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T
COMPRESSIBILITY OF SOILS

The coordinates of two points on the virgin compression line are: o';= 400 kPa,
e,=0.8; o, = 800 kPa, e, = 0.75. In the field, a 3:0 m thick normally consolidated
layer of this soil subjected to constructiondoad.and.the average effective vertical
stress increased from 250 kPa to 450 kPa. Determine: (i) compression index and
initial void ratio of the clay layer (ii)'the consolidation settlement, (ii) the load

increment to cause a 25 mm. final. consolidation settlement and the
corresponding void ratio
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T
COMPRESSIBILITY OF SOILS

gy=1.2

Assume that the e-logp relationship shown in Figure Sy |
represents the Ilaboratory results of a' one- L At
dimensional consolidation test. The clay stratum T
from which the test sample was extracted was 3.5/m
thick, totally saturated. |
How much additional effective/pressure can the 0.9 P~ i INTT
clay withstand if the ultimate expected settlement is . | ( l

not to exceed 120 mm? Assume,o,'= o, (normally 15 o 1000
Pressure (kN/m?
consolidated).

1.0

Void ratio

i NPTEL ONLINE DILIP KUMAR BAIDYA

. IIT KHARAGPUR { CERTIFICATION COURSES DEPARTMENT OF CIVIL ENGINEERING
IPTE IIT KHARAGPUR



T
COMPRESSIBILITY OF SOILS

A compressible clay layer is expected.to,have a total settlement of
150 mm under a given loading. It settles by'30 mm in two months
after the application of load increment. How many months will be
required to settle 75 mm? How much will it settle in 18 months?
(Assume double drainage in'the clay layer)
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COMPRESSIBILITY OF SOIL: Secondary compression

As was pointed out earlier additional deformation can occur in clays for a
considerable period of time after the completion® of primary consolidation
settlement. This occur at a much slower rate, at a very small seepage velocity, and
presumably under zero excess pore pressure.

The amount of secondary compression can be estimated by maintaining a constant

load on a clay long enough pastithe point of primary consolidation to establish a
relationship between secondary.deformation and time.
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T
COMPRESSIBILITY OF SOILS

| IIT KHARAGPUR

Some commonwvalues of C,

Over consolidated clays 0.0005-0.0015

Normally consolidated clays 0.005-0.03
Organic soils, peat 0.04-0.1
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T
EARTH PRESSURE

Retaining wall

Types of earth retaining structure:

Externally stabilised system — soil is not a fundamental part of system.

Gravity wall — typically small.true gravity retaining wall, crib wall, Gabion
and cantilevered.

Insitu wall — Either‘eantilevered, braced or tie back sheet pile wall, shoulder
pile
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T T —.-.-.-.-.
EARTH PRESSURE

Internally stabilised system — Soil is_ a fundamental part of the
system. Example: Reinforced earth saoil‘nailing.
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EARTH PRESSURE

Earth Pressure

Why study earth pressure?

Design of foundation wall (basement)isafe gxcavation during
construction and design of earthfetainingfStructure.

Earth pressure type:

Earth pressure at rest (K, cendition)
Active earth pressure

Passive earth pressure
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EARTH PRESSURE

Wall Movement Required
to Reach Active Pressures

Soil Type Movement
Dense Sand 0.001H
Loose Sand 0.004 H
Stift Clay 0.010H

Ko
Soft Clay 0.020H
0.005H K H=wall height
- I ...... a
Movement Away Movement
from Back Fill Towards Back Fill
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EARTH PRESSURE

ACTIVE CASE PASSIVE CASE
Wall moves out yawves/n

Shear stress on failure plane, “4Shéar stréss on failure plane
reduces INeredses

Lateral pressure re% ‘&ateral pressure increases

Minimum lateralstress Maximum lateral stress
achieves when soil failsand achieves when soil fails and
full strength is'mobilised full strength is mobilised
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EARTH PRESSURE

Lateral pressure at rest: assumptions

G’V
Rigid and unyielding wall i
Frictionless o1 = Koo'y
I_"-'_;lt|l
Il::D -~
T

ko= (1— sind")
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EARTH PRESSURE

Mohr circle at rest condition

At Rest Conditions
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EARTH PRESSURE
Lateral earth pressure

