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Abstract. This study develops a simplified model incorporating an over-height vehicle and the 
height restriction frame (HRF) to explore the failure modes and mechanical properties of the HRF 
when subjected to an impact from the over-height vehicle. Within the study context, rigorous 
model tests have been constructed for simulation analysis. The validity of these numerical 
simulations is confirmed by comparing the test results to the calculated outcomes. The study also 
analyzes the dynamic response of vehicles varying in speed and weight when impacting the HRF. 
The findings reveal that most of the beam's displacement can be attributed to the column's 
overturning, while a lesser portion is due to the plastic deformation of the beam. The column's 
displacement is primarily caused by its own overturning. Both the beam and the column's base 
demonstrate evidence of elastoplastic deformation. It is observed that the displacement and stress 
of crucial nodes rise with the increase in vehicle speed and weight. Vehicle speed emerges as the 
predominant factor influencing the impact force of the vehicle when compared to the vehicle's 
weight. Furthermore, the increase in vehicle weight extends the collision time between the vehicle 
and the HRF, indicating that the weight of the vehicle plays a significant role in the column's 
overturning. The study findings can potentially serve as both an experimental and theoretical 
reference for the design and calculation of the HRF.  
Keywords: height restriction frame, numerical simulation, model test, dynamic performance. 

1. Introduction 

Height restriction frames (HRFs) are often installed at the entrances and exits of bridges, 
tunnels, and culverts to minimize the occurrence of accidents caused by over-height vehicle 
collisions on bridges. These frames not only protect the safety of bridges and other structures, but 
due to their low stiffness, they also demonstrate large deformation and displacement upon impact. 
This feature can effectively reduce the harm caused by impact on over-height vehicles. 
Furthermore, the maintenance cost of HRFs is less than that of the bridge, and they can be repaired 
or replaced swiftly after being hit. Therefore, from the perspective of economy and efficiency, the 
installation of HRFs is highly beneficial. However, current specifications do not clearly stipulate 
the failure form, mechanical properties, and design requirements of HRFs. 

In terms of vehicle and structural impact testing, Li [1] proposed an evaluation method for the 
impact resistance of reinforced concrete (RC) piers, while Lin [2] acquired dynamic response data 
for trucks and RC piers. Chen [3] revealed that the structural response of RC columns is 
significantly affected by the impact velocity and mass of impact blocks. In contrast, Wei [4] 
suggested an ultra-high performance fiber-reinforced concrete column to replace RC columns 
susceptible to vehicle impact and studied its mechanical properties under such circumstances. Hao 
[5] conducted an experimental study of RC beams reinforced with hybrid spiral-hooked end steel 
fibers under impact loads. Sennah [6] performed vehicle crash tests on a new type of RC bridge 
guardrail. These studies highlight that due to the limitations in the test conditions, vehicle and 
structural impact tests, particularly those involving vehicles and HRFs, are in their nascent stage. 

