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Non-destructive diagnostics of adhesive joints using elastic wave propagation 

ABSTRACT 

Adhesive joints have numerous applications in many branches of industry, including aviation, 

automobile, and civil engineering. Being a kind of non-separable connections without the possibility to 

visually assess the state of their internal structure, they need to be examined with the use of non-destructive 

diagnostic techniques. The issue of monitoring the curing process of adhesives is present in the current 

literature, however, most of the studies are performed on purely adhesive specimens without considering the 

interaction with adherends. The problem of elastic wave-based damage detection and imaging is also of great 

interest of many researchers, although there is a lack of work considering analyses of the determination of 

optimal excitation characteristics and calculation parameters for signal processing techniques. 

The aim of the dissertation was to prove the following thesis: ultrasonic guided waves can be 

efficiently used for non-destructive diagnostics of adhesive joints of structural elements. The major 

objectives of the research are the development of ultrasonic wave-based algorithms for application in real-

time monitoring of curing of adhesives within connections such as damage detection and imaging in 

adhesive joints of various types. A method for the determination of dynamic elastic parameters of adhesives 

using guided wave dispersion curves was proposed. In the case of adhesive joints with defects, the influence 

of excitation features on the efficiency of damage detection was studied. The weighted root mean square 

(WRMS) technique was used to visualize the debonding areas in connections of steel, concrete, and 

composite elements. The issue of the determination of optimal calculation parameters was studied. The use 

of tools of statistical analysis (histograms) was proposed to support the performed analyses. 

The presented dissertation consists of a series of five original scientific publications, concerning the 

main thesis of the work and realizing the above-described research objectives. The first article considers the 

issue of monitoring the curing of epoxy adhesive in the joint of steel plates by changes of dynamic elastic 

modulus determined using ultrasonic wave measurements. The second paper deals with the problem of the 

determination of optimal calculation parameters for damage imaging in lap joints of steel plates using 

WRMS. The third publication discusses the influence of wave frequency on the quality of RMS imaging in 

similar connections. In the fourth paper, the analysis of different locations of transducers on the WRMS 

damage visualization was studied in concrete beams strengthened with steel plates. The last article concerns 

the damage detection and imaging in adhesive joints between steel plates and composite strips, including the 

analysis of optimal WRMS calculation parameters. The results of the conducted work allowed formulating 

conclusions that prove the presented thesis. 


