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1.3.1 Rapporten 

1.3.2 TuFT 



 

 





 

 



 

 

 

 



 

 

 



 



𝑄̇(𝑡) = 𝛼𝑔𝑟𝑜𝑤𝑡ℎ ∙ 𝑡 𝑄̇(𝑡) = 𝛼𝑔𝑟𝑜𝑤𝑡ℎ ∙ 𝑡2

𝑄̇(𝑡) = 𝑄̇𝑚𝑎𝑥 𝑄̇(𝑡) = 𝑄̇𝑚𝑎𝑥

𝑄̇(𝑡) = 𝑄̇𝑚𝑎𝑥 − 𝛼𝑑𝑒𝑐𝑎𝑦 ∙ (𝑡 − 𝑡2) 𝑄̇(𝑡) = 𝛼𝑑𝑒𝑐𝑎𝑦 ∙ (𝑡3 − 𝑡)2



𝑛 =
𝑒

((2,9∙𝑄̇𝑚𝑎𝑥)/(𝐸𝑡𝑜𝑡∙1000))∙𝑡𝑚𝑎𝑥∙60

1,346

𝑟 =  (1 −
1

𝑛
)

1−𝑛

𝑘 =
𝑄̇𝑚𝑎𝑥

𝐸𝑡𝑜𝑡
∙ 𝑟

𝑄̇(𝑡) = 𝑄̇
𝑚𝑎𝑥

∙ 𝑛 ∙ 𝑟 ∙ (1 − 𝑒−𝑘∙𝑡)𝑛−1 ∙ 𝑒−𝑘∙𝑡

 

 



 

3.6.1 Individ 



3.6.2 Grupp 

3.6.3 Tåg med individer 



𝑑 =
𝑙

𝑛+1

𝑝𝑜𝑠(𝑖) = 𝑑 ∗ 𝑖

 

 

 





 

 

𝐴

𝑐𝑝

𝐷𝑚𝑎𝑠𝑠

𝜀

𝑔

𝐻

𝐻𝑒𝑐

𝐻𝑇

ℎ

ℎ𝑐

𝐷ℎ =
4𝐴

𝑃



𝐿

𝑀𝑎

𝑀𝑖

𝑀𝑂2

𝑚̇𝑎

𝑃

𝑄̇

𝑞̇𝑐𝑜𝑛𝑣,𝑠𝑚𝑜𝑘𝑒

𝑞̇𝑟𝑎𝑑,𝑓𝑖𝑟𝑒

𝑞̇𝑟𝑎𝑑,𝑠𝑚𝑜𝑘𝑒

𝑅0

𝜌𝑎

𝜎

𝜏

𝑡

Ta

Tavg

𝑇𝑎𝑣𝑔,𝑥=0

𝑇𝑚

𝑢

𝑉

𝑋𝑖,𝑎𝑣𝑔

𝑋𝑂2

𝜒

𝜒𝑟

𝑥

𝑌𝑖

 

𝑇𝑎𝑣𝑔(𝑥, 𝑡) = 𝑇𝑎 + [𝑇𝑎𝑣𝑔,𝑥=0(𝜏) − 𝑇𝑎]𝑒−(ℎ𝑃𝑥/𝑚̇𝑎𝑐𝑝)

τ τ 

𝜏 = 𝑡 − (𝑥/𝑢)

𝑇𝑎𝑣𝑔,𝑥=0(𝜏) = 𝑇𝑎 +
2

3

𝑄̇(𝜏)

𝑚̇𝑎𝑐𝑝



 

𝑋𝑖,𝑎𝑣𝑔 = 𝑌𝑖
𝑀𝑖

𝑀𝑎

𝑄̇(𝜏)

𝑚̇𝑎𝜒𝐻𝑇

𝑋𝑂2
= 0.2095 −

𝑀𝑎

𝑀𝑂2

𝑄̇(𝜏)

𝑚̇𝑎13100

τ

 

𝑉 = 0.87
𝑢𝐴𝐻𝑒𝑐

𝑄̇(𝜏)𝐷𝑚𝑎𝑠𝑠

τ



 

𝑞̇𝑟𝑎𝑑,𝑓𝑖𝑟𝑒 =
𝜒𝑟𝑄̇(𝑡)

4𝜋𝑅0
2

 

𝑞̇𝑟𝑎𝑑,𝑠𝑚𝑜𝑘𝑒 = 𝜀𝜎(𝑇𝑎𝑣𝑔
4 − 𝑇𝑚

4 )

𝑞̇𝑐𝑜𝑛𝑣,𝑠𝑚𝑜𝑘𝑒 = ℎ𝑐(𝑇𝑎𝑣𝑔 − 𝑇𝑚)

 

𝐿𝑏 = 1,4𝐻 (
𝑔𝑄̇

𝜌𝑎𝑐𝑝𝑇𝑎𝑢3𝐻
)

0,3







 

 

𝐴𝑏𝑜𝑑𝑦
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5.2.1 Utdata 



5.2.2 Exempel på utdata 



 



 

 





 

 



 





5.3.1 Metod för bedömning av värme- och toxisk påverkan 

 

𝐹𝐼𝐷𝑎𝑠𝑝ℎ𝑦𝑥𝑖𝑎𝑛𝑡𝑠 = [𝐹𝐼𝐷𝐶𝑂 + 𝐹𝐼𝐷𝐻𝐶𝑁]𝑉𝐶𝑂2
+ 𝐹𝐼𝐷𝑂2

𝐹𝐼𝐷𝐶𝑂 = [
3.317∙10−5∙[𝐶𝑂]1.036∙𝑉

𝐷
]

𝑡

60

𝐹𝐼𝐷𝐻𝐶𝑁 = [
𝑒[𝐻𝐶𝑁]/43

20
− .0045]

𝑡

60

𝑉𝐶𝑂2
= 𝑒

[𝐶𝑂2]

5



𝐹𝐼𝐷𝑂2
= [

1

𝑒8.13−.54∙(20.9−[𝑂2])]
𝑡

60

 

𝐹𝐼𝐷ℎ𝑒𝑎𝑡/𝐹𝐿𝐷ℎ𝑒𝑎𝑡 = 1/ ([
𝑟

(𝑞̇𝑟𝑎𝑑,𝑓𝑖𝑟𝑒+𝑞̇𝑟𝑎𝑑,𝑠𝑚𝑜𝑘𝑒+𝑞̇𝑐𝑜𝑛𝑣,𝑠𝑚𝑜𝑘𝑒)1,33]
𝑡

60
)

5.3.2 Utdata 





5.3.3 Exempel på utdata 



 

 



 





 

∆𝑇 =
𝑓𝐴𝑏𝑜𝑑𝑦(𝑞̇𝑟𝑎𝑑,𝑓𝑖𝑟𝑒∙103∙𝑓𝑒𝑓𝑓

𝑅𝑎
𝑅𝑐

+
𝑇𝑎𝑣𝑔−𝑇𝑏𝑜𝑑𝑦

𝑅𝑐
+

𝑀

𝑓
−

𝑝𝑠−𝑝𝑎
𝑅𝑒

)

𝑚𝑐𝑝∆𝑡

 

 

 





5.4.1 Utdata 



5.4.2 Exempel på utdata 

 



 





 





 

 

 



A.3.1 Allmänna förutsättningar 

"simulation":{ 

 "measure":"true", 

 "evacuation":"true", 

 "operation":"true", 

 }, 



A.3.2 Tunnelns utformning 

"tunnel":{ 

 "tunnelType":"road", 

 "length":700.0, 

 "width":9.0, 

 "height":6.0, 

 "windSpeed":2.0, 

 "ambientTemperature":20.0, 

 "distanceBetweenEmergencyExits":150.0, 

 }, 

A.3.3 Brandförloppet 

"fire":{ 

 "fireType":"squared", 

 "alfaGrowth":0.19, 

 "alfaDecay":0.19, 

 "qMax":60000.0, 

 "timeFullBurn":90, 

 "massOpticalDensity":304.0, 

 "heatOfCombustion":15500.0, 

 "chi":1.0, 

 "yieldCo2":1.50, 

 "yieldCo":0.08, 

 "yieldHcn":0.0, 

 }, 





A.3.4 Brandplatsen 

"fireEvent":{ 

 "firePos":300.0, 

 "windDirExit":true, 

 }, 

A.3.5 Personer som utrymmer tunneln 



"individuals":[ 

 { 

 "personPosition":350.0, 

 "recognitionTime":120, 

 "responseTime":120, 

 "timeToLeaveVehicle":90, 

 "chooseEmergencyExit":false, 

 "deterministic":true, 

 }, 

{ 

 "personPosition":320.0, 

 "recognitionTime":120, 

 "responseTime":120, 

 "timeToLeaveVehicle":90, 

 "chooseEmergencyExit":false, 

 "deterministic":true, 

 }, 

"groups":[ 

 { 

 "count":3, 

 "personPositionIntervalFrom":350.0, 

 "personPositionIntervalTo":360.0, 

 "recognitionTimeIntervalFrom":90, 

 "recognitionTimeIntervalTo":180, 

 "responseTimeIntervalFrom":90, 

 "responseTimeIntervalTo":180, 

 "timeToLeaveVehicleFrom":90, 

 "timeToLeaveVehicleTo":270, 

 "chooseEmergencyExit":true, 

 "deterministic":true, 

 }, 



"train":{ 

 "position":300.0, 

 "trainLength":150.0, 

 "numberOfExits":18, 

 "exitWidth":1.7, 

 "numberOfPassengers":135, 

 "recognitionTime":300, 

 "responseTime":300, 

 "deterministic":false, 

 "chooseEmergencyExit":true,  

A.3.6 Räddningsinsats 

"operation":{ 

 "preparationTime":15, 

 "upstream":false, 

 "portal":true, 

 "numberOfFireFighters":10, 

 "thermalImaging":false, 

 "muchAir":true,  

 "hoseLengthUneven":50.0, 

 "hoseLengthEven":25.0, 

 "connectTimeUneven":300, 

 "connectTimeEven":60, 

 }, 



A.3.7 Aktuell brandmiljö 



"measurementPositions":[ 

  

 { 

 "pos":75.0, 

 }, 

  

 { 

 "pos":150.0, 

 }, 

  

 { 

 "pos":300.0, 

 }, 

  

], 

TIME,PERSON 1,PERSON 2,PERSON 3,PERSON 4,PERSON 5 

0,320.0,400.0,357.81695352369746,356.21517219778593,352.37351968082055 

1,320.0,400.0,357.81695352369746,356.21517219778593,352.37351968082055 

2,320.0,400.0,357.81695352369746,356.21517219778593,352.37351968082055 

3,320.0,400.0,357.81695352369746,356.21517219778593,352.37351968082055 

 



A.6.1 Utrymning 

A.6.2 Brandförloppet 

A.6.3 Räddningsinsatsen 



{ 

 

 "simulation":{ 

  "measure":true, 

  "evacuation":true, 

  "operation":true, 

  },  

 

 "tunnel":{ 

  "tunnelType":"road", 

  "length":1700.0, 

  "width":9.0, 

  "height":6.0, 

  "windSpeed":2.0, 

  "ambientTemperature":20.0, 

  "distanceBetweenEmergencyExits":150.0, 

  },  

 

 "fire":{ 

  "fireType":"squared", 

  "alfaGrowth":0.19, 

  "alfaDecay":0.19, 

  "qMax":60000.0, 

  "timeFullBurn":60, 

  "massOpticalDensity":304.0, 

  "heatOfCombustion":15500.0, 

  "chi":1.0, 

  "yieldCo2":1.50, 

  "yieldCo":0.027, 

  "yieldHcn":0.01, 

  }, 

  