https://crossmark.crossref.org/dialog/?doi=10.21595/jve.2023.23324&domain=pdf&date_stamp=2023-11-25
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In examining the dynamic response of a vehicle impacting the upper main beam of a bridge, 
Oppong [7] assessed the bridge's superstructure performance using numerical finite element 
simulation and various metrics, such as impact force, internal shear force, and damage mode. In a 
separate study, Li [8] further compared the simulation of a truck colliding with a bridge to the full-
scale drop hammer test of an RC beam. Wu [9] researched the dynamic performance of a precast 
reinforced concrete beam subjected to impact loads by an unbonded prestressing tendon. 
Partheepan [10] focused on low-speed impact simulation of prestressed and RC slabs under 
different end conditions. Regarding the dynamic response of a vehicle impacting the lower piers 
of a bridge, WooSeok [11] performed a three-dimensional finite element simulation-based 
nonlinear impact analysis of RC piers under automobile impact loading. Zhao [12] investigated 
the influence of key variables such as truck type, collision speed, and pier cross-section on truck 
impact force and pier structural stiffness. Zhou [13] studied the effects of vehicle speed, vehicle 
weight, concrete strength, and steel strength on the crash resistance and impact force of bridge 
piers. Chen [14] explored the impact of various factors on the force exerted on a bridge pier during 
a vehicle impact. Studies conducted by Tin and Do [15]-[16] classified the dynamic response and 
failure modes of reinforced concrete bridge columns under vehicle collision. Chen [17] simulated 
the impact of varying vehicle speeds on concrete-filled steel tube columns. In addition, Chen [18] 
summarized the research findings related to vehicle and pier impacts, analyzing the limitations of 
such studies. Yue [19] scrutinized the dynamic response of a vehicle impacting a pier. Zhao [20] 
considered the effects of impact velocity, pier diameter, superstructure boundary conditions, and 
cargo height on pier failure mode and internal force distribution. Zhang [21] analyzed collisions 
between over-height vehicles and bridges under different parameters, considering vehicle speed, 
load mass, over-height, impact angle, and concrete strength. Chung [22] investigated the structural 
behavior of bridge columns under varying vehicle impact loads. Hyungoo [23] studied the 
performance of a steel column reinforced with concrete when impacted by a truck. Lastly, Liu 
[24] conducted a low-speed impact test on the dynamic behavior of a column with built-in cross 
steel under impact load. It is evident that while the simulation of vehicle and structure impacts has 
been extensively studied, the simulation of vehicle impacts with the HRF remains relatively 
unexplored. 

Currently, the majority of studies on vehicle-structure collisions rely heavily on various 
simulation software, with experimental data solely supporting the validity of the results. Full-scale 
tests, while accurate, are rarely conducted due to high costs and safety concerns. Comparatively, 
scaled crash tests are more operable, cost-effective, and can provide relatively accurate data. 
Therefore, using scaled model tests to study the collision of over-height vehicles with HRFs can 
provide data support for corresponding numerical simulation tests. While research has been 
conducted on the collision process between vehicles and bridge guardrails or vehicles and piers, 
there is a significant lack of studies concerning the collision between over-height vehicles and 
HRFs. This lack of research leads to a deficit in relevant HRF design and calculation 
specifications. Consequently, there is an urgent need to investigate the collision process between 
over-height vehicles and HRFs, analyze this process, and propose the failure form of HRFs to 
provide a theoretical basis for its design. 

2. Experimental design and numerical analysis 

2.1. Test models parameters  

The dimensions, weight, and boundary conditions of the HRF should closely mirror the actual 
conditions. Given the constraints posed by the testing site and equipment detection capabilities, 
the HRF model predominantly factors in size and weight similarities and the likeness of vehicle 
model momentum and energy. Research into similar model testing emphasizes the stress 
conditions and failure forms of the HRF during the collision process, aiming to establish 
theoretical and experimental bases for its judicious design and application. Given the excessive 
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thinness of the post-reduction vehicle material, vehicle stiffness remains unaltered, and little 
change was studied in accordance with the rigid material. The main requirement herein is to ensure 
that the actual contact area between the carriage and the HRF beam during impact mirrors the 
corresponding similarity ratio with the test contact area. A similar model test was conducted with 
a similarity ratio of 1:10. The dimensions after the scale of the HRF were shown in Table 1, the 
dimensions after the scale of the over-height vehicle were shown in Table 2, and the mechanical 
properties of the model material Q235 steel were shown in Table 3. 

