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Total stress, air pressure and pore water pressure distribution for a unsaturated soil
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O que afeta a resisténcia dos solos?

Tipo de mineral
Quantidade do mineral presente
Forma e distribuicao das particulas

Teor de umidade
Densidade

Grau de saturacao
Temperatura

Estrutura

Condutividade hidraulica
Disponibilidade de agua



® Para analisar qualquer tipo de estrutura ou qualquer material sélido é
necessario obter a relacao entre tensdo e deformacao.

® Esta relacao é chamada de relagdao constitutiva e pode assumir muitas formas
dependendo do material e da forma de carregamento.

Curva tensao deformacao tipica de um solo normalmente adensado

Maxima tensao cisalhante

Rigidez

g (%)



Efeito da ndo saturacao

Aumento de succéo

g (%)



Efeito da sucgao e da pressao confinante na curva tensao - deformacao
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Qual o papel da succado da resisténcia ao cisalhamento?

Quando o Sistema esta saturado tem-se duas fases.
Quando ndo esta saturado possui trés fases




Qual a efetividade da
pressao da agua no

estado nao saturado?
Principio das tensdes efetivas

Water pressure forces in Capillary forces in
saturated porous media unsaturated porous media



Effective Stress Principle (saturated soils)

1
o =0-—Uu
Valid for shear strength and volume change if:
The soil grains are incompressible

The stress controlling the contact area and the inter-granular strength are independent of the confining stress.

In general soils do not meet these two conditions and their mechanical
behavior is best described by the expression:

1
atany
K={1-————| Shear strength
tan ¢
a— contact area between particles, per unit area of the material.
C w — Intrisic frictionangle of the grains.
— ___S :
k =11 C Volume change ¢ — Frictionangle of the soil.

C, — Particlecompressihility
C —Soil compressihility

TSH



An extension for unsaturated soills is:

u, — Porewater pressure

O =0 — kluW - kzua u, —Poreair pressure

Simultaneous changes of the total stress, pore water pressure and air pressure do not cause variations in
volume and in shear strength, then:

€

Ao = Au,, = Au,

portanto

k, =1—k,
Se Bishop (1959)
Ky=x

O =0 — ua 4 Z(ua . uw) Se y =1-Saturated soil

Se y =0-Drysoil



Effective stress equations for unsaturated soils

Reference

Equation

Description of variables

Bishop (1959)

Croney et al. (1958)

Lambe (1960)

Aitchison (1961)
Jennings (1960)

Richards (1966)

o' =0-u, + ylu, —u,)

o' =oc-Pu,

G =0d,, + u,a, + u,a, + R —A

Gf: G+ llj/)”
GI — G+ B!)”

O =0—1tt, + Ypm(hy + 1)+ x(hy + 1)

o = total normal stress

u,, = pore-water pressure

¥ = parameter related to degree of saturation

u, = the pressure in gas and vapor phase

B” = holding or bonding factor which is measure of number of
bonds under tension effective in contributing to soil strength

G = mineral interparticle stress

a,, = mineral particle contact area

a,, = water phase contact area

a, = fraction of total area that is air—air contact

R = repulsive pore fluid stress due to chemistry

A = attractive pore fluid stress due to chemistry

\y = parameter with values ranging from zero to one

p” = pore-water pressure deficiency

[3 = statistical factor of same type as contact area; should be
measured experimentally in each case

¥ = effective stress parameter for matric suction

h,, = matric suction

¥s = effective stress parameter for solute suction

hi, = solute suction

Fredlund and Morgenstern (1977)



Limitation of the Effective stress equations for
unsaturated soils

= Effective stress equations for unsaturated soil requires a soil parameter.

= Experimental results have shown that soil properties measured do not
vield a single-valued relationship to the proposed effective stress.

" The soil properties used in the proposed effective stress equations has
different magnitudes for different problems (i.e. volume change and
shear strength).

