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Abstract: The architectural preservation process is generally based on a 
sequence of anamnesis and analysis, diagnosis, therapy, control and prognosis. 
The importance of structural monitoring within this process is generally 
accepted. Ongoing research at the Building Materials and Building Technology 
Division of the Civil Engineering Department in collaboration with the RLICC of 
K.U.Leuven focuses on different non-destructive monitoring techniques and their 
value within the preventive conservation of the historic building. Based on 
fundamental and applied research, several of the techniques have matured and 
been applied within real case studies. Focus is on how these structural 
monitoring techniques are a tool to help in the structural understanding of often 
complex historical buildings. The applications on real case studies evidence their 
applicability and are illustrated within this contribution. 
1. Hydrostatic leveling system (HLS) for accurate measurement of differential 

settlements has been applied it two case studies: ‘s Hertogenmolens 
(Aarschot, B), Sint-Jacobschurch (Leuven, B).  HLS allows to measure 
differential settlements at different locations of a building continuously with an 
accuracy of 1/100 of a mm.  The technique was used in parallel with more 
currently available techniques for the monitoring of settlements using 
theodolites of accurate leveling instruments.  The latter techniques allowed for 
long-term monitoring measurements while the first allowed understanding the 
level of (cyclic) deformations occuring during a shorter time span.  In this way 
relation between settlements and ambient temperature could be demonstrated 
(Sint-Jacob church) or relation with the level of the water in the river that was 
overarched by the building were demonstrated (‘s Hertogenmolens).  The 
technique is perfectly adapted to be used as a monitoring tool.  The advanced 
technology (originally developed for the CERN) makes the use of it expensive, 
therefore it suits most in combination with other less accurate and cheaper  In 
the cases the technique has been used the outcome of the measurements and 
their interpretation has contributed to reducing the interventions and so doing 
it contributed to preventive conservation. 

2. Hole Drilling Technique for onsite stress measurement has been used to 
validate the stress level at 2 pillars of the Sint-Jacobschurch (Leuven, B).  The 
technique allows estimating the stress in a stone from measuring deformation 
when a small hole is made. It is a low intrusive technique.  The application of it 
is limited to local stress measurements and is a complement to stress estimate 
from calculations of from the use of –for example- flat jacks.  In addition to the 
flat-jack technique, the full 2D stress state is obtained including possible tensile 
stresses. The low intrusive nature of the test and the fact that the measurement 
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can only be applied once makes the test less feasible for monitoring 
applications.  On site measuring of stress can correct calculations that need to 
consider levels of uncertainty and are therefore usually overestimating stress.  
Having correct information can contribute to preventive conservation. 

3. Acoustic Emission Technique: crack initiation and damage accumulation is 
associated with energy release. The AE technique, detects transient energy 
waves emitted by a material as a result of stress redistributions. Besides the 
experience built up for the evaluation of masonry within short term and long 
term creep tests, its applicability has been looked for at a few case studies: 
Maegdentoren (Zichem, B); Castle Ter Laenen, (Geetbets, B), multi-storey 
building at Recife (Brazil).  The technique is based on measuring emission of 
acoustic waves from (very small) cracks that are developed in the material at 
high stress level.  The analysis of the intensity and of the frequency of 
appearance of cracks allows to identify the level of stress in material and more 
particularly how close the stress is to ultimate strength resulting into creep; the 
original theories on which this method is based are from the hand of Richter 
who studied earthquakes, however the same theory is applicable to masonry or 
even materials.  The non destructive technique can be used as a monitoring tool 
and can correlate directly to understanding the risk for overloading structures.  
On site measuring of stress level can correct calculations that usually 
overestimate stress.  Having correct information can contribute to preventive 
conservation. 

4. Geo-electric measurements: A geophysical resistivity measuring device 
was modified to perform automatic monitoring of historical masonry 
structures before, during and after grout injection for consolidation 
purposes. The obtained image is called a geo-electrical tomography. The 
technique was used to evaluate the deteriorated masonry of the recently 
partly collapsed Maagdentoren in Zichem,(B).  Geo-electric measuring 
techniques have been adapted from application in geology to be used as a non-
destructive technique for the analysis of the masonry structures. It identifies 
difference of electric resistivity in materials, contributing to identifying layers 
of different materials or identifying the position of cavities.  It is a preliminary 
investigation technique that can also be used to online monitor treatment as for 
example the filling effect of grouts. 

5. 3D-laserscanning: The stability of masonry vaults very much depends on its 
overall geometry and the analysis results strongly depend on the accuracy in 
which this geometry can be measured in practice. To obtain an accurate 
estimate of the geometry of the vaults, 3D-laserscanning was performed. 
Based on the 3D point cloud, a 3D-model of the vaults allows determining the 
lines of thrust in the structure as well as the reaction forces (application 
point and magnitude) at the abutments of the Sint-Jacobschurch (Leuven, B).  
We refer to the other contributions dealing with 3D laser scanning techniques  

 
Future trends:  
1. Integration of risk assessment with monitoring instruments will help to 

reduce impact on interventions and thus will contribute to preventive 
conservation; 
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2. Holistic approach integrating 3D documentation, damage analysis and 
monitoring can be developed using non-destructive techniques. 

Conclusions:  
1. Technologies exist in different scientific and technological fields that can be 

adapted to become effective for monitoring and preventive conservation; 
2. Research based on principles of preventive conservation and of monitoring 

should clarify the requirements requested from technologies so they can be 
effective for conservation and monitoring; it should be avoided that 
technology driven research uses heritage for its own sake. 

3. Improvement made in electronics will help developing more accessible 
monitoring and non-destructive techniques  
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Statements: draft a number of statements (questions) to be addressed in 
the session discussion: 
1. Technologies exist in different fields that can be adapted to be effective for 

monitoring and preventive conservation: how can they be identified? 
2. Research based on principles of preventive conservation and of monitoring 

should clarify the requirements requested from technologies so they can be 
effective for conservation and monitoring; it should be avoided that 
technology driven research uses heritage for its own sake. 

3. Improvement made in electronics will help developing more accessible 
monitoring and non-destructive techniques: how can they be identified? 


