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This study investigates the effect of initial clearance on the maximum stress distribution in pin-
loaded lug connections, a critical factor influencing joint strength, durability, and design
reliability. To this end, finite element analysis (FEA) was employed to model round-ended lug—
pin joints with varying pin—hole clearances under different applied loads, and parametric
simulations were conducted to identify the transition zone where tensile and compressive stresses
become comparable. The results show that clearance has a profound influence on stress
behavior: small clearances maintain relatively uniform stress distributions, whereas modest
increases trigger a dramatic shift from tensile- to compressive-dominated regions. This
transition is highly sensitive to applied load, producing nonlinear changes in the location of
maximum stress. Larger clearances also lead to highly localized contact stresses, sharply
amplifying compressive stresses and highlighting potential hotspots for surface damage, plastic
deformation, and fatigue initiation. These findings demonstrate that critical stress behavior in
lug—pin joints is dynamically dependent on both geometry and loading conditions, challenging
traditional assumptions in joint design. The study provides a quantitative assessment of the
interplay between clearance and applied load, offering practical guidance for achieving
balanced stress distribution and improving the durability and reliability of lug—pin connections.
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Bu ¢alisma, pim yiiklii kulak baglantilarinda baglangi¢ boslugunun maksimum gerilme dagilimi
tizerindeki etkisini incelemektedir. Bu etki, baglanti dayammi, dayamikiihigi ve tasarim
giivenilirligi agisindan kritik bir faktordiir. Bu amagla, farkli pim—delik bosluklarina sahip
yuvarlatilmis u¢lu  kulak—pim baglantilart sonlu elemanlar analizi (FEA) kullanilarak
modellenmis ve uygulanan farkl yiikler altinda parametrik simiilasyonlar gerceklestirilerek
cekme ve basma gerilmelerinin karsilastirilabilir hale geldigi gecis bolgesi belirlenmistir. Elde
edilen sonuglar, boslugun gerilme davranisi iizerinde 6nemli bir etkisi oldugunu gostermektedir:
Kiigiik bosluklar nispeten diizgiin gerilme dagilimlarini korurken, boslugun bir miktar artmasi
¢cekme baskin bélgelerden basma baskin bélgelere dogru dramatik bir kaymay tetiklemektedir.
Bu gec¢is, uygulanan yiike olduk¢a duyarlidir ve maksimum gerilme bélgesinde dogrusal olmayan
degisimlere neden olmaktadir. Daha biiyiik bosluklar ise temas gerilmelerinin oldukca
yerellesmesine yol acarak basma gerilmelerini keskin bir sekilde artirmakta; yiizey hasari,
plastik deformasyon ve yorulma baslangici i¢in potansiyel kritik bolgeleri ortaya ¢ikarmaktadur.
Bu bulgular, kulak—pim baglantilarindaki kritik gerilme davraniginin hem geometriye hem de
yiikleme kosullarina dinamik olarak bagl oldugunu gostererek, geleneksel baglanti tasarimi
varsayimlarini sorgulamaktadir. Calisma, bosluk ile uygulanan yiik arasindaki etkilesimi nicel
olarak degerlendirerek, dengeli gerilme dagilimi saglanmast ve kulak—pim baglantilarinn
dayaniklilik ve giivenilirliginin artirilmast igin pratik bir rehber sunmaktadir.
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1. INTRODUCTION

Pin-loaded lug connections are widely used in mechanical and structural engineering to transfer loads between structural members
[1-6]. Because the load transfer occurs through localized contact between the pin and the lug bore, the stress distribution in this
region plays a critical role in determining the strength and durability of the joint [7]. Consequently, understanding the factors that
influence the maximum stress in pin—lug connections is essential for reliable structural design [8]. In an ideal pin-loaded lug
connection, the pin fits tightly into the lug hole, and the load is mainly transferred through shear in the pin and bearing pressure on
the lug surface [7]. In practical engineering applications, however, manufacturing tolerances and assembly requirements inevitably
introduce an initial clearance between the pin and the lug bore [9]. The presence of this clearance modifies the contact conditions
between the pin and the lug, leading to changes in the pressure distribution along the contact surface and potentially increasing the
stress concentration near the contact edge [8-10]. Such stress concentrations may accelerate wear of the pin surface and the lug hole
wall, which is often a dominant failure mechanism in pin-lug joints [9-10].

