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Publishable summary 
 
Real world crash data clearly indicates that lateral vehicle impact into narrow fixed objects such 
as trees, poles etc. is an area that needs to be addressed. IHRA has proposed a moving vehicle 
to pole test, oblique impact @75 degrees to the longitudinal plane of the test vehicle at 32 km/h 
using the 50th percentile male WorldSID dummy, which is based on the test proposed in the 
recent Notice for Proposed Rule Making (NPRM) related to the USA FMVSS214. This setup 
reflects the desire to assess not only the protection offered to the head, but also to other body 
parts such as the thorax. 
 
The work reported here formed the final activity of APROSYS SP1 task 1.1.2 “Protection in single 
vehicle crashes involving narrow objects”. The objective of this work was to investigate the cost 
benefit aspect for the introduction of a pole test into European regulation. The approach taken 
was to collect information using a literature review for the benefit part and to undertake a case 
study for the cost part. Further, the available cost/benefit analysis for the introduction of an 
oblique pole impact test in the US was studied. The effect of the active safety system ESC 
(Electronic Stability Control) was also considered as it could be of a great benefit in reducing the 
number of single type accidents.  
 
The following conclusions were derived from this work: 
Cost Benefit 

�  Accident statistics show that a significant proportion of road accident fatalities occur in 
impacts with narrow objects, e.g. 14% in France in 2004. This illustrates the necessity to 
introduce active and/or passive countermeasures to improve the side impact protection in 
case of an impact against a narrow object. 

�  As cost information of vehicle developments and design improvements are treated as 
company confidential by OEM’s, it is virtually impossible the get adequate cost/benefit 
information as part of European projects. 

�  The costs estimated by FIAT, for structural improvements to enable a current car to meet 
the ECE Regulation 94 limits in a 32 km/h oblique pole test, are about 20 euros per vehicle. 
However, it should be noted that other improvements will also be needed, in particular 
improvements to the airbags, but the cost of these has not been evaluated. 

�  The additional costs for occupant protections for side impact against narrow objects in the 
USA are estimated to be between ~ 60 and 140 Euro per vehicle. 

Effect of active defensive systems 
�  The studies reviewed by APROSYS showed that the introduction of ESC is predicted to 

reduce single vehicle fatal accidents by between about 30 and 60%. A contributory factor to 
the variation in outcome of the results is most probably the difference in traffic conditions 
and fleet properties in the different countries involved. However, side impact against narrow 
objects is not foreseen to totally disappear. 
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1  Introduction 
 
The European 6th Framework Programme Integrated Project (IP) on Advanced Protection 
Systems (APROSYS) focuses on developments in the field of passive vehicle safety. The aim of 
sub-project 1 (SP1), titled ‘Car Accidents’, is to investigate the development and validation of 
evaluation methods and advanced protection systems. The overall objective of the work is to 
reduce the number of car occupant fatalities and serious injuries by developing fully validated test 
procedures that once implemented in regulation and / or consumer testing will improve a car’s 
crashworthiness in side and frontal impacts, including elements of compatibility performance. 
 
Within SP1, work package 1.1 (WP1.1), titled ‘Advanced side impact and side impact 
compatibility’ aims to evaluate the developments in global harmonised side impact test 
procedures. The first four tasks within work package 1.1 evaluate the four parts of the draft side 
impact test procedure proposed by the International Harmonised Research Activities (IHRA) Side 
Impact Working Group (SIWG) [1]. The tasks are: 
 

�  Advanced protection in multi-vehicle lateral crashes; 
�  Protection in single vehicle crashes involving narrow objects; 
�  Interior head protection in lateral impact;  
�  Occupant injury risk from deploying (side) airbags. 

 
In addition, task 5 of work package 1.1 will develop an understanding of the major influencing 
factors in side impact compatibility and suggest outline test procedures to control it. 
 