Jennings and Burland (1962)
Coleman (1962)

Bishop and Blight (1963)
Burland (1964)

Burland (1965)

Blight (1965)




Drained test on partially saturated

loose silt
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(w=11.6%)
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Modified from Blight & Bishop (1963)
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Shear strength for Unsaturated Soils

Using Bishop (1954) effective stress principle for unsaturated soil

o =0 —U, + (U, —u,)
Tt :Cl+[(0_ua)f + X5 (ua_uw)f]tan¢l

r.—C —(o—u,), tang

(ua - uw)f tan ¢

AT

Although it is relatively easy to relate the shear strength of unsaturated soil to a single stress
parameter involving suction, u, and u,, the volumetric behaviour is not controlled by the
same stress parameter or by any other single stress variable.

Ng and Manzies (2007)
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The relationship between the y parameter and
the degree of saturation, S.

¥ values for a cohesionless silt (after Donald, 1961)

¥, values for compacted soils (after Blight, 1961).
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Shear strength for Unsaturated Soils

In 1977, Fredlund and Morgenstern suggested the use of any two of three
possible stress variables, o-u,, o-u, and u,-u,, to describe mechanical
behaviour of unsaturated soils. The possible combinations are:

/. o-u,andu,-u,,
2. o-u,andu,-u,
3. o-uyand o-u,

The most common choice is to use net stress o -u, and matric suction u,-u,, as the two
independent stress state variables.

Ng and Manzies (2007)



Theory of shear strength

The proposed shear strength equation (Fredlund et al.
1978) for an unsaturated soil has the following form:

[1] Ty
where:
Tg
¢
(Uﬁ-‘ _Hﬂ'f} =
O
uﬂf
O
(1, ~thy,
s

d+(0g —u,p) tan ¢+, —u,) ; tan g

= shear stress on the failure plane at failure,
= intercept of the “extended” Mohr-Coulomb

failure envelope on the shear stress axis
when the net normal stress and the matric
suction at failure are equal to zero. It is also
referred to as the “effective cohesion™,

= net normal stress on the failure plane at

failure,

total normal stress on the failure plane at
failure,

pore-air pressure at failure,

= angle of internal friction associated with the

net normal stress state variable (Gﬁ» —uﬂf),
matric suction at failure,
pore-water pressure at failure, and

angle indicating the rate of change in shear
strength relative to changes in matric suc-
tion, (u, —u,, .

Fredlund et al (1987)



Shear strength for Unsaturated Soils

Relation between y e ¢P

G'f :(G_ua)f T+ X (ua_uw)f
T, =C +0o,tang
Ty :C'+[(G_ua)f + X+ (ua_uw)f]tan¢'

7. =C +(oc—Uu,), tang + y; (u, —u, ), tan g

r.=C +(o—u,); tang +(u, —u, ) tan ¢’
At (ua B uw)f tan ¢ = (ua B uw) tan ¢b

tang? m = yseng

= - Bishop & Blight (1963)
tan ¢

A



Terzaghi (1925)
7y =C+Ho—u,), tang

Bishop (1959)
ry =C+H(o—Uy)s + ¢ (Uy—U, )¢ ]tang

Fredlund et al. (1978)
r. =C+(o—Uu,); tang+(u, —u, ) Jtan ¢°

tang® = v tan g’



Failure envelopes for unsaturated soils

U, — U, = suction

Exterrded Mohr-Coulomb
failure envelope

(U, - U,) tan @°

{bt’

c=c" + (U - Uy tan @°

Shear stress, T
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or

Ty = ¢ + (Uy - Uy)s tan 6P + (0;- uy)stan ¢
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Curved shear strength envelope in relation to suction
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Curved shear strength envelope in relation to suction

Degree of saturation , %

Shear strength (r), kPa
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Soil type and the relation of shear strength and suction
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Table 11.1

Experimental Values Measured for ¢?

