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Abstract 

The tragic collapse of the Morandi Bridge in Genoa in August 2018 is another indication that the 

massive worldwide investment backlog for long living infrastructures is not yet solved. On the one 

hand huge investments are required to replace the dilapidated structures and on the other hand lots of 

time is required for planning the reconstructions. During the years of required planning time, the 

critical structures are still in operation and the risk has to be minimized.  The owner of the 

infrastructures, like cities and municipalities, use monitoring solutions as backup.  

Among other methods such as temperature measurement, strain gauges ect., the demand for  Acoustic  

Emission is strongly increasing and moves more and more in focus to solve the task. 

The method is suitable for permanent monitoring and its flexibility makes it adaptable to a variety of 

test objects. Vallen System GmbH is involved in many monitoring projects as equipment provider 

together with service providers, engineering firms and the infrastructure owners. The measuring 

systems have been adapted to the new requirements throughout the entire measuring chain, from the 

sensors, their mounting devices and cables, via the data recording to the software. A plurality of 

external sensors e.g. for temperature or strain gauges etc. can be recorded in a standardized way via 

data loggers and processed together with the Acoustic Emission data in the Vallen software. In the 

future, decision relevant information will be accessible via cloud based dashboard. 
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1  Introduction 

For many years, acoustic emission (AE) testing is a well-established nondestructive testing method 

for pressure vessel, pipeline and tank inspection in industry [1]. Integrity, leakage and corrosion tests 

are in the focus. Apart from these applications, the demand increases for continuous monitoring of 

civil structures like bridges and tunnels. The not made investments for many years in long living 

structures result in acute need for action for various structures. But not only the budget needs to be 

considered, long planning and construction times needs to be managed until the replacement is 
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finished. To ensure the availability of the structure, operators often choose various inspection and 

maintenance strategies.  Therefore, acoustic emission (AE) can be an outstanding tool to support the 

operators. Davies [2], Nakasa [3], Allevato [1] and others have shown that acoustic emission is a 

suitable method for permanent monitoring applications.      

The aim of permanent monitoring is to determine the current condition of the structure, the permanent 

observation and to discover changes early. In case of bridges or tunnels made of pre-stressed concrete, 

damages often occur at the tendons due to corrosion resulting in tendon breaks which can lead to a 

change in the load capacity of the structure. Pre-tests at pre-stressed concrete samples with artificially 

cut tendons showed that acoustic emission emitted during crack initiation can be detected.         

 

Fig.: 1.  

Figure 1. Pre-test in concrete structure for detection of cracks in tendons. Various acoustic emission sensors 

and preamplifiers have been tested. Tendons have been artificially cut and corroded electrochemically until 

failure 

2.  Application examples for permanent monitoring and their individual solutions 

2.1 Review of a pilot study on permanent monitoring of a container crane     

In spring 2017, a 12 month pilot study on permanent monitoring of a container crane started. The aim 

of this pilot study was to determine if acoustic emission testing is a useful method for permanent 

monitoring and to detect cracks in the crane structure. The pilot study was made from spring 2017 to 

spring 2018 and provided positive results. The crane operator, an experienced service provider and 

Vallen Systeme as measurement equipment provider participated in this study.      

The container crane is located in one of the most important harbors of the world and is operated 24/7 

loading and unloading container vessels. This container crane is in operation for several decades [6]. 

Based on the operator’s longstanding experience using this crane, the tension bars have been 
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identified to be the “hot spots” of the crane. This part of the crane takes the main load of the crane 

boom and the container during operation. 

Figure 2. Container cranes in operation. The crane booms are partially folded. Tension bars of the crane are 

marked by white arrows [5]. 

These „hot spots“ were equipped with acoustic emission sensors and permanently monitored. The 

watertight and robust sensors were glued on the structure, additionally fixed with magnetic holders 

and connected with the measurement system by cables. The AE measurement system and 

measurement computer were stored in the engine room of the crane. Remote access via mobile 

network was established. Furthermore, automatic data analysis and alarm management were improved 

and adjusted step by step during this pilot study. In order to reach the aims of the pilot study in the set 

time frame, the operator had notched a tension bar in the pilot study to speed up the crack initiation.  