Real world crash data clearly indicates that lateral vehicle impact into narrow fixed objects such 
as trees, poles etc. is an area that needs to be addressed. IHRA has proposed a moving vehicle 
to pole test, oblique impact @75 degrees to the longitudinal plane of the test vehicle at 32 km/h 
using the 50th percentile male WorldSID dummy, which is based on NPRM214 [2]. This setup 
reflects the desire to assess not only the protection offered to the head, but also to other body 
parts such as the thorax. As shown by the deliverable D8.3.1 of APROSYS [6], the risk to be 
severely or fatally injured in a pole type accident is higher than in car-to-car accidents.  
 
In Task 1.1.2 “Protection in single vehicle crashes involving narrow objects”, the car to pole side 
impact test as proposed by the IHRA-SIWG has been evaluated. The evaluation has been carried 
out using a full scale test program and computer simulations to investigate the effect of various 
test parameters [3].  
 
The original plan for the final step of APROSYS SP1 task 1.1.2 was a study towards the cost 
benefit effect of a regulatory pole test in Europe, with SP8.3 supplying the benefit analysis. 
However, as the budget of SP8.3 was limited, they were unable to resource this work, so 
APROSYS decided to follow an alternative approach. This was to collect information using a 
literature review for the benefit part and to undertake a case study for the cost part. Further, the 
available cost/benefit analysis for the introduction of an oblique pole impact test in the US was 
studied. The effect of the active safety system ESC (Electronic Stability Control) was also 
considered as it could be of a great benefit in reducing the number of single type accidents.  
 
The review on accident studies is presented in chapter 2.1, followed by the Fiat case study in 
chapter 2.2. Chapter 2 ends with the cost/benefit analysis available from the US in section 2.3. In 
chapter 3, the effect of the active safety system ESC (Electronic Stability Control) is considered 
as it could be of a great benefit in reducing the number of single vehicle type accidents. Therefore 
this should be taken into account in studies towards introduction of a side impact pole test 
procedure in regulation. This additional literature survey was carried out since from the 
APROSYS SP8.3 study, it was concluded that the number of cars involved in a lateral collision 
and equipped with ESC was insufficient. The results of the literature review are presented in 
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chapter 3. The general conclusions are presented in chapter 4 and finally, the various references 
are listed in chapter 5. 
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2 Cost benefit analysis 

2.1 Accident studies 

In all European countries, single car accidents represent the major cause of fatalities with around 
40% of car occupant fatalities caused by this kind of accidents (Figure 1, [8]). 

Car occupant fatalities in 2002 - CARE data
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Figure 1 – Number of car and taxi occupant fataliti es per country, by collision type, 2002 
(% values correspond to available data and sum is n ot necessary equal to 100%). BE: 
Belgium, EL: Greece, ES: Spain, FR: France, IE: Ire land, IT: Italy, LU: Luxembourg, NL: The 
Netherlands, AT: Austria, PT: Portugal, SE: Sweden [8] 
 
This observation is also made by Stanzel et al. [6] in the case of side impact collision analysis 
using the GIDAS database. Whereas side impact collisions to a pole or a tree only represent 6% 
of the side impacts, collisions to a pole-tree are responsible for 24% of the accidents with MAIS2+ 
injured occupants and 33% of those with fatally injured occupants. In France, based on the LAB 
database [6], in the case of a pole-tree accident the risks for an occupant to sustain a 
MAIS2+/fatal injuries is equal to 0.66/0.20 and in the case of a car-to-car accident 0.48/0.13. 

In France [11], out of the 85 390 accidents with at least one injured person, 17 338 accidents 
were single accidents (excluding pedestrian accidents). This accident type is responsible for 2010 
fatalities which represent 38% of all the fatalities in the year 2004 in France. Looking into more 
details by considering only the accidents against fixed obstacles, 1 731 people were killed. 
Pole/tree impacts are responsible for 751 fatalities, 14% of all fatalities, within this category. 

