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Toughened Single-lap Joints by Composite Bondline of Adhesive and 

Double-sided Tape 

This study proposes the novel manufacturing method of adhesively bonded joint 

with double-sided tapes by following the concept of bi-adhesive bondline. The 

stress concentration at the ends of the bondline for a single-lap joint can be 

suppressed by utilizing flexibility of the double-sided tapes. The double-sided 

tapes also make it easy to control the bondline thickness and to hold the 

adherends with their stickiness until complete cure. A tensile-shear test of the 

aluminum / acrylic joint verified that replacing both ends of the 30 mm bondline 

by the 3 mm double-sided tape improved the maximum load by more than 20%. 

The observation on the bonded area through the transparent acrylic plate revealed 

the suppression of the debonding initiation. On the other hand, the aluminum / 

aluminum joint did not show the significant increase of the maximum load, but 

suppressed the unstable interfacial debonding. The strain distribution obtained by 

digital image correlation method proved that the double-sided tape has the same 

effect of compressive strain generated in the flexible adhesive in bi-adhesive 

bondline. 

Keywords: adhesive bonding, double-sided tape, single-lap joint, stress 

concentration 

1. Introduction 

The demand for adhesive bonding has been increasing in various industrial 

fields such as automobiles and aircrafts, which require numerous parts and assembly 

processes [1,2]. Adhesive bonding can improve the structural performance by selecting 

suitable materials in the right place and reduce the weight of bolts or rivets used in the 

mechanical joints. However, the adhesive bonding has a primary issue in the reliability 

because the quality of the adhesive joint strongly depends on the manufacturing process. 

To reduce the variation of quality in the adhesive joints, the characterization and the 

development of adhesive materials [3–5], the surface treatment of the adherends [6, 7], 

and the durability against hygrothermal environments [8, 9] has been intensively 



investigated. Even if highly reliable materials are prepared based on these 

achievements, the design of the adhesive bonding is another concern. A single-lap joints 

is the simplest design to replace the bolts or rivets, but it causes the stress concentration 

at the end of the bondline owing to the discontinuity of the material, as shown in Fig. 1 

[10,11]. Because the stress concentration is sensitive to various parameters such as the 

length and the thickness of the bondline [12–16], it is necessary to apply the suitable 

joint design for individual applications. Practically, the adhesive bonding is used 

together with mechanical joints of bolts or rivets to enhance the structural safety against 

rapid debonding propagation [17–19]. 

Various approaches have been proposed to suppress the stress concentration in 

the single-lap joint. The scarf joint is effective by inclining the adherend to reduce the 

discontinuity [20–22], but they are difficult to apply to thin adherends. The bi-adhesive 

bondline, which applies a flexible adhesive at both ends of the bondline also relieves the 

stress concentration, as shown in Fig. 2 [23–26]. The bi-adhesive bondline is a 

promising joint technology, which is effective regardless of the adherend thickness, but 

the manufacturing process becomes complicated. It is necessary to distribute different 

adhesive materials on the same bondline with the precise control of the bondline 

thickness. Mixing glass beads in uncured adhesive is a way to adjust the layer thickness 

based on their diameters, but it might cause initial defects in the joint. To improve the 

reliability and manufacturability of adhesively bonded joint, the layer thickness should 

be easily and uniformly adjusted without adverse effects on the joint strength.  

This study proposes to use double-sided tapes for simple adjustment of the 

bondline thickness, as well as the suppression of stress concentration of a single-lap 

joint. Double-sided tapes have been widely used in industries particularly in electronics 

by utilizing their instant adhesion for efficient manufacturing process and flexibility for 



releasing thermal residual stress [27-28]. They are attached at the end of the bondline 

instead of flexible adhesive for the bi-adhesive bondline. A uniform thickness of the 

adhesive layer can be automatically achieved using the thickness of the double-sided 

tape. In addition, the manufacturing process becomes drastically easier because the 

stickiness of the double-sided tape can support to fix the adherends during the curing 

process. The effectiveness of the proposed bonding method was investigated using a 

single-lap joint of aluminum and acrylic plates by varying the tape lengths. Their joint 

strengths were compared with a detailed observation of the fracture process on the 

bonded area by utilizing the transparency of the acrylic plate. Another single-lap joint of 

two aluminum plates was also prepared to show the effectiveness under the adhesive 

failure without causing fracture of the adherend plates. The strain distribution along the 

bondline was analysed using a digital image correlation (DIC) method to validate that 

the double-sided tape can be alternative for the flexible adhesive in bi-adhesive 

bondline. 

