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1. Concept of the quideline

General 1deas

country specific safety level in-line with EU requirements
and country laws

design help, standardization of design procedure
enduring rules

functional requirements

force the planner to prove the functionality of his design
risk analysis as general design aid

separation of standard and technical details = Technical
Bulletins

room for project-specific and innovative solutions
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1. Concept of the quideline

Functional requirements

describe the functionality of the solution but as
little as possible about the solution itself

example:
“3.4  Ventilation of emergency exits

The flow velocity through open passenger escape doors as averaged over
the open cross-section must be larger than 2 m/s, should be evenly
distributed and must be directed towards the traffic area in all points.
The flow velocity should not exceed 6 m/s.

The opening force of the escape door must not exceed 100 N.

For times larger than 120 s after the emergency response has been
triggered, this ventilation aim must be reached at most 3 s after the
escape door Is opened.”
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1. Concept of the quideline

Technical Bulletins

TBs describe material properties, color schemes and
testing procedures in separate documents which are
references by the guideline

keep the “big line” in the guideline
account for the priorities

allow for more frequent updates according to
technical progress

can be extended according to needs

examples:
Technical Bulletin No. 1: Fresh air requirement for road tunnels

Technical Bulletin No. 2: Smoke tests for road tunnels
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3. Main requirements

General ventilation aims

The following general ventilation aims are determining for
the system choice, the dimensioning, the implementation
and the operation of ventilation systems in road tunnels:

control of heat and smoke In case of an incident with smoke
production

control of exhaust gases and particulate matter during
normal operation

limit the concentration of noxious gases and opacity during
maintenance and incident without smoke
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3. Main requirements

Deviations from the quideline

In general, the planner shall strictly abide by the regulations
In this guideline. If this results in a solution with an
unbalanced cost / benefit relation, deviations from this
guideline shall be allowed provided that the regulating
authority authorizes these deviations.

In this case, the planner must provide:

a thorough documentation of the motivation, the technical
and the financial consequences for the suggested deviation

a risk analysis if requested by the regulating authority
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3. Main requirements

Tunnel categories

A | B | _C

traffic
volume

tunnel
length
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3. Main requirements

Design Ventilation aims
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Al: <500 m or >500 m with directional traffic.: no mechanical ventilation required
A2: >500 m with bi-directional traffic: longitudinal ventilation

B1: directional traffic with no traffic jam: longitudinal ventilation
B2: bi-directional traffic or directional traffic with sporadic or regular traffic jam: longitudinal
ventilation only if risk analysis results in acceptable risk, otherwise smoke extraction by dampers

C1: directional traffic: longitudinal ventilation

C2:bi-directional traffic: smoke extraction by dampers
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3. Main requirements

Possible ventilation systems

Al

A2

Bl

B2

C1l

C2
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3. Main requirements

Steg-wise emergency response

moving incident - pre-alarm:

at least 3 smoke detectors measure an opacity larger than
12/km

stationary incident - alarm:
at least 1 sensor measures an opacity larger than 30/km

the smoke propagation speed is similar to the flow velocity
In the tunnel
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3. Main reguirements

Pre-alarm

pre-alarm:
the escape path ventilation is turned on (if applicable)

all smoke exhaust dampers are closed and attached
exhaust fans are turned off (if applicable)

the air supply system is turned off (if applicable)

the longitudinal flow velocity is reduced to a value below
1.5 m/s

the traffic lights at the entrance portal turn red.
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3. Main requirements - Alarm

systems without smoke

step 1 system with smoke extraction

extraction

2 smoke exhaust dampers are
opened (see ch. 3.2.4)

the longitudinal flow velocity is
maintained at a value of 1.5 m/s
towards the smoke zone on both
sides of the smoke zone

bi-directional
traffic

smoke exhaust fan is turned on

2 smoke exhaust dampers are
opened (see ch. 3.2.4)

the longitudinal flow velocity is

directional traffic maintained at a value of 1.5 m/s

upstream of the fire an -1 m/s
downstream of the fire

smoke exhaust fan iIs turned on

step 2: reach design ventilation aims
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the longitudinal flow velocity is
maintained at a value close to O

the longitudinal flow velocity is
maintained at a value of no more
than 1.5 m/s



3. Main requirements

TB 2: Smoke tests
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Figure 1 Schematic set-up of a generator for warm smoke

