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Introduction

From its very beginnings, ADAC has worked for more road 
safety. Our attention focuses on people, who can reduce 
risks by behaving considerately and responsibly. ADAC has 
promoted the improvement of passive and more recently 
also of active vehicle safety for decades. Now, infrastruc-
ture safety – safe road design and protective road furniture 
– must receive similar attention. 

Motorways and federal highways carry most of the extra- 
urban traffic in Germany. Although these roads statistically 
are the safest for any individual road user, this is where 
the most accidents occur – simply due to high traffic vo-
lumes. In this small part of the overall road network, some 
simple, low budget measures can achieve the most signifi-
cant improvements.

Until recently, the response to road safety issues was reac-
tive, engineers concentrating on accident black spots to 
analyse and rehabilitate critical sections. Now, EU Direc-
tive 2008/96/EC has committed all member states to car-
ry out preventative inspections and upgrade their existing 
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networks to the state of the art. Periodic road inspections 
– and soon road net audits – as well as the EuroRAP road 
assessment programme provide the tools to set the route 
upgrading priorities right. 

Ulrich Klaus Becker
ADAC Vice President Transport
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The role of road infrastructure  
in a safe road transport system

Typically, a multitude of parameters controls the 
occurrence of road accidents and even more so the  
severity of accidents. Very often, human error is the prima-
ry cause of accidents – despite dramatic improvements  
in driver training and strict enforcement of traffic rules:  
erring is human.  

Technical defects in vehicles rarely lead to accidents 
directly. But often, the vehicles involved do not comply  
with the latest standards in active and passive safety. 
Often, more advanced vehicle technology could reduce  
the severity of accidents and save lives. It could even  
prevent some accidents altogether. 

Whereas driver should always adjust their driving to road 
and environmental conditions, many older roads do not 
comply with the state of the art in road technology in 
terms of active and passive safety. So, quite often, acci-
dents happen when drivers make mistakes on critical 
road sections. Passive road safety features have a major 
impact on the severity of injuries in many accidents.

In many cases it is a combination of several of these 
parameters that causes the accident with potentially seve-
re or even lethal injuries. This leads us to one simple con-
clusion: real safety requires a safe road transport system 
with safe drivers in safe vehicles on safe roads. 

Vehicles and roads must be engineered to compensate  
for human error and mitigate as far as possible the  
severity of accidents. The air and rail transport modes 
invest more effort in the diagnosis and compensation of 
human error than road transport – in planes, trains,  
runways and track. Also, in work place safety, there is  
a long history of minimising human risk by technical 
measures and safety mechanisms. 
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Road safety – active and passive
The concept of active road safety subsumes road 
features that enable road users to travel safely and  
without accidents. It includes road design elements such 
as the sequence of curve radii, crossfall and gradients, 
sufficient sight distances in terms of stopping and over-
taking, road grip, smoothness and drainage, road mar-
kings and signing. It is crucial that road users should be 
able to see, grasp and comprehend the layout of the road 
ahead of them and never run into ‘surprise’ situations. 

Passive road safety includes every feature that can miti-
gate damage and injuries in accidents. Primarily these 
are vehicle restraint systems (barriers) or crash cushions 
placed in front of obstacles, roadside safety zones and 
effective median dividers preventing vehicles from cras-
hing into oncoming traffic. In a broader sense, passive 
road safety includes the design of crossroads and junc-
tions where it can prevent specific types of crash, e.g. 
severe side impact collisions. 

Safe roadsSafe vehicles

Safe drivers
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Safe roads are self-explanatory and forgiving

The actual layout and the visual impression of self-expla-
natory roads are consistent. Critical sections are clearly 
recognisable. Sections that are looking safe actually are 
safe. Motorists know intuitively where, whether or when 
such roads are safe and how fast they can travel down 
them. They will not experience any surprise. 

Forgiving roads provide safety margins to allow motorists 
to hopefully regain control over their vehicles after erro-
neous manoeuvres. They mostly prevent motorists from 
hitting other vehicles or dangerous objects. Vehicles and 
road infrastructure feature compatible passive safety 
systems enabling road users to survive crashes. 