Soil Type ¢’ (kPa) ¢’ (deg) #” (deg) Test Procedure Reference
Compacted shale; 15.8 248 18.1 Constant water content Bishop et al. (1960)
w = 18.6% triaxial
Boulder clay; w = 11.6% 9.6 273 21.7 Constant water content Bishop et al. (1960)
triaxial
Dhanauri clay; w = 22.2%, 373 28.5 16.2 Consolidated drained Satija (1978)
py = 1580 kghng triaxial
Dhanauri clay; w = 22.2%, 20.3 29.0 12.6 Constant drained triaxial Satija (1978)
p, = 1478 kg/m’
Dhanauri clay; w = 22.2%, 15.5 28.5 22.6 Consolidated water Satija (1978)
py = 1580 kg/m’ content triaxial
Dhanauri clay; w = 22.2%, 11.3 29.0 16.5 Constant water content Satija (1978)
py = 1478 kghng triaxial
Madrid grey clay; w = 29% 23.7 22.5% 16.1 Consolidated drained Escario (1980)
direct shear
Undisturbed decomposed 28.9 334 15.3 Consolidated drained Ho and Fredlund
granite; Hong Kong multistage triaxial (1982a)
Undisturbed decomposed 74 353 13.8 Consolidated drained Ho and Fredlund
rhyolite; Hong Kong multistage triaxial (1982a)
Tappen-Notch Hill silt; 0.0 35.0 16.0 Consolidated drained Krahn et al. (1989)
w = 21.5%, multistage triaxial
o, = 1590 kg/m’
Compacted glacial till; 10.0 253 7-25.5 Consolidated drained Gan et al. (1988)

w = 12.2%,
py = 1810 kg/m’

multistage direct shear

“ Average value.

Fredlund et al. (2012)



Conceptual stress analysis for Sandy soil
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Na maioria dos casos o critério de Mohr-Coulomb é utilizado
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Shear Strenght Test

Direct Shear




Saturated Soil

Displacement o} G, (O



Unsaturated Soil

Although the principle of effective stress
does not apply to all situations in
unsaturated soils, it is useful in the shear
strength of the case.

S(%)

~,
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Test Techinques for Shear Strenght

® Axis Translation technique (ATT)
® (Osmotic Control
® Direct measurement of suction



Axis translation technique for
applying or control suction

Retention Curve

High air entry ceramic
disk

Triaxial Test




Triaxial cell for unsaturated soils
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1000 Results for a residual soil of granite
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Osmosis to induce different values of suction

Cui and Delage (1996) B Cui and Delage (1996)
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Triaxial Test using
Osmosis

800

-----

Deviator stress g kPa
~
o
S
1

¥ s= 1500 kPa

(O s=200kPa
& 5= 400 kPa
A 5=800kPa

-0-5

Volumetric strain: %

Axial strain: %

{b)
Tensdo — Deformacdo e variagdo de volume para
65=50kPa e diversas sucgdes

Deviator stress g kPa

Yolumetric strain: %

1000

000

2-00

O s=200kPa
& s=400kPa
A 5=800kPa
¥ s=1500 kPa

=
*
.
fi s
'

10 15

Axial strain: %
(b}

Tensdo — Deformacdo e variagdo de volume para
05=100kPa e diversas sucgdes

Cui and Delage (1996)



Triaxial — Direct suction measurement
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Paste for improving contact

Specimen prepared for the
triaxial test with direct
suction measurement.




¢
HCT positioned in the pedestal

Paste of kaolin placed at the top of the HCT

(a) (b)

Fig. 4. Setup for the CW triaxial tests with suction measurement: (a) HCT at the base of the triaxial cell; (b) kaolin paste to improve contact with the
HCT; (c) general view of the base cell; (d) placement of the specimen for testing

Marinho et al. (2016)



Following up of a CW test

Effect of the setup and load application on the suction

250

N
o
o

Succéo do tensiometro (kPa)

Medida da succéo inicial

/
v

L

)

il

150 |

100 |

confinante

Ajuste do pis

no topo do corpo de prova

Inicio do ensaio coma
aplicacdo da tensédo

'Ramo Umido (Conf. 100 kPa)

tao

(o]
o
1

Tempo (min.)