The mechanical behavior of pin—lug connections has attracted considerable research interest over the past decades. Early analytical
investigations were mainly based on the two-dimensional theory of elasticity and the Michell polar solution for annular geometries,
providing valuable insight into the stress field in pin-lug systems [11]. Simplified analytical models based on curved beam theory
were later introduced to describe the load transfer mechanism in pinned connections, although these approaches often lack sufficient
accuracy for detailed stress analysis [2, 6, 12]. Several studies have also examined the effect of initial clearance on the stress field
in pinned connections. Persson [13] provided one of the earliest analytical treatments of this problem and demonstrated that
clearance significantly influences the contact conditions between the pin and the lug. Subsequent studies extended this analysis and
highlighted the progressive development of the contact arc as the applied load increases [9]. Nevertheless, many analytical
approaches rely on simplified assumptions that limit their applicability to realistic geometries and practical engineering conditions.

Design specifications and previous research have proposed several simplified models to describe the contact pressure distribution
between the pin and the lug, including uniform pressure models, sinusoidal pressure models, and Hertzian contact models [14-16].
Although these models provide useful approximations, they generally neglect important aspects such as the combined effects of
clearance, geometry, and deformation of the pin under load. As a result, accurately predicting the maximum stress in pin-lug joints
with clearance remains challenging [1, 9].

With the advancement of computational techniques, the finite element method has become an effective tool for investigating the
stress distribution and contact behavior in pin-lug connections. Numerical studies have shown that the location and magnitude of
the maximum stress in the lug depend on several parameters, including the applied load, lug geometry, and the magnitude of the
initial clearance [2, 7-9, 17].

Despite the considerable amount of research conducted on pinned connections, the influence of initial clearance on the maximum
stress in lug—pin joints still require further investigation, particularly for practical configurations. Therefore, the present study
focuses on evaluating the effect of initial clearance on the maximum stress occurring in a lug—pin joint. The analysis is performed
using finite element analysis, which enables a detailed examination of the contact stress distribution and its dependence on the
magnitude of the clearance.

2. LUG - PIN JOINT

Figure 1 illustrates a typical pin—lug connection used to transfer load between structural members through a pinned joint mechanism.
Such connections are widely used in mechanical systems, aerospace structures, and steel constructions where efficient load transfer
and rotational freedom are required [1, 13, 14, 16, 17].
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Figure 1. Geometry of a typical pin—lug connection: (a) 3-dimensional schematic of the assembly with the pin, lug, and clevis ears constituting a
double-shear configuration, and (b) Geometric definition of the lug with lug width w and hole diameter d

As shown in Figure 1, the assembly consists of three primary components: the lug, the pin, and the clevis ears. The lug is a plate-
like structural element containing a circular hole at its end. The pin passes through this hole and acts as the main load-transferring
element between the connected members. The clevis ears are two parallel plates placed on both sides of the lug. The pin passes
through the holes of the clevis ears and the central lug, creating a double-shear connection that links the components and enables
load transmission. In pin—lug connections, the applied load transfers from the lug to the pin mainly through bearing (contact) stresses
that develop along the interface between the pin surface and the lug hole. The distribution of these stresses depends on several
factors, including the applied load, the geometric characteristics of the lug, and the presence of initial clearance between the pin and
the lug bore [9, 13]. These factors influence the extent of the contact region and the resulting stress distribution around the hole.

Stress concentrations generally develop along the boundary of the lug hole, where the load is transferred from the lug to the pin [8].
The maximum stress may occur either within the pin—lug contact region or near the hole edge just outside the contact arc, depending
on the loading conditions and the magnitude of the clearance. These localized stresses are critical because they may initiate local
yielding, wear, or fatigue damage in the lug. The geometric parameters of the lug considered in this study also appear in Figure 1.
The parameter w denotes the lug width, measured across the plate perpendicular to the loading direction, while d represents the
diameter of the lug hole, which corresponds to the pin diameter in a neat-fit configuration. These parameters significantly influence
the stress distribution in the lug and therefore constitute important design variables in the analysis of pin—lug connections. Note that
Point A and Point B in Figure 1 represent the maximum tensile and maximum compressive stress locations, respectively [2, 8, 9,
16, 18, 19].