Table 1. Model dimensions of the HRF 
 Beam width (mm) Column height (mm) Section size (mm) Wall thickness (mm) 

Prototype value 11000 4500 300×300 20 
Model value 1100 450 30×30 2 

Table 2. Model dimensions of over-height vehicle compartments 
 Length (mm) Width (mm) Height (mm) Wall thickness (mm) 

Prototype value 9600 2300 4700 2 
Model value 960 230 470 2 

Table 3. Mechanical properties of Q235 steel 
Actual thickness 

(mm) 
Modulus of elasticity 

(MPa) 
Poisson 

ratio 
Yield strength 

(MPa) 
Ultimate strength 

(MPa) 
1.96 203.26×103 0.33 210.69 344.85 

2.2. Experimental design 

The track measured 20 m, with the HRF bolted to the ground. The impact occurred at the 
middle span of the beam, 45 cm above the ground. Vehicle speed was regulated by adjusting the 
motor’s output power, and vehicle weight was controlled by modifying the counterweight. Strain 
gauge sensors and acceleration sensors were affixed to the HRF model’s key nodes, while a 
dynamic displacement meter was placed 50 cm behind the HRF model. The monitoring point 
arrangement was shown in Fig. 1. The layout of the test site was shown in Fig. 2. 

 
a) Dynamic displacement meter and  

acceleration sensor 

 
b) Strain gauge sticking  

Fig. 1. Monitoring point arrangement 

2.3. Numerical modeling of test model 

The collision between an over-height vehicle and an HRF represents a nonlinear contact 
problem. The finite element numerical calculation method for contact collision involves 
constructing separate finite element models for the two contact objects and resolving the impact 
load of the contact surface via displacement coordination conditions and momentum equations. 
The penalty function method calculates display dynamics using Workbench, a user-friendly 
platform that triggers an hourglass effect. 

The size and material parameters of the HRF model were evaluated based on the test 
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parameters of similar models. As the research emphasizes the mechanical properties and damage 
forms of the HRF during the collision process, aiming to establish theoretical foundations for the 
HRF's judicious design and application, an in-depth study of the whole vehicle was not pursued. 
Consequently, certain assumptions were made during the collision simulation process. 

 
a) The model of HRF and its track 

 
b) The model of over-height vehicle 

Fig. 2. Layout of the test site 

The vehicle model was simplified into three components: the chassis, the skeleton, and the 
carriage. The chassis uses a solid unit, the skeleton employs a beam unit, and the carriage utilizes 
a shell unit. Q235 mild steel is the material employed.The connection between the HRF base and 
the foundation was reinforced, with the interaction between the foundation and the HRF 
temporarily disregarded.The collision angle between the carriage and the HRF is 90°. 

The vehicle's chassis was simulated using a solid 164 unit, and the carriage's skeleton was 
simulated using a beam 161 unit. The skeleton consists of a hollow steel pipe with a diameter of 
40 mm and a thickness of 3 mm. The carriage was simulated by shell163, using a 3 mm thick steel 
plate. They were primarily interconnected by common nodes, followed by a skeleton and chassis 
linkage via binding. A beam 161 unit simulated the HRF with the column base affixed. The HRF 
consists of Q235B metal products, and the bilinear follow-up strengthening model BKIN serves 
as the material constitutive relation for finite element simulation. The specific parameters of 
materials were shown in Table 4, and the finite element model of the impact between over-height 
vehicle and HRF was shown in Fig. 3. 

Table 4. Material specific parameters 
 𝐸 (Pa) 𝜌 (kg/m3) 𝜇 𝜎௬ (Pa) 𝐸௧ (Pa) 

HRF 2.03×1011 7.85×103 0.33 2.10×108 6.1×109 
Vehicle 2.06×1011 7.85×103 0.3 2.35×108 6.1×109 

 
Fig. 3. Model of over-height vehicle impact the HRF 
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3. Test and numerical simulation results  

3.1. Test results 

3.1.1. Different vehicle speeds 

3.1.1.1. Dynamic displacement response of the HRF 

In general, the over-height vehicle model, weighing 77 kg, impacted the middle span of the 
beam during the experiments at four different speeds. The displacement time history curve at each 
key node of the HRF was shown in Fig. 4. 
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a) Middle span of beam  
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b) Beam 1/4 span 
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c) Top of column 
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d) Column center 

Fig. 4. Displacement of each key node 

The displacement at each key node was highest at the middle span of the beam, followed by 
the beam 1/4 span, then the top of the column, then the column center. The higher the vehicle 
speed, the greater the impact force given the same vehicle weight and the displacement at each 
key node also increased. The peak displacement was reached approximately 0.07 seconds after 
the impact. 

