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Abstract 

Serendipitously it was observed that a reinforced concrete wheel stop in the company parking lot produced a 

surprisingly large amount of AE overnight. This led to a high-sensitivity, continuous monitoring project running 

for two years. It was conjectured that the continuing AE was triggered by daily thermal cycling, the concrete 

itself being in a state of self-organized criticality. Next, a smaller piece of unreinforced concrete was brought 

into a more stable, indoors environment where all extraneous noise was carefully eliminated. Continuing AE was 

still observed, although the hit rate was an order of magnitude less than it had been outdoors. It is conjectured 

that this background rate was due to continuing aging of this 23-year-old concrete. Application of a few 

millilitres of water caused a large increase of activity, suggesting that this kind of AE is associated with ongoing 

hydration of the material. 
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1.  Introduction: First Round of Experimentation Reviewed 
 

A previous paper [1] describes how a reinforced concrete wheel stop was found to be 

generating a surprising amount of acoustic emission activity without obvious cause. This led 

to a decision to monitor it continuously, to try to find out what was going on. The wheel stop, 

shown in Figure 1, was covered with a tarpaulin-and-wood shelter to avoid noise from rain. It 

was monitored by two R6I sensors (nominal resonant frequency 60kHz) using an electronic 

bandpass of 20-400kHz in the main equipment, a PAC SAMOS system. The AE detection 

threshold was set to 32dBAE, a very sensitive setting. A combined temperature-and-humidity 

sensor was added to the setup and the equipment was left recording during numerous 

continuous periods, weeks or months long, starting in August 2010.   

 

 
 

Figure 1  Wheel stop monitored under ambient conditions in company parking lot 

 

Figure 2 shows the AE and environmental data recorded during a period of 15 days in August.  

The daily cycles of temperature and relative humidity are clear to see. As for the acoustic 

emission, there are several points in Figure 2 where one can be persuaded that the AE is also 

occurring in daily cycles; but this behaviour is not consistent or predictable.  

 

The large swings in relative humidity are to some extent misleading. Relative humidity is the 

ratio of the absolute water vapour pressure to the saturated water vapour pressure at the 

applicable temperature. The real causative agent in any interaction between the concrete and 

the airborne moisture is presumably the absolute water vapour pressure. The saturated water 

vapour pressure increases strongly with rising temperature. So the cycling of relative humidity 

shown in Figure 2 is merely the result of the daily temperature changes. Of greater interest in 
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the end is the absolute water vapour pressure. This will change more slowly, according to the 

continual movement of weather-related air masses through the region. This was demonstrated 

by calculations that are not reported here. 

  

 
 

Figure 2.  AE amplitude, temperature and humidity during 15 days of fine-weather monitoring in August 2010. 

 

While most of the AE signals had very low amplitudes, some had amplitudes up to 50dBAE 

and higher. Amplitude distributions are presented in Reference [1] and related to the calm 

time distribution, following Abe and Suzuki [2].  The thought emerged that the wheel stop is 

in a state of “self organized criticality” [3], containing countless “latent sites” for AE that are 

stochastically activated [4, 5] by the constantly varying thermal stresses.   

 

Taken over six months, the activity appeared to show seasonal dependence. In December the 

hit rate was about 10% of what it had been in August. Then there was a heavy snowfall and 

the wheel stop was buried under a pile of snow for many weeks. The AE activity almost 

stopped, falling to less than 1% of what it had been in August. We waited eagerly to see 

whether the equipment would survive the burial and whether the higher levels of activity 

would resume with thawing of the snow. At this point the narrative of reference [1] ended.   

 

In fact, the activity did resume when the snow thawed. And in the spring it did return to levels 

comparable to those recorded the previous August. Table 1 summarizes this cycle  of events. 

 
Table 1   Summary of AE hit rates recorded from the wheel stop during an annual cycle of monitoring 

 

This pattern of activity, less activity at low temperatures and more at high temperatures, 

appeared to be meaningful and was interesting enough to provide motivation to go further. It 

was particularly interesting that no overt mechanical loading was being applied. It seemed 

that the emission was being produced purely by the natural variations in ambient temperature, 

and possibly also in humidity. This was a remarkable contrast to the normal AE monitoring 

situation where the stimulus for AE activation is some kind of external mechanical loading.  

