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Abstract

Machine manufacturing and the automotive industry are often faced with supply chain problems for the
raw materials used in the largest proportion (steel and aluminium) and the resulting large price changes.
One solution to the lack of raw materials could be the introduction of new materials. Glass-fibre-reinforced
plastic (GRP) profiles produced by pultrusion can be suitable for replacing metallic materials in many appli-
cations. However, one of the reasons for their limited distribution is the lack of well-established joining pro-
cesses. The aim of the research is to test the tensile strength of the bolted connection of GRP sheet materials
of different thickness according to an experimental design. Based on the experimental results, bolted joint
recommendations can be provided for the examined GRP sections.
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1. Introduction

Pultrusion technology is a manufacturing pro-
cess that produces composite profiles reinforced
with longitudinal and continuous fibres. The rein-
forcing fibre material is most commonly glass or
carbon fibre, although there are also natural fibre
reinforcements available. The matrix material is
usually a resin, typically polyester or epoxy. In the
Pultrusion manufacturing process, the reinforc-
ing fibres are first drawn into a resin bath. Then,
the fibres and resin are pulled together through a
heated mould designed to create the desired ge-
ometry. The matrix material gradually cross-links
within the mould, and the resulting composite is
cut to the appropriate length as it exits the mould.
Figure 1 illustrates the manufacturing process.

Fig. 1. The pultrusion manufacturing process [1]

The pultrusion process offers several advantag-
es over other composite manufacturing process-
es, including the ability to produce profiles with
consistent cross-sectional dimensions and prop-
erties, high strength-to-weight ratios, and tailored
mechanical properties. Additionally, the process
is highly automated and can be scaled up for
high-volume production. However, there are also
several challenges associated with pultrusion,
such as the potential for voids or defects in the
resulting composite and limitations on the com-
plexity of the profiles that can be produced [1].
Pultrusion technology allows for the cost-effec-
tive and precise manufacturing of profiles with
unique cross-sections that are otherwise not pos-
sible or difficult to produce using conventional
materials. The design of an efficient profile geom-
etry and structure can be achieved by determin-
ing the fibre composition and orientation based
on known load direction and type. The mechan-
ical properties of fibre-reinforced composite sec-
tions are dependent on the percentage by volume
of the reinforcing fibres. This technology has be-
come increasingly popular in the construction
industry; however, the lack of a mature bonding


https://doi.org/10.33923/amt-2024-01-10 
https://doi.org/10.33924/amt-2024-01-10

Szabé V. E., Kun K. — Acta Materialia Transylvanica 7/1. (2024)

technology is the only obstacle to its rapid expan-
sion. Two possible bonding technologies are the
adhesive- and the bolted bonding. The moulding
tool is treated with a mould release agent. From
here, this material can be transferred to the pro-
files. This results in a low surface energy that is
not favourable for adhesive joints, requiring sur-
face treatment (cleaning) before bonding. The
bolted bonding is more typical for GRP profiles
than adhesive bonding [2, 3].

Due to the fibre reinforcement, the mechani-
cal properties of glass fibre reinforced polymer
profiles approach the load-bearing capacity of
structural steels in the fibre direction, but the
transverse load-bearing capacity can be an order
of magnitude lower depending on the construc-
tion. The critical property of sections is, therefore,
transverse strength. The holes required for bolt-
ing tear the fibres. The orientation of the fibres,
their location, and the spacing of discontinuities
must be considered when designing the bonding
technology to ensure resistance to tensile and
bending stresses. These factors fundamentally af-
fect the mode of failure. Our research aims to inves-
tigate the quality and failure modes of twist bond-
ing of GRP profiles of varying thicknesses [4, 5].

2. Failures of bolted joints in GRP pro-
files

Prior to the tests, based on a review of the litera-
ture, the possible failures occurring in the bolted
connection of the GRP profiles were summarized.
The possible failure modes are shown in Figure 2.
During profile examination, several types of fail-
ure may occur, which are primarily influenced by
hole placement.