 "fireEvent":{ 

  "firePos":700.0, 

  "windDirExit":true, 

  }, 

   

 "individuals":[ 

  { 

  "personPosition":660.0, 

  "recognitionTime":10, 

  "responseTime":10, 

  "timeToLeaveVehicle":10, 

  "chooseEmergencyExit":false, 

  "deterministic":true, 

  }, 

   

  { 

  "personPosition":740.0, 

  "recognitionTime":40, 

  "responseTime":10, 

  "timeToLeaveVehicle":10, 

  "chooseEmergencyExit":false, 

  "deterministic":true, 

  }, 

   

 ], 

  

 "groups":[ 

  { 

  "count":3, 

  "personPositionIntervalFrom":850.0, 

  "personPositionIntervalTo":1050.0, 

  "recognitionTimeIntervalFrom":90, 

  "recognitionTimeIntervalTo":180, 

  "responseTimeIntervalFrom":90, 

  "responseTimeIntervalTo":180, 

  "timeToLeaveVehicleFrom":90, 

  "timeToLeaveVehicleTo":270, 

  "chooseEmergencyExit":true, 

  "deterministic":true, 

  }, 

   

 ], 

  



 "operation":{ 

  "preparationTime":15, 

  "upstream":false, 

  "portal":true, 

  "numberOfFireFighters":10, 

  "thermalImaging":false, 

  "muchAir":true,  

  "hoseLengthUneven":50.0, 

  "hoseLengthEven":25.0, 

  "connectTimeUneven":300, 

  "connectTimeEven":60, 

  }, 

   

 "measurementPositions":[ 

  

  { 

  "pos":25.0, 

  }, 

   

  { 

  "pos":300.0, 

  }, 

   

  { 

  "pos":800.0, 

  }, 

   

 ], 

 

} 

{ 

 

 "simulation":{ 

  "measure":true, 

  "evacuation":true, 

  "operation":true, 

  },  

 

 "tunnel":{ 

  "tunnelType":"rail", 

  "length":1700.0, 

  "width":9.0, 

  "height":6.0, 

  "windSpeed":2.0, 

  "ambientTemperature":20.0, 

  "distanceBetweenEmergencyExits":150.0, 

  },  

 

 "fire":{ 

  "fireType":"squared", 

  "alfaGrowth":0.19, 

  "alfaDecay":0.19, 

  "qMax":60000.0, 

  "timeFullBurn":60, 

  "massOpticalDensity":304.0, 

  "heatOfCombustion":15500.0, 

  "chi":1.0, 

  "yieldCo2":1.50, 

  "yieldCo":0.027, 

  "yieldHcn":0.01, 

  }, 

  

 "fireEvent":{ 

  "firePos":700.0, 

  "windDirExit":true, 

  }, 

   

 "train":{ 

  "position":1300.0, 

  "trainLength":150.0, 

  "numberOfExits":18, 

  "exitWidth":1.7, 



  "numberOfPassengers":135, 

  "recognitionTime":300, 

  "responseTime":300, 

  "deterministic":false, 

  "chooseEmergencyExit":true,  

  }, 

  

 "operation":{ 

  "preparationTime":15, 

  "upstream":false, 

  "portal":true, 

  "numberOfFireFighters":10, 

  "thermalImaging":false, 

  "muchAir":true,  

  "hoseLengthUneven":50.0, 

  "hoseLengthEven":25.0, 

  "connectTimeUneven":300, 

  "connectTimeEven":60, 

  }, 

   

 "measurementPositions":[ 

  

  { 

  "pos":25.0, 

  }, 

   

  { 

  "pos":300.0, 

  }, 

   

  { 

  "pos":800.0, 

  }, 

   

 ], 

 

} 

 

 



B.1.1 Utrymning 

B.1.2 Räddningsinsats 

B.1.3 Lösningsförslag 

{ 

 

 "simulation":{ 

  "measure":true, 

  "evacuation":true, 

  "operation":true, 

  },  

 

 "tunnel":{ 

  "tunnelType":"road", 

  "length":500.0, 

  "width":6.0, 



  "height":5.0, 

  "windSpeed":1.5, 

  "ambientTemperature":6.0, 

  "distanceBetweenEmergencyExits":150.0, 

  },  

 

 "fire":{ 

  "fireType":"squared", 

  "alfaGrowth":0.1, 

  "alfaDecay":0.007, 

  "qMax":30000.0, 

  "timeFullBurn":90, 

  "massOpticalDensity":304.0, 

  "heatOfCombustion":15500.0, 

  "chi":1.0, 

  "yieldCo2":1.50, 

  "yieldCo":0.027, 

  "yieldHcn":0.01, 

  }, 

  

 "fireEvent":{ 

  "firePos":100.0, 

  "windDirExit":true, 

  }, 

   

 "individuals":[ 

  { 

  "personPosition":455.0, 

  "recognitionTime":10, 

  "responseTime":10, 

  "timeToLeaveVehicle":10, 

  "chooseEmergencyExit":true, 

  "deterministic":true, 

  }, 

   

  { 

  "personPosition":470.0, 

  "recognitionTime":40, 

  "responseTime":10, 

  "timeToLeaveVehicle":10, 

  "chooseEmergencyExit":true, 

  "deterministic":true, 

  }, 

   

 ], 

  

 "groups":[ 

  

  { 

  "count":10, 

  "personPositionIntervalFrom":300.0, 

  "personPositionIntervalTo":400.0, 

  "recognitionTimeIntervalFrom":30, 

  "recognitionTimeIntervalTo":60, 

  "responseTimeIntervalFrom":150, 

  "responseTimeIntervalTo":180, 

  "timeToLeaveVehicleFrom":30, 

  "timeToLeaveVehicleTo":90, 

  "chooseEmergencyExit":true, 

  "deterministic":true, 

  }, 

   

 ], 

 

  

 "operation":{ 

  "preparationTime":15, 

  "upstream":false, 

  "portal":true, 

  "numberOfFireFighters":6, 

  "thermalImaging":false, 

  "muchAir":false,  

  "hoseLengthUneven":25.0, 

  "hoseLengthEven":25.0, 

  "connectTimeUneven":60, 

  "connectTimeEven":300, 

  }, 

   

 "measurementPositions":[ 



  

  { 

  "pos":25.0, 

  }, 

   

  { 

  "pos":300.0, 

  }, 

   

  { 

  "pos":400.0, 

  }, 

   

 ], 

 

} 

B.2.1 Räddningsinsats 

B.2.2 Lösningsförslag 

B.3.1 Lösningsförslag 



 

 

 

 

 

{ 

 

 "simulation":{ 

  "measure":true, 

  "evacuation":true, 

  "operation":true, 

  },  

 

 "tunnel":{ 

  "tunnelType":"rail", 

  "length":8700.0, 

  "width":9.0, 

  "height":9.0, 

  "windSpeed":1.5, 

  "ambientTemperature":20.0, 

  "distanceBetweenEmergencyExits":500.0, 

  },  

 

 "fire":{ 

  "fireType":"squared", 

  "alfaGrowth":0.012, 

  "alfaDecay":0.19, 

  "qMax":15000.0, 

  "timeFullBurn":60, 

  "massOpticalDensity":304.0, 

  "heatOfCombustion":15500.0, 

  "chi":1.0, 

  "yieldCo2":1.50, 

  "yieldCo":0.027, 

  "yieldHcn":0.01, 

  }, 

  

 "fireEvent":{ 

  "firePos":3500.0, 

  "windDirExit":true, 

  }, 

   

 "train":{ 

  "position":3500.0, 

  "trainLength":110.0, 

  "numberOfExits":8, 

  "exitWidth":1.7, 

  "numberOfPassengers":130, 

  "recognitionTime":300, 

  "responseTime":180, 

  "deterministic":false, 

  "chooseEmergencyExit":true,  

  }, 

  

 "operation":{ 

  "preparationTime":30, 

  "upstream":true, 

  "portal":false, 

  "numberOfFireFighters":4, 

  "thermalImaging":false, 

  "muchAir":true,  

  "hoseLengthUneven":25.0, 

  "hoseLengthEven":25.0, 

  "connectTimeUneven":60, 

  "connectTimeEven":300, 

  }, 

   



 "measurementPositions":[ 

  

  { 

  "pos":25.0, 

  }, 

   

  { 

  "pos":300.0, 

  }, 

   

  { 

  "pos":800.0, 

  }, 

   

 ], 

 

} 

B.4.1 Lösningsförslag 

{ 

 

 "simulation":{ 

  "measure":true, 

  "evacuation":false, 

  "operation":true, 

  },  

 

 "tunnel":{ 

  "tunnelType":"road", 

  "length":300.0, 

  "width":8.0, 

  "height":6.0, 

  "windSpeed":2.0, 

  "ambientTemperature":10.0, 

  "distanceBetweenEmergencyExits":150.0, 

  },  

 

 "fire":{ 

  "fireType":"linear", 

  "alfaGrowth":8.3, 

  "alfaDecay":8.3, 

  "qMax":10000.0, 

  "timeFullBurn":20, 

  "massOpticalDensity":304.0, 



  "heatOfCombustion":12000.0, 

  "chi":1.0, 

  "yieldCo2":1.50, 

  "yieldCo":0.027, 

  "yieldHcn":0.01, 

  }, 

  

 "fireEvent":{ 

  "firePos":150.0, 

  "windDirExit":true, 

  }, 

   

  

  

 "operation":{ 

  "preparationTime":15, 

  "upstream":false, 

  "portal":true, 

  "numberOfFireFighters":6, 

  "thermalImaging":true, 

  "muchAir":true,  

  "hoseLengthUneven":50.0, 

  "hoseLengthEven":25.0, 

  "connectTimeUneven":60, 

  "connectTimeEven":300, 

  }, 

   

 "measurementPositions":[ 

  

  { 

  "pos":15.0, 

  }, 

   

  { 

  "pos":50.0, 

  }, 

   

  { 

  "pos":800.0, 

  }, 

   

 ], 

 

} 

 



import java.util.ArrayList; 

 

/** This Java class is a part of TuFT, a decision support 

 * tool for tunnel fires. The tool was developed by Karl Fridolf 

 * and Håkan Frantzich at Lund University during 2013-2014. 

 * Among other things, the tool offers the possibility to 

 * simulate fires in tunnels, and furthermore, the effects 

 * on evacuation and rescue operation possibilities. 

 *  

 * The tool's sub models, as well as the conclusions and 

 * the results produced by the tool, have not been quality 

 * controlled, verified or validated to the extent necessary 

 * for quality assurance. TuFT must hence be used with caution.  

