"Xk ,

= 1 . 84

dr = 1

·: Lust
, B

= 1923 kPa

Que
,
2

= 2245km

Mult = 1900 kit



Vesic method :

Rut = [Nasadnig + 0 .5rB'Nusudy is

Na = 147 , No = 304 [from equ]

shape : Sp : 1+ Aang = 1 . 27

Su = 1-0 . 4 B = 0 . 9

Depth : dg : 1 . 15 17 = 1

dr = 1

Inclination : in = [1-m ; mome:
2+4b
-

174B

: 8 . 585 = 1 . 2

in = 8 . 374

·: Aut = 913kPr



8) value from Anianial test :

2) Allows precise control ofdrainage condition & pone water

pressure

b) varied containing pressure stress cond.

2) most nelable sailthen param

Effect of T on be of stil

water seldom above base (E is adjusted for terms ↑

v= do Yet + don'
8. 5 UBNy

water is at sunfact V = Vsat-Uw

v = 1/2sat B

water below wedge -> neglect
I 4

wi within wedge zone : It

Ve = 2H-do] Net d & = Aan (45+ f)

It = 0 . 5 B tan (45 + E]

Vany:t

vs:
Vv = 1 - Vs

Vot = Vany + V (Vw)



Hansen eah :
I M-

1 . 1 m

quet : [Ne Sada +0 . 5 B'Nusu dy 1 . 95m 2.5mX 2. 5 i
/dy : 8 . 85m

T
/ E

% : YB = 2 ; % : %An
: 350

Vet = 18 . 10 KN/m3
N : Nq = 33 . 6 ; Ny : 34 · 4

C = =

Si Sa = 1 :57; Su = 0. 6 *An = 350

Gs : 2.
68

D : de : 1 . 11 ; dy = 10

Ww = W = 18 %

H = 0 . 5 BAan (45 + #2) = 2. 4 m

v = Usat- Un = 10 . 3

We : (2H-dr)dre Usat= Vany + VvXVw = 20 . 11

- 14 . 85 kN/m3 Vany:wet = 16 . 45 kMm

V = 1 - Vs = 8. 374

: But : 1507 ...

~: We = 5.



Estimating BC from SPT
25 mm settlement
-L

Ca=5 Xka F = 8 . 85

F2= 0 . 08

B) Fa ; kn = 1 + 033b7133 F3 = 0 .3

Fu = 1 . 2

-

N7s = 24 ; D = Im ; B = 3 m

N55 : 78x2430 ; BJ, En = 12]

kd = 1 + 0 .335 = 111

· Ma=5 (1
= 583kPa -> 588kPa



E

assume

N70 = 6 ; N55 : EX6* 9 for matching

For 25mm :
Ma:y d ; l =Ho

B-1 . 5 m -> Ky : 1 : 33 -39:215 Kim

B-3 . 5 m -> Ka : 1 . 18 -> da= 160 1200

&a-> 200KPM

For 40 mm:. In : 2448 = 320 lipa



Settlement :

of soil

Defh : Accumulation of deformationaue to load application in

the din of interest.

Principal components of sail settlement,

a. Particles rolling & sliding

b . Crushing
C. Elastic defineation

Problems with settlement analysis :

a Obtaining reliable values of elastic param

->Probs w/ recovering undisturbed sample

-> Lab test end : > 58 %

-> Anisotrophy
->Connelation use

3. Obtainingreliable stress profile of applied Id

Types of settlement

1. Immediate[withing 7 day)
2.Consolidation [expulsion of water, takes years)



Estimation of soil settlement (immediates :

DH = G.

B' EU MIstr

80 : Pl = P/LXB

B' = least dim [comnen-> B
,
center - Bl]

m = num of corners

t = It i



# % : 134 KPM

BXL = 33 . 5 x 39 . 5 on

said is layened day; with one sand seam from GS to sandstone

bedrock at -14m ; mot at -3 m

Es from 3 A 6 m = 42 .5 Mpa

6 to 14m = 68 MPa

Sandstone >500 MPa

-

AH = g
,
B' FM MIs If

Here : &: 134 /Por

B' = B/z = 335 = 16 . 75

u = 8 .35 Cestimated from table]

E:425+-6X60-55 Mait

m = 4 P = 0 . 0920

Is:+ 22 ; 5 ,: 0 . 0815 M: = 1 . 2

= 8. 121
[2 = 8 . 0865

N:
[p = 0 .95

:

- 8 . 7

- DH = 8 . 0165 m = 16 . 5umm



Anob. 2 N2' = 20 D = 1 . 5 m
,

H : 8 m

P : 450 to gos N

Ree . Ya for not over 25 mm

fa=55 (F)P ; Mp = It 0.33
p

B ↓P A [KPa] N5t : EX28 = 25

1. 5 1 . 33 599

2 1 . 25 516

3 1 . 17 442

- In 500Pa

lac
.

= fact: = 400K Pa

= 250 KPa

dact) Da

Tentative In = 258 KPa

- Not => 250:f b = 1 . 6 m

L = 1 . 64m

Al = G ,

B' Fee mic If m = 4

B' = B = 0 . 82m; 9. : 250 kPa -25
-

M= 0 . 0 (picked) ; Es = 500LN + 15] = 2000 /Pa

= 35888
I ---

I
--- ~ 150 823



Is:.+ Le ; 5
1

= 5 . 437 m=B
= 1

[2 = 8. 031

= 8. 455
N =

H /B = 4 . 9 ->5

If = 0 . 65

- MH = 8 . 811m : 11 mm



Consolidation settlement :

-CR

G2

↓ Leade
!

compute settlement

: eff . init stress ~ 5. -> NC sail

: Erh-Erwho

Formulateean : Ge = G + Still

&=E Hlog I for each sae

at midpoint



12 Sample A :

/

Ca = 0 . 4
3 m Proposed; v = 19 . 2 kN/3

Cn = 0 . 08 I

* 1 5 M 2 = 18. 5

8= 1.18 E Dn = 40 %
* 2m r = 19 . 5

5
,

"
= 70 kPa

B 3m

I

4m
*

A
10m V = 16 . 8

Es = Erh-EUwhw

= 18. 5 X 15 + (19. 5- 9 . 81X2 + 116-9 . 813 X4

= 71 . 89 KPa Oc ; NC stil

If = Go + neiesV = 52d + 57. 6

On : Et Hlog

Layen 1 : H = 15 ; Mid = 0..75

520 = 18. 5 X 8
. 75 = 13 . 88 /Pa Dn = 4015

of = 71 . 481 Pa - = 0 . 008

· 32 = 8. 008X1.5 log h 0 . 00

= 0 . 5 mm

Layen 2 : H = Im
,
mid : Im

520 = 18. 5x1 . 5 + [19 . 5 - D.&1) X1 = 37 . 44

Of = 95 . 04

321 = 0 . 000x2 logO = 6 . 47 m



layer 3: H = 3m; mid : 15m

&2 = 18. 5 x 1 . 5 + 19 . 5 X 2 + 16 . 0x1 . 5 - 9 . 81X3. 5

= 56 . 41

528 : 114

&= x3x10gn = 175 nm

layen u : --

28 = -- -


