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Abstract: In this study, the stress and deformation behaviour of  two I-corner plates with rivet connection in bending and tension 
were investigated. Pure bending and axial tension were applied at the end edge as the boundary condition and fixed support was 
defined at the other end edge of  the plates. The finite element method was used. A suitable validation study was conducted, and 
its results were compared with the literature cases. A surface pressure was applied to the rounded I-corner. The results are shown 
in the form of  the stress concentration factor. The time-dependent response of  applied pressure was also performed to observe 
the dynamic behaviour. The stresses in the plates occurred at the calculated values and as a result the stress concentration factor 
was about 1.0. The stress concentration factor of  the plate in the rivet region is I=0.2 and in the rivets goes up to 5.0. The results 
are discussed in detail. 
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formance compared to bonded and simple joints. D’An-
iello et al. [5] considered shear behaviour of rivets in steel 
connections. Secondary tensile effect, which has a dom-
inant effect, was observed. Longer unsymmetrical joints 
were recommended which had more resistance to bend-
ing effects. Díaz et al. [6] investigated modelling of joints 
in steel frames and prepared a review of fatigue effects. 
The used models had consistent moment–rotation curve, 
however, sensitivity decreased when an axial load was ap-
plied. Kumar et al. [7] investigated riveted lap joints hav-
ing different number of rivets and rows. Linear behaviour 
was observed when large numbers of rivets were used, and 
when the number of rivets decreased, the joint showed 
non-linear behaviour. Bedair [8] studied on strength of 
spliced joints. Secondary bending caused large stiffness 
variation and affected maximum tensile and compres-
sive stresses. Huang et al. [9] used a short pipe rivet for 
connecting metal sheets. The considered rivet heights, di-
ameters, end angle and rivet wall thickness showed that 
lap joints had the greatest static strength values, but their 
failure occurred at less displacement. Skorupa et al. [10] 
analysed fatigue life of riveted lap joints used in alumin-
ium airframe. The interference fit in connection could 
prevent notch effect. Kafie-Martinez et al. [11] investigat-
ed crack growth behaviour of riveted lap joints. The rivet 
temperature was included during fastening process. The 

1. Introduction
Plate joints have many uses in engineering. Various stud-
ies on the examination and development of their connec-
tions are constantly ongoing. The most important feature 
in the use of plates is that it performs lower weight me-
chanical functions and support thanks to a high surface 
area capacity compared to thickness. However, their thin 
structure creates a disadvantage in terms of strength and 
causes stress concentrations to have a greater effect on the 
joints. In the literature, it has been determined that high 
stress concentrations occur at the rivet joints of the plates 
and the cracks starting at these stress concentrated loca-
tions cause fractures. Moreno and Valiente [1] prepared a 
model to determine the stress intensity factor in riveted 
steel beam including crack. İbrahim and Pettit [2] made 
a review study for understanding uncertainties of bolt-
ed joints and fasteners and mentioned that joints have 
complex mechanical behaviour and contain nonlinear 
properties. Bedair and Eastaugh [3] investigated riveted 
splice joints. The secondary bending involved has a domi-
nant effect on maximum tensile and compressive stresses 
in joints up to 39%. Sadowski et al. [4] investigated the 
damage on simple rivet, simple adhesive bonded and hy-
brid adhesive-riveted joint under tension. Aluminium 
plates, rivets and cohesive layers were included into the 
FEM analysis. The hybrid riveted joint has the best per-
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used thick plate joining showed higher fatigue crack grow 
rate and less residual stress effect. Song et al. [12] investi-
gated rivet connection of truss beams under bending. Two 
types of failure were observed, and one occurred in the 
rivet. Nejad et al. [13] studied fatigue crack growth of riv-
eted joints in Al-2024 plates and observed the cracks ini-
tiated at the sheet joint. Zhang et al. [14] used self-piercing 
riveted joints in titanium plates and observed the crack 
initiated at the interface location of both sheets. Karim et 
al. [15] investigated different rivet coating included with 
frictional effects. The higher friction coefficient in coat-
ing provided higher strength in joints. Zhao et al. [16] 
investigated the shear strength of blind rivets using FEM 
and observed that the spacing between rivets affects the 
ultimate load bearing capacity. Jiang et al. [17] studied 
rivet joints with three different locking types for carbon 
fiber reinforced polymer (CFRP)/aluminum sheets. shear 
strength was affected by the locking type and suitable 
locking rivet should be selected for different joining ap-
plications. Cabrera-González et al. [18] studied rivet con-
nections on composite materials in order to predict the 
stresses that may occur under different conditions. Ren et 
al. [19] used rivet‑reinforced joints into tubular rivets for 
increasing energy absorption. In addition to static stress-
es, especially in the plates used in aviation, their dynamic 
response has great importance, and there are various data 
on the velocity and acceleration of dynamic behaviour 
in the literature. In this study, the stresses and dynamic 
responses that occur for the rivet connection of I-corner 
plates, which do not have enough data in the literature, 
have been examined.