 * Anyone who uses the results produced by TuFT does so on  

 * his/her own responsibility */ 

 

public class Tunnel { 

  

 private double length; 

 private double width; 

 private double height; 

 private double crossSectionArea; 

 private double perimeter; 

 private double windSpeed; 

 private double temperature; 

 private double distanceBetweenEmergenecyExits; 

 private ArrayList<Double> emergencyExits; 

  

 /** Creates a tunnel with a length, width, height,  

  * wind speed, ambient temperature and emergency 

  * exits. */ 

 public Tunnel(double length, double width,  

   double height, double windSpeed,  

   double temperature, double  

   distanceBetweenEmergenecyExits) { 

  this.length = length; 

  this.width = width; 

  this.height = height; 

  this.windSpeed = windSpeed; 

  this.temperature = temperature + 273; 

  this.distanceBetweenEmergenecyExits =  

    distanceBetweenEmergenecyExits; 

  crossSectionArea = width * height; 

  perimeter = (2 * width) + (2 * height); 

  emergencyExits = new ArrayList<Double>(); 

  for (int i = 0; i <= (int) Math.round((length /  

    distanceBetweenEmergenecyExits)); i++) { 

   emergencyExits.add(distanceBetweenEmergenecyExits * i); 

  } 

 } 

 

 /** Returns the wind speed in m/s. */ 

 public double getWindSpeed() { 

  return windSpeed; 



 } 

  

 /** Returns the height in m. */ 

 public double getHeight() { 

  return height; 

 } 

 

 /** Returns the width in m. */ 

 public double getWidth() { 

  return width; 

 } 

 

 /** Returns the length in m. */ 

 public double getLength() { 

  return length; 

 } 

  

 /** Returns the perimeter in m. */ 

 public double getPerimeter() { 

  return perimeter; 

 } 

  

 /** Returns the cross section area in m^2. */ 

 public double getCrossSectionArea() { 

  return crossSectionArea; 

 } 

  

 /** Returns the ambient temperature in K. */ 

 public double getTemp() { 

  return temperature; 

 } 

  

 /** Returns the distance between the emergency 

  * exits in m. */ 

 public double getDistanceBetweenEmergencyExits() { 

  return distanceBetweenEmergenecyExits; 

 } 

  

 /** Returns the array of emergency exits (their 

  * positions measured from the entrance in m). */ 

 public ArrayList<Double> getEmergencyExits() { 

  return emergencyExits; 

 } 

  

} 

import java.io.BufferedWriter; 

import java.io.FileWriter; 

import java.io.IOException; 

import java.util.ArrayList; 

 

/** This Java class is a part of TuFT, a decision support 

 * tool for tunnel fires. The tool was developed by Karl Fridolf 

 * and Håkan Frantzich at Lund University during 2013-2014. 

 * Among other things, the tool offers the possibility to 

 * simulate fires in tunnels, and furthermore, the effects 

 * on evacuation and rescue operation possibilities. 

 *  

 * The tool's sub models, as well as the conclusions and 

 * the results produced by the tool, have not been quality 

 * controlled, verified or validated to the extent necessary 

 * for quality assurance. TuFT must hence be used with caution.  

 * Anyone who uses the results produced by TuFT does so on  

 * his/her own responsibility */ 

 

public class Fire { 

 private ArrayList<Double> heatReleaseRate; 

 double alfaGrowth; 

 double alfaDecay; 

 boolean linearGrowth; 

 double qMax; 

 int devTime; 

 double massOpticalDensity; 



 double heatOfCombustion; 

 double chi; 

 double yieldCO2; 

 double yieldCO; 

 double yieldHCN; 

 int totalTime; 

  

 /** Creates a linear or squared fire defined by a growth rate, 

  * decay rate, maximum heat release rate, burning time 

  * with maximum heat release rate, mass optical density,  

  * heat of combustion, burning efficiency and yields for CO2, 

  * CO and HCN. */ 

 public Fire(boolean linearGrowth, double alfaGrowth, double alfaDecay,  

   double qMax, int devTime, double massOpticalDensity,  

   double heatOfCombustion, double chi,  

   double yieldCO2, double yieldCO,  

   double yieldHCN) { 

  this.alfaGrowth = alfaGrowth; 

  this.alfaDecay = alfaDecay; 

  this.linearGrowth = linearGrowth; 

  this.qMax = qMax; 

  this.devTime = devTime; 

  this.massOpticalDensity = massOpticalDensity; 

  this.heatOfCombustion = heatOfCombustion; 

  this.chi = chi; 

  this.yieldCO2 = yieldCO2; 

  this.yieldCO = yieldCO; 

  this.yieldHCN = yieldHCN; 

  int t1 = 0; 

  if (linearGrowth) { 

   t1 = (int) Math.round(qMax / alfaGrowth); 

  } else if (!linearGrowth) { 

   t1 = (int) Math.round(Math.sqrt(qMax / alfaGrowth)); 

  } 

  int t2 = devTime * 60; 

  int t3 = 0; 

  if (linearGrowth) { 

   t3 = (int) Math.round(qMax / alfaDecay);; 

  } else if (!linearGrowth) { 

   t3 = (int) Math.round(Math.sqrt(qMax / alfaDecay)); 

  }   

  totalTime = t1 + t2 + t3; 

  heatReleaseRate = new ArrayList<Double>(); 

  for (int i = 0; i < totalTime; i++) { 

   double q = 0; 

   if (i <= t1) { 

    if (linearGrowth) { 

     q = alfaGrowth * i; 

    } else if (!linearGrowth) { 

     q = alfaGrowth * Math.pow(i, 2); 

    } 

   } else if (i > t1 && i <= (t1 + t2)) { 

    q = qMax; 

   } else if (i > (t1 + t2) && i <= totalTime) { 

    if (linearGrowth) { 

     q = qMax - (alfaDecay * (i - (t1 + t2))); 

    } else if (!linearGrowth) { 

     q = alfaDecay * Math.pow(totalTime - i, 2); 

    } 

   } 

   heatReleaseRate.add(i, q); 

  } 

 } 

   

 /** Creates an exponential fire, defined by research 

  * done by Haukur Ingason. */ 

 public Fire(double qMaxExp, double eTot, double tMax, 

   double massOpticalDensity, double heatOfCombustion,  

   double chi, double yieldCO2, double yieldCO,  

   double yieldHCN) { 

  this.qMax = qMaxExp; 

  this.massOpticalDensity = massOpticalDensity; 

  this.heatOfCombustion = heatOfCombustion; 

  this.chi = chi; 

  this.yieldCO2 = yieldCO2; 

  this.yieldCO = yieldCO; 

  this.yieldHCN = yieldHCN; 

  double n = Math.exp(((2.9 * qMax) / (eTot * 1000.0)) * tMax * 60.0) / 1.346; 

  double r = Math.pow((1.0 - (1.0 / n)), (1.0 - n)); 



  double k = (qMax / (eTot * 1000) * r); 

  totalTime = 120 * 60; 

  heatReleaseRate = new ArrayList<Double>(); 

  double q = 0.0; 

  for (int i = 0; i < totalTime; i++) { 

   q = 1000 * (qMax / 1000.0) * n * r * Math.pow((1.0 - Math.exp(-k * i)), (n - 1)) * 

Math.exp(-k * i); 

   heatReleaseRate.add(i, q); 

  } 

 } 

  

 /** Returns the growth rate of the fire in  

  * kW/s (linear) or kW/s2 (squared). */ 

 public double getAlfaGrowth() { 

  return alfaGrowth; 

 } 

  

 /** Returns the growth rate of the fire in  

  * kW/s (linear) or kW/s2 (squared) */ 

 public double getAlfaDecay() { 

  return alfaDecay; 

 } 

  

 /** Returns true if the fire is growing 

  * with a linear correlation, or false 

  * if the fire is growing squared. */ 

 public boolean getGrowthRate() { 

  return linearGrowth; 

 } 

  

 /** Returns the maximum HRR of the fire 

  * in kW. */ 

 public double getQMax() { 

  return qMax; 

 } 

  

 /** Returns the time with which the fire 

  * is burning with its qMax (in min). */ 

 public int getTimeFullBurn() { 

  return devTime; 

 } 

  

 /** Returns the heat release rate in  

  * kW at the time t (in s) into the fire 

  * development. */ 

 public double getQ(int t) { 

  return heatReleaseRate.get(t); 

 } 

  

 /** Returns the mass optical density 

  * in m^2/kg. */ 

 public double getDmass() { 

  return massOpticalDensity; 

 } 

  

 /** Returns the heat of combustion 

  * in kJ/kg. */ 

 public double getHeatOfCombustion() { 

  return heatOfCombustion; 

 } 

  

 /** Returns the burning efficiency. */ 

 public double getChi() { 

  return chi; 

 } 

  

 /** Returns the yield for CO2 in kg/kg. */ 

 public double getYieldCO2() { 

  return yieldCO2; 

 } 

  

 /** Returns the yield for CO in kg/kg. */ 

 public double getYieldCO() { 

  return yieldCO; 

 } 

  

 /** Returns the yield for HCN in kg/kg. */ 

 public double getYieldHCN() { 

  return yieldHCN; 



 } 

  

 /** Returns the total burning time in s. */ 

 public int getTotalTime() { 

  return totalTime; 

 } 

  

 /** Prinst an output file related to the  

  * heat release rate of the fire as a function 

  * of time in s. */ 

 public void printHrr() { 

  String fileName = "HRR.txt"; 

   

  try { 

   FileWriter fileWriter = new FileWriter(fileName); 

   BufferedWriter bufferedWriter = new BufferedWriter(fileWriter); 

 

   bufferedWriter.write("Output generated with TuFT (v 14.10.22.1). Anyone who uses the 

results produced by TuFT does so on his/her own responsibility"); 

   bufferedWriter.newLine(); 

   bufferedWriter.newLine(); 

    

   bufferedWriter.write("TIME [s]"); 

   bufferedWriter.write(","); 

   bufferedWriter.write("HRR [kW]"); 

   for (int i = 0; i < this.getTotalTime(); i++) { 

    bufferedWriter.newLine(); 

    bufferedWriter.write(Integer.toString(i)); 

    bufferedWriter.write(","); 

    bufferedWriter.write(Double.toString(this.getQ(i))); 

   } 

       

   bufferedWriter.close(); 

  } 

 

  catch (IOException ex) { 

            System.out.println( 

                "Error writing to file '" 

                + fileName + "'"); 

  } 

 } 

  

} 

/** This Java class is a part of TuFT, a decision support 

 * tool for tunnel fires. The tool was developed by Karl Fridolf 

 * and Håkan Frantzich at Lund University during 2013-2014. 

 * Among other things, the tool offers the possibility to 

 * simulate fires in tunnels, and furthermore, the effects 

 * on evacuation and rescue operation possibilities. 

 *  

 * The tool's sub models, as well as the conclusions and 

 * the results produced by the tool, have not been quality 

 * controlled, verified or validated to the extent necessary 

 * for quality assurance. TuFT must hence be used with caution.  

