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ABSTRACT

This report presents an initial investigation of the mechanics of I-beams developed with plastic-aluminum
composite technology. Plastic-aluminum composites in structural beam/frame/truss elements are a
relatively new concept that has seen little, if any, application in modern construction. This technology has
considerable potential to add innovative choices to the array of materials currently available in the
construction industry. Several new tests were designed and performed on different portions of the beams,
including Push-Through and Knit-Line Pull tests, and tensile tests per ASTM D638-10. Results of these
tests showed increased strength with an increase of talc filler content and also showed that the addition of
a metal deactivator additive to the plastic results in a slight increase in strength. Duration of Load tests
were performed per ASTM D7031-04 and none of the beams tested exhibit tertiary creep. The I-beams
investigated here use an internal shear connector (deboss), which acts as a mechanical fastener between
the aluminum and flange plastic. A numerical finite element model was developed in ABAQUS to better
understand the underlying physics of the deboss and was compared with a Push-Through test specimen.
Results from the model closely match experimental results and the model can be used to predict within
10% the load per deboss region that can be resisted before the plastic begins to yield and extensively
deform. This model can be used for differing deboss geometries and any plastic with known material
properties. Overall, the results of this research support potential future research involving a more in-depth
investigation of this innovative, new class of material technology for use as a structural material.
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1. INTRODUCTION

The goal of composite materials is to optimize desired properties from different constituent materials. In
doing so, a part or structural component is created that outperforms each of the constituents individually,
and possibly even better than the simple addition of each constituent’s properties. Conservation of
materials is important to economic and sustainability considerations. Utilizing composite technology, one
can develop a part or structural component out of composite materials with less material consumption, yet
still provide the same strength as a non-composite counterpart. When considering composites made from
plastic and aluminum, the goal is to combine the low density and moldability of plastic with the high
stiffness, high strength, and relative light weight of aluminum. Plastic-aluminum composite material
technology has considerable potential to add innovative choices to the array of materials currently
available in the construction industry. This report presents research investigating the properties of I-beams
constructed with this technology.

The plastic-aluminum composite I-beam technology studied here was developed by Tegracore, who also
were collaborators with the testing work presented in this report. Initial motivation for the beams was for

use in decking understructure and as a competitor to wood products currently available. These plastic-
aluminum composite I-beams can be cut to any length and are shown below in Figure 1.1.

i

Figure 1.1 Length profile of plastic-aluminum composite I-beams [1]

Because these beams will be competitors for wood products, it is important to review and compare certain
properties between the two products. Preliminary testing of the plastic-aluminum composite I-beams has
shown that a 10 ft. span beam fails in flexure when loaded to about 6400 Ib. Tables provided by the
American Wood Council [2] show that for a wood beam to have this same flexural strength at about the
same depth as the I-beams, it would need a cross-sectional area of 40 in?. Note that this rough estimate
does not take into account the modulus of elasticity values specific to the species and grade of lumber
used. It is assumed here, for comparisons sake, that a 10 ft. span beam of any type of wood with a cross-
sectional area of 40 in? would have comparable flexural strength to the composite I-beams. The weight of
wood varies greatly from species to species and is highly dependent on moisture content [3]. Multiplying
weights per cubic foot provided by the American Wood Council [4] by 40 in? and converting units, results
in a range of 5.9 Ib./ft. (lower end of softwood) to 13.3 Ib./ft. (higher end of hardwood) for wood beams
of similar flexural capacity to the composite I-beams. The weight of the I-beams varies slightly depending
on the plastic formula, but averages about 4.3 Ib./ft. Therefore, a wood beam with comparable properties



to a composite I-beam of the same length would weigh, on average, (depending on the type of wood)
more than twice as much.

Decking understructure (and many other structures) built from wood periodically must be treated with
appropriate preservatives (especially in a marine environment) to prevent attacks from destructive
organisms, such as fungi and marine borers, and moisture [5]. The preservatives and the labor to apply
them cost time and money. Because of the nature of the composite I-beams, they are innately resistant to
these problems and do not require any treatment. Also, properties of plastics used in Tegracore beams
provide excellent resistance to weathering, insects, rotting, warping, and splintering [1], all of which yield
advantages over wood product counterparts.