- Active Pressure

Passive Pressure
———————

— > Sliding Friction
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EARTH PRESSURE

Active earth pressure

45 + /2

- Active Pressure

Passive Pressure
|

— > Sliding Friction
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EARTH PRESSURE

Mohr circle for active earth pressure condition

T 45 + ¢/2
Failure Plane Pole ®
e 7 >\ Active Conditions
/
/’X,f G'Z\ (0)
G’x,f =o'y.K;y G'z,f =o'y
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EARTH PRESSURE

Passive earth pressure

Jack Pressure
—>

Passive Pressure
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EARTH PRESSURE

Mohr’s circle for passive earth pressure condition

Failure Plane
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EARTH PRESSURE

Active earth pressure

45 + /2

- Active Pressure

Passive Pressure
|

— > Sliding Friction
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EARTH PRESSURE

Mohr circle for active earth pressure condition

T 45 + ¢/2
Failure Plane Pole ®
e 7 >\ Active Conditions
/
/’X,f G'Z\ (0)
G’x,f =o'y.K;y G'z,f =o'y
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EARTH PRESSURE

Passive earth pressure

Jack Pressure
—>

Passive Pressure

o NTEL ONEINE DILIP KUMAR BAIDYA

. IIT KHARAGPUR C CERTIFICATION COURSES DEPARTMENT OF CIVIL ENGINEERING
e IIT KHARAGPUR



T
EARTH PRESSURE

Mohr’s circle for passive earth pressure condition

Failure Plane
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EARTH PRESSURE

Backfill

Weight of wall
P, Active thrust

/

pp_,/ 4

» Friction force F

Normal force N
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EARTH PRESSURE

A

H cot

< Movement

>

Assumptions: -
> Frictional force between backfill

and retaining wall are assumed to

be negligible

»The wall is straight and the H
surface  of the backfill ids P,
horizontal N

»The backfill is a homogeneous

/

V%%
Granular

Backfill

N

granular material
»The failure surface is assumed to
be plane
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EARTH PRESSURE @

P, — ¥ tan (8 — 0) fer =43

W = %rH{chtﬁ} = %FHE cotfs b = %T’H:t‘m: (45 - %ﬁ)
P, = %}’H:cﬂtﬁ tan(f — @)

ﬂPﬂzﬂ 28 — @G.=.90 E, =E}’H:I;:E

ap
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EARTH PRESSURE

A H cot B |
— » Movement ‘

A i NN
| Granular
| Backfill
! W

H |
B
_?_>

B

Y L

Movement of wall is toward backfill

C
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EARTH PRESSURE
2
2

B, = W tan(f + @) B, =45 —

1 1
W = SyH(Hcotf) = SyH?cotf 1 @ 1
B, =S yH"tan’ (45 + —) = SYHky

P, :%}*Hzcﬂtﬁtaﬂﬂﬁ‘+ﬁ} 2 2 2
9B, _ B
B @+ 25 =890
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EARTH PRESSURE

Cohesionless granular level backfill: Rankine’s theory

V%% o

o1=vh

‘

——> < O3 _ Y
T H

Granular Backfill
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TOPIC NAME
y 45-¢/2>\ /4\'45+¢/2

90+¢ S
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T
EARTH PRESSURE

TR ko
c1=vh h
— -« 03 _ Y

T H

Granular Backfill
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EARTH PRESSURE

y 45-¢/2>\ /\' 45+¢/2

90+¢ 2
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EARTH PRESSURE
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EARTH PRESSURE
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EARTH PRESSURE

T

| IIT KHARAGPUR

A

R= (01'03)/2

03

(01+03)/2
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EARTH PRESSURE

{:Iﬂ_l — I:FE:}.."IlE _ 0y — d3
{:Iﬂ_l =+ I:FE:}.."IlE N 04 =+ 05

sind =

1— sin@ 1 — sing@

I:Irﬂ:ﬂrl‘l+sa'*.r*.u:ziz}l' 14+ sing

o3 = yhtan® (45 — g)
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EARTH PRESSURE

A

T

Ri= (0’3'01)/2
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EARTH PRESSURE

