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Abstract 

The extensive utilization of composite materials has spurred the 

advancement of diverse joining techniques suitable for 

components constructed from such materials. This study focuses 

on the examination of two specific types of joints: single lap and 

joggle lap joints. The specimens utilized were composed of 

unidirectional carbon fiber composite combined with vinyl ester 

resin, manufactured via the vacuum-assisted resin infusion 

method. Vinyl ester adhesives were employed in the bonding 

process, with the joint surfaces undergoing sanding treatment 

prior to testing. Mechanical testing was conducted on the 

specimens according to ASTM D5868 standard, employing a 

constant crosshead speed until failure occurred. The test results 

reveal that the shear strength of single lap joints surpasses that of 

joggle lap joints. Within the single lap joint configuration, a 

mixed failure mode comprising both adhesive and cohesive 

failure is observed. Conversely, in joggle lap joints, substrate 

delamination is prevalent, suggesting the predominance of peel 

stress during loading. 
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1 Introduction 

Carbon composites are lightweight structural materials 

characterized by a high stiffness-to-weight ratio, which makes 

them highly desirable for the aerospace, maritime, and automotive 

industries that require strong yet lightweight structures [1], [2], 

[3], [4], [5], [6]. The adoption of composite materials is 

increasingly replacing steel and aluminum in sectors such as 

marine, military, automotive, wind power generation, sports 

equipment, and construction [6], [7], [8], [9]. However, composite 

materials exhibit certain weaknesses, particularly low fracture 

toughness [10]. 

The diverse applications of composite materials have prompted 

the development of various bonding techniques applicable to 

components made from these materials [6]. Within the realm of 

composite materials, three types of joints are commonly 

identified: mechanical joints, adhesive joints, and hybrid joints 

that combine both types [11], [12]. Adhesive joints are 

progressively replacing mechanical joints due to their superior 

corrosion and fatigue resistance, elimination of the need for holes, 

capability to distribute loads over a broader surface area, and 

reduced weight [6], [13], [14], [15]. Nonetheless, adhesive joints 

present several drawbacks, including the challenges associated 

with disassembling joints for inspection and repair, the necessity 

for meticulous surface preparation of adherends, and sensitivity to 

environmental conditions during operation [15]. Among the most 

significant challenges concerning the application of composite 

adhesive joints in the aerospace industry are their weak fracture 

toughness and low durability under harsh environmental 

conditions [10], [16]. 

The thickness, peel stress, and shear stress of the adhesive used 

are factors that influence the strength of adhesive joints [17]. The 

effectiveness of adhesive joints also depends on various other 

factors such as surface treatment of adherends, curing process, 

adhesive polymer composition, and chemical bonding between the 

adhesive and adherends [18]. Broadly speaking, adhesive joint 

failures can be categorized into three modes: adhesive failure 

mode, cohesive failure mode, and substrate failure mode [19], 

[20]. Adhesive failure mode occurs when the adhesive layer 

separates from the adherend, while cohesive failure mode occurs 

when the adhesive layer itself fails [20]. Substrate failure mode 

occurs when there is fiber breakage in the failure area [21]. 

Various studies have been conducted on the performance of 

single lap and joggle lap joints. One study examined the effects of 

various adhesive film curing methods on the performance of 

single-lap joint composites, with a specific focus on the impact of 

bond deficiencies [22]. Another investigation assessed the failure 

loads of composite single lap adhesive joints subjected to tensile 

and compressive loading [23]. Additionally, shear testing and 

acoustic emission testing were employed in a separate study to 

evaluate the bonding characteristics of single-lap and joggle-lap 

joints [17]. 

While previous research has provided valuable insights into 

the characteristics of adhesively bonded single-lap and joggle-lap 

joints, a gap remains in understanding their performance when 

fabricated using the Vacuum-Assisted Resin Infusion (VARI) 

method and utilizing the same matrix material as the adhesive. 

This study aims to address that gap by examining the influence of 

joint types on shear strength under these conditions. The 

controlled variables in this study included material type, surface 

treatment, and manufacturing method. The joint types investigated 

were single lap adhesive joints and joggle lap adhesive joints. The 

adherends used were carbon composites with a vinyl ester matrix, 

and the adhesive employed was also vinyl ester. Specimens were 

fabricated using the VARI method and tested according to ASTM 

D5868 standards. 

