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ABSTRACT 

This paper aims at investigating brain injury mechanisms in adult pedestrian accidents by in-

depth accident analysis and accident reconstructions. In total, 120 adult pedestrian accident cases from 

the GIDAS database were analysed and 10 of them were reconstructed. The accident reconstructions 

were first carried out using multi-body system (MBS) pedestrian and car models to acquire the head 

impact conditions such as head impact velocity, head position and head orientation. These impact 

conditions were then imposed on a finite element (FE) head model to make it impact against a 

windscreen model. The pressure and stress distributions of the brain model were calculated and 

correlated with the injury outcomes in the accidents. The accident analysis revealed that the 

windscreen and its surrounding frames were the main sources of head/brain injuries for adult 

pedestrians. The reconstruction results indicated that coup/countercoup pressure, Von Mises and shear 

stress were important physical parameters to evaluate the brain injury risk. 
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In pedestrian accidents, head injuries are one of the most common injury types and the main cause 

of fatalities. IHRA (2001) analyzed 1,605 pedestrian accident cases and the results showed that head 

injuries accounted for 31.4% of 3,305 AIS 2+ injuries. Maki et al. (2003) investigated 20,504 

pedestrian accidents in Japan and found that 21% serious injures and 64% fatalities were due to head 

injures. 

The most common head injury type in pedestrian accidents was the injury of the soft tissues that 

covering skull and facial bones. Otte (1999) reported that 91.3% of 543 injured pedestrians suffered 

soft tissue injures on the head. Although the soft tissue injures were common in pedestrian accidents, 

they were on low AIS levels and were not life threatening. Excluding the soft tissue injures, skull 

fractures accounted for around 15% of the head injures and brain injures accounted for the remaining 

85% (Otte, 1999; Woods, et al, 2003). It was also found that vault fractures occurred more frequently 

than skull base fractures. The frequency ratio of the vault fractures to the basal fractures was 1.35 

based on Woods’ data and 2.74 based on Otte’s data. This value changed to 0.70 while only the killed 

pedestrians were investigated (Harruff, et al, 1998).  In pedestrian accident, diffuse brain injures have 

a higher incidence than focal brain injures. According to Otte (1999), 76% brain injures were 

concussions. Woods et al (2003) reported that 83% brain injures were due to the loss of consciousness. 

The incidence of focal brain injuries in pedestrian accident was investigated in detail by Demetriades 

et al. (2004).  The overall incidences of epidural hematoma, subdural hematoma, subarachnoid 

hematoma and brain contusion were 0.9%, 2.7%, 4.9% and 5.1% respectively.  

The head kinematics of a pedestrian in an accident was different from that of an occupant. 

Cadaver tests showed that the pedestrian head was usually the last body part coming into contact with 

the car front. The distribution of impact points on the pedestrian head also differed, with the 

pedestrian’s head being more likely to be struck on the rear or lateral side compared with the 

predominantly frontal impacts to the head of a car occupant (McLean et al, 1996A & B). 

The head/brain injury mechanisms in car-to-pedestrian accidents have been investigated by using 

both experimental tests and mathematical simulations. However, most of the previous studies focused 
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on the correlation of impact force, head acceleration and other macro parameters with the head 

injuries. Physical parameters such as stress, strain, pressure distribution within the biological 

structures which are more directly related to pedestrian head injuries have not been studied so 

extensively. 

In this study, an in-depth accident analysis was first carried out to understand the head injury 

characteristics in pedestrian accidents. In order to obtain the head impact conditions at the moment of 

head impacting against a windscreen, accident reconstructions were carried out using MBS models. 

The calculated head impact conditions were then applied on the FE head model as the initial 

conditions to calculate the injury parameters such as pressure, strain and stress. 

METHOD AND MATERIALS 

ACCIDENT ANALYSIS: In the district of Hannover a representative sampling of accidents was 

carried out by the order of German Government (Federal Highway Research Institute BAST) in 

cooperation with the car manufactures FAT (Otte et al, 2003). These accident cases were documented 

in the accident database GIDAS (German In-Depth Accident Study) by Accident Research Unit at 

Medical University of Hanover. The collected cases in the GIDAS database contain very detailed 

information which could be classified into categories of accident details, injury details, car details and 

contact details. Informative photos were also taken which described accident scenarios, injury 

locations, car damages and etc. 