The aluminum used in flanges of the composite I-beams is a standard structural material with known
material properties. Different plastics were used for the web and flanges in this study, and many different
combinations of web and flange plastics were tested. When combined with structural plastics, aluminum
can be positioned so its excellent mechanical properties can be optimized in a mechanics sense. Generally
speaking, different plastics have a broad range of properties, and a specifically-desired structural property
of a beam made from aluminum and plastic can be acquired. For example, adding filler materials to a
plastic not only decreases the cost, but also increases stiffness, improving resistance to deflection for an I-
beam’s web material.

The ability to modify specific properties of a structural component with this technology has the potential
for new and innovative design. Not only can the web and flange plastic materials be modified to gain
certain properties, but the method of bonding the aluminum and plastic also can be adjusted. Other
composite material technologies have used adhesives. However, the I-beams investigated here use an
internal shear connector that acts as a mechanical fastener between the aluminum and the flange plastic.
Geometry of the shear connectors can be modified to optimize certain desired properties. Following
terminology used by the beam developers, these internal shear connectors will be referred to as deboss
throughout this report. More specifically, the deboss are indentations in the aluminum. When the 1-beams
are extruded, the flange plastic forms into these indentations and the plastic and aluminum together in
these regions acts as the mechanical fastener that resists shear forces when the beams are loaded.

For one specific test, three different aluminum profile geometries were tested. For example, one was a
smooth aluminum profile for a baseline comparison with no shear connector, as shown in Figure 1.2.

Figure 1.2 Smooth aluminum profile with no deboss present



Plastic-aluminum composites in structural beam/frame/truss elements are a relatively new concept that
has seen little, if any, application in modern construction. Current American Society of Testing and
Materials (ASTM) standards lack documents that address beam properties specific to this new
technology. For example, the location of the bond (knit-line) between two different plastics in the I-beams
does not have a testing standard, simply because that technology has yet to have an application in a
structural sense. To test and quantify desired properties of the I-beams, the following physical tests were
designed and performed on parts of the beams and will be described in greater detail in this report.
1. Push Through Test — no current ASTM applicable
designed to quantify the strength of bond between the aluminum and the plastic of one flange of
the I-beams
2. Knit Line Pull Test — no current ASTM applicable
designed to quantify the strength at the knit line between the web and flange plastics of the I-
beams

The following ASTM tests also were performed on parts of the I-beams:
1. Tensile Test— ASTM D638-10 [6]
covered determination of the tensile properties of multiple web and flange plastics used for the I-
beams
2. Duration of Load Test — ASTM D7031-04 [7]
quantified effects on beams’ deflection rates under a constant static load over a 90-day period
*NOTE: this standard is actually in place for wood-plastic composite products

Since the key difference between these composite beams and comparable beams made from other
materials (e.g. wood) is addition of the second material in the flanges, the relationship between the
aluminum and plastic is of primary importance. Fundamental mechanics of the shear connectors were
explored both in terms of the physical tests described above and by a finite element model in ABAQUS.
Results from the Push Through Tests were used as a basis to verify results of the numerical model. In the
future, this model could be used to explore different flange plastics and even different deboss aluminum
profiles, which would allow for rapid assessment of the controlling parameters without having to
construct a physical model.

Currently, talc is used as a filler material in the plastic. The effects that talc has on the plastic’s material
properties also have been investigated. Physical and chemical characteristics of the filler material, along
with the bond strength between polymers and different filler compositions are important considerations.

Research toward furthering applications of recyclable materials in construction can have a huge impact
and, although not the focus of this report, it is important to note that these plastic-aluminum composite I-
beams have the potential to be completely recyclable. Both the plastic in this composite and the aluminum
are easily recycled, making these structural materials one of the few types of renewable composites. A
machine has been developed to separate the flanges from the web and another machine is currently
underway that will separate flange plastic from aluminum. The aluminum can be directly recycled and,
depending on the formula, the plastics have the potential to be melted down for recycling. In theory,
thermoplastics are infinitely recyclable, as is aluminum. This demonstrates that plastic-aluminum
composites are an economical and environmentally-sustainable alternative to wood and overall, the
potential for applications of these plastic-aluminum composite I-beams is substantial.