 

2. Experimental method 

2.1 Sample preparation  

In this study, 5052 aluminium alloy plates and acrylic plates were used as 

adherends for the single-lap joint. The mechanical properties of the plates are 

summarized in Table 1. Both adherends were cut from the 3 mm thick plates to a length 

of 100 mm with a width of 25 mm. The surface of the plates was then prepared by 

following ISO 17212:2012; it was wet-polished using an automatic rotary polishing 

machine with # 240 sandpaper, subsequently degreased with ethanol, and dried in a 

vacuum constant-temperature dryer DRV320DB (Advantec Toyo Kaisha, Ltd.) for 24 



hours. The aluminum and acrylic plates were then covered with Teflon tape along the 

end of the bond area to prevent excess adhesive from flowing out of the bondline and 

affecting the joint strength. 

A two-component mixed epoxy adhesive DP 110 CLE (3M Corp.) was used for 

the bonding. When the epoxy adhesive was applied to the plates, a fixture and spacer, 

which were made of Teflon plates, were used to maintain the bondline thickness to be 

0.4 mm for the single-lap joint of aluminium and acrylic plates. Because it was prepared 

for directly observing the bonded area through the transparent acrylic plate, the bondline 

thickness was designed to be sufficiently thin to be focused on by a CCD camera. The 

bondline length was preliminary examined and determined to be 30 mm so that the joint 

was strong enough to cause the fracture of acrylic plate, while the interfacial separation 

occurred when the bondline was 20 mm. Another single-lap joint of two aluminum 

plates was prepared for measuring the strain using DIC method. The bondline thickness 

was thicker, 0.8 mm, to have sufficient area for the strain analysis. The sample of only 

adhesive along the bondline is referred to as “bondline_30 mm”.  The dimensions of the 

single-lap joints of aluminum / acrylic plates and two aluminum plates were shown in 

Fig. 3 (a) and (b) respectively. 

In addition to only adhesive bondline, the acrylic tape G-304 (3M Japan Corp.) 

was used to supress the stress concentration. This tape was designed to have high 

peeling strength and environmental toughness for fixing displays and signboards 

outside, whose adhesion strength and service temperature is 1500 N/m and -30 ~ 

200 °C, respectively. Three types of the bondlines were prepared by replacing both ends 

of the bondline with the tape length of 1, 3, and 5 mm, represented by “bondline_1-28-1 

mm”, “bondline_3-24-3 mm sample”, and “bondline_5-20-5 mm”, respectively. The 

tapes were attached at both ends of the bondline before painting the epoxy adhesive 



such that the bondline thickness can be controlled. Therefore, the insertion of a Teflon 

spacer, which was required for only adhesive bondline, was not necessary. In addition, 

the stickiness of the tapes helps to temporarily fix the plates during the curing process of 

the adhesive.   

All samples were placed on a hotplate at a temperature of 40 °C for 24 hours 

during the curing process. A paper cup filled with 100 g of water was used as a weight 

to provide a constant pressure of 1.3 kPa to all samples. After curing, the side surface of 

the specimen was polished with # 400 sandpaper carefully to remove the squeezed 

excess adhesive. The manufactured single-lap joints of aluminum and acrylic plates are 

shown in Fig. 4. The double-sided tapes are the grey area at both ends of the bondline, 

which can be seen through the transparent acrylic plate. Although an excess amount of 

adhesive slightly overflowed from a bondline, it kept remained to avoid damaging the 

bondline. Because Teflon tapes were attached along both ends of the bondline, there 

