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ABSTRACT

ARTICLE HISTORY

Offshore floating photovoltaic (OFPV) systems have attracted considerable attention from the scientific community
because of their broad application prospects. A multi-module configuration interconnected via connectors is typically used
in OFPV platforms. The tensile-bearing capacity of the connectors is crucial to ensure the overall safety of OFPV
platforms. In this study, the tensile-bearing capacity of an innovative connector was investigated by experiments and
numerical simulations. The numerical simulation results conformed well with those from experiments, with a relative
error of less than 10%. Subsequently, The tensile mechanism of the connectors was analyzed, leading to the derivation of
equations used to determine the tensile-bearing capacity of the OFPV platform connector under two distinct failure
modes. Finally, a parametric study was conducted to elucidate the relationship between the tensile-bearing capacity of the
connectors and the connecting pipe and baseplate thicknesses. The results obtained from the derived equations agreed
well with those from numerical simulations, indicating that the equations could be used to determine the tensile-bearing
capacity of OFPV platform connectors. This study lays the theoretical foundation for the design and application of OFPV
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1. Introduction

The power generation efficiency has been increased by about 5% on
average due to the cooling effect caused by contact with seawater [1, 2].
Therefore, OFPV technology has garnered much interest from scholars and
experts to optimize the utilization of marine resources and solar energy [3].
This technology primarily involves photovoltaic devices, support structures,
and anchoring systems [4, 5].  Although floating photovoltaic technology has
reached a relatively mature stage for inland water systems, the harsh marine
environment characterized by strong winds and waves as well as corrosive
conditions of the saline water poses significant challenges to the large-scale
development and deployment of OFPV systems in oceanic settings [6-8].
Multi-module OFPV platforms interconnected via connectors have been
developed to address the challenges presented by complex marine
environments. In practical applications, this configuration typically consists of
hundreds or even thousands of modules and connectors that can interact with
significant forces [9, 10]. Thus, the reliability of these connectors is crucial to
ensure the overall safety of OFPV platforms, necessitating an exceptionally

M: Floating Module

Connector

high load-bearing capacity for the connectors [11]. Currently, The main forms
of connectors include: hinged connectors [12-16], chain connections [17-19]
and rigid connections [20]. The most widely used type of the connector is the
hinged connector. However, the hinged connector restricts too many degrees
of freedom[21, 22], only allowing adjacent OFPV platforms to rotate at a
certain angle relative to each other, which seriously affects the wave-following
performance of the structure. The chain connection releases most degrees of
freedom between adjacent OFPV platforms. However, under the action of
wave loads, the adjacent platforms might experience severe collisions, which
greatly affect the safety of the platform structure. Rigid connection completely
restricts the degrees of freedom between adjacent OFPV platforms[23],
making the wave-following performance of the structure even worse.
Moreover, under the action of wave loads, significant bending moments might
be generated at the connectors, which makes this area highly prone to fracture
and damage. Meanwhile, many experts [24-31] have conducted in-depth
studies on the hydrodynamic responses of multi-module OFPV platforms at
different connectors.

Anti-fall cover ;
Polyurea material

Polyurea-steel

Jul]CllOﬂ piece Steel element

Rib plate

Fig. 1 The configuration of the connector
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This paper presents an Innovative connector of the OFPV Platforms,
which primarily comprises four components: a baseplate, a connecting pipe,
an anti-fall cover, and a polyurea—steel junction component. The configuration
of the connector is illustrated in Fig. 1. This connector combines the
advantages of most connection forms. Compared with the hinged connector
and the rigid connection, this connector releases more degrees of freedom for
the OFPV platform and has better wave-following performance. Meanwhile,
compared with the chain connection, this connector can not only bear the
equivalent tensile force but also have higher impact resistance. More
importantly, due to the application of polyurea material, it has higher
durability in the marine corrosion environment.

