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Abstract: The composite structural members are highly used in the following applications 

such as aerospace, automobiles, marine, architecture etc., has attracted extensive attention in 

the past decades. Adhesive bonding is a practical joint method for joining composite 

materials though the low shear and tensile strength limit the joint efficiency. A numerical and 

experimental study was carried out to identify the ultimate strength and failure modes of 

bonded- single lap joints at two different overlap thickness areas. In the present work, the 

effect of bonded lap thickness area on the tensile strength of lap joint is investigated 

experimentally and numerically.  Acoustic emission test were done to analyze the matrix 

cracking (adhesive failure), thin layer cohesive failure and fiber tear failure during the 

loading process. The strength and structural integrity of the bonded joints are investigated, 

further obtained by the Acoustic Emission parameters. ANSYS FEA tool has been utilized to 

investigate the stress distribution characteristics of a composite bonded lap joint under 

tensile loading. The experimental results are compared with FEA results using ANSYS.                                                                  

Keywords: Acoustic Emission (AE), Glass/Epoxy composite, adhesively bonded joints, 

tensile test, FEA. 



1. Introduction:  

During the past three decades, application of composite materials are continuously increasing 

from traditional application areas such as military aircraft, commercial aircraft to various 

engineering fields including automobiles, robotic arms and even architecture. Due to its 

superior properties, composites have been one of the materials used for repairing the existing 

structures [1]. In such applications, they are used for joining various composite parts together, 

and are fastened together either using adhesives or mechanical fasteners. In order to 

understand the mechanical behavior of adhesively bonded joints, many studies have been 

carried out, different models have been proposed and different methods have been used. One 

these methods are based on the strength of materials. One of the key areas in composite 

structural design involves the joint strength. Adhesively bonded lap joints are most preferred, 

because they develop smooth load transfer and have fewer points of stress concentration 

when compared to fastened joints, where the failure prediction of such joints is extremely 

important since their failure might lead to catastrophic failure in aircraft during its service 

period [2], [3].Adhesively bonded structures are used to obtain lighter weight and efficient 

structures. In adhesive bonded aircraft, metals and composite structures such as stringers, ribs 

and sandwich skin panels, channel sections are bonded to the fuselage or wings to increase 

strength and rigidity as shown in the figure 1. Bonded structure has an advantage of cost 

saving and weight reduction. The structure consists of an assembly of sub-structures properly 

arranged and connected to form a load transmission path. Such load transmission path is 

achieved using joints. Joints constitute the weakest zones in the structure. Failure may occur 

due to various reasons such as stress concentrations, excessive deflections etc. or a 

combination of these. Therefore, to utilize the full potential of composite materials, the 

strength and stress distribution in the joints has to be understood so that suitable configuration 

can be chosen for various applications [4] [5].The shear strength decreases considerably as 

the binding area expands, which could be the result of the fact that deformation resistance 



occurring in small areas was more than those large areas [6] and two different failures at 

single lap joints was caused by the peel stress and shear stress [7]. 

 
Figure 1: schematic diagram of Bonded Joints used in Aircraft structural component 

 

Inspection of complex materials or structures is often carried out by comparing the expected 

non destructive evaluation with a standard specimen. Acoustic Emission (AE) is “the class of 

phenomena whereby transient elastic waves are generated by the rapid release of energy from 

localized sources within a material, or the transient elastic waves so generated”. AE 

technique is a real time measuring and on-line evaluation technique. Many researchers have 

attempted to identify the failure modes using parametric based approach [8]. For  parametric 

based approach, most of the studies have been performed through AE parameters such as 

Energy, Counts, Amplitude, Duration and Rise time while, AE waveforms and its FFT are 

used in signal based approach [9],[10]. Analysis using FEA tool is necessary to standardize 

the experimental procedures and testing sequence. 

 The present paper is to investigate the characteristics of failure modes and strength of 

composite bonded lap joints at two different overlap thickness areas with zero degree fiber 

orientation using acoustic emission data and finite element analysis. 