Time Period Temperature Range Hits Hits per Day (average) 

15 days in August  (Fig. 1) 70-115°F (22-45°C) 9760 650 

8 days in December 23-48°F (-5-9°C)       250 30 

10 days buried in snow  < 32°F (< 0°C) 40 4 

3 days following thaw 33-48°F (1-9°C) 405 135 

66 days March-May 30-90°F (0-40°C) 33000 500 



2.  Early Tests with Unreinforced Concrete Block 
 

In building an explanation of what had been observed in the first year of monitoring, the rebar 

in the wheel stop was part of the story.  Reinforced concrete typically begins to deteriorate 

when the thickness of the cover is insufficient and water penetrates to the rebar, initiating 

corrosion.  Over time, this corrosion leads to de-bonding of the rebar as well as oxidative 

swelling. The swelling of the rebar cracks the surrounding concrete, as can be seen in the left-

hand half of Figure 1. Ultimately this process leads to spalling and complete dilapidation.  

 

The swelling of the rebar was perceived as an inexorable driver, which would slowly and 

steadily increase the tensile stress components in specific directions, causing the concrete of 

the wheel stop to crack. Superimposed on the stresses caused by the rebar would be the 

diurnally varying thermal stresses, along with the locally heterogeneous stresses associated 

with the cement/aggregate texture and granular microstructure. The probability of micro-

fracture accompanied by AE would be governed by these three stress sources acting in 

combination. 

 

R. Gostautas suggested that to test this view of the role of the rebar, we might take a piece of 

concrete that did not have rebar in it, and see how its AE compared with the AE from the 

original wheel stop.  If the rebar was indeed critical, the AE from this piece of unreinforced 

concrete should be much less. In the spring of 2011 a test of this type was performed, using a 

block of unreinforced concrete from a nearby wheel stop that had fallen completely apart. 

This block was placed alongside the wheel stop, as shown in Figure 3, and the two items were 

monitored for a while with two wireless nodes. This block of concrete was presumably 23 

years old, this being the age of the building. 

 

                                                
 

  Figure 3   Unreinforced block alongside wheel stop (tent tarpaulin rolled back) 

 

Surprisingly, the activity recorded from the unreinforced concrete was comparable to the 

activity recorded from the wheel stop. Exposed to the sun in May, but shielded from external 

noise by a Plexiglas box, the block produced 198 hits in 16 hours. This unexpected result 

highlighted a limitation of the whole test process up to that point, namely the question of 

noise. The investigation had been undertaken in support of a project to develop a self-



powered, wireless system for infrastructure monitoring [6]. It was conceived as a “half way 

house” between laboratory experimentation and realistic field conditions on bridges.  In this 

spirit, apart from the shielding from rain, no special precautions or control experiments had 

been undertaken to establish beyond all doubt that the signals were indeed coming from 

damage processes in the concrete.  It was recognized that noise might be contributing to the 

data. But the general behaviour had been consistent enough with what might be expected of 

genuine emission, so rigorous interpretation had been deferred. Now, this surprising new 

result (activity recorded from even an unreinforced block) indicated that a closer investigation 

would be interesting.  In this context, it was time to undertake more rigorous checks against 

the possibility that the apparently interesting data was merely non-relevant noise. It was also a 

good time to attempt a systematic, controlled investigation of the apparent dependence of 

activity on temperature and temperature change.  

 

Thermal stresses are generated by temperature gradients, which depend on the way heat 

diffuses within the specimen after the surface takes in heat from its surroundings or loses heat 

to them. So there is a rather complicated relationship, a functional of time and position, 

between the surface temperature and its rate of change (cause) and the local stress in the 

concrete (effect). This is made even more complicated by the fact that the diurnal temperature 

swings are not uniform but depend on the weather. On top of this, one must consider the 

Kaiser/Felicity and time-dependent behaviours of the concrete in relation to the local stress.  

With such a complex system of causality, it is not surprising that one cannot look at Figure 2 

and give a direct, straightforward explanation of all its features.   