Based on the literature survey, Most of the studies are focused on the
hydrodynamic and hydroelastic responses of floating photovoltaic platforms
with multiple modules. However, there is a paucity of studies on the

2.1. Design of the test specimens

Eighteen test specimens were designed and fabricated for tensile tests
using Q235B steel. The variables investigated were the connecting pipe
thickness (d = 8, 14, and 20 mm) and baseplate thickness (r =0, 9 , and 14
mm). The detailed schematic of the specimen is shown in Fig. 2. The variables
investigated are presented in Table 1. In this table, ‘C’ represents ‘Connector,’
and the first and second digits represent the thicknesses of the connecting pipe
and baseplate, respectively. To ensure the reliability of the experimental results,
two specimens (designated A and B) were prepared for each group.

Table 1
Details of the test specimens

mechanical properties of the connectors of the OFPV platforms. According to Notation d (mm) 1 (mm) Notation d (mm) 1 (mm)
the research findings of experts, The mechanical properties of the connectors C-8-0 8 0 C-14-14 14 14
are crucial to ensure the safety of the entire structure[21-23, 32-34].
.. . . . C-8-9 8 9 C-20-0 20 0
Accurately determining the tensile-bearing capacity of the connectors not only
enhances the design of OFPV platforms but also facilitates the safety C-8-14 8 14 C-20-9 20 9
assessment of OFPV platforms. This paper presents an in-depth investigation C-14-0 14 0 C-20-14 20 14
into the tensile performance of this innovative connector utilized in OFPV
platforms and introduces a method for calculating the tensile-bearing capacity. C-14-9 14 9
2. Experimental study
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Fig. 2 The detailed schematic of the specimen
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2.2. Experimental setup

The experimental setup is shown in Fig. 3. One end of the specimen was
fastened to the supporting frame using a connection plate, and the opposite
end was connected to a specialized jack interface via a polyurea—steel junction
component. The inner diameter of the jack interface matched that of the
connecting pipe of the test specimen, whereas its thickness was significantly
increased to ensure structural integrity during testing. The hydraulic jack was
capable of exerting a force of 50 kN, and a load cell was used to precisely
measure the applied force.

The loading procedure was divided into two distinct phases: preloading
and formal loading. The preloading phase was conducted to minimize
measurement errors that could arise from gaps between the specimen and the
loading device. Following this, the formal loading phase involved
displacement-controlled loading at a rate of 2 mm/min until the specimen

502

failed or the real-time load decreased to 80% of its peak value.
2.3. Layout of the measurement points

The layout of the displacement and strain measurement points during the
experiment is shown in Fig. 4. Linear variable differential transformers (DM1)
were installed to measure the displacement along the direction of the applied
force. Ten strain gauges were employed to assess the strain at critical locations
on the test specimen. Six of these gauges (SG1-SG6) were strategically
positioned along the half-circumference of the connecting pipe, specifically at
the middle and lower heights of the opening, to monitor the strains within the
connecting pipe. In addition, two strain gauges (SG7 and SGS8) were affixed
on the rear and lateral surfaces of the baseplate to evaluate the strain response.
Two strain gauges (SG9 and SG10) were installed on the underside and rear
side of the angle steel frame to measure the strains at these locations.

A
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- o =
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Fig. 4 Schematic diagram of strain gauge and displacement meter arrangement

3. Experimental results
3.1. Failure modes

As shown in Fig. 5, the test specimen exhibited two distinct failure modes:
bulging deformation at the opening of the connecting pipe and buckling
deformation of the angle steel frame. The two failure modes do not act
independently. Their combined effect influences the tensile-bearing capacity
of connectors. Additionally, when the connecting pipe fails due to bulging, the
angle steel frame undergoes a certain degree of buckling deformation, though
it does not yet reach the point of failure, and vice versa. Consequently, two

(a) The opening of connecting pipe has exhibited bulging deformation

failure modes collectively impact the tensile-bearing capacity of the
connectors.

