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1- Principio da Tensao efetiva
1.1 Formulacao Geral
1.2 Formulacao Aproximada

1.3 Representacao Grafica: Mohr Coulomb/Tresca.
1.4 Trajetoria de Tensoes.

- Deslocamentos.




ABSTRACT-THE BEHAVIOUR OF SOIL AT THE MACROSCOPIC SCALE DEPENDS ON THE BEHAVIOUR OF
ITS COMPONENTS AND ON THE INTERACTIONS BETWEEN THEM AT THE MICROSCOPIC SCALE. HERE,
ASSUMPTIONS ARE MADE ONLY AT THE MICROSCOPIC SCALE AND, BY USE OF A SUITABLE
AVERAGING PROCEDURE; CONSEQUENCES AT THE MACROSCOPIC SCALE ARE DERIVED. AT THE

MICROSCOPIC SCALE, THE SOIL IS ASSUMED TO BE MADE OF BULK PHASES AND INTERFACES, BOTH

HAVING VERY GENERAL CONSTITUTIVE RELATIONS. AT THE MICROSCOPIC SCALE, THE
INCOMPRESSIBILITY OF ALL BULK PHASES, INCORPORATED BY USE OF A THERMODYNAMIC THEORY OF
CONSTRAINED MATERIALS, IMPLIES THAT A GIVEN THERMOKINETIC PROCESS EXPERIENCED BY THE SOIL
DOES NOT DEPEND ON AN ARBITRARY AND UNIFORM VARIATION OF THE SPHERICAL PART OF THE

STRESS TENSOR FIELD AT ALL POINTS OF THE SOIL. AT THE MACROSCOPIC SCALE, THAT THERMOKINET]
PROCESS APPEARS NOT TO BE INFLUENCED BY CERTAIN VARIATIONS OF THE MACROSCOPIC STRES
AND EXCHANGES OF MOMENTUM OF THE BULK PHASES. AN EXTENSION TO THE CASE THAT ONE B
PHASE IS COMPRESSIBLE IS ALSO PRESENTED. FINALLY, VERSIONS OF THE EFFECTIVE STRESS PRIN
COMMONLY USED IN SOIL MECHANICS FOR SATURATED AND UNSATURATED SOILS ARE DER]

PARTICULAR CASES .
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Engenharia:.. dominada e regida pelo conceito

da aproximagdo. ARTE DA
distinto de SIMPLIFICACAO

Determinacdo de um valor que,
sem ser o exato, ndo € muito diferente deste.

do foi estabelecida por Terzaghi




Resisténcia ao Cisalhamento

t=c + o', xtan®'

PRINCIPIO DA TENSAO EFETIVA

TERZAGHI 1925- Erdbaumechanik auf Bodenphysikalischer Grundlage,
Liepzig- Vienna.
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Mohr-Coulomb Failure Criterion

(in terms of effective stresses)

T

PN ' '
T, =c+0'tan¢g

o =0-U

u = pore water

. e“
Effective pressure
cohesion

7; is the maximum shear stress the soil can take without
failure, under normal effective stress of c’.
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Effective Stress Paths
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Compression Tests
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Liquefaction g

PARTICLE REARRANGING PARTICLE CRUSHING

p’, Effective Mean Normal Stress




Envoltéria de
Resisténcia

Linha de
operagao







Estado de Tensoes Totais:
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PORO PRESSAO INDUZIDA

AO']_ +AO'2 + AO'3 ) +

g
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AU = AO-B + A (AO‘1 — AO-3)



PORO PRESSAO- PERCOLACAOQ/REDE DE
FLUXO
FQUACOES DE LAPLACE/ LEI DE DARCY

H

QIRETRIZ




PORO PRESSAO- PERCOLACAOQ/REDE DE
FLUXO.
FQUACOES DE LAPLACE/LEI DE DARCY.
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Hydraulic Fracturing Mechanism in Plane Strain




Cross-sections of both dams showing positions of earth
pressure (EP) cells




Hyytejuvet Dam; After Kjaernsli and Torblaa (1968)




HYTTEJUVET DAM




HYTTEJUVET DAM




Svartevann Dam; After Dibiagio et al (1982)




Dickson Dam Cross-Sections, after Alberta
Environment (1986)




Dickson Dam, Performance Data During Construction and
Impoundment, after Alberta Environment (1986)
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Phreatic line
rising




Source: R.L. Rodriguez (2019). Static liquefaction in Tailings dam and
flow Failure

Influence of the water table on the safety factor in the case of static liquefaction
and flow failure of the Stava tailings dam failure on July 19, 1985, Italy (modified
from Chandler and Tosatti, 1995).






PIEZOMETER- OPEN TYPES

Water in direct contact with
atmosphere

Plastic pipe provides access to
water level

Measuring instrument/device
- Water level meter

- (Pressure transducer in pipe.