3. FINITE ELEMENT ANALYSIS

The stress distribution in the pin—lug connection was investigated using the finite element method. The numerical analyses were
performed using Abaqus/Standard [20], which employs an implicit solution procedure suitable for static contact problems. A three-
dimensional (3D) model was adopted to accurately represent the contact interaction between the pin and the lug and to capture the
stress distribution around the lug hole. The geometry of the pin—lug assembly was discretized using HyperMesh, which was used to
generate the computational mesh of the model. Particular attention was given to the mesh density in the vicinity of the lug hole,
where high stress gradients are expected due to the contact interaction between the pin and the lug. The analyses were conducted
assuming linear elastic material behavior. In addition, geometric nonlinearity was activated in the simulations to account for the
influence of large displacements and the progressive evolution of the contact region between the pin and the lug during loading.
This consideration is important in contact problems such as pin—lug connections, where the extent of the contact arc may change as
the load increases.

The material properties, geometric parameters, and loading conditions used in the numerical simulations are summarized in Table
1.
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Table 1. The material properties, geometric parameters, and loading conditions used in the numerical simulations

Parameter Symbol Value Unit Description

Elastic modulus of the material used for both the pin and the lug, represent-

Young’s Modulus ® 200000 MPa ing the stiffness of the material.

Poisson’s ratio ) 03 B Ratio of transverse strain to axial strain under uniaxial loading, typical for

structural steel.
Lug width (w) 60 mm  Distance across the lug measured perpendicular to the loading direction.

Hole diameter ) 30 mm Dlameter gf the lug hole, corresponding to the pin diameter in a neat-fit
configuration.

Lug Thickness (t) 10 mm  Thickness of the lug plate through which the pin passes.

Applied Load ®) 5000 N External force applied to the lug to represent the loading condition of the

pin—lug connection.

3.1. Finite Element Model, Loading and Boundary Conditions

The three—dimensional finite element model developed for the lug—pin joint assembly is illustrated in Figure 2. The model consists
of the lug, the clevis, and the connecting pin, all represented using solid finite elements to accurately capture the stress distribution
and load transfer within the joint. A structured mesh was employed for the discretization of the geometry, with a relatively finer
mesh around the pin—lug contact region and the hole boundaries, where high stress gradients are expected. This mesh refinement
ensures improved numerical accuracy in regions that are critical for evaluating stress concentration and structural performance.

As shown in Figure 2, appropriate boundary conditions were applied to represent the physical constraints of the assembly. The upper
clevis end surface and the lower clevis end surface were fully constrained in all translational directions, such that UX = UY = UZ
= 0. These constraints simulate the condition in which the clevis is rigidly connected to a supporting structure, preventing any rigid
body motion of the system. To properly represent the mechanical behavior of the pin within the joint, displacement constraints were
applied on the upper and lower surfaces of the pin. Specifically, the displacement in the thickness direction was restricted by
imposing UZ = 0 on both the pin upper surface and the pin lower surface. This constraint prevents axial movement of the pin while
still allowing the transfer of load between the contacting components.
Upper Clevis End

Pin Upper Surface

Surface
Uz=0

Lower Clevis
End Surface
Ux=Uy=Uz=0

x

Z
Y‘LX

Pin Lower
Surface
Uz=0

Figure 2. Finite element model of pin-lug joint with boundary and loading conditions
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Instead of applying a concentrated external force, a uniform pressure was applied on the free end surface of the lug, as indicated in
Figure 2. The applied pressure corresponds to a nominal stress defined by ¢ = P/wt = 8.33 MPa. This pressure-based loading
approach ensures a uniform stress distribution across the loaded surface and represents the tensile loading condition commonly used
in lug joint analyses [2, 7, 9].

In essence, the finite element model together with the specified loading and boundary conditions shown in Figure 2 provides a
realistic numerical representation of the lug—pin joint system, allowing a detailed evaluation of stress distribution and stress
concentration behavior within the joint. Additionally, the material used for the lug in the finite element model is assumed to be G550
structural steel, which is commonly used in high-strength thin-walled and connection applications. In the present study, the material
is modeled as linear elastic with an elastic modulus of 200000 MPa and a Poisson’s ratio of 0.3, which are typical values reported
for structural steels [21]. Since the analysis is limited to elastic stress evaluation, no plasticity or yield behavior is considered in the
material definition.