When the connecting pipe thickness was d = 8 mm, the failure mode
observed in the test specimen manifested as localized bulging deformation at
the opening of the connecting pipe. As the tensile force reached a critical
threshold, localized bulging deformation was initiated at this opening,
significantly increasing the risk of detachment of the polyurea—steel junction
component from the connecting pipe. At this point, the opening of the
connecting pipe reached its ultimate strength, leading to a corresponding
decrease in the load-bearing capacity of the test specimen.

(b) The angle steel frame has exhibited buckling deformation

Fig. 5 Failure modes of specimen
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When the connecting pipe thickness was d = 20 mm, the failure mode
observed in the test specimen was characterized by severe buckling
deformation of the angle steel frame adjacent to the connecting pipe. As the
tensile force reached a critical threshold, severe buckling deformation was
initiated in the angle steel frame located near the bottom of the connecting
pipe, resulting in a corresponding decline in the tensile-bearing capacity of the
test specimen.

When the connecting pipe thickness was ¢ = 14 mm, the test specimen
exhibited two distinct failure modes: localized bulging deformation at the
opening of the connecting pipe and buckling deformation of the angle steel
frame. When the baseplate thicknesses were £ = 0 and 14 mm, the angle steel
frame near the base of the connecting pipe began to deform into folds when
subjected to a certain level of tensile force. Subsequently, a significant
decrease in the load-bearing capacity of the test specimen was observed. When
the baseplate thickness was ¢t = 9 mm, bulging occurred at the opening of the
connecting pipe upon reaching a specific tensile force threshold, after which a
significant reduction in the tensile-bearing capacity was observed.

3.2. Load-displacement curves
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Fig. 6 The column chart of the bearing capacity of the specimen
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Fig. 7 Load-displacement curve of specimen

Table 2
The maximum bearing capacity and failure mode of the specimen

Notation Nuresr (kN) Failure mode Notation Nurest (kN) Failure mode
C-8-0A 81.46 D C-14-9B 142.89 F
C-8-0B 82.07 D C-14-14A 164.47 D
C-8-9A 83.25 D C-14-14B 165.23 D
C-8-9B 82.42 D C-20-0A 83.21 F
C-8-14A 82.89 D C-20-0B 82.69 F
C-8-14B 83.75 D C-20-9A 141.82 F
C-14-0A 80.94 F C-20-9B 143.15 F
C-14-0B 82.74 F C-20-14A 189.34 F
C-14-9A 144.56 F C-20-14B 180.21 F

Note: Nuresr is the maximum tensile-bearing capacity of the specimen ascertained from experiments, D is the bulging deformation of the connecting pipe opening, and F is the buckling

deformation of the angle steel frame.
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The maximum tensile-bearing capacity (Nu) results and
load-displacement curves for all test specimens are presented in Fig. 6 and Fig.
7, respectively. The detailed results are summarized in Table 2. It is evident
that the tensile-bearing capacity of the test specimens was influenced by the
combined effects of the connecting pipe and baseplate thicknesses.
Specifically, when d = 8 mm, changes in the baseplate thickness had minimal
effect on the tensile-bearing capacity. Conversely, when d = 14 and 20 mm, an
increase in the baseplate thickness enhanced the tensile-bearing capacity.
Similarly, when t = 0 mm, changes in the connecting pipe thickness had only a
minor effect on the tensile-bearing capacity. In contrast, when t = 9 and 14 mm,
a higher connecting pipe thickness resulted in a higher tensile-bearing
capacity.

