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Abstract: W-beam guardrail is an excellent method for enhancing traffic safety. The W-beam guardrail 

comprises of a W-shaped segment and specialized constructions known as support posts. Identifying 

the effect of the W-beam heights, post spacing, shaped supporting posts, and post-soil interaction may 

be crucial to improving the crashworthiness of W-beam guardrail. This study evaluated the W-beam 

guardrail using a finite element model in the event of a 10,000 kg truck collision. Simulations of crash 

tests were conducted to evaluate the crashworthiness of the W-beam guardrail in accordance with 

European standard EN1317. The results of this analysis can assist evaluate the design of W-guardrails 

and guide the future development of guardrail technologies. 
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I. INTRODUCTION 

Off-road vehicle accidents occur when drivers lose 

control of their vehicles or veer to avoid the roadside 

hazard. As a result, the car could crash into other 

vehicles, pedestrians, or objects. These crashes could 

result in serious injuries or even death [1-8].  

The W-beam guardrail is installed on the roadway 

to protect vehicles from roadside hazards and 

providing a high level of safety in and after the 

collision. Usually, the W-guardrail consists of a 

metal W-shaped segment and a supporting post, as 

shown in Fig. 1. 

 

Figure 1.  W-beam guardrail [8] 

W-beam guardrails are an effective solution to 

reduce the risk of injury, save lives, and ensure road 

safety in the event of an accident. Previous 

research’s indicate that the number of fatalities 

resulting from collisions with roadside guardrails 

was less than that resulting from collisions with other 

roadside hazards (trees, embankments, etc.) [9-11]. 

Thus, W-beam guardrails have proven an effective 

solution to reduce harm to cars and people when a 

collision occurs [12-14]. 

Usually, the W-beam guardrail must fulfil the 

European standard EN1317. The standards offer 

crash test details between multiple vehicle types with 

road safety W-beam guardrails. In addition, each W-

beam guardrail must pass normalized crash tests 

according to established standards [15-16].  

There were many studies which have been 

undertaken to investigate the capacity of W-beam 

guardrail based on European standard EN1317. 

Atahan et.al [17] shown a series of experimental 

impact test to determine the crashworthiness of the 

W-beam guardrail. In their study, Matthew 

Gutowski [18] proposed a new W-beam guardrail 

structure using the simulation method. Matej et al. 

[19] presented a steel-reinforced wooden W-beam 

guardrail design tested according to the EN1317 

standard. Many researchers [20-23] provided an 

overview of the behavior of crashworthiness of 

roadside W-beam guardrail with different designs. 

Ferdous et al. [24] performed simulations with 

variable guardrail vehicle impact heights with W-

beam guardrail. Lee et al. [25] evaluated the 
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automotive crash performance of W-Beam steel post 

flexible rails in sloping ground supported with three 

types of cylinder shapes. 

Normally, The W-beam guardrail structure was 

made to have certain dimensions, including the 

height from the ground surface and the distance 

between two posts [26–28]. In general, the 

installation of W-beam guardrails on European 

highways uses many shaped supports [29-30]. In 

addition, the W-guardrail guardrail is usually 

installed in a certain terrain where the poles will be 

embedded into the ground at a certain depth. W-

beam guardrails can be installed on stable ground, 

asphalt, or concrete [11] [31-32]. Therefore, the 

influence of the soil on the posts an important factor 

in the safety performance of the W-beam guardrail, 

because the W-guardrail guardrail is often installed 

on different locations. As mentioned above, rail 

heights, post spacing, supporting posts, and post-soil 

were important factors affecting in safety 

performance of W-beam guardrails. Therefore, it 

was necessary to understand the influence of these 

parameters on safety performance. In the previous 

researches, Teng et al. [33-36] apply the finite 

element method to estimate the safety performance 

of W-beam guardrail, in which a 900 kg car crashes 

with W-beam guardrail (TB11-impact speed and 

impact angle were set 100 km/h and 200, 

respectively) in different rail height, post spacing, 

and post-soil interaction. The finite element 

approach was used to determine the safety 

performance of the W-beam guardrail constructed 

for varied structures: height and spacing of post, soil 

qualities, and shaped posts when impacted by a 

truck. The analytical results obtained here can help 

evaluate W-beam guardrail design and guide the 

future development of guardrail technologies. 