Road accidents by type of road

Accident rates and accident severity are clearly distinct  
between urban roads, extra-urban roads and motorways.  
In 2010, 68% of all injury accidents occurred on urban 
roads as opposed to 28% of the fatalities. Only 26% 
of accidents happened on extra-urban roads, but these 
accounted for 60% of those killed in traffic. Accident  
severity expressed as the ratio of fatalities to injury  
accidents is five times higher on extra-urban roads than  
it is on urban roads. Even on motorways, accounting for  
7% of the accidents and 12% of the fatalities, the severity 
of accidents is lower. 
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Accident patterns differ significantly between urban roads, 
extra-urban roads and motorways: 

 In an urban context, most conflictual situations bet- 
 ween vehicles arise in traffic nodes. Accidents with  
 pedestrians account for most of the fatalities. 
 
 Run-off accidents are the dominant type of accident  
 on extra-urban roads, followed by accidents in traffic  
 nodes. Run-off accidents cause most of the fatalities,  
 followed by head-on accidents. 
 
 Rear-end collisions and run-off accidents are dominant  
 on motorways, both in absolute numbers and with  
 respect to fatalities. 

Extra-urban roads
2.207

Motorways 
430

Urban roads 
1.011

Motorways 
18.829

Extra-urban roads 
73.635

Urban roads 
195.833

Personal injury  
accidents  Traffic fatalities

(Source: Federal Statistical Office)
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Urban roads

8 %

15 %

4 %

7 %

33 %

13 %

0 %

4 %

2 %

14 %

195.833

Type of accident

Collision with another vehicle 

 1. which starts, stops or is stationary 

 2. moving or waiting ahead

 3. moving laterally in the same direction

 4. oncoming

 5. which turns into or intersects a road

6. Collision between vehicle and pedestrian

7. Collision with an obstacle in the carriageway

8. Running off the carriageway to the right

9. Running off the carriageway to the left

10. Other type of accident 
 
Total

Injury accidents by type of road in 2010   
(Source: Federal Statistical Office):

In terms of accidents per length of road, most accidents 
and fatalities occur on motorways, i.e. accident density  
is high. However, the individual risk for the road users 
themselves is very low due to the level of traffic flow – 
the accident rate is low. 

On average, federal highways also show high accident 
densities and low accident rates, just like the motorways. 
Looking only on the extra-urban networks, we find that 
almost 50% of traffic victims loose their lives on motor-
ways and federal roads, accounting for only 10% of the 
network length. Investments in the safe infrastructure  
of motorways and federal trunk roads have the best  
cost-benefit ratio due to the high accident densities  
on such roads. 
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Extra – urban roads Motorway

3 %

14 %

3 %

15 %

20 %

2 %

1 %

21 %

14 %

8 %

73.635

3 %

38 %

13 %

0 %

1 %

0 %

1 %

21 %

15 %

6 %

18.829

Accident density and accident rate for extra-urban roads in 2010 
Key: I/A = injury accidents 
 T/F = traffic fatalities 
(Source: Federal Statistical Office)

Road category

Motorway

Federal highway 

State road

County road

Other road

Accident density

    I/A per 100km              T/F per 100km

Accident rate

    I/A per 109 veh km          T/F per 109 veh km

147,0

76,4

42,5

19,7

2,9

3,4

2,6

1,3

0,6

0,1

81,72

227,87

1,87

7,79

Information on vehicle 
miles travelled was not 

available 
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Only three types of accident on extra-urban roads account 
for half the traffic fatalities in Germany: run-off accidents 
(including collisions with obstacles), head-on accidents  
(e. g. caused by overtaking) and crossroads accidents 
(turning on, turning off and intersecting). 

Traffic fatalities and network length on extra-urban roads by road category in 2010 
(Source: Federal Statistical Office)

Traffic fatalities by location and type of accident in 2010  
(Source: Federal Statistical Office)

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Motorway

Federal highway

State road

County road
Other road

Network length

Tr
af

fic
 fa

ta
lit

ie
s

Extra-
urban 
roads
2.207

Motorway
430

Urban roads
1.011

Head-on
751

Intersection
329

Run-off
794

Other accidents
333



Federal highways in Bavaria, 
Rhineland-Palatinate, Baden-Württemberg, 
Hesse, Thuringia
EuroRAP Road Protection Score 1.0  
Total Score
	 4	Stars	 –	 Low	risk
	 3	Stars	 –	 Low	to	medium	risk
	 2	Stars	 –	 High	to	medium	risk
	 1	Star	 –	 High	risk

ADAC Road Test 
2008 – 2010

0 50 100

N

km km km

Map of total scores for single- 
and dual-carriageway federal 

highways in Germany



Different road types

Single-carriageway - two lanes

Single-carriageway - three lanes

Dual carriageway - four lanes
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EuroRAP

EuroRAP is a sister programme to EuroNCAP, the indepen-
dent crash test programme that star rates new cars for 
the crash protection they provide to passengers and pede-
strians. EuroNCAP demonstrates that well-designed crash 
protection can make cars safer. Quite similarly, EuroRAP 
shows how roads can be made safer, so that cars and 
road infrastructure work together to save lives.  