It is important to emphasize that, in the present study, both the lug and pin materials are intentionally modeled as linear elastic. This
modeling choice is consistent with the classical stress concentration framework of Peterson’s stress concentration factors [8], where
stress magnification due to geometric discontinuities is evaluated strictly under elastic conditions. Since the main objective of this
work is to isolate and quantify the effect of initial clearance on the elastic stress distribution in lug—pin connections, the inclusion
of material nonlinearity and plastic deformation is beyond the scope of the present analysis and is therefore not considered in the
finite element model.

3.2. Meshing and Element Type

The finite element model presented in Figure 2 was discretized using three-dimensional solid elements to represent the geometry
and to capture the stress distribution within the lug—pin joint assembly. In this study, the C3D8R element type was employed. This
element is an eight-node linear brick element with reduced integration and hourglass control, and it is widely used in three-
dimensional structural analyses due to its computational efficiency and its ability to provide reliable results in problems involving
contact and stress concentrations. [22]. A structured meshing approach was applied to the model to maintain good element quality.
Special attention was given to the contact region between the pin and the lug hole, where higher stress gradients are expected, as
shown in Figure 2. In this region, the mesh was refined to improve the accuracy of the stress prediction. In contrast, relatively larger
elements were used in areas farther from the contact interface to reduce computational cost while maintaining sufficient accuracy.

The final mesh consisted of 34,144 elements and 39,659 nodes. The quality of the mesh in the critical contact region was carefully
controlled, resulting in an element aspect ratio of approximately 1.365, which is within acceptable limits for reliable numerical
analysis and helps maintain stable and accurate stress calculations. To ensure that the mesh density was adequate, a mesh
convergence study was conducted based on the maximum stress values obtained from the analysis. The mesh was progressively
refined and the corresponding maximum stress results were compared. Convergence was considered achieved when further mesh
refinement produced only negligible changes in the maximum stress values, indicating that the selected mesh provides sufficiently
accurate results for the analysis of the lug—pin joint model shown in Figure 2.

3.3. Contact and Clearance

The load transfer within the lug—pin assembly occurs primarily through contact between the pin and the surrounding structural
components. Therefore, an appropriate contact formulation was implemented in the finite element model to accurately represent the
interaction between these parts [9]. In the present study, surface-to-surface contact pairs were defined to model the mechanical
interaction between the contacting bodies [9]. Specifically, contact was established between the pin and the lug hole surface, as well
as between the pin and the inner surfaces of the clevis ears. This approach enables the realistic simulation of load transfer through
bearing contact within the joint. A small-sliding contact formulation [20] was employed for all contact interfaces. This formulation
assumes that the relative sliding between the contacting surfaces remains limited during loading and is widely used for structural
contact problems where the expected relative motion is small. The use of small-sliding contact improves numerical stability and
computational efficiency while maintaining adequate accuracy for the present analysis.

To investigate the influence of assembly tolerances on the mechanical behavior of the joint, several clearance values between the
pin and the lug hole were considered. Clearance represents the initial radial gap between the pin surface and the inner surface of the
lug hole before loading is applied. Variations in this gap can significantly affect the contact pressure distribution, stress
concentration, and load transfer characteristics within the joint.
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A total of six clearance configurations were analyzed in the present study. The selected clearance values were 0, 1 x 104, 1 x 1073,
1x107? 1x 107, and 5 x 10°%. These values were chosen to represent a wide range of possible assembly conditions, from a perfect
interference-free fit to relatively large clearances. For clarity and consistency throughout the analysis, each clearance configuration
was assigned a specific sample designation, as summarized in Table 2.

Table 2. Clearance values considered in the simulations and corresponding sample designations

Sample Designation Clearance Value (mm)
Co 0
C1 1x10*
C2 1x10%
C3 1x10?
C4 1x10?
C5 5x10%

In order to isolate the influence of clearance on the structural response of the joint, frictional effects were neglected, and a frictionless
contact condition was assumed for all contact pairs. This assumption eliminates tangential resistance at the interface and allows the
analysis to focus on the normal contact pressure and the resulting stress distribution within the lug—pin assembly. This contact
modeling strategy enables a systematic evaluation of how different pin—hole clearance values influence the stress distribution and
contact behavior within the lug—pin—clevis assembly under the applied loading conditions.