Altogether 120 passenger car-to-pedestrian accident cases from the GIDAS database were 

analyzed. These accident cases were selected since they met the following standards: the pedestrian 

should be an adult with a height ranged from 1.50 to 1.90 m. The pedestrian should sustain at least an 

AIS 2+ head injury and the head impact locations on the car should be clearly identified. An example 

case is used here to illustrate the selected accident cases. 

Example Case from the GIDAS Database: A passenger car-to-pedestrian accident happened in a 

residential area in Hanover, Germany (Figure 1a). The accident car was a VW Golf III 1993 model 

and was traveling along a street. A 70-year-old man walked fast from behind a building on the left side 

of the street to pass the pedestrian crossing. Because of the building, the driver could not see the man 

in advance. After the driver saw the man, he braked hardly but still hit the man at an estimated impact 

speed of 43 km/h. 

  

 (a)     (b) 

Fig. 1- Drawing of (a) accident scene (b) damages on the accident car 

The car hit the left leg by the bumper and hit the head by the windscreen. The scratches and 

damages on the car are shown in Figure 1b. The contact points on the car were measured in a x,y,z – 

coordinate system.  

The man was thrown out about 11 meters and sustained a scalp laceration (AIS 2), an oedema of 

the brain (AIS 3), a concussion (AIS 2) and a fracture at the left tibia (AIS 3). 

ACCIDENT RECONSTRUCTIONS USING MBS MODELS: 10 pedestrian accident cases 

involving head impacting against a windscreen were reconstructed, as listed in Table A1 (Appendix 

A). MBS pedestrian models and passenger car models were used for the reconstruction with the aim to 

identify the head impact conditions at the moment of head impact. The reconstructions were validated 

by comparing the simulated pedestrian kinematics with the corresponding findings from the accident 

investigations. The head impact conditions such as head impact velocity, impact location and head 
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orientation were identified. These calculated parameters were applied to the FE head model as initial 

conditions.  

MBS Pedestrian and Car Models: The pedestrian models were generated by scaling from a 

validated 50th percentile adult pedestrian model based on the victim’s age, height and weight (Yang 

and Lövsund, 1997; Yang et al, 2000; Liu et al, 2002). The GEBOD program (TNO, 2005) was used 

to generate the mass/inertial properties and characteristic dimensions of various body segments based 

on the anthropometric information of the victim. The joint properties and contact stiffness of the body 

segments were defined also by the scaling method. The model consists of 15 ellipsoids representing 

head, neck, chest, abdomen, hip, upper and lower extremities and connected by 16 spherical joints. 

The MBS car models were developed based on the drawings of the production cars that had the 

same model and year as the accident cars. The car front structures were represented by five ellipsoids: 

lower bumper, bumper, hood edge, hood top and windscreen. Several planes and ellipsoids were used 

to describe the rear part and the wheels. The stiffness characteristics of the car front were defined 

according to EuroNCAP test results of a similar car.  

Setup of Reconstruction: The reconstruction was set up based on the recorded data of each 

accident case. The car travel speed was calculated by the accident investigation team based on the 

traces found on the road such as braking marks, final positions of car and pedestrian. This speed was 

used as the initial velocity of the car model in the accident reconstruction. A friction coefficient 

between the ground and wheels was defined to simulate the car deceleration due to the brake. The car 

model was lowered by 20-100 mm together with a diving angle to simulate the pitch motion due to the 

brake. The initial position of the pedestrian model relative to the car model was defined based on the 

contact point on the bumper from the accident investigation. The posture and orientation of the 

pedestrian were adjusted according to the accident information. Initial velocity ranged from 1.5 m/s to 

4 m/s was set for the walking, fast walking and running pedestrians accordingly. 

ACCIDENT RECONSTRUCTIONS USING FE HEAD MODEL: The FE head model was 

propelled to impact against a windscreen model with the initial conditions calculated from the MBS 

reconstructions. The stress and pressure were then calculated and correlated with the brain injuries in 

the accidents.  

FE Brain Model: To investigate the brain injury mechanisms, a head/brain model was 

developed based on the HUMOS2 head model which only consists of scalp, skull and a simplified 

brain as shown in Figure 2. The refined head model includes more anatomy structures such as CSF, 

meninges, cerebral, cerebellum, brain stem, falx and tentorium (Figure 2). It consists of 35,616 

elements and weighs 4.78 kg. The material properties used in the refined model were based on the 

published data, as shown in Table 1. The FE head model was validated against Nahum’s cadaver test 

as described in Appendix B.  