 

Therefore, the unreinforced concrete block (visible in the upper part of Figure 3) was brought 

indoors for further testing in a more controlled environment. First it was put in an 

environmental chamber, with the thought of subjecting it to controlled temperature cycles 

rather than weather-dependent ones. Unfortunately the fan, and other mechanical components 

of the environmental chamber, created noise that was overwhelming at the high sensitivity 

used for this monitoring. The best that could be done was to use the chamber to bring the 

block to a temperature different from ambient, and then turn the chamber off and monitor 

while the temperature returned to ambient. These efforts were not conclusive. Working with 

the environmental chamber made one realize that the chamber readouts of temperature and 

humidity did not reflect the internal conditions of the block. The best result with the block in 

the chamber came from a monitoring period of 61.5 hours over a weekend when the 

conditions would be most stable and most free from cultural noise. In this period the block 

produced 38 hits. This is a rate of 15 hits/day, which can be compared with the outdoor hit 

rates summarized in Table 1.   

 

Since emission was still continuing, even in a thick-walled but inactive environmental 

chamber over a weekend, it was decided to bring the block to the author’s office, where it 

could be monitored under the closest observation with the strictest noise controls. The 

variations in temperature and humidity would be much less. Maybe at last this puzzlingly 

emissive block would be quiet.  

  

 

 

 

 

 



3.  Longer-Term Monitoring of the Unreinforced Block 
 

3.1 Noise Levels and AE in the Absence of External Stimulus 
 

In the office, the unreinforced block was monitored using a PK6I sensor (S/N AB64), 

mounted with epoxy, and a Pocket AE system.  The frequency passband was initially 20-240 

kHz, later 20-370kHz. The detection threshold was 37dB.  

 

Prior to the start of monitoring in the office on August 9, 2011, the block had been resting on 

the floor undisturbed for three months. The monitoring began without disturbing it, so that we 

would be starting with an absolute minimum of historic external stimulus. The first few weeks 

were used largely to familiarize with the noise environment of the office and develop suitable 

countermeasures. It proved very convenient to have the Pocket AE on one’s desk with the 

audio monitor operating, so that one would be alerted to each signal that came in, but not too 

much distracted from other work. 

 

Several kinds of noise source were soon encountered including cable movement and cultural 

noise (explained and unexplained). Noise from cable movement was addressed by routing the 

cable to a firm attachment point and ensuring that it was free from stress and not touching 

anything along the way. Cultural noise included people coming in and out of the office. 

Usually this would not be detected, but sometimes it would create hits. More interesting 

though, it soon became clear that hits were being recorded even in the complete absence of 

any movement or audible noise in the office.  These were well-formed burst-type signals with 

amplitudes up to 10dB above threshold. After several weeks of observation, precautions were 

taken (described later in this section) to prevent the recording of all identified noise sources so 

that only these signals of interest would be recorded. 

 

Later analysis showed that separation of the signals of interest from cultural noise could also 

be accomplished by signal processing in the frequency domain. The waveform of one of these 

signals of interest, now thought to be genuine emission, is shown in Figure 4 (left). It has a 

typical fast rise and slower decay.  In this case the early part of the signal is richer in high 

frequencies, the later part of the signal is richer in low frequencies. Contrast Figure 4 (right) 

which shows a signal inadvertently created by the author, coming into the office an hour later 

at the beginning of the work day. This signal is quite lacking in higher frequency components. 

                  
 

Figure 4  Putative genuine emission (left); lower-frequency known cultural noise (right) 



Figure 5 shows the entire activity in this file, 64 hits recorded in a timeframe of 2 days and 2 

hours, starting at 11a.m. on Monday August 15. Two frequency-domain features are plotted 

versus time. 64 hits were recorded. The left-hand plot shows frequency centroid (the “centre 

of gravity” of the spectrum) in kHz. The right-hand plot shows a feature known as Partial 

Power 1 (denoted PP1), in this case the percentage of the total spectral energy that falls in the 

frequency range 20-60kHz. The two known cultural-noise incidents, caused by someone 

moving around too close to the block, occurred at 26350s (11 hits in 50ms) and 165600s (3 

hits in 20ms); the latter was the incident mentioned in the previous paragraph. The greater 

low-frequency content of the cultural-noise hits is shown by their positions on the graphs.   

