Soll Mechanics










4. Because of huge quantities of soil involved, it is not
economically feasible to transport the soils from other
places like steel or concrete. Soils are generally used

in the conditions in which they exist.
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5.Whereas steel and concrete can be inspected before
use, soils for founaations are at great depth and not
open to nspection. The sample of the soil taken from
the bore holes are generally disturbed and do not

represent the true in-situ conditions.
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L imitation of soil engineering

Soil engineering Is nNot an exact science. Because
of the nature and the variability of soils, sweeping
assumptions are made in the derivation of equations.
The solution obtained in most cases are for an idealized,
hypothetical material, which may not truly represent the
actual soil. A good engineering judgment is required for
the interpretation of the results. In fact, each problem in
soil engineering is a unique problem because the soils at
two places are seldom identical.

G daidy o iial) Al Gal s e W Lale (0% ¥ 40 Asia
(il ) 9 ) i) gl U e slaal) GLE) Ko § S il jb

o) oty cuila

The following limitations must be kept in mind when

tacking problems related with soils.
1. As the soil does not possess a linear or unique stress-

strain relationship, the solution of the theory of elasticity
cannot be directly applied.
il I8 Lgpal) A a3 et Sa ¥ AN Ll (585 Y Jadi¥I-slgad) G ABDlal
2. The behavior and the strength of soils depend upon
pressure, drainage, environment and many other
factors.
These changes must be considered when dealing with
soils.
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3.As the soil at every location iIs different, the results
and experience from one project to the other should be
transferred with caution.
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4. Since the soils are very sensitive to disturbance, the

results of tests conducted on soil samples should be
interpreted carefully.
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5. The most of soil is underground and cannot be
inspected. Adequate soil exploration should be done to
determine the profile of soil strata.
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6. The methods of construction may have to be modified
as the work progresses and the properties of the soil
begin to unfold. Occasional observations have to be
made during and even after the completion of work to
check whether the assumptions made were correct.
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7. It may not be much use to apply highly mathematical,
rigorous solution to a material like soil whose
properties cannot be determined to the same accuracy.
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8. The soil is a particulate material in which the particles
are relatively free to move with respect to one another.
The behavior of the soil changes as the particles get
shifted.
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9. The soil is a multiphase system, consisting of solid,
water and air phases. The behavior of a soil depends
upon the relative proportion of the three phases
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10. Soil mechanics is relatively new science. It is essential
to keep abreast the latest developments in the field.
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Exams

My mama always said, “Exam is like a box
of chocolates; you never know what you
are gonna get”
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WJM Rankine
1820-1872
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C.A.Coulomb
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Geo-Laboratory Design Office
~ for testing ~ for design & analysis







Shallow Foundations

Deep Foundations

~ for transferring building loads to underlying ground
~ mostly for weak soils or heavy loads
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weak soil

bed rock

Deep Foundations
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Driven timber piles, Pacific Highway
Retaining Walls
~ for retaining soils from spreading laterally
>

retaining
wall










Construction hazard

~ an unwelcome visitor at an earthwork site.
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A dead Anaconda python (courtesy: J. Brunskill)

Geofabrics

~ used for reinforcement, separation, filtration and
drainage in roads, retaining walls, embankments...

Geofabrics used on Pacific Highway

Reinforced Earth Walls

~ using geofabrics to strengthen the soil

RETAINING WALLS
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Soil Nailing
~ steel rods placed into holes drilled into the walls
and grouted
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Sheet Piles Sheet Piles

~ sheets of interlockingsteel or timber driven into ~ used in temporary works
the ground, forming a continuous sheet

Sheet Piles Sheet Piles

~ resist lateral earth pressures ~ interlocking sections

~ used in excavations, waterfront structures, ..







Blasting

Impact Roller to Compact the Ground

Ground Improvement

-

Sheep foot Roller to Compact Clay Soils

Ground Improvement

Smooth-wheeled Roller
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Lateral Earth
Pressure

Lateral Earth Pressure

Retalmng structures such as retaining walls,
basement walls, bulkheads are support slopes of
earth masses.

