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Abstract - The impact resistance performance of road guardrail is an important factor that affects
vehicle collision safety. Improving the structure of road guardrail and adding damping materials is
a common way to improve the performance of guardrail. Taking the model of the F800 van as the
research object in the finite element simulation software, the Ls-Dyna solver is adopted to conduct
a comparative study on the energy absorption effects of the protective fences before and after the
improvement. By adding anti-collision blocks and rubber pads to the protective fence structure
specified in the national standards, the effects before and after the improvement are evaluated with
the displacement and energy absorption status of the protective fence as the indicators. The results
show that the protection performance of guardrail can be improved significantly by adding rubber
pads or obstruction blocks. Both of them can reduce the maximum displacement of the guardrail
column in the impact process, at the same time, the two structures can significantly increase the
absorption effect of the road guardrail on the impact energy, especially the increase of the block
structure on the road guardrail performance is more obvious. The research process is of great

significance for enhancing the performance of road guardrails.
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1. Introduction

Among all kinds of road traffic accidents, the number
of human deaths is the highest. According to
statistics, the number of deaths accounts for 80%[1].
The installation of road traffic guardrail is an
important way to avoid casualties caused by
accidents. In China, the forms of road traffic
guardrail are mainly rigid, semi-rigid and flexible
three, their representative forms are concrete wall
type, metal beam and column type and cable type.
Among them, the metal beam-column guardrail is
widely used in road traffic safety because of its
combination of rigid and flexible properties.
Therefore, it is meaningful to study the influence of
metal beam-column guardrail on road traffic safety.
There are many factors affecting the performance
of road protective guardrail. Wang Junjie et al.[2]
studied the performance of side beam guardrail
under different size parameters and vehicle speed
conditions based on the orthogonal test method.
Song Shiming[3] studied the prefabricated guardrail

and gave suggestions for the optimization of
guardrail with different materials and assembly
forms. Sun Shengjiang[4] conducted impact and
collision simulation analysis on the basalt fiber
composite guardrail and improved the research on
guardrail materials. However, there are various
forms of guardrail, and a large number of studies
have been carried out on hook parts [5], materials
[6], cushioning and vibration absorption [7] of
guardrail, providing a good reference value for the
impact test of real vehicles. Although China issued
the "Highway Guardrail Safety Performance
Evaluation Standards" [8] in 2013, the form and
load-bearing performance of road traffic guardrail
are specified in more detail. However, optimizing the
structure of guardrail and improving the metal side
beam road guardrail is still a hot research issue.

The research methods of road guardrail mainly
include three methods: real vehicle crash test,
computer numerical simulation and model test [9].
Finite element method is a common method to
analyze the collision mechanism between guardrail
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and vehicle. Through modelling and optimization
and high-quality nonlinear calculation methods, the
optimization work related to materials, structural
dimensions and displacement parameters of
guardrail can be limited [10, 11].

The application of the finite element method to
conduct collision simulation research on improved
guardrail structures has emerged as a pivotal
technical approach for enhancing guardrail
protection performance in the current context.
Marzougui et al. [12] conducted collision simulation
tests on existing guardrail structures under the
condition of vehicles traveling at a speed of 100
km/h. The results indicate that, under high - speed
collision scenarios, there is a significant risk of
vehicles overturning, which seriously endangers the
safety of drivers and passengers. James [13]
systematically explored the influence mechanisms of
key parameters, such as vehicle impact speed and
road curve radius, on the collision performance of
guardrails. Dai Jingang et al. [14] innovatively
developed a flexible guardrail system. By optimizing
the vehicle collision path guidance strategy, this
system significantly reduces vehicle damage during
collisions. Cheng Rui et al. [15] carried out a
combined simulation analysis using Hyper-mesh and
LS-DYNA software, comparing the response
characteristics of small passenger cars and F800
medium-sized trucks during collisions. Their
research points out that the protective performance
of existing guardrails has limitations, and it is
necessary to implement speed limits and height
restrictions to enhance road traffic safety. Zhang
Meiyi et al. [16] designed and developed a new-type
guardrail with outstanding anti-collision
performance, short construction cycles, and
convenient installation features. Through a
combination of experimental verification and
numerical simulation, they confirmed the improved
performance of this guardrail in terms of anti-
collision, guidance, and buffering. Similarly, Wang Jia
et al. [17] systematically evaluated the protective
effectiveness of improved concrete guardrails using
the finite element analysis method.

A multitude of research findings demonstrate
that various guardrail improvement technologies are
of great significance for enhancing road traffic safety.
However, due to the complexity and diversity of
actual road conditions, a unified optimization
scheme applicable to all scenarios has not yet been
established [18-20]. Therefore, research on the
safety performance of guardrails remains a core
direction for improving the safety guarantee
capabilities of road traffic.