3.3. Load-strain curves
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Based on the experimental results, the strain measurements at SG4 and
SG10 of the test specimens exhibited greater significance. The load—strain
curves for all test specimens measured at SG4 and SG10 are shown in Fig. 8 to
Fig. 10. It is apparent that the connecting pipe thickness had a pronounced
effect on the strains measured at these locations. At SG4 under the same
loading conditions, an increase in the connecting pipe thickness resulted in
higher strain. Conversely, at SG10 under the same loading conditions, a
decrease in the connecting pipe thickness resulted in a higher strain, where the
maximum strain was observed when d = 8 mm, which far exceeded those
observed when d = 14 and 20 mm. The baseplate thickness also had a
considerable effect on the strains measured at SG10. During the initial loading
phase, all of the test specimens exhibited similar trends in their strains at this
location. However, as the load further increased, the test specimens with
thicker baseplates exhibited comparatively higher strains.
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(b) The curve of load-SG10 values

Fig. 8 The load-strain curve at the typical position of the specimen when t=0 mm
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Fig. 9 The load-strain curve at the typical position of the specimen when t=9mm
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Fig. 10 The load-strain curve at the typical position of the specimen when t=14mm
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4. Tension mechanism
4.1. Load analysis of the connecting pipe

Neglecting the constraining influence of the angle steel frame at the base
of the connecting pipe, this analysis focuses solely on calculating the
tensile-bearing capacity of the side-opening connecting pipe. Consider a
minute horizontal cross-section at a specified height within the connecting
pipe, as shown in Fig. 11(a). The corresponding force distribution is shown in
Fig. 11(b). Following the calculations, the bending moment diagram for this
cross-section is presented in Fig. 16(c). It is evident that the outer surface of
the connecting pipe experienced compression, which was consistent with the
compressive strains measured at locations SG1-SG6 in the experiments. The
maximum bending moment is calculated by using Eq. 1.

[Rsin(ﬁfa)+R+%:l (1)

Mm‘lx =55
" 2cos@

Where, Z is the height of the connecting pipe, « =arcsin % , 0= arcsin2£ s
”

dF:Edz‘
A

The peak stress is observed at the location of the maximum bending
moment and this peak stress is determined using Eq. 2.

dM,  6dM
O = = )

where, W is the section modulus in bending, which is a measure of the
capacity of the material to resist bending.

The maximum stress can be calculated using Eq.3 by combining Eq.1 and
Eq.2.

=

dF

dz _

(a) A horizontal cross-sectional diagram of the
connecting pipe
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3‘:Rsin(6’fa)+R+%}

o= <o, 3
mx = 7 s s 3

where, o, is the yield strength of the materials.

Based on Eq. 3, the tensile-bearing capacity of the connectors under
bulging deformation at the opening of the connecting pipe opening is
calculated using Eq. 4.

d’c,cos@

N d
3{Rsin(9—a)+R+E}

uFOR —

F<

“4)

where N,ror is the tensile-bearing capacity of the connectors under bulging
deformation at the opening of the connecting pipe.

These equations fail to account for the constraining effect of the angle
steel frame on the base of the connecting pipe. Consequently, the
tensile-bearing capacity of the connectors calculated using Eq. 4 is inadequate,
and hence, it is necessary to revise the equation. In addition, considering that
the magnitude of Rsin(6—a) is notably smaller than R, Rsin(6—a) may be
omitted from Eq. 4. After applying the correction, the tensile-bearing capacity
of the connectors is determined using Eq. 5.

2
N Fsdo;cose

uC-FOR — 7 N )
3 (R + ij
2

where NuC-FOR is the corrected tensile-bearing capacity of the connectors
under bulging deformation at the opening of the connecting pipe.

Both Eq. 4 and Eq. 5 indicate that the connecting pipe thickness (d) has a
significant effect on the tensile-bearing capacity of the connectors. In
particular, an increase in d is associated with a decrease in stress and an
increase in the tensile-bearing capacity, which is consistent with the
experimental observations.

dM,
dM, -

dM

max

M ... = i|:Rsin(6705)+13+1}
2cos @ 2

dM, = sin (R +a)

2cosé

(b) Diagram of sectional force
distribution

(c) Diagram of sectional bending moment

Fig. 11 Diagram of load analysis for the connecting pipe section

4.2. Force analysis of the angle steel frame

The loading condition at the connector is simplified according to the
following procedure, as shown in Fig. 12(a). (1) The effect of the connecting
pipe opening on the sectional coefficient is neglected, and the connecting pipe
is modeled as a closed pipe. (2) The tensile force is modeled as a uniformly
distributed load acting on the connecting pipe. A simplified bending moment
diagram for the connector, which is derived from the force analysis, is shown
in Fig. 12(b). The maximum bending moment is determined by using Eq. 6.

