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Combining the equilibrium (Equations) and compatibility conditions (Equations), gives:

Unknowns: 6 stresses + 6 strains + 3 displacements =15
Equations: 3 equilibrium + 6 compatibility =9

To obtain a solution therefore requires six more equations. These come from the constitutive
relationships.

Constitutive equations

(Ao, ) [ Dy Dy D; Dy Dy D 1 Aex )
Aoy Dy D,, D,; D,y Dy Dyg Agy
4 Ae, [ _ D, Dy, Dy D, Dy Dy < Ae, [
ATy Dy Dy Dy Dy Dy Dys Ay
ATy, Dy Dg; Dy Dy Dy Deg Az
| ATy | | Ds; De» Dg3 Dey Des Des | | Avay )
or Ao = [D] Ae

For example, for a linear elastic material the [D] matrix takes the following form:

[(1—p) I I o o o]
I (1— ) i o o] (o]
E I I (1—p) o] o] (o]
(14 ) o] o] o] (1/2 — ) o] o]
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| o o] o] o] o] (1/2 = p) |

where E and x are the Young’s modulus and Poisson’s ratio respectively.
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Table 1 Basic solution requirements satisfied by the various methods of analysis

Solution requirements

Boundary conditions®

Method of Constitutive
analysis Equilibrium | Compatibility behaviour Force | Displacement
Closed form S S Linear elastic S S
Limit equilibrium 5 NS Rigid with a 5 NS

failure criterion

Stress field S NS Rigid with a S NS
failure criterion

Limit analysis:

Lower bound S NS Ideal plasticity with S NS
Upper bound NS S associated flow NS S
rule
Beam-spring S S Soil modelled by S S
approaches springs or elastic
interaction factors

Full numerical S S Any S S
analysis

45 - Satisfied; NS - Not satisfied

Table 2 Design requirements satisfied by the various methods of analysis

Design requirements

Method of analysis 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
Beam-spring approaches Yes Yes No
Full numerical analysis Yes Yes Yes




Numerical analysis methods : gaml) Julail) 3,k -6
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Fig (11) Examples of beam-spring problems

Finite difference method (FDM) :aaadll (35 4l dasyla (2

Finite element method (FEM) :5a50aall jualiall 423l (3
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Fig (14) Shearing of dilatant soil
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1-Mohr-Coulomb model (MC):linear-elastic-perfectly-plastic
2— Jointed Rock model (JR) : anisotropic elastic-plastic model
3— Hardening Soil model (HS)
4— Hardening Soil model with small-strain stiffness (HSsmall)
S— Soft Soil Creep model (SSC)
6—Soft Soil model (SS)
7— Modified Cam-Clay model (MCC)
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PLAXIS 2D

user interface consist of four sub-programs

I I
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Fig (16) Main window of the Input program (Geometry creation mode)
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Features

m Different modelling types

- plane strain
- axisymmetry

m Element types
- soil elements
- walls, plates & shells
- interface elements
- anchor elements
- geotextile elements

Features

m Different modelling types

- plane strain

Features

m Different modelling types

- axisymmetry

18




Features

m Element types

- soil elements

6-node elements 15-node elements
Features
m Element types ag
“ - walls, plates & shells
ll 2
3-node beam elements 5-node beam elements
Features

m Element types

- interface elements

S e

for accurate modelling of soil-structure interaction
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Features

m Element types

A
_/\/\/\/\/_I - anchor elements

elasto-plastic behaviour

option for pre-stressing

Features

m Element types

soil reinforcement  _ geotextile elements
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Features

m Constitutive models

- Mohr-Coulomb model
- Hardening-Soil model
- Soft-Soil model

- Soft-Soil-Creep model

m Analysis types
- deformation
- consolidation
- staged construction
- safety factor
- groundwater flow
- updated mesh

Features

m Constitutive models

- Mohr-Coulomb model

- General model for soil and rock
- Well-known parameters

- Generally accepted model

Features

m Constitutive models

' - Mohr-Coulomb model

- General model for soil and rock

- Well-known parameters

- Generally accepted model

21




Features

m Constitutive models

- Hardening-Soil model

- Advanced model for various
types of soil

- Friction hardening

- Compaction hardening

€

Features

m Constitutive models

- Soft-Soil model

- Model for compression of
clay and peat

- Cam-Clay type model

- Preconsolidation stress

€

Features

m Constitutive models

- Soft-Soil model

- 0'2

- Model for compression of
clay and peat

- Cam-Clay type model

- Preconsolidation stress
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Features

m Constitutive models

- Soft-Soil-Creep model

Time In (t)
” ‘ ' ' ' ' % Without Creep
Creep model
Features

m Analysis types
- deformation
- elasto-plastic behaviour

- time independent deformation

- drained/undrained behaviour

- updated mesh

Features

m An:

Time

111 11—

- decay of excess pore pressures

- available for all constitutive models
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Features

m Analysis types

- staged construction

excavation construction

realistic modelling of:

Features
16 T T T T T T
e | | | 1 i’ 1
I I I I I I
14t -4+t -4 --t--4--4--
I I I I I I
I I I I I I
124 - -+ --+--4+t--+t--+--4--
I I I I I I
I I I I I I
1 L i 1 1 L i
- safety factor
- safety factor by means of strength reduction
- safety factor is 1.58
Features

m Analysis types

- groundwater flow
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Features

m Tunnel designer

- various tunnel shapes

m Automatic load-stepping
- robust calculation procedures

Features

m Tunnel designer

- various tunnel shapes
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Features

m Automatic load-stepping
- robust calculation procedures

A

load

no scaling

Y

displacement
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