2.2 Fiat case study 

2.2.1 Introduction 
The purpose of this study is: 
�  Define the modifications, and their cost, necessary to pass ECE R-95 limits on a new car to 

pole test at 32 km/h 75° on a small family car  
 
The differences between the Euro NCAP car to pole test and the New-proposal pole test are 
shown in Figure 2. 
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Figure 2  Different car to pole test procedures 
 
The original plan was to perform a car to pole test on a small family car at 32 km/h 75° using an 
ES-2 dummy to verify the increase in the biomechanical results. Using these results a cost 
analysis had to be performed. Fiat proposed to perform also a test with a modified small family 
car to verify the behavior of the added components. The complete test matrix as performed by 
Fiat for this project is presented in Table 1  
 

Test n° Vehicle Velocity Impact angle Dummy 

14553 Small family 
car 

29 km/h 90° ES-2 

15219 Modified Small 
family car 

29 km/h 90° ES-2 

15618 Small family 
car 

32 km/h 75° ES-2 

15666 Modified Small 
family car 

32 km/h 75° ES-2 

Table 1  Fiat test matrix in the APROSYS project 
 
The tests have been performed using:  
 
�  Pole diameter 254 mm 
�  Vehicle preparation According to Euro NCAP Pole Protocol V4.1 
�  Seat and Dummy position According to Euro NCAP Pole Protocol V4.1 
�  Impact location According to NPRM-214 Pole Protocol 
�  Impact location accuracy ± 20 mm 
 
The following virtual simulations have also been performed on the modified small family car to aid 
the analysis and to strengthen the validity of the structural improvements:  
�  Modified Small family car 29 km/h 90°  
�  Modified Small family car 32 km/h 75°  
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2.2.2 Results 

2.2.2.1 Effects on the biomechanical behaviour of an ES-2 dummy due to the 
new proposal pole test  

 
The effect of the new car to pole test can be studied by comparing the biomechanical results of 
the tests on the small family car: 
�  test n° 14533  EuroNCAP  29 km/h  90° 
�  test n° 15618  New proposal  32 km/h  75° 
 
The main results of these tests are presented in Table 2. 
 
Remark:  High intrusions measured in the test n° 14553 at 2 9 km/h 90°, max 407 mm, increase in 
the test n° 15618 at 32 km/h 75° with about 50 mm, max 455 mm. 
 

 Test n° 14553 Test n° 15618 
 Small family car Small family car 
 29 km/h 90° 31,35 km/h 75° 
 ES-2 ES-2 
Head acceleration 3ms  40,87 g 49,46 g 
HIC  155,87 273,4 
Ribs compression   Upper  41,9 mm 38,9 mm 
Ribs compression   Mid 36,7 mm 43,9 mm 
Ribs compression   Lower 37,3 mm 46,7 mm 
Ribs lateral acceleration  Upper  
Ribs lateral acceleration  Mid  
Ribs lateral acceleration  Lower  

57,57 g 
79,73 g 
154,2 g 

116,20 g 
147,28 g 
144,82 g 

Abdominal force  1,01 kN 2,04 kN 
Pubic Symphysis  1,33 kN 1,82 kN 
T12 lumbar spine  
Lateral acceleration  
Fx  
Fy  
Mx  
My  

 
46,4 g 

0,31 kN 
0,76 kN 

66,5 N*m 
36,4 N*m 

 
56,83 g 
0,89 kN 
1,69 kN 

75,86 N*m 
124,48 N*m 

Table 2  Comparison between two different test proc edures 
 
In the Euro NCAP car to pole test the Small family car respects all the parameters limits of 
regulation ECE R-95, while with in the test according to the new procedure the rib compression is 
above the ECE R-95 limit of 42 mm. To reduce the vehicle intrusions some components have 
been added to the small family car to improve the structural behaviour. 

2.2.2.2 Added components proposed for structural improvements 
 
The components added by Fiat to improve the vehicle structure are presented in Figure 3, Figure 
4 and Figure 5. 
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Figure 3  Added component in the door 

 

 
Figure 4  Added component to the floor 

 

 
Figure 5  Added components to the floor 

 
 