To design or construction these structures
required to know the lateral forces that acts
between the retaining structures and the soil
masses being retained.

The lateral forces are caused by lateral earth
pressure.

Various theories of earth pressure are considered.

At rest, active and Passive Pressures| Case-1: —

" A soil element located at a

depth z is subjected:

-A vertical effective
pressure =0,

-A horizontal effective

pressure =0~

- Ratioof 6’ to 6”, is K:
T
K=—
0,

h

Te=c'+0'tan ¢’

—1f the wall AB is static

Soil mass in state of a
static equilibrium.

o}, =at rest earth
pressure.

O

K=K,=

O- K,6, =0

Tr=c'+0'tan ¢’
K, =at rest earth pressure !

coefficient.




Case-2:

“If the frictionless wall
rotates sufficiently
about its bottom to a

position A’B.
The soil in ABC reach
plastic equilibrium and
fail down the plane BC.
. O_f O_l‘
K=k %2
Uy 5

K, = active earth pressure coefficient. .

Nature of variation of the lateral earth pressure with the wg/ll/ tilt.

: ’
Passive pressure, 67,

At-rest pressure, G,

o
>

Earth pressure, o7,

C :If the frictionless wall

Active pressure, G/,

Case-3: .
assIve prSSUl‘C

CU
rotates sufficiently about /-

its bottom to a position
A"B.

The soil in ABC" reach
plastic equilibrium and
fail down the plane BC".

O'h=0'p

!
) Tp
K=Kp=—=
! !

ag.. a..

K, = passive earth pressure coefficient

AT-REST LATERAL EARTH PRESSURE ‘

Wall tilt |<— T »[4‘%——_4

+ A wall AB retaining a dry

soil with a unit weight v.
The wall is static.
At a depth z,

Vertical effective stress = o), = yz

Horizontal effective stress = o, = K yz
f

Y .
K, = -—f’ = at-rest earth pressure coefficient

0

Tr=c'+C'tan 0

For coarse-grained soils,

K,=1—sing’

where ¢’ = drained friction angle.



Distribution of lateral

-

- earth pressure at rest on a A
wall of height H retaining L
a dry soil having unit =c+otang
weight of y Unit weight
The total force per unit =t
length of the wall, P, is: H
Po = % 07H2 \ r
H
3
T 1
Ky H ——>

EARTH PRESSURE AT REST FOR PARTIALLY SUBMERGED
— SOIL

3

]
1y

Unit weight of soil =y

H, Ground-

water

£ wpe. 1

K yH,y —! -
| Saturated unit weight
2 P | -+ of s0il = Yyu
l . | p .
|
YL . “F \
J

B G
V=K (yH + Y H2)——] |~—Yw 2 —|

b)

Sn

WM

]
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i
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|e——— K (yFH + Y H2)I+ Y 2 ——|
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" For fine-grained, normally consolidated soils,

PI (%
K, =044 + 0.42[—( >J
100

For overconsolidated clays,
Ko(overconsolidated)- = Ko(normaﬂy consolidated) VOCR

where OCR = overconsolidation ratio.

Preconsolidation pressure, o
Present effective overburden pressure, o,

OCR

For 7 < H,. the lateral earth pressure at rest

effective vertical pressure = o,
o, =yH +vy'(z - H

ro_ _ N
where y' = Yo = Vo
Effective lateral earth pressure
at rest is:

water
table

Y

Ground: ] Unit weight o il =y
l
l

o, = Ko, = K,[yH, + y'(z — Hy)]

u= Yw(Z - H 1)
Saturated unt weight

for 7> H, (i, below the groundwater tabl) T s,
o, =0 ;l +
, I
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_ T / ~ Example 12.1
#, Figure 12.6a shows a 15-ft-high retaining wall. The wall is restramed fmm ywld-
l ) ing. Calculate the lateral force P, per unit ]ength of the ual Alsa dctcrmme the
j < KoyHi> location of the resultant force. -~ L L L
lzi Ch \ ’ SOand
Cc =
Yl ¢'=30°

| Ko(tH +y Ho )t Yo Hy ——] | ; y= 100 b/

The force per unit length of the wall can be found from the sum of the areas of

the pressure diagrams in Figures 12.5a and 12.5b and is equal to (Figure 12.5¢c)
' y Ground water table