4. RESULTS AND DISCUSSION

The numerical values of the maximum stresses obtained for different clearance values in the lug—pin joint are presented in Table 3.
These stresses were extracted from the normal stress contours shown in Figure 4, illustrating the normal stress distribution in the
lug for various pin-hole clearances. As depicted in Figure 1, the maximum tensile stress occurs at Point A, while the maximum
compressive stress is observed at Point B. These results are consistent with the stress patterns reported in the relevant literature [2,
8, 9]. The variation of these stresses with clearance is graphically represented in Figure 3, showing the maximum tensile stress at
Point A and the maximum compressive stress at Point B as the clearance increases.

Table 3. Effect of clearance on maximum tensile stress and maximum compressive stress at the critical locations

Clearance (mm) Max Tensile Stress (MPa) Max Compressive Stress (MPa)

0 37.97 22.32
1x10* 38.43 22.29
1x 103 41.48 22.37
1x 1072 52.24 30.06
1x10? 58.25 104

5x101 58.61 187.9

Note: Compressive stresses are taken positive
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Figure 3. Variation of maximum tensile stress (Point A) and maximum compressive stress (Point B) with increasing clearance
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Figure 4. Normal stress distribution in lug for various clearances, (a) CO, (b) C1, (c) C2, (d) C3, (e) C4, and (f) C5

As evident from the results presented in Table 3 and Figure 4(a), for the zero-clearance condition, the maximum tensile stress at
Point A is 37.97 MPa, while the compressive stress at Point B is 22.32 MPa. Under this condition, the pin fits tightly within the lug
hole, resulting in a relatively uniform contact distribution along the hole surface. Consequently, the load is transferred more evenly,
leading to lower localized contact stresses. Additionally, when a very small clearance (1 x 10 — 1 x 10 mm) is introduced, only
minor changes in the stress values are observed, as reported in Table 3. The corresponding normal stress contours presented in
Figure 4(b) and Figure 4(c) indicate that the overall stress distribution remains very similar to the zero-clearance case. The tensile
stress at Point A increases from 37.97 MPa to 41.48 MPa, corresponding to an increase of approximately 9.2%. On the other side
of the coin, the compressive stress at Point B increases only marginally from 22.32 MPa to 22.37 MPa, representing an increase of
about 0.2%. These results indicate that extremely small clearances have a negligible influence on the stress distribution, and the
load transfer mechanism within the lug—pin joint remains largely unchanged.

As the clearance increases to 1 x 102 mm, the tensile stress at Point A rises to 52.24 MPa, representing an increase of approximately
37.6% relative to the zero-clearance case. On the other hand, the compressive stress at Point B increases to 30.06 MPa, corresponding
to an increase of about 34.7%. The corresponding normal stress contours in Figure 4(d) reveal that the load transfer between the pin
and the lug becomes more localized, highlighting the emergence of stress concentrations around the contact region [2, 9, 23]. This
behavior can be attributed to the gradual reduction in the effective contact area: as the pin no longer fully engages the lug hole, the
stress distribution becomes increasingly uneven, leading to higher local tensile and compressive stresses [2]. This transition marks
the onset of a more critical stress state, signaling the sensitivity of lug—pin joints to even modest increases in clearance.

A more pronounced change occurs when the clearance reaches 1 x 10 mm. At this stage, the tensile stress at Point A rises to 58.25
MPa, corresponding to an increase of 53.4% compared with the zero-clearance case. On the other hand, the compressive stress at
Point B escalates sharply to 104 MPa, representing an increase of approximately 366% (about 4.7 times) relative to the initial value.
The normal stress contours in Figure 4(e) reveal that the pin now engages the lug over a smaller area, resulting in highly localized
contact stresses. Interestingly, the transition of the maximum stress from Point A to Point B may occur at clearances smaller than 1
x 10 mm, highlighting the sensitivity of the joint to clearance.

At the largest clearance considered (5 x 10"t mm), the tensile stress at Point A increases slightly to 58.61 MPa, an overall rise of
54.3%, whereas the compressive stress at Point B rises dramatically to 187.9 MPa, an increase of approximately 742% (about 8.4
times) over the zero-clearance case. The corresponding stress contours in Figure 4(f) illustrate extreme localization of the contact
region, highlighting the critical sensitivity of lug—pin joints to large clearances and the potential for accelerated contact-induced
damage and fatigue.

