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Outline of Part |l

First Comparison between numerical
methods and conventional Methods of
Analysis

Second Application of Analytical and Numerical
methods to the Bearing Capacity
Problem

Third Earth Pressure using conventional
analysis

Fourth Special Conditions affecting earth
pressure in design - Part |

Fifth Special Conditions affecting earth
pressure in design — Part 2



Lecture | QOutline

» Geotechnical Analysis Framework
e What are the conventional methods
e What are the numerical methods

e Comparisons and Discussion



Geotechnical Eng. Problem
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Analysis Framework
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lI-Compatibility

a) Original k) Mon-compatible ¢) Compatible
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Methods of
Analysis

Conventional Numerical
Methods Analysis




Conventional Methods

Closed Form

- The solution is exact in a theoretical sense but is
still an approximation to the real problem.

- Soil behaves in an isotropic linear-elastic manner.

- Practical application is limited to cases with
geometric symmetries.

Settle 3D

Cavity Expansion



Geometric ldealization
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Conventional methods: Simple

methods
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Conventional methods: Simple

methods
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Conventional methods: Simple
methods

Limit Analysis

The true solution of a problem lies between an upper
bound which is an unsafe solution (ignores equilibrium)
and a lower bound which is a too conservative solution
(ignores compatibility)




Lower Bound Theorem

If a distribution of stresses can be found
within the body which satisfies equilibrium at
all points in the body and does not exceed
yield criteria then exterior loads are lower

bound loads to the true collapse loading
conditions.

This is actually what we need: A Design value for the
external loads that will always be less than the true
collapse value



Upper Bound Theorem

If a distribution of velocity field (a
mechanism of failure) can be found such that
the rate of work done by the externally
applied loads is larger than the energy
dissipated internally by the material then
exterior loads are upper bound loads to the
true collapse loading conditions.




Numerical Methods

Beam Spring Approach Props/anchors
represented by

springs

Iiiiiiiz ™y

Soil represented by
springs/interaction
Settlements factors

Total displacements o,
M vk = <0,03099 m (Eenent JMI7 8t Node TIE)
Mindmarn value = 007508 m (Element 42306 af Node 5090)

/A
i v Soil represented by
springs/interaction
g\/-l factors
Subgrade Moduli




Full Numerical Analysis
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Finite Difference
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Analysis

of a continuum
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Finite Element Limit Analysis

e Scott Sloan (2010)
o Optum GE software

* Searching for the
maximum lower
bound and the
minimum upper
bound by linear
programing
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Comparison: Design Requirements

Table 2. Design requirements satisfied by the various methods of analysis

Method of analysis

Design requirements

Stability Movements Adjacent structures
Closed form (linear-elastic) No Yes Yes
Limit equilibrium Yes No No
Stress field Yes No No
Limit analysis Lower bound Yes No No
Upper bound Yes Crude estimate No
Full numerical analysis Yes Yes Yes

Potts, D. M. (2003). Numerical analysis: a virtual dream or
practical reality?. Géotechnique, 53(6), 535-573.



Advantages of Numerical Analysis

|- Complicated and non-linear soil behavior
(effect of time dependence, pore pressure
migration)

2- Construction sequence

3- Complicated soil structure interaction
problems (adjacent structures,

interconnection with structure
components)



Challenges of Numerical Analysis

| - You have to be familiar with the
constitutive model

2- You have to be familiar with the
algorithms used to solve non-linear
problems.

3- You have to be familiar with the software
and how components are defined and the
interaction between them.



Thank you
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