The fundamental mechanical properties, such as flexural strength, of the plastic-aluminum composite I-
beams have been studied previously, but much of the information was proprietary. This research focuses
on properties specific to these beams and how the properties can be studied. The objectives of work
completed for this report are:

Quantify the bond strength between the plastic and aluminum of the flanges.

Quantify the bond strength at the boundary between the flange and web plastics.

Study and compare the properties of differing plastic formulas to understand the effects of
multiple types of plastics and additives.

Quantify the effect of talc filler percentage on properties of the plastics and on the bond strengths.
Develop a numerical model used to accurately predict the load resisted by the deboss region
before yielding and excessive deformation.

In the remainder of this report, the pertinent literature is reviewed, underlying mechanics of the composite
beam are described, the physical tests and numerical model and their results are given, and a discussion of
all results is presented. Finally, conclusions and recommendations for future work are discussed for this
novel composite.



2. LITERATURE REVIEW

Plastic-aluminum composite material technology has yet to have a significant role in large-scale structural
applications; however, some research has been completed on potential applications of metal-plastic
composites in the automotive industry. One of the most important factors to consider for plastic-metal
composite materials is the connection and/or bonding between the two materials. Droste et al. [8]
presented a comparison between three different adhesives and rivets in applications of this technology in
the automotive industry. Droste et al. [8] argued that using adhesive across the entire connection surface
allows creation of a continuous joint that will distribute load uniformly between the two materials and
eliminate complications due to stress concentrations. The three adhesives used and their properties are
presented in Table 2.1.

Table 2.1 Main mechanical properties of the adhesives used in study [8]
Adhesive Elastic Tensile Elongation at
Modulus (Mpa) | Strength (Mpa) Break (%)
BETAMATE LESA
24020 2200 17.2 1.0
BETAMATE LESA
24030 1000 13.8 60
BETAMATE 2810 PU 7 8 200

The composite beams for this study [8] were made with a truss-like layout created from long-glass fiber
reinforced polypropylene with a metal plate joined to the plastic beam along two flanges. The beams were
tested in static bending, torsion, and impact. The impact test determined behavior under dynamic loading,
providing information necessary to analyze a part made from this composite material technology during
an automobile crash.

The results shown in Figure 2.1 appear intuitively reasonable. The solid line with no markers is the basic
plastic beam and the others have metal plates connected to them by various methods. Maximum force is
smallest for the basic plastic beam, as expected. The rest are dependent on individual properties of
different adhesives used. In this study, the beam cross-section was not optimized for bending (as is one
one goal for the aluminum-plastic I-beams); therefore, differences between the composite beams’ results
and the basic plastic beam could be much greater. It is interesting to see the upward trend in bending
strength as better composite action is used. Overall, although Droste et al. [8] seems to favor the use of
adhesives for bonding metals and plastics in these composite beams, Figure 2.1 shows that using a
mechanical fastener (a rivet here) has a comparable increase in bending strength. When considering both
techniques, additional labor is required for both: pre-treatment of the materials for adhesives and creating
the shear connector for the mechanical fastener. A major difference between the two is that the adhesive
technique adds a new material into consideration, while the mechanical fastener technique can use
materials already present (as with the aluminum-plastic composite I-beams investigated in this report).
Therefore, an argument can be made that the latter technique is more economical, assuming machinery
needed for both are already in place.
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Figure 2.1 Force-deflection results for static bending [8]

Most existing applications of plastic-metal composite materials, predominantly smaller scale parts in the
automotive industry, use adhesives for bonding between the two materials. This is a major difference
between past and present work.

Although research conducted for this report is the first on an I-beam application of the plastic-aluminum
composite material technology, another study has shown promising results for thin-walled aluminum
tubular beams (ATBs) reinforced with internal polyamide 6 (PA6) and external fiber reinforcing layers.
Eksi et al. [9] demonstrated many of the benefits of plastic-metal hybrid-composite structures, obtained
by combining the low density and good moldability properties of plastic materials with the high strength
and good stiffness properties of metallic materials in the same structure. Using ANSYS to run a finite
element analysis, they showed that (for thin-walled ATBS) any type of inner reinforcement provides
improvement in load-carrying capacity and that outer reinforcement contributes to resistance of global
buckling. With these results from ANSYS, they then performed a systematic investigation on the
contribution of internal PA6 and external fiber reinforcing layers specifically on buckling and bending
behaviors of the beams. The fiber reinforcements tested were a glass fiber reinforced polymer (GFRP)
and a carbon fiber reinforced polymer (CFRP). For the experimental tests, nine different types of
specimen were created to test each of the reinforcements independently and the interaction effects. Figure
2.2 shows the different types of test specimen.