II. W-BEAM GUARDRAIL AND EUROPEAN 

STANDARD EN 1317 

1. W-beam guardrail 

W-beam guardrail is the most commonly specified 

road safety barrier device in the world to protect 

vehicles and drivers from hazardous road places. 

Fig. 2 depicts a typical W-beam guardrail, which 

consists of a W-shaped structure called a w-beam 

and specifically constructed posts. The W-beam 

guardrail absorbs a portion of the impact energy to 

lessen the risk to the driver and restrict vehicle 

deformation.  

 

Figure 2. Typical W-beam guardrail [8] 

2. European standard EN 1317 

Typically, W-beam guardrails were constructed 

employing severity (ASI, THIV) and working width 

in accordance with European standard EN 1317-2 

[15]. These standard tests depict conventional 

vehicle vs W-beam guardrail collision testing. The 

W-beam guardrail was built in accordance with the 

European standard EN 1317, taking into account 

three primary criteria for difference performance 

levels: containment level, impact severity, and 

working width. 

Containment level: this represents the level of road 

safety barriers for various accident situations in 

terms of vehicle type, angle of impact, and impact 

speed. There were four containment levels from low 

to very high were specified. 

Impact severity was characterized by the 

acceleration severity index (ASI) and the theoretical 

head impact velocity (THIV). To ensure safety, the 

following requirements must be met: ASI ≤ 1.0 

(level A), 1<ASI≤1.4 (level B), 1.4<ASI≤1.9 (level 

C) and THIV≤33 km/h. 

Barrier deformation (Wm)) is regarded as the 

barrier's maximum lateral deformation with eight 

classes (W1–W8) were defined. 

III. SIMULATION MODELS OF IMPACT TEST 

In this study, simulations of TB42 type crash tests 

for heavier vehicles were performed to investigate 

the crashworthiness of different W-beam guardrail 

structures. This model consists of the truck (10,000 

kg) with the W-beam guardrail according to the 

TB42 test (impact speed and impact angle were set 

70 km/h and 15°), as shown in the Fig. 3. 

 

 

Figure 3. Simulation model test 
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The development and validation of a finite element 

model for W-beam guardrail according to European 

standard EN 1317 were proposed, details on the 

numerical model such as mesh parameters, soil 

modeled, boundary conditions, contact types, 

material model, etc. were explained in previous 

researches [33-36]. 

3. Impact testing model 

Fig. 4 depicts the vehicle and W-beam guardrail 

models used in the impact test. The W-beam 

guardrails used in this study were ALKA AG04-2.0 

guardrails [17]. The W-guardrail splice is 4,300 

meters long. The C-post measures 1,600 mm in 

length and 950 mm in depth. The post dimensions 

are 125 mm x 62.5 mm x 25 mm. The truck selected 

from the NCAC database according to the European 

standard EN1317 [37].  

 

Figure 4. W-beam guardrail system and truck 

4. Boundary condition 

W-beam guardrail continuation was represented 

by the addition of elastic springs at both ends of each 

node along the W-beam (Fig. 5). Post–soil 

interaction was represented using discrete spring 

elements attached to the posts. The stiffness of the 

nonlinear springs increased with depth and soil 

properties. 

Roadway mode: was defined using 

RIGIDWALL_PLANAR card to simulate contact 

between the truck and the W-beam guardrail. 

 

Figure 5. Boundary condition 

IV. MODEL VALIDATION 

Fig. 6 depicts a time sequence comparison between 

simulation results and the test outcomes. 

Experimental test was conducted by Ali Atahan et.al 

[17]. The crash test and simulation vehicles were 

effectively diverted. In TB 51 test, the experimental 

and simulated working widths were 1300 mm and 

1280 mm, respectively. In TB 11 test, the validation 

model was introduced in detail in a previous study 

[36]. Table 1 depicts a ASI and THIV comparison 

between experimental and simulation test. 