was no contact between the overflow adhesive and the plates. The average bondline 

thickness of all the joints, measured from 3 samples of each joint configuration, are 

shown in Fig. 5 (a) for the aluminum and acrylic plates and Fig. 5 (b) for two aluminum 

plates. The bondline with double-sided tapes are slightly thinner than the thickness of 

the original double-sided tape, which is 0.4 mm for the joint of aluminum and acrylic 

plates and 0.8 mm for two aluminum plates, owing to the applied weight during the 

curing process. The bondline thickness of only adhesive was thicker than the Teflon 

spacer due to its warp. Further improvement is required for the mold and the spacer for 

only adhesive joint, while the thickness can be easily and accurately controlled using 

the double-sided tape once it is related to the weight during the cure.  



2.2 Tensile-shear test  

A tensile-shear test was performed using a Instron 5982 testing machine at a 

tensile speed of 2 mm/min. The test was performed at a room temperature of 25 ± 1°C. 

Before the test, a speckle pattern was painted on the side surface of the bondline using 

an airbrush for all the joints of two aluminum plates. First, the side surface was 

sufficiently sprayed to be flat white as a base to minimize the error in the image 

information. Next, an identifiable pattern was obtained by evenly spraying flat black. 

The painted area was recorded using a CCD camera Grasshopper3 GS3-U3-51S5M 

(Teledyne FLIR LLC) with a 35 mm lens and analysed using Vic-2D (Correlated 

Solutions, Inc.). The image taken by this camera has 5M (2448 ×2048) pixels at the 

frame rate of 20 fps. The subset size was determined to be 39 pixels which corresponds 

to 1/4 of the bondline thickness. The step size was 7 pixels to obtain sufficiently smooth 

strain distribution in the analyzed area. The aluminum and acrylic joints were observed 

through the acrylic plate using the same camera to capture the debonding process in the 

bonded area. 

 

3. Results and discussion 

3.1 Joint of aluminium and acrylic plates 

The load and displacement relationships obtained from all the joints of 

aluminum and acrylic plates are shown in Fig. 6(a). When the end of the bondline was 

replaced by the double-sided tape, both the maximum load and displacement increased 

compared to the only adhesive bondline_30 mm. The average values of the maximum 

load are shown in Fig. 6(b). The error bars represent the maximum and minimum values 

obtained from three samples with the same configuration. Among the samples with 



various tape lengths, the bondline_3-24-3 mm exhibited the highest load, which is 

higher by 20% compared to the bondline_30 mm. It implies that there is an optimum 

tape length because insufficient tape length cannot suppress the stress concentration, but 

excess tape length cannot sustain the high tensile load. Nevertheless, all the samples 

showed the fracture of the acrylic plates. It means that the bending stress generated by 

the tensile-shear test reached the flexural strength of the acrylic plate. The higher 

maximum loads imply the suppression of bending deformation of the acrylic plate, 

which could be assisted by elongation of the double-sided tape. 

The images of the bonded area captured during the test were shown in Fig. 7 

(a)–(d) with the acrylic plate on the left and the aluminium plate on the right, arranged 

in the same directions in Fig. 4. The field of view was focused on the bonded area 

through the acrylic plate. The first image (top) and the last image (bottom) were 

captured before loading and soon after the fracture, respectively. The images in the 

middle were captured at the circles in the Fig. 6; 2.53 N, 2.74 N, and 3.02 N for 

bondline_30 mm, 2.57 N, 2.88 N, and 3.17 N for bondline_1-28-1 mm, 3.16 N, 3.46 N, 

and 3.88 N for bondline_3-24-3 mm, and 3.08 N, 3.21 N, and 3.31 N for bondline_5-2-

5 mm, respectively. In the case of bondline_30 mm (Fig. 7 (a)), the local debonding 

occurred at the upper-left corner, as indicated by the red arrows in the second image. It 

expanded gradually with increasing loading, as shown in the third and fourth images. 