Bearing type failure is a common type of failure
that can occur at the edge of a bore, where the fas-
tener comes into contact with the base material.
It typically occurs when the bore position is cho-
sen poorly and is characterized by failure of both
the base material and the fastener (Figurel).
Net-tension failure, on the other hand, occurs
when the bore diameter and the fastener are too
large in relation to the width of the base material,
resulting in cracking of the sheets in the trans-
verse direction, with the base material tearing.
Shear-out failure is caused by shear stresses and
typically occurs in the main loading directions at
the boundary of the hole caused by the fastener,
when the fastener diameter is too small and is
usually accompanied by damage to the fastener.
Finally, cleavage failure occurs as an outgrowth
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Fig. 2. Failure modes: a) Plastic deformation b) Net-
tension c) Shear-out d) Cleavage [4]

failure and typically occurs in flat sections when
the bore position tolerance is inadequate, leading
to rupture and shear occurring together [6, 7].

3. Experimental conditions, measure-
ments and results

In this chapter, the geometric design of the test
specimens and the assembly required for the ex-
periment are described. Additionally, the com-
piled experimental plan is presented.

3.1. The design of test specimens, experi-
mental design

During the experiments, the overlapped GRP
plates were fastened to each other with bolts.
Figure 3 shows the geometric parameters of the
GRP plates. During the series of experiments, the
length (L) and width (W) of the specimens were
not changed. Variable parameters were the thick-
ness of the base material (t), the diameter of the
fasteners and the hole (d), the distance between
the holes (b) and the distance from the edge of the
base material (a) [6, 8, 9].

During the tensile test, uniaxial tensile stress
had to be provided so that the load force (F) ex-
erted by the tensile machine was applied to the
centre plane of the joint. In the case of overlap-
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Fig. 3. Geometry of GRP profiles.

Fig. 4. Assembly suitable for tensile testing.

Table. 1. Summary of the experimental design, deter-
mination of the experimental constants and

variables.
Specimen Hole Bolt di-
dimensions dimensions mensions
— o | 8 g
£ 5E55\%8F 2E 2F:f : =B
& ol g _E,
1)t 4
2|t 6| 50 | 500 | 25 [37,5| 41 | M4 | 3
3 |t |10
4|t | 4
51t 50 | 500 | 50 | 75 | 5,2 | M5 6
6 | t; | 10
70t 4
8 |t 50 | 500 | 100 | 150 | 6,4 | M6 | 10
9 |t; |10

ping joints, this can be ensured by using a joint
washer of the same thickness as the base material
(Figure 4).

The experimental variables required for the
experiment were determined based on a review
of the current international literature on the re-
search topic. A summary of the experiments is
shown in Table 1. [6, 10]. Three tensile tests were
performed. The bolts used for the tests were in
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accordance with the MSZ EN ISO 4014 standard
and had a strength class of 8.8. The bolt nuts were
standard MSZ EN ISO 4034 and had a strength
class of 8. Washers made of stainless-steel flat
washers according to MSZ EN ISO 7094 were
used. This was necessary to distribute the load
on the surface of the GRP profiles as effectively
as possible. The tightening torque of the bolts was
based on a review of the literature. G. J. Turvey
observed in his research that the quality of the
joint is influenced by the tightening torque of the
bolts. Therefore, the tests were carried out in a
finger-tight state, the values are listed in Table 1
[4, 6,71

3.2. Mechanical testing of the raw material

The bond strength of the specimens was tested
on an INSTRON 5800R 4482 universal material
testing machine in accordance with the relevant
standards. As a reference measurement, the ten-
sile strength of the base material was also meas-
ured. During the tensile test of the base material,
the following results were measured: the 4 mm
thick GRP sheet ruptured at 50 kN, the 6 mm thick
sheet at 75 kN and the 10 mm thick sheet at 95 kN.