PIEZOMETER — CLOSED TYPES

Water not in direct contact with
atmosphere

Measuring device typically a
pressure transducer buried in the
soll

The deflection of the pressure
transducer diaphragm proportional
to pore pressure

Deflection measured by means of
electric, pneumatic, fiber optic or
hydraulic piezometer



INSTALLATION | BOREHOLE | FULLY GROUTED

Grout




GROUTED IN-PLACE PIEZOMETERS MEASURE
PORE PRESSURES AT SEVERAL DEPTHS

Pore pressures are almost never hydrostatic!

Using I-M-R to reduce uncertainty and unnecessary conservatism.



* With Tubing 8ft Long
*» Without Sanda Filter
Surrounding Point
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BARRAGEM ZONADA C/ NUCLEO ARGILOSO.
ALTURA MAXIMA 105m.
- COMPRIMENTO DA CRISTA 1170m.




INSTRUMENTATION IN THE WICINITY OF CH.330
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Tehran Water Board. Lar Dam Water Tightening- Consulting
report. P Rocha Filho




Tehran Regional Water Board Lar Consulting Bureau — Lar Dam
Water Tightening







Tehran Regional Water Board Lar Consulting Bureau — Lar Dam
Water Tightening




PREVISAO DE TEMPO DE OCORRENCIA DA
ROTURA EM FUNCAOQ DOS
DESLOCAMENTOS/DEFORMACOES
MEDIDOS



CURVA ¢ x t

s = - N C Creep C
Estagio Primario: Sridrio secundério . oroirs
Ocorre um decrésimo continuo R ,

na taxa de fluencia (e=de/dt),
ou seja, a inclinagédo da curva
diminui com o tempo devido
ao aumento da resisténcia por
encruamento.



® Saito (1965)

©  De Beer (1969)
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limits of laboratory ata ~
by Saito & Uezawa (1961)







2. Equacao 2

Da equacao

Na equacao 2.2, temos trés

constantes: o
e Nno trecho terciario

Neste caso, estabelece trés
pontos sucessivos:

da curva de crep, de modo a obter iguais diferencas
de deslocamento.



Colocando os valores de cada
ponto na equacgao 2.2

para teremos:

Substituindo 2.6, 2.7 e 2.8 na equacao 2.3




Onde Constante e a € um parametro empirico (Frederico et al.,
2012)
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Utilizando a ultima equacao

estabelece

Reagrupando, temos a
seguinte equacao:

Subtraindo t;, em ambos os termos
de equacao temos:

12 — tiis

2 12
Uy — (t1 +13)

ﬁf—t1=

12 — t1ts — 2oty + (t1 + t3) By

tr —fH =
£ 2ty — (1 + t3)

(t2 — ta)*

tp—tg = 01—
P T 9 — (ty + tg)




Dividindo por 2 no termo direito (numerador e
denominador)

Subtraindo e adicionando t; no denominador
do lado direito, temos:

Referéncias Federico, A., Popescu, M., Elia, G., Fidelibus, C., Interno, G., and Murianni, A. (2012).
Prediction of time to slope failure: a general framework. Environmental



CONCLUSOES

IMPORTANCIA DA APLICACAO DO PRINCIPIO DA TENSAO EFETIVA
NO PLANEJAMENTO E NA INTERPRETACAO DE UM PROGRAMA DE
INSTRUMENTACAO.

CONTRIBUICOES RELEVANTES ORIUNDAS DOS METODOS
OBSERVACIONAIS EM GEOTECNIA PARA O PROJETO E
AVALIACAO DO COMPORTAMENTO DE BARRAGENS DE TERRAE
ENROCAMENTO.

INDICACAO DE ROTURA EMINENTE-AVALIACAO DA ESTABILIDADE.
IDENTIFICACAO DE PROBLEMAS

INDICACACAO DE SOLUCOES MITIGADORAS PARA UM
DETERMINADO PROBLEMA.

AVANCO NO ESTADO-DA-PRATICA.



CELULA TENSAO TOTAL

U.S.Waterways Experimental Stafion- Soil Pressure Cell Investigation-
Tec. Memorandun (1944).

Hamilton (1960)- Earth Pressure Cells: Design, calibration and
performance. Tech Paper NRC, Canada. Building Research, Otftawa.

Thomas and Ward (1969)- The Design, Construction and Performance
of a Vibrating-Wire Pressure Cell. Geotechnique. (Balderhead Dam)



Measurement Problems

- Stiffness
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- Stiffness
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- Stiffness







- Arching effect

ARCHING EFFECT

G 70700

K Cell < K Soil K Cell > K Soil




- Dimensions

DIMENSION EFFECT

OO0 d2




« - Soil: Registration Ratio
(Efficiency Ratio)




