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Abstract 

Acoustic Emission (AE) studies have been conducted on one of the concrete back walls of a highway bridge on 

a primary road system in proximity of a cargo terminal. There is considerable truck traffic (out of an average 

daily traffic of 22,276, 4% are trucks) on the bridge as well as robust freight container traffic through the rail-

road that the bridge crosses. Built in 1991, the bridge is supported by steel girders anchored to the concrete back 

wall. AE was used to investigate dynamics of cracks (both existing and new) in the concrete wall and to deter-

mine if there is a contribution of the railroad traffic on the AE activity.  AE signals originating from crack sites 

on the test wall were recorded with the help of 8 AE sensors. The AE data was recorded using a Micro-II Digital 

DAQ system for on-site real time analysis.  AE data analysis shows activity due both to the pre-existing and 

newly generated cracks. Both of these activities have further been found to result in crack expansion.  AE con-

tributions from traffic on the road and freight traffic on railroad have been determined at the test locations. This 

paper discusses the results of AE activities in a 2D sensor location distribution. AE investigations have also 

been made under varying (x, y) coordinates of sensor locations. The AE method did give time and location of 

the AE activity. The results lead to the conclusion that both the road and the railroad traffic volumes contribute 

to quantifiable AE activity. 

 
Keywords: Concrete, crack detection, non-destructive testing, acoustic emission, AE source location, structural 

health monitoring 

 

1.  Introduction 
 

In order to extend the service life of a transportation infrastructure asset such as a highway 

bridge, continuous monitoring of the structural health of the asset with appropriate evaluation 

tools is crucial. In case of concrete components of the asset structure, a variety of factors 

have been known to cause initiation of cracks [1-6] in concrete. These include load, weather 

(e.g. freezing and thawing), alkaline aggregate reaction, de-bonding as well as rebar corro-

sion in reinforced concrete. Acoustic Emission (AE) has been used for non-destructive evalu-

ation (NDE) of concrete wall of a bridge on a highway crossing over a freight rail line that 

serves a cargo terminal. The study has three basic objectives: (i) to detect the presence of mi-

cro cracks, (ii) to obtain as much information as possible on their locations; and (iii) to de-

termine the contributions of freight traffic on the rail and the cargo truck traffic on the road 

that the bridge crosses.  AE signals originating from the activity related with cracks were rec-

orded with the help of 8 strategically located AE sensors along the width and height of the 

wall with the help of a commercially available DAQ system designed for on-site real time 
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analysis. AE data analysis detected activity due both to the pre-existing and newly generated 

cracks. Linear and 2D AE event locator software has been used to determine dynamics of 

crack activity. AE contributions from traffic on the road and freight traffic on railroad have 

been quantified for different test locations. It has been further investigated if both the road 

and the railroad traffic volumes contribute to quantifiable AE activity including its time and 

location. 
 

2.  The Test Bridge 
 

The test bridge (Virginia Structure # 1809, Federal Structure ID # 21212), located on Route 

164, falls on the stretch between the Cedar Lane and the Norfolk Road. The bridge was built 

in 1991. It was originally planned to cross over the Coast Guard Boulevard. Due to change in 

plans it currently crosses over the W. Norfolk Road and N&W R/R. Figure 1(a) shows the 

West Bound Lane (Route 164 WBL) of Route 164 on the bridge. The bridge crosses the rail 

tracks of the Commonwealth Rail (N&W R/R) through which the cargo to and from the car-

go terminal is transported for subsequent loading and unloading to their destinations. The 

Route 164 is a primary road system that ferries cargo trucks. The bridge has an average daily 

traffic of 22,276 with 4% truck traffic according to the latest (2009) available data in compar-

ison to an average daily traffic of 11,337 with 4% truck traffic in 2004. It is 432.1 ft in length 

and 54.5 ft in width. 