 
These improvements have been developed using a virtual analysis. Figure 6 shows the different 
intrusion measured in the two car to pole test simulations.  
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The intrusion reductions on the Modified small family car has been verified with two physical 
tests, one for each test procedure. The results of these tests are summarized on Table 3. 
Comparing the values measured, for the same test procedure, of the small family car and the 
Modified small family car is clearly show that: 
�  added components reduce the intrusions of at least 30-35%  
�  added components allow to reduce the intrusions increment due to the major severity of the 

pole test 32 km/h 75° at least 30-35% , see Figure 6 
 

 
Figure 6  Comparison of the intrusions of the modif ied small family car calculated by 

means of virtual analysis according to the two pole  test procedures. In the two simulations 
the point of impact is according to the EuroNCAP Po le Test Procedure 

 
Comparing the intrusion obtained with the virtual analysis with the deformation 
measured in the physical tests as shown below in Table 3 and Figure 7. 
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Test  Roof 
Deformation 

[mm] 

Max 
Deformation 

[mm] 

 

13950 Small family car  
29 km/h 90°  

na 407 Static 
measurement  

15219 Small family car Modified  
29 km/h 90°  

64 316 Static 
measurement  

15618 Small family car  
32 km/h 75°  

222 455 Static 
measurement  

15666 Small family car Modified 
 32 km/h 75°  

120 356 Static 
measurement  

Simulation Small family car Modified 
29 km/h 90°  

172 374 Dynamic Peak  

Simulation Small family car Modified 
32 km/h 75°  

190 388 Dynamic Peak  

Table 3  Intrusion measured and calculated in the c omplete test matrix 
 

 
Figure 7  Comparison between the increment of dynam ic intrusion (calculated as double 

integration in time of the acceleration measured by  the accelerometer mounted on the not 
struck side of the tested vehicle) due to the major  severity of the pole test 32 km/h 75° 

between small family car and Modified small family 
 
 

Time [ms]  

Deformation [m]  
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Effect of the structural modification of the small family car on the ES-2 dummy in the new 
proposal for the pole test 32 km/h 75° 
 
The effect of the modification can be studied by comparing the biomechanical results of the test 
on the Modified and unmodified small family car:  
�  Test n° 15618 small family car 32 km/h 75°  
�  Test n° 15666 Modified small family car 32 km/h 75 °  
 

 Test n° 15618 Test n° 15666 
 Small family car Small family car 

Modified 
 32,39 km/h 75° 32,77 km/h 75° 
 ES-2 ES-2 
Head acceleration 3ms  49,46 g 96,6 g 
HIC  273,4 725,42 
Ribs compression   Upper  38,9 mm 40,5 mm 
Ribs compression   Medium  43,9 mm 38,1 mm 
Ribs compression   Lower  46,7 mm 32,6 mm 
Ribs lateral acceleration    
    Upper  116,20 g 130,30 g 
    Medium  147,28 g 137,71 g 
    Lower  144,82 g 133,65 g 
Abdominal force  2,04 kN 2,84 kN 
Pubic Symphysis  1,82 kN 3,38 kN 
T12 lumbar spine    
Lateral acceleration  56,83 g 82,03 g 
Fx  0,89 kN 0,56 kN 
Fy  1,69 kN 3,62 kN 
Mx  -75,86 N*m 158,44 N*m 
My  124,48 N*m 52,49 N*m 

Table 4 Comparion small family car and modified sma ll family car 
 
The reduction of the intrusion due to the adoption of the added components correspond to an 
increase in biomechanical performance, but not in the same way for all the different body regions: 
�  Head: In the test 15666 the head shows an acceleration peak due to an impact in an empty 

zone of the curtain bag, before the peak the acceleration was a little lower than the test 15618, 
see Figure 8 

�  Chest : Chest compression is reduced, in the test with the small family car the rib compression 
was above the R-95 limits for 2 of the 3 ribs, in the test 15666 with the Modified small family 
car all the ribs present compressions below the R-95 limits.  