 



1.1 Classification of Failure mode: 

Adhesive failure, cohesive failure and thin-layer fiber failure are matrix failure. Failure-mode 

classification, relating to testing FRP bonded joints includes seven classes of failure modes 

identified as shown in figure 2 [11]: 

 (1) Adhesive failure 

 (2) Cohesive Failure 

 (3) Thin-layer cohesive failure 

 (4) Fiber-tear failure 

 (5) Light-fiber-tear failure 

 (6)Stock-break failure and mixed 

failure

 

Figure 2: Different types of failure in composite to composite adhesive joints 

2. Specimen preparation: 

Composite panels were prepared through a hand layup process. The cut glass fiber mat is 

placed over the resin (LY 556 with hardener HY951) and by a stippling action using resin 

wetted brush; the resin is squeezed to the top surface. After the first layer is laid up; 

subsequent layers are laid up in a similar manner. This procedure was repeated till the 



required thickness has been built up. The symmetric ply [0º/0º]3 laminates were then cured by 

a compression moulding machine at 100KPa pressure and room temperature. Aluminum tabs 

are used in the specimens to reduce the noise produced during testing. ASTM D5868-01 

standard tensile specimens of size 100x25.4x3mm were cut using water-jet cutting to avoid 

machining defects and to maintain good surface finish from the fabricated laminates as 

shown in figure 3 (a),(b)  [12].The adherend surfaces cleaned with acetone were bonded for 

single lap joint specimen. The two different overlap thickness areas 0.2 mm and 0.4 mm were 

used in the specimen. In this study, the effect of adhesive thickness was analyzed by varying 

the adhesive area thickness as 0.2 and 0.4 mm using a constant adherend thickness of 3 mm 

and an overlap length of 25.4 mm as shown in the figure 4 (a), (b). 

  

(a) Adhesive thickness lap area 0.2 mm 

 

(b) Adhesive thickness lap area 0.4mm 

Figure 3: ASTM 5868-01 Bonded Joint Specimen with different Adhesive thickness lap area  



  

(a)     (b) 

Figure 4: Adhesively Bonded lap joint specimens with two Adhesive thickness lap area (a) 0.2 mm (b) 0.4 mm 

3. Experimental work: 

3.1 Mechanical Testing: 

The specimens are subjected to uni- axial tension until they failed in 30KN INSTRON 3367 

Universal Testing Machine under acoustic emission monitoring using 8-channel Acoustic 

emission shown in figure 5.The specimens are mounted on the UTM machine and dimension 

of the specimens are entered into the software. The crosshead speed was maintained at a rate 

of 0.15mm/min. 

 

Figure 5:  INSTRON 3367 Universal Testing Machine with AE set 



3.2. Acoustic Emission Monitoring Setup: 

An eight channel acoustic emission setup supplied by Physical Acoustics Corporation(PAC) 

is used for AE studies as shown in the figure 5. AE activities were sensed using wide band 

WD piezoelectric sensor, filtering out frequencies exceeding 900 kHz and noise was filtered 

using a threshold at value of 45 dB. High vacuum silicon grease was used as a couplant. The 

amplitude distribution covers the range 0-100 dB. After mounting two transducers on the 

sample at a mutual distance of 150 mm between them, so that they were both at the same 

distance from the centre of the specimen length, a pencil lead break procedure was used to 

generate repeatable Acoustic Emission signals for the calibration of each sensor as shown in 

figure 6. AE wave velocity for the specimen was found to be 3278642 mm/s. Parametric 

analysis is initially used to track and identify the different failure mechanisms based on the 

AE parameters such as amplitude, rise time, counts, energy and duration for bonded single 

lap joint specimen.  

 

Figure 6:Calibration of sensors and random location test 

4. Results and Discussion: 

4.1 Mechanical Characterization of Bonded lap joints:  

The ultimate loads and displacements of bonded lap joints with two adhesive thickness areas 

of 0.2 and 0.4 mm were found to be 6.5KN, 6 KN and 1.2 mm, 1.45 mm as shown in the 

figure 7 and 8. The ultimate failure load and elongation of the each specimen was tabulated 

as below table 1. After the tests were completed, the specimen displacements and the failure 

loads were recorded. Figure 7 and 8 shows that the lowest failure load was determined at 



adhesive thickness area 0.4 mm and highest failure load was determined at adhesive thickness 

area 0.2 mm for constant overlap length area. In addition, the failure load decreased due to 

increasing the overlap thickness area for constant overlap length area. When the adhesive 

thickness area was increased from 0.2 to 0.4 mm, the failure load descended to 6 KN , which 

represents 1.09 times decrease (6.5/6).However, the adhesive thickness area was increased 

from 0.2 to 0.4 mm, the displacement was increased to 1.45 mm, which represents 1.21 times 

increase(1.45/1.2). 