2. Model And Boundary Conditions
Finite element method was used to examine the plates. 
This method, which is a numerical method, makes the 
solution more applicable by converting the geometric 
model to be examined into small elements. Solution pre-
cision depends on the number and structure of finite ele-
ments used. Therefore, a verification study has been car-
ried out for the element structure and overall size. 

The verification study model in Fig. 1 examines the axial 
tensile condition for a plate with a hole in the middle. The 
applied load is P = 1000 N and steel (E = 200 GPa and 

poi = 0.3) material properties have been used in standard 
properties. Similar case studies and geometrical structures 
are available in various literature [20-24] studies. Stress 
concentration factor (K) [25-26] for a plate containing a 
single hole under uni-axial tension is used for the state of 
stress and is given by

	  (1)
The geometric model and dimensions created to examine 
the mechanical behaviour of L-corner plates are shown 
in Fig. 2. Two, three, four [27-28] and five [29] rivet-
ed joints are widely used between plate specimens. Two 
l-corner plates are connected to each other with a total of 
8 straight rivets under frictionless contact condition. The 
long part of the plates is 200 mm and the short part is 
80 mm long. Its width is 40 mm and the thickness is 4 
mm. The hole diameter where the rivets are attached is 8 
mm. Structural static and dynamic analysis of the finite 
element model shown was used to examine the mechan-
ical properties of rivet and plate behaviour. In the finite 
element model, Tet10 pyramid shaped finite elements 
were used for easier modelling of the curved geometries 
of the rivet heads. Tet10 pyramid element contains a total 
of 10 points and provides a more precise solution because 
it is polynomial based rather than linear in the interpola-
tion scheme. The element aspect ratio is 1. Hex20 finite 
elements in rectangular prism structure were used in the 
modelling of the plates. The Hex20 finite element with 8 
corners has a total of 20 points and the interpolation is 
polynomial based. The aspect ratio is 2 on average and the 
average element quality is above 85%. Material is defined 
with steel in standard properties. The results are given in 
the stress concentration factor. This factor is the ratio of 
the measured principal stress ( ) to the normal bending 
stress and defined as;

	  (2)
The stresses on rivets are illustrated with stress intensity 
factor and given for bending (case I) in Eq. 3 and tension 
(case II) in Eq. 4;

	  (3)

   	  (4)

For case I, the rivet stress intensity factor is the ratio of meas-
ured principal stress ( ) to bending stress of one rivet in Eq. 
3. N is the number of rivets, I is the second moment of inertia 
of rivet section, A is the rived cross-section area and c is the 
distance between rivet surface and rivet centre. For case II, 
moment effect is calculated from  which defines applied 
force and the distance between rivet centre and force applied 
location.   is the distance between force and rivet Rv1 centre 
(0.065 m).
The side surface of the bottom plate is fixed, and case Figure 1. Axial loaded plate including a central hole 
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studies are made for static stress and deformation solu-
tions under two different loading conditions. In the ex-
aminations, different pressure (P) values were applied to 
the rounded bending surface of the l-plate and its effect 
on the stresses was shown. In the case I, a pure bending 
moment of 24 Nm, in the case II, a tensile force of 120 N 
was applied to the side surface with pressure.

