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AGENDA
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Where cross-passages are utilized in lieu of exits, cross-passages shall not be farther than 

244m (800ft) [NFPA 130 - 6.3.1.6 (1)]
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BACKGROUND STUDY
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Evacuation Time
= 614.16 + 1.23 ∙ 𝒅𝒊𝒔𝒕_𝑪𝑷 + −9.88 ∙ 𝒘𝒘
+ −2.29 ∙ 𝒅𝒘 + 1.40 ∙ 𝒏𝒐_𝒑𝒑𝒍



• Analyze the relation and importance of the variables.

• Analyze the effects of variables on evacuation time.

• Formulate evacuation time with the variables.

• Possible adjustments to the exit distances.
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MOTIVATION AND AIM OF THE STUDY
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• Tunnel length: 1200 m

• Lane width: 3.7 m

• Variables:

• 3 different tunnel model: 2, 3, 4-lane tunnel

• distance between Cross-Passages: 300 m / 240 m / 200 m / 150 m / 120 m

• walkway width: 1.2 m / 1.4 m / 1.6 m

• width of exit door: 1.0 m / 1.1 m / 1.2 m

• number of motorists: 1750 - 3250
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Model Set-up
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2-LANE ROAD TUNNEL

Total 

number

Motorists 

per 

vehicle

Total number of 

motorists

Passenger 

vehicle
238 1,4 334

SUV 136 1,4 191

HGV 34 1 34

Bus 34 40 1360

TOTAL 1919
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2-Lane Tunnel

Width of tunnel varies 
between 8.6 m – 9 m

3, 4, 5, 7, 9 cross-passages 
spread between portals

Exit portal, for highly congested 
traffic condition is usable.

Walkway and 
door widths vary 
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3-LANE ROAD TUNNEL

Total 

number

Motorists per 

vehicle

Total number 

of motorists

Passenger 

vehicle
476 1,4 667

SUV 272 1,4 381

HGV 34 1 34

Bus 34 40 1360

TOTAL 2442
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3-Lane Tunnel

Width of tunnel varies 
between 8.6 m – 9 m

3, 4, 5, 7, 9 cross-passages 
spread between portals

Exit portal, for flowing traffic 
condition is not usable.

Walkway and 
door widths vary 
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4-LANE ROAD TUNNEL

Total 

number

Motorists 

per vehicle

Total number of 

motorists

Passenger 

vehicle
714 1,4 1000

SUV 408 1,4 572

HGV 34 1 34

Bus 34 40 1360

TOTAL 2966
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4-Lane Tunnel

Width of tunnel varies 
between 16 m – 16.4 m

3, 4, 5, 7, 9 cross-passages 
spread between portals

Exit portal, for flowing traffic 
condition is not usable.

Walkway and 
door widths vary 
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• Both portals can be used for Highly congested (almost stopped) traffic condition

• Exit portal can not be used for Flowing traffic condition

• Motorists walking speed not to exceed 0.62 m/s (37.7 m/min)

• Space between vehicles (0.5 m – 1 m)

• No pre-movement time is considered.

• 135 simulation for one case.
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Assumptions
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Number of Simulations

Number of 

lanes

Distance between 

cross-passages

walkway 

width

exit door 

width

2 300 1,2 1

3 240 1,4 1,1

4 200 1,6 1,2

150

120

Number of 

variables
3 5 3 3
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Results – highly congested traffic
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Results – highly congested traffic
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Results – highly congested traffic
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𝑬𝒗𝒂𝒄𝒖𝒂𝒕𝒊𝒐𝒏 𝑻𝒊𝒎𝒆𝒉𝒊𝒈𝒉𝒍𝒚 𝒄𝒐𝒏𝒈𝒆𝒔𝒕𝒆𝒅 𝒕𝒓𝒂𝒇𝒇𝒊𝒄

= 365.36 + 2.94 ∙ 𝒅𝒊𝒔𝒕_𝑪𝑷 + 14.15 ∙ 𝒘𝒘
+ −860.19 ∙ 𝒅𝒘 + 0.25 ∙ 𝒏𝒐_𝒑𝒑𝒍
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Results – flowing traffic
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Results – flowing traffic
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Results – flowing traffic
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𝑬𝒗𝒂𝒄𝒖𝒂𝒕𝒊𝒐𝒏 𝑻𝒊𝒎𝒆𝒇𝒍𝒐𝒘𝒊𝒏𝒈 𝒕𝒓𝒂𝒇𝒇𝒊𝒄

= 386.2 + 4.75 ∙ 𝒅𝒊𝒔𝒕_𝑪𝑷 + 37.08 ∙ 𝒘𝒘
+ −1266.01 ∙ 𝒅𝒘 + 0.38 ∙ 𝒏𝒐_𝒑𝒑𝒍
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Results – flowing traffic
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Results – flowing traffic
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• Distance between Cross-Passages is the 

most effective variable.

• Number of motorists effect is:

• 40 % of that of the distance between CP 

for highly congested traffic condition.

• 36 % of that of the distance between CP 

for flowing traffic condition.
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Discussion & Conclusion

• Effect of door width is:

• 9% of that of the distance between CP 

for highly congested traffic condition.

• 13% of that of the distance between CP 

for highly congested traffic condition.

• Width of walkway is observed to be 

almost negligible.
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Discussion & Conclusion
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• train / test data with other ML methods (highly congested traffic)
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Discussion & Conclusion
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• train / test data with other ML methods (flowing traffic)
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Discussion & Conclusion
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• Highly congested traffic • Flowing traffic
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Discussion & Conclusion

Performance 
Based Modelling 

Road Tunnels

(Digitalized Tool)

Life Safety / 
Means of Egress 

Analysis

Tunnel Ventilation 
Simulations
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BIM 
Integration of 
the analyses
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THANK YOU

QUESTIONS?
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