Dynamic Response of Rubberised Concrete F-shape Barrier
subjected to lateral Impact

Xin Lyu', Thong M. Pham?, Wensu Chen?, Mohamed Elchalakani', Hongyu Ran’
"University of Western Australia
2 Curtin University

Abstract: This study presents an investigation of the impact response of rubberised concrete F-shape
barriers when subjected to lateral impact. The F-shape concrete barriers were experimentally tested
using a pendulum impact testing apparatus, wherein sand was partially replaced with crumb rubber
having particle sizes ranging from 1-2 mm. The rubber replacement ratios of the barriers varied between
0% and 60% by volume. The results of the study demonstrated that rubberised concrete F-shape
barriers significantly reduced the peak impact force, thereby lowering the risk of damage and fatalities
in auto accidents. Additionally, the rubberised concrete F-shape barriers exhibited higher flexibility
compared to regular concrete barriers, deflecting twice as much before failing. Considering these results,
rubberised concrete F-shape barriers are recommended as a better alternative to traditional roadside
barriers for reducing the maximum impact force during vehicle crashes. Implementing these barriers
could contribute to a safer driving environment for motorists and reduce the occurrence of fatalities and
severe injuries on the road.
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1. Introduction

In contemporary societies, used tires have emerged as one of the most significant and challenging
sources of waste due to their resilient nature. Each year, millions of tires are discarded, and a large
portion of them are not recycled, which leads to the release of various environmentally hazardous
elements. Furthermore, as more than 75% of a tire's volume is empty space, they require vast landfills
that can potentially promote insect breeding and microbial growth, taking over a century for the tires to
biodegrade. Given the alarming situation, it has become imperative to explore alternative methods of
recycling used tires and transforming them into beneficial products [1].

The utilisation of crumb rubber (CR) as aggregate in building materials has become increasingly
prevalent in recent times, including in plasters, mortars, and concrete [2, 3]. The incorporation of
recycled tyre rubber into concrete possessing a high elasticity modulus has been identified as a
technically feasible approach that is conducive to environmental protection and the conservation of
natural resources [4, 5]. However, it is important to acknowledge that the substitution of concrete
aggregates with CR may result in a decrease in concrete strength [6].

In recent years, there has been growing interest in the use of rubberised concrete as a sustainable and
innovative material in the construction industry [7, 8]. In this regard, Youssf et al. conducted a study to
investigate the structural behaviour of confined rubberised concrete columns under lateral cyclic loads,
in comparison with unconfined rubberised concrete [9]. The authors found that the use of confined
rubberised concrete resulted in a slight increase in the peak strength and a slight decrease in the
ultimate drift, compared to unconfined rubberised concrete. Moreover, Atahan and Sevim investigated
the impact response of real-scale roadside barriers made of rubberised concrete. The authors employed
a 4-wheel vehicle weighing 500 kg for the impact tests and found that the energy absorption increased
with the rubber content [10]. This study underscores the potential of rubberised concrete in enhancing
the safety of infrastructure and mitigating the impact of vehicular collisions.

Roadside barriers are an essential safety feature on highways and roads to prevent vehicles from
colliding with hazardous obstacles or crossing into opposing lanes. Among the different types of
roadside barriers, the F-shape design has gained popularity due to its numerous benefits, including
increased safety for motorists, cost-effectiveness, ease of installation and maintenance, and aesthetic
appeal [11, 12].

To the best of the authors' knowledge, no study has yet been conducted to evaluate the impact response
of rubberised F-shape concrete barriers under impact loads. In order to facilitate the practical application
of rubberised roadside barrier constructions, it is crucial to comprehend the performance of such barriers
when subjected to impact forces. As a result, this study employed pendulum impact tests to investigate
the impact response of rubberised F-shape barriers. One rubberised concrete F-shape barrier was cast
and tested, with 60% vol rubber content. To generate the impact loading on the mid-height of the barrier,



a steel impactor weighing 300 kg was lifted to certain heights before being released. The study examined
and discussed the final damage, impact force time histories and displacement time histories. The results
of this study have significant implications for the use of rubberised concrete F-shape barriers as roadside
barriers and prove the rubberised concrete satisfies the requirements from Main Roads Specification
603 [13] to construct both road and traffic barriers. It is expected that this research will contribute to the
development of improved barrier designs and ultimately enhance road safety for all road users.