Mo, =F(é+h] ©)

Where, 1 is the contact height between the polyurea-steel junction component
and the connecting pipe. F is he tensile force of the connectors. h is the
vertical distance from the centroid of the angle steel, equipped with a

baseplate, to the top surface of the baseplate. As shown in Fig. 13. Mmax is
the maximum bending moment induced by the tensile force of the connectors
to the centroid axis of the angle steel frame with a baseplate.

B Bi* —Cn® —n(C—-n)
B 2|:Bt+Cn+(C—n)n]

(O]

Where, B is the width of the baseplate; ¢ is the height of the baseplate; C is the
edge length of the angle steel; n is the thickness of the angle steel.

Therefore, the maximum stress of the angle steel frame is determined by
using Eq. 8.

<o, ®)
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where, ¢ is the maximum stress of the angle steel frame; o, is the yield strength
of steel; I is the moment of inertia of the angle steel frame with a baseplate.
By integrating Eq.7 and Eq. 8, the tensile-bearing capacity of the

connectors under buckling deformation of the angle steel frame is calculated
by using Eq 9.

e ©)
(7 + hjh
2

where, N, ris the tensile-bearing capacity of the connectors determined from

N,

uJF

=F<
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the equation applicable for buckling deformation of the angle steel frame.

It is evident from Eq. 8 and Eq. 9 that the baseplate thickness (¢) has a
substantial effect on the stress distribution within the angle steel frame. An
increase in ¢ is associated with a decrease in stress and an improvement in the
tensile-bearing capacity of the connectors, which is consistent with the
experimental results. As the value of ¢ increased, the stress within the angle
steel frame diminished and the tensile-bearing capacity of the connectors
increased, both of which agree with the experimental findings.
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Fig. 12 Simplified force and bending moment diagram of the connector
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Fig. 13 Section diagram of Angle steel with a baseplate

5. Numerical simulations
5.1. Material properties

Q235B steel was used for the connectors. To determine the properties of
the material, tensile tests were conducted following the ISO 6892-1 standard
[35], and the properties are tabulated in Table 3. The constitutive model of
polyurea is based on the Mooney—Rivlin framework and the specific
parameters are listed in Table 4 [36].

Table 3
Average values of the properties of Q235B steel

Materials Eo(MPa) Jfy(MPa) Jfu(MPa) &u

205700 281.53 432.74 0.22

Q235B

Note: Ey is the Young’s modulus; fy is the yield strength of steel; fu is the ultimate
strength ,and &, is the corresponding tensile strain.

Table 4

Parameters of the Mooney-Rivlin model Unit: MPa

Cio Co1 Cil C20 Co2 C21 C12 C30 Co3
12369  8.124  -17.653 7274  3.062  -0437  -0.298  0.043 294

5.2. Modelling details

The finite element model employs solid elements for simulation, which is
comprised of connectors and connection plates. Integrating the polyurea
material with the steel elements at a common node treatment to effectively
simulate their bonded state as a unified entity. The cylindrical surface of the

polyurea-steel junction piece is designed to interface with the inner surface of

the connecting pipe, where the latter serves as the contact surface and the
former acts as the target surface. The interaction between these surfaces is
defined as No Separation contact. A fixed constraint is imposed on the end
face of the specimen connection plate, while a tensile displacement is applied

to the cylindrical surface of the polyurea-steel junction piece at the opposite
end.
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5.3. Sensitivity analysis of mesh size

In finite element analysis, the mesh size has a significant effect on the
numerical simulation results and computational efficiency. Thus, the effects of
mesh size (2, 4, 6, 8, and 10 mm) on the tensile-bearing capacity of the C-8-0
specimen were investigated, and the results are presented in Fig. 14. N,pgis