    
(a)    (b) 

Fig.2 - Section view of (a) HUMOS2 head model and (b) refined head model (cut at the sagittal plane) 
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Table 1. Material Properties of Human Head FE Model 

Head Anatomy 

Structure 

Density 

( kg/m3) 

Young’s 

Modulus 

(MPa) 

Poisson’s 

ratio 

Shear Modulus 

(kPa) 

Decay 

Constant (s-1) 

Bulk 

Modulus 

(GPa) 

Scalp 1000 16.7 0.42    

Skull 1900 12200 0.21    

CSF 1000  0.49 1  2.19 

Pia 1130 11.5 0.45    

Cerebral 1060   G0=12.5, G∞=2.5 80 2.19 

Cerebellum 1060   G0=10, G∞=2 80 2.19 

Brain stem 1060   G0=22.5, G∞=4.5 80 2.19 

Falx and tentorium 1130 31.5 0.45    

FE Windscreen Model: Current windscreens of passenger cars are made of laminated glass. It 

has a sandwich structure with two pieces of partially tempered glass and a polyvinyl butyral (PVB) 

interlayer in the middle. During the crash, the tempered glass will break into small and blunt 

fragments. These fragments can be jointed together by the PVB-interlayer. The mechanical properties 

of windscreens are determined by both glass and PVB layer. In small strain deformations, the force 

deformation characteristics of the windscreen are determined by the stiff glass. In large deformations, 

the PVB-interlayer plays a dominate role which acts as a membrane. 

In this study, a FE windscreen model was developed using a validated method (Bois, et al, 2003). 

The model contains two coincident layers to simulate the glass and the PVB layer respectively.  The 

glass layer was modeled with shell elements which fail when reaching its maximum stress. The PVB 

layer was modeled with membrane elements using a hyper elastic material property. 

 

 
   (a)      (b) 

Fig. 3 - Fracture pattern of windscreen in (a) headform impactor test and (b) simulation 
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Fig.4 - Comparison of headform acceleration 

The windscreen model was validated using the headform impactor test results. The test cars have 

the same make as the accident cars. The adult headform used in the test was the standard EEVC adult 

headform impactor that consists of an aluminium sphere and covered by a vinly skin. The total weight 
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of the headform is 4.8 kg. The headform was equipped with an accelerometer at the center of the 

sphere and sampling the data at the frequency of 10,000 Hz. During the test, the headform was 

propelled to hit the centre of windscreen at an angle perpendicular to the windscreen. Simulations 

similar to the test setup were carried out to validate the FE windscreen model. A 4.8 kg rigid ball was 

used to represent the adult headform impactor. The acceleration history of the rigid ball in the 

simulation was compared with the acceleration history of the headform in the test. Figure 3 and Figure 

4 present the validation results of the windscreen model of one involved accident car. 

Setup of Reconstructions Using FE Model: The FE reconstructions were configured based on the 

preliminary results from the MBS reconstructions. The initial linear velocity, angular velocity, head 

orientation and head position were defined according to the corresponding values from the MBS 

reconstruction. The boundaries of the windscreen model were fixed to simulate the constraints due to 

windscreen frames. A contact was defined between the windscreen and the scalp with a friction 

coefficient of 0.2.  

RESULTS 

RESULTS FROM ACCIDENT ANALYSIS: Of 120 pedestrians involved in the accidents, 50 

were females and 70 were males. At the moment of impact, the pedestrians could be running, walking 

fast, walking, or standing. Figure 5 shows that nearly half of the adults were walking when they got 

impacted. The accident data also showed that 90% pedestrians were impacted from the lateral 

direction.  
fast walking

27%

unknown

18%

running

13%

walking

42%

 

Fig.5 - Action of adult pedestrian at the moment of impact 

The injuries sustained by the pedestrians were classified according to AIS 90. The correlation of 

an MAIS 2+ head injury and a car impact speed was examined as shown in Figure 6.  The results 

showed that the head injury risk increases with the increasing impact speed. At an impact speed 

greater than 40 km/h, the risk to suffer an MAIS 2+ head injury is greater than 50%. 
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Fig.6 - Cumulative MAIS 2+ head injury frequencies vs. car speed 

The head impact location on the car in adult pedestrian accident was identified and analyzed. 