2 Research Methodology 

Fig. 1 outlines the key steps of this research. The process 

began with fabricating composite panels for the adherends and 

testing tabs, followed by cutting and sanding them to the required 

specifications. Adhesive was then applied to the prepared surfaces, 

and the adherends were joined. After curing, the specimens 

underwent mechanical testing in accordance with ASTM D5868, 

and the results were analyzed for failure modes. 

2.1 Material and Composite Specimen Manufacturing 

The adherend used in this study was a carbon composite 

consisting of 12 layers of unidirectional carbon fibers (0° 

orientation) and a vinyl ester matrix named Ripoxy R-800 EX-VI. 

The adherend was manufactured by creating a composite panel 

using the Vacuum-Assisted Resin Infusion (VARI) method with a 

0.3% cobalt P-EX promoter and a 1% cumene hydroperoxide 

solution Percumyl-H catalyst. Other materials used in the 

manufacturing process included release agent, adhesive paper 

tape, sealant tape, peel ply, mesh ply, VARI plastic, resin hoses, 

spiral hoses, T connectors, resin containers, and a stirrer. The 

adhesive used for bonding in the adhesive joints was vinyl ester. 

All materials were purchased from Justus Kimia Raya, Indonesia. 
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Fig. 1. Research flowchart. 

 

The manufacturing process of the composite using the 

Vacuum-Assisted Resin Infusion (VARI) method involved several 

steps. The first step was to prepare all materials and tools required 

for the VARI process. The subsequent step entailed cleaning the 

mold, a glass table, to remove any dirt and applying a release 

agent to facilitate the easy demolding of the dried composite 

panel. Following this, sealant tape was applied around the 

lamination area, and resin inlet hoses, resin outlet hoses, and spiral 

hoses were installed. Dry composite fiber sheets were then placed 

in the lamination area on the glass mold, covered with peel ply, 

mesh ply, and bagging plastic to create an airtight seal. The air in 

the lamination area was evacuated using a vacuum pump. The 

next step involved checking for leaks by turning off the vacuum 

pump and monitoring the needle on the pressure gauge, as well as 

employing a leak detector to inspect the lamination area. Leakage 

could be identified by a drop in the needle on the pressure gauge 

or by detecting sound through the leak detector. Once the vacuum 

conditions were established, the resin and promoter were mixed 

and stirred at 500 rpm for one minute using a stirrer. Hardener was 

then added to the resin-promoter mixture and stirred until 

homogeneous using the same procedure. The mixed resin with 

promoter and hardener was subsequently flowed through the inlet 

channels to wet all parts of the composite fiber. The vacuum pump 

continued to operate until the resin cured, maintaining a vacuum 

pressure of 100 kPa throughout the process. The composite panel 

was left to cure at room temperature for 24 hours (Fig. 2). The 

vacuum pump utilized was the Vacmobile vacuum pump from 

New Zealand. 

 
Fig. 2. Composite panel manufacturing setup. 

 

The composite panels for the single lap and joggle lap joint 

specimens were fabricated using a glass table mold. The single lap 

composite panel was constructed flat (Fig. 3(a)), while the joggle 

lap incorporated a joggle at one end of the panel (Fig. 3(b)), 

achieved by attaching a 2 mm thick balsa core coated with plastic 

to the glass table mold. The joggle at the end of the composite 

measured 25.4 mm in length. The adherends were produced by 

cutting the cured composite panels with a waterjet cutting machine 

(Fig. 3(c)), resulting in dimensions of 101.6 mm × 25.4 mm in 

accordance with ASTM D5868. The 25.4 mm × 25.4 mm areas 

designated for bonding on each adherend were sanded using a 

Rockwell sanding machine equipped with an 800-grit sandpaper 

belt (Fig. 3(d)). 

 

 
Fig. 3. (a) Single lap composite panel, (b) joggle lap composite 

panel, (c) waterjet cutting, and (d) adherend sanding. 

 

The specimens were created by bonding two adherends using 

vinyl ester adhesive with an overlap length of 25.4 mm. The 

overlap area was clamped using paper clips, and excess adhesive 

that oozed out due to pressure was cleaned using a dry cloth. The 

specimens were then left to cure for 24 hours at room temperature 

until the adhesive fully cured. 

