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ABSTRACT 

Every year in Germany there are about 49,000 truck-related accidents which cause injuries to per-
sons. In most of these cases, the other road user involved in the accident is injured or killed. However, 
it is also evident that the number of severely injured and killed truck occupants has been increased 
over the last 9 years. Thus in the year 2000, 279 truck occupants were killed and 3,179 were seriously 
injured on German roads. 

The retrospective real-world accident investigation within the framework of a total analysis of se-
vere accidents in Bavaria in the year 1997 (approx. 1,000 cases), which is a representative data sam-
ple, shows that single truck and truck/truck accidents are the most dangerous kinds of accidents for 
truck occupants. Typical accident situations and characteristics have been analyzed within this context. 

Furthermore, the typical injury patterns of truck occupants, which are usually different from those 
of other road users involved in an accident, are presented. One major reason for this difference is that 
truck drivers do not usually wear seat belts. In addition, intrusions in the lower part of the driver's cab 
leads to injuries to the lower limbs while abdominal injuries are caused by the steering wheel. 

Finally, it will be shown that a wide spectrum of passive safety methods could reduce injuries on 
individuals. Therefore, a benefit study for different measures, such as wearing seat belts, additional re-
straint systems or enhancements to cab rigidity will be performed. A theoretical study of the cab intru-
sions with reference to delta v will be carried out in order to define requirements for future passive 
safety systems. 
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DEVELOPMENT OF TRUCK ACCIDENTS IN GERMANY 

The importance of commercial vehicles has grown steadily throughout the world ever since 
Gottlieb Daimler developed the first truck series in 1896 (Hopke et al., 2000) and today's mobile soci-
ety is no longer conceivable without such vehicles. Thus, for example, the stock of trucks in Germany 
grew by 10.6 % from approximately 3,015,000 in 1994 to approximately 3,335,000 vehicles in the 
year 2000 (StBA - German Federal Statistics Office, 2000). During the same period, the volume in 
traffic performance of commercial vehicles grew by approximately a quarter to some 490 billion ton 
kilometers per year. Given the increasing integration of the European economies there is little likeli-
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hood that this trend will change. The German Transport Ministry estimates that road haulage traffic 
will increase by almost 50 % in the next 15 years (BMVBW, 2000). 

However, with respect to government statistics, it can be observed that the number of accidents in-
volving trucks have exhibited an increasing trend in recent years. While the number of road accidents 
causing injuries to persons fell by 3.0 % between 1992 and 2000, the number of accidents involving 
trucks increased by 12.8 % during the same period (Table 1). 

This trend is substantially due to the increase in the number of accidents with slightly injured per-
sons. At the same time, however, it can be seen that compared to all traffic participants involving inju-
ries to persons, the number of fatalities and severely injured victims in accidents involving commercial 
vehicles decreased by 7.5 % and 9.4 % much more moderately. The decrease of the number of fatali-
ties in all traffic accidents by 29.4 % was 3.9 times higher whereas the reduction of the number of se-
verely injured by 21.4 % was 2.3 times higher in the same category. 

 

 

1992 1993 1994 1995 1996 1997 1998 1999 2000
% change from 

1992 to 2000 

Accidents causing 

injuries to persons
394,625 385,384 392,754 388,003 373,082 380,835 377,257 395,689 382,949 -3.0

thereby killed persons 10,631 9,949 9,814 9,454 8,758 8,549 7,792 7,772 7,503 -29.4

thereby severely injured persons 130,351 125,854 126,723 122,973 116,456 115,414 108,890 109,550 102,416 -21.4

thereby sligtly injured persons 386,446 379,737 389,692 389,168 376,702 385,680 388,429 411,577 401,658 +3.9

Accidents causing injuries 

to persons involving commercial 

vehicles

38,738 38,477 41,129 42,569 40,543 41,390 41,859 45,482 43,715 +12.8

thereby killed persons 1,833 1,811 1,888 1,823 1,792 1,698 1,515 1,615 1,696 -7.5

thereby severely injured persons 13,345 13,114 14,187 14,170 13,271 13,012 12,422 12,957 12,084 -9.4

thereby sligtly injured persons 38,079 38,165 41,115 43,051 41,326 42,575 43,601 48,376 46,962 +23.3

