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ABSTRACT

Background: Wooden materials have been among the basic materials used in many different areas 
due to some advantages throughout the history. Roadside barriers, which are called passive safety 
structures, can be produced with different materials such as wood, steel, concrete, and plastic. In this 
study, Renewable Hybrid Barriers (RHB), a new type of barrier that is used wood in terms of aesthetics, 
renewability, high shock resistance, and used sand in terms of impact absorption capacity and low 
cost, produced by taking into account some of the disadvantages of other barrier types. These barriers 
are planned to be used especially in historical/touristic areas, scenic roads, and in urban areas as 
urban furniture. Real-time crash tests in accordance with EN 1317 (Road Restraint Systems) standard 
require high cost and long time. Therefore, the pendulum crash test mechanism frequently used in the 
literature was manufactured at which the experiments were carried out. 

Results: The results revealed that the RHBs which has 2 cm thick timber and sand used together, 
were sufficient and suitable in terms of both cost and necessary safety criteria. It was observed that 
impregnation and heat treatment applications did not have a considerable negative effect on the 
performance of RHBs which provide an opportunity to use RHBs for outdoor conditions..

Conclusion: In the light of the results of the study, the optimum wood timber thickness was determined 
as 2 cm regarding TB 31 test criteria. It is proposed that the crash tests for different wood species, timber 
thickness, and/or barrier dimensions should carry out in future studies. This study can serve as the basis 
for the next step, real-time real crash tests. Since the study includes an interdisciplinary subject, it is 
thought that it will inspire different studies.
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HIGHLIGHTS

Renewable hybrid barriers (RHBs) will reduce the severity of the damage that will occur after the crash.
Optimum wood timber thickness that will be sufficient and suitable in terms of both cost and necessary 
safety criteria was determined as 2 cm.
RHBs will create an added value by harmonizing with the landscape especially in historical/touristic 
areas, scenic roads, and in urban areas as urban furniture.
RHBs will be suitable for outdoor conditions and will contribute to reduce traffic noise.
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INTRODUCTION
Humans used animals to move from one place to 

another about 4,000 years ago. After the invention of the 
wheel, the discovery of the wheeled wagons that increased 
mobility brought death and casualties with it. Traffic control 
services were first started by the Romans because of the arising 
primitive traffic density. (Davies, 2006; Kaszynski, 2012). 

The World Health Organization estimates that an 
average of 1.2 million people die and 50 million are injured 
each year in traffic accidents. A total of 25,300 deaths were 
recorded in 10 million traffic accidents in Europe in 2017 
(Chell et al., 2019; European Comission, 2018). In recent 
years, the concept of safety in traffic engineering has been 
classified as active and passive. The basic principle in active 
safety is to prevent the accident while the basic principle in 
passive safety is to minimize the probable damages due to 
any accident (Aashto, 2011; Ornek et al., 2019).

Passive safety structures, called as barrier and 
used at the edges and medians of highways, are designed 
to protect errant vehicles leaving road platform for any 
reason. The main purpose of the barriers is to reduce 
the severity of the accident and to minimize the damage 
caused by the accident rather than preventing the accident 
(Pilia et al., 2012). Barriers slow down errant vehicles and 
keep them on the road platform by absorbing some of the 
energy generated during the collision (Borovinsek et al., 
2007; Elvik et al., 2009; Teng et al., 2016). An ideal barrier 
should direct the crash vehicle back towards the road at 
an acute angle for the safety of the road, passengers and 
other vehicles during the crash. Thus, the crashing vehicle 
follows the barrier line and is protected from situations that 
may cause negative consequences such as overturning and 
rolling over. It also reduces the risk of injury and death to 
the passengers inside the vehicle (Grzebieta et al., 2005).

Researchers have developed different barrier types 
to withstand big impact loads that will arise during the 
collision but due to safety and structural requirements, 
aesthetic side of barriers are ignored. Engineers generally 
could not realize the effect of these structures on the 
landscape, especially in scenic roads and historical places. 
For this reason, a barrier type must be designed to meet the 
needs both in terms of aesthetic and safety. Various types 
of barriers are used in the literature, including concrete, steel, 
plastic, and wood. All barrier types have some advantages 
and disadvantages compared to others (Davids et al., 2006; 
Yeginobali et al., 2011). In general, because of the rigid structure 
of concrete barriers and the fact that steel barriers contain sharp 
surfaces, undesirable consequences occur in both vehicles and 
passengers at the time of collision. 