507

the maximum tensile-bearing capacity of the test specimen obtained from
numerical simulations in Fig. 14. Based on the results, a mesh size of 6 mm
was selected to simulate the tensile-bearing capacity of the connectors, since
this mesh size achieved a desirable balance between computational efficiency
and numerical accuracy.
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—m—Time 114000

=1 12000
4 10000

4 8000

Time (s)

4 6000

4 4000

=1 2000

(e}
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Fig.14 Comparison of simulation efficiency between different mesh sizes

5.4. Validation of the finite element model

The numerical simulation and experimental results for all test specimens
were compared, as summarized in Table 5. The relative error between the
numerical simulation and experimental results was less than 10%. The failure

modes and load-displacement curves of the test specimens are shown in Fig.
14 and Fig. 15, respectively. There was good agreement between the
numerical simulation and experimental results, thereby validating that the
finite element model was suitable to assess the tensile-bearing capacity of the
OFPYV platform connector.

Table 5

Comparison between the numerical simulation and experimental results

Notation Nurest Nurea (kN) Error Notation Nutest Nurea (kN) Error
C-8-0A 81.46 86.21 5.83% C-14-9B 142.89 148.36 3.83%
C-8-0B 82.07 86.21 5.04% C-14-14A 164.47 164.25 0.13%
C-8-9A 83.25 87.24 4.79% C-14-14B 165.23 164.25 0.59%
C-8-9B 82.42 87.24 5.85% C-20-0A 83.21 85.68 2.97%
C-8-14A 82.89 86.78 4.69% C-20-0B 82.69 85.68 3.62%
C-8-14B 83.75 86.78 3.62% C-20-9A 141.82 149.54 5.44%
C-14-0A 80.94 85.56 5.71% C-20-9B 143.15 149.52 4.45%
C-14-0B 82.74 85.56 3.41% C-20-14A 189.34 193.25 2.07%
C-14-9A 144.56 148.36 2.63% C-20-14B 180.21 193.25 7.24%

(a) Comparison of bulging deformation of connecting pipe opening

(b) Comparison of buckling deformation in angle steel frame

Fig. 14 Comparison of experimental and finite element analysis results for the failure modes
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Fig. 15 Comparison of experimental and finite element analysis results for load-displacement curves

5.5. Effect of the connecting pipe thickness

Numerical simulations were conducted using the finite element model to
investigate the effect of connecting pipe thickness on the tensile-bearing
capacity of the connectors. For simplicity and convenience, the baseplate
thickness was set at 0 mm, and the angle steel frame was assumed to remain
elastically deformable without yielding or failure. Twenty connecting pipe

thicknesses were considered for the numerical simulations, ranging from 1
mm to 20 mm. The tensile-bearing capacities of the connectors for various
connecting pipe thicknesses were calculated using Eqs. 4 and 5, and the
analytical results were compared with those obtained from numerical
simulations. As shown in Fig. 16, the tensile-bearing capacities of the
connectors determined using Eq. 4 and Eq. 5 were consistent with those
predicted by the finite element model.

350
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250

(kN)

= 150

N

100

50

10 15 20
d (mm)

Fig. 16 Comparison of tensile bearing capacity calculated by finite element simulation, Eq.4 and Eq.5

Based on Fig. 16, assuming that the elastic angle steel frame did not yield
or fail, the key findings are summarized as follows.

(1) The tensile-bearing capacities of the connectors determined from the
unmodified Eq. 4 are substantially lower than those obtained from numerical
simulations. This oversight arises from neglecting the effect of the angle steel
frame at the bottom of the connecting pipe during the derivation of Eq. 4. With
this constraint, the surface stress of the connecting pipe is influenced not only
by the horizontal bending moment caused by the connection force acting on
the outer side of the connector but also by the vertical bending moment
resulting from the connection force applied to the surface of the connector.
Hence, the tensile-bearing capacity of the connectors obtained using Eq. 4 is
likely to be underestimated.