 

The WBL on the bridge is supported by 2 central steel girders and 2 deck supporting steel 

girders, as shown in Figure 1(b). The west ends of the steel girders are anchored to the con-

crete back wall (Figure 1). Because of the high truck volume on the bridge and a heavy 

freight transport by trains that run under the bridge, the concrete back wall is expected to be 

under high stress not only because of the traffic volumes on the bridge but also due to traffic 

that runs on the rail tracks (Figure 1).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Heavy Cargo component on the WBL of Route 164: (a) on the test bridge; and (b) 

under the bridge in proximity to the test location on the wall 

 

3.  AE Technology 
 

AE technology is based on the fact that failures redistribute internal stress resulting in for-

mation of elastic waves that can be detected in real time [7]. Transient stress waves generated 

during rapid release of energy from localized sources such as stress cracking, shear cracking, 

bond failure and corrosion within a concrete structure result in acoustic emission. The elastic 

waves from the localized source propagate through the interior of the structure to the surface 
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and become surface waves. These surface waves are detected by piezoelectric sensors, also 

called AE sensors in the current context. The AE signals detected by the sensors are digitized 

and recorded by a data acquisition (DAQ) system for further processing and analysis. Figure 

2 shows schematic of the AE technology used in the present study. A portable DAQ system 

(Micro-II Digital) used in the present investigations, shown in Figure 2, is capable of detect-

ing, measuring, recording, interpreting, evaluating and storing the digital data to a storage 

device. The technique [5] is capable of monitoring small, medium, large and full-scale struc-

tures in the field. AE signals originating from crack sites were recorded using  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8 AE sensors installed at strategic locations on the concrete wall of the test bridge. The data 

recorded by the DAQ system was analyzed using linear and 2D locator AEWin software on a 

windows XP platform. 
 

4. Method of Measurement 
 

The latest available traffic data on the bridge suggests a daily average traffic of 22,276 vehi-

cles, 4% of these being cargo trucks. The girders being anchored to and their ends resting on 

the concrete back wall, high stress effects due to heavy cargo are expected on the wall struc-

ture. The AE sensors, installed at strategic locations, provide information on local and global 

stress levels on the concrete wall. The portable 8 channel commercial DAQ system detects, 

measures, records, interprets, evaluates and stores the digital data to a storage device. 
 

4.1 Source Location Calculation   
 

2D source location is achieved by using the time – distance relationship. 
 

4.1.1 2D source location 

 

A discrete event, occurring on the structure at unknown location (xs, ys) in Figure 2, results in 

stress waves propagating in all directions at the same velocity. The distance, d, an acoustic 

wave of velocity, v, propagates for time, t, in the test medium is defined as:  

d = v ·  t                  (1) 

Also, in a 2D (x, y) plane, the distance between two locations of (x1, y1) and (x2, y2):  

d = √{(x2 –  x1)
2
 + (y2 – y1)

2
}                 (2) 
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Figure 2.  Schematic Diagram of the AE Technology 



For predetermined sensor locations (x1, y1) and (x2, y2) and for the first AE hit at time, t1, and 

the second at time, t2, the arrival delay between the second AE hit sensor relative to the first 

one: 

t2 – t1 = (d2 – d1)/v                                  (3) 

Coordinates (xs, ys) for the unknown source are calculated from 

 t2 – t1 = [√{(x2  –  xs)
2
 + (y2 – ys)

2
} –√{(x1 –  xs)

2
 + (y1 – ys)

2
}]/v           (4) 

and  

t3 – t1 = [√{(x3  –  xs)
2
 + (y3 – ys)

2
} – √{(x1 –  xs)

2
 + (y1 – ys)

2
}]/v             (5) 

Each additional hit adds an extra equation. In general: 

ti – t1 = [√{(xi  –  xs)
2
 + (yi – ys)

2
} – √{(x1 –  xs)

2
 + (y1 – ys)

2
}]/v            (6) 

Regression (simultaneous solution) gives the unknown location of (xs, ys).  

 

4.1.2 AE Sensors Locations 
 

AE sensors (R0.45I-LP-SC-5 4.5 kHz low power sensors designed for outdoor use) were af-

fixed with epoxy at predetermined locations on the test wall and further secured with a tape.  