As far the wooden barriers, generally three types of 
wooden barriers are emphasized in the literature. One of 
these wooden barriers was constructed with wood material 
as, the main body and steel as the post of it while the other 
one was built the other way around. Another one was 
constructed with all wood material in all parts of the barrier. 
In the Fig. 1, some examples of wooden barriers from 
different countries are presented. There is not such a study 
evaluating the composite usage of wood and sand together, 
considering impact energy absorbing capability, traffic 

noise absorbing capability, traffic light absorbing capability 
and aesthetic side (Yumrutas and Yorur, 2017). Due to 
their aesthetic appearance, wooden barriers are generally 
applied in urban roads, mountainous and scenic roads, 
historical places, and for landscape design. Additionally, 
wooden barriers can be preferred on coastal roads due to 
their corrosion resistance instead of steel barriers. 

In this study, a new barrier is called “renewable 
hybrid barrier” (RHB) has been designed and constructed 
with wood material and sand considering the disadvantages 
of other barrier types. In this context, the aesthetic 
apperance, renewability, ability to absorb impact energy 
and traffic noise and capability of impact energy absorption 
and cost-reducing effect of sand material of RHBs were all 
evaluated together. In the scope of the study, the effect 
of impregnation and heat treatment applied to wood 
materials constructed on the barriers on crash performance 
was examined. The produced RHBs were subjected to crash 
tests using the pendulum system specially designed for this 
study. The data obtained from the crash tests were evaluated 
according to the EN 1317 (Road Restraint Systems) standard 
and the behaviours during the collision was analysed.

MATERIAL AND METHODS

Renewable Hybrid Barrier (RHB)

RHBs aroseconsidering the advantages of wooden 
material such as aesthetic appearance, impact energy 
absorbing capability and traffic noise absorbing capability, 
being a renewable material, and also success in cost reduction 
and impact energy absorbing of sand together. It is a new 
generation barrier type that is used together with wood material 
and sand and is not included in the literature. Additionally, in the 
design, plant soil on the top of the RHB is placed to grow plants 
that can remain green for four seasons. Thereby it is aimed to 
improve the aesthetic appearance much more and to reduce 
the glare problem caused by oncoming traffic especially during 
night driving. Fig. 2 shows a visual of RHB. The primary goal of 
the RHB design process is to absorb the impact energy and to 
keep the crashing vehicle on road platform.  In this study, RHBs 
are designed in concrete F-shape type barrier dimensions in 
order to compare with an existing barrier type used in the 
application and thus to prove the efficiency. It is thought that 
different designs can be created after optimization. RHBs 
consist of four main elements: concrete base, metal profiles, 
sand and timber. The main body of RHBs is formed by fixing 
metal profiles on the concrete baseand then the inner part of 
the barrier is filled with sandbags and the outer part is covered 
with timbers. 

Concrete Base
Since RHBs had a wooden frame to prevent the  

wood material from the contacting the water in road 
platform in the long term, especially in rainy outdoor 
environments. For this reason, concrete bases were built   in 
the given dimensions in Fig. 3. In addition, the connection 
of concrete bases with female and male parts allowed them 
to act together by helping energy transfer at the moment 
of a collision.
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Sand

Sand was a soil material which had natural, granular, 
and elastoplastic features, and consisted of crushed rock 
and mineral particles with a diameter ranging from 0.075 
mm to 2 mm and with a density between 1.5-1.80 ton/m3. It 
is cohesionless when dry or saturated with water, but with 
optimum water content, it has a certain cohesion (Poran 
and Rodriguez, 1992). In the production of RHB, crushed 
stone sand with a diameter of 0-5 mm, which is widely used, 
is used. Studies in the literature support that sand has a high 
level of ability to absorb impact energy (Bhatti, 2015; Chian 
et al., 2017; Sabet et al., 2009; Ho and Masuya, 2013). The 
saturated sand is also taken into account in experimental 

crashes of RHBs considering for outdoor applications. 
Besides, the sand material was placed in sandbags to 
prevent sand scattering on the platform in experimental 
crashes after the collision. This is related to real accident 
situation on the roads not to cause other accidents because 
of scattered sand.