2 kg 10kg 10 kg 8kg ©6Kkg 4kg k
| ‘ | * / /

Montagem do ensaio 3 | . ? f '
’a__ Tenséo confinante Ruptura

1|— cpus
_ ; {

bisnsmebuswssntusnupndpnappmbndmgepupEy | ) Ll 1] Ll 11 [ [ L1 L1 11 [ L1l L1 Ll 11 Wy L1
10 20 30 40 50 60 /0 80 9 100 110 120 130 140 150 160 170 180

Oliveira (2004)




q (kPa)

Suction (kPa)

CW Triaxial Test under Stress Control
Specimens with different initial suction
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Dry density (kN/m?)
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Direct Shear Box for Unsaturated Soils

Axis Translation Technique

VERTICAL
LOAD
f SEALING GREASE ;:
\ M
[ N ]
ﬂ_ Y o | \\ r _1 AIR
CHAMBER CAP \ SUPPLY
N UNIVERSAL SUPORTING l
|~ | AIRCHAMBER /- JOINT DISK | PRESSURE
> = TR_;\NSDUCER
KRe_.
| 1 | -:_-'.;_.. T ' PQROUS STONE ;.::;,':_';5";-% |
HORIZONTAL
O solL N LOAD CELL
l_ - HAEV: RN |
SHEAR BOX
= HORIZONTAL X
_______________________________________________ DISPLACEMENT
CHAMBER BASE TRANSDUCER
UL . WATER
PRESSURE

De Campos & Carrilo (1995)



SOAKED

SUCTION CONTROL

100 — 100 — T
! . COLLUVIUM . COLLUVIUM 3
s 80 80
i ost, | ] csc4 W
é 60 i 60 WMMD/
g ] DRI S
b=t
§ | o—o—°7] a
e v g
i MN ]
E 20 —] 20
N —B——B—B—E——B’_‘BPB
%H 1 (6 ,-u,) =50kPa
04— — R e o e o o L
5 10 0 5 10
S5k L I el (e i S B R 9 1 () S T DA | T S
E ; a N ] c M
£ J & e e
> 1 0-¢ a4
[Ze] 4 % _mﬂ—e;—u 8—8—818—68—8——-&
POy 1 >
HORIZONTAL DISPLACEMENT (mm) HORIZONTAL DISPLACEMENT (mm)
n ynar w% & S Ug=ly 'Ynar‘ w% e S
et (kPa) | kN/m’ | initial |initial | initial TEST (kPa) | kKN/m | initial| initial| initial
CS1 | 20 |1344 |1159| 1.3 |25.59 CSC1 | 30 |15.57| 24.8| 12| 584
CS2 | 50 |14.60 |23.94| 1.3 | 50.82 CSC2 | 80 [1561| 23.2| 11| 56.2
CS3 | 90 |[1554 [24.11| 12 |57.12 CSC3 | 150 | 14.93| 244| 13| 535
CS4 | 110 | 14.90 [2232] 12 | 5029 CSC4 | 210 | 15.67 | 23.9( 1.1 | 57.7
100 — T [ 100 e
1 RESIDUAL RS4 1 RESIDUAL
5 80 | //e/e % 80 :://9/943"9/ W
é 60 | / fai / 60 — /a/; 1
;o &// |, | e
] ,/e/—ﬁ‘_‘é_ ]
K] | 58—
E 20 A i 1— 20
(G ,-u,)=50kPa
o ———F— 1T 0T
0 5 10 5 10
=1 I (Y L | s e B = =) 1 ) [, P (| A LR
E 0_; b b ] d M
E |
> 1 =S v e 0
0 _ —o— o o
1
HORIZONTAL DISPLACEMENT (mm) HORIZONTAL DISPLACEMENT (mm)
2 w% e s ug-thy| Y % e S
TEST n Ynat . ayw nat. w7
E (kPa)| kN /m’| initial | initial | initial TEST (kPa) KN/m | initial | initial | initial
RS1 20 | 15821205 | 1.1 |-'53.1 RSC1| 30 | 163 | 16.4 | 0.94 | 48.4
RS2 50 | 1945|199 | 0.67 | 81.8 RSC2| 80 | 152 | 16.7 | 1.09 | 42.6
RS 3 90 | 1698 | 150 | 0.84 | 496 RSC3| 150 | 156 | 16.9 | 1.04 | 453
RS 4 110 | 17.10 | 145 | 0.82 | 49.1 RSC4| 210 | 17.1 | 17.7 | 087 | 56.4