(2) The tensile-bearing capacities of the connectors obtained using Eq. 5
conform well with those obtained from numerical simulations. In cases where
the connecting pipe thickness is minimal, the numerical simulation results
surpass the analytical results obtained using Eq. 5. Conversely, in cases where
the connecting pipe thickness is substantial, both the numerical simulation and
analytical results show excellent agreement, and the trends in the

tensile-bearing capacities were consistent. Thus, it can be deduced that Eq. 5
can be used to accurately assess the tensile-bearing capacity of OFPV platform
connectors under bulging deformation of the connecting pipe.

(3) The tensile-bearing capacity of the connectors is directly proportional
to the square of the connecting pipe thickness.

5.6. Effect of the baseplate thickness

To investigate the effect of baseplate thickness on the tensile-bearing
capacity of the connectors and simplify modeling, the connecting pipe
thickness was arbitrarily set at 20 mm, assuming that the connecting pipe
would not yield. Twenty-one baseplate thicknesses were considered for the
numerical simulations, ranging from 0 mm to 20 mm. The tensile-bearing
capacities of the connectors were determined for different baseplate
thicknesses using Eq 9 and the values were compared with those predicted by
the finite element model, as shown in Fig. 17. The results illustrated the
relationship between the baseplate thickness and the tensile-bearing capacity
of the connectors.
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Fig. 17 Comparison of tensile bearing capacity calculated by finite
element simulation and Eq.9

Based on Fig. 17, assuming that the connecting pipe did not yield, the key
findings are summarized as follows:

(1) The tensile-bearing capacity of the connectors increases with an
increase in the baseplate thickness due to an increase in the moment of inertia
(L) of the composite section formed by the baseplate and angle steel frame.

(2) The tensile-bearing capacities calculated using Eq. 9 show good
agreement with those obtained from numerical simulations, suggesting that the
tensile-bearing capacity of the connectors under buckling deformation of the
angle steel frame can be accurately determined using Eq. 9.

(3) The tensile-bearing capacity of the connectors exhibits a linear
relationship with the baseplate thickness, with a slope of 6.74 kN/mm. This
implies that for every l-mm increase in the baseplate thickness, the
tensile-bearing capacity of the connectors increased by 6.74 kN.

5.7. Synergistic effect of the connecting pipe and baseplate thicknesses

The individual effects of the connecting pipe and baseplate thicknesses on
the tensile-bearing capacity of the connectors were examined in the previous
sections. The tensile-bearing capacities of the connectors under two distinct
failure modes can be determined using Eq. 5 and Eq. 9. In practical
applications, both the connecting pipe and baseplate thicknesses collectively
influence the tensile-bearing capacity of the connectors. To ensure that neither
the connecting pipe nor the angle steel frame experiences failure, it is
advisable to select the lower value of the tensile-bearing capacities obtained
using Eq. 5 and Eq. 9. The tensile-bearing capacities of the connectors were
obtained using Eq. 5 and Eq. 9, when ¢ = 0, 9, and 14mm, respectively, as
shown in Fig. 18.

Based on Fig. 18, the key findings are summarized as follows:

(1) the tensile-bearing capacity curves obtained using Eq. 5 and Eq. 9
intersected at a particular point. On the left side of this intersection point, the
tensile-bearing capacity of the connectors is determined by the bulging
deformation at the opening of the connecting pipe, which is proportional to the
square of the connecting pipe thickness. On the right side of this intersection
point, the tensile-bearing capacity of the connectors is determined by the
buckling deformation of the angle steel frame, which is independent of the
connecting pipe thickness.