2. Finite Element Modelling

In this paper, the vehicle model with specific data set
is selected and the structural parameters are
optimized for collision simulation test. After the
collision, the impact model can be judged according
to the proportion of hourglass energy. Then, the
three-dimensional structure form of the guardrail is
established  through  the  three-dimensional
modelling software, and the relevant parameters of
the collision are defined after grid division and other
processes in the finite element analysis software.
According to the simulation results, the connection
type and material type of the guardrail are optimized,
and the anti-collision property of the guardrail can
be further studied to observe the optimization effect.
The vehicle body mainly uses MATL1 sheet metal
material, MATL20 rigid material and MATL24
elastoplastic material as its material models.

2.1 Vehicle Finite Element Model

In this paper, The Ford F800 van of The National
Crash Analysis Center (NCAC) of the United States
was selected as the vehicle model, and its vehicle
weight was 8.037 tons. In order to calculate
efficiency, the interior of this model is simplified, and
the model has a total of 36,568 units and 38,973
nodes. The main material models used for the
vehicle body are MATL1 sheet metal material,
MATL20 rigid material, and MATL24 elastoplastic
material.

Figure 1: Vehicle finite element model of Ford F800
2.2 Guardrail Finite Element Model

A guardrail type with a safety rating of SS is
established in the 3D modeling software. The
guardrail consists of columns, beams and connectors
connected by high-strength bolts. The structural
parameters of the guardrail column, beam and
connector are shown in Fig.2 below. In the FEA,
RIGID elements are used to simulate the connection
relationships between beams, and BEAM elements
are used to simulate the form of the guardrail and
output the stress. Meanwhile, the segmented
elastoplastic material No. MAT24 is used to simulate
the performance of the guardrail.
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(a) Column section

(b) Beam section

(c) Central connector  (d) Top connector
Figure 2: Geometric parameters of the column (a),
beam (b) and connector structure (c, d) of the
guardrail (unit: mm)

Among them, Fig. 2(d)is the connection piece at
the top of the protective fence, and the c is the
middle connection piece of the column and the
guardrail. The column thickness is 8mm and the
beam wall thickness is 6mm. By connecting each
structure, the obtained guardrail 3D model and its
finite element model are shown in Fig. 3 and Fig. 4
respectively.

Figure 4: Finite element mesh model of guardrail

2.3 Vehicle-Guardrail
Element Model

Collision Finite

According to the guardrail collision standard
requirements, the guardrail - vehicle collision model
established is shown in Fig.5 below. Among them,
the collision Angle between the guardrail and the
vehicle is selected as 20° the collision speed is
defined as 80km/h, the length of the guardrail is
39m, and the simulation time is 1s.

Figure 5: Finite element model of vehicle-guardrail
collision

2.4 Analysis of Collision Finite Element
Results

In the collision simulation, the SURFACE-SURFAC
E contact algorithm is adopted to define the contact r
elationships among various components of the vehicl
e during the collision. The *CONTACT_AUTOMATIC_S
INGLE_SURFACE is set to define the contact characte
ristics of the guardrail, and the *CONCACT_AUTOMA
TIC_SURFACE_TO_SURFACE is set to define the face t
o face contact between the vehicle model and the cor
rugated guardrail. For the contact between the vehicl
e and the ground, a rigid wall is set by defining the ke
yword *CONTROL_RIGIDWALL to simulate the conta
ct effect of the ground.

After a 1s simulation of the collision process, the
displacement result of the guardrail as shown in Fig.
6 is obtained.

Figure 6: Deformation cloud map of guardrail
specified by national standard

It can be seen from Figure 6 that the maximum
deformation of the guardrail is close to 90mm, and
the guardrail beam and column have a large
deformation in the collision process. The guardrail
energy absorption curve and the column
deformation curve are analyzed, and the change
process is shown in Fig. 7 below.
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Figure 7: Displacement of the column and guardrail
energy change curve
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According to the changes in the diagram 7, the
energy of the guardrail gradually increases from 0,
indicating that after the collision, the guardrail can
gradually absorb the impact energy generated by the
vehicle collision and reduce the occupant injury. In
this process, the diagram showed three impact
changes before 0.4s, indicating that after three
impact collisions between the vehicle and the
guardrail, the vehicle remained stable and the
guardrail energy absorption reached saturation. This
result indicates that the numerical simulation can
simulate the process of energy absorption and
change more accurately.