Figure 2.2 The nine test specimens used in the tubular study [9]

The beams were tested in buckling and bending. Considering the comparison being made between beams
in the study and the plastic-aluminum composite I-beams of this report, only the bending test results from

the research [9] will be presented and are shown in Figure 2.3.
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Figure 2.3 Load-displacement graphs obtained from bending tests [9]
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In Eksi et al.’s [9] study, reinforcing the aluminum tubular beams with both the carbon fiber reinforced
polymer and polyamide 6 resulted in a 661% increase in the bending load. Results show that combining
the PAG with fiber reinforcement increases bending strength of the ATBs by the largest margin, with the
carbon fiber reinforced beams showing a higher bending strength increase than the glass fiber reinforced
beams, which would be expected. In general, increasing a beam’s moment of inertia will increase its
flexural strength. Therefore, without even considering the actual material properties of the fiber
reinforcement, simply adding the material a certain distance away from the neutral axis of the cross-
section increased the moment of inertia of these beams. This same strategy is noticed in the plastic-
aluminum composite 1-beams of this report. The aluminum is held at a much larger distance from the
neutral axis by the plastic than would be possible with the same amount of aluminum and no plastic.
Density and modulus of elasticity of the aluminum are significantly larger than values for the plastics.
Therefore, its properties will have a much larger relative contribution when considering composite
properties of the beam as a whole. Eksi et al. [9] presented that the increase in flexural strength of the
reinforced beams greatly exceeded the simple addition of each material’s individual flexural strengths.
This is due to the composite interaction between components and will be an important theme throughout
this report. Overall, this study concluded that “the use of plastics and metal together as a reinforced
structure yields better mechanical performance properties, such as high resistance to buckling and
bending loads, dimensional stability and high energy absorption capacity, including weight reduction.”

Literature is limited in research specifically pertaining to the use of metal-plastic composite materials
used in a structural sense; however, composites have been used for many years. One of the earliest uses of
composite technology dates back to the 1500s B.C. when Egyptians mixed mud and straw [10] to build
strong and durable buildings (considering the time period). Using straw for making bricks is even
mentioned in the book of Exodus in the Bible. Composite technology for structures has huge potential in
the field of engineering, especially considering the research being conducted on new materials.
Combining materials to optimize desired properties and take advantage of composite action is significant
for the future of structural mechanics and engineering.



3. MATERIALS AND GEOMETRY

Plastic-aluminum composite I-beams are composed of three different materials: aluminum, flange plastic,
and web plastic. The plastic used for flanges and web are typically different plastics, but could be the
same. For the organization of this section, the following topics will be discussed in this order: aluminum
material properties, flange plastic considerations, web plastic considerations, effects of additives and filler
materials on the plastic material properties, I-beam cross-sectional dimensions, and aluminum profiles
with differing deboss geometries.

3.1 Aluminum Material Properties

Aluminum is a standard structural material with well-known material properties. A 6005 extruded
aluminum alloy was used for all beams tested and discussed in this report. The assumed material
properties for the aluminum are summarized in Table 3.1.

Table 3.1 Aluminum material properties
(Values referenced from Aerospace
Specification Metals Inc.) [11]

Poisson’s Ratio 0.33
Young's Modulus (psi) 10,000,000
Density (Ib/in®) 0.0975

3.2 Flange Plastic Considerations

The flanges and web have different purposes, but must work together to exhibit the required performance
of the structure. The geometry of the I-beam makes it ideal for resisting bending and shear loads. The
flanges resist bending, while the web resists shear. Different material properties for the plastics were
chosen based on the performance requirements of the flanges and web of an I-beam. For these composite
I-beams, it was assumed that aluminum is solely responsible for the structural performance of the flanges,
and the flange plastic is there only to support the aluminum and complete the composite structure. Main
considerations for the flange plastic are the 1) bond with the aluminum, 2) reaction with the aluminum,

3) bond with the web plastic at the knit-line, and 4) economic considerations.