(I'.Tar - ﬂ_l}.."llg _ I:FEr — 04

sine = (3" +®) o'+
2
r 1+ s5ind h1 + sing
e = (I —
3 11—31’1-1:3 ¥ 1—5in@

@
gy’ = yhtan? (45 + E)
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EARTH PRESSURE

A A
2/3 H
-
H
; . U \/
- P. = (YH?K.)/2
-
y -
P. = yHK,
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EARTH PRESSURE

A A
hy
y Yt Kalet
/
" +
h2 ’Y' = Yt=Yw
v Kahyyet Kahoy' Ywhz
\J \J
Ka' sand = 0.20'0.35 , Kwater: 1.0
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EARTH PRESSURE
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T
EARTH PRESSURE

Cohesionless back fill and inclined surface: Let us consider a cohesionless mass with
a sloping surface behind the smooth vertical retataing wall. The lateral stress acting
on the vertical faces of the element are parallél topth@jigclined surface. Thus any such
planes experience not only normal but also Shéar stfesses. Needless to say, they are
no longer principal planes as was the caS&for hokigontal surfaces.

The corresponding resultant pressure.on the wall could be determined with the aid
of Mohr’s circle. The magnitudeyof the vertical stress is depicted by the distance OC,
the lateral stress, acting parallel tosthe sloped surface is represented by the distance
OA. Hence oh = 0OA
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EARTH PRESSURE

Granular

A o Backfill
Tgi\«_ hsini cos i
— y=vyhsinicosi
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EARTH PRESSURE

45 + ¢/2

90 + ¢
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EARTH PRESSURE

T

AV Goc = vh cos i
(@) >

(¢)
e I v

vh cos? i

A
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EARTH PRESSURE

ou_0B-04)  (0B-48)
~ (0B + AB) (0B + AB) ! co%
OF = 0Dcosi
r = 0D sing
BD = 0D sini

AB =./(r? —BD?) = /(0D sin®)% = (0D sini)?
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EARTH PRESSURE

. i . 9 -
0D cosi — 0D/ sin“@ — sin<i

0A = — — |yhcosi
0D cos + 0D/ 5in“@ — sin<i
. T 7
CO5i —+/co05°i — co5“(@ _
04 = — — |yheosi
cosi ++/cos°i— cos-@
o, = 04 = yhk
1 cosi=wjcas?i — cos? 0 — ./ cos? 2g
7 7 : COSL— ~/ €OS“L — CO5“
P = E}rh‘kﬂ = E}-’h"‘ N — — |cosi k= ""f : — |cosi
co5i+ 4 cosi —cos-@ cosi + +/ cos®i — cos?@

<. i~ NPTEL ONLINE DILIP KUMAR BAIDYA
DEPARTMENT OF CIVIL ENGINEERING

| IIT KHARAGPUR CERTIFICATION COURSES
IPTEL IIT KHARAGPUR



T
EARTH PRESSURE

1 1 cosi ++/cos2i— cos?0
B, =-yh%k, =S ¥h?

COSE
2 2 Cosi —+ cos?i — cos2D

cosi+ + cos?i — cos20

cosi — / cos?i — cos2D
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EARTH PRESSURE

(180 - B - §)

(a-9)
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EARTH PRESSURE

42

P %th cosecf sin{f — @) _ %thkﬂ
[T+ J S
- 12

1 cosecf sin(f+ 0) 1
i i Dmprn| 2
, 5i + olsint@+ i

Jsin(f + 5}—\’ sin(B=1)

. NPTEL ONLINE DILIP KUMAR BAIDYA

. IIT KHARAGPUR C CERTIFICATION COURSES DEPARTMENT OF CIVIL ENGINEERING
e IIT KHARAGPUR



T T —.—.-.-.-.-.
TOPIC NAME

O oTer e DILIP KUAR BAIDYA

. IIT KHARAGPUR { CERTIFICATION COURSES DEPARTMENT OF CIVIL ENGINEERING
IPTE IIT KHARAGPUR



1~ NPTEL ONLINE

| IIT KHARAGPUR \ CERTIFICATION COURSES



	dkb-lecture46
	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7

	dkb-lecture47
	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14

	dkb-lecture48
	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13

	dkb-lecture49
	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13

	dkb-lecture50
	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12