3.3. Mechanical testing of the test specimens

Based on the experimental design, three tensile
tests per series of experiments were performed.
The experiments resulted mainly in bearing type
failures. At 6 mm and 10 mm thickness, the bolts
were found to be weak, as nearly identical values
were measured during the experiments. The fail-
ure modes were also the same, in all cases the fas-
teners were trimmed. At 10 mm plate thickness,
the hole was only damaged when using an M6
bolt, but this was barely noticeable. At 6 mm plate
thickness, the use of an M6 bolt resulted in notice-
able hole deformation, i.e. bearing-shaped fail-
ure, but the tensile force amplified the shear of
the bolt. When using M5 and M4 bolts, the shear
of the bolts was clearly measured.

Different results were obtained for a plate thick-
ness of 4 mm. Table 1 shows the number of exper-
iments as 1, 4 and 7. In each of these series of ex-
periments, three were measured and the results
are shown in Figure 5. The figure shows that,
compared to the M4 bolt, the M5 can withstand
218% more load and the M6 260% more load.
Compared to the M5 bolt, the M6 could withstand
119% more load. This result is consistent with the
literature finding that the highest bond strength
is associated with bearing type failure. For the
4mm GRP plate, the M4 bolts suffered shear fail-
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Fig. 5. Tensile test results for GRP plates.

Fig. 6. a) Bearing type failure with sheared fastener
(t=6, M6 bolt)
b) Shear type failure (t= 4 mm, M5 bolt).

ures, while the M5 and M6 bolts suffered mixed,
but increasingly bearing-like failures. By increas-
ing the diameter of the bolts, increasingly higher
bond strength was achieved, but there is an upper
limit to this when the hole required for the bond
diameter breaks too much glass fibre, and the
failure mode is Shear-out or Cleavage as shown in
Figure 2 (c and d). The bond strength would then
show a downward trend again..

During the series of experiments, we observed
two typical failures (Figure 6). More common is
the bearing type (Figure 6.a), which in all cases
was connected with a sheared fastener, but the
raw material was damaged to varying degrees.
The other is shear failure, which only occurred
with a plate thickness of 4 mm (Figure 6.b). Dur-
ing this failure, the fastener was torn from the
base material (without significant damage to the
fastener).

4. Conclusion

During the experiments, two typical failure
types were observed. Based on research in the lit-
erature, bearing failure ensures the greatest pow-
er transmission. In the case of the 10 mm thick
GRP plates, the fasteners used proved to be in-
adequate, as the failure of the test specimen was
always caused by the shearing of the fasteners.
Therefore, further research is needed here.
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For the 6 mm thick plates, the M4 and M5 bolts
were also cut, and the hole was not significant-
ly damaged. For the M6 screw, the hole shown
in Figure 6.a showed slight deformation, but the
measurement results show clear shearing of the
fastener. These results suggest that even with
a plate thickness of 6 mm, further tests will be
needed with M6 and larger fasteners.

Different results were obtained when testing 4
mm GRP sheets. The use of the M4 fastener re-
sulted in the lowest bond strength with shear-out
failure alone (Figure 6.b). The fastener remained
almost intact and was torn from the material.
The M5 and M6 bolts showed a mixed shear-out
and bearing failure pattern, but the fastener was
not significantly damaged. Based on the results
(Figure 5), it is not recommended to use M4 or
smaller bolts for a 4 mm thick GRP plate. When
M5 bolts were used, a 218% increase in bond
strength was measured compared to M4 bolts. It
can be seen that a larger screw diameter results
in a more favourable bond strength, but there is
an upper limit to this. Too many fibre breaks re-
sult in lower bond strength.

Overall, it can be stated that our results can be
used as basic data for future research. It would
be advisable to carry out a new series of exper-
iments for each plate thickness, using fasteners
with a larger diameter. In this way, a techno-
logical recommendation could be developed for
every material thickness.
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