EuroRAP aims at preventing crashes in the first place and 
at making those that happen survivable. Although it is 
unlikely that absolute safety will ever be achieved, preven-
table deaths happening time and time again on the same 
roads must not be tolerated.  

The ADAC Road Test
ADAC is an active partner in the European Road Assess-
ment Programme EuroRAP. Between 2008 and 2010, ADAC 
has inspected single and dual carriageway federal highways 
in five German states.

The ADAC inspectors assess the risk of severe accident 
damage to road users, who loose control over their 

vehicles or make the wrong manoeuvre. The safety of the 
roads is expressed in a star rating. It is assumed that 
road users generally obey traffic rules (speed, overtaking 
and choice of lane) and the vehicle complies with current 
safety standards. 

  Bavaria (2008) 2,500 km (sample: 45% of the network)

  Rhineland-Palatinate (2008) 770 km (sample: 31% of the network)

  Baden-Württemberg (2009) 2,600 km (sample: 73% of the network)

  Hesse (2010) 1,800 km (sample: 71% of the network)

  Thuringia (2010) 750 km (sample: 63% of the network)
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The star rating assesses the capability of road design and 
furniture to minimise the severity of accidents and their con-
sequences for road users in concert with the passive vehicle 
safety systems. The test differentiates among the most  
relevant types of accident, i.e. run-off accidents, head-on  
collisions and accidents in traffic nodes. 

Median barriers provide more safety 
To nobody’s surprise, the results for single-carriageway  
sections of federal highways are considerably worse than 
for dual-carriageway sections. The lack of a physical median 
barrier has significant impact. Routinely, a road/section desi-
gnated for the legal speed limit of 100kph without a barrier 

ADAC Straßentest
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is rated no more than one star. Frequently single-carriageway 
roadsides are dotted with obstacles (mostly trees) closer than 
10m to the edge of the road. Since junctions are rather few 
and far in between, the ratings are not too bad even though 
junction design is often suboptimal. 

Median dividers can be found almost everywhere on dual-
carriageway sections. Since the actual speed limit typically 
is 100 or 120kph, unsecured obstacles at varying distances 
to the right edge of the road result in poor ratings. Junction 
spacing is even more generous than on single-carriageway 
sections and junction design is usually safe. 

There are no significant differences between federal states 
when looking at the individual results of single and dual-car-
riageway sections. In total, Baden-Württemberg scores slightly 
better than the other states analysed in this survey due to a 
higher proportion of dual-carriageway federal highways. It can 
be expected that federal highways in the German states not 
tested here would achieve similar scores. 

Types of roads – single and dual carriageway
Single-carriageway roads consist of a single band of asphalt. 
On dual-carriageways, a median divider separates two 
directional carriageways. Lanes are marked on the carriage-
way. Common extra-urban roads are single carriageways with 
two lanes, one in each direction. Motorways always have two 
carriageways with two or three lanes in each direction. 
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Detailed ratings of single-carriageway federal highways 
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Detailed ratings of single-carriageway federal highways Detailed ratings of dual-carriageway federal highways

Right-side safety zone
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All dual-carriageway sections of federal highways have 
been inspected both directions and rated independently. 
For that reason only the right-side safety zone and the 
lane separation have been included here.
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Triple jeopardy: trees, overtaking and high speed
German federal highways get poorer ratings than both German 
motorways and extra-urban roads carrying similar volumes of 
traffic elsewhere in Europe. 

 Most federal highways are single-carriageway roads. 
 In different states between 73% and 100% of the roads  
 tested are single-carriageway. Today, three-lane 2+1  
 cross sections are even less frequent than dual carri- 
 ageways. In an international context, lane widths bet- 
 ween 3.25m and 3.50m are rather narrow for roads  
 of comparable transport significance. 

