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Abstract: The function of shear-loaded bolted joints is the prevention of joint members’
slip. This can be achieved in two ways, depending on the construction, i.e. relative
dimensions of bolts and holes in connected parts. There are two types of shear-loaded
bolted joints, clamped (friction) and fitted bolted joints. In both cases, a connection
between joint members is shear-loaded, but the bolts have different stress and strain
states. In clamped bolted joints the actual load is tensile stress, while fitted bolts are
loaded with shear and contact pressure. In this paper, a comparative analysis of the
load capacity (safety factors) of clamped and fitted bolts, under the same geometrical
and operational conditions was performed. The analysis showed multiple higher load-
carrying capacity of fitted bolts that go up to 60 times(!).
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1 INTRODUCTION

A machine system may consist of a greater or lesser number of components
with different complexity and composition. The load carrying capacity of parts of
different joint types is a crucial aspect of the evolution of machine construction. Bolted
joints are one of the most commonly used joints. Due to a number of advantages, such
as low manufacturing costs and simple assembly and disassembly, they are widely
used in all industries, including the automotive, aerospace, civil, and boating sectors,
among others [1]. As evidence of the significance of screw threads, the key element of
bolted joints, the very first ISO technical committee was devoted to them. The
fundamental classification of bolted joints is determined by the direction of the external
load. Bolted joints are, based on that, divided into tensile joints and shear joints. For
tensile joints, the load acts in the direction of the bolt’s axes, opposite to shear joints,
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where the load is perpendicular to the bolt’s axis. The distinction between these two
groups is substantial and not insignificant. The joint spot, as a discontinuity presents a
place for creating high stress that can initiate failure [2]. They differ in how they
respond to load, how they fail, how they are assembled and disassembled, as well as
how they are calculated and manufactured. Some joints endure both shear and tensile
loads, but they are referred to by the name of the prevailing load [3]. Even though
bolted joints are simple in design, they must be extremely reliable when they are used.
Their failure might result in the breakdown of the entire assembly or machine and
result in significant harm. Failure can be caused by volumetric destruction of the
threaded part of the screw thread, or by the nut or screw self-loosening. The
calculation of bolted joints focuses on the selection of shape, material, dimensions,
number of bolts, and their arrangement, which will be operationally reliable [4-6]. The
load carrying capacity of shear-loaded bolted joints, as very important elements of
complex machine assemblies and systems.

2 SHEAR-LOADED BOLTED JOINTS

The operating load of the shear-loaded bolted joints is perpendicular to the axis
of the bolt. The primary objective of shear-loaded bolted joints is to avoid relative
movement (sliding) and separation of joint members. The load of group shear loaded
bolted joint can be force or torque (Figurel).
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Figure 1. Shear loaded bolted joints

Two types of shear-loaded bolted joints exist. The first is a fitted (bearing type)
bolted joint, whereas the second is a clamped (friction) bolted joint. With fitted bolted
joints, the load is transferred from one area of the connection to another through the
unthreaded part of the bolt body [4-6]. This kind of bolt behaves like a pin. In the case
of clamped bolted joints, the relative movement of the joined components is prevented
by the acting of frictional force of appropriate intensity, which is dependent on the
tightening torque.
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2.1 Fitted bolted joints

In a fitted bolt, the load, in the form of shear force and contact pressure, is
transmitted through the unthreaded part of the bolt body (Figure 2a). To transfer the
load straight over the bolt body, a transition fit must be formed. The suggested fits are
H7/k6 and H7/n6 [5, 6]. A minor clearance may form between the member joint and the
bolt, but the likelihood of this occurring is extremely low. If there is a clearance, the
load distribution becomes inequal. This issue can be prevented by incorporating a 0.1
mm tolerance into the non-threaded part of the bolt body. The threaded part of bolt is
non-load-carrying and with nut helps to prevent the separation of joint elements.