Number of fatalities 222 219 268 253 247 247 244 269 279 +25.7

Number of severely injured persons 2,973 3,021 3,365 3,440 3,245 3,202 3,081 3,200 3,173 +6.7

Number of slightly injured persons 8,958 9,010 9,864 10,274 9,913 10,069 10,483 11,789 11,566 +29.1

thereby driver and occupants of commerial vehicles

 

Table 1: Development of accidents involving people from 1992 to 2000 on the basis of 
selected characteristics (StBA, 2000) 

Injuries to the drivers and occupants of trucks have followed the opposite tendency. Figure 1 indi-
cates the change in the number of truck occupants who have been killed in comparison to other road 
users. Thus in the year 2000, 25.7 % more truck occupants were killed than in 1992 whereas the num-
ber of fatalities involving other road users declined during the same period. In addition, 6.7 % more 
truck occupants were severely injured and 29.1 % more suffered slight injuries (Table 1). Overall, 279 
truck occupants were killed and 3,179 severely injured during the year 2000. 

Even though truck occupants suffer relatively few injuries compared to other road users due to the 
huge mass of the trucks, the increase in the absolute number of injuries requires call for action. As part 
of a total evaluation of all truck accidents in Bavaria involving serious personal injuries, the Institute 
for Vehicle Safety in Munich has therefore examined a group of 159 accidents in which at least one 
truck occupant was severely injured or killed.  

The StBA defines a severely injured person as one who is immediately admitted to hospital for in-
patient treatment (at least 24 hours) . This  is not comparable with the AIS definition. Note: In follow-
ing the term “severely” and “serious” is used relating the  StBA definition. A dead person is a victim 
who dies within 30 days as a result of the accident (StBA, 2000). The investigation focused on the na-
ture of the accidents and injuries as well as on passive vehicle safety.  
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Figure 1: Number of drivers/occupants killed on the roads as a function of  mode of 
transport in the years 1992 and 2000 (StBA, 2000) 

SUMMARY OF THE TOTAL EVALUATION OF TRUCK ACCIDENTS IN BAVARIA 

The total evaluation of truck accidents in Bavaria during 1997 revealed approximately 1,000 acci-
dents involving trucks (gross vehicle weight GVW > 3.5 t) and in which at least one person was killed 
or severely injured. In 850 cases the truck was directly involved (collision). The remaining cases con-
sisted, for example, of loading or unloading operations or overtaking maneuvers which did not result 
in the truck being involved in any collision. 

Table 2 indicates the breakdown of the 850 cases by opponent party involved and by the severity of 
the injuries suffered by the victims. Thereby it becomes clear that, at 61%, the majority of the acci-
dents (515 accidents) occur between trucks and cars. The second most frequent opponent involved 
with 208 cases (24.5 %) are unprotected road users (pedestrians, cyclists and motorcyclists), followed 
by truck/truck accidents (67 accidents) at approximately 8 % and accidents involving no other party, 
i.e. single truck accidents, (52 accidents) at approximately 6 %. Three of the accidents involved buses 
and five accidents occurred between trucks and other parties. 

 

Number of

accidents
% Number % Number % Number % Number % Number % Number %

Truck-single accidents 52 6.1 2 14.3 - - 54 33.3 - - 56 31.8 - -

Truck/Semitrailer 67 7.9 10 71.4 - - 65 40.1 - - 75 42.6 - -

Bus 3 0.4 - - 1 0.7 - - 4 0.6 - - 5 0.6

Car 515 60.6 2 14.3 102 71.3 41 25.3 510 73.8 43 24.9 612 73.4

Unprotected road user 208 24.5 - - 40 28.0 1 0.6 171 25.0 1 0.6 213 25.5

Others 5 0.6 - - - - 1 0.6 4 0.6 1 0.6 4 0.5

Total 850 100.0 14 100.0 143 100.0 162 100.0 691 100.0 176 100.0 834 100.0

Accident

Opponent

Number of

accident
Fatalities Severely Injured Total

in truck opponent party in truck opponent party in truck opponent 

 