Steel Profiles

Steel profiles were the elements that form the 
basic shape of the barrier and allowed the assembly of 
wooden timbers on which constructed horizontally to metal 
profiles via screws. Metal profiles were produced in the 
F-shape barrier form using 3 mm in thickness and 20x40 

Fig. 1  Wooden barrier sample in the USA (a), Steel reinforced wooden barrier sample in Italy (b). Semi-wooden and semi-   
metal barrier sample in Italy (c).

Fig. 2  Parts of RHB (a), Appearance of RHB on 
road platform (b).
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mm dimensions box profiles. They were mounted to the 
concrete base through the holes on the base. Connection 
points were fixed by welding. Two metal profiles were 
produced for each RHB. Their dimensions and an example 
are shown in Fig. 4a. It is planned to use three RHBs 
together in experimental crashes. Accordingly, in addition 
to connecting adjacent barriers by means of male and 
female parts of the concrete bases, each metal profile was 
connected to each other from four different points with the 
help of rod and nut in metric 12 dimensions (Figure 4b,c). By 
this way, it is aimed to distribute the energy that will emerge 
at the moment of any collision, among the entire barrier 
line rather than a single point.

Timber

Timber was the primary material that ensured the 
integrity and crash resistance of RHBs. In addition to being a 
renewable and environmentally friendly material providing 
an aesthetic appearance. It has many advantages such as easy 
workability, being paintable and varnishable, high carbon 
stock capacity, high strength compared to its density, high 
shock absorption, heat and sound insulation. (Birinci et al., 
2021; Kollmann and Kuenzi, 1968; Parobek et al., 2019; Tudor 
et al., 2020; Yang et al., 2019; Zhang et al., 2020).

The cost of RHBs varied depending on the wood type 
and thickness. Therefore, fir (Abies nordmanniana subsp. 
Equi-trojani) timber was preferred for RHB production due 
to its easy availability in Turkey and its lower cost compared 
to other wood species. 

Rubbed joining technique was applied to mount 
fir timbers on RHBs to prevent visual pollution and 
deformations that may occur in the joints due to shrink and 
swelling cycles and of fir timbers over time. Fir timbers were 
prepared 20 and 40 mm in thickness, 1250 mm in length, 
and 100 mm in width. Fir timbers were mounted onto metal 
profiles by using 3.5 mm diameter screws. In the literature, 
it is stated that for the efficiency of screwing quality, pilot 

holes should be drilled up to 80% of the screw diameter 
(Tor et al., 2020; Yorur et al. 2020). In accordance with the 
literature, pilot holes up to 80% of the screw diameter were 
drilled on the fir timbers before the screwing process. Four 
screws were used for fixing each timber and 72 screws in 
total were used for each RHB. In addition to the thickness 
of the wood material, the effect of impregnation and 
heat treatment applied to wood materials on the crash 
performance of RHBs was also examined. Accordingly, 
pendulum crash tests were carried out for RHBs produced 
using impregnated and heat-treated wood materials. 

The impregnation process was carried out using 
Tanalith-E substance in a private forest products company. 
In the impregnation process, after the timbers were placed 
into the impregnation tank, they were subjected to a pre-
vacuum process of 600 mm Hg for 25 minutes. After the 
pre-vacuum process, the vacuum in the impregnation tank 
was discharged and Tanalith-E substance was added into 
the impregnation tank. After this process, a pressure of 12 
bars was applied to the timbers for 30 minutes to increase 
the penetration of the impregnating material. At the end of 
the period, the pressure in the boiler was stopped and the 
Tanalith-E substance was removed from the impregnation 
tank. Finally, a second vacuum of 600 mm Hg was applied 
for 20 minutes to remove the residual impregnating material 
on the timbers. After the impregnation process, the samples 
were conditioned at 22 ± 3 °C and 65% relative humidity for 
10 days in order to perform the fixation procedures. 

