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ABSTRACT

In this study, usability of polymer foam coatings on impact surfaces of concrete rock fall barriers to increase the
energy absorption capacity performances was investigated with a series of experimental studies. For this purpose,
impact tests were carried out on different concrete block samples within the laboratory tests. According to the
results, it was determined that the displacement values of the barrier blocks due to the impact effect can be
significantly reduced by using polymer energy absorption liners. Additionally, cracks and failures of the concrete
block bodies resulting from high impact energies can be prevented by the polymer energy absorption liners. It was
assessed that a polyurethane based thermoset foam coating with a density of 60 kg/m3 can economically and
remarkably improve the concrete barriers against impact loads.
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1 INTRODUCTION

Itis possible to use concrete barriers on the slope sides of roads to prevent the damages of the rock falls. Inaddition
to the roads, rigid concrete barriers can be placed at the bottom of the slopes to prevent damage to the structures.
Falling rock blocks cause an impact load on the barriers. Depending on the energy level of that dynamic (impact)
loading, concrete barriers can be broken and/or have significant displacements. In this context, the friction capacity
at the bottom of concrete blocks and the energy absorption capacity of the concrete block bodies are the main
parameters for the performance of rock fall barriers. The amount of impact energy acting on the barriers depends
onvarious factors such as the falling height, frictions during the fall, the rock block weight and its geometric shape
[1-3]. A schematic drawing shown of the rock fall barrier use is givenin Figure 1.

Big volumes of rock blocks falling froma high height cause high levels of the impact energy. The concrete barriers
should have the ability to absorb the rock fall energy in order to prevent damages and losses. Therefore, it is
important to design proper rock fall barriers considering the site characteristics. As a significant disadvantage,
concrete materials have relatively low impact strengths resulting from their brittle material properties [4—6].
Because of having poor impact energy absorption capacities, concrete barrier bodies can severely fail as basically
shown in Figure 2.
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Figure 1. A schematic shown of the rock fall barrier usage

Figure 2. An illustration of concrete barrier body failure [7]

The use of polymer materials has become popular in solving many engineering problems. Similarly, the use of
new engineering polymers is also becoming widespread in rock engineering applications [8-11]. As a result of the
high energy absorption capacities of polymer materials, they can be advantageous especially inapplications where
the impact load occurs.

Thermosets, a group of polymer materials, polymerize owing to contact of their liquid components. The thermosets
can have one, two or more components. Thermosets, whose components are supplied in liquid phase before the
polymerization, can be used practically in surface coating applications. Solidification times of the thermoset
products can vary withina wide range, depending on the self-properties and production details. Liquid components
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of thermosets should be mixed well before their polymerization reactions for a good chemical reaction
performance. Solidification on the surface is an important advantage in coating processes in terms of taking
roughness shapes and providing a good contact [12-14]. The components which generally have high viscosities
can be coated in several layers for thick liner applications.

In this study, a polyurethane type thermoset polymer material was used to coat the impact surfaces of the concrete
block samples. Polyurethane is an isocyanate-based copolymer and nowadays used for many different kinds of
insulation applications such in buildings, tanks, pools and waste deposition plants, because of its good resistivity
against the seasonal and environmental changes. Polyurethane foams are also used for different purposes in the
geotechnical engineering works [15-18]. The scope of this study is to investigate whether the polyurethane foam
coat is effective for improvement of the impact energy absorption capacities of the concrete block barriers, or not.

The stress-strain curves of polymeric foams under the compressive loading case have three definite regions which
are called linear elastic, plateau and densification regions (Figure 3). The polyurethane foams are quite ductile
materials that densification continues instead of failure even under very high strain levels over 60 % [4]. Because
of its deformability property, the polyurethane foam material was selected for the aim of supplying a good energy
absorption capacity to improve the impact resistivity of the barriers.