Table 2: Accidents broken down by opponent party and fatalities or severely injured per-
sons in the truck and the opponent party 

This data also indicates that truck occupants are relatively safe. For example, if we consider the 
truck/car collisions we can see that there are 102 killed car occupants but only two fatalities in the 
truck. The imbalance in the comparison between injured unprotected road users and truck occupants is 
even greater (see Table 2). Details concerning these problems and effective measures for the protec-
tion of the opponent party have been addressed in a number of analyses (Langwieder et al., 2000, 
2001)  
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STRUCTURE OF TRUCK ACCIDENTS WITH SERIOUSLY INJURED OR KILLED 

TRUCK OCCUPANTS 

As mentioned above, killed or seriously injured truck occupants in accordance with the StBA defi-
nition were  recorded in 159 of the 850 cases. Table 3 breaks down this subset by location for a total of 
177 killed or severely injured truck occupants. Almost 90 % of the accidents occurred outside of rural 
areas. It is also worthy of note that 9 of a total of 14 dead truck occupants were killed on motorways 
and 5 on rural roads. 

 

Number % Number % Number % Number %

rural without 

motorway
70 44.3 5 35.7 75 46.3 80 45.5

motorway 69 43.7 9 64.3 67 41.4 76 43.2

urban 19 12.0 - - 20 12.3 20 11.4

Total 158 100.0 14 100.0 162 100.0 176 100.0

Total of severely 

injured and killed truck 

occupants

Accident 

Location

Accidents Killed truck occupants
Severely injured truck 

occupants

 

Table 3: Number of killed or severely injured truck occupants broken down by the acci-
dent location 

In addition, at 46 %, most truck occupants (75) were killed or severely injured in collisions be-
tween trucks (Table 4). In single truck accidents this number was 56 (42.9 %) and in accidents be-
tween trucks and cars it was 46 (24.9 %). In accidents involving other types of road user the number of 
severely injured truck occupants was so small that it can be ignored here.  

 

Number % Number % Number % Number %

Truck 67 42.4 10 71.4 65 40.1 75 42.6

Single accidents 52 32.9 2 14.3 54 33.3 56 31.8

Car 37 23.4 2 14.3 41 25.3 43 24.4

Others 2 1.3 - - 2 1.2 2 1.1

Total 158 100.0 14 100.0 162 100.0 176 100.0

Total of severely 

injured and killed 

truck occupants
Opponent

Accidents
Killed truck 

occupants

Severely injured 

truck occupants

 

Table 4: Accidents broken down by other party together with the numbers of truck occu-
pants killed or severely injured 

If a "Killed and Seriously Injured Rate" (KSI rate) is defined on the basis of Table 2 by establishing 
a ratio between the number of occupants killed or seriously injured and the values for the accident 
group in question then it can be observed that truck occupants are at particular danger in truck acci-
dents in which no other party is involved (KSI rate: Total of killed and severely injured persons / 
Truck-single accidents * 100 % = 108 %) and truck/truck accidents (KSI rate: 112 %). The KSI rate in 
truck/private car accidents is lower by a factor of 10 at 8.5%. However, such accidents cannot be ig-
nored since their frequency (approximately 60 %) gives a large absolute value of 46 severely injured 
truck occupants. In this respect, Figure 2 compares the collision types involved in truck/truck and 
truck/private car accidents. It is remarkable here that in 87 % of truck/ car accidents resulting in severe 
injury to or the death of truck occupants, it was the front of the truck that was struck. In such acci-
dents, 37 truck occupants were severely injured and one person was killed. Moreover, from an exami-
nation of the 67 truck/truck collisions it became evident that in 97% of these (65 accidents) at least one 
truck front was involved. Collisions from behind are particularly frequent. Accounting for 67.5 % of 
victims, i.e. 46 severely injured and 6 killed, this type of accident is particularly dangerous. 
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Number % Number % Number % Number %