Table 1 gives the locations (x coordinates) of individual sensors on the wall with vertical lo-

cations (y coordinates) from the ground being 7.00 ft (1 ft = 30.48 cm) for each sensor.  The 

detection frequency of the sensors was chosen to minimize responses from ambient noise and 

vibrations. A dedicated cable connected each sensor to the DAQ system. The installed sen-

sors are shown in Figure 3(a). The data was recorded using the Micro-II Digital DAQ system 

of Figure 3(b). 
 

 
Figure 3. (a) 8 AE sensors installed on the WBL back wall at locations given in Table 1; and 

(b) The micro-II Digital AE DAQ system used to record data 

 

AE responses from the test location using 8-channel Micro-II Digital DAQ system were 

recorded during the research period of 2010 - 2011.  This period included both low traffic 

volumes (acoustically quiet) and high traffic volumes (acoustically noisy), as well as periods 

with: 

1. Regular traffic (Cars + Trucks) on the bridge but no freight train movement under the 

bridge 

2. Regular traffic (Cars + Trucks) on the bridge and also freight train movement under 

the bridge 

3. No truck traffic on the bridge and no freight train movement under the bridge 

 

Table 1. Locations of AE sensors on the WBL Back Wall 

Sensor No. 1 2 3 4 5 6 7 8 

Location, x (ft) 1 6 11 15 21 26 31 36 



5.  Results and Discussion 
 

AE sensors respond only when there is an AE activity at locations in the vicinity of sensors. 

The Micro-II Digital 8 channel DAQ system records several parameters; namely, the number 

of AE hits, number of AE events, AE energy, AE duration, AE amplitude, AE rise time, AE 

absolute energy, etc. The DAQ system also time stamps the AE event. A typical AE plot of 

the events on a day is shown in Figure 4. During this period of recording there was no train 

cargo traffic under the bridge but there was a regular traffic on the bridge. The sensors 1-4 

(Loc 1) were located outside of the south deck of the bridge and sensors 5 – 8 (Loc 2) were 

located under the bridge (Table 1). Sensors 1-4 (Loc 1), being located outside of the deck 

area on the bridge, show no AE response. This is an area unaffected by the load on the 

bridge. Figure 4 (a) shows responses from sensors 5 – 8 for locations given in Table 1 for the 

traffic conditions in item 1 above where AE events have been plotted against the sensor 

locations on the back wall. The cluster of events in the wall stretch between sensors 5 - 6 and 

between 6 -7 are from locations falling under the central steel girders in Figure 1. These AE 

events originate from the existing cracks in these regions. Figure 4(b) shows responses from 

sensors 5 – 8 for locations given in Table 1 for the traffic conditions in item 2 above where 

AE events have been plotted against the sensor locations. The cluster of events in the wall 

stretch between sensors 5 - 6 and between 6 -7 are from locations falling under the central 

steel girders in Figure 1. Comparison of Figures 4 and 5 clearly demonstrates the effect of 

freight train movement on the AE activity in the wall. The effect is significant as indicated by 

a large number of recorded hits, specifically in the sensors 6 - 7 stretch and in the vicinity of 

sensor 7 towards sensor 8. 

Figure 4.  AE responses from AE sensors 5 – 8 recorded for the sensor locations in Table 1 

for: (a) regular traffic on the bridge and no freight train movement under the bridge, and (b) a 

regular traffic on the bridge and also freight train movement under the bridge. 
 

AE activity characteristics determine the source of the recorded signals.  Two typical exam-

ples of detected AE signatures during this study are discussed in relation to the sensor that 

detected the signal. 

1. AE signals related to a break in metal (rebar) are supposed to be dramatic. These will 

have high energy, high amplitude and very short duration. The AE amplitudes from 

sensors 5 - 8 installed on the test location in Table 1 are relatively feeble indicating 

their origin to be initiation and/or expansion of cracks in the concrete  

2. The concrete wall is AE active and requires further investigation covering the entire 

width of the wall.  