2. Experiment

2.1 Mix design

This study aimed to investigate the impact resistance of reinforced F-shape barriers with varying rubber
contents by designing two concrete mixes as summarised in Table 1. The ratios of cement, water, and
total aggregate were kept constant in all the specimens. The concrete mixes used in this study were
composed of cement and silica fume, conforming to ASTM C150/C150M-19a [14] and AS/NZS3582.3
[15], respectively. The specific gravity of cement and SF were 3.18 and 2.15, respectively. In order to
investigate the effects of varying rubber contents, normal silica sand was replaced by 1-2 mm rubber at
60% by volume. The specific gravity of sand and CR were 2.65 and 1.15, respectively. The particle size
distribution of the specimens was determined through sieve tests, with the results shown in Fig. 1. Table
2 provides a summary of the physicochemical characteristics of the binders and aggregates used in the
concrete mixes. To optimise the workability of the mixture and ensure proper dispersion of the fibres
within the concrete matrix, a polyether-based superplasticiser (SP) was utilised in accordance with AS
1478.1 [16]. The compressive strength of rubberised concrete was tested at 28 days in accordance with

AS 1012.9 [17].
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Fig.1 Particle size distribution from sieve testing

Table 1: Mix design of two F-shape barriers

Speci OP Cement Silica fume Silica Sand Water Superplasticizer Rubber Compressive
pecimens 3 3 3 3 3 3 strength
(kg/m?) (kg/m?) (kg/m?) (kg/m?) (kg/m?) (kg/m?) (MPa)
B1 935 251 461 194 237 0.0 83.0
B2 935 251 184 194 237 124 471
Table 2: Physicochemical properties of all binders and aggregates.

Oxides (mass%) Loss on dso Specific

Material Al,03  Ca0  Fe,03 Mg0  MnO  K,0 P05 Na0  Si0; SO3 Ti0;  igniton (M)  Gravity*
Cement 5.85 64 2.91 1.39 0.071 0.31 0.105 0.264 20.8 345 0.293 1.15 17.3 3.18
Silica fume 0.13 0.33 0.07 0.027  0.008 0.54 0.129 0.29 94.6 0.07 0.005 3.1 1.7 2.15
Silicasand 0.017 0.002 0.008 0.003 0.001 0.003 0 0.003 99.88 0 0.025 0.05 237.3 2.65

Note: dso = medium diameter.



*Specific gravity is given by manufacturers

2.2 Specimen design and impact test setup

The overall dimensions of testing F-shape are illustrated in Fig 2. Additionally, the experimental
pendulum impact test setup is depicted in Fig 3. The impactor, a solid steel weight of 300 kg, was used
to impact the columns. The barrier footing slabs were securely fastened to the strong floor to provide a
stable foundation. The reinforcement of the F-shape barrier has been accomplished through the
incorporation of 16 mm diameter bars in the longitudinal direction, complemented by 12 mm diameter
short bars in the horizontal direction. In order to achieve the necessary structural stability, the 16 mm
diameter longitudinal bars were crafted into trapezoid and U shape cages. These cages were
strategically placed within the main body of the F-shape barrier to ensure optimal support. Furthermore,
to create fully fixed boundary conditions at the end, the U shape cage was extended into the bottom
footing. The nominal yield stress and elastic modulus of the reinforcement bars were 250 MPa and 200
GPa, respectively.

The pendulum impact device was composed of a steel rig attached to a sturdy solid floor, which
supported the entire experimental system. The impactor was linked to the frame by a 2.8-meter-long
steel arm. To measure the release angle of the impactor, an inclinometer was positioned on top of the
steel rig. The impactor was raised to a specific height, corresponding to a designated angle, and then
released to impact the centre of the barriers at mid-height. Upon impact, the impactor rebounds, and
the impact force is measured by a load cell located in front of the impactor. During the experiment, one
linear variable differential transformer (LVDT) was positioned at the barrier's mid-height to verify the
displacement data derived from the high-speed camera video. The load cell and LVDT were linked to a
National Instrument USB-9237 data acquisition system, and the data were sampled at a frequency of
50 kHz. The deformation-to-failure process of the columns was captured by a high-speed camera
(Photron SA-Z), which was set to a filming rate of 8,000 frames per second. To provide sufficient
illumination for high-speed filming, four halogen lights were utilised. The high-speed camera recorded
the displacement time histories of five tracking points located on the columns. Digital image correlation
software was used to analyse the images captured by the camera, enabling the displacement time
histories of the columns to be determined accurately.
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Fig.2 Dimensions of F-shape concrete barrier and footing slab -front view (all dimensions are in mm)
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Fig.3 Impact test setup with reinforcement - side view (all dimensions are in mm)
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3. Results and discussion
3.1 Failure mode