Front/Front 6    9.0 3   30.0 6   9.0 9   11.7

Front/Side 13    19.4 1   10.0 13   19.4 14   18.2

Front/Rear 46    68.7 6   60.0 46   68.7 52   67.5

Others (e.g. sideswipe) 2    3.0 -   - 2   3.0 2   2.6

Total 67    100.0 10   100.0 67   100.0 77   100.0

Front/Front 12    32.4 -   - 14   34.1 14   32.6

Front/Side 14    37.8 1   50.0 16   39.0 17   39.5

Front/Rear 6    16.2 -   - 6   14.6 6   14.0

Others (e.g. sideswipe) 5    13.5 1   50.0 5   12.2 6   14.0

Total 37    100.0 2   100.0 41   100.0 43   100.0

Total
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Type of Collision
Number of 

Accidents
Fatalities

Severely injured 

persons

 

Figure 2: Breakdown of collision types for truck/truck and truck/car collisions and the 
number of thereby killed or severely injured truck occupants  

INJURY SEVERITY AND INJURY PATTERN  

The evaluation of the severity of the injuries was performed by medically qualified personnel on 
the basis of the Abbreviated Injury Scale AIS (AAAM, 1990). Each individual injury was rated on a 
severity scale of 1 to 6 in accordance with the defined body regions (head, face, neck, thorax, abdo-
men and pelvic contents, pelvic bone, spine, limbs and surface of the body) as a function of the degree 
of danger to life, the period of treatment, the cause of permanent injury, absorbed energy and fre-
quency of an injury. Since the accident data contained polytraumatized occupants, i.e. individuals who 
had suffered more than one injury, the score on the most severe individual injury was taken as the 
MAIS (Maximum AIS) value for the overall severity of injury. Table 5 indicates the 380 registered in-
dividual injuries of the total of 177 severely injured and killed truck occupants as a function of area of 
the body. The high proportion of MAIS 1 injuries deserves attention. In approximately 61 % of cases 
(231), the truck occupants suffered maximum AIS 1 injuries. This can be explained through the above-
mentioned police definition of "severely injured". In addition, in some cases it was not possible to 
qualify the individual injuries on the basis of the police accident record. This is also true for the most 
severe injuries and fatalities. Attempts are therefore being made to obtain more detailed assessments 
using information from insurance records. 

However, it was possible for the medical qualified personnel to determine on the basis of the 149 
individual injuries rated as MAIS 2+, that the head at 26.2 %, thorax at 16.8 % and lower leg at 16.1 % 
are the areas of the body at most risk for truck occupants. In addition, the documentary records made it 
possible to identify on a qualitative basis that many of the head and thorax injuries were due to contact 
with the steering wheel and/or windshield. In contrast, shank and knee injuries were predominantly 
caused by intrusions of the vehicle structure in the foot or leg area. In this respect, at 22 (62.9 %) of 
the 35 severe injuries in this category, the evaluation revealed an intrusion of the cab interior of more 
than 20 cm, at 12 injuries (34.3 %) the intrusion exceeded even 30 cm. In the following there is no 
more detailed examination of the MAIS values for the main accidents truck/truck and accidents with 
no other party or of the associated potential protection offered by passive safety systems due to the 
small number of cases and the above-mentioned problems. 
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Num ber % Num ber % Num ber %

Head 25   10.8 39   26.2 64   16.8

Neck 31   13.4 -    - 31   8.1

Face 18   7.8 2   1.3 20   5.2

Thorax 21   9.1 25   16.8 46   12.1

Abdomen 3   1.3 14   9.4 17   4.5

Pelvic Contents -    - -    - -    -

Pelvic Bone 1   0.4 3   2.0 4   1.0

Upper - Arm 11   4.7 16   10.7 27   7.1

Forearm 10   4.3 8   5.4 18   4.7

Hand 10   4.3 7   4.7 17   4.5

Femur 10   4.3 8   5.4 18   4.7

lower leg 12   5.2 24   16.1 36   9.4

Foot 12   5.2 3   2.0 15   3.9

Extern 68   29.3 -    - 68   17.8

Total 232   100.0 149   100.0 381   100.0

Body region
MAIS 1 MAIS 2  + Total

 