�  Abdomen : The load measured by the ES-2 dummy is increased in the test 15666 and lies 
above the ECE R-95 limit  

�  Pelvis : The load on pelvis is higher on the Modified small family car but respect the R-95 
limits.  
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Figure 8  Head acceleration 

 

 
Figure 9  Upper rib compression 
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Figure 10  Middle rib compression 

 

 
Figure 11  Lower rib compression 
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Figure 12  Abdominal load 

 

 
Figure 13  Pelvis / Pubic symphesis load 
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Figure 14  Vehicle modifications 

 

2.2.3 Observations 
 
�  Both Small family car and Modified small family car respects the R-95 limits in the EuroNCAP 

pole test at 29 km/h 90°.  
�  Small family car doesn’t respect the R-95 limits in the New proposal for the pole test 32 km/h 

75° because the lower rib compression is above 42 m m ( 46,7 mm).  
�  The Modified small family car rib compression of 40,5 mm lies below the 42,0 mm limit but the 

abdomen load of 2,84 kN exceeds the ECE R-95 limit of 2,5 kN.  
�  Proposed new Door Cross Beam contributed to the reduction of  the intrusion but increased 

the loads on the lower body regions because of its positioning  
�  The adoption of a thorax side bag doesn’t allow to manage adequately the loads on the 

pelvis/abdomen body regions.  
 

Door after crash 

Plastic hinge on the new poposed door  
cross beam 

Pelvis/abdomen impact area 

Original door cross beam lies below 
the pelvis impact area 
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2.2.4 Conclusions 
 
The conclusions from this work are:  
�  The actual pole test 29 km/h 90° showa that ia sma ll family car fulfil the R-95 biomechanical 

limits  
�  The new proposal for the pole test 32 km/h 75° is more severe and shows clearly the weak 

points. The structural improvement allows an average reduction of the intrusions of 30-35% in 
the pole test 32 km/h 75°  

�  To respect the biomechanical limit with the proposed set of modifications, that are not 
optimised and represent one out of many possible solutions, a Thorax-pelvis side bag is 
needed  

�  Where the body is not covered by the bag, it is very important to manage the quality of the 
local deformation of the structure and not only reduce the intrusions  

�  The total cost for adding these components is 20 Euros for Vehicle and the total added weight 
is 10,50 Kg  

�  To meet the ECE R95 limits during the proposed car to pole tests, additional improvements are 
needed, such as doorbeam design, curtain airbag dimensions. The costs and weight of these 
additional improvements are unknown. 

2.3 Cost / benefit analysis for the introduction of  an oblique pole impact 
test in the US 

In the frame of a Notice for Proposed Rule Making (NPRM), a cost-benefit analysis was 
conducted by NHTSA considering the introduction of a pole side impact for two test 
configurations: one using a new mid-size adult male dummy and one using a new small adult 
female dummy [12]. This NPRM requires the compliance with the head, the thoracic and the 
pelvic injury criteria and should upgrade the protection for average as well as small occupants. 
In this preliminary assessment, the target population consists of 2874 belted occupants who 
sustained fatal injuries and 7243 belted occupants who sustained AIS3+ injuries to the head, 
chest, abdomen or pelvis in side crashes with a delta-V of 19 to 40 km/h. 
Considering MY2003 vehicle fleet, the benefit and incremental costs of different technology 
introduction is presented in Table 5. 
 
 Wider head-thorax 

air bag 2-sensors 
Window curtain & 

thorax airbag 2 
sensors 

Window curtain & 
thorax airbag 4 

sensors 
Fatalities saved 686 1027 1032 
AIS 3-5 prevented 880 919 1037 
Incremental 
costs 1 

$91 per vehicle N/A $208 

Table 5 - Benefit/cost analysis by NHTSA (cost per life=$3.5 million) 

 

The total incremental annual cost is estimated to be $1.6 to $3.6 billion for the new NPRM. 

Finally, NHTSA estimated the net benefits to be positive (+$1447 million) for the combination of 
head and thorax air bags and negative (-$202 million) for the curtain / thorax airbag with 4 
sensors solutions. 
 
 

                                                      
 
 
1 Incremental cost is the average cost per vehicle considering those already equipped in MY 2003 fleet 
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2.4 Conclusions 

 
�  Accident statistics show that a significant proportion of road accident fatalities occur in impacts 

with narrow objects, e.g. 14% in France in 2004. This illustrates the necessity to introduce 
active and/or passive countermeasures to improve the side impact protection in case of an 
impact against a narrow object. 

