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Abstract 

 
The objective of this paper is to determine the influence of the frontal profile design of a vehicle upon the pedestrian 
safety and to assess the pedestrian’s injury severity. In order to achieve this objective two crash-tests were performed, 
using two vehicles with different frontal profile designs and a crash test dummy, meant to simulate the pedestrian 
behavior. In the head of the crash test dummy a tri-axial accelerometer was mounted in order to measure the head 
accelerations during the collision. Obtaining the acceleration values, it is possible to assess the risk of the skull fractures, 
by calculating HIC (Head Injury Criteria) values. 
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1. Introduction 

 

Pedestrians are the most “underprivileged” road users. According to [11], in 2013, 22% of the fatalities that 

occurred in the road traffic, pedestrians were involved. There was a decrease of 11% in pedestrian fatalities since 2010 

[11]. The most important parameters that are influencing the injury risk of a pedestrian are the age of the pedestrian, 

collision velocity, vehicle type and the frontal profile design of the vehicle [1].  

The design of the vehicle frontal profile may influence the injury risk. The frontal bumper is usually the first part 

of the vehicle which enters in contact with the pedestrian’s lower limbs, while its position and design may influence the 

behavior of the pedestrian during the collision [2]. Depending on the collision velocity and the vehicle frontal profile 

design, the pedestrian may be carried out on the windshield or thrown away on the ground. 

The two body regions which are most frequently severed injured are the lower limbs and the head [18]. The 

lower extremities represent the region most commonly injured, while the head injuries represent the main source of the 

fatalities, accounting 30% of the overall AIS 2+ (Abbreviated Injury Scale) [17][18]. 

It is desired to reduce the injury severity by improving the frontal profile design of the vehicles. Below a collision 

velocity of 40 km/h between a motor vehicle and a pedestrian, the injury risk is significantly reduced. The pedestrian 

fatality main cause is the head injury, being the most vulnerable part of the pedestrian. The vehicle critical parts during 

the collision with a pedestrian are the A pillars and the bonnet, having a high stiffness [14]. 

In order to reduce the head injury risk at the impact with the bonnet and the windscreen, active bonnet and the 

pedestrian airbag was developed which are passive safety systems for the pedestrians. In the moment of the impact the 

bonnet lifts such that the gap between the engine and the bonnet will increase and at the base of the windshield an airbag 

is deployed in order to prevent the collision of the pedestrian’s head with the windscreen. These systems are meant to 

reduce the accelerations that the pedestrians are subjected to [15]. 

The head represent the most vulnerable body region [6], [7], [8]. In order to assess the head injury severity was 

introduced a scale named HIC (Head Injury Criteria). The pedestrian’s head is subjected to high loads due to the high 

decelerations caused by the collision, while HIC is defined as the integration of this acceleration in a specific time interval 

[3]. 

Frontal bumpers are structures of great importance in passenger cars that manufactures are designing carefully 

in order to behave as good as possible in case of an impact [4], [5].  

In order to study the behavior of the pedestrian in case of an impact against a vehicle with different frontal profile, 

two different vehicles were used, having different design of the frontal bumper. To determine the pedestrian’s behavior, 

a crash test dummy was used. In this dummy two tri-axial accelerometers were mounted, one in the dummy’s head, 

respectively one in the dummy’s thorax. The head injury severity can be estimated using the head’s acceleration during 

the crash tests. 

 

2. Methodology 

 

In order to determine the influence of the design of the frontal profile of the vehicle at the collision with a 

pedestrian two crash tests were organized, using vehicles with different frontal profile design. To achieve accurate data, 

in both crash tests the velocities were identical and the crash test dummy was positioned at the same angle of impact. The 

used crash test dummy had a weight of 85 kg, respectively a height of 1.85 m. The dummy’s head is weighting 4.5kg, 

representing 5.3% of the total weight of the dummy. The neck is representing a component of major importance of the 

dummy due to fact that has a major influence upon the obtained head acceleration. In order to obtain accurate data, the 

neck model used was the one equipped on Hybrid III dummy, which is an approved dummy as behaving similar with the 

pedestrians in case of an impact with a vehicle (Fig. 1.) [16]. 

 

 
 

Fig. 1. Head-neck assembly used in the crash-test 

 

The differences of the frontal profile of both vehicles are not only at the frontal bumper but also at the angle at 

which are positioned the windshields. In order to see the differences of the frontal profile, a scaled sketch has been made 

which is presented in the Figure 2. 
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Fig. 2. Differences of the frontal profile of the employed vehicles 

 

The frontal profile of the vehicle 1 has straight surfaces, while the frontal profile of the second vehicle is rounded 

and sharper. Another difference is the frontal bumper, which for the first vehicle is extruded in comparison with the 

second vehicle, which has a smoother surface. The bonnet inclination and the design of the bonnet leading edge represent 

an important difference between the two vehicles because these parts have a major influence in the behavior of the 

pedestrian during collision. 

In order to assess the head injury severity in case of the two frontal profile design of the vehicles, the same 

collision velocity of 27 km/h was used. The dummy was positioned at an angle of 23° at both crash tests, and the location 

of the impact was the same (Fig. 3). 

 

 
 

Fig. 3. Impact configuration for the crash tests 

 

The behavior of the pedestrian in the two crash-tests is presented in Fig. 4 respectively Fig. 5 in three main 

phases: contact phase, carrying the pedestrian on the bonnet, sliding phase. 