Table 5: Maximum injury severity (MAIS) by body area 

TRUCK/TRUCK ACCIDENTS 

Front to rear collisions between trucks constitute a particular high risk of injury for truck occu-
pants. Particular problems proved to be the extreme deformation of the driver's cab and the attitude of 
truck occupants to the use of belts. Examples of the two cases are provided in Figure 3. 

 

002940 002822

 

Figure 3: Examples of front to rear collisions between trucks 

A total of 6 people were killed and 43 were severely injured as a result of front to rear collisions 
between trucks. The fact that more than 80 % of the fatalities (5 people) and severe injuries (35 peo-
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ple) to truck occupants in this type of accident were incurred by the rear of the two vehicles indicates 
that the occupants of the rear vehicle are at the greatest risk of injury (Table 6). The main reason for 
this is the direct effect of the acting force on the cab of the rear truck. The extreme deformation of the 
cab even at low speeds is due both to the great weight of the two trucks and to the often dangerous 
shapes of the structures present at the rear of the leading truck  (form aggressiveness). 

 

Number % Number % Number %

Severely injured 8  18.6 35  81.4 43  100.0

Killed 1  16.7 5  83.3 6  100.0

Total 9  18.4 40  81.6 49  100.0

Truck front

(rear impact)

Truck rear

(frontal impact)
Total

 

Table 6: Number of killed and seriously injured truck occupants as a function of  truck 
position in the case of rear collisions 

In a total of 39 cases, due to adequate proper data from the police records, from tachographs, acci-
dent courses, witness testimonies and from pictures of vehicle deformations, it was possible to ascer-
tain the speed of the two trucks involved in the accident. Figure 4 presents the speed at collision of the 
two trucks at the moment of impact ordered on speed at impact of the leading truck In almost 50% of 
cases (19 accidents) the rear truck collided with a stationary vehicle. In 14 of these cases, the moving 
vehicle was traveling at between 50 kph and 100 kph and in 5 of them at below 50 kph. It is also clear 
that the faster the leading truck is traveling, the smaller the difference between the speeds of the two 
vehicles involved in the collision is. 
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Figure 4: Comparison of the collision speeds of the two vehicles involved in truck/truck 
rear collisions (ranged by vk front) 

Figure 5 shows the cumulative frequencies of the closing speeds in the 39 front to rear collisions in 
which it was certain that the axes of movement were identical or the angle of collision between the 
two vehicles was practically 0°. The closing speeds lay in the range 15 to 90 kph. Of these, approxi-
mately 36 % of the examined accidents lay in the range up to 30 kph and 64 % of all cases in the range 
to 50 kph. The generally large difference in speeds between the trucks in such collisions has an impact 
on the cumulative frequency of the truck occupants killed or severely injured in these accidents. As 
Figure 6 illustrates approximately 55% of all the severe injuries, as well as the entirety of the fatalities, 
occurred at a closing speed of more than 30 kph. At a closing speed of over 50 kph, 40% of those in-
volved were killed and approximately 33% severely injured. 
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Finally, in 43 cases it was possible to ascertain the overlap of the rear truck. In almost 70% of these 
accidents (30 cases), the rear truck collided with an overlap of between 75% and 100%. 16 % of acci-
dents (7 cases) revealed an overlap of 50% to 75%, followed by three cases each of overlap of 25% to 
50% or an overlap of under 25%. This fact indicates that in most cases the rear truck was practically 
unable to perform any avoidance maneuvers. 
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Figure 5: Cumulative frequency of closing speeds 
in 39 accidents 

Figure 6: Comparison of the cumulative fre-
quencies of fatalities and severe injuries in 

truck/truck rear collisions 

SINGLE TRUCK ACCIDENTS AND ROLLOVER ACCIDENTS  

A more detailed analysis of the 52 truck single accidents which left a total of 54 severely injured 
and 2 killed truck occupants revealed that rollover accidents are that the most common accident of this 
type, accounting for 54 %. Trucks also overturned following collisions with other trucks or cars. Fig-
ure 7 shows a few examples of accidents involving trucks rollover. In many cases, the truck's cab was 
deformed, thus significantly reducing the occupants' chance of survival. 