Smoke tests have to be performed in full scale, with reduced heat release rate
and a non-destructive aerosol and the time dependent fire growth as in ch.
4.2.2.1 of VDI 6019-1.
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4. Comparison to other quidelines

Ventilation concepts bi-directional traffic

natural ventilation

longitudinal

punctual smoke

local smoke extraction w/ false

extraction ceiling
EU IDTV < 2000 > 1000 m > 3000 m > 3000 m
D < 400 m 400 ... 600 m 600 ... 1200 m > 1200 m
A <500 ... 700 m 500 ...1500 ... 2000 m | 1500 ... 3000 m > 3000 m
CH <500 ... 800 m 500 ... 800 ...1500 m n/a > 800 ... 1500 m
SK > 1000 m / risk analysis
<500 m > 500 m n/a

> 3000 m

natural ventilation

i punctual smoke extraction
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4. Comparison to other guidelines

Ventilation concepts uni-directional traffic

. L punctual smoke local smoke extraction w/
natural ventilation longitudinal : -
extraction false ceiling
EU JDTV < 2000 > 1000 m > 3000 m > 3000 m
b <600 m 600 ... 3000 m > 3000 m > 3000 m
(every 2 km)
A <500 ... 700 m 500 ...1500 ... 3000 m 1500 ... 3000 m > 3000 m
CH <600 ...800m 600 ... 1500 ...3000 m n/a > 800 ... 2000 ... 3000 m
SK <1000 m > 1000 m n/a risk analysis

natural ventilation punctual smoke extraction
E =T
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4. Comparison to other quidelines

Threshold values for ventilation
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opacity CO NOXx max. velocity
EU n/a n/a n/a
D 5/km (7 / km) 70 ppm (100 ppm) portal 8 m/s (10 m/s)
A 7/ km 100 ppm portal 10 m/s
CH 5/km 70 ppm 1 ppm, portal 8 m/s
SK 5/km 70 ppm n/a 10 m/s
page 17




4. Comparison to other quidelines

Meteorology

wind barometric buoyancy

EU n/a n/a n/a

95-percentile of wind
D component towards tunnel n/a normal and fire
portal at 10 m

95-p (I-11l) or 98-p (IV) of 95-p or 98-p of half hour normal and fire

half hour averages at 4 m averages
CH yearly average 95-p normal and fire
SK 95-p 95-p normal and fire

page 18
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4. Comparison to other quidelines

Redundancy

jet-fans axial exhaust fans
EU n/a n/a
D “ ... one group may fail ..." none
A jet-fans in fire zone shall not be used none
CH one group may fail due to hot smoke after failure 65% of flow rate

bi-directional: 100%
SK 100% o
directional: 65%

page 19
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4. Comparison to other quidelines

Separation of tubes

jet-fans

EU n/a
D n/a

n/a
A . . . . . .

In practice: Asfinag requires separation of tubes, but allows cross-use after failure

CH ventilation systems of parallel tubes must be functional independently
SK n/a

page 20
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4. Comparison to other quidelines

Fire scenarios —

longitudinal ventilation, bi-directional traffic

u u' cold flow
EU n/a n/a n/a
D Uyi=2.3 ... 3.1 m/s
A 2m/sorQ=120 m3/s
CH 1.5 m/s downhill
page 21
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4. Comparison to other quidelines

Fire scenarios —

longitudinal ventilation, uni-directional traffic

u u' cold flow
EU n/a n/a n/a
D Uyi=2.3 ... 3.1 m/s
A 2m/sorQ=120 m3/s
CH 3 m/s downhill
page 22
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Fire scenarios —

smoke extraction, bi-directional traffic

=, L1 u—»

u, u, cold flow
EU n/a n/a n/a
D u=15m/s u =15m/s Q > 1.5 X Qqroke
A u=1...1.5m/s u=1..15m/s Q =120 m3/s
Q=3 m/sxA,
CH u=1.5m/s u =15m/s
Q = Qgmoke T 20 M3/s

page 23
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Fire scenarios —

smoke extraction, uni-directional traffic

u, u, cold flow
EU n/a n/a n/a
D U|=2.3 ... 3.1m/s u, > 0 m/s Q >1.5X Qsmoke
A >1.2m/s Q=120 m3/s
Q=3 m/sxA
CH 3 m/s 0
Q = Qgmoke T 20 M3/s

page 24
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Overview - road tunnels in the Slovak Republic
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thank you very much !!!

discussion IS open
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