 

 
 

Fig. 4. Pedestrian behavior in the collision with vehicle 1 
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For the collision with the vehicle 1, in the first phase, the pedestrian’s lower limbs slide down under the vehicle 

more, in comparison with the collision with the vehicle number 2. This behavior is caused by the design of the frontal 

bumper, which is extruded in comparison with the first vehicle. In the next two phases the dummy is carried on the bonnet 

until its head reaches the base of the windscreen, colliding with the windscreen wipers. In the last phase the dummy slides 

on the bonnet due to the braking of the vehicle. 

 

 
 

Fig.5. Pedestrian behavior in the collision with vehicle 2 

 

In the crash-tests with the vehicle 2, the phases are similar to the first crash test. The difference in this crash test 

is in the mid-phases, where the dummy is carried on the bonnet and impacts the base of the windscreen, in comparison 

with the first crash-test, where dummy is not impacting the windscreen at all. The main cause of this behavior is the 

design of the frontal profile, which for vehicle number two is sharper. 

 

3. Results 

 

After the crash tests were finalized, we obtained the head acceleration diagram for the first, respectively second 

experiment (Fig. 6). 

 

 
 

Fig. 6. Head acceleration obtained after the crash tests 

 

As can be seen in the previous diagrams, the peak value of the acceleration for the vehicle 1 is approximately 96 

g (g is gravitational acceleration), while the maximum head acceleration value for the second crash test is 71 g. There is 

a significant difference regarding the peak values of the accelerations between the two scenarios, and the main reason is 

the frontal profile of the vehicles, taking into account that the crash test configuration was the same. In the first crash test 

the pedestrian’s head impacts the windscreen wipers, which are stiff and are generating additional head acceleration, 

while in the second crash test the dummy’s head is entering in contact with the base of the windshield and the acceleration 

is generated by the sudden change in the pedestrian’s state of rest into a state of motion due to the collision and by the 

impact of the head with the base of the windshield. 
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In order to assess the head injury severity, HIC values for both crash-tests are calculated. HIC value is calculated 

on specific time interval of 15ms [9]. 
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where: 

HIC15 1,2 – represents the HIC values for vehicle 1 respectively vehicle 2 

t2 – final value of the time (s) 

t1 – initial value of the time (s) 

a(t) – the resulting head acceleration (g) 

∆t= t2-t1 ≤ 0,015 (s) 

 

After HIC value calculation, the following diagram was obtained (Fig.7). The red line represents the HIC value 

for the first crash test, having a peak value of 1307, whereas the blue line represents the HIC value obtained in the second 

crash tests, obtaining a peak value of 996. 

 

 
 

Fig. 7. HIC diagram for both crash-tests 

 

4. Discussion 

 

According to [10], the risk of skull fracture in the first crash test is approximately 22%, in comparison with the 

second test, where the shape of the frontal profile was smoother, having a chance of less than 15% of skull fracture (Fig. 

8.).  

Therefore the chance of skull fracture is reduced with more than 7% for the second crash tests due to the design 

of the frontal profile of the vehicle.  

 
 

Fig. 8. Risk of skull fracture as a function of HIC15 value[10] 
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Although the risk of injury is low in case of an impact of 27 km/h, the differences regarding the injury risk 

presented above are significant. According to Burg et al., the HIC value up to 1000 is not jeoperdizing human life, and 

no serious injuries are expected. Therefore for the second crash-test the pedestrian should not have serious injuries, while 

for the first crash test the chance of a serious injury is higher. 

Another way to assess the head injury is using AIS scale (Abbreviated Injury Scale). This scale was introduced 

in 1969, and since then is constantly updated. AIS is developed and monitored by Association for the Advancement of 

Automotive Medicine (AAAM). It is classified on a grid from 1 to 6, where 1 represents minor injury, whereas 6 represent 

fatal injury [12].  

 
Fig. 9. Risk of brain injury as a function of HIC 15 value [13] 

 

For the first crash test the risk of a brain injury is almost 40%, whereas for the second crash test the risk is less 

than 20%. Therefore, the chance of a brain injury for the test where the vehicle with the extruded bumper was involved 

is twice as high as for the vehicle with the sharper frontal profile design. 

 

5. Conclusion 

 

As was presented, the differences regarding the HIC values for the pedestrian are significant, taking into account 

that the same collision velocity was used in both crash-tests. The main reason of these differences is the shape of the 

frontal profile of the two vehicles involved in the crash test.  

From the two diagrams presented above it leads the conclusion that pedestrian injury risk it is closely related to 

the vehicle frontal profile design. Therefore having an extrude shape of the frontal bumper and straighter surfaces, the 

pedestrian’s behavior during the collision is influenced, and the pedestrian safety is affected.  

Having a smoother shape of the frontal profile of the vehicle, the chance of the head injury in case of a low 

velocity impact is reduced. In both crash tests, the passive safety systems that can mitigate the head injury is the active 

bonnet and the pedestrian airbag that deploys at the base of the windshield which would prevent the pedestrian to impact 

the windshield wipers respectively the base of the windshield. 

Therefore, the frontal profile shape plays one of the greatest roles in pedestrian safety, and as long as the 

manufacturers are constantly improving the frontal design of the vehicles, will lead to a significant reduction in pedestrian 

fatality. 
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