Table 7 indicates the 44 rollover accidents by rollover  type and by the number of injured truck oc-
cupants. In 35 rollover cases (80 %), the truck tilted to the right or left, killing two occupants and se-
verely injuring 32. In 3 cases accounting for 2 fatalities and 3 severely injured victims, the truck over-
turned through approximately 180° (half rollover) to come to rest on the roof. In 4 other cases, the ve-
hicle turned over completely about its longitudinal axis, severely injuring 4 occupants. 
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Figure 7: Examples of accidents with rollover of the truck 
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Protection by superstructure No protection
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Figure 8: Examples of truck rollover with (left) and without (right) protective structures 

 
 

Number % Number % Number % Number %

Rollover in direction of 

the longitudinal axis
1 2.3 0 - 2 5.0 2    4.5

Tilting to the left side 16 36.4 1 25.0 14 35.0 15    34.1
Tilting to the right side 18 40.9 1 25.0 18 40.0 19    38.6
Tilting side unknown 1 2.3 0 - 1 2.5 1    2.3
Half rollover 3 6.8 2 50.0 3 7.5 5    11.4
Complete rollover 4 9.1 0 - 4 10.0 4    9.1
Multiple rollover 1 2.3 0 - 1 - 1    -
Total 44 100.0 4 100.0 40 100.0 47 100.0

Total of seriously 

injured and killed 

truck occupants
Type of Rollover

All trucks, even from 

truck-truck accidents

Killed truck 

occupants

Seriously injured 

truck occupants

 

Table 7: Rollover accidents broken down by the type of rollover and number of killed or 
severely injured truck occupants 

Finally, one remarkable case can be noted in which the truck turned over several times, causing 
only slight injuries to the driver. In this and certain other cases in which the vehicle came to rest on the 
roof, the driver's cab suffered only a slight deformation since an extremely stable construction (dump 
truck, refrigerated transporter) prevented from a further deformation of the driver's cab. Stable struc-
tures behind the driver's cab protected the truck's cab and thus the space available for the occupants at 
rollover. Figure 8 depicts in example comparison of trucks with and without protective structures be-
hind the driver's cab. 

PROTECTION OF OCCUPANTS – BENEFITS AND LIMITS 

The results presented thus far already give us a qualitative indication that passive safety systems 
such as safety belts, airbags and enhanced cab stability can provide protection for occupants. In the 
following, benefits and limitations of occupant protection will be shown. Further increased protection 
can achieved by means of active safety systems, nowadays. 
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BENEFITS AND LIMITS OF SAFETY BELTS 
 
In Germany, it has quite properly been compulsory to wear a safety belt in a truck since 1992 in ac-

cordance with § 35a of the vehicle licensing regulations (StVZO) in conjunction with § 21 of the road 
traffic act (StVO). As it has already been indicated by a large number of different studies, the use of a 
seat belt offers the greatest protection for truck occupants. Although the number of people wearing 
seat belts has risen in recent years, the latest figures reported by DEKRA and issuing from GDV's 
questionnaires of  truck drivers during 2002 (GDV, 2002) indicate that only one in three truck drivers 
regularly wears a seat belt. 

Table 8 indicates the breakdown of killed and severely injured truck drivers on the basis of the cri-
teria "ejected", "trapped" or neither of the two. 21 people were severely injured or killed by being 
ejected out of the cab. 44 truck occupants suffered their injuries in part from being trapped in the cab 
and 111 due to other reasons. The high proportion (75 %) of "ejected" and "not ejected/not trapped" 
indicates the great benefits of seat belts. 