2
P 2K07H + KoyH1H2 (Koy + ‘Yw)HZ (1215) = Sand
;—W r_
Area Area Areas ¢ i goo
ACE CEFB EFG and UK $ = 4 s
sat — .
A G’y (Ib/ft2) A ¢ 'y (Ib/ft2)
v Sand Sand
c'=0 c'=0
0'=30° o= 30°
¢z 10ft i v = 100 1b/ft3 z v= 100 1b/ft3

l 1 1

Y v Ground water table 110 ) PO 500 10 v Ground water table 110} AP 500 10

T - Sand : = Sand :

S ft ¢'=0 c'=0

¢'=30° 2 : 4 o' =30° 2 : 4
iv Ysat = 122.4 1b/ft3 :3 . Yoar = 122.4 1b/ft3 :3 -
= St—————~ 650 15t————">_ 5f—————-+ 650 1S5t————">_
Jr Y Y Y

Solution z(ft) z(ft) z(ft)
K,=1—-sin¢’' =1-sin30 =05 .

Mgl ehm 0 ohmb wm D Atz =15ft: o, = (10)(100) + (5)(122.4 — 62.4) = 1300 Ib/ft°

Atz =101t o} = (10)(100) = 1000 Ib/f’ o, = Ko, = (0.5)(1300) = 650 1b/ft?

- — 2
oy, = Ko, = (0.5)(1000) = 500 Ib/ft @ = (5)(7w) N (5)(624) = 312 Ib/ft

T u=20



O 5 (1O/11# ’
A ); G, (Ib/ft2)

Sand Sand
c'=0 58 Z)’,:goo
$ _ 1o oy 00 Ib/ft3 v = 100 Ib/ft3
1 vy Ground water table 10 10
i3 Ground water table 10k 500 10 = C':SOand
= Sand [ ¢’'=30° 4
=0 5 : . Yoat = 122.4 1b/f3 s sl
¢'=30° 3 : 4 Y ¥
Yoar = 122.4 Ib/f° R P £\ PV o it ‘
v v The location of the resultant, measured from the bottom of the wall, is
z(ft) z(ft)
The variations of o, and u with depth are shown in Figures 12.6b and 12.6¢c. 7= 3 moment of pressure dlagram about C
| F,
Lateral force P, = Areal + Area2 + Area3 + Area4 : , ,
(1 1 1 10
P= (—2—)(10)(500) + (5)(500) + (5)(5)(150) + <»2—)(5)(312) (2500)(5 + —3*) + (2500)(%) + (375)(%) + (780)(%)
: ' z= - = 4,71 ft
= 2500 + 2500 + 375 + 780 = 6155 Ib/ft | 6155 |
RANKINE’S LATERAL EARTH PRESSURE /A
= e il N 5: 8N S rased
Rankine’s Theory of Active Pressure H I LN N A 7
. . . L/ "\ /,z-” T ) \ \ .-"'{ N/ //
— o e\ X X
— e — —_— -2c' Ka (o’ L. R 3 / Normal str y, /-" A y ) \
Unir *-Ivcigh: of soil = v T l<—>| \\\\ f'x‘\x 7 ( 4 .\}{ )
Ty=c¢ +a'tan &' | 'y D'( ___d.f/ \ \ / /N
: 2 2'tan 45+ & ~— \/ \ \ \/
| L’ ( 2) ™~ A XA X X
I
: Z ) CD CD
I inéd' = =
sSn¢'=acTao+oc
- . . . o, = 0,
| Y CD = radius of the failure circle = >

¥2K, ~ 2K, . AO =c'cotd’