This approach was successful, a crack was triggered and detected by the AE system including 

alarming. The defect was detected and located at the notch which was verified using other 

nondestructive testing methods. This pilot study impressively demonstrates that acoustic emission is a 

suitable method for permanent monitoring of critical hot spots!     

2.2 Permanent monitoring of a concrete bridge with integrated monitoring system 

In autumn 2018, a concrete bridge in the southwest of Germany was equipped with a monitoring 

system. This bridge is up for renewal and should be permanently monitored during planning and 

approval phase. Apart from acoustic emission, various other parameters like temperature, 

displacement and strain (strain gauge) are part of the monitoring system. Acoustic emission and 

temperature are recorded by an integrated system, whereas strain gauge and displacement parameters 

are fused and analyzed in post processing. 
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2.2.1 Background of the bridge and current status 

The bridge construction was finalized in 1950 and traverses the river Danube. It has a length of 96 m 

and a max. span of 81m. The width is 18m and the bridge has 4 lanes and 2 sidewalks. Damages 

caused by corrosion were found at the tendons of the bridge. Due to the fact that the damages are 

unrepairable, a replacement of the bridge is planned. The bridge operator, an engineering office, a 

service provider and Vallen Systeme as measurement equipment provider are working together in this 

project. 

2.2.2 The solution is an integrated monitoring system 

The monitoring system hast to be able to permanently monitor the structure. Therefore, a suitable 

sensor network, data recording and analysis is required. Acoustic emission measurement system and 

data analysis must run automatically, recognize changes in the condition and trigger alarms if 

predefined criteria are fulfilled. For this purpose, a reliable measurement technique and a suitable 

sensor network system is necessary. The sensor network was adjusted to the permanent outdoor 

installation by using sensors with protection class IP68.  These sensors were mounted on the concrete 

surface using mounting plates and covered with a protection covers against vandalism and animals 

(e.g. birds). The acoustic emission measurement system AMSY-6 with 36 channels is stored in a 

cabinet which is installed in the bridge abutment in a height of 5m to guarantee flood protection. 

Besides acoustic emission measurement system, measurement computer, communication equipment 

for a mobile network and additional measurement equipment for recording data of 71 temperature 

sensors are included in the cabinet. Both, acoustic emission and temperature data are recorded with 

time synchronized and can be analyzed in Vallen software (VisualAE). Using this synchronized data 

base, the service provider is able to process and to correlate information of different measurement 

systems fast and easily.  
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Figure 3. Scheme of sensor network of an integrated monitoring system 
 

2.2.3 Data fusion 

Currently, acoustic emission is recorded together with temperature data in one single system, see 

figure 4. This system is already designed for integrating further data inputs to take the immense 

advantages of the same time basis of all involved measured data. An extensive digital filtering option 

of measured data has big benefits regarding eliminating possible noise in the measured data. 

Furthermore, the analysis software is flexibly tailored to the current application. In addition to data 

recording and analysis, periodic tasks are executed by the Vallen Automation Manager [4].  

 

Figure 4. Scheme of monitoring process 
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This includes: control and monitoring of the acoustic emission measurement system, alarming, 

automated testing procedures, e.g., sensor coupling test, remote access control and email 

communication.  Apart from remote access on raw data and sending notifications in case of alarm, the 

monitoring system regularly extracts predetermined information from recorded acoustic emission and 

temperature data which represent the significant decision criteria. The extracted information is 

automatically loaded in a cloud-based dashboard and offers an overview of the whole system. In 

addition to the reduced, extracted data for the cloud dashboard, the raw data will be automatically 

loaded on a server for further analysis on a daily. 

3  Summary 

Both examples illustrate the development of monitoring systems concerning increasing requirements 

and show that acoustic emission measurement technique already fulfills the requirements of 

permanent monitoring applications, and is able to be adjusted flexibly to the changing requirements. 

Moreover, the combination of automated software and analyzing tool, reliable measurement 

equipment and self-checking sensor networks offers high flexibility for various applications. 

Experienced service providers have to set up the online analysis in a way that all influences of the 

usual operational conditions of the structure on the acoustic emission results are known. This makes it 

easier to separate the useful data from noise data.  

The process after alarm triggering needs to be coordinated closely with all involved groups, 

equipment provider, service provider and operator of the infrastructure. Reporting of decision relevant 

information in a cloud-based dashboard, is already possible on PCs, tables or smartphones. 
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