 

The recorded AE signals characterize the events that take place around the test area. In order 

to cover the remaining width of the bridge, the sensors were relocated. Figure 5 shows posi-
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tions of the relocated sensors (see Table 2) to cover the remaining width of the wall between 

16 feet – 51 feet, the width not covered by sensors in Figure 3(a). Considering that the width 

of the back wall is 54.5 feet, this relocation covers the entire width of the wall at 7.00 feet 

from the ground. The responses from sensors 5-8 in this configuration acquired on December 

22, 2010 are demonstrated in Figure 6(a) in the absence of any freight movement under the 

bridge. However, when the freight train arrived on the same day, the data showed a signifi-

cant change in AE activity as shown in Figure 6(b) by appearance of a large cluster of AE 

events in regions of sensors 6-7 in comparison to that in Figure 6(a).  
 

Table 2. Locations of AE sensors on the WBL Back Wall as in Figure 5 

Sensor No. 1 2 3 4 5 6 7 8 

Location (ft) 16 21 26 31 36 41 46 51 

 

  
Figure 5. The AE sensors relocated to cover the remaining width of the back wall  

 

Figure 6.  AE responses from AE sensors 5 – 8 recorded for locations in Table 2 for; (a) a 

regular traffic on the bridge and no freight train movement under the bridge, (b) a regular 

traffic on the bridge and also freight train movement under the bridge. 

 

The cluster of events in the wall stretch between sensors 5 - 6 and between 6 -7, seen in Fig-

ure 6(b) is from locations falling around the central steel girders in Figure 1. The situation in 

Figure 6(b) corresponds to the condition of item 2 above where there is also the presence of 

freight train apart from the normal traffic on the bridge. These AE events originate from the 

existing cracks as well as from generation/expansion of new cracks. Comparison of results in 

Figure 6(a) and Figure 6(b) clearly demonstrates the effect of freight train movement on the 
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AE activity in the wall. The effect is significant as indicated by a large number of recorded 

hits, specifically in the sensor 6 - 7 stretch and in the vicinity of sensor 7 towards sensor 8.  

 

5.1 Focus Areas of Significant AE Activity 
 

As shown in Figure 6, areas of significant AE activity have been found around locations of 

sensors 5-7. In order to focus on this area, AE sensors were redistributed to include vertical 

distance variations according to the location scheme of Table 3. In this scheme, sensors 3, 5 

and 7 were relocated 32” higher than shown in Figure 5. This redistribution allowed closer 

look around sensors 2, 4 and 6. The redistributed AE sensor locations and AE response from 

sensors in scheme of row 3 of Table 3 is shown in Figure 7 where areas of high and low AE 

activity are clearly seen. Whereas no AE activity was recorded between sensors 4 and 5, 4 

and 6; and 7 and 8, there was AE activity between sensors 3 and 4. Further, strong AE activi-

ty was recorded between sensors 1 – 3, 5, 6 and 7.  These observations clearly show AE ac-

tivity originating from vertical locations. Further, the amount of AE activity shown in be-

tween sensors 3 and 4; and between sensors 5 and 6 is lower in comparison to that between 5 

and 7. This demonstrates that the AE activity is not uniform in the entire wall but there are 

strong AE activity areas along the wall closer to the foot of the wall. 
 

Table 3. Locations of AE sensors on the WBL Back Wall as in Figure 6(b) 

Sensor No. 1 2 3 4 5 6 7 8 

Horizontal Location, x (ft) 16 21 26 31 36 41 46 51 

Vertical Location, y (ft) 7 7 9.75 7 9.75 7 9.75 7 

Figure 7. The AE sensors relocated to focus on the areas of significant AE activity 

 

 

 

 

 

 

 

 

 

Figure 8.  AE responses from AE sensors 5 – 8 recorded for the sensor locations in Table 3 

for; (a) a regular traffic on the bridge and no freight train movement under the bridge, (b) a 

regular traffic on the bridge and also freight train movement under the bridge. 
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AE activity due to arrival of freight train under the bridge increases, as shown in Figure 8(b), 

in comparison to that in Figure 8(a) when the freight traffic is absent. 
 

6. Conclusion 
 

AE activity has been found to be related to three types of activities in the concrete: (i) expan-

sion of the pre-existing cracks, (ii) formation of new cracks; and (iii) friction due to rubbing 

of the two walls of a pre-existing or a newly formed crack. AE activity is higher in the re-

gions right under the supporting middle (two) girders and stronger in the presence of cargo 

traffic (trucks). AE activity increases further with train activity under the bridge. 
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