; = o, = vertical effective overburden pressure = yz
! 1 —sing' -,< N d)')
s — == tant| 45 —
'+ oo /m/}:/ 1 +sind 2
00 a 17 1
ocC : Q ‘
2 \
cos @' / !
_ ’ — = tanl 45 - —
™~ ' 1 + sin @' ankhj 2 )
10—;—‘2-1 \ Substituting the preceding values into Eq. (12.24), we get
sin ¢’ = - ’+g';+_0':, ; SR S
¢ co ¢ 2 o, =Yz tan2(45 - —) -2’ tan(-45 - —)
: 42, 2
, , O, to, . O,— 0O, The variation of o, with depth is shown in Figure 12.9c. For cohesionless soils,
c’' cos ¢ +—T—sm¢ =—?—— ¢ = 0and
: o, = o lan2(45 - %)
1 — sin ¢’ , cosa@’ -
o, = 0, — 5 — 2c —
1 + sin¢ 1+ sin¢
- 7 [ 7
— e Theory of Rankine’s Passive Pressure -
The ratio of 0, t0 o7 is called the coefficient of Rankine’s active earth pressure ""AALJ;‘“" -
and is given by G | |
|
|
¥ r |
'E-rg 2 d"’ |
K,=-— = tan 45——2 o
0y 1 |
I
¢ « '
= ; - < i
o, = yztan| 45 — — | — 2ctan 4::—-; .
L i
Y L |
-1-—)-|-{ T:KP —-
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Failure wedge

H\xﬁukhx
(Note: ¢’ = 0.)

SSOU8 IRG




Backfill—Partially Submerged Cohensionless o, = K0, G
where ¢ and o, = the effective vertical pressure and lateral pressure, respectively.

Atz=0, o,=0,=9q
o, = K9

At depth = H1, 0':) = (q + 'YHI)
0':1 = Ka(q + 'YHl)

Atdepthz=H, o = (q+ yH, + y'H,)
o, = K(q + vyH, + y'H;)

where ¥’ = Vgt = Yo

The variation of o’ with depth' is shown in Figure Backfill—Partially Submerged Cohensionless
ke - ~ Soil Supporting a Surcharge

‘ l ' /454 °_ l 1
: ‘ )
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" Surcharge =g

Failure
wedge

Pl

(Groundwater table

{J 1
Elsas. L
‘ i
Ty :
) 3

o Ty
o, = K o

P, = K.qH + ;K. yH} + K,yH\H, + 3(K,¥' + v,)H} P,= K,qH + }K,yH} + K,yH,H, + 3(K,y' + v.,)H}



Backfill— Cohesive Soil with Horizontal Backfill ’

)  Active case
‘.
U\ K (H +9) T T )
I Failure
: h wedge - N
| ' |
i i H H - =
: : |
| < 1 ,
| t
b - \ ’
' aK, K,(H +YHy) Yz Kyg +YH) KyHy+vHy e b
,  417:4 2¢'VK,
= K,vz — 2VK,'
Depth ‘z," at which active earth pressure=( =0 The total active force per umt length of the wall
f(yzo-Z\/ Kc' =0 * - P=lKyH*-2VKcH
2¢” For the 0 condition, 2
—-——= =Depth of tension cracks ¢ = di P, = 27H
Due to development of tensile cracks, the

For the undrained condition — that is, ¢ = 0, active pressure between z =2c'(yVK,) and H\

Ka tan" 45 = 1, and ¢ = ¢, (undrained cohesion) Pa""‘% (KayH _ 2@ c’)( g )

...... _ ZCH | .Y'\ /Ka
Lo T T .
7 1 2 AN 2

K 'yH -2 V C H + 2'?