�  As cost information of vehicle developments and design improvements are treated as company 
confidential by OEM’s, it is virtually impossible to obtain adequate cost information for cost / 
benefit studies as part of European projects. 

�  The costs estimated by FIAT, for structural improvements to enable a current car to meet the 
ECE Regulation 95 limits in a 32 km/h oblique pole test, are about 20 euros per vehicle. 
However, it should be noted that other improvements will also be needed, in particular 
improvements to the airbags, but the cost of these has not been evaluated.   

�  As the cost estimated from the FIAT study is based on modifications to one car only, further 
work is recommended to extend the study to investigate modifications to other cars.  

�  The additional costs for occupant protections for side impact against narrow objects in the USA 
are estimated to be between ~ 60 and 140 Euro per vehicle. 
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3 Effect of active defensive systems 

3.1 Introduction 

The effect of the active safety system ESC (Electronic Stability Control) is considered as it could 
be of a great benefit in reducing the number of single vehicle type accidents. Therefore this 
should be taken into account in studies towards introduction of a side impact pole test procedure 
in regulation. This literature survey was carried out since from the APROSYS SP8.3 study, it was 
concluded that the number of cars involved in a lateral collision and equipped with ESC was 
insufficient. 

3.2 ESP benefit evaluation in the literature 

3.2.1 Jennifer N. Dang. (2004). Preliminary results analyzing the effectiveness 
of electronic stability control (ESC) systems. Evaluation note from NHTSA. 
Sept. 2004 [13]. 

The preliminary study of the NHTSA on ESC effectiveness is based on the comparison of the 
number of accidents where same vehicle models were involved, considering the previous vehicle 
model (not equipped) and the new vehicle model (equipped), they calculated the accident 
reduction in the case of single vehicle crashes for passenger and SUV car types. The single 
vehicle crashes were reduced by 35% in the case passenger cars and 67% in the case of SUV. 
In the case of fatal single accidents, they found 30% for passenger cars and 63% for SUV. 

3.2.2 Raimondo Sferco, Yves Page, Jean-Yves Le Coz, Paul Fay. (2001).  
Potential effectiveness of electronic stability programs (ESP) – What 
European field studies tell us, Proceeding of the ESV Conference, 
Amsterdam, The Netherlands, June 4-7, 2001In [10]  

Germany, 46% of accidents involving fatally injured car occupants are single vehicle accidents. In 
the UK, 43% of the single vehicle accidents are due to the driver loss of car control. In France, 
35% of fatal accidents happen after a loss of vehicle control. Most of the time (50%), injurious 
accidents occur in bends and in about 18% in straight lines. The driver losses the control of the 
car, either laterally or longitudinally. 
The effectiveness of the ESC is evaluated based on the EACS (European Accident Causation 
Survey which refers to 5 European countries from 1995 and 1999, 1674 accidents) database and 
relying on experts’ opinion regarding the avoidance of the accident if the car would have been 
fitted with ESP. 
Taking into account all kinds of accidents, this study estimates that 34% of fatal accidents and 
18% of injurious accidents could have been avoided with ESP. This overall benefit is certainly 
overestimated since the EACS accidents are in 70% of the cases in rural areas where drivers 
speed up more than in cities. In the specific case of loss of control, the EACS data suggests that 
ESC could reduce of 67% the fatal accidents and of 42% the injurious ones. However, no further 
details are considered for the accident type as emphasis is given to the accident causation rather 
than to the accident type. Therefore no benefit is estimated for the side pole-tree case. 

3.2.3 Masami Aga, Akio Okada, Analysis of vehicle stability control (VSC’s) 
effectiveness from accident data. (2003). Proceeding of the 18th ESV 
Conference, Nagoya, Japan, n°03-0541 [9]. 