Table 1. Comparison between experimental and 

simulation [36] 

Evaluation 

Criteria 

Experimental 

Result 

Simulation 

Result 

THIV (km/h) 31 26.1 

ASI 0.94 0.93 

There was an acceptable relationship between the 

test and simulation outcomes. Consequently, the 

model was validated and served as a baseline. 

 

   Experimental [9]                 Simulation 

Figure 6. Validation result on simulation 

V. RESULTS AND DISCUSSION 

1. Effect of various post spacing and rail 

heights  

The distances between the posts in the three 

models were 1333, 2000, and 4000 mm, 

respectively. All models had a W-beam guardrail 

height of 750 mm. 

Fig. 7 shows the results of the TB42 impact test. 

These simulations illustrated that the W-beam 

guardrail prevented the vehicle from leaving the 

roadway. 
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 The ASI, THIV, and the working widths of the 

impact tests are summarized in Table 2. These data 

show that the working width Wm of the guardrail 

post decreases proportionally to the distance 

between the posts. W-beam guardrails with post 

spacing 1333, 2000 and 4000 mm have working 

widths of 850, 1280 and 1450 mm, respectively. 

These values meet the working width classes of W3, 

W4 and W5. The W-beam guardrail meets the 

EN1317 standard in all three test conditions. W-

beam guardrail with a distance between posts of 

4000 mm have the highest ASI results (1.32), and to 

meet impact severity B. Both W-beam guardrails 

with a distance of 2000 mm and 1300 mm 

corresponding to impact severity A because the 

structure have ASI lower than 1. Compared to the 

other two post spacing, the W-beam guardrail with a 

post spacing of 2,000 mm gives the best protection 

under these test conditions. again.  

Table 2. Simulation TB42 test results with 

difference distance between posts 

Post spacing 

(mm) 

THIV 

(km/h) 

ASI Wm 

(mm) 

4,000 26.6 1.32 1450 

2,000 24.6 0.87 1280 

1,333 23.5 0.71 850 

 In simulations, the posts heights from the ground 

level were installed as follows:  800-, 750-, 700- and 

650-mm. Fig. 8 and Table 3 represent the simulation 

results. 

In all three cases, the W-beam guardrail can 

redirect the vehicle back to the roadway, which 

indicates that the W-beam guardrail meets EN 1317. 

There is a slight variation in the THIV value. Only 

the case of barriers up to a bar height of 650 mm has 

a working width class of W3, and the remaining have 

a working width class of W4. A W-beam guardrail 

height of 650 mm has the highest ASI value is 1.25 

and a W-beam guardrail height of 800 mm represents 

the lowest ASI value is 0.72. The impact severity of 

750 and 800 mm post height of W-beam guardrail 

corresponds to class A. The other collision W-beam 

guardrails correspond to class B. Therefore, 750 and 

800 mm high W-beam guardrails carry a higher level 

of protection. The W-beam guardrail with a height of 

800 mm and a spacing of 2,000 mm between posts 

has the lowest ASI, hence this structure provides 

better protection compared to the other. 

Table 3. Simulation TB42 test results with 

difference height of post 

W-beam 

guardrail 

height (mm) 

THIV ASI Wm 

(mm) 

650 26.6 1.25 980 

700 26.5 1.1 1250 

750 24.6 0.87 1280 

800 24.3 0.72 1100 

 

a)    b)    c) 

 Figure 7. Sequential of TB42 test with 4000 mm (a) 2000 mm(b) and 1333 mm (b) posts spacing 

 

 Figure 8. Impact test results at different guardrail height 
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2. Effect of soil properties  

In this study, four various types of soil were used 

to simulate, various soil properties are described in 

the previous study [35-36]. 

Fig. 9-10 show the results of the road safety W-

beam guardrail impact test. In all four conditions, the 

W-beam guardrail could prevent the vehicle from 

exiting the road and redirecting back into the lane. 