1. Bond with the aluminum: The first consideration is addressed by the mechanical shear connector
(deboss region) described in great detail later in this report.

2. Reaction with the aluminum: The second consideration raises the concern that under an electrical
charge (possibly from a lightning strike, etc.) the flange plastic may react with the aluminum.
This could cause the plastic properties to change or be compromised and/or the surface of the
aluminum to change, thereby changing the bond between the aluminum and the plastic. This is
not desirable, however, the addition of a metal deactivator additive into the flange plastic can
address this concern. Metal deactivators for polymers originally were developed for
polypropylene insulation for copper wiring [12]. A metal deactivator does what its name implies
and stops elements in the plastic from reacting with elements in the metal. Details of this reaction
are not of importance to this research and are not discussed here.

3. Bond with the web plastic at the knit-line: The third consideration also is a consideration for the
web plastic and is addressed through testing, discussed later in this report.



4. Economic considerations: The fourth consideration is addressed with the addition of talc,
ethylene propylene diene monomer (EPDM), and/or a bonding elastomer as filler materials,
which lower the price of the plastic. This report does not consider economic issues, but price is
another element that must be considered when optimizing the filler strategy for the beams.
Several factors that can affect price are the volume ordered and whether or not a relationship
already exists between manufacturers and distributers. Again, this is beyond the scope of this
report, but important to note here. The properties of these filler materials are described in the
effects of additives and filler materials on the plastic material properties section.

3.3 Web Plastic Considerations

The moment of inertia generated from the I-beam’s cross-sectional shape is the fundamental benefit over
a rectangular cross-section made from the same amount of material. This is because the moment of inertia
is in the denominator of the bending stress equation and as the moment of inertia increases the stress is
reduced [13]. Also, displacement is inversely proportional to length [13]. Therefore, using an I-beam
cross section, one can create a beam with high flexural properties lighter in weight than its rectangular
counterpart. Consequently, not only must the web resist shear forces, it also must be stiff enough to
support the flanges’ increased distance from the neutral axis. To resist shear forces, the web must have a
high modulus, for stiffness considerations, while not being too stiff to prevent cracking (as with most
structural materials) and catastrophic brittle failure. As the depth of the web increases, buckling
considerations become important. The web must have a high enough modulus and moment of inertia to be
safe from buckling, but should not be too bulky to take advantage of an I-beam’s potential for being
lightweight and economical. Shear stress will cause failure if the web section is too thin [13]. The
moment of inertia also is in the denominator of the shear stress equation and therefore, as the moment of
inertia increases the stress is reduced. [13]

The web plastic considerations are 1) stiffness and modulus of elasticity, 2) bond adequately with the
flange plastic at the knit-line, and 3) reduce costs of materials and manufacturing. The first and second
considerations are by far most important. The first will be discussed in detail in the next section of this
section and the second is addressed through testing described later in this report. The third consideration
has the same explanation as the economic considerations discussed for the flange plastic considerations.

3.4 Effects of Additives and Filler Materials on the Plastic Material
Properties

For the plastic-aluminum composite 1-beams, polyethylene has been used for the flange and web plastics.
Polypropylene was used in the flange plastic of the I-beams at one stage of research and development, but
because polyethylene was chosen earlier as the predominant material, only the effects of additives and
fillers on polyethylene will be discussed for the purposes in this report. Many additives and filler
materials can be used in polyethylene, but only those considered and tested specifically for these
composite I-beams will be discussed.