(2) when ¢ = 0 mm, the tensile-bearing capacity at the intersection point of
the two curves is associated with a connecting pipe thickness of 8 mm (d = 8
mm). On the left side of the intersection point, increasing the connecting pipe
thickness could augment the tensile-bearing capacity of the connectors. On the
right side of the intersection point, the tensile-bearing capacity of the
connectors is governed by the buckling deformation of the angle steel frame
and can be calculated using Eq.9, yielding a constant value. It is worth noting
that increasing the connecting pipe thickness does not enhance the
tensile-bearing capacity of this connector.

(3) The tensile-bearing capacity of connectors shows a significant
increasing trend with the increase of d, but its maximum value is significantly
regulated by . When ¢ = Omm and d <9mm, the tensile-bearing capacity of
connectors increases with d to approximately 80 kN. After that, with the
increase of d, the bearing capacity no longer increases. By analogy, when ¢ =
14mm and d<<15mm, the tensile-bearing capacity of connectors increases
with d to approximately 175kN. After that, with the increase of d, the bearing
capacity no longer increases. The increase of ¢ will significantly enhance the
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Fig. 18 Diagram of the Calculation Results for Eq.5 and Eq.9

positive contribution of d to the tensile-bearing capacity of connectors. There
is a synergistic effect between d and ¢, jointly determining the tensile-bearing
capacity of connectors. In practical applications, the smaller of the two is
taken.

6. Conclusions

In this study, the tensile-bearing capacity of an innovative connector
designed for OFPV platforms is investigated. First, 18 test specimens were
designed and fabricated for tensile tests, which yielded the mechanical
behavior of the test specimens including the failure modes, load—displacement
curves, and load—strain curves. Second, a finite element model was developed
and a comprehensive parametric study was conducted. Finally, the tensile
mechanism and loading conditions of the connectors were thoroughly
analyzed, and equations were derived to determine the tensile-bearing capacity
of the connectors under two distinct failure modes. In addition, the
tensile-bearing capacities of the connectors determined using the derived
equations were compared with those predicted by the finite element model.
The conclusions drawn based on the key findings of this study are as follows.

(1) The failure modes of the connectors are primarily categorized into two
distinct modes: bulging deformation at the opening of the connecting pipe and
buckling deformation of the angle steel frame.

(2) By performing a comprehensive analysis of the stress conditions and
deformation mechanisms of the connectors, equations are derived to calculate
the tensile-bearing capacity of the connectors under two distinct failure modes.
It is advisable to use the smaller value of the tensile-bearing capacities
calculated using the derived equations in practical applications.

(3) The thicknesses of the connecting pipe and baseplate have a
pronounced effect on the tensile-bearing capacity of the connectors. The
combined effect of these parameters is critical to the overall tensile-bearing
capacity of the connectors. In cases where bulging deformation occurred at the
opening of the connecting pipe, the tensile-bearing capacity is proportional to
the square of the connecting pipe thickness. In cases where buckling
deformation occurred on the angle steel frame, the tensile-bearing capacity is
directly proportional to the baseplate thickness.

(4) For a constant baseplate thickness, the tensile-bearing capacity curves
determined using Eq. 5 and Eq. 9 intersect at a particular point. On the left
side of the intersection point, the tensile-bearing capacity of the connectors is
predominantly determined by the connecting pipe thickness, which can
effectively enhance the tensile-bearing capacity of the connectors. On the right
side of the intersection point, the tensile-bearing capacity of the connectors is
controlled by the buckling deformation of the angle steel frame, and increasing
the connecting pipe thickness does not improve the tensile-bearing capacity of
the connectors. However, increasing the baseplate thickness could
significantly improve the tensile-bearing capacity of the connectors in this
case.

(5) The tensile-bearing capacity of connectors shows a significant
increasing trend with the increase of the connecting pipe thickness, but its
maximum value is significantly regulated by the baseplate thickness. The
increase in the baseplate thickness will significantly enhance the positive
contribution of the connecting pipe thickness to the tensile-bearing capacity of
connectors. There is a synergistic effect between the thickness of the
connecting pipe and the baseplate, jointly determining the tensile-bearing
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capacity of connectors. In practical applications, the smaller of the two is
taken.
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