 

Figure 7: Load Vs Displacement curve of bonded lap joints for adhesive thickness area of 0.2 mm 

S.No Over lap 

Thickness  

Area(mm) 

Load (kN) Displacement(mm) Average 

Load 

(kN) 

 

Average           

Displacement 

(mm) Sp 

1 

Sp 

2 

Sp 

3 

Sp 

1 

Sp 

2 

Sp 

3 

1 0.2 6.9 6.8 6.2 1.2 1.22 1.2 6.5 1.2 

2 0.4 6.2 5.8 6 1.5 1.25 1.6 6.0 1.45 

 

Table 1: Ultimate Load and Displacement of bonded lap joints for two adhesive thickness areas of 0.2 and 0.4 

mm 

 



 

Figure 8: Load Vs Displacement curve of bonded lap joints for adhesive thickness area of 0.4 mm 

Figures 9 and 11 depict the failure observed on the overlap area and mechanical behavior of 

glass/epoxy composite single lap joints at two different over lap thickness areas, in terms of 

AE counts rate. AE technique was used in order to continuously monitor events such as 

matrix failure, thin layer adhesive failure, and fiber tear failure during the loading process. 

The maximum value of stress was found to be 82.5 N/mm
2
, located at the corner of the 

overlap area as shown in figure 10 and 11.  

 

 
Figure 9: Failure observed on the overlap area 



 

Figure 10: Failure observed on the overlap area 

 

 

Figure 11: Mechanical and acoustic behaviour of Bonded Joint 

The failure modes in GFRP composite adhesively bonded joints are identified using various 

AE parameters such as cumulative counts, frequency, count rate, amplitude and duration as 

shown in figure 13, 14 and 15. The range of peak frequency pertaining to the below failure 

modes of composite laminates obtained from different orientation during the conduct of 



tensile test with acoustic emission monitoring are obtained. The relevant frequency ranges 

are: 80-110 kHz corresponding to matrix failure (Adhesive), 130-200 kHz to fiber matrix 

failure (thin layer cohesive failure), and 230-250 kHz to fiber tear failure I and 250-300 kHz 

to fiber failure respectively as shown in the figure 12 and table 2. Under the AE examination, 

the failure in the overlap region of the specimen with bonded thickness area 0.2, figure 9 

shows that adhesive failure and fiber tear failure were observed. The failure in the overlap 

region of the specimen with bonded thickness area 0.4 mm and figure 10 shows that adhesive 

failure, fiber tear failure and fiber failure were observed. The specimens were carefully 

monitored and directly observed in order to understand the failure modes during tensile tests 

under AE technique.  

The variation of time versus frequency, amplitude and duration of AE data for bonded lap 

joint are shown in the figure 13 and 14. Figure 13 shows that three stages until failure are 

visible from the acquired data. The first stage corresponds to damage initiation depicted by 

lower count rate. The second stage is damage accumulation in which matrix cracking 

progresses at a faster rate with minor cases of fiber –matrix failure and fiber tear failure. The 

final stage corresponds to an unstable growth where there is a sharp increase in count rate. 

In the case of zero degree oriented specimen the damage profile is represented by three zones 

as shown in the figure 14. Figure 14 and 15 shows that plot of the time versus amplitude and 

duration and location versus frequency respectively for bonded lap joint with two adhesive 

thickness areas. The figure 14 shows that above the value of duration at 550µs and amplitude 

at 65 dB (region III) ,the fiber failure modes were observed. An abrupt increase in cumulative 

counts: here, mostly moderate and high amplitudes events are recorded, which are attributed to 

light fiber failure. In table 3 shows the peak frequency, counts, energy, duration, amplitude, 

location and load values at the time of failure. Here failure range 250-300 KHz is more, after 

matrix failure. Therefore possible failure mode is Fiber –Tear failure as shown in figure 15. 



The frequency range above 250 KHz is expected to be within long duration and amplitude, the 

fiber failure was observed. Here, load transfer between the substrates take place through a 

distribution of shear stresses in the adhesive. 