 * Anyone who uses the results produced by TuFT does so on  

 * his/her own responsibility */ 

 

public class FireEvent { 

 private Tunnel tunnel; 

 private Fire fire; 

 private double pos; 

 private double windSpeed; 

 private double ambientTemperatureK; 

 private double ambientTemperatureC; 

 private double massFlowAir; 

 private double airDensity; 

 private double airCp; 

 private double perimeter; 

 private double height; 

 private double crossSectionArea; 

 private boolean windTowardsExit; 

  



 /** Creates a fire Fire in a tunnel Tunnel, 

  * at the position pos m from the tunnel 

  * entrance (x = 0). windDirection describes if 

  * the wind is blowing towards the tunnel 

  * exit or the tunnel entrance. */ 

 public FireEvent(Tunnel tunnel, Fire fire,  

   double pos, boolean windTowardsExit) { 

  this.fire = fire; 

  this.tunnel = tunnel; 

  this.pos = pos; 

  this.windTowardsExit = windTowardsExit; 

  windSpeed = tunnel.getWindSpeed(); 

  ambientTemperatureK = tunnel.getTemp(); 

  ambientTemperatureC = ambientTemperatureK - 273; 

  crossSectionArea = tunnel.getCrossSectionArea(); 

  airDensity = this.getAirDens(ambientTemperatureK); 

  airCp = this.getAirCp(ambientTemperatureK); 

  massFlowAir = airDensity * windSpeed * crossSectionArea; 

  perimeter = tunnel.getPerimeter(); 

  height = tunnel.getHeight(); 

 } 

  

 /** Returns the backlayering distance 

  * upstream the fire in m at the time t in s. */ 

 public double getBackLayeringLength(int t) { 

  double q = fire.getQ(t); 

  double lB = (1.4 * height *  

    Math.pow(((9.81 * q) / (airDensity  

      * airCp * ambientTemperatureK  

      * Math.pow(windSpeed, 3) *  

      height)), 0.3)); 

  return lB; 

 } 

  

 /** Returns the vertical averaged gas temperature 

  * in °C at the position of the fire at  

  * the time tau (in s). */ 

 private double getTavgX0(int tau) { 

  double qTau = fire.getQ(tau); 

  double tAvgX0 = ambientTemperatureC +  

    ((2.0 / 3.0) * (qTau / (massFlowAir * airCp))); 

  return tAvgX0; 

 } 

  

 /** Returns the vertical averaged gas temperature 

  * in °C at the position x (relative to the fire)  

  * at the time t (in s). */ 

 public double getTavgX(int t, double x) { 

  int tau = this.getTau(t, x); 

  if (tau < 0) { 

   return -1.0; 

  } else { 

   double tAvgX0 = this.getTavgX0(tau); 

   double tAvgX = ambientTemperatureC +  

     ((tAvgX0 - ambientTemperatureC) *  

       Math.exp(-((0.02 * perimeter * x) /  

         (massFlowAir * airCp)))); 

   return tAvgX; 

  } 

 } 

  

 /** Returns the Froude number. Only used internally  

  * in this class. */ 

 private double getFroude(int t, double x) { 

  double tAvgX = this.getTavgX(t, x); 

  if (tAvgX == -1) { 

   return -1; 

  } else { 

   double numerator = Math.pow((windSpeed *  

     ((tAvgX + 273) /  

       ambientTemperatureK)), 2); 

   double denominator = (1.5 * ((tAvgX -  

     ambientTemperatureC) / (tAvgX + 273)) *  

     9.81 * height); 

   return (numerator / denominator); 

  } 

 } 

  

 /** Returns the region number at a position x m 



  * downstream the fire at the time t in s. */ 

 public int getRegion(int t, double x) { 

  int region;   

  if (this.getFroude(t, x) == -1) { 

   region = -1; 

  } else if (this.getFroude(t, x) <= 0.9 &&  

    this.getFroude(t, x) >= 0) { 

   region = 1; 

  } else if (this.getFroude(t, x) > 0.9 && 

    this.getFroude(t, x) <= 10) { 

   region = 2; 

  } else { 

   region = 3; 

  } 

  return region; 

 } 

  

 /** Returns the vertical, average extinction 

  * coefficient in 1/m at a position x m  

  * downstream the fire at the time t in s. */ 

 public double getExtinctionCoefficient(int t, double x) { 

  double vis = this.getVisibility(t, x); 

  double extCoeff = 2 / vis; 

  return extCoeff; 

 } 

  

 /** Returns the vertical, average visibility  

  * in m at a position x m downstream the fire 

  * at the time t in s. */ 

 public double getVisibility(int t, double x) { 

  double effectiveHeatOfCombustion = fire.getChi() *  

    fire.getHeatOfCombustion(); 

  int tau = this.getTau(t, x); 

  if (tau < 0) { 

   return -1.0; 

  } else { 

   double vis = (0.87 * ((windSpeed * crossSectionArea *  

     effectiveHeatOfCombustion) / (fire.getQ(tau) *  

       fire.getDmass()))); 

   return vis; 

  } 

 } 

  

 /** Returns the vertical, average mole fraction carbon  

  * dioxide at a position x m downstream the fire at the 

  * time t in s. */ 

 public double getMoleFractionCO2(int t, double x) { 

  double yCO2 = fire.getYieldCO2(); 

  int tau = this.getTau(t, x); 

  if (tau < 0) { 

   return -1.0; 

  } else { 

   double xCO2Avg = (yCO2 * (28.95 / 44.0) *  

     (fire.getQ(tau) / (massFlowAir * fire.getChi() *  

       fire.getHeatOfCombustion()))); 

   return xCO2Avg; 

  } 

 } 

  

 /** Returns the vertical, average mole fraction carbon  

  * monoxide at a position x m downstream the fire at the 

  * time t in s. */ 

 public double getMoleFractionCO(int t, double x) { 

  double yCO = fire.getYieldCO(); 

  int tau = this.getTau(t, x); 

  if (tau < 0) { 

   return -1.0; 

  } else { 

   double xCOAvg = (yCO * (28.95 / 28.0) *  

     (fire.getQ(tau) / (massFlowAir * fire.getChi() *  

       fire.getHeatOfCombustion()))); 

   return xCOAvg; 

  } 

 } 

  

 /** Returns the vertical, average mole fraction hydrogen  

  * cyanide at a position x m downstream the fire at the 

  * time t in s. */ 

 public double getMoleFractionHCN(int t, double x) { 



  double yHCN = fire.getYieldHCN(); 

  int tau = this.getTau(t, x); 

  if (tau < 0) { 

   return -1.0;  

  } else { 

   double xHCNAvg = (yHCN * (28.95 / 27.0) *  

     (fire.getQ(tau) / (massFlowAir * fire.getChi() *  

       fire.getHeatOfCombustion()))); 

   return xHCNAvg; 

  } 

 } 

  

 /** Returns the vertical, average mole fraction oxygen  

  * at a position x m downstream the fire at the 

  * time t in s. */ 

 public double getMoleFractionO2(int t, double x) { 

  int tau = this.getTau(t, x); 

  if (tau < 0) { 

   return -1.0; 

  } else { 

   double xO2Avg = (0.2095 - ((28.95 / 32.0) *  

     (fire.getQ(tau) / (massFlowAir * 13100)))); 

   return xO2Avg; 

  } 

 } 

   

 /** Returns the heat flux in kW/m2 at a position x m downstream 

  * the fire at the time t in s. */ 

 public double getHeatTransport(int t, double x) { 

  double temp = this.getTavgX(t, x); 

  double qRadFire = this.getRadiationFromFire(t, x); 

  double qSum = 0.0; 

  if (temp == -1.0) { 

   if (x < 50) { 

    qSum = qRadFire; 

    return qRadFire / 1000.0; 

   } else { 

    return 0.0; 

   } 

  } else { 

   double qRadSmoke = (0.5 * 5.67 * Math.pow(10.0, -8.0)  

     * (Math.pow((temp + 273.0), 4.0) -  

       Math.pow(tunnel.getTemp(), 4.0))); // W/m2 

   double qConvSmoke = (8.0 * (temp -  

     (tunnel.getTemp() - 273.0))); // W/m2 

   if (x < 50) { 

    qSum = qRadFire + qRadSmoke + qConvSmoke; 

   } else { 

    qSum = qRadSmoke + qConvSmoke; 

   } 

   return qSum / 1000.0; 

  } 

 } 

  

 /** Returns tau, i.e., the time in s at which the smoke particles 

  * starts to flow from the source of the fire (x = 0). */ 

 private int getTau(int t, double x) { 

  int tau = t - (int) Math.round(x / windSpeed); 

  return tau; 

 } 

  

 /** Returns Cp in kJ/kg K for air at a given temperature in K.  

  * Correlation derived by fitting regression line to data. */ 

 private double getAirCp(double T) { 

  double cp = (Math.pow(10, -13) * Math.pow(T, 4))  

    - (5 * Math.pow(10, -10) * Math.pow(T, 3))  

    + (8 * Math.pow(10, -7) * Math.pow(T, 2))  

    - (0.0003 * T) + 1.0321; 

  return cp; 

 } 

  

 /** Returns the density in kg/m^3 for air at a given temperature  

  * in K. Correlation derived by fitting regression line to data. */ 

 private double getAirDens(double T) { 

  double dens = (2 * Math.pow(10, -18) * Math.pow(T, 6))  

    - (2 * Math.pow(10, -14) * Math.pow(T, 5))  

    + (5 * Math.pow(10, -11) * Math.pow(T, 4))  

    - (6 * Math.pow(10, -8) * Math.pow(T, 3))  

    + (5 * Math.pow(10, -5) * Math.pow(T, 2))  



    - (0.0216 * T) + 4.5049; 

  return dens; 

 } 

  

 /** Returns the distance in m between the fire  

  * and the tunnel entrance. */ 

 public double getDistanceFromEntrance() { 

  return pos; 

 } 

  

 /** Returns the distance between the fire and the  

  * tunnel exit in m. */ 

 public double getDistanceFromExit() { 

  return (tunnel.getLength() - pos); 

 } 

  

 /** Returns the direction of the wind, i.e., if the wind 

  * is blowing with (true) or against (false) the direction  

  * of the traffic. */ 

 public boolean getWindDirection() { 

  return windTowardsExit; 

 } 

  

 /** Returns the fraction of an incapacitating 

  * dose of CO for a 1-second exposure to the gas 

  * concentration in ppm. The calculation is performed 

  * at a time t in s at a defined position x in m downstream 

  * the fire. Thus, note that the user has to specify not a  

  * position of the person in the tunnel, but the relative  

  * position compared to the fire. 

  *  

  * If person is not incapacitated (i.e., FID < 1.0), 

  * calculation is done according to Eq. 7 in SFPE handbook 

  * (p. 2-117, 4th Ed.) for activity level of a light  

  * working person. If person is incapacitated (i.e., 

  * FID => 1.0), calculation is done similarly but for 

  * activity level of a resting or sleeping person. */ 

 private double getFedIncapacitationCo(int t, double x,  

   boolean incapacitated) { 

  double xCOAvg = this.getMoleFractionCO(t, x); 

  if (xCOAvg == -1.0) { 

   return 0.0; 

  } else { 

   double coPpm = (xCOAvg * Math.pow(10.0, 6.0)); 

   if (!incapacitated) { 

    double fedIncapacitationCo = ((8.2925 *  

      Math.pow(10.0, -4.0) *  

      Math.pow(coPpm, 1.036) *  

      (1.0 / 60.0)) / 30.0); 

    return fedIncapacitationCo; 

   } else { 

    double fedIncapacitationCo = ((2.81945 *  

      Math.pow(10.0, -4.0) *  

      Math.pow(coPpm, 1.036) *  

      (1.0 / 60.0)) / 40.0); 

    return fedIncapacitationCo; 

   } 

  }   

 } 

  

 /** Returns the fraction of an incapacitating 

  * dose of HCN for a 1-second exposure to the gas 

  * concentration in ppm. The calculation is performed 

  * at a time t in s at a defined position x in m downstream 

  * the fire. Thus, note that the user has to specify not a  

  * position of the person in the tunnel, but the relative  

  * position compared to the fire. 