Figure 7 shows that the windscreen area was the main source of head injury while the main sources of 

severe head injuries were the base of windscreen, A-pillars and the adjacent windscreen area. 
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(a). MAIS 2 Head Injury  (b) MAIS 3+ Head Injury 

Fig.7 - Head impact location  

RESULTS FROM ACCIDENT RECONSTRUCTIONS: The validity of the MBS reconstructions 

was evaluated by comparing the simulated pedestrian kinematics with the corresponding findings in 

the accident investigations. Table 2-3 compares the simulated wrap around distances and throwing 

distances with those values in the accidents. The throwing distance of a pedestrian was defined as a 

distance between the position of the pedestrian at the moment of impact to the final position of the 

pedestrian. 

Table 2. Comparison of Wrap Around Distance (cm) 

 
Case 

01 

Case

02 

Case

03 

Case

04 

Case

05 

Case

06 

Case

07 

Case

08 

Case 

09 

Case 

10 

Accident 202 206 224 217 213 217 204 230 208 220 

Reconstruction 206 198 220 212 208 210 198 223 204 215 

Table 3. Comparison of Throwing Distance (cm) 

 
Case 

01 

Case

02 

Case

03 

Case

04 

Case

05 

Case

06 

Case

07 

Case

08 

Case 

09 

Case 

10 

Accident 600 650 650 800 820 850 950 1100 1100 1600 

Reconstruction 635 668 684 821 800 835 950 1280 1109 1450 

The head impact conditions including head linear velocity, head angular velocity were calculated 

as shown in Table 4. These values were used to define the initial velocity of the FE head model.  

 

Table 4. Calculated Initial Head Impact Conditions  

NO Vx (m/s) Vy (m/s) Vz (m/s) Vr (m/s) Rx (rad/s) Ry (rad/s) Rz (rad/s) Rr (rad/s) 

Case01 6.070 0.212 -7.399 9.573 29.267 -14.636 -6.089 33.284 

Case02 3.415 -1.222 -6.226 7.205 -22.407 11.438 16.915 30.315 

Case03 6.099 -0.289 -8.122 10.161 25.303 -5.922 -6.656 26.826 

case04 4.275 0.799 -6.737 8.019 33.190 -13.582 -7.338 36.605 

Case05 7.076 0.370 -7.672 10.444 27.502 -12.177 -7.633 31.031 

Case06 6.477 -0.157 -7.511 9.919 22.920 -3.888 -11.536 25.952 

Case07 5.454 -1.858 -10.103 11.631 -36.860 -1.605 16.986 40.617 

Case08 10.389 0.347 -11.513 15.511 57.289 -43.699 -0.562 72.055 

Case09 5.027 -1.477 -10.231 11.495 -33.398 14.242 34.564 50.129 

Case10 7.731 -0.931 -11.395 13.802 -41.208 14.318 30.014 52.952 

The reconstruction results using the FE head model were summarized in Table 5 and Table 6 in 

terms of brain pressure, brain Von Mises stress, brain shear stress.  
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Table 5. Calculated Brain Injury Parameters (AIS 2) 

NO AIS  
Coup pressure 

(Kpa) 

Counter coup Pressure 

(Kpa) 

Von Mises 

(Kpa) 

Shear Stress 

(Kpa) 

Case01 2 137 -112 9.43 5.36 

Case02 2 181 -107 10.34 5.89 

Case03 2 173 -110 11.51 6.62 

Case05 2 152 -116 10.64 6.01 

Case07 2 187 -108 11.23 5.65 

Case10 2 250 -176 16.8 8.44 

Mean± S.D 180±39 -122±27 11.7±2.6 6.3±1.1 

Table 6. Calculated Brain Injury Parameters (AIS 3+) 

NO AIS  
Coup pressure 

(Kpa) 

Counter coup Pressure 

(Kpa) 

Von Mises 

(Kpa) 

Shear Stress 

(Kpa) 

Case04* 3 572 -169 11.47 5.93 

Case06* 4 876 -172 17.9 9.4 

Case08* 5 319 -270 27 15.6 

Case09 3 182 -136 12.69 6.35 

Mean± S.D 487±305 -187±58 17.3±7.1 9.3±4.5 

 * Head impact location was close to windscreen frame 

The relationships between the calculated brain injury parameters and overall brain injury risk 

were examined using a logistic regression model as shown in Figure 8 and Figure 9. 
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Fig.8 - Logistic regression curve of (a) Coup Pressure and (b) Countercoup pressure with AIS 3+ brain 

injury risk 
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Fig.9 - Logistic regression curve of (a) Von Mises (b) Shear Stress with AIS 3+ brain injury risk 