Colluvium

Residual soil of
Gnaiss

De Campos & Carrilo (1995)



¢} remem@

IL

Liquidity Index

- (W—w,)

IP



Liquidity Index for Compacted Soils
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It is important to have the unsaturated soil concept in mind when designing or
investigating a problem. We have to teach unsaturated soil mechanics for undergraduate
students.

The association of the unsaturated soils behaviour with the Atterberg limits and the
unconfined shear strength characteristic of unsaturated soils have been demonstrated
using the drying curve as a reference.
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Empirical relationship between unconfined shear strength for unsaturated and liquidity
index specially defined for compacted soil.

S g _ 4 5% (1) 43.1%1C +0.64
suction

An specific equation for the unconfined shear strength of a residual soil of gneiss at
optimum water content.

0.0755w, "%
e

S

u-opt

It should be emphasized that the empirical expression given here was obtained for
compacted soil.
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Shear Strenght of Unsaturated Soil

Axis Translation Technique
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Shear Strength of Unsaturated Soil

Results of CD test in unsaturated soil
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Shear Strength of Unsaturated Soil

Direct shear test in unsaturated expansive soil

Lu & Likos (2004)
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Shear Strength of Unsaturated Soil
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Shear Strength of Unsaturated Soil

Parametros de resisténcia ao cisalhamentos para varios solos

6" b’ b’
Soil Type (kPa) (deg) (deg) References
Compacted shale; w = 18.6% 15.8 24.8 18.1 Bishop et al. (1960)
Boulder clay; w = 11.6% 9.6 293 21.7 Bishop et al. (1960)
Dhanauri clay; w = 22.2%, p, = 1580 kg/m? 37.3 28.5 16.2 Satija (1978)
Dhanauri clay; w = 22.2%, p, = 1478 kg/m? 20.3 29.0 12.6 Satija (1978)
Madrid gray clay; w = 29% 23.7 22.5 16.1 Escario (1980)
Undisturbed decomposed granite 28.9 334 «—» 153 Ho and Fredlund (1982)
Tappen-Notch Hill silt; w = 21.5%, p, = 1590 kg/m? 0.0 350 «—» 6.0 Krahn et al. (1989)
Compacted glacial till; w = 12.2%, p, = 1810 kg/m? 10.0 25.3 7-25.5 Gan et al. (1988)

Source: Modified from Fredlund and Rahardjo (1993).



Shear Strength of Unsaturated Soil

Example of non-linearity of the envelope
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Shear Strength of Unsaturated Soil
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Shear Strength of Unsaturated Soil
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Shear Strength of Unsaturated Soil

Results of tests for Selset clay (saturated and unsaturated)
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Shear Strength of Unsaturated Soil

_ _ Point where (u,—u,) =0
Bishop & Blight (1963)
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Shear Strength of Unsaturated Soil

/ Determination of y by means of triaxial
tests.