This study is based on accidents in which three selected car models were involved. The 
investigation period covered the years 1995 to 2000. Around 1997, VSC was introduced in the 
new variants of these car models. 
The authors indicated that the single accidents were reduced by 35% thanks to the introduction of 
VSC. The same reduction rate was calculated for the casualty number. The authors also stated 
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that the accident reduction rate was all the more significant in the case of severe or moderate 
accidents in which dynamics performance played a greater part. 
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3.2.4 Jens-Peter Kreiss, Lothar Schüler, Klaus Langwieder. (2005). The 
effectiveness of primary safety features in passenger cars in Germany, 
Proceeding of the 19th ESV Conference, Washington, D.C., n°05-0145, 
June 6-9, 2005 [4] 

 
This study is based on the national German accident database. Accidents with at least one 
injured person, but also material accidents are recorded in the database. A 5 years period has 
been considered (from 1998-2002). Single and car-to-car accidents are only taken into account. 
In the German database, accidents are classified according to 7 types of accidents in order to 
describe the conflict situation, which leads to the accident. The ESC is considered as having 
influence on the accident type “Driving accident”. These accidents are generally caused by the 
driver’s losing control of the vehicle. The consequences of this kind of accidents depend on the 
object stuck after leaving the carriageway. Other accidents, such as intersection accidents, are 
considered to be the control group most likely not affected by ESC. 
Only vehicles of first registration after 1998 are considered. After this date, the authors are able to 
identify the vehicle with standard ESC or non-equipped cars. 
The analysis was performed on 40 000 German accidents. 
This study demonstrates a high reduction rate of accidents with ESC and also an improvement of 
ESC performances. Effectiveness of ESC is higher for car of first year of registration in 1999 
compared with a first year of registration in 2002. From Figure 15, it is shown that average ESC 
effectiveness is equal to 32% considering all kind of accident severity (material, injurious or fatal). 
In the case of fatal accidents, this rate increases to 55%. 
The authors also show that the ESC effectiveness increases when the vehicle curb weight 
decreases. 

 
Figure 15 - Effectiveness of ESC for different year s of registration (1999-2002) (black) with 
95% confidence limits (dotted) and overall effectiv eness including 95% confidence limits 

(red) 
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Figure 16 – Effectiveness of ESC separately for dif ferent curb-weights (in kg) including 

95% confidence limits (black solid & dashed lines) together with the percentage of female 
drivers in the respective curb-weight category (red  line) 

 

3.2.5 Anders Lie, Claes Tingvall, Maria Krafft, Anders Kullgreen. (2005). The 
effectiveness of ESC in reducing real life crashes and injuries. Proceeding 
of the 19th ESV Conference, Washington, D.C., n°05-0135, June 6-9, 2005 
[14] 

This study is based on Swedish national police data (only injurious accidents are reported). The 
period of study covers the accident year 1998 to 2004 and only vehicles with model year 1998 to 
2005 were taken into account. 1942 crashes with ESC equipped cars were used. In this study, 
ESC effectiveness is calculated for different accident types. The highest effectiveness is linked to 
single vehicle crashes with serious/fatal outcomes (Table 6). 
 
Single, oncoming and overtaking casualty crashes 31%±10% 
Single, on coming and overtaking serious/fatal crashes 41%±15% 
Single serious /fatal crashes 44%±20% 

Table 6 – The effectiveness of ESC on crashes with personal injuries, by crash type. 95% 
confidence limits. All estimates are reductions in relation to rear end impacts on dry road 

surface. 

In this study, the effectiveness ranges from 13% for car occupants in all types of crashes with 
serious or fatal outcome to a minimum of 35% effectiveness for single/oncoming/overtaking 
serious and fatal crashes on wet or icy road surface. 

3.2.6 Robert Zobel, Torsten Strutz, Joachim Scheef. (2007) What accident 
analysis tells about safety evaluations of passenger vehicles? 
Contributions by primary and secondary safety to overall safety and 
consequences for safety ratings. Proceedings of the 20th ESV Conference, 
Lyon, n°07-0074 [15] 

The authors analysed the effectiveness of ESC from looking at in-depth German accident 
database, GIDAS, and knowing the ESC equipment rate at the national level. Using the ESC 
equipment rate (exposure data) in the German fleet and the ESC equipment rate of vehicle 
included in GIDAS (vehicles equipped with ESC in which at least one occupant was injured), they 
could calculate back how many accidents where not in GIDAS database thanks to the ESC. 

