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Abstract: Clinch joining or clinching is a mechanical joining technique for sheet material. In this 
paper, the mechanical behaviour of multiple clinched joints under mixed-mode loads (peel, shear 
and pull-out) is investigated using a modified Arcan test. The experimental results are compared 
with a proposed equivalent model for clinched joints to validate if the model can reproduce the 
deformation behaviour up to maximum force. The theoretical maximum resistance force of the 
configurations are then compared to the experimental maximum resistances to investigate the 
influence of interaction effects on the maximum strength of the configuration. This study is part of 
a global design strategy for clinched joints in large structures. 
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1. Introduction 

Clinching is a joining technique which uses severe local deformation of the sheet material to 
create a mechanical interlock. Despite gaining interest in recent years in automotive, heating 
ventilation and air conditioning (HVAC) and general steel constructions [1–3], clinch joining or 
clinching has not been able to establish as a widespread joining technique. The reason for this is the 
complexity of the joint [4] and the wide variation of tools and materials which affects the mechanical 
behaviour of the joint. Limited research has been done to investigate the mechanical behaviour of 
multiple clinched joints in configurations and the way they affect each other in terms of maximum 
strength [5,6]. This knowledge is important to serve as a basis for design rules for clinched joints in 
structures which can help to establish the joining technique in structural design. A first step of a 
design strategy was proposed by Breda et al. [7] were an equivalent model for a single clinched joint 
was investigated, to reproduce the deformation behaviour of a single clinched joint. For the 
calibration of this model, a simple shear lap and pull-out test was sufficient. The field of interest, 
however, lies in the use of multiple joints in different configurations and under mixed-mode loads 
(peel, shear and pull-out). In this paper the equivalent modelling strategy for a single clinched joints 
is applied on multiple joint configurations in a so called “modified Arcan” device [8]. The numerical 
results are compared with experimental results to reveal potential interaction effects between the 
joints which may affect the mechanical behaviour of the joints. Also the maximum resistance of each 
configuration is captured and compared to the theoretical value. This work aims at enhancing the 
global design strategy for clinched joints structures. 
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2. Materials and Methods 

Steel sheet of 1 mm thickness was used to produce the test specimen. Non Cutting Single Stroke 
(NCSS) round clinch technology was used as the clinch joining technique. The used punch and die 
had a diameter of 5 and 8 mm, respectively. All experimental tests were performed using a standard 
tensile machine with a capacity of 10 kN and with a crosshead speed of 1 mm/min. 

2.1. Calibration Test 

To calibrate the equivalent model as proposed by Breda et al. [7] (Figure 1), a H-tension test and 
a shear lap test were executed with the considered material and tool combination. The displacements 
of the specimen were captured using an extensometer. Each test was repeated 5 times to ensure it’s 
reproducibility. The force-displacement response was captured for each test and used as elastic and 
plastic calibration data for the model. The obtained calibration parameters were used in the 
application model: a modified Arcan test containing multiple clinched joints.  

 
Figure 1. Equivalent modelling strategy overview. 

2.2. Modified Arcan Test 

To subject a combination of loads onto the joints, a modified Arcan set-up was used as proposed 
by Coppieters et al. [8]. The device consists of two disk halves, clamping the clinched specimen. The 
modified Arcan test can be mounted under different angles in a standard tensile machine, controlling 
the shear/pull-out ratio onto the joint (Figure 2). For this work, the Arcan fixture was mounted using 
an angle of 45°, allowing shear and pull-out forces onto the joint. Because of practical reasons, the use 
of an extensometer was not possible. The displacements of each disk halve were therefore captured 
using Digital Image Correlation (DIC) [9]. DIC is an optical-numerical technique which tracks 
displacements with the use of a speckle pattern which is applied to the region of interest.  
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(a) (b) 

Figure 2. Modified Arcan device overview: (a) Device overview (b) Experimental set-up (upper) and 
the attached speckle pattern (lower). 

To validate if the force distribution over the different joints can be reproduced accurately with 
the proposed model, both a symmetrical and asymmetrical pattern were used (Figure 3). The force 
displacement response and the maximum force for each configuration was determined experimentally. 
The force displacement results up to maximum force were compared with the numerical model of the 
Arcan test, which uses the calibrated equivalent model to represent the clinched joints. The numerical 
model was built using S4R shell elements with a size of 1 mm. 

 
(a) (b) 

Figure 3. Overview on the tested configurations: (a) Configuration 1; (b) Configuration 2. 

The strength of a single joint inside the modified Arcan device with a load ratio of 45° has been 
tested as a reference strength (Figure 5). To estimate the strength of multiple joint in configurations, 
following simple formulae was used to estimate the maximum force resistance for each configuration: 

Fth,total= Fsingle × i (1)

With Fth,total as the expected total strength of the joints, Fsingle the strength experimentally tested 
for one joint and i the total number of joints. 
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3. Results and Discussion 

The experimental and simulation results can be found in Figure 4. It can be concluded that for 
both configurations, the model is able to reproduce the mechanical behaviour of the joint under a 
combination of peel, shear and pull-out loads and this up to maximum force. As the model is 
calibrated using the pure shear and pull-out behaviour of the joints, no interaction effect of the joints 
seems to influence it’s mechanical deformation behaviour up to maximum force. 

 
(a) (b) 

Figure 4. Numerical and experimental force displacement results: (a) Configuration 1; (b) Configuration 2. 

However, if the maximum forces for each configuration are plotted next to the theoretic value, 
it can be concluded that some effects due to the positioning of the clinch affects its maximum 
resistance (Figure 5). A first effect is the presence of peel moments which reduces the maximum 
resistance of the clinch. The average experimental maximum force for configuration 1 is less than half 
the theoretical or expected value. For configuration 1 this is due to clinch d and b (Figure 3) which 
take most of the loads acting onto the specimen. The presence of peel moments on these joints 
strongly reduces the resistance capability for this configuration. The experimental resistance for 
configuration 2 is approximately one third less than expected. The forces for this configuration are 
more distributed over all three joints. Nevertheless, peel moments are induced in every joint reducing 
its strength resistance with approximately one third of the estimated resistance. 

 
Figure 5. Expected and experimental maximum values for each configuration. 
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4. Conclusions 

The equivalent model for a single clinched joint proposed by Breda et al. [7] is able to reproduce 
the general deformation behaviour up to maximum force of multiple clinched joints exposed to mixed 
mode loads. There is no indication that joint interaction affects this general behaviour. Nevertheless, 
the presence of peel moments does affect the maximum resistance of the joint. This effect should be 
investigated in future work as in practice (because of geometrical and/or esthetic limitations), it is not 
always possible to avoid these peel loads onto the joint. These experiments show, that for the 
development of design resistance rules for clinched joints, further investigation is required in this 
regard. Research on the effect of peel moments onto the maximum resistance of the clinched joint is 
currently lacking in literature. In view of design rules, correction factors/equations for peel loads 
should be determined.  
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