For the qb 0 condition, L

27H2 ~ 2c,H + 2—-




Babkfill—-—- Cohesive Soil with Horizontal Backfill Rankine’s passive pressure - f

| o o, =2VK,'
! Failure
wedge atz = H H
H = K,yH + IVE K,c'

Total passive force /unit length of wall

P, = %Kp'sz + 2VK,c'H

>
i

~ For the ¢ = 0 condition, K, = 1 R

= K,yz + 2VK ¢

VK, |« K
P, = }yH? + 2¢,H _"2‘: a >
Examol 23 — Solution | o o
xample 12 : - a. Because ' = 0 o detemtune the actwe feme we can use
Aném hlgh retalmng wali is shown in Flgure 12 1’7a Determme K 0" = Ka’yz '
a. The Rankine actlve force per unit length of the wall and the locatlon of sin =0.26
T1 ¥ sin 36 :
“the resultant . e
'b. The Rankine passive force per unit length of the wall and the locatxon of
~ the resultant

"a- = '(o 26)(15)(6). %l 23 4 kN/m
The pressure distributon dagram i shown n i gure

The active force /unit length of the wall is: 70.2 kN/m
P = ZI(a"yI_I2 _ +
"*'z (6)(23 4) = 70 2kNm \ N\ =+2 N




b. To determine the passive force, we are given that ¢’ = 0.

ey | COULOMB'S EARTH PRESSURE THEORY

Coulomb’s Active Pressure

90-8-8
Y 1039.5 kN/m
”‘The pressure dls nbu fion ”dn gramisshown in Figure T by
The passive. force_/unlt I_eng_th of the wall is: 7::2{“
 f— 3465 KN ——>]|
ey 7//}////&/ e —— e — —
%4 B P, —
sin(90 + 6+ 8 — B+ ¢')  sin(B — ¢') -
or P, =1KyH?
= sin(B ~ ¢') 1% where K, is Coulomb’ active earth pressure coefficient and is given by
sin(900 + 6 + 8 — B + @) _ )
The preceding equation can be written in the form K = cos*(¢p' — 8) i
— — : gt 26 S+ 01+ /Sm(s + ¢I)Sin(¢', - CY) B
P = lsz{ COTQ’(B ‘B)CO.S(B a)sin(B — ¢') cos™ 6 cos( ){ N cos(8 + 6)cos(6 — a)
“ 2 cos’fsin(B — a)sin(90 + 6 + § — B + ¢')
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Graphic Solution for Coulomb’s Active Earth Pressure

. Draw the features of the retaining wall and the backfill to a con vc.%nie%nt s’cale.f
. Determine the value of ¢ (degrees) = 90 — 6 — §, where § = thc mchnatlgn'on
the back face of the retaining wall with the vertical, and 8 = anglc of wall friction-

. Draw a line BD that makes an angle ¢’ with the horizontal.
. Draw a line BE that makes an angle ¢ with line BD.
. To consider some trial failure wedges, draw lines BC,, BC,, BC;. ..., BC,.
. Find the areas of ABC,, ABC,, ABC;, ..., ABC,.
. Determine the weight of soil, W, per unit length of the retaining wall in each of
the trial failure wedges as follows:
W, = (Area of ABC;) X (y) X (1)
W, = (Area of ABC,) X (y) X (1)
W3 = (Area of ABCs3) X (y) X (1)

W, = (Area of ABC,) X (y) X (1)

10.

11.

13.

14.

A&opt\a convenient load scale and plot the weights W,, W,, W;, ..., W, deter-
mined from step 7 on line BD. (Note: Bcy = Wy, Be, = W,, Be; = W, .. .,
Bc, =W,.)

Draw c¢icl, €,C5, 65C5, - - -, CaCr parallel to the line BE. (Note: ¢y, ¢3, ¢5, - . ., Ch
are located on lines BCy, BC,, BC;, . . ., BC,, respectively.)
Draw a smooth curve through points cj, ¢3, €3, . . ., ¢,. This curve is called the

Culmann line.

Draw a tangent B'D’ to the smooth curve drawn in step 10. B'D’ is parallel to
line BD. Let c, be the point of tangency.

Draw a line c,c, parallel to the line BE.

Determine the active force per unit length of wall as

P, = (Length of ¢,c}) X (Load scale)
Draw a line Bc,C,. ABC, is the desired failure wedge.

Coulomb’s Passive Pressure

Fp = %prH?' _
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