An important observation from Table 3 and Figure 3 is the transition of the location of the maximum stress from Point A to Point
B with increasing clearance. At small or zero clearance, the maximum stress in the lug is primarily tensile at Point A, which is
associated with the stress concentration around the hole boundary. However, as the clearance increases, the contact between the pin
and the lug becomes more localized, causing the maximum stress to shift to Point B, where the compressive contact stresses
dominate.
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This behavior is clearly illustrated by the stress contours in Figure 4. With increasing clearance, the contact between the pin and the
lug occurs over a smaller region of the hole surface. As a result, the load is transferred through a highly localized contact zone,
leading to a significant increase in compressive stress at Point B. Meanwhile, the tensile stress at Point A increases more gradually
because it is governed by the overall load transfer through the lug section rather than purely by the local contact condition.

Consequently, the results indicate that clearance has a strong influence on the stress distribution in lug—pin joints, particularly on
the compressive contact stresses. Excessive clearance results in highly localized contact loading and a shift of the critical stress
location from Point A to Point B, which may promote surface damage, plastic deformation, and fatigue crack initiation at the pin—
lug interface. In other words, the results clearly suggest that clearance has a significantly greater influence on compressive contact
stresses than on tensile stresses in the lug body.

Based on these findings, multiple simulations were performed to determine the clearance at which the maximum tensile stress at
Point A equals the maximum compressive stress at Point B. The results of this parametric investigation are presented in Figure 5,
which clearly identifies the specific clearance corresponding to this stress transition. These results provide a quantitative basis for
understanding the shift of the maximum stress location from Point A to Point B and highlight the critical influence of clearance on
the stress distribution and contact behavior of lug—pin joints.

As shown in Figure 5, the results of the parametric simulations reveal that the maximum tensile stress and the maximum compressive
stress reach equal magnitudes at a clearance of 0.0331 mm. This condition is particularly significant from a design perspective, as
both critical stress regions become equally dominant at this clearance value. As shown in Figure 3 and confirmed by the results
presented in Figure 5, one of the key findings is that for the case of d/w = 0.5, point A should be considered in the design for
clearance values smaller than 0.0331 mm, whereas point B becomes critical for clearance values greater than 0.0331 mm.
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Figure 5. Normal stress distribution in the lug at a clearance of 0.0331 mm with equal maximum tensile and compressive stresses at of P= 5000
N

Although the critical clearance value is identified as shown in Figure 5, this value is valid for the specific case of d/w = 0.5 and a
loading condition of P = 5000 N. As reported in the relevant literature, the magnitude of the applied load also influences whether
the maximum stress occurs at Point A or at Point B. In other words, the location of the maximum stress varies depending on the
magnitude of the applied load and the d /w ratio [2, 19]. This behavior can be attributed to the dependence of the stress concentration
factor on both the magnitude of the applied load and the clearance value [2, 19].

To further investigate this behavior, the simulations were repeated by varying the applied load from 1200 N to 36,000 N while
maintaining the clearance at 0.0331 mm. The corresponding normal stress distributions obtained from these simulations are
presented in Figure 6. The results in Figure 6 are summarized in Table 4, which details the changes in maximum tensile and
compressive stresses at a fixed clearance of 0.0331 mm under varying loads. As presented in Table 4, the maximum tensile and
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compressive stresses at a constant clearance of 0.0331 mm exhibit a striking dependence on the applied load. Notably, at 5000 N
(o = 8.33 MPa), the tensile and compressive stresses converge to an identical value of 57.06 MPa, confirming the critical balance
previously observed in Figure 5. Beyond this load, tensile stress grows more rapidly than compressive stress, reaching 343.7 MPa
at 36000 N compared to 176.4 MPa for compressive stress, highlighting the nonlinear amplification of stresses with increasing load.
These results emphasize a pivotal design insight: for loads below 5000 N, the compressive stress at point B governs, whereas for
higher loads, tensile stress at point A becomes critical. The results presented in Figure 7 provide a clearer illustration of this behavior.
Thus, this interplay between load magnitude and stress location underscores the essential role of stress concentration and clearance

in defining the governing design criteria.
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Figure 6. Normal stress distributions in the lug for various loads at a constant clearance of 0.0331 mm, (a) 1200 N, (b) 2400 N, (c) 6000 N, (d)
12000 N, (e) 24000 N, and (f) 36000 N
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Table 4. Maximum tensile and compressive stresses at a constant clearance of 0.0331 mm under varying loads