Fillers have two main purposes: 1) lower the cost of the plastic and/or 2) improve certain desired
properties of the plastic. When used, filler materials modify practically all properties of the plastic and
therefore, will influence the design [14]. Fillers can increase impact strength, flexural modulus, and/or
provide dimensional stability to the composite. Also, fillers can change optical properties of the
composite, such as transparency, and/or increase heat deflection temperature [15]. One goal when
developing plastics for use in composites is optimizing different contributions from different materials
added. For example, high density polyethylene can be reinforced with short glass fibers and also filled
with talc, but the behavior between all of the materials together must be investigated [16] and this goes
for any plastic formula approach.
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Polyethylene is innately flexible, durable, and tear-resistant. When filler materials are added to
polyethylene, the properties are greatly affected by the filler characteristics, filler content, and interfacial
adhesion. Talc (MgsSisO10(OH)2) was used as filler material for the plastic-aluminum composite I-beams
studied here. Talc is made from a layer of brucite (Mg(OH).) sandwiched between two sheets of silica
(SiOy). It has a layered, platy shape with a hexagonal cross section and a high aspect ratio (typically 20:1)
[15]. When used as a filler material in thermoplastics, talc increases stiffness, thermal conductivity, creep
resistance, and chemical resistance of the material [17]. In general, if a filler material has a higher aspect
ratio (length/thickness), it will have a higher flexural modulus [15]. When plastic parts are extruded,
molecules can orient themselves. This is especially true for molecules with high aspect ratios. Therefore,
the talc filler will affect the modulus of the plastics in the plastic-aluminum composite I-beams even
more, due to the molecule orientation during extrusion. Raw material samples of the plastics before
extrusion are not available and a comparison to quantify the effect of the talc orientation will not be made.
A comparison of aspect ratios for common fillers is shown in Figure 3.1.

Increasing Aspect Ratio

30-50:1

ground calcium TiO, glass fiber
carbonate (GCC)

Figure 3.1 Aspect ratios of fillers with different shapes [15]

The type and volume fraction of filler additions affect the material properties of the plastic, but as
mentioned above, interfacial adhesion also has a large effect on these properties. For fine particle filler
materials, because of their small size, agglomeration should be addressed. Agglomeration refers to the
gathering and clumping of filler particles. This negative behavior can cause problems, but it specifically
has a negative effect on tensile strength. The tensile strength of agglomerates was studied in detail by
Schubert [18]. To avoid this adverse behavior, a surface treatment may be needed for filler particles to
increase interfacial adhesion. Many different agents can be used for surface treatments, and each changes
properties of the filler material in different ways. No surface treatments were needed for the talc added to
the plastics discussed here, but it is important to note their existence.

When added to polyethylene, talc not only decreases the overall cost of the material, but also stiffens the
thermoplastic. Because stiffness is a major concern for the web of an I-beam, there are obvious benefits of
using talc to stiffen the web plastic, especially considering the innate flexibility of polyethylene on its
own. Wernett [15] has shown the results of an evaluation of thermoplastic performance with fine and
ultrafine talcs. Overall, both smaller talc particle size and higher talc concentrations correlate with greater
stiffness in the composite. Figure 3.2 shows this behavior, with the volume fraction percent labeled next
to each line. As expected with increased stiffness, impact strength decreases with higher talc
concentration. However, smaller talc particle size still gives the higher values of impact strength. This
should not be surprising, considering the relationship between modulus and aspect ratio discussed earlier
(talc is on the high end of Figure 3.1).
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Figure 3.2 Effect of talc particle size and volume fraction on flexural modulus [15]

Karrad et al. [19] gave detailed results on the effect of talc content on the relative tensile modulus. It is
called “relative” tensile modulus here, because it is the ratio of the polyethylene with talc filler modulus
over the polyethylene on its own modulus. The ranges shown around the diamond points on Figure 3.3
are the experimental points and are of primary importance. The other lines were comparisons made during
the study [19] and are not germane to this discussion. The experimental results show that tensile modulus
increases with increased talc content.

4

Relative modulus (E_/Epgyp)
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Figure 3.3 Effect of talc content on tensile modulus [19]

Kirrad et al. [19] also investigated the relationship between strain to failure, directly related to toughness,
and talc content. An unexpected result found through this study is that there is actually an increase in the
strain at failure, up to a talc content of about 4%. As previously described, the addition of talc increases
the stiffness of polyethylene, therefore decreases the strain to failure and toughness. However, Nicolais
and Nicodema (as cited in [19]) hypothesized that because cavities around filler particles can be
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introduced with the addition of fillers, a method of blunting a crack tip also is introduced. If a crack
encounters a poorly bonded interface between a filler particle and polyethylene, then the interfacial
debonding can blunt the crack tip and/or slow down further propagation. This would explain the increase
in strain at break at lower talc contents shown in Figure 3.4 [19]. Note that the range of talc contents used
for plastics of the aluminum-plastic composite I-beams start at a minimum of 20%. Therefore, this
unexpected increase in strain at break at low talc contents is not a concern for the research of this report.
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Figure 3.4 Evolution of strain at break of high density polyethylene/talc composites as a function of talc
content [19]