The time interval used in the explicit analysis should re-
flect the dynamic behaviour, so the solution interval of 

2 ms was used considering the computer load efficiency. 
Similar solution time is used in velocity and acceleration 
results [30-33] in dynamics studies. For the dynamic state, 
only 120 N tensile force was applied to the two surfaces 
where force and boundary conditions were applied in the 
plates. Fixed boundary condition is not included.

The model of the l-corner plate bonded with metal filler, 
which is a different type of connection, is shown in Fig. 3. 
The results of this connection type and rivet connection 
were compared for case II (axial loading). Instead of riv-
ets, a 0.5 mm thick (t) metal filler is attached between the 
L-corner plates. The results are given as the stress intensity 
factor (Ir) in Eq.5 for metal filler bonding. t is thickness 
(0.5 mm) and w is width of plate (10 mm).

  	  
(5)

3. Results and Discussion
Contour of stress concentration factor is shown for the perfo-
rated plate subjected to tension loading in Fig. 4. Stress concen-
tration factor, K [25-26] is expressed as 3 in the literature and it 
was found as 3.0421 in this study. The finite element structure 
and model used were found to be suitable for stress analysis of 
L-plates.

Figure 2. Geometrical and finite element model of l-plate connections

Figure 3. L-plates bonded with molten steel metal
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The results were taken from the path in the lower long 
edge of the bottom plate, and the stress intensity factor is 
shown in Fig. 5 for bending (case I). The effect of bending 
stress is expected to be approximately I=1 when it does 
not produce a stress concentration. In the results, due to 
the support effect, the stress concentration factor started 
from a low value and suddenly increased to the value of 
1 and remained almost constant until the section where 
the rivets are located. At the point where the other plate 
contacts (x=0.116 m), the stress intensity increased slight-
ly as a result of the sharp corner effect and then sudden-
ly decreased to 0.3. In the region of the rivets, the stress 
concentration factor is on average I=0.2. The increase in 
pressure applied to the rounding surface at the corner of 
the L-plate decreased the stress concentration except for 
the rivet region. The average stress concentration (I) at 
10 kPa, 20 kPa and 30 kPa of pressures was calculated as 
0.96, 0.92 and 0.88, respectively.

The vertical deformation of the plate edge for bending is 
shown in Fig. 6. As a result of the direction of the bend-
ing moment, the vertical deformation is upward, and the 
pressure applied to the rounding surface at the corner of 
the L-plate reduced the deformation. The effect of the mo-
ment formed as a result of axial tension (case II) on the 
stress intensity factor (I) is shown in Fig. 7. In contrast to 
the bending (case I), the pressure applied to the rounded 
surface did not cause a change in the stress concentration 
in the tensile (case II) results. The effect of applied pres-
sure on stress concentration is negligible. Stress concentra-

tion factors of case I and II are similar.

Vertical deformation results for tension (case II) are 
shown in Fig. 8. The applied pressure has reduced the de-
formation. The stresses formed on the surface of the rivet 
(Rv1) in contact with the plate hole are shown in Fig. 9 
with the intensity factor Ir. The stress intensity factor in 
the bending (case I) is less affected by the applied pres-
sure than in the tension (case II). However, the bending 
(case I) intensity factor values are higher than the tensile 
state (case II). The stress intensity factor was calculated 
to be 4.77, 4.65, 4.54 and 4.42 for the bending condition 
(case I) and 4.34, 4.03, 3.72 and 3.41 for the axial tension 
condition (case II), respectively, according to the applied 
pressure.

The stress intensity in the bonding with filler and rivet 
connections was shown in Fig. 10. Although the stress-
es occurring in filler bonding were mostly lower than the 
stresses in rivets, they occurred at higher values due to 
the formation of folding behaviour where the plates were 
rolled. Using the multi-rivet connection is safer between 
the compared fasteners.