Fir timbers were heat-treated in an industrial boiler 
at 110 °C under atmospheric pressure for seven hours. After 
the heat treatment, all samples were conditioned for 7 
days at 20 ± 2 °C room temperature and 65 ± 5% relative 
humidity.  In Fig.5, non-treated, impregnated, and heat-
treated fir timber samples are shown, respectively.

EN1317 Standard Criteria

It is regarded that RHBs designed in this study will be 
used on historical, touristic, and scenic roads where traffic 
volume and speed will be low and heavy vehicle traffic will 
be less. The crash test criteria are specified in the EN 1317 
standard depending on the vehicle type, weight, collision 
speed and angle. Thus, it was decided that the RHBs would 
be in normal containment level (N1) and TB31 acceptance 
test would be suitable and the experiments were carried 
out in this direction. 

According to EN 1317, the working width (W) is 
described as “the lateral distance between any part of the 
barrier on the undeformed traffic side and the maximum 

Fig. 3 Concrete base dimensions (mm). 

Fig. 4 Metal profile dimensions used in the 
production of RHBs (mm) (a), Connection points 
of RHBs (b,c). 
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dynamic position of any part of the barrier” and the ASI 
(acceleration severity index) is described as “measure of 
the severity of the motion for a person within a vehicle 
during an impact with a road restraint system”. Increasing 
the working width class indicates the rigidity of the barriers, 
and the decrease indicates the flexibility. The ASI value is 
accepted as an indicator of the magnitude of passenger injuries 
in the vehicle due to collision to any obstacles.  (Danek and 
Pawlak, 2018). According to EN 1317, ASI value is classified as 
A (≤1.0), B (≤1.4) and C (≤1.9). When these values are exceeded, 
this means that there is a risk in terms of passenger safety. 
ASI value is calculated according to the equation shown 
in Formula 1. In this formula, ASI: acceleration severity 
index, 

x
(t): maximum acceleration in x direction (m/s2), 

y
(t): maximum acceleration in y direction (m/s2),  

z
(t): 

maximum acceleration in z direction (m.s-2).

Hybrid Barrier Pendulum System

According to EN 1317, barriers must achieve crash 
tests for their eligibility to use on roads. Although full-scale 
crash tests are a conventional mechanism to reveal the 
barrier performance, such tests are very costly in terms of 
the procurement of the required experiment area (creating 
a collision path, taking safety precautions, etc.), creating 
the crash mechanism (ensuring the vehicle hit at a certain 
speed and angle), and cost of each vehicle in repeated 
experiments. For this reason, in the literature, pendulum and 
similar systems have been used in the optimization phase 
instead of full-scale crash tests for the performance analysis 
of barrier systems. (El-Salakawy et al., 2004; Gabauer et al., 
2010; Gierczycka et al., 2015; Mitchell et al., 2010; Moreno-
Perez et al., 2015; Raj et al., 2020; Yamaguchi et al., 2014).

The hybrid barrier pendulum system consisted of a 
rigid frame, pendulum rammer, and chains on which the 
pendulum rammer was suspended. The pendulum rammer 
was lifted to a certain height and released for free fall. Thus, 
the same energy can be applied by crashing the barrier at 
the same speed each time. Besides being more economical 
than real-time crash tests, the pendulum system is more 
suitable in terms of work safety and more practical. RHB 
pendulum system is shown in Fig. 6. 

The outer walls of the pendulum rammer were 
made of a 10 mm thick steel sheet and the inner part was 
filled with iron powder and weighs 1500 kg to represent the 
TB31 vehicle. The pendulum rammer was suspended on the 

Fig. 5 Non-treated (a), impregnated (b) heat-treated (c) timbers. 

[1]

mainframe with a total of 4 chains, 2 on each side. In this 
way, it is aimed to keep the weight in the axis during the 
collision and to prevent lateral oscillations. The total energy 
of the pendulum in the number 1 position is calculated 
according to the potential energy equation in Formula 2. In 
this formula, Ep: total potential energy (J), m: weight of the 
rammer (kg), g: gravitational acceleration (m.s-2), h: height 
of the rammer (m).

