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SUMMARY

Damage of concrete structures (cracks, for instance) can be defined as stiffness reduction
of one (or more) elements of the structure, which means a change in the dynamic behav-
iour. If these changes could be measured, it would be possible to assess the success of
rehabilitation measures, using analysis and system identification techniques. But at this
time it is not possible to determine the damage locations using dynamic analysis. Every
building has a spectrum of infinit eigenfrequencies and associated eigenvectors, which
depend on the geometry of the building, the distribution of mass and stiffness and on the
boundary conditions. With these geometric and mechanical parameters it is possible to
model the building.
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1. INTRODUCTION

In order to erect a building that satisfies the high expectations of stability and service-
ability including durability, strict requirements are placed on the quality control of rein-
forced concrete and steel materials.

Stresses will result not only from unavoidable deformations of the building due to loads
and/or temperature changes, but also due to planning errors or human error while con-
structing the building. When the tensile stress in concrete exceeds the tensile strength, a
crack will occur. If the crack width exceeds a defined limit, the structural system or du-
rability of the building is in danger.

Each building has an infinite spectrum of eigenfrequencies and associated eigenvectors,
which depend on the geometry of the building, the distribution of mass and stiffness and
on the boundary conditions. With these geometric and mechanical parameters it is possi-
ble to model the building. Using these models it is possible to determine all system re-
sponse quantities, such as building movements.
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Damage (cracks, for instance) can be defined as stiffness reduction of one (or more)
elements of the structure, which means a change in the dynamic behaviour. If this change
could be measured, it would be possible to assess the success of rehabilitation measures,
using dynamic analysis, for example. But it is not yet possible to determine the damage
locations using dynamic analysis.

2. A LAYERED MODEL / SYSTEM IDENTIFICATION

There are two different categories of models to simulate a crack area:
• The discrete model which is built by splitting a FE-node into two separate nodes.

With each iteration step (changing of the crack area) the FE-mesh is generated new
and the number of unknowns increases. The advantage of this model is that bond ef-
fects can be considered.

• The smeared model is the most frequently used one. Cracks are 'smeared' over the
whole crack area by reducing the material stiffness (Young's and shear modulus).

Figure 1: Discrete and smeared crack approaches

Using system identification, two researchers from the University of Kassel have used a
quadratic parabola to idealize the crack damage area caused by pure bending in a rein-
forced concrete beam, and modelled with isoparametric elements [Jahn, 96; Eilbracht,
96].

Figure 2: Beam with parabolic crack area

Based on this results, another possibility of modelling beam structures to identify these
crack areas will be tested. This method is based on a layered model.

In this model a plane-shell element with layers (concrete and reinforced concrete layers)
is used. To simulate a crack damage, the element stiffness will be reduced layer by layer.
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Figure 3: Layered model of a beam

After successful verification of this method, it will be extended to identify existing cracks
in reinforced concrete slab structures (with smeared reinforcement).

Figure 4: Layered slab element

Figure 5: Slab with an elliptical crack area
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The parameter identification is an inverse problem. With the modal data obtained from
physical experimentation, the correction-model is fitted until a precision criterion is
reached. The sequence of identification steps is shown in figure 6. More details of these
parameter corrections can be found in the article by Jahn in these proceedings.

comparison of
eigenvalues and

frequencies

goal function

parameter →  KK

correction-
model

experimental-
model

precision criterion
satisfied?

λK, ΧK λ, Χ

No

iteration

corr.-model
verified

yes

pa
ra

m
et

er
 c

ha
ng

in
g

solving the eigenvalue
problem

Figure 6: Sequence of identification steps

3. PHYSICAL EXPERIMENTS

The aim of the physical experiments is to check the theoretical results and to show, that
this technology could be used in practice. It is intended to test two different types of
slabs for this purpose: three rectangular slabs with the dimension of 3,00 * 5,00 * 0,15 m
and three skewed slabs with dimensions of 3,00 * 3,00 * 0,15 m.
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The boundary conditions have a significant influence on the eigenvalues and -vectors,
and they are not exactly known in practice. So it is another goal to identify them as well.
It is planned to test three different boundary conditions: four point supports and two or
four edge supports.

4. CONCLUSIONS

It was demonstrated that modal test data in conjunction with parameter identification can
be used to identify / locate a crack area of a reinforced concrete slab. The finite element
model utilizes a layerd plate-shell element with layerwise smeared cracks.

The next step is, to demonstrate that this theory can be used in practice. This should be
realized with two different kinds of reinforced concrete slabs.
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