A total of 5 specimens were created for both single lap and 

joggle lap joints. After the joints were assembled, they were 

placed inside a dry cabinet with a temperature of 23±2°C and a 

humidity of 50±5% RH for a minimum of 40 hours. This ensured 

that the joints were properly cured and acclimatized to the testing 

environment before conducting any further testing or analysis. The 

design of the joints can be seen in Fig. 4. 

On the single lap joint specimen, tabs were installed at both 

ends. These tabs were installed to ensure that the load during 

testing is applied directly to the specimen. The tabs were made of 

e-glass/vinyl ester composite produced using the hand lay-up 

method. The dimensions of the tab were 25.4 mm × 25.4 mm, and 

they were attached to the specimen using vinyl ester adhesive. An 

illustration of the specimen with tabs installed as shown in Fig. 5. 

Start 

Prepare tools and materials 

Making CFRP composite panels for adherend 

Making GFRP composite panels for tab 

Cutting CFRP and GFRP composite panels 

Sanding overlapping areas of the adherend 

Sticking every two adherends into one specimen 

using adhesives 

Sticking tabs on each specimen 

Place the specimen in the dry cabinet 

Conduct mechanical testing 

Conduct failure analysis 

Finish 
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Fig. 4. (a) Single lap composite joint design, (b) joggle lap joint 

design, (c) bonding of single lap joint specimen, and (d) joggle lap 

joint specimen. 

 

 
Fig. 5. (a) Illustration of the single lap joint specimen with tabs 

and (b) the specimen with tabs installed. 

2.2 Testing Method 

The testing method employed in this study was the single-lap 

shear adhesion test based on ASTM D5868. The tests were 

conducted using the UTM Tensilon testing machine from AND 

Japan with a capacity of 100 kN (Fig. 6) and a pull rate of 13 

mm/minute. The testing environment maintained a temperature of 

23±2°C and a humidity level of 50±5%RH. Specimens were tested 

until failure occurred either at the adherend or at the joint. Load 

data and strength were recorded using UTM software. All testing 

procedures were carried out at the Material Testing Laboratory of 

the Aviation Technology Research Center, BRIN. 

 

 
Fig. 6. Testing setup. 

2.3 Fracture Surface Observation 

Fracture observations of the joints in this study were conducted 

on specimens after testing. These observations were performed to 

determine the failure mode of the joints and the load transfer 

mechanism that occurred. In this research, the fractures of both 

joint types were photographed using a camera and a digital 

microscope to obtain images with clear detail. The photography 

was carried out at the Aerostructure Building, Aviation 

Technology Research Center, BRIN. 

3 Results and Discussion 

3.1 Joint Test Results  

The primary results were presented alongside the analysis. Fig. 

7 illustrates the stress versus strain graph derived from testing 

unidirectional carbon fiber composite single lap and joggle lap 

joint specimens. The test results indicated differences in the 

characteristics of the graphs for the single lap and joggle lap 

specimens. Both graphs exhibited distinct slopes, signifying 

differences in stiffness. The slope of the single lap graph was 

steeper than that of the joggle lap, as shown in Fig. 7(a), indicating 

that the single lap specimen was stiffer than the joggle lap 

specimen. Conversely, the slope of the joggle lap specimen graph 

was lower than that of the single lap specimen, as depicted in Fig. 

7(b), suggesting reduced stiffness. Additionally, the maximum 

shear stress values for both specimens varied, as illustrated in Fig. 

7(c). The maximum shear stress of the single lap specimen ranged 

from 10 MPa to 15 MPa, while that of the joggle lap specimen 

ranged from 5 MPa to 10 MPa. Differences in the graphs of both 

specimens were also observed in their strain values. The 

maximum strain of the single lap composite specimen ranged from 

2% to 4%, whereas the maximum strain of the joggle lap specimen 

ranged from 3% to 4%. These results indicate that the single lap 

joint specimen exhibited greater stiffness and shear strength 

compared to the joggle lap joint specimen. Specimens with higher 

stiffness demonstrated lower strain, and vice versa. 
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(c) 

Fig. 7. (a) The stress vs. strain graphs resulting from the testing of 

single lap, (b) joggle lap joints, and (c) the combined graph. 

 

Single lap joints primarily transmit forces through shear 

mechanisms when subjected to loads, while joggle lap joints 

primarily transmit forces through peel mechanisms [17]. This 

observation is consistent with the research findings and may 

explain the lower shear strength of joggle lap joints. 