3.1.1.2. Dynamic strain response of the HRF 

Under the same experimental circumstance, the strain time history curve at each key node of 
the HRF was shown in Fig. 5. 

The strain at each key node was highest at the middle span of the beam, followed by the bottom 
of the column, then the top of the column. The higher the vehicle speed, the greater the impact 
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force given the same vehicle weight and the strain at each key node also increased. The peak strain 
was reached approximately 0.06 seconds after the impact. The center of the beam span 
experienced localized stress, and the strain at this node was higher than at others. 
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a) Bottom front of column  
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b) Middle span of beam 

0.00 0.05 0.10 0.15 0.20
-1000

-500

0

500

1000

1500

2000

2500

st
ra

in

time(s)

 1.19 m/s
 1.37 m/s
 1.56 m/s
 1.76 m/s

 
c) Top of column 

Fig. 5. Strain of each key node 

3.1.2. Different vehicle weights 

3.1.2.1. Dynamic displacement response of the HRF 

Experiments were also conducted under three different vehicle weights, with the over-height 
vehicle model hitting the middle span of the beam at a speed of 1.37 m/s. The displacement time 
history curve at each key node of the HRF was shown in Fig. 6. 

The peak displacement response pattern at each key node was consistent: the middle span of 
the beam, the beam 1/4 span, the top of the column, then the column center. As vehicle weight 
increased, the impact force and the peak displacement at each key node also increased. The peak 
displacement was reached approximately 0.07 seconds after impact. 

3.1.2.2. Dynamic strain response of the HRF 

Under the same experimental circumstance, the strain time history curve at each key node of 
the HRF was shown in Fig. 7. 

The peak strain response pattern at each key node was consistent: the middle span of the beam, 
the bottom of the column, then the top of the column. As vehicle weight increased, the impact 
force and the peak strain at each key node also increased. The peak strain was reached 
approximately 0.07 seconds after impact, with the entire process lasting about 0.2 seconds. The 
peak strain at the beam's middle span and the column's bottom exceeded the steel's yield strength. 
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a) Middle span of beam 
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b) Beam 1/4 span 
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c) Top of column 
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d) Column center 

Fig. 6. Displacement of each key node 

 
a) Bottom of column  

 
b) Middle span of beam 

 
c) Top of column 

Fig. 7. Strain of each key node 
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3.2. Comparative analysis of test and response numerical simulation 

Simulations were conducted using vehicle speeds of 1.19, 1.37, 1.56, and 1.76 m/s, with a 
vehicle model weight of 77 kg. The results from these numerical simulations were compared to 
the physical model test results. 
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a) Middle span of beam 
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b) Beam 1/4 span 
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c) Top of column 
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d) Column center 

Fig. 8. Simulated displacement of each key node 

Table 5. Comparison of peak displacement at each node under different working conditions 

Position Velocity 
1.19 m/s 1.36 m/s 1.57 m/s 1.76 m/s 

Middle span of beam Experimental value 28.89 28.89 33.34 37.08 
Calculated value 26.59 27.67 31.52 36.39 

Middle span of beam Experimental value 20.03 23.00 26.64 30.94 
Calculated value 18.33 21.65 24.48 28.45 

Top of column Experimental value 11.37 14.77 18.72 23.89 
Calculated value 10.84 13.84 17.14 21.81 

Column center Experimental value 4.00 5.12 6.49 7.73 
Calculated value 4.33 4.71 5.92 6.97 

Table 6. Comparison of peak strain at each node under different working conditions 

Position Velocity 
1.19 m/s 1.37 m/s 1.57 m/s 1.76 m/s 

Middle span of beam Experimental value 1609.6 1918.9 2009.8 2105.1 
Calculated value 1703.2 2045.2 2189.1 2305.6 