  *  

  * Calculation is done according to Eq. 11 in SFPE handbook 

  * (p. 2-119, 4th Ed.). */ 

 private double getFedIncapacitationHcn(int t, double x) { 

  double xHCNAvg = this.getMoleFractionHCN(t, x); 

  if (xHCNAvg == -1.0) { 

   return 0.0; 

  } else { 

   double hcnPpm = (xHCNAvg * Math.pow(10.0, 6.0)); 

   double fedIncapacitationHcn =  

     (((Math.exp(hcnPpm / 43.0) / 220.0) -  

     0.0045) * (1.0 / 60.0)); 



   return fedIncapacitationHcn; 

  }  

 } 

  

 /** Returns the fraction of an incapacitating 

  * dose of low-oxygen hypoxia for a 1-second exposure to  

  * the gas concentration in ppm. The calculation is  

  * performed at a time t in s at a defined position x in  

  * m downstream the fire. Thus, note that the user has to  

  * specify not a position of the person in the tunnel, but  

  * the relative position compared to the fire.  

  *  

  * Calculation is done according to Eq. 12-13 in SFPE handbook 

  * (p. 2-121, 4th Ed.). */ 

 private double getFedIncapacitationO2(int t, double x) { 

  double xO2Avg = this.getMoleFractionO2(t, x); 

  if (xO2Avg == -1.0) { 

   return 0.0; 

  } else { 

   double o2Percent = (xO2Avg * Math.pow(10.0, 2.0)); 

   double fedIncapacitationO2 = ((1.0 / 60.0) /  

     (Math.exp(8.13 - (0.54 * (20.9 - o2Percent))))); 

   return fedIncapacitationO2; 

  } 

 } 

  

 /** Returns the multiplication factor for CO2-induced 

  * hyperventilation. The calculation is performed 

  * at a time t in s at a defined position x in m downstream 

  * the fire. Thus, note that the user has to specify not a  

  * position of the person in the tunnel, but the relative  

  * position compared to the fire. 

  *  

  * Calculation is done according to Eq. 18 in SFPE handbook 

  * (p. 2-122, 4th Ed.). */ 

 private double getHyperVentilationFactor(int t, double x) { 

  double xCO2Avg = this.getMoleFractionCO2(t, x); 

  if (xCO2Avg == -1.0) { 

   return 0.0; 

  } else { 

   double co2Percent = (xCO2Avg * Math.pow(10.0, 2.0)); 

   double vCo2 = Math.exp(co2Percent / 5.0); 

   return vCo2;    

  } 

 } 

 

 /** Returns the fraction of an incapacitating 

  * dose of all asphyxiant gases. The calculation is performed 

  * at a time t in s at a defined position x in m downstream 

  * the fire. Thus, note that the user has to specify not a  

  * position of the person in the tunnel, but the relative  

  * position compared to the fire. 

  *  

  * Calculation is done according to Eq. 21 in SFPE handbook 

  * (p. 2-124, 4th Ed.). */ 

 public double getFractionOfIncapacitationAsphyxiants(int t, double x,  

   boolean incapacitated) { 

  double fedIn = (((this.getFedIncapacitationCo(t, x, incapacitated) +  

    this.getFedIncapacitationHcn(t, x)) *  

    this.getHyperVentilationFactor(t, x)) +  

    this.getFedIncapacitationO2(t, x)); 

  return fedIn;   

 } 

  

 /** Returns the fractional incapacitating dose of heat acquired  

  * from radiant and convected components of fire and smoke.  

  * Assumption: Evacuating person is immersed in smoke. 

  *  

  * If person is within 50 m of fire , the radiant heat flux from  

  * the fire is calculated according to Eq. 7.16 in Enclousure  

  * Fire Dynamics (p. 156), and then added to the total heat flux. 

  *  

  * Calculation of the radiant and convected components of the 

  * smoke are calculated according to Eq. 36 in SFPE handbook 

  * (p. 2-145, 4th Ed.). Assumptions: Emissivity = 0.5, material 

  * surface temperature = ambient temperature in tunnel,  

  * convective heat transfer factor = 8 W/m2 K. */ 

 public double getFractionOfIncapacitationHeatDownstream(int t, double x) { 

  double temp = this.getTavgX(t, x); 



  double qRadFire = this.getRadiationFromFire(t, x); 

  double qSum = 0.0; 

  double timeToIncapacitation = 0.0; 

  double fraction = 0.0; 

  if (temp == -1.0) { 

   if (x < 50) { 

    qSum = qRadFire / 1000.0; 

    timeToIncapacitation = (10.0 / Math.pow(qSum, 1.33)); 

    fraction = ((1.0 / timeToIncapacitation) * (1.0 / 60.0)); 

    return fraction; 

   } else { 

    return 0.0; 

   } 

  } else { 

   double qRadSmoke = (0.5 * 5.67 * Math.pow(10.0, -8.0)  

     * (Math.pow((temp + 273.0), 4.0) -  

       Math.pow(tunnel.getTemp(), 4.0))); 

   double qConvSmoke = (8.0 * (temp -  

     (tunnel.getTemp() - 273.0))); 

   if (x < 50) { 

    qSum = (qRadFire + qRadSmoke + qConvSmoke) / 1000.0; 

   } else { 

    qSum = (qRadSmoke + qConvSmoke) / 1000.0; 

   } 

   timeToIncapacitation = (10.0 / Math.pow(qSum, 1.33)); 

   fraction = ((1.0 / timeToIncapacitation) * (1.0 / 60.0)); 

   return fraction; 

  } 

 } 

  

 /** Returns the fractional lethal dose of heat acquired  

  * from radiant and convected components of fire and smoke.  

  * Assumption: Evacuating person is immersed in smoke. 

  *  

  * If person is within 50 m of fire , the radiant heat flux from  

  * the fire is calculated according to Eq. 7.16 in Enclousure  

  * Fire Dynamics (p. 156), and then added to the total heat flux. 

  *  

  * Calculation of the radiant and convected components of the 

  * smoke are calculated according to Eq. 36 in SFPE handbook 

  * (p. 2-145, 4th Ed.). Assumptions: Emissivity = 0.5, material 

  * surface temperature = ambient temperature in tunnel,  

  * convective heat transfer factor = 8 W/m2 K. */ 

 public double getFractionOfLethalHeatDownstream(int t, double x) { 

  double temp = this.getTavgX(t, x); 

  double qRadFire = this.getRadiationFromFire(t, x); 

  double qSum = 0.0; 

  double timeToIncapacitation = 0.0; 

  double fraction = 0.0; 

  if (temp == -1.0) { 

   if (x < 50) { 

    qSum = qRadFire / 1000.0; 

    timeToIncapacitation = (16.7 / Math.pow(qSum, 1.33)); 

    fraction = ((1.0 / timeToIncapacitation) * (1.0 / 60.0)); 

    return fraction; 

   } else { 

    return 0.0; 

   } 

  } else { 

   double qRadSmoke = (0.5 * 5.67 * Math.pow(10.0, -8.0)  

     * (Math.pow((temp + 273.0), 4.0) -  

       Math.pow(tunnel.getTemp(), 4.0))); 

   double qConvSmoke = (8.0 * (temp -  

     (tunnel.getTemp() - 273.0))); 

   if (x < 50) { 

    qSum = (qRadFire + qRadSmoke + qConvSmoke) / 1000.0; 

   } else { 

    qSum = (qRadSmoke + qConvSmoke) / 1000.0; 

   } 

   timeToIncapacitation = (16.7 / Math.pow(qSum, 1.33)); 

   fraction = ((1.0 / timeToIncapacitation) * (1.0 / 60.0)); 

   return fraction; 

  } 

 } 

 

 /** Returns the fractional incapacitating dose of heat acquired  

  * from radiant component of fire.  

  *  

  * If person is within 50 m of fire , the radiant heat flux from  



  * the fire is calculated according to Eq. 7.16 in Enclousure  

  * Fire Dynamics (p. 156), and then added to the total heat flux. */ 

 public double getFractionOfIncapacitationHeatUpstream(int t, double x) { 

  if (x < 50) { 

   double qRadFire = this.getRadiationFromFire(t, x) / 1000.0; 

   double timeToIncapacitation = (10.0 /  

     Math.pow(qRadFire, 1.33)); 

   double fraction = ((1.0 / timeToIncapacitation) *  

     (1.0 / 60.0)); 

   return fraction; 

  } else { 

   return 0.0; 

  } 

 } 

  

 /** Returns the fractional lethal dose of heat acquired  

  * from radiant component of fire.  

  *  

  * If person is within 50 m of fire , the radiant heat flux from  

  * the fire is calculated according to Eq. 7.16 in Enclousure  

  * Fire Dynamics (p. 156), and then added to the total heat flux. */ 

 public double getFractionOfLethalHeatUpstream(int t, double x) { 

  if (x < 50) { 

   double qRadFire = this.getRadiationFromFire(t, x) / 1000.0;  

   double timeToIncapacitation = (16.7 /  

     Math.pow(qRadFire, 1.33)); 

   double fraction = ((1.0 / timeToIncapacitation) *  

     (1.0 / 60.0)); 

   return fraction;    

  } else { 

   return 0.0; 

  } 

 } 

  

 /** Returns the radiant heat flux from the fire in W/m2,  

  * calculated according to Eq. 7.16 in Enclousure  

  * Fire Dynamics (p. 156). */ 

 public double getRadiationFromFire(int t, double x) { 

  if (x < 50) { 

   double qRadFire = (((fire.getQ(t) * 0.33) /  

     (4 * Math.PI * Math.pow(x, 2)))); 

   return (qRadFire * 1000.0); 

  } else { 

   return 0.0; 

  } 

 } 

  

 /** Returns the delta temperature rise due to gas temperature 

  * and radiation from the fire. Input is the time t in s and  

  * the relative position x in m from the fire.  

  *  

  * If the operation is performed upstream the fire, the  

  * consideration is only taken to the radiation form the source. If, 

  * on the other hand, the operation is done downsteram the fire, also 

  * gas temperature is considered. 

  *  

  * Evaluation of the delta temperature rise is done based on  

  * Eq. 5.3 in (Ingason, Bergqvist, Lönnermark, Frantzich and  

  * Hasselrot, 2005). */ 

 public double getFireFighterBodyTemperatureRise(int t, double x) { 

  double f = 1.3; 

  double A = 1.85; 

  double iRad = this.getRadiationFromFire(t, x) * 1000; 

  double fEff = 0.71; 

  double rArC = 0.15; 

  double tG = this.getTavgX(t, x); 

  double tB = 37.0; 

  double rC = 0.465; 

  double M = 300.0; 

  double pS = 5940.0; 

  double pA = 700.0; 

  double rE = 75.0; 

  double m = 75.0; 

  double cP = 3480.0; 

  double deltaTime = 1.0; 

   

  double deltaTemperatureRise = 0.0; 

  if (iRad < 5000) { 



   deltaTemperatureRise = ((f * A * ((iRad * fEff * rArC) + ((tG - tB) / rC) + (M / f))) 

- (f * A * ((pS - pA) / rE))) / (m * cP * deltaTime); 

  } else { 

   deltaTemperatureRise = 2.5; 

  } 

     

  return deltaTemperatureRise; 

 } 

  

 /** Returns the current fire. */ 

 public Fire getFire() { 

  return fire; 

 } 

  

 /** Returns the current tunnel. */ 

 public Tunnel getTunnel() { 

  return tunnel; 

 } 

  

 /** Returns a string with current version number 

  * of TuFT. */ 

 public String versionText() { 

  String text = "Output generated with TuFT (v 14.10.22.1). Anyone who uses the results 

produced by TuFT does so on his/her own responsibility."; 

  return text; 

 } 

  

} 

import java.io.BufferedWriter; 

import java.io.FileWriter; 

import java.io.IOException; 

import java.util.ArrayList; 

 

/** This Java class is a part of TuFT, a decision support 

 * tool for tunnel fires. The tool was developed by Karl Fridolf 

 * and Håkan Frantzich at Lund University during 2013-2014. 