Usually, adding a material with a high modulus to polyethylene will increase the material’s modulus of
elasticity, but it also will increase brittleness. On the contrary, adding a rubbery material to a polyethylene
matrix will increase impact strength, but decrease modulus of elasticity [20]. Conscientious addition of
both could result in increased modulus and impact strength [21]. For flange plastics of the plastic-
aluminum composite I-beams, this filler strategy was implemented with the addition of EPDM (the
rubbery material) and talc (the high modulus material). One issue with adding EPDM to the beams’
flange plastic formula is that EPDM does not homogeneously bond with high density polyethylene
(HDPE). Although, one study as cited by Vranjes et al. [22] has observed that EPDM can promote the
interfacial bonding between polypropylene and HDPE used together in a plastic formula. For the
composite I-beams studied here, early research and development concluded that there were cracking
issues in the flanges of the beams when the beams were subjected to direct sunlight over long periods of
time. It was thought that the non-homogenous bonding between the EPDM and the HDPE could be a
factor in these results and finding a filler material that homogeneously bonds with HDPE to replace
EPDM was a goal. In later testing, a high flow bonding elastomer (A55TPR 09-1020) was tried in place
of the EPDM and for the rest of this report it will be referred to as the “bonding elastomer.”
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Two other additives used in the plastics are a UV stabilizer (UV) and color. UV is added to protect the
flange and web plastics from long-term deterioration due to sunlight. Color is added to give the web and
flange plastics the same color simply for aesthetic considerations. Technically, any color can be chosen
for this purpose.

Finally, the nomenclature used for plastics in other sections of this report are described here. As described
earlier, polypropylene thermoplastic elastomer (PPTPE) was, at one point, used for the beam’s flange
plastic. High density polyethylene (HDPE) was used for the web and flange plastics throughout
development. HDPE is known for its high strength to density ratio as compared to normal polyethylene.
High molecular weight (HMW) HDPE has a higher crystallinity compared to normal HDPE. The
crystallinity in polyethylene increases with increased length of polymer chains and decreased number of
side branches. This allows the chains to be more tightly packed in a smaller volume, therefore increasing
weight per volume and also strength to density ratio, as compared to normal HDPE [23]. HDPE and
HMW HDPE are compared during the testing.

3.5 I-beam Cross-sectional Dimensions

The beams have cross-sectional dimensions (all inches) shown in Figure 3.5 and can be cut to any length:
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Figure 3.5 Aluminum-plastic composite I-beam cross-sectional dimensions
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3.6 Aluminum Profiles with Differing Deboss Geometries

Three types of aluminum profiles have been manufactured and tested. Figures 3.6 through Figure 3.10 are
dimensioned drawings and photographs of these.
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3.6.1 Aluminum Profile 1 — Corner Stamped Deboss

B

Figure 3.6 Aluminum Profile 1 photographs
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Figure 3.7 Aluminum Profile 1 dimensions
Ideally, the deboss on each corner of the flange are aligned, but due to manufacturing limitations, this

does not always happen. However, there are always four deboss regions around each flange within one
inch of length.
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3.6.2 Aluminum Profile 2 — Face Stamped Deboss with Scarification

Scarification is a process that roughens the aluminum’s surface, allowing for a stronger mechanical
bonding between the two materials. Scarification was applied before the deboss.

A
Figure 3.8 Aluminum Profile 2 photographs (scarification on all outer surfaces)
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Figure 3.9 Aluminum Profile 2 dimensions

16

B

0.100*

W

0.050” deep

B) Single deboss dimensions



As Figure 3.8 shows, the wider faced deboss regions are more gradually sloped to the 0.050-inch depth,
while the narrower faced deboss regions have a more defined “stamp” to the 0.050-inch depth. This is a
result of the manufacturing and varying rigidity of the aluminum faces oriented in different directions.