3. Optimization Design of Guardrail

In order to further optimize the energy absorption
performance of guardrail, it is necessary to improve
and optimize the guardrail structure. The common
form of structural improvement is to increase the
elastic buffer material, this method has low cost and
obvious effect, and is a common form of
improvement for road guardrail.

o Analysis of Adding Rubber Pads

In order to ease the impact process, rubber pads
are added between the guardrail post and the beam.
The rubber material has good wear resistance and
drag reduction performance, which can alleviate the
transient impact generated in the process of vehicle
collision and protect the safety of vehicles and
occupants.

In this structure, the type of connection between
the beam and the column is changed. The structure
of the added rubber pad is shown in Fig. 8(a), where
the thickness of the rubber pad is 18mm, and the
guardrail structure unit is shown in Fig. 8(b).

Rubber pad

Column —_|

'\_'._: i - |I :
(a)Rubber pad (b) The guardrail structure unit

Figure 8: Rubber pad(Left)and the guardrail unit
structure

o Analysis Of Simulation Results

With other conditions unchanged, the collision
process of the vehicle under this working condition
is simulated again. Through simulation analysis, it is
found that the deformation of the guardrail is shown
in Fig.9 below.

-

Figure 9: Top view of guardrail

As can be seen from Fig. 9, the maximum
deformation of the guardrail is about 80mm, and the
shape variables of the guardrail beam and column
are reduced compared with the collision situation
without adding the rubber pad, and the rubber pad
has a significant impact on the deformation
distribution of the guardrail and beam.

o Simulation Analysis of Adding Obstruction

Block

The obstruction block structure is often used to
improve the energy absorption performance of
guardrail. As shown in Fig. 10(a), the obstruction
block structure as shown below is used instead of
the rubber pad to carry out vehicle collision
simulation under the mentioned working conditions.
The structure of the added block unit is shown in the
below. Its thickness is 6mm, the outer diameter of
the top rounded corner is 30mm, and the overall
length is 120mm. The form of the guardrail structure
unit is shown in Figure 10(b) below.

Column

Block
Beam

(a) Obstruction block (b) Guardrail structure unit
Figure 10: Obstruction block and the guardrail
unit structure adding Obstruction block

Through the collision simulation of the guardrail
with the addition of the anti-resistance block, the
working condition of the maximum stress and
displacement of the guardrail beam is obtained, as
shown in Fig. 11 below.

Figure 11: deformation nephogram of the guardrail
after adding obstruction block
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As can be seen from Fig. 11, the maximum
deformation of the guardrail after the addition of the
barrier block is about 78mm, and the maximum
shape variable decreases compared with the non-
improved guardrail form. At the same time, the
deformation structure of the guardrail is mainly
reflected in the guardrail beam, and the deformation
of the column is significantly reduced.

e Comparison and Analysis of Optimization

Results

In order to further compare the improvement
degree of the protective performance of the
guardrail by adding the rubber pad and the
obstruction block structure, the displacement of the
column and the energy distribution of the guardrail
are compared.
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Figure 12: Three types of column displacement
changes

As shown in Fig. 12, the overall displacement of
the column in the collision process decreases after
the addition of the rubber pad and the anti-block,
which indicates that the beam of the guardrail has
borne part of the impact energy during the collision,
and the rubber pad and the anti-block can absorb
part of the energy, so the impact energy is more
dispersed in the guardrail and the displacement of
the column decreases.
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Figure 13: Energy distribution diagram of three
forms of guardrails

The energy distribution of the guardrail is shown
in Fig. 13. The analysis shows that the energy of the
guardrail after the addition of the rubber pad is
significantly increased compared with the original
structure, which indicates that the guardrail after the
addition of the rubber pad can better absorb the
impact energy of the vehicle in the collision process,
thus reducing the injury of vehicles and pedestrians
caused by the collision. This effect is more obvious
after the addition of the anti-blocking block structure.

The analysis shows that after the addition of
rubber pads and anti-blocking blocks, the rigidity of
the rigid bolt connection between the original
guardrail column and the beam decreases, making
the guardrail have a certain flexibility, which can
alleviate the impact of the vehicle during the
collision process and absorb the impact kinetic
energy of the vehicle faster, delay the collision time,
and play a better protective role.

4. Conclusions

Road guardrail structure is an important factor
affecting vehicle crash safety. Finite element collision
simulation is an effective method to study and
improve the structural performance of protective
guardrail.

The addition of rubber pads and anti-blocking
blocks can significantly improve the energy
distribution during vehicle collisions. In contrast, the
increase of the block structure can better absorb the
impact kinetic energy of the vehicle during the
collision process, which can better achieve occupant
protection, followed by rubber pads, but a
reasonable size should be selected to obtain better
optimization results.

In order to better protect the safety of vehicles
and occupants, by appropriately increasing the time
to reach the peak collision energy or adding
structural components that can buffer vibration
absorption is an effective measure to improve the
guardrail, but should consider the relevant structure,
the cost of materials, durability and so on.
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