 * Among other things, the tool offers the possibility to 

 * simulate fires in tunnels, and furthermore, the effects 

 * on evacuation and rescue operation possibilities. 

 *  

 * The tool's sub models, as well as the conclusions and 

 * the results produced by the tool, have not been quality 

 * controlled, verified or validated to the extent necessary 

 * for quality assurance. TuFT must hence be used with caution.  

 * Anyone who uses the results produced by TuFT does so on  

 * his/her own responsibility */ 

public class Measures { 

 private FireEvent fireEvent; 

 private Tunnel tunnel; 

 private ArrayList<Integer> time; 

 private ArrayList<Double> positions; 

  

 public Measures (FireEvent fireEvent, int timeStart,  

   int timeEnd, ArrayList<Double> positions) { 

  this.fireEvent = fireEvent; 

  this.tunnel = fireEvent.getTunnel(); 

  this.positions = positions; 

   

  time = new ArrayList<Integer>(); 

  for (int i = timeStart; i < timeEnd + 1; i++) { 

   time.add(i);    

  } 

 } 

  

 /** Generates output file related to average gas 

  * temperature in tunnel for pre-defined positions 

  * downstream the fire for every s of the  

  * fire development. */ 

 public void printTempToFile() { 

  String fileName = "tunnelTemp.txt"; 

  double temp = 0.0; 

   



  try { 

   FileWriter fileWriter = new FileWriter(fileName); 

   BufferedWriter bufferedWriter = new BufferedWriter(fileWriter); 

 

   bufferedWriter.write(fireEvent.versionText()); 

   bufferedWriter.newLine(); 

   bufferedWriter.newLine(); 

    

   bufferedWriter.write("TIME"); 

   for (int i = 0; i < positions.size(); i++) { 

    bufferedWriter.write(","); 

    bufferedWriter.write("x = "); 

    bufferedWriter.write(Double.toString(positions.get(i))); 

    bufferedWriter.write(" m"); 

   } 

   for (int i = 0; i < time.size(); i++) { 

    bufferedWriter.newLine(); 

    bufferedWriter.write(Integer.toString(time.get(i))); 

    for (int j = 0; j < positions.size(); j++) { 

     bufferedWriter.write(","); 

     temp = fireEvent.getTavgX(i, positions.get(j)); 

     if (temp == -1.0) { 

      bufferedWriter.write(Double.toString(tunnel.getTemp() - 273.0)); 

     } else { 

      bufferedWriter.write(Double.toString(temp)); 

     } 

    } 

   }       

   bufferedWriter.close(); 

  } 

 

  catch (IOException ex) { 

            System.out.println( 

                "Error writing to file '" 

                + fileName + "'"); 

  } 

 } 

 

 /** Generates output file related to average gas 

  * mole fractions in tunnel for pre-defined positions 

  * downstream the fire for every s of the  

  * fire development. */ 

 public void printGasToFile() { 

  String fileName = "tunnelGasMoleFraction.txt"; 

  double temp = 0.0; 

   

  try { 

   FileWriter fileWriter = new FileWriter(fileName); 

   BufferedWriter bufferedWriter = new BufferedWriter(fileWriter); 

 

   bufferedWriter.write(fireEvent.versionText()); 

   bufferedWriter.newLine(); 

   bufferedWriter.newLine(); 

    

   bufferedWriter.write("TIME"); 

   for (int i = 0; i < positions.size(); i++) { 

    bufferedWriter.write(","); 

    bufferedWriter.write("X_CO2 | x = "); 

    bufferedWriter.write(Double.toString(positions.get(i))); 

    bufferedWriter.write(" m"); 

    bufferedWriter.write(","); 

    bufferedWriter.write("X_CO | x = "); 

    bufferedWriter.write(Double.toString(positions.get(i))); 

    bufferedWriter.write(" m"); 

    bufferedWriter.write(","); 

    bufferedWriter.write("X_O2 | x = "); 

    bufferedWriter.write(Double.toString(positions.get(i))); 

    bufferedWriter.write(" m"); 

    bufferedWriter.write(","); 

    bufferedWriter.write("X_HCN | x = "); 

    bufferedWriter.write(Double.toString(positions.get(i))); 

    bufferedWriter.write(" m"); 

   } 

   for (int i = 0; i < time.size(); i++) { 

    bufferedWriter.newLine(); 

    bufferedWriter.write(Integer.toString(time.get(i))); 

    for (int j = 0; j < positions.size(); j++) { 

     bufferedWriter.write(","); 

     temp = fireEvent.getMoleFractionCO2(i, positions.get(j)); 



     if (temp == -1.0) { 

      bufferedWriter.write(""); 

     } else { 

      bufferedWriter.write(Double.toString(temp)); 

     } 

     bufferedWriter.write(","); 

     temp = fireEvent.getMoleFractionCO(i, positions.get(j)); 

     if (temp == -1.0) { 

      bufferedWriter.write(""); 

     } else { 

      bufferedWriter.write(Double.toString(temp)); 

     } 

     bufferedWriter.write(","); 

     temp = fireEvent.getMoleFractionO2(i, positions.get(j)); 

     if (temp == -1.0) { 

      bufferedWriter.write(""); 

     } else { 

      bufferedWriter.write(Double.toString(temp)); 

     } 

     bufferedWriter.write(","); 

     temp = fireEvent.getMoleFractionHCN(i, positions.get(j)); 

     if (temp == -1.0) { 

      bufferedWriter.write(""); 

     } else { 

      bufferedWriter.write(Double.toString(temp)); 

     } 

    } 

   }       

   bufferedWriter.close(); 

  } 

 

  catch (IOException ex) { 

            System.out.println( 

                "Error writing to file '" 

                + fileName + "'"); 

  } 

   

 } 

  

 /** Generates output file related to average extinction 

  * coefficient in tunnel for pre-defined positions 

  * downstream the fire for every s of the  

  * fire development. */ 

 public void printExtinctionCoeffToFile() { 

  String fileName = "tunnelExtinction.txt"; 

  double temp = 0.0; 

   

  try { 

   FileWriter fileWriter = new FileWriter(fileName); 

   BufferedWriter bufferedWriter = new BufferedWriter(fileWriter); 

 

   bufferedWriter.write(fireEvent.versionText()); 

   bufferedWriter.newLine(); 

   bufferedWriter.newLine(); 

    

   bufferedWriter.write("TIME"); 

   for (int i = 0; i < positions.size(); i++) { 

    bufferedWriter.write(","); 

    bufferedWriter.write("x = "); 

    bufferedWriter.write(Double.toString(positions.get(i))); 

    bufferedWriter.write(" m"); 

   } 

   for (int i = 0; i < time.size(); i++) { 

    bufferedWriter.newLine(); 

    bufferedWriter.write(Integer.toString(time.get(i))); 

    for (int j = 0; j < positions.size(); j++) { 

     bufferedWriter.write(","); 

     temp = fireEvent.getExtinctionCoefficient(i, positions.get(j)); 

     if (temp == -2.0) { 

      bufferedWriter.write(" "); 

     } else { 

      bufferedWriter.write(Double.toString(temp)); 

     } 

    } 

   }       

   bufferedWriter.close(); 

  } 

 

  catch (IOException ex) { 



            System.out.println( 

                "Error writing to file '" 

                + fileName + "'"); 

  } 

 } 

  

 /** Generates output file related to average  

  * visibility in tunnel for pre-defined positions 

  * downstream the fire for every s of the  

  * fire development. */ 

 public void printVisibilityToFile() { 

  String fileName = "tunnelVisibility.txt"; 

  double temp = 0.0; 

   

  try { 

   FileWriter fileWriter = new FileWriter(fileName); 

   BufferedWriter bufferedWriter = new BufferedWriter(fileWriter); 

 

   bufferedWriter.write(fireEvent.versionText()); 

   bufferedWriter.newLine(); 

   bufferedWriter.newLine(); 

    

   bufferedWriter.write("TIME"); 

   for (int i = 0; i < positions.size(); i++) { 

    bufferedWriter.write(","); 

    bufferedWriter.write("x = "); 

    bufferedWriter.write(Double.toString(positions.get(i))); 

    bufferedWriter.write(" m"); 

   } 

   for (int i = 0; i < time.size(); i++) { 

    bufferedWriter.newLine(); 

    bufferedWriter.write(Integer.toString(time.get(i))); 

    for (int j = 0; j < positions.size(); j++) { 

     bufferedWriter.write(","); 

     temp = fireEvent.getVisibility(i, positions.get(j)); 

     if (temp == -1.0) { 

      bufferedWriter.write(" "); 

     } else { 

      bufferedWriter.write(Double.toString(temp)); 

     } 

    } 

   }       

   bufferedWriter.close(); 

  } 

 

  catch (IOException ex) { 

            System.out.println( 

                "Error writing to file '" 

                + fileName + "'"); 

  } 

 } 

  

 /** Generates output file related to average heat 

  * transfer in tunnel for pre-defined positions 

  * downstream the fire for every s of the  

  * fire development. */ 

 public void printHeatTransferToFile() { 

  String fileName = "tunnelHeatTransfer.txt"; 

  double temp = 0.0; 

   

  try { 

   FileWriter fileWriter = new FileWriter(fileName); 

   BufferedWriter bufferedWriter = new BufferedWriter(fileWriter); 

 

   bufferedWriter.write(fireEvent.versionText()); 

   bufferedWriter.newLine(); 

   bufferedWriter.newLine(); 

    

   bufferedWriter.write("TIME"); 

   for (int i = 0; i < positions.size(); i++) { 

    bufferedWriter.write(","); 

    bufferedWriter.write("x = "); 

    bufferedWriter.write(Double.toString(positions.get(i))); 

    bufferedWriter.write(" m"); 

   } 

   for (int i = 0; i < time.size(); i++) { 

    bufferedWriter.newLine(); 

    bufferedWriter.write(Integer.toString(time.get(i))); 

    for (int j = 0; j < positions.size(); j++) { 



     bufferedWriter.write(","); 

     temp = fireEvent.getHeatTransport(i, positions.get(j)); 

     bufferedWriter.write(Double.toString(temp)); 

    } 

   }       

   bufferedWriter.close(); 

  } 

 

  catch (IOException ex) { 

            System.out.println( 

                "Error writing to file '" 

                + fileName + "'"); 

  } 

 } 

  

 /** Generates output file related to average radiation 

  * flux in tunnel for pre-defined positions 

  * downstream the fire for every s of the  

  * fire development. */ 

 public void printFireRadiationToFile() { 

  String fileName = "tunnelFireRadiation.txt"; 

  double temp = 0.0; 

   

  try { 

   FileWriter fileWriter = new FileWriter(fileName); 

   BufferedWriter bufferedWriter = new BufferedWriter(fileWriter); 

 

   bufferedWriter.write(fireEvent.versionText()); 

   bufferedWriter.newLine(); 

   bufferedWriter.newLine(); 

    

   bufferedWriter.write("TIME"); 

   for (int i = 0; i < positions.size(); i++) { 

    bufferedWriter.write(","); 

    bufferedWriter.write("x = "); 

    bufferedWriter.write(Double.toString(positions.get(i))); 

    bufferedWriter.write(" m"); 