Figure 8 shows that the AIS 3+ brain injury severity is correlated with the brain pressures. As the 

magnitude of coup pressure and coutrecoup pressure increase, the likelihood of the brain injury risk 

also increases. Figure 8 shows that the brain injury risks increase rapidly at coup pressure greater than 

180 KPa and coutrecoup pressure smaller than -130 kPa.  

Figure 9 shows that the AIS 3+ brain injury risk is also correlated with brain stress. As the 

magnitude of Von Mises and shear stress increase, the likelihood of brain injury risk also increases. 
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Figure 9 shows that the brain injury risks increase rapidly at Von Mises great than 12 kPa and shear 

stress greater than 6 kPa. 

DISCUSSION 

Accident Analysis: The accident analysis results showed that 90% pedestrians were impacted 

from the lateral direction. This figure is comparable with the findings from Mclean et al (1996B) 

which was about 86%. During the impact, the upper torso usually has a rotational motion around the 

longitudinal axis of the body which is thought to be caused by the impact of the car front on the legs. 

This motion leads to the back and side of the head to be the most frequently impacted locations. Figure 

7 shows that the head impact locations were mainly on the windscreen areas due to the shorter hood of 

modern cars. For MAIS 2 head injuries, the head impact locations were more frequently in the center 

area of the windscreen while for more severe head injuries, the impact locations has a higher 

frequency on the A-pillar, base of windscreen and area close to windscreen frames.  

Reconstruction Method: In this paper, the accident reconstructions were carried out using a 

combination of MBS and FE methods. The MBS method was used to reconstruct the head impact 

conditions at the moment of head hitting the windscreen and these conditions were then imposed on 

the FE head model. The MBS model is good at simulating the gross motion of the pedestrian and is 

also computation efficient.  However, the MBS model could not calculate the physical parameters 

such as strain, stress.  

The finite element method is an important tool in investigating the injury biomechanics of the 

human head. The development of computer technologies enables FE models to handle complex 

geometries. The FE models could also simulate more realistic contact forces. To date, a series of three-

dimensional human head FE model have been developed and used to investigate brain injury 

mechanisms in traffic accident. A representive of these models includes Wayne State University 

(WSU) model (Ruan et al, 1993; Zhang et al, 2004), Strasbourg University (ULP) model ( Kang et al, 

1997; Willinger et al, 2000), KTH human head model ( Kleiven et al, 2002) and etc. 

In this paper, a refined FE head model was presented which includes the main anatomy structures 

of the head. This model was validated by Nahum’s tests and used to reconstruct the real world 

pedestrian accidents. The reconstruction results show that this model is cable to predict the brain 

injuries in pedestrian accidents. This model can be further improved to increase it biofidelity and 

predict some specific injuries by including more anatomy details such as sinus, ventricles, and 

bridging veins.   

Brain Injury Mechanism and injury criteria:  Real world accident was reconstructed in an attempt 

to investigate brain injury mechanisms and injury criteria in pedestrian accidents. The correlation 

between coup/countercoup pressure, Von Mises stress, shear stress and brain injury risk was examined 

based on 10 reconstructed cases. Table 5 lists the sustained AIS 2 brain injuries and corresponding 

values of the injury parameters. These six AIS 2 brain injuries are all mild concussions. Concussion 

is a kind of diffuse brain injury with a transient neurological dysfunction. The mild 

concussion leads to confusion, disorientation, minor loss of memory. Although the injury 

mechanism for concussion is still uncertain, clinical investigation find that concussion occurs 

without any gross damage or brain injury visible by microscopy (Ropper, 1994). This implies that the 

concussion may be a disorder of function rather than structure (Verjaal and Van ’T Hooft, 1975). 

Thus the calculated injury parameters could be considered as a tolerance level that would not cause 

irreversible structure damage to the brain. Due to the difference of individual person, the average 

values of these parameters were considered which were 180 kPa for coup pressure, -122 kPa for 

countercoup pressure, 11.7 kPa for Von Mises and 6.3 kPa for shear stress.  