The acrylic plate then fractured along the tip of debonding. The sample of bondline_1-

28-1 mm (Fig. 7(b)) also showed the local debonding at the upper left corner, but along 

the boundary with the tape, as shown in the second and third images. The debonding 

gradually expanded along the boundary toward the lower left corner, as shown in the 

fourth image, followed by fracture of the acrylic plate along the tip of the debonding. 

On the other hand, it was difficult to detect the debonding from the bondline_3-24-3 



mm, whose maximum load was the highest, because the debonded area was 

significantly smaller compared to the other samples (Fig. 7(c)). The debonding became 

finally apparent just before the fracture as shown in the second and third images. The 

acrylic plate fractured a few millimeters away from the observed tip of the debonding. 

The bondline_5-2-5 mm exhibited the similar debonding pattern to that of bondline_3-

24-3 mm (Fig. 7(d)); the debonding area was tiny along the boundary of the double-

sided tape, and became apparent just before the fracture as shown in the fourth image. 

In addition, the load at the second image when the debonding was first detected was 

close to that of bondline_3-24-3 mm. These results implies that the double-sided tape 

longer than 3 mm effectively suppressed the initiation of the debonding and delayed the 

fracture of the acrylic plate.  

3.2 Joint of two aluminium plates 

The load and displacement relationships obtained from all the joints of two 

aluminum plates, and the average values of the maximum load are shown in Fig. 8(a) 

and (b), respectively. The error bars represent the maximum and minimum values 

obtained from three samples with the same configuration. The increase of the maximum 

load by double-tapes at both ends of the bondline was less significant compared with 

the increase obtained from aluminium and acrylic plates. However, the load decreased 

gradually before the complete fracture whereas the bondline of only adhesive_30 mm 

caused the fracture in brittle manner. Because all the joints caused the interfacial 

debonding without fracture of aluminum plates, the suppression of the unstable 

interfacial debonding was confirmed by the double-sided tape. 

The bondline of all the samples was observed from the side surface as shown in 

Fig. 9. The first image (top) and the last image (bottom) were captured before loading 

and soon after fracture, respectively. The images in the middle were captured at the 



circles in the Fig. 8; 4.00 N, 5.20 N, and 6.53 N for bondline_30 mm, 4.00 N, 4.76 N, 

and 4.18 N for bondline_1-28-1 mm, 4.00 N, 6.50 N, and 4.19 N for bondline_3-24-3 

mm, and 4.00 N, 6.82 N, and 4.89 N for bondline_5-2-5 mm, respectively. The speckle 

pattern was used for DIC analysis in the following paragraph. No particular change was 

detected from only adhesive bondline _30 mm until complete fracture (Fig. 9(a)). The 

epoxy adhesive was continuous but separated from each root of top and bottom plates. 

The bondline_1-28-1 mm (Fig. 9(b)) exhibited the crack propagation from the root of 

the bondline indicated by the red arrow. It was detected after the slight decrease of the 

load at the displacement of 0.5 mm. The stable crack propagation was observed as 

shown in the fourth image with the gradual decrease of the load. The bondline_3-24-3 

mm (Fig. 9(c)) also exhibited the crack propagation from the root of the bondline as 

shown in the fourth image, but the image soon after the fracture showed the separation 

from the tip of each plate with scission of the adhesive layer. The bondline_5-20-5 mm 

(Fig. 9(d)) did not cause the detectable crack from the side surface. The fracture pattern 

was the same as that of bondline_3-24-3 mm, whose interfacial separation occurred 

from each tip of the plates with scission of the adhesive layer.  

The strain of the adhesive layer was obtained from the DIC method. The 

distributions of the shear and normal strains were compared at the same loading of 4 kN 

because the strain analysis at the higher load showed the error in the region of double-

sided tapes. No damage was observed at 4 kN from the side surface as shown in the 

second images in Fig. 9(a)-(d). The contours of the strain are shown in Fig. 10 (a)–(d) 

for the bondline_30 mm, 1-28-1 mm, 3-24-3 mm, and 5-20-5 mm, respectively. Shear 

and normal strains are shown on the left and right, respectively. Compared to the 

bondline_30 mm, the bondline_1-28-1 mm showed the higher shear strain toward both 

ends on the bondline symmetrically. Their normal strains were negligibly low along the 



entire bondline. The bondline_3-24-3 mm and the bondline_5-20-5 mm exhibited a high 

shear strain along the entire bondline with higher values toward both ends. Their normal 

strain was high only at the region of the double-sided tape. 