In a comprehensive evaluation of the barriers, a series of impact tests were meticulously conducted.
The impact velocity was systematically increased in order to assess the performance of the barriers
when subjected to multiple impacts. Three distinct release angles of the steel projectile were
employed: 3°, 15°, and 30°. These angles corresponded to the first, second, and third impacts, with
respective velocities of 0.27 m/s, 1.37 m/s, and 2.71 m/s. Furthermore, it is noteworthy that in cases
where the columns remained intact after the third impact, an additional fourth impact was introduced.
This was executed with the steel projectile being released at an angle of 30° once more.

Fig. 4 provides a comprehensive description of the typical failure modes associated with F-shape
barriers after the fourth impact. Upon inspection, damages were observed at two critical sections of
the F-shape barrier, namely the impact point and the footing connection. The most severe damage
was observed on control specimen B1, which displayed extensive spalling of concrete and splash
of concrete debris around the impact point. It is worth noting that the damage around the impact
point was reduced with the increased addition of rubber content. Less damage and crack were found
on the surface of the barrier with higher rubber content, B2.



B1 - B2
Fig.4 Typical failure of the F-shape barriers after the fourth impact

3.2 Impact force time histories

The impact force of two specimens at different angles, namely 3, 15, and 30 degrees is presented in
Fig. 5. If the barriers were not fully destroyed, the pendulum would be released at 30 degrees again.
The findings reveal that the use of rubber significantly reduces the peak load as compared to B1 with
B2 at 3 degrees, reduced by 51.5%. The peak load reduction at 15 degrees for B2 is 9.6%. Interestingly,
the reduction caused by rubber diminishes with an increase in the impact angle from 3 to 30 degrees,
and in the 30-degree impact test, B1 and B2 exhibit comparable peak loads. This phenomenon could
be attributed to the reinforcement bars dominating the results when the barrier is on the verge of failing.
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Fig. 5 Impact force vs time

3.3 Displacement time histories

The displacement time histories of barriers have been analysed using the strain plot, and the results of
the analysis have been presented in Fig. 6. The displacement of the barriers was found negligible under
a 3-degree impact. In addition, the impact test results showed that the rubberised concrete barriers
exhibited significantly more flexibility than their counterparts made of normal concrete when the barriers'
deformation was still in the elastic range. For instance, under the 3-degree impact, the maximum
displacement at the impact point of a normal concrete barrier was found to be 5.75 mm. In contrast, the
corresponding value of barriers with 60% rubber contents was 12.58 mm. However, the behaviour of
the barriers changed under 15-degree and 30-degree impacts, where the reinforcement bars dominated
the behaviour of the barriers. After the 15-degree impact, cracks were observed around the footing
connection, and both the normal concrete barrier and the barrier with 60% rubber content presented
similar displacement at 25.61 mm. Under 30-degree impact, severe damage was observed at the footing
connection, and all tested barriers were leaning back, causing significant displacements. The barrier
with 60% rubber showed the largest displacement of 97.75 mm, and the normal concrete barrier showed
the displacement of 90.12 mm. As for the second 30-degree impact, the normal concrete barrier was
fully destroyed, and hence no data is available from the strain plot. The barriers 60% rubber exhibited
displacement value of 149.92 mm.
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4. Conclusion

1000

In conclusion, the experimental findings of this study suggest that rubberised concrete F-shape barriers
can effectively reduce the maximum impact force during dynamic impact, thereby improving road safety
and reducing fatalities and severe injuries. The addition of rubber content in the barriers not only reduces
the peak load but also enhances their flexibility, as demonstrated by their ability to deflect twice as much
before failing compared to regular concrete barriers in the elastic range. The reduction in damage
around the impact point with increased rubber content indicates that rubberised barriers are more
durable than traditional barriers. However, the peak load reduction caused by rubber diminishes with an
increase in the impact angle, suggesting that reinforcement bars dominate the behaviour of the barriers
when on the verge of failing. Overall, implementing rubberised concrete as F-shape barriers complies
with Main Roads Specification 603 [13] and rubberised concrete F-shape barrier is recommended as a
better alternative to traditional roadside barriers for improving road safety.
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