   

         
 

Figure 5  Scatter plots of frequency features versus time, noise incidents showing at the bottom of the graphs 

 

Both of these frequency features show good discriminating ability. The partial power feature 

is the best performer, completely separating the cultural noise from the putative genuine AE. 

The frequency centroid is not so effective, as there is a little overlap of the signal classes.  

 

Complete separation is also accomplished with another feature, Partial Power 2, denoted PP2 

and defined in this analysis as the percentage of total energy falling in the range 60-120kHz. 

PP2 is never more than 6% for these noise incidents, and never less than 11% for the putative 

genuine AE. Another readily available feature is the frequency of the highest point in the 

spectrum, known as “peak frequency”. This was ineffective as a discriminator in this case. 

The reason is that the signal spectra of the genuine AE signals showed two main peaks, one at 

90-110kHz and the other at 30-34kHz. For many of the putative genuine signals the lower-

frequency peak was somewhat stronger, so 30-34kHz was the reported value of the peak 

frequency feature, just as for the  cultural noise signals. So there was no discrimination.   

  

If the 14 noise hits are discounted from the file, we are left with 50 putative genuine AE hits, 

that is, a rate of 24 hits per day. These hits show the stochastic pattern typical of genuine AE. 

Their amplitude distribution [7] is a plausible fit to the Ishimoto-Iida power-law, as shown in 

Figure 6. The b-value (the slope of the best straight line fit in Figure 6) is 2.7. 

 

                                                       
 

Figure 6  Amplitude distribution from the file of August 15 after filtering out the known noise 

 



With reference to the issue of separating genuine AE from noise, it is worth pointing out that 

the two noise incidents in this file contributed 14 out of 64 hits (22%) but they came in two 

cascades that together were spread over less than one tenth of a second out of the two days of 

test time. This is another example of the pattern first described by Fowler [8] who contrasted 

the stochastic, one-hit-at-a-time nature of genuine emission with the short-lived, multiple-hit 

noise incidents associated with such mechanisms as pressure vessels sliding on their supports 

as they expand under increasing pressure. Here we see the same pattern operating for genuine 

AE and noise in the monitoring of this concrete block. The data file just discussed is 

representative; a dozen other instances of this kind of noise behaviour could be found in other 

files. For example, in a five-day data file started on August 17
th

, five separate low-frequency 

cascades were noted, totalling 44 hits in 988ms. Three of these cascades could be attributed to 

known movement of people, two could not. The total file had 145 hits, so these cascades 

contributed 30% of the total hits in 0.0002% of the total monitoring time.  

 

Apart from these rare incidents, typical office activities did not create hits even with the very 

sensitive setup used on this block. No special efforts were made to maintain quiet, except to 

prevent anything from actually touching the block. Certain less typical activities, such as 

jangling keys and metal-on-metal impacts, were readily detectable even through the air. This, 

as well as the apparently genuine activity at a rate of a few tens of hits per day, became 

apparent during the first month of monitoring. Three further refinements to the setup were 

therefore made, to reduce noise and provide final evidence that the signals were really coming 

from the concrete and not from some other source.  These refinements were: (1) add a control 

channel, just like the first except that the sensor was mounted on metal rather than concrete; 

(2) separate the concrete block from the floor by putting it on an 8” pile of journals; (3) shield 

the concrete block from airborne noise by putting an soundproof enclosure over the assembled 

apparatus. With these steps taken, the setup was practically insensible to any disturbance that 

could be made in the office. Figure 7 shows the setup, in the absence of the soundproof 

enclosure. The control channel, with its sensor mounted on a Beattie block (ASTM E 976) is 

on the floor to the right of the concrete block.      

 

 
 

Figure 7   Concrete block with sensor; and second (control) sensor on Beattie block 

 

With these refinements in place, monitoring continued for nearly a month. The recordings 

included four major data files of lengths 5, 7, 9 and 3 days respectively. The first of these 

files, which included the Labor Day weekend (minimal cultural noise) gave 88 AE hits on the 

concrete channel, an average hits rate of 19 hits per day. The frequency distributions were 

very similar to the ones shown in Figure 5. The largest value of Partial Power 1 (PP1) was 

49%. The smallest value of PP2 was 6%. Frequency centroid ranged from 69kHz to 153kHz. 