3.6.3 Aluminum Profile 3 — Completely Smooth Aluminum

Figure 3.10 Aluminum Profile 3 photodraph
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4. TESTING

Tests were performed on the plastic-aluminum composite I-beams to quantify properties of the deboss
regions in the flanges, the knit-line between the web and flange plastics, and also the entire beam. For
organizational purposes, each test will be described accompanied by specimen details of the multiple sets
of that specific test.

4.1 Push-Through Tests

One of the most important properties of a composite material is the bonding and interaction between
different materials. This is required to maintain displacement and traction continuity. Strength between
the plastic and aluminum of these composite I-beams is of particular interest and not only is the strength
dependent on the surface between the two materials of the composite, but also geometry and spacing of
the physical deboss. The Push-Through Test was developed to quantify strength of the bond between the
aluminum and plastic of the composite I-beams.

The composite I1-beams were cut through the web and a total of two inches of plastic was removed from
the end(s) of each specimen. The test was run using an Instron test machine, initially with a 20,000 Ib load
cell and then later a 5,0001b load cell. The 20,000 Ib. load cell was only used for the first set of testing,
because the strength between the plastic and the aluminum was generally unknown. Data gathered during
the first set of testing showed the 5,000 Ib. load cell was adequate for the remaining testing and higher
resolution data could be gathered. An example specimen is shown in Figure 4.1.

_— ~N i
Figure 4.1 Example push-through test specimen
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To allow aluminum to be pushed through the plastic, a support plate, referred to as push-through plate
from here on, was fabricated that allows aluminum to penetrate up to % in. The push-through plate also
can be lifted and supported with metal bars to allow for further penetration. The profile of the aluminum
was cut into the push-through plate and then three dowel pins were positioned to align the specimens.
Figure 4.2 shows the push-through plate in detail, which can also be seen at the bottom of the specimen in
Figure 4.1. After the first set of Push-Through tests, a mirror and flashlight were used to ensure
alignment. In early testing, some data were compromised because of misalignment with the push-through
plate (causing the aluminum to bear up against the plate); therefore, in later testing, ¥ in of the aluminum
was exposed at the bottom of the specimens so they could be placed directly into the aluminum profile
cutout on the push-through plate and guarantee alignment. The amount of plastic cut away for these tests
was always two inches, but further specimen details are described separately.

A) Push-Through plate top view B) Push-Through plate showing aluminum profile fit

C) Push—ThroughpIate on Instron test machine

Figure 4.2 Push-through plate details
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The data rate was set to record 5 pts/sec. The shutoff points of each test (either maximum extension or
minimum load after peak) varied from test to test and are described below. The two quantities measured
were the applied load and corresponding axial extension.

The first set of Push-Through tests was performed on specimens of multiple lengths to determine if the
strength of the bond between the two materials has a linear relationship with the length of embedded
aluminum. The specimen’s hames correlate with the length of aluminum bound by plastic; therefore,
actual length of the specimens is their name plus two inches. Four specimens were made with three
different lengths of plastic and their individual details are shown in Table 4.2. All specimens had “28/15”
flange plastic, a polyethylene with 28% talc filler and 15% ethylene propylene diene monomer (EPDM).
A 20,000 Ib. load cell was used. At first, the test machine was pre-set to shut off at the lower of either 0.5
in displacement or a decreasing load of 1,000 Ib. This was to ensure that the specimen did not go all the
way through the % in push-through plate. After testing the six-inch specimen, the decreasing load shutoff
point was changed to 500 Ib. to get more data for the remaining specimen. Figure 4.3 shows the different
lengths of specimen loaded on the Instron directly before testing. Notice that for these tests, the push-
through plate was not lifted up on blocks. Observations during this set of tests are described in the Results
and Discussion section and brought about the push-through plate being lifted onto blocks.
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C) 12 in.(a) Specimen D) 12 in.(b) Specimen

Figure 4.3 Specimens loaded on the Instron directly before testing
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The second set of Push-Through tests tested the strength between aluminum and plastic of three different
composite I-beam deboss geometries and allowed for strength comparisons between these configurations.
Three different types of composite I-beams were tested during this round of testing. Four specimens of
each were tested. All specimens were made by cutting through the web of the I-beams and using the two
flanges. They were each a total of eight i