In 2004, the ESC rate was approximately 10% and almost 20% in GIDAS and German car fleet 
respectively (In 2006, according to Robert-Bosch-AG, the ESC share in new car registrations was 
75%). From this data, an effectiveness of ESC of almost 50% was derived. More precisely, 50% 
corresponds to the effectiveness of ESC in avoiding accidents with injuries (as at least one 
injured occupant in the vehicle is a requisite for being in GIDAS database). As mentioned by the 
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authors, other safety systems such as airbag play certainly a role in reducing the number of 
recorded vehicles in GIDAS and isolating the effect of one system is not easy. 

The authors considered that from 2000 accident cases, the ESC effectiveness could be isolated 
and calculated with a good confidence. The effectiveness was calculated, from GIDAS database 
and evaluated for each MAIS level (Table 7). 

MAIS 0+ MAIS 1+ MAIS 2+ MAIS 3+ MAIS 4+ MAIS 5+ MAIS 6+ 

53.5% 58.2% 69.1% 72.2% 76.2% 75.8% 70.4% 

Table 7- Computation of ESC effectiveness for every  injury severity classes (in GIDAS 
database) 
 

Knowing the injury severity distribution in Germany, it was possible using the Table 7 to calculate 
the risk reduction per injury severity at national level (police database). The Table 8 shows that 
50.5% of non-injurious accidents, 61% of accidents with hospitalisation of one of the occupants) 
and 71.9% of fatal accidents were avoided in 2004 thanks to the ESC. 

 Uninjured Injured, no 
hospital 

Injured, 
hospital 

Injured fatally Average 
reduction 

Reduction 50.5% 56.6% 61% 71.9% 53.5% 

Table 8- Computation of ESC-effectiveness (i.e. ris k reduction) for injury categories of 
2004 police data. 
 

Considering different accident configurations, the authors found an ESC effectiveness of 62.5%, 
74.3% and 79.4% for “single vehicle”, “skidding before accident” and “rollover” accidents 
respectively.  

3.3 Conclusions 

 
The main conclusions of the various studies are presented in Figure 17. The introduction of ESC 
is predicted to reduce single vehicle fatal accidents by between about 30 and 60%. A contributory 
factor to the variation in outcome of the results is most probably the difference in traffic conditions 
and fleet properties in the different countries involved.  
 
In only one study the results are split up for passenger cars and SUV’s, showing a high reduction 
in accidents for SUV’s equipped with ESC. Since the number of SUV’s in the European fleet is 
much lower than in the USA, this effect will probably not be significant for the total European fleet. 
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ESP effect / summary for all kind of accidents 
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Figure 17 Summary of literature review 
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4 Summary of Conclusions 

4.1 Cost Benefit 

�  Accident statistics show that a significant proportion of road accident fatalities occur in 
impacts with narrow objects, e.g. 14% in France in 2004. This illustrates the necessity to 
introduce active and/or passive countermeasures to improve the side impact protection in 
case of an impact against a narrow object. 

�  As cost information of vehicle developments and design improvements are treated as 
company confidential by OEM’s, it is virtually impossible the get adequate cost/benefit 
information as part of European projects. 

�  The costs estimated by FIAT, for structural improvements to enable a current car to meet 
the ECE Regulation 94 limits in a 32 km/h oblique pole test, are about 20 euros per vehicle. 
However, it should be noted that other improvements will also be needed, in particular 
improvements to the airbags, but the cost of these has not been evaluated. 

�  The additional costs for occupant protections for side impact against narrow objects in the 
USA are estimated to be between ~ 60 and 140 Euro per vehicle. 

4.2 Effect of active defensive systems 

�  The studies reviewed by APROSYS showed that the introduction of ESC is predicted to 
reduce single vehicle fatal accidents by between about 30 and 60%. A contributory factor to 
the variation in outcome of the results is most probably the difference in traffic conditions 
and fleet properties in the different countries involved. However, side impact against narrow 
objects is not foreseen to totally disappear. 
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