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Abstract

The mechanical behavior of metallic fiber reinforced adhesively bonded Single Lap Joints (SLJ) under dynamic loading has been
studied. The effect of different fiber spacing along the joint width on the strength of SLJs was investigated experimentally. The
experimental tests were conducted on non-reinforced and reinforced adhesives joints fabricated using Araldite 2015 adhesive.
The experimental results indicated that introducing the metallic fibers in the adhesive layer improved the shear strength of SLJs.
This improvement was observed to be maximum under higher loading rates. Additionally, the improvements were found to be
de-pendent on the spacing between the metal macrofibers for which lower fiber distancing result-ed in higher failure load
improvements.
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1. Introduction

Adhesive joints have attracted considerable attention in various industries due to their advantages compared to
traditional methods of joining. High fatigue life, preventing the galvanic corrosion between the adherends, more
uniform stress distribution in the bonding area are among these advantages. Single lap joints (SLJ) has been commonly
used for bonding adherends due to its simple geometry and practically easy fabrication method. However, this type of
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adhesive joint suffers from intensified stresses at both ends of the bond line, which reduces the overall strength of the
joint. In order to improve the mechanical behavior of SLJs or in general adhesive joints, several methods have been
proposed by researchers in the past decades, which can be categorized in two main group; optimization of adherends
geometries (Boss et al., 2003; Fessel et al., 2009; Campilho et al., 2001; Rincon Troconis et al., 2013; Ayatollahi et
al., 2017a; Razavi et al., 2018a,b, 2019) and improving the mechanical properties of adhesives (Kinloch et al., 2003;
Zhai et al., 2006; Fereidoon et al., 2010; May et al., 2010; Ayatollahi et al., 2017b; Kanar et al., 2018; Razavi et al.,
2018c,d; Akpinar et al., 2018). In order to improve the mechanical properties of currently available adhesives,
extensive researches were conducted on the toughened adhesive using nano, micro and macro additives.

Dealing with macro additives, Khoramashad and Razavi (2014) suggested application of metallic fibers in the
bonding layer of adhesive joints. They studied the effect of incorporating aluminum fibers on the overall shear strength
of SLJs. According to their results the reinforced joints not only experienced an increase in strength, but also the
displacement at failure was increased. A shear strength improvement of 133.9% was reported for the reinforced
adhesive joints with smallest fiber spacing compared to a non-reinforced SLJ. Later it was revealed that only
incorporation of metallic fibers along the length of adhesive joint can improve the mechanical behavior and lateral
fibers don’t result any improvement in the overall behavior of the adhesive joint (Nemati Giv et al., 2018). The flexural
behavior (Esmaeili et al., 2018) and fracture behavior (Razavi et al., 2017) of metallic fiber reinforced adhesives were
then studied in other published researches. It was reported that incorporation of metallic fibers improves the stress
distribution in adhesive layer beside the fact that relatively higher thermal conductivity of the reinforcing fibers
compared to the adhesive, can result in better heat transfer during curing resulting in less residual stresses in adhesive
layer (Khoramashad and Razavi, 2014).

In the current research the mechanical behavior of metallic fiber reinforced adhesive joints is evaluated under
dynamic loading. The reinforced adhesive joints are produced using a new fabrication fixture enabling production of
the joints with different fiber spacing and the results were compared with that of non-reinforced joints. Three different
loading rates were considered for conducting experiments.

2. Experimental procedure

The SLJs were fabricated using Araldite® 2015 adhesive, steel adherents and 0.5 mm Forta 304/4301 austenitic
stainless-steel reinforcing fibers. The technical data and material properties of Araldite 2015 are reported in Table 1.
Reinforcing fibers with a diameter of 0.5mm are made of Forta 304/4301 austenitic stainless steel with an ultimate
tensile strength of 650 MPa. Three different reinforcement fiber spacing of @ = 0.4, 0.9 and 1.9 were considered in
fabrication of reinforced SLJs, in which a is the dimensionless fiber spacing parameter based on distance between the
fibers divided by the adhesive layer thickness (see Fig. 1). In addition to the reinforced specimens, non-reinforced
adhesive joints were fabricated as control specimens.