Polyurethane polymerizes owing to the chemical reaction between the liquid ingredients called polyol and
isocyanate. The polyurethane foams can be divided into three groups according to their densities, as light foams
(<80 kg/m3), mid-density foams (80-180 kg/m?) and dense foams (>180 kg/mq). As a motivation of this study, it
has been predicted that the cracking or failure of the concrete block bodies can be prevented because of the impact
energy absorption by the polymer coating. It has been also tested with a series of experimental studies to investigate
whether the polymer liner can reduce the sliding displacements of the barriers by absorbing the impact load. It can
be noted that the polymer liner effect on two main topics of slide and body failure resistivities was investigated
within this study. Detailed information about the experimental methodology is given under the next title.
Evaluating the findings from this study in consideration of the polymer liner material costs, the affordability of the
polyurethane foam type coat for improving rock fall barrier performances was examined within this study.
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Figure 3. Typical stress strain behavior of polyurethane rigid foams

2 METHODOLOGY

Within this study, precast concrete blocks with 30 cm x 20 cm x 15 cm sizes were used as the laboratory scale
samples. For making a comparison to assess the barrier performances, the size of the concrete bodies was the same
for both samples with and without the polymer coating. All the concrete blocks used in this study have same
content and been fabricated from the same mix. The impact load acting on the barrier blocks was modelled with
the Charpy test setup. In the Charpy experimental setup, the potential energy turns into the kinetic energy when
the hammer falls from a certain height, and the hammer hits the samples creating an impact loading. The energy
level of the hammer which depends on the arm height can be read from the indicator on the setup. The Charpy test
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equipment used in this study is shown in Figure 4. Concrete blocks were placed on a base rock slab. Before and
after the hammer blow, the boundaries of the concrete blocks were marked on the base slab for determination of
the amount of sliding displacements resulting from the impact effect. Depending on the hammer arm drop height
and hammer weight, the amount of energy in the Charpy impact test can vary. 150 J energy level which is half of
the setup capacity was acted in the slide test to only make displacement without cracking. In the body failure test,
the impact energy of 300 J was acted on samples.

Totally, 10 specimens were used in the block slide testand 5 of them were coated by using the polymer layer. Only
impact surfaces of the blocks were coated by the polymeric foam layer which is used to absorb the dynamic energy.
There are three stages of polyurethane foam polymerization. In the first stage called as cream time, polymerization
reaction does not start and the mix of the components is in the liquid form. Typical cream times for polyurethane
foams change from 5 to 240 seconds. The product used in this study has a cream time of 120 seconds, which is
a period to conveniently cover the surfaces by performing different methods like pouring or spraying. By the end
of the gel time, the polymerizationand frothing startinthe second stage. T hen, foam material solidifies completely
and the polymerization ends at the end of the third stage called as tack free time. The maxi mum mechanical strength
is reached at the end of the tack free time varying between 18 hours and 24 hours for most of the polyurethane
foams.

* -

e

Figure 4. Slide test: a) Polyurethane liner coating on the concrete block, b) hammer lift and drop, c) concrete
position marking before the hammer drop, d) block position marking after sliding due to the impact effect
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The density of the polymer foam product used in this study is 60 kg/m3 after the end of the tack free time. The
liquid mix of the components can be poured and spread on the block surfaces within the gel time of the product.
Because of the polymerization process, the foam liner thicknesses increase to a level which depends on the frothing
ratio. As another way, polymerized foam layers can be cut and glued on the blocks for the liner coating purpose.
For appropriately using same liner thickness on the samples, foam layers with the thickness of 2 cm were cut and
glued on the concrete blocks by using a cyanoacrylate adhesive in this study.

Inaddition to the slide test, the failure of the body was also examined within the scope of this study. After the slide
tests, concrete blocks were supported in the Charpy equipment to examine a failure that can occur in the concrete
body because of the hammer blow. Since sliding is prevented in the supported specimens, the energy transferred
to the blocks caused cracking in the concrete body. In order to examine cracking in the concrete body, block
samples with a relatively thin thickness were used in the body failure tests. The dimensions of the concrete blocks
used in the body failure test are 20 cmx 12 cm x 9 cm. The blocks were placed on the sample abutment part of the
equipment. As the hammer hits to a specimen, an amount of energy is consumed for the breakage. To measure the
energy consumption amount, the height difference between the initial position and which the pendulum rises after
failure is recorded by a pointer mounted on the dial (Figure 5). The Charpy impact test is an immediate load test
that determines the amount of energy absorption during the fracturing of a sample. It has a simple formula to
determine the energy absorption capacity (EAC). The energy amount read on the dial of the equipment can be
calculated by using a simple formula as given in Equation 1.