In this respect, Figure 9 presents examples of accidents in which the truck occupants were ejected 
out of the cab - in particular in the case of rear collisions and turn-overs. Of the total of 21 occupants 
suffering injuries, 5 were killed and 10 severely injured when thrown through the windshield and 1 
killed and 5 severely injured when projected through the side window. The illustrations make it clear 
that in many cases the cabs of the trucks involved in the accidents had suffered only slight deformation 
with the result that sufficient space for survival would have been left for the occupants. In all these 
cases, the use of a seat belt would have prevented the injuries or at least reduced their severity. 

 

Number % Number % Number % Number %

Ejected 19  12.0 6    42.9 15    9.3 21    12.0

Trapped 44  27.8 7    50.0 38    23.6 45    25.7

Not ejected

and not trapped
95  60.1 1    7.1 108    67.1 109    62.3

Total 158  100.0 14    100.0 161    100.0 175    100.0

Number

of accidents
Fatalities

Severely

injured
Total

 

Case 0708

Case 0456

Case 0607

Case 0448

Case 0636

Case 0781

Ejected through the window

5 Fatalities

10 Severely injured persons

side window/door

1 Fatality

Ejected through

5 Severely injured
persons

 

Table 8: Number of killed and severely injured 
truck occupants broken down by their action dur-

ing the accident 

Figure 9: Accidents in which occupants were 
ejected out of the cab with the number of killed 

and severely injured occupants 

 
In a further analysis of individual cases, all the accidents in which occupants were severely injured 

or killed were examined to determine whether the use of a safety belt would have improved the out-
come. The results of this investigation are presented on the right-hand side of Figure 10 and reveal the 
high level of potential safety conferred compared to other examinations. According to the current 
GDV study, the use of a seat belt could reduce the severity of the injury, or even prevent it altogether, 
in 55 to 77 % of all serious accidents. Given the low numbers of truck occupants using seat belts and 
in the light of the facts presented here, it is again clear that it is vitally important to make truck drivers 
aware of this necessity. 
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HUK, FAT 1988:                                   Langwieder (700 Cases)

BAST 1986:                                          Stöcker, Nicklisch, Wick (400 Cases) 

TRRL 1975:                                          Grattan, Hobbs (51 Cases)

Volvo 1980:                                          Högström, Svenson, Report 3 (124 Cases)

Volvo 1994:                                          Svenson, Viden, Report 4 (20 Cases)

DEKRA 2000:                                       Groer, Thesis (56 Cases)

GDV 2002:                                            Gwehenberger, Langwieder, Bromann (143 Cases) 
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Figure 10: Safety potential by the use of safety belts - comparison of various studies 
(DEKRA, 2000) updated with the GDV data 

BENEFITS AND LIMITS OF AIRBAGS 
Crash tests against platform models reveal that drivers' airbags, combined with inertia belts, can re-

duce head impact and the high stress placed on the throat (see, for example, Morschheuser, 2000; Al-
bertshofer, 2000). The effect and benefits of airbags for light and heavy trucks in real accident situa-
tions is as yet insufficiently known. Even within the framework of this examination of real accident 
situations it was not possible to perform a quantitative assessment of the potential benefits since only 
in 19 of the 850 documented cases (2.2 %) was it absolutely clear that the drivers were wearing seat 
belts. This accords with earlier measurements (DEKRA, 2000) according to which, in the 1990s, only 
between 5 and 10 % of truck drivers wore seat belts.  

Nevertheless, Figure 2 illustrates the impact of head-on collisions in terms of serious truck acci-
dents. The front of the truck was involved in 87 % of the truck/truck and truck car accidents. More de-
tailed research work concerning the angle of collision, collision energy or delta v must be conducted in 
order to, for example to optimize the airbag configuration parameters.  