Table 1. Araldite® 2015 technical data according to the product’s datasheet.

Density ~1.4[g/cm’]
Viscosity (25°C) Thixotropic
Mixing ratio (by weight) 1:1

Pot life at 25°C, 100g ~30-40 min
Shear modulus (at 25°C) 0.90 GPa
Young’s modulus 2.00 GPa
Tensile strength 30.0 MPa
Elongation at tensile break 4.4%

To ensure that the reinforcement fibers are correctly placed, orientated and spaced within the adhesive layer, an
assembly fixture made of precision-machined steel parts was designed and employed (see Fig. 2). The dynamic tests
were conducted at room temperature (20°C) and at a relative humidity of 26% under different loading rates of 0.20,
10 and 50 mm/min. At least three samples were tested for each case.
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3. Results and discussion
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The experimental results obtained from the static and dynamic tests are presented in Table 2. According to the static
results (i.e. loading rate: 0.2 mm/min), the failure loads of reinforced adhesive joints with fiber spacing of @ = 0.4, 0.9

and 1.9 were 61%, 73% and 34% higher than that of non-reinforced joints. This improvement was slightly enhanced

for the reinforced adhesive joints tested under 10 mm/min loading rate. For this case, the highest failure load
improvement of 76% was observed which belonged to the reinforced adhesive joints with fiber spacing of @ = 0.9.
Application of 50mm/min rate, which is one hundred times higher than that of static loading, resulted in considerably

higher failure loads for both non-reinforced and reinforced adhesives. The failure load improvements for the fiber

spacing of @ = 0.4, 0.9 and 1.9 were 73%, 84% and 49%, respectively. Once again, the highest failure load under this

loading rate was observed for the samples with fiber spacing of a = 0.9.

Fig. 2. Schematic view of the joint production fixture.

Table 2. The details of experimental failure loads obtained from the tested adhesive joints.

Loading rate

Tested joints 0.2 mm/min 10 mm/min 50 mm/min
Failure load (kN)  Improvement* Failure load (kN) Improvement Failure load (kN)  Improvement
Non-reinforced ~ 3.85 - 4.74 - 5.40 -
a=04 6.20 61 7.70 63 9.35 73
a=0.9 6.66 73 8.36 76 9.92 84
a=19 5.16 34 6.26 32 8.05 49

*Improvement: (Failure load|reinforced joint - Failure 10ad|uon-reinforced joint) / Failure load|non.reinforced joint X100
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It can be observed that increasing the loading rate from 0.2 mm/min to 50 mm/min increases the failure load of the
non-reinforced adhesive by 40%. This behavior was intensified by incorporation of metallic fibers, showing the proper
ability of this type of reinforced joints for the components subjected to dynamic loadings. Incorporation of metallic
fiber reinforced adhesive joints results in better load transfer between the adherends as a result of load sharing function
of the fibers. According to the results presented in this research, higher load bearing improvements were observed for
the case of dynamic loading. This can be due to dominant cohesive failure in the adhesive joints, which have been
tested under higher loading rates. Additionally, better thermal conductivity of metallic fibers compared to the base
adhesive results in better temperature distribution in the adhesive layer during curing procedure, which consequently
provides a more uniform curing condition with less residual stresses (Khoramishad and Razavi, 2014). The effects of
the incorporation of metallic fibers on the overall dynamic behavior of SLJs was assessed in this paper by varying the
fiber spacing and the results provided helpful understanding of how this key geometry parameter affect the load bearing
capacity of the SLJs.

4. Conclusion

The dynamic behavior of metallic fiber reinforced adhesively bonded SLJs was experimentally studied. The
distance between the reinforcing fibers was considered as the key parameters in analyses. According to the viscoelastic
behavior of the adhesive, higher failure loads were obtained for the joints tested under loading rates of 10 mm/min and
50 mm/min compared to the static loading (i.e. loading rate of 0.2 mm/min). The experimental results of longitudinally
reinforced adhesives showed 73% enhancement of static load bearing capacity while 84% enhancement of dynamic
load bearing capacity was obtained under loading rate of 50 mm/min. This different improvement values were assumed
to be due to different failure mechanisms in the reinforced SLJs under static and dynamic loadings, which requires
further studies.
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