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EXTENDED ABSTRACT

Introduction

Joints are important elements of engineered structures. Sandwich and polymer
structures utilize insert joints. Several studies have been conducted on insert joints to
improve their load capacity. In this article, the possibility of replacing metal samples with
composite insert joints reinforced with alumina nanoparticles is explored. In order to
evaluate the efficacy of composite samples in varying environmental conditions. The
outcomes of both the strength and environmental tests provide evidence that composite
samples can serve as a viable substitute for metal embedded joints.

Methodology

The insert system consists of a detachable part and a structural fixed part. The
removable part can be a screw or other threaded component that fits into a nut-like part.
This threaded component is connected to the core of the structure using an embedding
compound. This bonding compound is usually a two-part epoxy resin.

The effect of using nanoparticles in epoxy on its strength is shown in Figure 1.
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Figure 1. Stress-strain diagram for polyester-nanosilica nanocomposite samples with different
percentages of nanoparticles baked at ambient temperature.

The studies conducted in the field of built-in connections have a wide range. Due to the
non-standard shape and products in these connections, every company and every research
team has put forward suggestions to improve the load capacity of this type of connection.
Avila et al. [3] in 2010 investigated the delamination effect of sandwich nanocomposite
under impact load. They tested the impact with two different energies of 5 and 75 joules.
Their results showed that the addition of 5% nanoparticles increases the amount of
absorbed energy.

Considering the lower costs of producing composite built-in joints compared to metal
samples, the use of these samples has been considered as an operational option so that they
can be used in the industry. In this article, the possibility of replacing the composite built-in
joints reinforced with alumina nanoparticles instead of using metal samples has been
investigated. The pull-out test is used to evaluate the strength of the connection. To
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investigate the effect of nanoparticles on the moisture absorption of samples, a moisture
absorption test was conducted to compare the samples so that their effectiveness in relation
to environmental conditions was also investigated.

Results and discussion

Alumina nanoparticles were used in the present study. The main purpose was to
compare the load capacity results of the connection compared to the sample of common
metal-embedded connections. The method of mixing these nanoparticles was that the
weight percentage of these particles was first mixed with a mechanical stirrer for 20
minutes and then an ultrasonic bath was used in three 20-minute sessions. The base resin
was epoxy resin 828.

Reinforced resin samples were molded as dumbbells according to the ASTM-D 638
standard, and the tensile test results of different percentages are shown in Table 1.

Table 1. Tensile strength test results of nanocomposites.
Tensile Strength (MPa) Sample  Elongation at break (%)  Nanoparticle

27.47 Al-0 3.4 Pure resin
29.92 Al-0.5 3.6 Alumina -0.5 %
26.43 Al-2 3.15 Alumina -2 %
24.84 Al-5 3.46 Alumina -5 %

Figure 2. Built-in fittings sample test fixture and Galdabini tensile testing machine.

The test results were reported for at least three replicate samples and the average
numbers were reported as the final parameter. Pull-out test for composite and metal
samples was carried out with the Galdabini machine (Figure 2). To determine the main
sample to make the connection and perform the pull-out test, numerical analysis was
performed on the connection to select the best sample from among the different structures.
The results of the parametric evaluation of the connection, which was undertaken in the
numerical analysis, will be presented in future articles.

The process of numerical analysis was carried out using grid size optimization. To
confirm the results, the comparison of the results with the experimental sample made with
the aluminum sample was used. An explicit solver and approximately 100 thousand Tet
elements were used for the numerical analysis. The connection between the pot and the
insert was fully modeled and the pullout load was modeled as the pressure caused by the
bolt passing through the insert. The test process was done by passing a screw through the
insert. The force-displacement results were used as evaluation criteria for experimental
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tests. The results obtained from the pull-out test of the composite samples are compared
and reported with the pull-out test results of the metal connection sample in Table 2.

Table 2. Comparison of the FEM and Experimental results.

9%Discrepan Max. Pull-out Max. Pull-out load - Hole size Tensile
0 PN 1oad - FEM (N) Experimental (N) (mm) Modulus
- 13231 8 35 CO?:EZFSFQ'
15.34 Metallic-
9514.11 8248 8 70

insert

Table 3. Environmental test results during wet conditions (ASTD D570).
Moisture absorption (%) Sample

1.007 AL-0
0.81 AL-0.5
1.08 AL-2

1.001 AL-5

Conclusion

Table 2 shows the results of the experimental test on composite and metal samples. The
comparison between experimental and numerical results indicated an acceptable difference
0f 15.34%. The error was due to incomplete modeling of the insert's connection to the vase
and failure to consider possible manufacturing defects.

After mixing different nanoparticles and performing mechanical tests, the research
results showed that using alumina nanoparticles increases strength compared to pure resin.
Additionally, the pull-out strength of the built-in connection was approximately 1.6 times
higher than the metal sample, which expands the practical use of these connections. The
sample containing 0.5% alumina had minimal moisture absorption compared to other
samples, making it the best choice for outdoor use (Table 3).
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