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—tension cut-off conditions
—tensile softening diagrams:
linear, multilinear and nonlinear
—constant and crack-width dependent
shear retention models
—non-orthogonal, multi-directional
smeared cracking

* Plasticity for compressive regime
—associated and non-associated
plasticity
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—friction hardening and cohesion




softening
—vyield criteria:
Tresca, Von Mises, Mohr-Coulomb,
Drucker-Prager, Cam-Clay
—anisotropic plastic yield criteria:
Hill, Tasi-Hill, Tsai-Wu, Hoffmann
—nonlinear elastic models of Boyce
for granular materials
—drained/undrained elastic and plastic
material property

* Visco-elasticity/plasticity for time-
dependent(creep) behavior
—Kelvin-Voigt model
—Mazxwell chain model (including
aging and temperature dependence)
—double power law

* Temperature dependence of material
properities
—Young’'s modulus, Poisson con-
traction, coefficient of thermal
expansion and yield properties can
be temperature dependent
(for concrete and reinforcement)

* Incremental and iterative scheme

—load control, displacement control,
arc length control

—linear stiffness, constant stiffness,
Regular Newton, Modified Newton,
Quasi Newton, secant, strain correction
direct substitution, and line search
method

—non-symmetric solvers for non-
associated plasticity

—plasticity with second-order tangent
stiffness for fast convergence

* Geometrical nonlinearity
—Total Lagrangian

—Updated Lagrangian

* Combinations of above phenomena
(via strain-decomposition)
—temperature dependence, transient

creep, cracking and plasticity
—visco-elasticity, cracking and
temperature dependence

—physical and geometrical nonlinear

* Embedded reinforcing bars and grids
—plasticity including hardening
—temperature dependence
— prestress
—automatic embedment procedure

in mother elements

* Interface elements with models for
discrete cracking:
a) linear, multi-linear and nonlinear
tensile softening
b) shear reduction models
¢) various crack dilatancy models
including the contact density
model by Li, Maekawa and
Okamura
d) cyclic model by Hordijk and
Reinhardt for seismic analysis
—discrete plasticity:
associated and non-associated
Coulomb friction law
—bond-slip:
linear, multilinear and nonlinear
bond traction-slip curves
(interface elements between concrete
elements and steel truss elements)

—nonlinear elastic beddings.

* Potential flow
—steady-state and transient analysis

of young massive concrete



* Initial conditions
—prestress
—initial stress as input or a result
of linear analysis(optionally with
over-consolidation ratio)
—initial vertical stress in combination
with the lateral pressure ratio(K,)

* Parameter estimation
—for the identification of a model

from experimental data

* Phased analysis

—change, add or remove elements,
reinforcement, supports or tyings
during the analysis

—application in concrete mechanics to
phased construction of e.g.
prestressed bridges, and geo-
mechanics to e.g. excavation,

digging and cutting
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(Potential flow analysis)

* Steady state and/or transient poten-
tial flow calculations with possible
nonlinearity
—linear/nonlinear steady state
—transient:

a) direct time integration

b) lumped or consistent capacity

¢) linear or nonlinear
—nonlinear:

Newton/Secans iteration

* Heat transfer analysis applications

—temperature calculations in
general 2D/3D constructions

—radiation/convection boundaries

—heat production from young

hydratating concrete
—the cooling of concrete by

water flow through pipes

* Ground water flow applications
—steady state/transient linear/nonlinear
—regional analysis:

a) horizontal 2.5D multi-layer ground
water flow

b) multi layer meshes with inter-
jacing interfaces

—detailed analysis:

a) saturated/unsaturated 2D/3D hori-
zontal and vertical ground waterflow

b) nonlinear permeability and
capacity for points above water

¢) special seepage boundaries

d) turbulence according to Forch-

heimer

* Lubrication(Reynolds) application
—thin(2D) films of incompressible
viscous fluid with moving

boundaries

* Potential flow combined with
structural analysis (flow stress)
—heat or ground water flow coupled

with structural analysis
—fluid-structure interaction with

interjacing interface elements
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