The same net stress and different
values of compaction water
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Shear Strength of Unsaturated Soil

Determination of y by means of triaxial

tests.
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Shear Strength of Unsaturated Soil
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Deviator Siress, 6y — o5 (kPa)

Deviator Stress, 6, — o3 (kPa)
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Figure 9.57 Linearized extended Mohr-Coulomb failure envelope.
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Failure envelopes obtained from unsaturated

glacial till specimens.

Failure envelopes on the 7 versus (u, - u,) plane;

the ¢° values corresponding to the upper,
lower and best-fit failure envelopes

Shear stress, T (kPa)

Shear stress, T (kPa)

250

T T ]

Initial T lh /

voig (o1 - u 7 ok po
~— ratio, &, mﬂaf ¢ =266° _

= (01 - Uak sverage = 72.2 kPa
. - 1 .
50 ‘.’.—1- ~(0; - Usk tan ¢’ = 34.4 kPa ’ -
| i
~ ¢ =10 kPa
0 1 1 L
0 1100 200 300 400 500
Matric suction, (u, - uy) {(kPa)
(a)
30 1 1
et A
NS
~ \L
20 |- ~ \
N
\L\QA
. .
“\\Q-..‘ Upper envelope
10} NN S S o ral -
Y Best - fit
\""w.. _] -I
- LSS [ - - - | -
Lower envelope
. | i
0 100 200 300 400 500

Matric suction, (u, - uy) (kPa)
0]
Gan, Fredlund and Rahardjo (1988)



- ———— Insaturated——————————» .

Shear stress, T

¢ {07 - Uak tan @+ {u, - Uy, tan ¢’

Constant {0y - Uak

(ua ~ uwh Matric suction, {Us ~ Uw)
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Triaxial Test for Unsaturated Soils

Consolidation Shearing Process

Prior to Shearing Drainage Pore-Air Pore-Water Soil Volume
Test Methods Process Pore-Air  Pore-Water ~ Pressure, u, Pressure, u,, ~ Change, AV
Consolidated drained Yes Yes Yes C C M
Constant water content Yes Yes No C M M
Consolidated undrained Yes No No M M
Undrained No No No
Unconfined compression No No No

“Note: M = measurement, C = controlled.

Fredlund et al. (2012)



Extended Mohr-Coulomb envelope for unsaturated soil
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Stress path during CD triaxial test with different net stress and the same suction
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Stress path followed during CD test with different
values of suction and a single value of net stress

Shear stress, T
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Stress path followed during a constant water content test (CW)

A: at the end of consolidation
B: at failure
C: tangent point at failure
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Stress path followed during CU test
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Stress path during a UU test
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UU failure envelope
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Possible stress path followed during unconfined compression test
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Table 1. Experimental values for ¢”.

Soil type

¢" (degrees)

Test procedure

Reference

Compacted shale: w = 18.6%

Boulder clay; w = 22.2%

Dhanauri clay; w = 22.2%,
v = 15.5 kN/m’

Dhanauri clay; w = 22.
Y. = 14.5 kKN/m’

Dhanauri clay; w = 22.
v, = 15.5 kN/m’

Dhanauri clay; w =
v, = 14.5 kN/m®

Madrid Gray clay; w = 29%,
v = 13.1 kN/m?

Undisturbed decomposed
granite; Hong Kong

(™)
(=]
5

[
[
==

)
e
[
=

Undisturbed decomposed
rhyolite; Hong Kong

Cranbrook silt

18.1
21.7

16.2
12.6

22.6

Constant water content Triaxial

Constant water content Triaxial

Consolidated drained Triaxial

Consolidated drained Triaxial
Constant water content Triaxial
Constant water content Triaxial
Consolidated drained Direct shear

Consolidated drained Multi-stage
triaxial

Consolidated drained Multi-stage
triaxial

Consolidated drained Multi-stage
triaxial

Bishop et al. (1960)
Bishop et al. (1960)

Satija (1978)
Satija (1978)

Satija (1978)

Satija (1978)

Escario (1980)

Ho and Fredlund (1982)
Ho and Fredlund (1982)

Fredlund (unpublished)

Table 1. Shear strength data on unsaturated soils.