In all four conditions, the W-beam guardrail meets 

the EN1317-2 standard for impact severity 

corresponding to class A. There is not much 

difference in ASI and THIV values, while there is a 

difference. very clear between working width values 

(Table 4). The results clearly confirm that soil 

properties do not affect the severity of impacts (ASI, 

THIV). 

Table 4.  Simulation TB42 test results with various 

soil conditions 

Soil 

properties 

THIV ASI Wm 

(mm) 

Loose sand 24.6 0.87 1280 

Medium sand 25.2 0.86 1350 

Dense sand 26.8 0.86 1525 

Very dense 

sand 

25.7 0.88 1740 

The results indicate that the W-beam guardrail’s 

working width increases proportionally with the 

soil's abrasiveness. The results indicate that soil 

conditions have no effect on the impact severity 

(ASI, THIV) but do influence the deformation of the 

W-beam railing. The outcomes can be utilized as a 

guide for installing the W-beam guardrail system in 

different locations. 

 

 Figure 9. Simulation TB42 test result with various soil properties 
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3. Effect of different shaped post 

The U-shaped, I-shaped, C-shaped, and Sigma-

shaped post types have been analyzed and 

contrasted. The cross sections of the shaped posts are 

described in the previous research by Teng et.al [35]. 

Fig. 11-12 show simulation results when a truck 

impacts the guardrail at a speed of 70 km/h and a 

collision angle of 15 degrees. Table 5 shows the 

severity of the impact (ASI and THIV) and the 

working width of the structures. All four cases, the 

guarail meets the EN1317-2 standard and has a W4 

working width level. The W-beam I-beam guardrail 

provides a higher level of safety for vehicle drivers 

than in other cases. The I-shaped guardrail represents 

the biggest working width value is 1,340 mm and the 

 

W-shaped guardrail with C-shaped posts illustrates 

the lowest working width is 1,280mm. 

Table 5. Simulation test results with different 

shaped posts 

Soil properties THIV ASI Wm 

(mm) 

Loose sand 24.6 0.87 1280 

Medium sand 25.2 0.86 1350 

Dense sand 26.8 0.86 1525 

Very dense 

sand 

25.7 0.88 1740 

 

 Figure 10. W-beam guardrails with various soil conditions. 

 

 

 Figure 11. Deformed of the W-beam guardrail system during TB42 impact test 
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VI. CONCLUSION  

The study presents an investigation of the safety 

performance of the W-beam guardrail in various 

collisions according to the European standard 

EN1317 in collisions with a 10,000 kg truck. The 

study provides a very convenient way to increase the 

safety of W-guardrail guardrail. The main 

achievements, including contributions can be 

summarized as follows: 

a) All W-beam guardrails with a 700 mm height 

and three-post spacing (4000, 2000 and 1333 

mm) conform to the EN1317 standard. The 

working width of the W-beam guardrail decre- 

 

ases with the distance between the posts 

decreasing. 

 W-beam guardrail with span 1,333 and 

2,000 mm corresponds to impact class A, 

and guardrail post W beam with span 4,000 

mm has the highest ASI value and impact 

severity class B. Good level of protection 

The most in this case belongs to the W-

beam guardrail with a distance between the 

posts of 1333 mm 

b) For the four cases of height (650, 700, 750 and 

800 mm) and the same post spacing of 2000 

mm, the W-beam guardrail with a rail height of 

 

 Figure 12. Sequential figures from TB42 test with various shaped post 
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800mm provides the highest level of 

protection. 

c) Test simulations have been carried out 

demonstrating that different soil conditions do 

not affect the protection of the barrier 

according to the European standard EN1317. 

The results show that the properties of the soil 

do not affect the impact severity (ASI) but 

affect the working width. The working width of 

the W-beam guardrail increases in proportion 

to the stiffness of the soil. 

d) For various shaped post 

 The best protection is in the W-beam 

guardrail with the cross-section of the I-

shaped post. The worst protection is in the 

W-beam guardrail with the Sigma cross-

section.  
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