To interpret the strain distribution in more detail, the shear and normal strains 

along the middle of the adhesive layer was extracted from the left to right ends. The 

shear and normal strains were compared among the different tape lengths in Fig. 11(a) 

and (b), respectively. The horizontal axis is the location of the bondline from the left to 

the right ends at -15 to 15 mm. The bondline_1-28-1 mm exhibited the similar shear 

strain in the center of the bondline and higher strain toward both ends. Compared to 

these shear strains, those of the bondline_3-24-3 mm and bondline_5-20-5 mm were 

much higher entirely along the bondline. The minimum value at the center is 1.4%, 

which is even higher than the highest strain at the end of bondline_1-28-1 mm. The 

sample of bondline_5-20-5 mm showed the higher strain toward both ends, particularly 

on the double-sided tapes. It was confirmed that the change of the shear strain 

distribution was not proportional to the length of double-sided tapes, but it increases 

drastically from the tape length of 3 mm, which corresponded to the improvement of the 

fracture elongation shown in Fig. 8. On the other hand, the normal strain is negligibly 

low in the region of epoxy adhesive as shown in Fig. 11(b). The higher normal strain 

was observed accordingly from the longer double-sided tapes with the compressive 

strain in the epoxy adhesive near the boundary. The transition from tension to 

compression roughly corresponded to the boundary between the double-sided tape and 

the epoxy adhesive. The compression in the epoxy adhesive suppressed the debonding 

propagation and resulted in the gradual decrease of the load in Fig. 8(a). This strain 

distribution is very similar to that reported in the bi-adhesive joint [26], which exhibited 

the maximum compressive strain in the hard adhesive region when the length of the 



flexible adhesive is sufficiently short. Therefore, it was verified that the double-sided 

tape attached at both ends of the bondline has the same effect as the bi-adhesive joint.  

The tensile strain along the interface of aluminum plate, which is represented in 

the red arrow in Fig. 9(a), was also extracted at the load of 4 kN and plotted in Fig. 

12(a). The position of the tip of the aluminum plate is defined as -15 mm in the 

horizontal axis. The tensile strain of the aluminum plate is quite similar regardless of the 

length of the double-sided tapes. The maxim tensile strain at the load of 4 kN was 

0.0025, which was slightly lower than the strain at the proof stress of A5052, y ≈ 0.003. 

The strain distribution was also extracted from the image at the maximum loading point 

from all the samples and shown in Fig. 12(b). The maximum strain values of 0.006, 

which implied plastic deformation, were similar in accordance with the similar 

maximum loads in Fig. 8(a). Although the maximum strains were observed near the end 

of bondline (x = 15 mm) in the case of the bondline_30 mm and 1-28-1 mm, those of 

the bondline_3-24-3 mm and 5-20-5 mm were close to the boundary with the epoxy 

adhesive region. Therefore, the double-sided tapes do not affect the load transfer 

through the bonded area at the lower loads, but changes the bending deformation of the 

plates toward the failure load. The effect of the double-sided tapes on the deformation 

of substrate plates and compressive strain in the epoxy adhesive region will be related to 

the suppression mechanism of debonding propagation in the future work. 

 

4. Conclusions 

In this study, the new concept of the composite bondline, which is the combined 

use of double-sided tapes for adhesively bonded single-lap joints, was proposed. Both 

ends of the 30 mm bondline were partially replaced by double-sided tapes to control the 

thickness of the bondline and to suppress the stress concentration. The proposed 



composite bondline does not require any spacers to control the thickness, but its 

variation of the thickness was similar to that of only adhesive bondline which required 

the spacers and careful alignment during the curing process.  