The calculated coup/countercoup pressure in AIS 3+ brain injury cases showed a significant 

increase than those in AIS 2 brain injury cases except case 09. Ward et al. (1980) proposed an 

intracranial pressure tolerance of 235 kPa for serious brain injuries. Baumgartner (2001) proposed a 

brain pressure reaching 200 kPa as an indicator for brain contusions, oedema and haematoma. In this 

study, the calculated brain pressures in three AIS 3+ brain injury cases were higher than the two 

proposed tolerance levels. Case09 had a coup pressure of 182 kPa which was still close to the 

tolerance level of 200 kPa proposed by Baumgartner. As for Von Mises and shear stress, cases with 
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AIS 4 and AIS 5 brain injuries showed an obvious high magnitudes than the remain cases. A 

correlation of these calculated injury parameters with AIS 3+ brain injury risks were examined by 

logistic regression model as shown in Figure 8 and Figure 9. It seems that all these parameters are 

correlated with AIS 3+ brain injury risks. For each parameter, there is a critical value after which the 

injury risk would increase dramatically. The critical values for coup pressure, countercoup pressure, 

Von Mises, shear stress are 180 kPa, -130 kPa, 12 kPa and 6 kPa respectively.  

CONCLUSION 

The windscreen and frames are the main injury source for head/brain injuries in the adult pedestrian 

accidents. The injury severity of head/brain injuries caused by the windscreen varies due to the impact 

velocity and the impact locations. A high impact speed would increase the head injury risk. Base of 

windscreen, A-pillar and windscreen area close to these structures usually cause severe brain injuries. 

The MBS pedestrian model and car model could well reproduce the overall kinematics of a 

pedestrian in the accident. The simulated head impact conditions at the moment of head impact against 

windscreen could be used as input for the accident reconstruction using FE head model. 

The calculated brain injury parameters such as coup/countercoup pressure, Von Mises, shear 

stress were important parameters to predict the onset of brain injuries. A tolerance level of these 

parameters that would not cause irreversible brain structure damage was investigated based on the 

simulation results of concussion brain injuries. The correlation between these parameters and AIS 3+ 

brain injuries were also examined by using the logistic repression model and the results is promising.  
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APPENDIX A: 

Table A.1 Selected cases for reconstructions 
Case 

No   
Age 

Weight 

(kg) 

Height 

(cm) 
Direction Car 

Speed 

(km/h) 
Brake

AIS 

Brain

Brain Injury 

Description 

01 49 70 168 9 oclock Opel Vectra 35 yes 2 Concussion 

02 41 65 170 3 oclock VW Passat 31 no 2 Concussion 

03 32 70 175 9 oclock VW Golf 2  34 no 2 Concussion 

04 77 70 165 3 oclock VW Golf 2 31 yes 3 2nd degree brain injury 

05 78 90 175 3 oclock Opel Corsa  35 yes 2 Concussion 

06 80 90 170 3 oclock Ford ESCORT 40 yes 4 Odema  

07 68 85 175 3 oclock VW GOLF 41 yes 2 Concussion 

08 77 65 175 9 oclock Mercedes E 220 52 yes 5 Hematoma 

09 70 85 175 3 oclock VW GOLF 3 43 yes 3 Concussion, Oedema 

10 65 100 178 3 oclock Ford ESCORT  42 no 2 Concussion 

 

APPENDIX B: VALIDATION OF FE HEAD MODEL 

The Nahum’s test data was used for the validation of current head/brain model (Nahum et al, 

1977).  In the test, the head was impacted by a padded cylinder. The cadaver specimen was 

seated and its back was secured to a rigid vertical support to prevent gross movement of the 

upper torso.  The impact direction was along the specimen’s mid-sagittal plane and the head 

was rotated forward so that the Frankfort anatomical plane was inclined 45° from the 

horizontal. The intracranial pressures were measured at sites of frontal, posterior, parietal and 

occipital.  

 

A simulation according to the test setup was carried out. The anatomical plane of the model 

was inclined about 45º like in the Nahum’s test. A 5.6 kg cylinder with initial velocity of 6.3 

m/s was propelled to hit the head. The intracranial pressures was calculated and compared 

with the results from Nahum’s test, as shown in Figure A1-A4.  The figures show good 

agreement between the simulation results and the Nahum’s test results. 

0

2

4

6

8

10

12

14

16

0 2 4 6 8

Time (ms)

P
re

s
s

u
re

 (
x

1
0

4
 P

a
)

Test

Simulation

 

Fig.B1 - Comparison of frontal pressure 
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Fig.B2 - Comparison of occipital pressure 
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Fig.B3 - Comparison of parietal pressure 
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Fig.B4 - Comparison of posterior pressure 