BENEFITS AND LIMITS OF CAB DESIGN 
The question of the best possible safety for truck occupants in Europe must always be considered  

against the background of the predominance of "cab over engine" vehicles in which the crumple zone 
is very short. In addition, it is necessary to take account of a large number of different stress situations 
affecting the cab structure. The most frequent crash situations in rear collisions are - according Rie-
beck (2001) - the two variants depicted in Figure 11, each of which is accompanied by a real example. 

In 40 cases of rear collisions, it was possible to differentiate between "frame underrun" and "no 
frame underrun" with frame underrun occurring in 2/3 of cases (29 cases). The crash situation in 
which the truck frame can participate in the absorption of the energy is less dangerous for the occu-
pants providing that the occupants are wearing seat belts and that the closing speed between the two 
vehicles is not too great. An analysis of the accident data reveals that cab design based on the optional 
regulation ECE-R 29 and the so called Sweden test (VVFS 1993:18) is totally inadequate in terms of 
the protection afforded to occupants in the case of head-on collisions. Even a simplified, approximate 
theoretical calculation of energy conversion (Figure 12) shows that the crash energy values of 29 kJ 
and 44 kJ used in pendulum tests depending on the weight of the rear truck are only suitable for clos-
ing speeds of 10 to 15 kph. 
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Figure 11: Crash situations without (left) and with (right) frame underrun 

Consequently, a revision of the existing regulations is absolutely essential. It will be necessary to 
create test procedures that are adapted to real world accident situations in order to design cabs in a way 
that guarantees a sufficient dissipation of energy and thus peak acceleration values that are compatible 
with occupant safety coupled with reduced internal deformation. For the "cab over engine" vehicles 
with very short crumple zones that are commonly used in Europe, the design of a more stable cab 
structure could be coupled with the guidance of forces towards areas in which there is no danger to oc-
cupants (Morschheuser, 1999). In addition, in the case of head-on collisions, part of the kinetic energy 
can be dissipated by moving the cab upwards and backwards towards the side of the vehicle in order to 
permit the absorption of energy through friction and deformation (EVPSN, 2000; Riebeck, 2001). In 
addition, in the case of extended cab structures, defined deformations in the rear area would be con-
ceivable. This would result in an initial deformation of the rear before the space necessary for the sur-
vival of the occupants is reduced. 

The limitation of the extend of the possible benefits can be defined using Figures 5 and 6. For ex-
ample, if using the above-mentioned measures it were possible to achieve a cab design that could sup-
port closing speeds of 30 kph this would benefit 38 % of accident cases involving 45 % of the severely 
injured victims. Higher acceptable closing speeds are probably very difficult to achieve given current 
capabilities since, for example, even at a closing speed of 30 kph the energy absorbed by the cab on 
collision with a 20 ton truck ranges between 200 kJ for a rear truck of 7.5 tons and 450 kJ for a  40-
tonne impacting vehicle. 

The acceptable closing speed could only be increased if the carrier structure itself were to contrib-
ute to energy dissipation and if restraint systems were simultaneously optimized, if the king pin were 
not to break in semitrailer vehicles and provided that the load is correctly secured. At the same time, 
the other party in the collision must contribute to safety, for example as in the case of the outside 
frame  which prevents from an underrun of the truck at rear end collisions (Sasse, 1999). 
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Figure 12: Converted kinetic energy as a function of  the closing speed and weight of the 
rear truck (weight of front truck = 20 t). Assumptions: impact with 100 % plastic defor-

mation, 0° angle of collision, friction and thermal energy ignored 

To summarize, we can state that protection against rear truck collisions through the optimization of 
the restraint systems (inertia belts, limitation of belt force, airbags), the defined relocation of the cab, a 
defined deformation in the rear area of long cabs and rear underrun protection systems are only effec-
tive if the occupants remain in their sitting position during the accident. Finally it is clear that there are 
physical thresholds of the potential of trucks, primarily because of the great weights involved. It is 
therefore necessary to take appropriate active safety measures, such as Active Cruise Control, in order 
to avoid accidents in all cases or reduce the energy input if accidents do occur. 
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