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Risk Analysis

1. Selection of risks that affect the tunnel
A risk matrix

2. Qualified exclusion from main scenarios by
estimation of frequency and extent

3 e Consideration of relevant risk scenarios
(reference scenario, causes,
worst-case consideration,

safety measures,
() rough risk assessment

A Risk analysis
special characteristic/
@  difference to the guidelines
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Analysis of relevant scenarios

breakdown

no dam .
reason for collision and fire

A no separate cofisideration

result

risk analysis in case of
Aspecial characteristics
Adifferences to the guidelines

obstacles
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I Parameters for tunnel safety (EU-directive) I

U tunnel length

U number of tubes

U number of lanes

U cross -sectional geometry

U vertical and horizontal alignment
U type of construction

U uni -dirctional or bi  -directional traffic

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

u risk of congestion

U access time for the emergency services
U heavy good vehicles (%)

U dangerous goods vehicles (%, type)

U characteristics of the access roads

U lane width

U speed consideration

U geographical and meteorological environment
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I Priliminary analysis I
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Valuation of the safety

Preliminary analysis

FiH o

Risk factors

U operating mode BA

U tunnel length L

i volume of traffic DTV =

U proportion of heavy traffic Usv

U proportion of congestion Ucongesion

U effect of junctions ZA

U longitudinal gradient 1]

U fire ventilation system BL

U distance between emergency exits d emergencyexic
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Priliminary analysis

Priliminary analysis

Valuation of the special chracteristic

Valuation in the case of differences to the guidelines

K21 Y quantitative valuation of the safety

1>K2 0.7 Y qualitative valuation of the safety

100 * (Kpjapntan T Kragr) 2 3 Y quantitative valuation of the safety

K<0.7 Y no further valuation of the safety

3> 100 * (Kpjgnrar | Kragr) 2 1.5 Y qualitative valuation of the safety

FiH »

100 * (Kpjangan T Kgagr) <1.5 Y no further valuation of the safety
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Example of the priliminary analysis

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 30h/a=>0.4%
effect of junctions yes

longitudinal gradient +- 2.03%

fire ventilation system longitudinal ventilation

distance between emergency exits 200 m

factor for standardisation

value of N

N,
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I Example of the priliminary analysis I

Ri sk factor Aproportion of he

Scenario fire
091
Scenario collision

risk factor f; or gy

2o 250
proportion of heavy traffic [%]
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collision

two way traffic

e WO way traffic

64.2
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Example of the priliminary analysis I
Ri sk factor Aproportion of cort
a5 _— Scenario fire
Scenario collision
528
)
g
<. g2=1.0
=
f2=1.0
o = o o 2o 2 o s o
proportion of congestion [%]
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Example of the priliminary analysis

operating mode / effect of junctions value of h_gjiion
two way tunnel with junctions 9.81 G107
two way tunnel without junctions 6.81 (107

2.28 Q107

one way tunnel without junctions
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Example of the priliminary analysis

Ri sk factor Atunnel |lengthih
=
-
-
-
-
S 16
E
B
8
£
= 10 -
o gs=12
-
-
o
-
tunnel length km]
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I Example of the priliminary analysis Example of the priliminary analysis Example of the priliminary analysis

Ri sk factor Alongituinal gr Ri sk factor Adistance between
nnel for withthe other 2% Fire ventilation system value of gg
—— Tunnelforoneway aflc (posiive gradient:rsing inthe direcion of travel)
Natural ventilation 4 °
E gi=1.0 - R
. - Smoke extraction with exhaust air duct 0.5 N
'  E—— :
R N G N i go- 0.8
S=0.145 x 4.5 + 0.243 x 0.5 + 0.162 x 1.34 + 0.30 x 0.98 + 0.15 x 5.0 = 2.03 % e e e
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Example of the priliminary analysis | Example of the priliminary analysis [T e
value of risk ATunnel Dort muln two -way tunnel
tinae value of risk
Collision K = 32.1 x 1.957 x 35000 characteristics:
X5.28 E -7 x0.58 x 1.0 operating mode two -way traffic Keotision = 043 < 0.7
=0.67 fength soom Kie = 032 < 07
. _ volume of traffic 20.000 veh/d
Fire K = 4.40 E+3 x 1.957 x 35000 roportion of heavy trafc 0% => risk analysis is not necessary
x458E -9x0.26x1.0x1.2
10x1.0x%0.8 =034 proportion of congestion 30h/a=>0.4%
X LOX L.OX0.6 =0 effect of junctions no
. longitudinal gradient +3%
tunnel with two tubes o fire ventilation system longitudinal ventilation
K coison =2 X 0.67 = 1.34 => quantitative RA distance between emergency exits 300m
K fire =2x0.34=0.68
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Event tree Energy rates
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Lethality because of temperature Lethality because of CO or HCN-exposition Correlation between visibility and escape velocity

temperature £]

escapevelocity [mis]

duration of exposure [min] visibility [m]

time min]
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