First, the tensile-shear tests were conducted for the joint of aluminum and 

acrylic plates. The fracture process on the bonded area was observed through the 

transparent acrylic plate. The initiation of the interfacial debonding was confirmed at 

the higher loads by replacing the end of bondline with the double-sided tape. All the 

joints caused the fracture of the acrylic plate, while the tape length of 3 mm showed the 

highest breaking load compared with that of 1 mm and 5 mm. These results mean that 

the double-sided tape has an optimum length.  

Second, the same tests were conducted for the joint of two aluminum plates. All 

the joint showed the interfacial debonding without causing the fracture of the aluminum 

plates. The joint of only adhesive fractured in a brittle manner, whereas the proposed 

composite joint showed the gradual decease of the load before the separation. The strain 

distribution of the adhesive layer was obtained by the digital image correlation. The 

normal strain is negligibly low along the adhesive although the higher strain was 

observed in the longer tape length. Furthermore, the compressive strain was confirmed 

in the epoxy adhesive near the boundary with the double-sided tape similarly to that 

observed in bi-adhesive bondline with the flexible adhesive. Therefore, it was proved 

that the double-sided tape has the equivalent effect as the flexible adhesive for the bi-

adhesive bondline. Further improvement of the joint strength would be possible by 

utilizing the computer simulation for more detailed stress analysis and by clarifying the 

suppression mechanism of the debonding propagation in the proposed composite 

bondline. 
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Table 1 Mechanical properties of plates 

 Elastic modulus 

[GPa] 

0.2% proof stress  

[MPa] 

Tensile strength 

[MPa] 

Aluminum plate 68.0 215 260 

Acrylic plate 3.27 37.7 59.1 

 

 
 

Fig. 1 Schematic image of stress concentration caused in single lap joint 

 

 
 

Fig. 2 Reduction of stress concentration by bi-adhesive joint 

 

  



 

(a) 

 

(b) 

Fig. 3 Configuration of single-lap joint specimen with double-sided tapes on both 

ends of bond-line 

  



 
(a)  

 

(b)  

 

(c)  

 

(d)  

Fig. 4 Images of single-lap joint specimen with the bond-line of 30 mm (a), and the 

replacement of both ends by double-sided tape with 1 mm (b), 3 mm (c) and 5 mm (d) 
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(b) 

Fig. 5 Thickness of the bondline obtained from the various tape length for the joint of 

acrylic plate and aluminum plate (a) and the joint of aluminum plates (b) 
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(a)  

(b)  

Fig. 6 Tensile shear test of the joint of acrylic plate and aluminum plate with various 

tape length  
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(a)               (b)               (c)              (d) 

Fig. 7 Observation of bonded-area through acrylic plate for the bond-line of 30 mm (a), 

and the replacement of both ends by double-sided tape with 1 mm (b), 3 mm (c) and 5 

mm (d) tape 

 



(a)  

 (b)  

Fig. 8 Tensile shear test of the joint of aluminum plates with various tape length 
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(a)                                (b) 

  

(c)                                 (d) 

Fig. 9 Images captured by a high-speed camera at the progressive deformations 

indicated by the circles in Fig. 8 obtained from the bond-line of 30 mm (a), and the 

replacement of both ends by double-sided tape with 1 mm (b), 3 mm (c) and 5 mm (d) 

 

 

 

 



 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 10 Distribution of shear (left) and normal (right) strains at the tensile load of 4 kN 

obtained by digital image correlation method for the bond-line of 30 mm (a), and the 

replacement of both ends by double-sided tape with 1 mm (b), 3 mm (c) and 5 mm (d) 



 (a)  

(b)  

Fig. 11 Distribution of shear (a) and normal (b) strains in the middle of the adhesive 

layer at the tensile load of 4 kN for the bond-line of 30 mm (a), and the replacement of 

both ends by double-sided tape with 1 mm (b), 3 mm (c) and 5 mm (d) 
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(a)  

(b)  
Fig. 12 Distribution of tensile strains in the aluminum plate along the interface at the 

tensile load of 4 kN f (a), and at the maximum loads (b) 
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