In other words, all the hits had the characteristics of the putative genuine AE and none of 

them had the characteristics of cultural noise. Even more significant, there were no hits at all 

on the control channel except for AST (Automatic Sensor Test) hits that were used at the start 

and end of the file to check that the channels were working correctly.  

 

The second file, started on September 7, accumulated 142 AE hits in 7.4 days, an average hit 

rate of 19 hits per day. All but two of the hits satisfied the above-developed criteria for 

genuine AE. One hit had exceptionally low PP2 (4%) but this was because it had unusually 

strong high-frequency content, not because it was low-frequency noise. Another hit had an 

unusually low frequency centroid (36kHz) but it had a PP1 value of 33%, demonstrating that 

it was not low-frequency cultural noise. Again, there were no AE hits on the control channel. 

 

The third file, started on September 14, accumulated 363 hits on the concrete channel in 9.0 

days, an average hit rate of 40 hits per day. The statistical quality of the hits remained the 

same. It was striking that the rate more than doubled, with no obvious reason unless it were 

that these were days when the weather was drying out after an extended very wet period. PP2 

was in the range 6%-89%, PP1 in the range 0-8% except for a cluster of 5 hits that occurred in 

a 25s interval with PP1 in the range 14-68%.  The signals in this unusual cluster were well-

formed transients with unusually large amplitudes (three of them above 55dB).  

 

Also, unusually, this third file included 19 low-frequency hits on the control channel. 10 of 

these occurred in a 2-second timeframe. These hits had the characteristics of cultural noise 

(PP1 in the range 89%--100%) and were not matched by hits on the concrete, so they may 

have been caused by some unusual movement on the floor near the apparatus. The control 

channel was more closely connected to the floor, acoustically, than was the concrete block.  

 

The fourth file, started on September 23
rd

, accumulated 53 hits on the concrete channel in 2.9 

days, an average rate of 18 hits per day. Statistics indicated all-genuine AE, with PP1 in the 

range 0% to 11%, PP2 in the range 8 to 74%, and centroid frequency in the range 75kHz to 

122kHz. The only hits on the control channel were AST pulses at the beginning and end of 

the file, and associated noise due to cable movement. 

 

This experimental sequence furnished conviction that the recorded AE activity was truly 

originating in the concrete block itself, even though there was no evident mechanical or 

thermal stimulus.  This conviction was based on three pieces of evidence:  

(1) The last traces of acoustical noise from identified noise sources in the office 

environment were effectively eliminated by the acoustic isolation cover. This was 

demonstrated by data analysis using frequency features. Installation of the 

acoustic isolation cover had little or no effect on the rate of occurrence of the 

putative genuine signals. 

(2) The control channel on the Beattie block demonstrated the quietness of the 

monitoring environment. This channel produced only 19 hits in 23 days, and these 

had the frequency signatures and time distributions characteristic of cultural 

noise. Contrast the main channel on the concrete, which generated 646 hits in the 

same 23 days, and these signals had decisively higher frequency content.  

(3) The time distribution, amplitude distribution and waveforms of the signals on the 

concrete channel were as might be expected from natural AE signals. Figure 9 

shows eight randomly selected waveforms, showing typical variations in risetime, 

shape, duration and frequency content.  



 
 

Figure 9   Eight AE waveforms, randomly selected on the basis of their sequence numbers in the four major files 

 

We conclude that there is a baseline AE activity in concrete, which persists even in the 

absence of overt external mechanical or thermal stimulus. Activity levels, recorded in the four 

major files discussed above, are summarized in Table 2. 
 

Filename Duration 
AE hits 

(Channel 1) 

Hit rate 

(per day) 

Hit rate 

(per second) 

    0901-mon03 4d 14h 47m   88      19.1      0.00022 

    0907-mon01 7d 08h 36m 142      19.3      0.00022 

    0914-01 8d 08h 36m 363      43.4      0.00050 

    0923-mon03 2d 22h 25m   53      18.1      0.00021 

   SUM or AVERAGE    23d 06h 24m 646      27.8      0.00032 

  

Table 2  Summary of hit rate data from the four major files 

 

The increase in hit rate in the third file was statistically significant. Conceivably this was due 

to falling humidity of the air exchanging between the inside of the building and the outdoors, 

where a weather pattern of cold dry air was coming in after an extended period of warmer, 

wet weather. If not this, the increased AE rate could only have been due to some unknown 

factors internal to the concrete. There were no changes in the carefully controlled conditions 

of the monitoring or in the style of observation and recording.  The temperature was constant 

within a few degrees. There were no externally applied forces other than those required to 

support the weight of the block (and in a previous test, the support points had been altered but 

this had had no detectable affect on the AE pattern).  
 