EAC=mg(hi-hz) 1)

where m is the mass of the hammer, g is gravitational acceleration, h; is height of hammer before the drop and h,
is the hammer height raised after the sample failure.

3 RESULTS AND DISCUSSIONS

Results obtained from this experimental study are given in Tables 1 and 2. As seen from Table 1, the slide
(displacement) resistivity of the concrete blocks was found to be significantly improved by the use the polymer
foam layer. As a result of using only 2 cm thickness of the liner, the displacement values of the blocks could be
nearly halved. Additionally, the impact energy absorption capacities of the block bodies can be remarkably
improved as a result of using the polymer layer. The polymer layer supplied 95% increase in the impact energy
absorption capacity of the block bodies.
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Figure 5. Body failure test: a) Hammer position before the drop, b and c) failure of a specimen without the
polymer liner, d) impact hammer contact, e) failure of a specimen with the polymer liner

Table 1. Slide test results (BPC: Block samples with polymer coating, BNC: Block samples with no polymer
coating, SN: Specimen number, SD: Standard deviation)

. Mean displacement SD for Mean displace ment
Specimen type SN (cﬁq) (cm) P

BPC 5 6 1

BNC 5 11 2

Table 2. Body failure test results (EAC: Energy absorption capacity)

Specimen type SN EAC (J) SD for EAC (J)
BPC 5 256 13
BNC 5 131 8

It was assessed that the load acting on the slide surface at the bottom can be decreased as a result of the significant
energy absorption of the polymer layer on the impact surface. Therefore, polymer coatings supplied relatively less
slide displacements than those of the concrete blocks without the energy absorption liner. Also, it was assessed
that the damages in the concrete body can be prevented by the energy absorbing polymer layers.

Since polymers are deformable materials, they have much higher energy absorption capacities compared to
concrete materials [19-21]. Concrete materials need to be improved because of its lacks resulting from some issues
like having brittle material characteristics, low tensile strength values, etc. To overcome the problems of concrete
materials, composite material technologies and new engineering polymers can be used for various practices in rock
engineering [22-24]. Especially, the use of polymeric materials seems to be more popular in rock engineering in
last years. Within this study, it was found that polymer materials are also advantageous as surface liners for the
rock fall barriers.

The cost of the polymer liner material is 2.2 USD per a n? for the thickness of 2 cm. Considering its significant
energy absorption capacity improvement, that cost can be assessed to be affordable. In the field works, liner
thicknesses can be selected higher thanthose inthis laboratory scale study for a better increase in the performances
of the concrete barriers.
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It should be noted herein that many different polymer layer materials can be investigated to assess their effect on
the performances of the concrete rock fall barriers in further studies. Following the progressions in the polymer
science and technology, it is possible to select more effective and economical liners in the future works. Many
problem solutions from past to present of the rock engineering have been realized as a result of the use of new
materials [25-28]. Therefore, it will be highly beneficial for rock engineers to test new materials. With the use of
right materials, many more important advances can be made in rock engineering.

4 CONCLUSION

According to the results obtained from this study, following research findings can be noted as conclusion matters:

1. Theenergyabsorption liners made of the polyurethane foam type polymer material are advantageous in terms
of displacement limitations of the concrete rock fall barriers.

2. Polymeric energy absorption liners are also usable to remarkably increase the impact strength of the concrete
barrier body.

3. The polymeric energy absorption liners are beneficial in improving the performance of concrete barriers.
Various polymer products can be investigated within further studies on their use with the rock fall barriers.
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