   } 

   for (int i = 0; i < time.size(); i++) { 

    bufferedWriter.newLine(); 

    bufferedWriter.write(Integer.toString(time.get(i))); 

    for (int j = 0; j < positions.size(); j++) { 

     bufferedWriter.write(","); 

     temp = fireEvent.getRadiationFromFire(i, positions.get(j)) / 1000.0; 

     bufferedWriter.write(Double.toString(temp)); 

    } 

   }       

   bufferedWriter.close(); 

  } 

 

  catch (IOException ex) { 

            System.out.println( 

                "Error writing to file '" 

                + fileName + "'"); 

  } 

 } 

  

 /** Generates output file related to average backlayering 

  * distance in tunnel for every s of the  

  * fire development. */ 

 public void printBackLayeringDistance() { 

  String fileName = "tunnelBacklayeringDistance.txt"; 

  double temp = 0.0; 

   

  try { 

   FileWriter fileWriter = new FileWriter(fileName); 

   BufferedWriter bufferedWriter = new BufferedWriter(fileWriter); 

 

   bufferedWriter.write(fireEvent.versionText()); 

   bufferedWriter.newLine(); 

   bufferedWriter.newLine(); 

    

   bufferedWriter.write("TIME"); 

   bufferedWriter.write(","); 

   bufferedWriter.write("DISTANCE [m]"); 

   for (int i = 0; i < time.size(); i++) { 

    bufferedWriter.newLine(); 

    bufferedWriter.write(Integer.toString(time.get(i))); 

    bufferedWriter.write(","); 



    temp = fireEvent.getBackLayeringLength(i); 

    bufferedWriter.write(Double.toString(temp)); 

   }       

   bufferedWriter.close(); 

  } 

 

  catch (IOException ex) { 

            System.out.println( 

                "Error writing to file '" 

                + fileName + "'"); 

  } 

 } 

 

} 

import java.util.ArrayList; 

import java.util.Random; 

 

/** This Java class is a part of TuFT, a decision support 

 * tool for tunnel fires. The tool was developed by Karl Fridolf 

 * and Håkan Frantzich at Lund University during 2013-2014. 

 * Among other things, the tool offers the possibility to 

 * simulate fires in tunnels, and furthermore, the effects 

 * on evacuation and rescue operation possibilities. 

 *  

 * The tool's sub models, as well as the conclusions and 

 * the results produced by the tool, have not been quality 

 * controlled, verified or validated to the extent necessary 

 * for quality assurance. TuFT must hence be used with caution.  

 * Anyone who uses the results produced by TuFT does so on  

 * his/her own responsibility */ 

public class Person { 

 private FireEvent fireEvent; 

 private double startPos; 

 private ArrayList<Double> position; 

 private ArrayList<Double> fedAsphyxia; 

 private double sumFedAsphyxia; 

 private ArrayList<Double> fedHeat; 

 private double sumFedHeat; 

 private ArrayList<Double> fldHeat; 

 private double sumFldHeat; 

 private int responseTime; 

 private int recognitionTime; 

 private int timeToLeaveVehicle; //Give for road tunnel, leave to 0 for train tunnel. 

 private boolean towardsTunnelExit; 

 private double safePosition; 

 private ArrayList<Double> movementSpeed; 

 private boolean incapacitated; 

 private boolean dead; 

 private boolean chooseEmergencyExit; 

 private boolean deterministic; 

 private ArrayList<Double> temperatures; 

 private ArrayList<Double> visibilities; 

 private ArrayList<Double> gasConcentrationsCo; 

 private ArrayList<Double> gasConcentrationsCo2; 

 private ArrayList<Double> gasConcentrationsHcn; 

 private ArrayList<Double> gasConcentrationsO2; 

  

 /** Creates a person with a start position startPos in  

  * the in a tunnel Tunnel (0 < startPos < tunnel length). 

  * The person has a pre-defined recognition time as well 

  * as a response time specified in s. Time to leave vehicle 

  * is independent of recognition and response times (a person 

  * may exit his/her vehicle before deciding to evacuate). 

  * If the person is supposed to evacuate through the  

  * nearest emergency exit (always away from the fire),  

  * chooseEmergencyExit is true, else false.  

  * The person is evacuating in a tunnel fire 

  * event fireEvent. 

  *  

  *  Modelling of movement speed is done deterministic or 

  *  probabilistic according to Fridolf et al. (2014)  

  *  (doi: 10.1002/fam.2217) Table 2 and Figure 7, depending 



  *  on if determinstic is true or false (= probabilistic). */ 

 public Person(double startPos, int recognitionTime, 

   int responseTime, int timeToLeaveVehicle, 

   boolean chooseEmergencyExit, boolean deterministic,  

   Tunnel tunnel, FireEvent fireEvent) { 

  this.startPos = startPos; 

  this.recognitionTime = recognitionTime; 

  this.responseTime = responseTime; 

  this.timeToLeaveVehicle = timeToLeaveVehicle; 

  this.chooseEmergencyExit = chooseEmergencyExit; 

  this.deterministic = deterministic; 

  this.fireEvent = fireEvent; 

  position = new ArrayList<Double>(); 

  position.add(0, startPos); 

  fedAsphyxia = new ArrayList<Double>(); 

  fedAsphyxia.add(0, 0.0); 

  fedHeat = new ArrayList<Double>(); 

  fedHeat.add(0, 0.0); 

  fldHeat = new ArrayList<Double>(); 

  fldHeat.add(0, 0.0); 

  incapacitated = false; 

  dead = false; 

  movementSpeed = new ArrayList<Double>(); 

   

  temperatures = new ArrayList<Double>(); 

  temperatures.add(0, tunnel.getTemp() - 273.0); 

  visibilities = new ArrayList<Double>(); 

  visibilities.add(0, Double.POSITIVE_INFINITY); 

  gasConcentrationsCo = new ArrayList<Double>(); 

  gasConcentrationsCo.add(0, 0.0); 

  gasConcentrationsCo2 = new ArrayList<Double>(); 

  gasConcentrationsCo2.add(0, 0.0); 

  gasConcentrationsHcn = new ArrayList<Double>(); 

  gasConcentrationsHcn.add(0, 0.0); 

  gasConcentrationsO2 = new ArrayList<Double>();  

  gasConcentrationsO2.add(0, 0.2095); 

   

  // DETERMINES MOVEMENT SPEED // 

  if (deterministic) { 

   movementSpeed.add(1.3); 

   movementSpeed.add(1.0); 

   movementSpeed.add(0.8); 

   movementSpeed.add(0.7); 

   movementSpeed.add(0.55); 

   movementSpeed.add(0.3); 

   movementSpeed.add(0.2); 

  } else { 

   Random rand = new Random(); 

   double t = rand.nextGaussian(); 

   movementSpeed.add((t * 0.1) + 1.3); 

   movementSpeed.add((t * 0.11) + 1.02); 

   movementSpeed.add((t * 0.26) + 1.00); 

   movementSpeed.add((t * 0.18) + 0.83); 

   movementSpeed.add((t * 0.27) + 0.78); 

   movementSpeed.add((t * 0.17) + 0.42); 

   movementSpeed.add((t * 0.1) + 0.2); 

  } 

   

  // DETERMINES SAFE LOCATION // 

  if (chooseEmergencyExit) { 

   if (startPos > fireEvent.getDistanceFromEntrance()) { 

    safePosition = tunnel.getLength(); 

    towardsTunnelExit = true; 

    for (int i = 0; i < tunnel.getEmergencyExits().size(); i++) { 

     if (tunnel.getEmergencyExits().get(i) >  

     fireEvent.getDistanceFromEntrance()) { 

      if (tunnel.getEmergencyExits().get(i) > startPos) { 

       if (tunnel.getEmergencyExits().get(i) <  

         tunnel.getLength()) { 

        if (Math.abs(startPos - 

tunnel.getEmergencyExits().get(i)) <  

          Math.abs(startPos - safePosition)) { 

         safePosition = tunnel.getEmergencyExits().get(i); 

        } 

       } 

      } 

     } 

    } 

   } else if (startPos < fireEvent.getDistanceFromEntrance()) { 



    safePosition = 0.0; 

    towardsTunnelExit = false; 

    for (int i = 0; i < tunnel.getEmergencyExits().size(); i++) { 

     if (tunnel.getEmergencyExits().get(i) <  

       fireEvent.getDistanceFromEntrance()) { 

      if (tunnel.getEmergencyExits().get(i) < startPos) { 

       if (tunnel.getEmergencyExits().get(i) > 0.0) { 

        if (Math.abs(startPos - 

tunnel.getEmergencyExits().get(i)) <  

          Math.abs(startPos - safePosition)) { 

         safePosition = tunnel.getEmergencyExits().get(i); 

        } 

       } 

      } 

     } 

    } 

   } 

  } else if (!chooseEmergencyExit) { 

   if (startPos > fireEvent.getDistanceFromEntrance()) { 

    safePosition = tunnel.getLength(); 

    towardsTunnelExit = true; 

   } else if (startPos < fireEvent.getDistanceFromEntrance()) { 

    safePosition = 0.0; 

    towardsTunnelExit = false; 

   } 

  } 

 } 

  

 /** Returns the start position in m (relative  

  * to the tunnel entrance) of the person. */ 

 public double getStartPosition() { 

  return startPos; 

 } 

  

 /** Returns array of saved average gas temperatures in °C 

  * based on the position of the evacuee for each time step 

  * of the evacuation. */ 

 public double getTemperature(int t) { 

  return temperatures.get(t); 

 } 

  

 /** Adds an average gas temperatures in °C 

  * based on the position of the evacuee for time step t s 

  * and position x m in tunnel (relative to fire). */ 

 public void addTemperature(int t, double x) { 

  temperatures.add(t, x); 

 } 

  

 /** Returns array of saved average visibilities in m 

  * based on the position of the evacuee for each time step 

  * of the evacuation. */ 

 public double getVisibility(int t) { 

  return visibilities.get(t); 

 } 

  

 /** Adds an average visibility in m 

  * based on the position of the evacuee for time step t s 

  * and position x m in tunnel (relative to fire). */ 

 public void addVisibility(int t, double x) { 

  visibilities.add(t, x); 

 } 

  

 /** Returns array of saved average gas concentrations for CO2 in vol-% 

  * based on the position of the evacuee for each time step 

  * of the evacuation. */ 

 public double getConcentrationCo2(int t) { 

  return gasConcentrationsCo2.get(t); 

 } 

  

 /** Adds an average gas concentration of CO2 in vol-% 

  * based on the position of the evacuee for time step t s 

  * and position x m in tunnel (relative to fire). */ 

 public void addConcentrationCo2(int t, double x) { 

  gasConcentrationsCo2.add(t, x); 

 } 

  

 /** Returns array of saved average gas concentrations for CO in vol-% 

  * based on the position of the evacuee for each time step 

  * of the evacuation. */ 



 public double getConcentrationCo(int t) { 

  return gasConcentrationsCo.get(t); 

 } 

  

 /** Adds an average gas concentration of CO in vol-% 

  * based on the position of the evacuee for time step t s 

  * and position x m in tunnel (relative to fire). */ 

 public void addConcentrationCo(int t, double x) { 

  gasConcentrationsCo.add(t, x); 

 } 

  

 /** Returns array of saved average gas concentrations for HCN in vol-% 

  * based on the position of the evacuee for each time step 

  * of the evacuation. */ 

 public double getConcentrationHcn(int t) { 

  return gasConcentrationsHcn.get(t); 

 } 

  