 Federal highways rarely 
 feature hard shoulders.  
 Soft shoulders usually are  
 so narrow that a broken-  
 down vehicle cannot be   
 parked there. Insufficiently   
 stable, soft shoulders in-  
 crease the risk for motorists   
 to loose control over their 
 vehicles when they run two   
 wheels off the pavement.  
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 Only the federal highways’ rare dual carriageway 
 sections feature physical dividers. There is always  
 the risk of head-on crashes on single carriageways.  
 Overtaking in the opposite lane is legal on most of 
 the numerous two lane sections – a challenging and 
 dangerous manoeuvre. 

 With more than 9,000 vehicles/day, the average daily  
 traffic (ADT) on federal highways is heavy in international  
 comparison. Local traffic loads up to 20,000 vehicles/ 
 day with a high share of heavy goods vehicles are not  
 unusual even on single-carriageway, two-lane sections.  
 The resulting pressure to overtake leads many drivers  
 to try hazardous overtaking manoeuvres even in heavy  
 oncoming traffic. High traffic flow increases the risk of  
 hitting an oncoming vehicle in case of loss of control.
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 Traffic nodes on single carriageway federal highways  
 are mostly three and four-leg junctions without traffic  
 lights. Sheltered left-turn lanes are rare on less frequently  
 travelled sections. Roundabout schemes are still rather  
 rare on federal highways, though they can significantly  
 reduce the risk of severe accident damage. 

 Most federal highways communicate with adjacent 
 commercial, farming or residential areas. Branching  
 agricultural and forestry roads and tracks, as well  
 as private driveways provide access to/from surrounding  
 properties. Farm vehicles turning onto and off federal  
 highways pose significant danger at the high levels 
 of traffic and high driving speeds. 
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 Germany is covered by forests and one finds trees 
 all along federal highways. Hard obstacles closer than  
 7m to the edge of the road were present on between  
 40% and 65% of the network length covered by the  
 ADAC survey. Most of them were trees and not just  
 in tree avenues. Even up to most recently, trees 
 (without protective barriers) were planted along federal
 highways.

 At 100kph, Germany has the highest legal speed 
 limit for single-carriageway extra-urban roads in Europe.  
 In the ADAC survey, the actual local speed limit  
 was ≥ 100kph on 60% to 75% of the total federal  
 highway network inspected. This can lead to severe  
 accidents when motorists 
 collide with obstacles  
 in a run-off accident or  
 crash head-on. 
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Required extra-urban road safety action

Extra-urban roads are the arena for decisive and substantial 
improvements in road safety in Germany. Only if significantly 
fewer people are injured and killed on extra-urban roads can 
the goal of cutting by 40% the number or road fatalities by 
2020 be achieved. This requires targeted investments in 
safety upgrades of the existing road network – beyond mere 
maintenance, capacity upgrades or the construction of new 
extra-urban roads. 

ADAC demands: 
 Implementation and execution of a rehabilitation 
 programme for the federal trunk road network sufficient  
 to upgrade all motorways and federal highways to the  
 current state of the art in road safety by 2030.  
 Allocation of dedicated budgets for the improvement 
 of road safety features on state and county roads – in  
 addition to the maintenance of and capacity upgrades  
 to the existing network.
 The authorities must analyse the road safety of individual  
 roads or sections on the basis of established procedures  
 and publish risk maps for all extra-urban roads on a regu- 
 lar basis. Access to geo-tagged accident data must be  
 granted both to citizens and consumer protection organi- 
 sations, while ensuring compliance with privacy and data  
 protection requirements.  
 Significant extra-urban roads carrying heavy traffic must  
 be upgraded to three and four-lane cross-sections that  
 enable safe overtaking manoeuvres. 
+ Verifiable minimum requirements for the physical safety 
 of extra-urban roads, differentiated by road category,  
 traffic load and speed limit must be defined.  
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Additional information

This brochure comprehensively covers the topic of extra-urban 
road safety. Road accidents in Germany cause annual econo-
mic losses in excess of  
€30 billion; extra-urban roads 
account for approximately one 
third of the losses. In addition 
to the EuroRAP protocols,  
this brochure presents other 
methodology for the documen-
tation and analysis of road  
accidents and for road safety  
management, including metho-
dology which is mandatory in 
Germany.  

Infrastructure safety deficits  
are mostly an issue of older extra-urban roads. A range  
of measures can contribute to a reduction of deficits, 
leading to safer existing roads.

You can order the brochure Sichere Landstraßen in Deutsch-
land (available in German only) directly from ADAC e.V. 
Please quote to reference no. 2830502
nominal charge: € 7,50
Fax (089) 76 76 45 67
email: verkehr.team@adac.de
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