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Material Models

Elastic Materials

- Linear Elastic Isotropic

+ Linear Elastic

- Transversely Isotropic

- Interface Elastic

- Nonlinear Elastic (1D)

- Jardine

- D-Min

- Hyperbolic (Duncan-Chang)

Plastic Materials

- von Mises
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- Mohr-Coulomb

- Drucker-Prager

- Strain-Softening

- Modified Cam Clay

- Jointed Rock
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LOad Assignment Static Loads

> Self weight

» Force

» Moment

» Displacement
» Pressure

» Water pressure
» Line beam load
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Water pressure automatic application

> E|ement beam |Oad during underwater excavation a

» Temperature

» Prestress
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Booweenm(s) | 12 aima | | T ncmsnr [ 0000001 eac

Charge Damstor(dc) * National Highway Institute(US), 1991

Dynamic LoadikMie}

::LT*:::::;] {—J: International Society of Explosive Engineers, 2000 15000 -
. . Johannson & Presson, 1973 ]
Dynamic Loads e i — . | -

Sound vekeory In | i Jones & Hino, 1974 —

Rock Denstr(0) ¢ Liu & Tidman, 1995 d Be
> Response speCtrum Atlas powder company, 1987 o " ‘:mm o "
» Ground acceleration
» Time varying static
> Dynamic nodal e e p—
> Dynamic Surface [TA71, San Femando Rodd | 3, o0 DR
> L d t M Amplitude Scals 1_1 Time Scale I_I

pac o viass PR
» Train Dynamic Load Table

ok | Cancel |

Earthquake record Design response spectra



* Linear static analysis
* Nonlinear static analysis

Analysis
Capabillities

Static
» Strength Reduction Method (SRM) Analysis « Stress (drained/undrained) analysis

» Strength Analysis Method (SAM) « Seepage analysis for each stage
« Construction stages Slope stability Slo!o_e Constructio  Stress-seepage- slope coupled
(SRM/SAM) Stability n Stage - Consolidation analysis for each stage
Analysis Analysis * Fully coupled stress & seepage

Analysis dation
4 Analysis

» Eigenvalue/Response Spectrum analysis

* Linear Time History (mode/direct methods)
* Nonlinear Time History analysis Stress—
» 1D/2D Equivalency Linear analysis

* Nonlinear time history + SRM Coupled Seepage Secpagc
Analysis fully

coupled

*Consolidation Analysis
*Stress seepage fully coupled analysis

» Steady state
seepage analysis

 Transient
seepage analysis
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Slope Stabillity
Analysis
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« e Limit Equilibrium Method
Limit
 The method discretizes the potential sliding

Eq Ul l | b rum mass into vertical slices and solved for static
M eth Od (I_ E M) equilibrium to assess the Factor of Safety.

FOS of a Slip Circle

 The formulation is based on principles of >

Slice 23/30 - Bishop Method

. e _ o ege . FOS :
I|||||t|ng eCIUI|IbI'IUIII 2
° A
Grid Poirt X 5.8649 m
137.8807 Gid Poirt 7
Radius 1D

33333333

Material C

T iRinkt Sidal

Left=

Force/Moment Equilibrium

The factor of safety is defined as the factor by which the soil strength must
be reduced so that the potential sliding mass is a point of limiting equilibrium




Methods

Method Moment Horizontal Interslice Interslice Inclination
Equilibrium Force normal shear Force of X/E
Equilibrium Force (E) (X) resultant
Fellenius Yes No No No No force
Bishop’s Yes No Yes No Horizonta
Janbu No Yes Yes No Horizonta
Spencer Yes Yes Yes Yes Constant
Morgenstern- Yes Yes Yes Yes Variable

Price

LEM methods differ in the way the static equations are considered for

equilibrium



Strength Reduction Method (SRM)

Finite Element
. » The soll strength parameters such as cohesion and internal friction angle are
Ana lySIS gradually reduced until the numerical divergence occur.

Strength Reduction Method

Advantages

»Failure surfaces and its shape is not assumed.

»Possible to monitor the progressive failure.
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Problem
Statement

110 m

177 m

- 0

Analyze the Slope for Global and Local Slope Stability using
Strength Reduction Method
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