The effect of applied pressure for axial tensile condition 
is investigated for dynamic conditions. Tensile forces of 
120 N were applied on a total of 2 surfaces where force 
and fixation boundary conditions were applied in dynam-
ic condition. Velocity and acceleration values are shown 

Figure 4. Stress concentration factor (K) of finite element model of 
axial loaded plate including a central hole

Figure 5. Stress intensity factor (I) on plate edge for bending

Figure 6. Vertical deflection of the plate edge for bending

Figure 7. Stress intensity factor (I) on plate edge for axial loading
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on the Rv1 rivet to observe the behaviour in Fig. 11. As a 
result of multiple connection and contact effects, there are 
fluctuations in the results at certain intervals. The applied 
surface pressure caused the speed and acceleration values 
to decrease. The peak points in the instantaneous acceler-
ation values decreased considerably with the applied pres-
sure. However, the results of velocity values in the range of 
0.00-0.02 ms are very close to each other.

The stress contours of the plates for bending (case I) and 
axial loading (case II) were shown in Table 1. Bending 
(case I) and axial loading (case II) conditions exhibited 

different behaviour in the plates due to the fact that the 
plates contain l-corner shape. The bending effect (B.E) 
caused by bending (case I) in the lower and upper plates 
created an intense stress field in and around the vertical 
rivet holes of the plate. These stresses are absent in the 
case of axial loading (case II). The stresses are at the high-
est value due to fixed boundary condition applied at the 
fixing edge. The stresses formed a critical and widespread 
distribution, mostly around 70% of the highest contour 
values. Critical stresses (Cr.) occurring outside this region 
are marked in table 1 figures. There is a local stress concen-
tration in the rivet socket where the Rv1 rivet contacts. In 
the case of bending (case I), the stresses in the lower and 
upper plates are close, while in axial loading (case II), the 
stresses in the lower plate are 2.5 times higher than the up-
per plate. It is seen that the bearing stresses (B.S) occur in 
the rivet beds of the lower and upper plates. Bearing stress 
contours (B.S) seen in vertical and horizontal rivet beds in 
the bending state (case I) were formed only in horizontal 
rivet beds in the axial stress state (case II). High stresses 
are seen on the inner edges of the rivet. In case of bending, 
a stress contour line is formed in the middle of the rivet. 
This can cause shear in the middle of the rivet. The applied 
pressure on rounded surface managed to reduce the stress 
values in both cases (cases I and II). The bending effect 
of the bending moment in the vertical part of the L-plate 
is seen in the difference between case I and case II. As a 
result of this bending effect, the rotation that occurs in 
the center axis of the rivets appears as a result of the case 
I rivet. In case of axial tension (case II), the rotation in 
the rivet principal axis is negligible. In both cases, there 

Figure 8. Vertical deflection of the plate edge for axial loading

Figure 9. Stress intensity factor (Ir) on the rivet body for bending (I) 
and axial loading (II)

Figure 10. Stress intensity factor (Ir) on rivet and filler bonding for 
axial loading (case II)

 

Figure 11. Total velocity and acceleration of the rivet for axial loading
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is no difference between the stress contours formed in the 
rivets due to the rotation effect.

4. Conclusion
The connection of l-shape plates, which are widely used 
in aerospace and industrial applications, with rivets was 
investigated under bending and tension. In the examina-
tions made using the finite element method, the results 
are shown separately for plate and rivet in the form of 
stress concentration factor. When the obtained findings 
are evaluated;

•	 Tension (case II) results are lower than bending (case 
I) results

•	 It has been observed that the stresses formed in the 
plate due to bending and tensile effects are equivalent 
to the calculated stresses and as a result the concentra-
tion factor is equal to 1

•	 The average stress concentration factor in the rivet re-
gion is I=0.2

•	 The stress concentration factor (Ir) is up to 5 in rivets

•	 The applied surface pressure decreased the stress in-
tensity factor in bending except for the rivet region, 
but it was not effective in axial case

•	 It has been observed that critical stresses occur where 
bearing stresses occur, and this is more pronounced in 

Table 1. Von-Mises stress (MPa) contours of  plates and rivet

Von-Mises stress contours P=0 kPa P=10 kPa P=20 kPa P=30 kPa
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the case of bending

•	 Although the contour distributions are similar, bend-
ing and rotation effects are observed in the upper part 
of the l-plate and the attached rivets in case of bend-
ing (case I)

•	 Applying pressure to the rounded surface reduces 
sharp accelerations in dynamic behaviour

•	 When the stress intensity in the fasteners was exam-
ined, the use of multi-rivet connection was safer than 
filler bonding in this case
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