Ep m g h$ $= [2]

According to the law of conservation of energy, 
the pendulum hammer loses its height, and its potential 
energy just before colliding with the barrier completely 
converts into kinetic energy thus, the potential energy of 
the pendulum rammer at position 1 and kinetic energy at 
position 2 will be equal. From this point of view, the amount 
of energy generated on the barriers during the collision is 
indicated in Fig. 7 according to the containment levels. For 
the N1 containment level, this energy is specified as 43 kJ. 
According to Formula 2, it was calculated that the freefall 
height of the pendulum rammer should be 2.93 m to attain 
this energy level. 

In summary, our study was based on TB31 
acceptance test and N1 normal containment level test 
criteria. Accordingly, the pendulum rammer weighing 1500 
kg was lifted with the help of a crane mounted on the 
pendulum system frame so that its center of gravity was 
1.73 m. Repeated experiments were carried out by lifting the 
pendulum rammer to the same height for each experiment 
and energy of 25.5 kJ was created on the barrier every time.  
There is not any information in EN 1317 standard regarding 
the height of the pendulum rammer from the ground 
level at the crash point. Within the scope of this study, the 
average of N1 containment level vehicle types was analyzed, 
and additionally, in the light of literature studies, this value 
was predicted to be 50 cm then the rammer was hung on 
the pendulum system frame.

Data Supply

In order to be able to determine the barrier 
performance regarding EN 1317, the ASI value specified in 
Formula 1 must be calculated and the above-mentioned 
W value must be measured. For this purpose, crash tests 
were carried out by placing the accelerometer device (PCB 
Piezotronics-350A43) in the center of the gravity of pendulum 
rammer considering the relevant standard. In addition, two 
cameras were placed at the points specified in the same 
standard so that they can capture horizontally (Casio Exilim 
Pro EX-F1) and from the top (GoPro Hero 5). Reference scales 
7.5 cm in diameter were placed at certain points on the 
pendulum system to verify measurements obtained from 
the camera images. Working width (W) measurements were 
carried out on camera images using the “ImageJ” program. 

Renewable Hybrid Barrier Experiment Matrix

It was estimated that the thickness of the wood 
material, impregnation, heat treatment and the moisture 
content of wood and sand would have an effect on the 
crash performance of RHBs, and in this direction, the 
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experiment matrix shown in Tab. 1 was created. Within the 
scope of the study, a total of 36 RHBs were produced with 
3 successful repetitions for every 12 types of barriers. An 
additional experiment was also carried out to observe the 
crash performance of the connection point. 

RESULTS AND DISCUSSION

Relevant experiments were carried out according 
to Table 1, and the images of RHBs taken after pendulum 
crash tests are shown in Fig. 8. All tests were carried out by 
crashing the pendulum rammer through the middle points 
of the RHBs except for group D. Differently, in group D, it 
was carried out at the connection point of adjacent RHBs. 
The data obtained from the crash tests are presented in Tab. 
2 and 3. As can be seen in Fig. 8, the deformation amounts 
of the wooden parts on the crash surface were generally 
similar. Approximately five of the timbers on the crash 
surface were broken or cracked after the crash tests. No 
deformation occurred in the timbers on the back surfaces 
of the RHBs. This may indicate that the energy generated by 
the crash is sufficiently absorbed by sand and wood. 

Tab. 2 shows the working width classes revealed 
considering the test results. In the light of the measurements 
obtained from the camera images during the pendulum 
crash tests, it is seen that the RHBs are in the W5-W8 
working width range for various test matrix. According to 
the results in Tab. 2, it is seen that there is no significant 
change in working width classes with the change of fir 
timber thickness. These results reveal that the use of 2 cm 

thick timbers will be sufficient, and the use of 4 cm thick 
timbers means redundant cost increase. 

There is no significant difference between the A and 
B groups in terms of working width classes. According to the 
studies in the literature, it is stated that the impregnation 
process partially improves the mechanical properties of the 
wood material but does not cause a significant change  (Li 
et al., 2020; Percin et al., 2015; Simsek et al., 2010; Taghiyari, 
2011). In accordance with the literature, it can be said that the 
impregnation process does not have a negative effect on 
the working width of RHBs. Similarly, there is no significant 
difference between the A and C groups in terms of working 
width classes. The hydrolysis of hemicelluloses as a result of 
heat treatment of wood material significantly reduces the 
mechanical properties (especially shock resistance) of the 
wood material (Kocaefe et al., 2008; Kucerova et al., 2016; 
Yang and Liu, 2020). The crash test results reveal that the 
amount of this expected decrease in resistance after heat 
treatment is at a negligible level compared to the total 
resistance of RHBs. 