 

Figure 12: Percentage of Peak Frequency range of bonded lap joints for two adhesive thickness areas 

 

Frequency 

range 

Bonded lap thickness 

area (0.4 mm) 

Bonded lap thickness 

area (0.2mm) 

Failure modes 

80-110kHZ 74.50% 84.44% Matrix failure 

( Adhesive failure) 

130-200kHZ 2.90% 2.80% Fiber- Matrix (Thin 

layer adhesive)failure 

200-250kHZ 4.60% 1% Fiber –Tear failure 

250-280kHZ 13.20% 5.4% Fiber failure 

 

Table 2: Frequency range and failure modes of bonded lap joints for  two adhesive thickness areas of 0.2 and 0.4 

mm 

 

 

 



  

(a)     (b) 

 

Figure 13: Time (Sec) Vs Cumulative counts for bonded lap joint (a) 0.2 mm (b) 0.4 mm 

 

 

(a)     (b) 

Figure 14: Variation of time versus amplitude and duration for bonded lap joint (a) 0.2 mm (b) 0.4 mm 

 

 



 

(a)     (b) 

  Figure 15: Location Vs frequency plots for bonded lap joint (a) 0.2 mm (b) 0.4 mm  

Peak Frequency 270KHz 280KHz 

Counts 60 64 

Energy 54 56 

Duration 554µs 580µs 

Amplitude 68dB 68dB 

location 12.5mm 12.24mm 

Load 6.5kN 6kN 

 

Table 3:  AE data of bonded lap joints for 0.2 mm and 0.4 mm. 

 

4.2 Finite element analysis: 

In this study, a three dimensional model was created in order to behavior of the single lap 

joints with two different adhesive thickness area and the adhesive used was standard epoxy 

based resin. The composite laminates of ANSYS FEA model for bonded lap joints were 

developed by using Layered 46, a 3-D brick element. The adhesive layer was modeled using 



SOLID-45, an 8-node brick element as contact interface element. The adherent and adhesive 

were glued together using Boolean operation. Finer mesh was used in the model. In adhesive 

joints, the applied load on the adherends gets transferred on to the adhesive layer mainly by 

stresses. In bonded joints, the stress was distributes throughout the laminate and the adhesive 

takes up much of the load. The results from the analysis of the models were interpreted 

according to von mises yield criterion. The von mises criterion is applied to calculate whether 

the stress combination at a given point will cause failure or not. By means of this criterion, 

the stress distribution in the adhesive layer and adherends were calculated. From the figure 

17, it was found that as the adhesive thickness increases, the maximum stress location shifts 

from the top surface of the adhesive layer to the bottom surface which is in contact with the 

adherend on which the load was applied. From the figure 16 and 17, the maximum deflection, 

minimum stress and maximum stress values were tabulated (Table 4). 

 

Adhesive thickness 

area(mm) 

Maximum 

deflection(mm) 

Minimum stress 

N/mm
2
 

Maximum stress  

N/mm
2
 

0.2  0.839  -2.22 106.9 

0.4 0.868 0. 131 78.65 

 

Table 4: FEA results of bonded lap joints values 



 

Figure 16: Analysis Result of Bonded Joint for adhesive thickness area of 0.2 mm 

 

Figure 17: Analysis result of Bonded Lap Joint for adhesive thickness area of 0.4 mm 

 

 

 

 



6. Conclusion: 

In the present paper, the response of single lap joints with composite adherend subjected to 

tensile load was investigated for two different adhesive thickness areas.  

i) The load –displacement data obtained from the experiments were in good agreement with 

analysis results. Experimental and numerical data showed that the maximum stress occurred 

at the corner sections of the joint, whereas minimum stress occurred at 0.2 mm. Increasing 

the overlap adhesive thickness area results in significant reduction in the stress distribution 

throughout the joint. 

ii) The precisely composite bonded joint analysis method must be able to predict failure 

modes in GFRP composite, and also identified using various AE parameters. 

iii) The adhesively bonded structural joints of strength were investigated by using acoustic 

emission parameters. 

iv) The suitable strength prediction of the adhesively bonded joints is essential to decrease the 

amount of expensive testing at the design stage. Usually designers use minimum adhesive 

bonded thickness for maximum bond strength. 
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