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1. Selection of risks that affect the tunnel

Ą risk matrix

2. Qualified exclusion from main scenarios by 

estimation of frequency and extent

3. Consideration of relevant risk scenarios

(reference scenario, causes,

worst-case consideration, 

safety  measures, 

rough risk assessment

Ą Risk analysis

special characteristic/

difference to the guidelines

general risk

Risk Analysis  
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Analysis of relevant scenarios

result

risk analysis in case of

Áspecial characteristics 

Ádifferences to the guidelines 

collision

fire

no damage extent, 

reason  for collision and fire

Ą no separate consideration

breakdown

no damage extent,

reason for collision

and fire

Ąno separate 

consideration

operating mode

no damage extent, 

reason  for collision and fire

Ą no separate consideration

traffic jam

no damage extent, 

reason  for collision and fire

Ą no separate consideration

obstacles

subject of a separate risk 

analysis for the   

transport of 

dangerous goods  

dangerous goods
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LEH Kºln Lºvenich
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Tunnel Garmischer StraÇe
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Parameters for tunnel safety (EU-directive)

ü tunnel length

ünumber of tubes

ünumber of lanes

ücross -sectional geometry

üvertical and horizontal alignment

ütype of construction

üuni -dirctional or bi -directional traffic

ütraffic volume per tube
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Parameters for tunnel safety (EU-directive)

ürisk of congestion

üaccess time for the emergency services

üheavy good vehicles (%)

üdangerous  goods vehicles (%, type)

ücharacteristics of the access roads

ülane width

üspeed consideration 

ügeographical and meteorological environment 

20

20

preliminary analysis

general valuation of the risks to identify the 
required steps of the analysis

risk analysis
is not

necessary

qualitative
risk analysis

quantitative 
risk analysis

Valuation of the safety
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Preliminary analysis 

Risk factors

üoperating mode BA

ü tunnel length L

üvolume of traffic DTV R

üproportion of heavy traffic ŬSV

üproportion of congestion ŬCongestion

üeffect of junctions ZA

ü longitudinal gradient ű

ü fire ventilation system BL

üdistance between emergency exits d Emergency Exit
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Priliminary analysis 

ä ÖaÖaÖÖÖÖ=
i

icongestion2i,SV1iifirei,Ri)BA(firefire )(g)(g)ZA,BA(hDTVL{NK

)}d(g)BL(g)(g)L(g                                     i,exitemergency6i5i4i3 -ÖÖjÖÖ

ä aÖaÖÖÖÖ=
i

congestion2i,SV1iicollisioni,Ri)BA(collisioncollision )}(f)(f)ZA,BA(hDTVL{NK
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Priliminary analysis

Valuation of the special chracteristic

K ²1 Ý quantitative valuation of the safety

1 > K ²0.7 Ý qualitative valuation of the safety

K < 0.7 Ý no further valuation of the safety
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Priliminary analysis

Valuation in the case of differences to the guidelines

100 * (KPlanfall ïKRABT) ²3 Ý quantitative valuation of the safety

3 > 100 * (KPlanfall ïKRABT) ²1.5 Ý qualitative valuation of the safety

100 * (KPlanfall ïKRABT) < 1.5 Ý no further valuation of the safety
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Example of the priliminary analysis 

Tunnel Dortmund A 40 

characteristics:
operating mode one - way traffic

length 1957 m 

volume of traffic 35.000 veh/d u. tube

proportion of heavy traffic 16 %

proportion of congestion 30 h/a => 0.4 %

effect of junctions yes

longitudinal gradient + - 2.03 %

fire ventilation system longitudinal ventilation

distance between emergency exits 200 m
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Example of the priliminary analysis

factor for standardisation value of N

Ncollision two way traffic 64.2

Ncollision one way traffic 32.1

Nfire two way traffic 3.77 Ö104

Nfire one way trafffic 4.40 Ö103
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Example of the priliminary analysis

operating mode / effect of junctions value of hcollision

two way tunnel with junctions 9.81 Ö10-7

two way tunnel without junctions 6.81 Ö10-7

one way tunnel with junctions 5.28 Ö10-7

one way tunnel without junctions 2.28 Ö10-7

h fire = 0.003 Öh collision + 3 Ö10 -9 =5,04 x 10 -9
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Example of the priliminary analysis
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Example of the priliminary analysis

Risk factor Ăproportion of congestionñ
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Example of the priliminary analysis

Risk factor Ătunnel lengthñ
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Example of the priliminary analysis

Risk factor Ălongituinal gradientñ
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Example of the priliminary analysis

Fire ventilation system value of g5

Natural ventilation 4

mechanical longitudinal ventilation (smoke

extraction through the portals)

1

Smoke extraction with exhaust air duct 0.5
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Example of the priliminary analysis

Risk factor Ădistance between the emergency exitsñ
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value of risk ĂTunnel Dortmund A 40ñ

Collision K = 32.1 x 1.957 x 35000

x 5.28 E - 7 x0.58 x 1.0

= 0.67

Fire K = 4.40 E+3 x 1.957 x 35000

x 4.58 E - 9 x 0.26 x 1.0 x 1.2

x 1.0 x 1.0 x 0.8 = 0.34

tunnel with two tubes

K collision  = 2 x 0.67 = 1.34  => quantitative RA

K fire          = 2 x 0.34 = 0.68

Example of the priliminary analysis
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Example of the priliminary analysis 

two -way tunnel 

characteristics:
operating mode two - way traffic

length 900 m 

volume of traffic 20.000 veh/d

proportion of heavy traffic 10 %

proportion of congestion 30 h/a => 0.4 %

effect of junctions no

longitudinal gradient + 3 %

fire ventilation system longitudinal ventilation

distance between emergency exits 300 m
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Example of the priliminary analysis

value of risk 

Kcollision = 0.43 < 0.7

Kfire = 0.32 < 0.7

=> risk analysis is not necessary
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Quantitative Risk Analysis
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triggering

event

(Top Event)

Is the safety-system 

A in function?
Is the safety-system B

In function?

final state 1

He1

final state 2

He1

Final state 3

He1

failure

success

failure

success

HuA

HaA

HuB

HaB
H0

Event tree
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Mayer 2005
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Lethality because of CO- or HCN-exposition

time [min]
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Correlation between visibility and escape velocity
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