Top of column Experimental value –399.1 –406.7 –503.9 –569.5 
Calculated value –421.5 –472.2 –527.0 –600.9 

Bottom of column Experimental value –1245.3 –1533.1 –1758.8 –2105.1 
Calculated value –1367.9 –1687.9 –1822.6 –2206.7 
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The time from the beginning of the impact to the stable state was approximately 0.2 seconds, 
with the test values closely matching the simulation values. The calculated value of each key node 
dynamic response was within 10 % of the actual value, suggesting that the numerical simulation 
calculations were reliable. 
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a) Middle span of beam  
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b) Top of column 
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c) Bottom of column 

Fig. 9. Simulated strain of each key node 

3.3. Numerical simulation of collision between over-height vehicle and the HRF 

Based on the numerical model verified by experiments, it was extended to the actual collision 
process between the over-height vehicle and the HRF, and the impact was studied under different 
vehicle speeds and different vehicle weights. The analysis results were as follows. 

3.3.1. Different vehicle speed 

3.3.1.1. Dynamic displacement response of the HRF 

In China, the maximum speed limit for two-way, two-lane roads is 60 km/h. Accordingly, this 
research considers four distinct speeds: 30, 40, 50, and 60 km/h, and uses a 30-ton over-height 
vehicle to evaluate the effects on the HRF's beam at the mid-span position. The displacements of 
key nodes of the HRF at different vehicle speeds were shown in Fig. 10 and Table 7. 

It was observed that the vehicle impact force and the displacement of key nodes increase with 
the increment in vehicle speed. This suggests a positive correlation between vehicle speed and 
displacement. When the vehicle speed elevates from 30 km/h to 60 km/h, the peak displacement 
at the mid-span position of the beam increases by 129.5 %. Simultaneously, the peak 
displacements at the 1/4 span of the beam, the top of the column, and the center of the column rise 
by 135.8 %, 127.5 %, and 101.7 %, respectively. Evidently, vehicle speed is a significant factor 



MODEL TEST AND NUMERICAL ANALYSIS OF HEIGHT RESTRICTION FRAME TO OVER-HEIGHT VEHICLE IMPACT.  
YAN ZHOU, ZHUSHAN GUO, KAI ZHANG, JINZHI YI 

 JOURNAL OF VIBROENGINEERING. FEBRUARY 2024, VOLUME 26, ISSUE 1 121 

contributing to the damage. The overall deformation size of the HRF in descending order is mid-
span of the beam > 1/4 span of the beam > top of the column > center of the column. The column 
forms a plastic hinge at its bottom, prompting the entire HRF to topple. About 67.4 % of the peak 
mid-span displacement is due to column overturning. The remaining displacements largely result 
from the beam's elastic-plastic deformation. Upon reaching peak deformation, a partial rebound 
was observed in the mid-span of the beam, the value of which marginally decreases with the 
escalation of vehicle speed. 
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d) Column center 

Fig. 10. Displacement of each key node 

Table 7. Peak displacement of the HRF key nodes 
Vehicle 
speed 
(km/h) 

Peak mid-span 
displacement (m) 

Peak displacement 
of beam 1/4 span 

(m) 

Peak displacement 
of column top (m) 

Peak displacement 
of column center 

(m) 
30 1.577 1.360 1.063 0.468 
40 2.156 1.860 1.455 0.553 
50 2.862 2.550 1.945 0.779 
60 3.620 3.219 2.418 0.944 

3.3.1.2. Dynamic stress response of the HRF 

Under these four different speeds, when the 30-ton over-height vehicle impacts the mid-span 
of the beam, the stress of the column and the beam of the HRF was shown in Fig. 11 and Table 8. 