3.2 Stimulation of AE by Irrigation 
 

After the discovery, verification and quantification of this baseline AE activity, consideration 

turned to possible ways of stimulating the block. Two obvious options were mechanical 

loading and application of water (here called irrigation). The importance of water ingress to 

concrete is well known. Even in the outdoors work on the wheel stop, deliberate irrigation had 

been considered, but had not been actually performed. Now there was an opportunity to 

pursue this line of investigation under ideal monitoring conditions. 

 



  
 

Figure 9  Preliminary irrigation test: amplitude and relative humidity (left) and hits/second  (right) vs. time 

 

A preliminary test of the effect of irrigation began on December 3
rd

, 2011. A miniature 

humidity sensor had been installed in the box and checked out. This sensor can be seen in 

Figure 7, between the concrete block and the control block. In the preliminary test the cover 

was removed and approximately 1.2ml of water was applied, drop by drop, to a depressed 

area about 100mm from the sensor where most of it would collect in a pool.  It was surprising 

how quickly the water wicked into the concrete around the pool; evidently it was very porous. 

The cover was put in place and monitoring was started at about 11p.m. This was a Saturday 

evening so the environment would be at its quietest for the next 36 hours. Monitoring 

continued for 10 days as shown in Figure 9. The bins in this hit rate plot are 6 hours wide. The 

first six bins (first 36 hours after irrigation) showed the highest activity in the whole 10-day 

monitoring period, an average rate of 134 hits/day. The hit rate declined and then fluctuated 

between 0.0004 and 0.001 hits/second (35 and 86 hits/day) for the rest of the recording.        

 

From these preliminary results it certainly appeared that irrigation made a difference to the 

AE. The next step was to improve the control of the irrigation. In particular it was desirable to 

avoid repetitive removal and replacement of the cover, which could potentially disturb the 

experimental setup. To accomplish this, the cover was equipped with a plastic tube and funnel 

through which water could be delivered drop by drop to the block without any other kind of 

interference whatsoever. This refinement is shown in Figure 10. Inside the carefully located 

box the delivery tube was curved, so the water could be administered anywhere around a 

circle on the block by rotating the funnel. The circle was marked and can be seen in Figure 7.      

 

 
 

Figure 10  Funnel, tube, dropper bottle and alignment bracket  for delivering controlled irrigation 



A simple test was made to recheck the functioning of the relative humidity (RH) sensor, and 

also to get a crude measure of how quickly water vapour diffused in and out of the isolation 

cover (since this would have a bearing on the block’s response to irrigation). At a time when 

the measured RH was 21.4%, two Petri dishes containing water were introduced under the 

cover. The measured RH rose and four days later it was standing at 28.9%. The cover was 

removed and the RH sensor reading fell quickly to 19%. Evidently, at a 10% differential RH 

between the inside and the outside of the isolation cover, the evaporation rate from the Petri 

dishes was matched by the diffusion rate at which water vapour was leaving the enclosure 

through the gap between the box and the floor. 

 

The first attempt at controlled irrigation using the funnel began at 7p.m. on January 10, 2012. 

10 drops of water (nominally 0.5ml) were applied close to the sensor, 10 minutes after 

starting the data file. There was no obvious effect. So after waiting 20 minutes, 10 drops were 

applied at each of five more places evenly placed around the circle (see Figure 7). Again, 

there was no immediate response. So after waiting 45 more minutes, 10 more drops were 

applied at each of the six places. Soon after that 5 hits had been detected, a more encouraging 

sign. It was getting late so the equipment was left recording overnight. In the morning it was 

found that 58 hits had accumulated, of which 30 had accumulated in the first 4 hours. This 

corresponded to a rate of 180 hits per day, more than 4 times the highest rate of any of the 

files summarized in Table 2 and more than 6 times the average rate. Thereafter the AE rate 

declined. Figure 11 shows the experimental data. Each bin of the histogram on the right is half 

an hour wide. The humidity sensor showed a rise and a plateau coinciding with the 4 hours of 

high activity, then a slow decline coinciding with 12 hours of much lower AE activity. 
 

