






  

Figure 3: Creep test with high  AE rate and little 

time between stress increase and 

failure 

Figure 4: Creep test with lower AE rate and 

longer time between stress increase 

and failure 

The relationship found here could be extrapolated to longer failure times or, in other words, to 

masonry subjected to lower stress levels. Unfortunately, two questions rise when this extrapolation 

would be done in order to assess the failure time while monitoring a structure. The first question is 

whether this extrapolation is permitted, as well in time (lower stress levels) as in space (larger 

structures). The latter issue could be addressed by checking the maximum distance between source 

and sensors and the use of guarding sensors to obtain a comparable monitoring area as during the 

laboratory tests. Knowledge on the former issue should be obtained with experience from on-site 

monitoring. The possibility of detecting unstable damage accumulation during periodical monitoring 

is discussed in the next section. The second question is rather a remark considering the power law 

relation: if a failure time of 6 months or more is expected, the power law relation predicts an event rate 

of approx. 50 events or less per day. It is difficult to obtain this accuracy during an on-site monitoring, 

due to background noise and external excitations of the structure, as the structure can not be isolated 

and kept under constant environmental conditions as a specimen tested in laboratory conditions. And 

the event rate will even decrease further when failure times of several years are expected. 

 

 

Figure 5: Double logarithmic representation of power law relation between AE event rate and time to 

failure, with indication of regression model and experimental data 

AE as Structural Health Monitoring Technique 

The question was raised whether acoustic emission monitoring could be used as part of a Structural 

Health Monitoring system (SHM) to assess damage accumulation in masonry, subjected to creep 

damage. Cracks which originate from long-term deformations due to sustained load levels are usually 

monitored on a periodical basis with crack width measuring devices, such as removable strain gauges. 

As AE monitoring and periodical strain measurements were performed in parallel during the 
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long-term creep tests, the results of both monitoring techniques can be compared. To simulate a 

periodical in-situ monitoring campaign, only data recorded in between two stress increase steps are 

used for this analysis (referred to as data 2 in Fig. 2). 

The average AE event rates, detected during the intermediate monitoring campaigns, are indicated 

in Fig. 6.  The AE monitoring had a duration of 24 hours, therefore, the indicated results are an 

average over this time interval. The data are presented for subsequent steps of six long-term creep 

tests. It should however be noticed that all B-type masonry specimens failed, while the tests on A-type 

masonry are still ongoing. The horizontal deformations of the six specimens, measured at the same 

moment as the AE monitoring, are indicated in Fig. 7. To enable the comparison of both types of data, 

the deformations are indicated as strain rates, or in other words, as the derivative of the usually 

presented strain-time graphs. In both figures, the measurements are indicated successively up to the 

previous to last loading step. This means that the step after the last stress increase, in which the 

specimen fails, is not indicated. 

From Fig. 6, it can be observed that a low AE event rate is detected during the successive constant 

load steps. A rate below 0.15 events/min. corresponds to a failure time larger than two months, 

according to the failure time prediction model discussed in the previous section. The increased AE 

level, observed in step 3, is a consequence of the temporary increase of the relative humidity 

conditions in the laboratory, caused by a defect climatisation system. This indicates that not only the 

strain measurements, but also the AE measurements are sensitive to the increased deformation rate 

which originates from moisture cycles in the material. Therefore, higher AE rates can be expected 

during on-site monitoring, as the environmental conditions can not be controlled and kept constant. 

A significant increase in AE event rate is observed during the last measurements of specimens B1 

and B3, which indicates an increased damage activity in the previous to last constant load step. 

Although higher than the other measurements, these data are not critical, which is confirmed by the 

fact that the specimens did not fail until another stress increase step was imposed. The failure of 

specimen B2 however, can not be predicted from the presented data as the moment and/or duration of 

monitoring were inadequate. The lateral strain rates, presented in Fig. 7, show a similar evolution as 

the AE data. From these monitoring data, one would conclude that specimens B1 and B3 are facing an 

increased damage accumulation at the measurement of their last data point, while B2 is stabilising. 

From these observations, it can be concluded that temporary AE monitoring could predict the 

failure of two out of three specimens even in the load step previous to the last load increment. In the 

presented cases, the same conclusion would be drawn from AE monitoring as from deformation 

measurements. However, AE monitoring has the advantage that the placement of the sensors with 

regard to the position and direction of the cracks is not of major importance to obtain good data.  

 

 

Figure 6: AE event rate measured during periodical monitoring for subsequent steps of long-term 

creep tests on A- and B-type masonry (The tests on A-type masonry are still ongoing) 
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Figure 6: AE event rate measured during periodical monitoring for subsequent steps of long-term 

creep tests on A- and B-type masonry (The tests on A-type masonry are still ongoing) 
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Figure 7: Horizontal strain rate measured during periodical monitoring for subsequent steps of 

long-term creep tests(The tests on A-type masonry are still ongoing) 

Conclusion 

Results were presented of a research project in which the knowledge on testing of creep damage in 

masonry and AE monitoring are combined. The relation between AE event rate and failure time was 

developed into a promising failure time prediction model. As, for the first time, a data set of adequate 

size was available from the presented experimental research, a confidence interval could be drawn for 

the model. It was noted that long failure times can not be predicted with this model as the AE level 

becomes too low compared with the accuracy of the measurement. Experimental data also indicated 

that AE monitoring can be an efficient part of a structural health monitoring system for masonry 

structures, either in a permanent set-up if all damage sources need to be detected, or in a periodical 

set-up if only time to time damage increase needs to be monitored. Periodical measurements do not 

always give sufficient information to predict the failure as this will also depend on the moment and 

duration of the monitoring campaign. The experimental results have shown that even a periodical 

monitoring of 24 hours was, in this case, sufficient to draw conclusions. Nevertheless, due to 

changing environmental conditions, an initial permanent monitoring is needed on site in order to have 

an idea of the normal activity. Additionally, a significant increase in activity due to unstable damage 

accumulation will always be detected. 
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Figure 7: Horizontal strain rate measured during periodical monitoring for subsequent steps of 

long-term creep tests(The tests on A-type masonry are still ongoing) 
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