2.2 Clamped bolt joints

Unlike fitted bolted joints, where preload is not required, clamped bolted joints
are provided with strictly calculated tightening torque values. This type of joint is
realized with bolts whose nominal (major) thread diameter is smaller than the hole in
the joint members (Figure 2b). The reduced accuracy of manufactured hole and bolt
reduces the costs of making and assembling and makes this type of joint more
economical. By tightening the bolt with precise tightening torque, the slipping
resistance of joint members is created. Frictional force occurs between joint members
due to clamping force caused by tightening torque. For clamped bolted joints to
perform their function successfully, self-loosing must be prevented. In addition, the bolt
must have the necessary volumetric strength.
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Figure 2. a) Fitted bolted joint; b) Clamped bolted joint

3 BOLTED JOINT LOAD CARRYING CAPACITY

Load carrying capacity of fitted bolted joints is limited by resistance to shear
and contact pressure. Shear and contact pressure safety factors are given by
expressions:
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Since the number of bolts n, pitch diameter Do, and torque T are constant, the
ratio of equations (1) and (2) is:

S
Sp_ 480 51907 0 3)
S, 0.7D,x D,

T

From the condition of equal volumetric and contact load carrying capacity of
fitted bolts (S; = S;), based on equation (3), the length of contact between the bolt and
joint member is b = 0.4581D-. Hence, based on equation (3) it can be written as:
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Clamped bolted joints are loaded in the axial direction by the clamping force
needed for the prevention of joint members' slip. Appropriate safety factor:
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The ratio of the load carrying capacity of fitted and clamped bolted joints for the
same operating conditions can be represented as a ratio of safety factors given by
equations (4) and (5):
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The recommended value ranges of the slip safety factor of the clamped bolted
joints, the friction coefficient between joint members, and the joint clamping factor are
Sy=12-18;, y=0.1-0.3; & = 1.5 - 2.0. According to these values, constant C in
equation (6) has values in the range: C = 6 ... 36. Hence, equation (6) obtains the
following form:
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Based on this ratio, it can be concluded that the load carrying capacity ratio of
fitted and clamped bolted joints depends on the geometrical parameters of threads and
bolts, under the same operating conditions. The data of the analyzed bolts (M6 — M24)
and obtained extreme safety factor ratios are given in Table 1. Dependencies from
Table 1. are shown in Figure 3.
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Table 1. Extreme safety factor ratios of fitted and clamped bolted joints

. . . Minor thread
ey | Ty | diameter | Dalds | (84S | (S1S
3 (Mm)
6 7.2 4.773 1.50849 9.557 57.343
8 9.2 6.466 1.42283 8.503 51.016
10 11.2 8.160 1.37255 7.912 47.474
12 13.2 9.853 1.33969 7.538 45.228
14 15.2 11.546 1.31647 7.279 43.674
16 17.2 13.546 1.26975 6.771 40.629
18 19.2 14.933 1.28574 6.943 41.659
20 21.3 16.933 1.25790 6.646 39.874
22 23.3 18.933 1.23066 6.361 38.166
24 25.3 20.319 1.24514 6.512 39.069
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Figure 3. Safety factor ratio vs. thread diameter

4 CONCLUSIONS

Carried out analysis showed that the condition of equality of the surface and
volumetric safety factor of the fitted bolted joints is that the length of contact between
the bolt and joint member should be approximately 0.5 of the bolt diameter. The safety
factor ratio of fitted and clamped group bolted joints St/Sc (for the same number of bolts
on the same pitch diameter) varies in the interval from 6 to 60, depending on the value
of the varied parameters (slip safety factor of the clamped bolted joints, the friction
coefficient between joint members and the joint clamping factor) and the nominal
thread diameter. Safety factor ratio St/Sc decreases with increasing bolt nominal thread
diameter. The maximal safety factor ratio is more sensitive to changes in the nominal
thread diameter.
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NOMENCLATURE

As shear area, mm?

b length of contact between fitted bolt and joint member, mm
D: fitted bolt diameter, mm

dz minor thread diameter, mm

Do group bolted joint pitch diameter, mm

F1 load of single clamped bolted joint, N

Fc clamping load, N

Fs shear load, N

Ft group bolted joint load, N

n number of bolts in group bolted joint

p contact pressure between fitted bolt and joint member, N/mm?2
[p] critical contact pressure, mm

Re yield stress, N/mm?

T torque transferred by group bolted joint, Nmm

[1] critical shear stress, N/mm?

¢ue factor of load distribution inequality

max  maximum

min minimum
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