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Indicators for the ultimate test load during in-situ 
loading tests 
Development and proving of indicators for the ultimate test load during 
in-situ loading tests for existing concrete structures with low-ductile 
indication of failure 
 
 
Motivation 
The assessment of the structural safety of existing structures is often 
very difficult because missing as-built documents make a calculative 
proof impossible. In such cases loading tests are extremely useful to 
prove the structural safety experimentally.  

Structures with a low indication of failure are until now excluded from 
an experimental investigation of their structural safety, but they repre-
sent a large part of the total stock of existing concrete structures.  

 
 
Topic of Research 
 
As a first step of the research project the known failure-mechanisms 
of reinforced concrete structural elements (especially elements with-
out shear reinforcement and pre-tensioned elements) were analyzed 
and evaluated in terms of their indication of failure. Special attention 
was given to identification criteria which are as universal as possible 
and which are able to be detected at low structural changes with the 
chosen measuring techniques. 
Furthermore, the chosen measuring techniques (Photogrammetry, 
Accoustic emission and ) were adapted to the specific task. All these 
measuring techniques are principally suitable for the detection of 
slightest structural changes, but it was necessary to adjust them to 
the specific task. This primarily relates to the measuring range, the 
necessary resolution and the evaluation algorithms, which compact 
the necessary information and allow the definition of assessment cri-
teria.  
At first preliminary tests were made to test the functionality and the 
efficiency of the adapted measuring techniques and to verify the theo-
retical considerations. Therefore, tension specimen were used be-
cause the position of possible crack development and failure are dis-
tributed evenly over the specimen and only depend on the unknown 
dispersion of the material characteristics. Also the flat surface as-
sured good observation conditions. 
The damage and failure patterns detected in the experiments were 
evaluated, especially with regards to their generality, their detectabil-
ity and their probability of occurrence on low damage levels. When 
appropriate they were used for the derivation of indicators for the ul-
timate test load, which assure that no intolerable damage occurred 
during a loading test. In addition, for the practical application the nec-
essary requirements of the evaluation software had to be determined 
and its feasibility had to be tested. 
In a next step the previously derived indicators were tested, verified 
and modified at laboratory tests on reinforced concrete beams without 
shear reinforcement and prestressed beams. Therefor tests on origi-
nal sized reinforced and prestressed concrete beams have been car-
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ried out, because damage and failure processes can’t sufficiently be 
studied and realistically reproduced on scaled-down model specimen.  
The research results have been documented and evaluated in the 
final report. In this report the suitability and the conditions of use of 
the different measuring techniques are discussed and the developed 
indicators are explained. Finally the next research steps are pointed 
out, which are necessary to use these indicators and assessment 
criteria for loading tests in-situ. The practical suitability is to be 
achieved in the already proposed sequential research project. 
 
 
 
Results 
 
The detection of smallest structural changes is possible with a com-
bination of the chosen measurement techniques Photogrammetry, 
Acoustic emission and sectional deformation measurements and has 
been proven in laboratory experiments. Local strains are clearly de-
tectable before macro crack development and therewith a perception 
of damage is possible on a very low level.  
The investigation of the shear carrying behavior of reinforced con-
crete element not only allowed the definition of the ultimate test load, 
but also brought up the possibility of exclude the probability of a 
shear failure for many typical building constructions by assessing 
certain influencing factors concerning the shear failure.  
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Fig 1: Specimen for the investigation of a suitable surface texture and for the detection of 
high local strains  
 

 

Fig 2: Application of the measuring techniques for the shear tests of reinforced concrete 
beams without web reinforcement  
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Fig. 3: Front and back side of the specimen after shear failure  

 

 

 

Fig. 4: Comparison of the measuring techniques (photogrametry, accoustic emission and 
usual measuring techniques) 
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Fig. 5: Visualization of the critical shear crack together with the possibility of increasing the 
load after crack formation  


