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Quantification of Deterioration

Energy-based indicators

Useful for low-cycle tests 
(earthquake)

In high-cycle tests reversible 
parts of energy included

“Damage or Expended Energy” only 
including irreversible parts of energy

(damage and creep)
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Quantification of Deterioration

Development of Energy Indicators
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Quantification of Deterioration

Energy-based Model by Pfanner
Static Test Fatigue Test
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Necessary material parameters: Ec,  c,  fc,  Gcl
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Quantification of Deterioration

Energy-based Model by Pfanner
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 Strains at failure can exceed the static stress-strain curve
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Quantification of Deterioration

Extension of the Pfanner-Model to freezing-thawing
Static Test Fatigue Test

The energy, that has to be applied to obtain a certain damage state in the 

),()(
!

ngg fatfat
d

stat  

10)1( 0  DEDEE c
fat
c

stat
c

Necessary material parameters: Ec,  c,  fc,  Gcl

2. Kolloquium des Graduiertenkollegs 2075 
05./06. Oktober 2017



Vortragstitel
Titel Vorname Name | Funktion

Quantification of Deterioration

Comments on the Pfanner Model

Advantages
It is an energy-based deterioration criterion allowing to calculate 

the evolution of damage/stiffness for calculation purposes 
 predicting deterioration not validating

To transfer from deterioration as scalar value to the development of 
deterioration curve-fitting is used 

Possibility to include durability-related deterioration
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Quantification of Deterioration

Comments on the Pfanner Model

Disadvantages
It is validated for numerical problems driven by 1D failure

Concrete is treated as isotropic.

It is valid for a constant upper load-level
Extensions to blockwise loading was implemented 

by Göhlmann (2010)

Does not take creep effects into account

Why is this approach still not sufficient???
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Quantification of Deterioration

Having a glimps at meso-scale using the same tests

Possibility to calibrate meso-scale
models
• CT-Measurements needed for 

distribution of aggregates /
fibers / etc.

• Interpreting the specimen as a 
structural member and not as
isotropic material

• The surface normal and its 
development can be calculated 

• This requires very precise placing 
and testing
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Surface Normal
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Quantification of Deterioration

Surface Normal
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Contents

• Introduction

• Definition and Requirements 

• Deterioration Process Analyses

• Quantification of deterioration

• Calibration of Material Models

• Summary
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Calibration of Models

Plasticity & Deterioration approaches

Experimental data regarding:
Yielding surfaces
Approaches for softening
Approaches for deterioration
Fracture surfaces

  εDDσ  da0:
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Calibration of Models

1th International Conference on UHPC Materials and Structures
October 27-30, 2016 in Changsha, China

2D Tests with respect to fracture-surface

 Information on the fracture surface and its evolution 
is available but not for deterioration to failure

Su, 1988
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Calibration of Models

Development of stress-strain curves in 3D

 Experimental results for calibration get extremely rare
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Calibration of Models

3-Phase Model for UHPC by Grünberg et al.

 Information on the fracture surface and its evolution 
is available but not for evolution of deterioration in 2D

Deviator-section at ξ=-0,8

Tensile meridian

compression
meridian

Tensile meridian

Compression
meridian
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Calibration of Models

3-Phase Model for UHPC by Grünberg et al.

 Information on the fracture surface and its evolution 
is available but not for evolution of deterioration in 2D

Deviator-section at ξ=-0,8

Tensile meridian

compression
meridian

Tensile meridian

Compression
meridian

 Experiments for the deterioration development 
in this case are not available.

 Strains in 2 and 3 directions are not measured

2. Kolloquium des Graduiertenkollegs 2075 
05./06. Oktober 2017

Grünberg, 2007



Vortragstitel
Titel Vorname Name | Funktion

Calibration of Models

Development of stress-strain curves in 3D

 Experimental results for calibration get extremely rare

Radial confining stresses
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Calibration of Models

Approach of the MaBet “Multiaxiales Betonmodell”
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Vogdt, 2017 uses tests by van Mier from the 60s
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Summary

Summary I

• Deterioration indicators can have different functions.

• For older, less complex models a lot of tests for calibration 
exist.

• Complex plasticity & damage models need a lot of 
information, only single experiments exist for these models, 
especially in 2D and 3D.

• It is important to clearly fix boundary conditions for the 
models (e.g. Poissons-ratio) as well as the specific tests. 

• To fix plastic strains, quasi-dynamic/ cyclic tests are 
required, with measurements of strains in all 3-dimensions
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Summary

Summary II

• Confining 3D-stresses significantly affect --curves

• In future, visco-elastic and visco-plastic strains should be 
additionally considered, because they increase plastic 
strains, but not damage.

 In future more specific tests are needed-

 It is very important to jointly work on material and 
experiment
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Summary

Vielen Dank für
Ihre Aufmerksamkeit
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