It was observed that the vehicle’s impact force and the stress of key nodes are found to increase 
in tandem with the vehicle speed. The peak stress also shares a positive correlation with vehicle 
speed. As the speed escalates from 30 km/h to 60 km/h, the peak stress surges by 28.3 %, 38.5 %, 
13.5 %, and 29.8 % at the mid-span of the beam, 1/4 span of the beam, top of the column, and 
bottom of the column respectively. The peak stress initially appears in the middle of the beam, 
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leading to significant plastic deformation, followed by high stress at the bottom of the column. 
The peak stress gradually approaches the yield strength of the steel, resulting in plastic 
deformation and the formation of plastic hinges at the column base. As the vehicle disengages 
from the HRF, the stress of key nodes decreases. However, the stress at the beam's mid-span and 
the column's bottom exceeds the yield strength of the HRF, suggesting that plastic failure occurs 
at these locations. In terms of peak stress, the bottom of the column experiences more stress than 
the mid-span of the beam, which in turn experiences more than the 1/4 span of the beam and the 
top of the column. 
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d) Top of column 

Fig. 11. Stress of each key node 

Table 8. Stress peak data of the HRF key nodes 
Vehicle 

speed (km/h) 
Peak stress of mid-

span beam (Pa) 
Peak stress of 

column bottom (Pa) 
Peak stress of beam 

1/4 span (Pa) 
Peak stress of 

column top (Pa) 
30 2.86×108 3.62×108 1.74×108 7.99×107 
40 3.07×108 4.16×108 1.91×108 1.26×108 
50 3.23×108 4.56×108 2.29×108 1.50×108 
60 3.67×108 4.70×108 2.41×108 1.88×108 

3.3.2. Different vehicle weight 

3.3.2.1. Dynamic displacement response of the HRF 

The subsequent tests and simulations revealed that, given the same vehicle weight, the damage 
induced by the HRF increased in severity as the vehicle speed escalated. To comprehend the 
effects of varying vehicle weights on the HRF, four different vehicle weights were selected to 
impact the midpoint of the beam at a consistent speed of 30 km/h. The displacement changes of 
the key nodes at different vehicle weight were shown in Fig. 12 and Table 9. 
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d) Column center 

Fig. 12. Displacement of each key node 

Table 9. Peak displacement of the HRF key nodes 

Vehicle 
weight (t) 

Peak displacement 
of mid-span beam 

(m) 

Peak displacement 
of column top (m) 

Peak displacement 
beam 1/4 span (m) 

Peak displacement 
of column center 

(m) 
20 1.295 0.890 1.124 0.355 
30 1.577 1.064 1.360 0.468 
40 1.864 1.276 1.620 0.492 
50 2.091 1.433 1.825 0.546 

The study demonstrates a positive correlation between the vehicle's weight and the 
displacement of critical nodes, wherein an increase in vehicle weight leads to an increase in impact 
force. With an increase in vehicle weight from 20 tons to 50 tons, peak displacement at various 
points exhibited substantial increments: a 61.5 % increase at the beam’s middle span, a 61.0 % 
increase at the column’s peak, a 62.4 % increase at the 1/4 span of the beam, and a 53.8 % increase 
at the column’s center. From the peak response of node displacement, it can be seen that the 
damage induced by changes in vehicle weight is lesser than the damage caused by speed 
variations, thus indicating that vehicle speed is the primary factor influencing impact force 
compared to vehicle weight. Moreover, as the vehicle weight increases, the time taken for each 
critical node to reach peak displacement also extends, suggesting an influence of vehicle weight 
on impact time. Similarly, the column's overturning angle expands with vehicle weight increase, 
with approximately 68.5 % of the beam peak displacement resulting from column overturning. 
The displacement response of the HRF follows this order: middle span of the beam > 1/4 span of 
the beam > top of the column > center of the column. 
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3.3.2.2. Dynamic stress response of the HRF 

In scenarios where vehicles of differing weights strike the beam’s middle span at a speed of 
30 km/h, the stress of the column and the beam was shown in Fig. 13 and Table 10. 
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d) Top of column 