Applied Load P Corresponding Applied o Max Tensile Stress Max Compressive
(N) (MPa) (MPa) Stress (MPa)
1200 2 14.03 29.75

2400 4 27.88 41.36

5000 8.33 57.06 57.06

6000 10 68 61.4

12000 20 129.5 83.26

24000 40 240 127.9

36000 60 343.7 176.4

Note: Compressive stresses are taken positive.
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Figure 7. Variation of maximum tensile and compressive stresses with applied load at a constant clearance of 0.0331 mm

Based on the results collectively presented in Figures 3 and 7, for a round-ended lug (d/w = 0.5) [18, 19, 24], which represents
the most commonly used configuration in practice, the critical stress location depends strongly on the clearance. When the clearance
exceeds 0.0331 mm, point B, corresponding to the maximum compressive stress, becomes critical, whereas for smaller clearances,
point A, corresponding to the maximum tensile stress, governs. At the specific clearance of 0.0331 mm, loads below 5000 N render
point B critical, while higher loads shift the critical location to point A. The most important finding is that the critical location varies
dynamically with both the magnitude of the applied load and the clearance. For each load, there exists a specific clearance at which
the maximum tensile and compressive stresses are equal, and conversely, there are clearances where the dominant stress shifts in
the opposite manner. However, it should be noted that, since the present analysis is limited to the elastic regime, the identified
critical regions represent potential stress concentration zones rather than actual failure or yielding locations. The maximum normal
stress is used as a comparative indicator to evaluate the influence of initial clearance on the stress distribution within the lug—pin
joint. This approach is consistent with classical design methodologies, where elastic peak stresses are commonly used to assess the
severity of geometric discontinuities in structural connections. Furthermore, the coefficient of friction at the contact interfaces has
not been explicitly defined in the present study, as the analysis is carried out under a simplified contact assumption to focus on the
effect of initial clearance on elastic stress distribution. The inclusion of frictional effects may significantly influence local contact
pressures and stress magnitudes, and in some cases may lead to stress levels closer to the material yield strength. Therefore, a more
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detailed investigation incorporating frictional contact behavior and its potential contribution to nonlinear response is suggested as a
topic for future work.

The values presented here are applicable to round-ended lug—pin connections with the specified geometric dimensions, whereas
square-ended lug—pin configurations require further investigation. Additionally, for the round-ended lug, the lug radius is aligned
with the center of the drilled hole. Cases where this alignment does not occur are also possible [8] and represent a separate topic for
future research.

5. CONCLUDING REMARKS

The following conclusions can be drawn from the findings of this study:

The stress distribution in lug—pin joints is highly sensitive to pin—hole clearance, with maximum tensile stress occurring at
Point A and maximum compressive stress at Point B. While very small clearances (<0.001 mm) produce minimal changes,
larger clearances lead to highly localized contact stresses, particularly at Point B, dramatically increasing the potential for
contact-induced damage.

For a round-ended lug with d/w = 0.5 under a load of 5000 N, the maximum tensile and compressive stresses become
equal at a clearance of 0.0331 mm. This threshold marks a transition in the governing stress location, providing a
quantitative reference for design optimization.

Load magnitude strongly influences stress dominance. At the critical clearance, low loads (<5000 N) make the compressive
stress at Point B critical, whereas higher loads shift the governing stress to tensile stress at Point A. This interplay highlights
the combined effect of clearance and applied load in defining the joint’s critical regions.

Nonlinear stress amplification occurs with increasing clearance. Compressive stresses increase far more sharply than tensile
stresses as clearance grows, with the highest compressive stress reaching over eight times the zero-clearance value. This
nonlinear behavior underscores the risk of localized plastic deformation, surface damage, and fatigue initiation at the pin—
lug interface.

In practical applications, the governing stress location in round-ended lugs shifts with clearance: point A is critical at small
clearances, while point B dominates at larger clearances. This dynamic behavior, influenced by both clearance and applied
load, underscores the importance of precise clearance specification in lug—pin joints to ensure balanced stress distribution
and reduce the risk of premature failure. Configurations such as square-ended lugs or cases with non-aligned pin—lug radii
remain less explored and present opportunities for future research.
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