When the non-treated, impregnated, and heat-
treated samples were evaluated in their self-group, it was 
observed that the water saturation of the sand and wood 
material reduced the working width slightly. This situation 
is thought to be due to the weight of water added to the 
barriers. It was observed that the working widths of wet RHBs 
are generally lower than air-dried RHBs. In the literature, it is 
stated that the mechanical properties of wood increase due 
to the increase in moisture content and the shock resistance 
improves (Gerhards, 1982). In accordance with the literature, 
the increase of the working widths can be explained by the 
improvement in the shock resistance. The decrease in the 
working width with the increased moisture is an indication 
that RHBs will have more effective results in a possible 
accident, especially in rainy weather. Based on this, it can 
be said that the use of RHBs in outdoor conditions will be 
appropriate in terms of traffic safety. 

According to the result of the connection point 
crash test, RHBs are in the W7 working width class specified 
in EN 1317, and this result is close to other crash tests. From 
this point of view, it can be said that possible impacts to any 
points of the RHBs will reveal similar results. Tab. 3 shows 
the ASI values obtained as a result of using the acceleration 
data of pendulum crash tests in Formula 1. ASI values in all 
barrier types were obtained as class A and B. In the light of 
these results, RHBs meet the TB31 acceptance test criteria 
and it can be said that RHBs will keep the passenger safety 
within a vehicle at the desired level during an impact.

Fig. 6 Metal profile dimensions used 
in the production of RHBs (mm) (a), 
Connection points of RHBs (b,c). 

Fig. 7 Classification of containment levels with respect to vehicle types 
(CEN, 2017). 
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Groups Experiment Code Treatment Wood Thickness 
(mm)

Wood Moisture Content 
(%)

Sand Moisture Content 
(%)

A
(control)

B1D2 Non-Treated 20 Non-Treated 20
B1D4 Non-Treated 40 Non-Treated 40
B1W2 Non-Treated 20 Non-Treated 20
B1W4 Non-Treated 40 Non-Treated 20

B
(impregnated)

B2D2 Impregnated 20 Non-Treated 40
B1D2 Non-Treated 20 Non-Treated 20
B1D4 Non-Treated 40 Non-Treated 20
B1W2 Non-Treated 20 Non-Treated 40
B1W4 Non-Treated 40 Non-Treated 20

C
(heat-treated)

B2D2 Impregnated 20 Non-Treated 20
B1W2 Non-Treated 20 Non-Treated 40
B1W4 Non-Treated 40 Non-Treated 20

D (Connection point) B2D2 Impregnated 20 Non-Treated 20

Tab. 1 Renewable hybrid barrier experiment matrix.

Tab. 2 Working width results of RHBs according to pendulum crash tests.

Groups Experiment Code
25 kJ 43 kJ 43 kJ
W (m) W (m) W Class

A
(control)

B1D2 0.87 (0.15) 1.46 W5
B1D4 1.08 (0.04) 1.83 W6
B1W2 1.09 (0.01) 1.83 W6
B1W4 1.11 (0.07) 1.88 W6

B
(impregnated)

B2D2 1.03 (0.07) 1.74 W6
B2D4 1.09 (0.06) 1.83 W6
B2W2 1.07 (0.01) 1.80 W6
B2W4 1.04 (0.01) 1.76 W6

C
(heat-treated)

B3D2 1.12 (0.04) 1.89 W6
B3D4 1.14 (0.05) 1.92 W6
B3W2 1.08 (0.04) 1.83 W6
B3W4 1.09 (0.06) 1.83 W6

D (connection point) B4D4 1.34 (0.00) 2.26 W7
The values in parenthesis are standard deviations.

Tab. 3 ASI classes of RHBs according to pendulum crash tests.