Fig. 8 presents the shear strength values of carbon composite 

adhesive joints for both single lap and joggle lap configurations. 

The shear strength of single lap carbon composite adhesive joints 

was measured at 11.68±1.37 MPa, in contrast to 7.56±1.23 MPa 

for joggle lap joints. This indicates that the shear strength of single 

lap carbon composite adhesive joints is 54% higher than that of 

joggle lap joints. These results should be considered in the 

application of carbon composite adhesive joint structures. In 

addition to strength values, the final product outcomes must also 

be taken into account when selecting joint applications. If the 

primary consideration is strength, single lap adhesive joints may 

be preferred. However, if the final product necessitates a smooth 

structural surface, joggle lap adhesive joints may be favored, 

particularly when filler is added to the joint gap. 

 

 
Fig. 8. The shear strength of carbon composite adhesive joints. 

3.2 Observation of Joints Fracture Surface 

Observations were conducted on the surface images of the 

fractures of single lap and joggle lap joints, as depicted in Fig. 9 

and Fig. 10. 

Fig. 9 illustrates that one substrate features areas devoid of 

adhesive layers, while the other substrate displays regions where 

the adhesive remains intact, as well as clear indications of 

adhesive fractures. This observation suggests a mixed mode of 

failure, encompassing both adhesive and cohesive failure. The 

adhesive failure mode occurs at the adhesive/substrate interface, 

characterized by the adhesive detaching from one substrate and 

adhering to the other. Conversely, cohesive failure transpires 

within the adhesive itself, as evidenced by the adhesive fractures. 

This failure mechanism arises from axial forces applied during 

testing, which initially induce adhesive fractures (cohesive 

failure), followed by the adhesive detaching from one substrate 

(adhesive failure) until the joint can no longer sustain the load. 

Additionally, Fig. 9 reveals a matrix layer fracture in the joint 

fracture area. The adhesive fractures exhibited brittleness, 

primarily influenced by axial forces, with minor peeling observed. 

Based on the conditions of the adhesive fracture, it is concluded 

that the predominant stress on the joint is shear stress, 

accompanied by a minor component of peel stress. 

 

 
Fig. 9. Fracture images of the single lap joint type: (a) both sides 

of the joint fracture, (b) the fracture and non-fracture areas of the 

joint, (c) magnified image of the joint fracture. 

 

In Fig. 10, it can be seen that the failure occurring at the joint 

location was dominated by delamination. The dominance of 

delamination damage indicates that the stress in that area was 

primarily peel stress. The presence of fiber delamination in the 

adherend indicates that the failure was a type of substrate failure. 
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Fig. 10. Fracture images of the joggle joint type: (a) both sides of 

the joint fracture, (b) the fracture and non-fracture areas of the 

joint, (c) magnified image of the joint fracture. 
 

Based on the observations of the fracture surface of the joint, 

the dominant stress in the single lap joint was shear stress, 

whereas the dominant stress in the joggle lap joint was peel stress. 

This phenomenon was consistent with the analysis of the test 

graphs and was a key factor in the difference in shear strength 

between single lap and joggle lap joints. 

Mixed adhesive and cohesive failure occurred in the single lap 

joint, while substrate failure occurred in the joggle lap joint. The 

mixed failure mode occurred due to the good bonding of the 

adhesive, matrix, and composite fibers, as the adhesive type used 

was the same as the composite matrix. Substrate failure, indicated 

by delamination in the joggle lap joint, was mainly due to the peel 

stress that occurred during loading. 

4 Conclusion 

This study investigated the shear strength of adhesive joints in 

single-lap and joggle-lap configurations using unidirectional 

carbon fiber composites with a vinyl ester matrix, fabricated via 

the Vacuum-Assisted Resin Infusion (VARI) method. 

Experimental results demonstrated that single lap joints exhibited 

superior shear strength compared to joggle lap joints. The failure 

modes were distinct: single lap joints primarily displayed mixed 

failure, while joggle lap joints showed substrate failure. 

Fractographic analysis revealed predominant adhesive failure in 

the axial direction for single lap joints, whereas delamination was 

more prominent in joggle lap joints. These observations suggest 

that the higher shear strength of single lap joints is due to the 

dominance of shear stresses, while peel stresses are the primary 

contributors to failure in joggle lap joints. 
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