Fredlund (1985)

¢’ o o”
Soil type (kPa) (deg.) (deg.) References
Compacted shale w = 18.6% 15.8 248 18.1 Bishop et al. (1960)
Boulder Clay w = 11.6% 0.6 27.3 21.7 Bishop et al. (1960)
Madrid grey clay 25.0 22.5 16.1 Escario (1980)
Decomposed granite 28.9 334 15.3 Ho and Fredlund (1982a)
Decomposed rhyolite 14 353 13.8 Ho and Fredlund (1982a)

Fredlund (1989)



Shear strength equations for
unsaturated Soils

Fitting equations Estimation equations
- Equations that can be best fit to a - Based on saturated shear strength
dataset for the determination of one or parameters and other information
more fitting parameters ‘

| |
SWCC and classification SWCC and strength at
Fredlund et al. (1978) properties residual suction

Fredlund et al. (1996)

Vanapalli et al. (1996b) Rassam and Cook (2005)

Fredlund et al. (1996) Vilar (2006)

|
Oberg and Sallfors (1997)

Khalili and Khabbaz (1998)

Bao et al. (1998)

Goh et al. (2010)

Fredlund et al. (2012)



Fredlund et al. (1996) Estimation Shear Strength Equation

b 0 ¢ / —~ K / K ’
tan g~ = 7 tang’ = Oy tan¢g’ = (5)" tan¢

X
O, = 6/6,
x = —0.0016(PT)* + 0.0975(PI) + 1

8
| ! ]
A. Red silty clay F. Botkin silt
7 |_B. Madrid gray clay G. Ste. Rosalie clay
C. Adam clay H. LD Dhanauri clay
D. Indian Head till (dry of optimum) |. HD Dhanauri clay
6 —E. Indian Head till (dry of optimum) K. Nanyangclay =~ ——
2
& 5
©
S
S 4
2 K =-0.0016 x (IP)? + 0.0975 x IP +1
= . U S S R o) S e e S
= 3 P i o
i F ,,(E:*B"+.K o/ B .
2 ”+."'F &/’j’_ = -+ i PR N S N Ry
A — L -*tte
et e H
_l____...-l'" CYe )
1 - e  Best-fit parameter
T -—+- 68% Confident interval
0 | |
0 10 20 30 40 50

Plasticity index, fp



Khalili and Khabbaz (1998) Estimation Shear Strength Equation

T = (_"’r -+ (J — H.ﬂ) fan qbf -+ (Ha — ,{.fw_) fan Qﬁf (for saturated soil)
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Exercicio

Considere o declive indicado na figura abaixo e responda as perguntas que seguem e
seus aspectos especificos:

1.Suponha que a superficie seja completamente impermedvel e estabeleca a distribuicdo da pressédo da agua a ser
considerada em uma analise de estabilidade de talude.
2.Considere agora que a chuva pode infiltrar e evaporacao. Indique a distribuicdo da pressédo da agua que seria
possivel.
3.Discuta o uso da pressao negativa nas seguintes situacoes:

a. Avaliacdo de uma ruptura,

b. projeto de um talude temporario,

c. projeto de um talude permanente em areas urbanas

d. projeto de um talude permanente em uma area sem moradia.
4.Que consideracdo é necessaria, além de definir a distribuicdo da pressdo da 4gua na regido ndo saturada, para
realizar uma analise de estabilidade do talude. Pense em termos de parametros.
5.Discuta a razdo pela qual a presséo da agua néo é totalmente considerada quando o solo esta na condi¢cao nao
saturada.
6.Escreva a expressao para a envoltoria de resisténcia ao cisalhamento considerando que o solo esta acima da
camada freéatica, mas completamente saturado por capilaridade. O que vocé conclui?