Groups
RHB Code 25.5 kJ 25.5 kJ 43 kJ 43 kJ 43 kJ

Deceleration
(m.s-2) ASI Values ASI Class Deceleration

(m.s-2) ASI Values ASI Class

A
(control)

B1D2 5.80 (0.98) 0.48 (0.06) 9.78 0.82 A
B1D4 5.36 (0.90) 0.45 (0.06) 9.04 0.75 A
B1W2 7.49 (0.60) 0.63 (0.03) 12.64 1.05 B
B1W4 7.23 (0.79) 0.60 (0.04) 12.20 1.02 B

B
(impregnated)

B2D2 6.97 (0.60) 0.58 (0.03) 11.75 0.97 A
B2D4 6.32 (0.81) 0.53 (0.04) 10.66 0.89 A
B2W2 6.45 (1.17) 0.54 (0.07) 10.88 0.91 A
B2W4 6.58 (1.26) 0.55 (0.07) 11.10 0.93 A

C
(heat-treated)

B3D2 6.58 (0.60) 0.55 (0.07) 11.10 0.93 A
B3D4 7.36 (1.26) 0.61 (0.07) 12.42 1.04 B
B3W2 6.71 (0.45) 0.56 (0.02) 11.31 0.94 A
B3W4 6.45 (0.39) 0.54 (0.02) 10.88 0.91 A

D (connection point) B4D4 5.67 (0.00) 0.47 (0.00) 9.56 0.83 A
The values in parenthesis are standard deviations.
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Fig. 8 Images of RHBs after the pendulum crash tests. 

According to the crash test results of group A RHBs, 
ASI classes of wet RHBs are lower than air-dried RHBs. The 
increase in moisture did not cause a significant difference 
in RHBs (B, C groups) produced with impregnated and 
heat-treated fir timbers as in group A. According to Tab. 
3 timber thickness, heat treatment and impregnation do 
not significantly affect the ASI value. It can be said that it is 
appropriate and adequate to use fir timber 2 cm in thickness 
to diminish the cost in the production of RHBs. In addition, 
it is observed that wood protection methods, which are 
vital for extending the service life of RHBs to be used in 
outdoor conditions, do not affect the crash performance of 
RHBs negatively. Group D RHBs are generally in the same 
ASI class with other RHB types. This result reveals that RHBs 
will have sufficient performance against possible impacts to 
any point. In the light of the results presented in Tab. 2 and 
3, considering the cost, crash performance, and service life 
criteria, it can be said that the most suitable RHBs should be 
2 cm in thickness, impregnated, or heat-treated.

CONCLUDING REMARKS

The use of wood material and sand which both have 
high shock absorption  increase the impact absorption of 
RHBs significantly and therefore, it was concluded that 
damage to the vehicle and the possibility of casualties of 
the passengers in the vehicle after the collision will reduce.

The ability to re-use sand after crashes repeatedly 
due to its un-deformable structure, deformation of a 
limited number of timber and rapid repair / rehabilitation 
process due to being demountable of each timber parts 
can be regarded as significant advantages in  terms of 
both decreasing the cost and preventing traffic restraints. 
Oncoming vehicle lights during night drive are one of the 
important matters in terms of traffic safety. By placing plants 
that can remain green for four seasons on the top of the 
RHBs, the oncoming vehicle lights will be prevented during 
night driving pretending as anti-glare systems. In this way, 
it is aimed to contribute to both aesthetic appearance and 
increase traffic safety.
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Since the sound absorption coefficient of wood 
material is higher than steel and concrete material, It is 
thought that the use of RHBs, especially in urban areas, will 
contribute to the reduction of traffic noise. 

RHBs are designed in F-shape barrier dimensions 
in order to be compared with an existing barrier type. 
After the optimization is achieved, it is recommended to 
create different designs carrying out the performance 
tests in future studies. In the light of the results of 
the study, the optimum wood timber thickness was 
determined as 2 cm regarding TB 31 test criteria. It is 
proposed that the crash tests for different wood species, 
timber thickness, and/or barrier dimensions should carry 
out in future studies. This study can serve as the basis for 
the next step, real-time real crash tests. Since the study 
includes an interdisciplinary subject, it is thought that it 
will inspire different studies.
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