Fig. 13. Stress of each key node 

Table 10. Stress peak of the HRF key nodes 
Vehicle 

weight (t) 
Peak stress of mid-

span beam (Pa)  
Peak stress of 

column bottom (Pa) 
peak stress of beam 

1/4 span (Pa) 
Peak stress of 

column top (Pa) 
20 2.77×108 3.45×108 1.69×108 2.81×107 
30 2.86×108 3.63×108 1.72×108 4.14×107 
40 2.94×108 3.92×108 1.87×108 4.92×107 
50 3.02×108 4.12×108 1.95×108 5.39×107 

It becomes evident that each critical node's impact force and stress peak escalate with an 
increase in vehicle weight. A positive correlation exists between vehicle weight and both of these 
factors. Simultaneously, the duration of the stress peak's steady section and the contact time 
between the vehicle and the HRF is prolonged with an increase in vehicle weight. Clear signs of 
elastoplastic deformation are visible on the beam and the column, with the column's plastic 
deformation being more prominent, indicating that the likelihood of brittle column failure 
escalates as vehicle weight increases. The impact of collision time is significantly affected by the 
change in vehicle weight compared to vehicle speed. As vehicle weight increases from 20 tons to 
50 tons, peak stress exhibits various increments: a 9.0 % increase at the middle span of the beam, 
a 19.4 % increase at the column's peak, a 15.4 % increase at the 1/4 span of the beam, and a striking 
91.8 % increase at the column's base. Thus, vehicle weight emerges as a critical factor instigating 
the overturning of the HRF. The stress at the column's peak fluctuates without inducing plastic 
deformation since the yield strength remains unattained. The beam deformation is less impacted 
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by the rise in vehicle weight, while column overturning is notably affected. 

4. Conclusions 

In response to the current gap in the literature as well as the lack of relevant specifications for 
designing and calculating HRF, a simplified model with an over-height vehicle and the HRF was 
constructed in this study. The stress of each critical node was compared against model testing 
results. This numerically based model, having undergone experimental verification, was 
subsequently applied to practical scenarios. The research focused on the impact process of the 
over-height vehicle and the HRF under various vehicle speeds and weights. The primary 
conclusions are as follows: 

1) When the HRF was impacted by the over-height vehicle at varying speeds, the displacement 
of critical nodes escalated proportionally with the increase in vehicle speed. The vehicle’s speed 
was found to have a greater effect on the impact force than the vehicle's weight. Following the 
impact on the HRF, the columns toppled, with 67.4 % of beam displacement resulting from the 
overturning of the column. The remaining displacement was primarily attributed to the beam’s 
plastic deformation. The displacement of the column was ascribed to the overturning, while both 
the beam and the column base exhibited elastoplastic deformation. 

2) Both displacement and stress responses of critical nodes mirrored the effect of vehicle speed 
across differing vehicle weights. As the vehicle's weight increased, the collision time and the 
impact force marginally rose. The column’s overturning angle and the probability of its brittle 
failure also increased with the vehicle's weight. The vehicle’s weight was identified as a significant 
factor influencing the overturning of the HRF. 

3) The comparison of strain at the HRF's key nodes, as obtained by the numerical simulation, 
with the strain data from the model test revealed that the peak stress occurred approximately 0.05 
seconds after the HRF was impacted. This process spanned about 0.2 seconds. The greatest stress 
was found in the middle of the beam and at the base of the column, and the overall trend was 
generally consistent, thus validating the feasibility of numerical simulation calculation. 

4) When the HRF was impacted, the beam was first damaged, then the bottom of the column 
was partially yielding, and finally the column was overturned. The elastic-plastic theory should 
be adopted in the design, and the bottom of the column should be strengthened to control the 
plastic hinge as far as possible. The HRF’s beam should not be over-designed, and its stiffness 
should be appropriately reduced to avoid excessive damage to over-high vehicles. 

The collision process and mechanism of HRF and over-height vehicles have been thoroughly 
investigated in this study. However, the relationship between different influencing factors and 
impact forces still needs to be studied to further improve relevant specifications and propose 
corresponding design criteria. 
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