 
 

Figure 11 AE amplitudes and relative humidity (left) and AE hit rate (right) during two irrigations 

 

At 10a.m. on January 11 the AE activity had been fairly steady at 52 hits/day for 12 hours. So 

the irrigation program was repeated. The effect is clear to see in Figure 11. The block 

responded in much the same way as before, producing 28 hits in the next 4 hours and a further 

13 hits in the following 4 hours (still much higher than the normal background level).  

 

A third irrigation was conducted on January 12. But this time there was essentially no 

increase in the AE. Figure 12 shows this irrigation with the data scaled in the same way as 

Figure 11. The absence of AE on this third irrigation was reminiscent of the Kaiser Effect.  

 

A fourth irrigation was conducted on January 13. The same thing happened, no significant 

increase in the AE rate. 

 

 



 
 

Figure 12  Third irrigation, one day after the second: little or no extra AE (the fourth irrigation was similar)  

 

 
 

Figure 13  Fifth and sixth irrigations produced extra AE 

 

A fifth irrigation was conducted on January 17. The baseline AE rate had returned to a normal 

level, 22 per day.  This time there was a small but noticeable rise in AE rate (see Figure 13). 

This can be attributed to the longer gap between irrigations, allowing the block to recover its 

emissivity in a manner analogous to structures tested by mechanical loading.  

 

The sixth and last irrigation was conducted on January 18
th

, one day after the fifth. This time, 

twice as much water was applied: 40 drops (nominally 2ml) to each of the six locations, 

spread over four doses separated by 30, 30 and 60 minutes. Figure 14 shows how the 

humidity rose higher and stayed high for longer than before. The AE also rose well above the 

baseline rate, which it had not done on the third or fourth irrigations. Again this behaviour is 

reminiscent of the Kaiser Effect, whereby an item that has been quietened by repeated 

loadings will emit again when a higher loading is applied. It seems that we have much the 

same set of behaviours, albeit with this different kind of stimulus.     
 

4.  Discussion, Summary and Conclusions 

 
The studies reported here have started to answer questions raised by the behaviour of the 

reinforced concrete wheel stop that was previously monitored in an outdoors environment. 

The wheel stop had emitted in an interesting but puzzling way. So a block of unreinforced 

concrete was brought indoors for monitoring under more controlled conditions.  

 

Remarkably, it was found the block was producing acoustic emission even in the absence of 

the large swings in temperature and relative humidity that characterized the outdoors 

environment. Noise mechanisms were carefully studied and measures were taken to exclude 

them from the recorded data. The baseline AE level in the office environment ranged between 



15 and 45 hits per day, measured with a 60kHz resonant sensor and a 37dBAE threshold. 

Evidence is provided that this emission was truly coming from the concrete and not from 

extraneous sources. This rate is comparable to the rate produced by the wheel stop in winter. 

 

This was a very sensitive recording arrangement. The block was stimulated by irrigation with 

small amounts of water. This created AE activity, as much as six times higher than the 

baseline level for several hours.  Under a series of irrigations, the block behaved in a manner 

reminiscent of typical engineering structures subjected to a series of mechanical stimulations.  

 

The reasons for the baseline emission and for the notable response to irrigation remain to be 

clarified. Concrete is an extraordinarily emissive material due to its heterogeneous nature, to 

the hardness and brittleness of its constituents, to its porosity and to its permeability to water. 

Possible causes of the baseline emission are (a) that it is simply a long-term continuation of 

the cracking that takes place when concrete cures, a process that never stops; and/or (b) that it 

is induced by humidity changes from which even indoor environments are not immune. 

Possible causes of the AE response to irrigation with liquid water are (a) hydration; and (b) 

temporary swelling and resulting microstresses generated as the water is adsorbed onto 

chemically compatible surfaces within the microstructure. The interesting effects revealed by 

these experiments will be studied further.       
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