 /** Adds an average gas concentration of HCN in vol-% 

  * based on the position of the evacuee for time step t s 

  * and position x m in tunnel (relative to fire). */ 

 public void addConcentrationHcn(int t, double x) { 

  gasConcentrationsHcn.add(t, x); 

 } 

  

 /** Returns array of saved average gas concentrations for O2 in vol-% 

  * based on the position of the evacuee for each time step 

  * of the evacuation. */ 

 public double getConcentrationO2(int t) { 

  return gasConcentrationsO2.get(t); 

 } 

  

 /** Adds an average gas concentration of O2 in vol-% 

  * based on the position of the evacuee for time step t s 

  * and position x m in tunnel (relative to fire). */ 

 public void addConcentrationO2(int t, double x) { 

  gasConcentrationsO2.add(t, x); 

 } 

  

 /** Returns the position in m (relative  

  * to the tunnel entrance) of the person at a 

  * defined time in s. */ 

 public double getPosition(int t) { 

  return position.get(t); 

 } 

  

 /** Returns the latest position in m (relative  

  * to the tunnel entrance) of the person. */ 

 public double getLastPosition() { 

  return position.get(position.size() - 1); 

 } 

  

 /** Adds a position x in m (relative to the 

  * tunnel entrance) at a time t in s. */ 

 public void addPosition(int t, double x) { 

  position.add(t, x); 

 } 

  

 /** Adds a fraction of an incapacitating dose 

  * of all asphyxiant gases at a time in s. The  

  * calculation must be performed in a main method, 

  * as this operation only adds the value. */  

 public void addFedAsphyxia(int t, double fed) { 

  fedAsphyxia.add(t, fed); 

 } 

  

 /** Returns the fraction of an incapacitating dose  

  * of all asphyxiant gases at a time in s. */ 

 public double getFedAsphyxia(int t) { 

  return fedAsphyxia.get(t); 

 } 

  

 /** Returns the accumulated fraction of an  

  * incapacitating dose of all asphyxiant gases  

  * at a time in s. */ 

 public double getAccumulatedFedAsphyxia(int t) { 

  double tempSum = 0.0; 

  for(int i = 0; i < (t + 1); i++) { 

   tempSum += fedAsphyxia.get(i); 



  } 

  return tempSum; 

 } 

  

 /** Returns the sum of all fractions of incapacitating 

  * doses related to asphyxiant gases. */ 

 public double getSumFedAsphyxia() { 

  sumFedAsphyxia = 0.0; 

  for(int i = 0; i < fedAsphyxia.size(); i++) { 

   sumFedAsphyxia += fedAsphyxia.get(i); 

  } 

  return sumFedAsphyxia; 

 } 

  

 /** Adds a fraction of an incapacitating dose 

  * of heat at a time in s. The calculation must be  

  * performed in a main method,as this operation  

  * only adds the value. */  

 public void addFIDHeat(int t, double fed) { 

  fedHeat.add(t, fed); 

 } 

  

 /** Returns the fraction of an incapacitating dose  

  * of heat at a time in s. */ 

 public double getFIDHeat(int t) { 

  return fedHeat.get(t); 

 } 

  

 /** Returns the accumulated fraction of an  

  * incapacitating dose heat at a time in s. */ 

 public double getAccumulatedFIDHeat(int t) { 

  double tempSum = 0.0; 

  for(int i = 0; i < (t + 1); i++) { 

   tempSum += fedHeat.get(i); 

  } 

  return tempSum; 

 } 

  

 /** Returns the sum of all fractions of incapacitating 

  * doses related to heat. */ 

 public double getSumFIDHeat() { 

  sumFedHeat = 0.0; 

  for(int i = 0; i < fedHeat.size(); i++) { 

   sumFedHeat += fedHeat.get(i); 

  } 

  return sumFedHeat; 

 } 

  

 /** Adds a fraction of a lethal dose 

  * of heat at a time in s. The calculation must be  

  * performed in a main method,as this operation  

  * only adds the value. */  

 public void addFLDHeat(int t, double fed) { 

  fldHeat.add(t, fed); 

 } 

  

 /** Returns the fraction of a lethal dose  

  * of heat at a time in s. */ 

 public double getFLDHeat(int t) { 

  return fldHeat.get(t); 

 } 

  

 /** Returns the accumulated fraction of a lethal 

  * dose heat at a time in s. */ 

 public double getAccumulatedFLDHeat(int t) { 

  double tempSum = 0.0; 

  for(int i = 0; i < (t + 1); i++) { 

   tempSum += fldHeat.get(i); 

  } 

  return tempSum; 

 } 

  

 /** Returns the sum of all fractions of lethal 

  * doses related to heat. */ 

 public double getSumFLDHeat() { 

  sumFldHeat = 0.0; 

  for(int i = 0; i < fldHeat.size(); i++) { 

   sumFldHeat += fldHeat.get(i); 

  } 



  return sumFldHeat; 

 } 

  

 /** Returns the person's recognition time in s. */ 

 public int getRecognitionTime() { 

  return recognitionTime; 

 } 

  

 /** Returns the person's response time in s. */ 

 public int getResponseTime() { 

  return responseTime; 

 } 

  

 /** Returns the movement speed in m/s of the person for a 

  * the given visibility condition. Input is time in s 

  * and the position x of the person relative to the fire 

  * in m. Thus, note that it is not the actual position of 

  * the person but the relative position compared to the  

  * fire. */ 

 public double getMovementSpeed(int t, double x) { 

  double visibility = fireEvent.getVisibility(t, x); 

  double movementSpeedTemp = 0.0; 

  if (visibility >= 5.0 || visibility == -1.0) { 

   movementSpeedTemp = movementSpeed.get(0); 

  } else if (visibility < 5.0 && visibility >= 2.0) { 

   movementSpeedTemp = movementSpeed.get(1); 

  } else if (visibility < 2.0 && visibility >= 1.39) { 

   movementSpeedTemp = movementSpeed.get(2); 

  } else if (visibility < 1.39 && visibility >= 1.11) { 

   movementSpeedTemp = movementSpeed.get(3); 

  } else if (visibility < 1.11 && visibility >= 0.83) { 

   movementSpeedTemp = movementSpeed.get(4); 

  } else if (visibility < 0.83 && visibility >= 0.55) { 

   movementSpeedTemp = movementSpeed.get(5); 

  } else if (visibility < 0.55 && visibility > 0) { 

   movementSpeedTemp = movementSpeed.get(6); 

  } 

  return movementSpeedTemp; 

 } 

  

 /** Returns the unimpeded movement speed in m/s 

  * of the person. */ 

 public double getUnimpededMovementSpeed() { 

  return movementSpeed.get(0); 

 } 

  

 /** Returns the evacuation direction of the person. If 

  * true, the person is evacuating towards the tunnel exit,  

  * and if false, the person is evacuating towards the tunnel 

  * entrance. Note, the person can still be headed for an  

  * emergency exit, but direction is always defined in relation 

  * to the tunnel entrance or the tunnel exit. */ 

 public boolean evacuationToTunnelExit() { 

  return towardsTunnelExit; 

 } 

  

 /** Returns the nearest safe position, either the closest 

  * emergency exit (away from the fire) or the tunnel  

  * entrance/exit.*/ 

 public double getSafePosition() { 

  return safePosition; 

 } 

  

 /** Returns an answer to whether the person is downstream 

  * (true) or upstream (false) the fire. */ 

 public boolean isPersonDownstreamFire() { 

  boolean isPersonDownstreamFireTemp; 

  if (((startPos > fireEvent.getDistanceFromEntrance()) &&  

    fireEvent.getWindDirection()) || 

    ((startPos < fireEvent.getDistanceFromEntrance()) &&  

      !fireEvent.getWindDirection())) { 

   isPersonDownstreamFireTemp = true; 

  } else { 

   isPersonDownstreamFireTemp = false; 

  } 

  return isPersonDownstreamFireTemp; 

 } 

 

 /** Is person incapacitated? If true, the answer is yes.  



  * If false, the answer is no. A person is defined  

  * incapacitated if any FID-value related to 

  * asphyxiants and heat is >= 1.0. 

  *  

  * Assumption is based on text in Section 2,  

  * Chapter 6 of SFPE handbook (4th Ed.), see for example 

  * discussion on p. 2-148 among others. */ 

 public boolean isIncapacitated() { 

  if (getSumFedAsphyxia() < 1.0 &&  

    getSumFIDHeat() < 1.0) { 

   incapacitated = false; 

  } else { 

   incapacitated = true; 

  } 

  return incapacitated; 

 } 

  

 /** Is person dead? If true, the answer is yes. If false,  

  * the answer is no. A person is defined  

  * dead if any FID-value related to 

  * asphyxiants and heat is >= 2.0. 

  *  

  * Assumption is based on text in Section 2,  

  * Chapter 6 of SFPE handbook (4th Ed.), see for example 

  * discussion on p. 2-148 among others. */ 

 public boolean isDead() { 

  if (getSumFedAsphyxia() < 2.0 && getSumFLDHeat() < 1.0) { 

   dead = false; 

  } else { 

   dead = true; 

  } 

  return dead; 

 } 

  

 /** Did person succesfully evacuate the tunnel? 

  * If true, the answer is yes (the person 

  * managed to evacuate). If false, the answer is no, and 

  * the person has not yet reached a safe position. */ 

 public boolean isEvacuated() { 

  boolean isEvacuated; 

  if (towardsTunnelExit) { 

   if (this.getLastPosition() < safePosition) { 

    isEvacuated = false; 

   } else { 

    isEvacuated = true; 

   } 

  } else { 

   if (this.getLastPosition() > safePosition) { 

    isEvacuated = false; 

   } else { 

    isEvacuated = true; 

   } 

  }  

  return isEvacuated; 

 } 

 

 /** Returns the time in s until the simulation ended for this 

  * person. It could either be the time to death, or the 

  * time it took the person to reach a safe position (however, 

  * note that this function doesn't gives the reason, only the 

  * time in s).*/ 

 public int timeToTheEnd() { 

  return position.size() - 1; 

 } 

  

 /** Returns the array of defined movement speeds for the 

  * person */ 

 public ArrayList<Double> getMovementSpeedTotal() { 

  return movementSpeed; 

 } 

  

 /** Returns exit preference of the evacuee. */ 

 public boolean getExitPreference() { 

  return chooseEmergencyExit; 

 } 

  

 /** Returns walking speed calculation method 

  * of the evacuee. */ 

 public boolean getDeterministic() { 



  return deterministic; 

 } 

  

 /** Returns the person's time to leave vehicle in s. */ 

 public int getTimeToLeaveVehicle() { 

  return timeToLeaveVehicle; 

 } 

 

} 

 

import java.util.ArrayList; 

import java.util.Random; 

 

/** This Java class is a part of TuFT, a decision support 

 * tool for tunnel fires. The tool was developed by Karl Fridolf 

 * and Håkan Frantzich at Lund University during 2013-2014. 

 * Among other things, the tool offers the possibility to 

 * simulate fires in tunnels, and furthermore, the effects 

 * on evacuation and rescue operation possibilities. 

 *  

 * The tool's sub models, as well as the conclusions and 

 * the results produced by the tool, have not been quality 

 * controlled, verified or validated to the extent necessary 

 * for quality assurance. TuFT must hence be used with caution.  

 * Anyone who uses the results produced by TuFT does so on  

 * his/her own responsibility */ 

public class Group { 

 private int count; 

 private double startPosIntervalFrom;  

 private double startPosIntervalTo;  

 private int recognitionTimeIntervalFrom;  

 private int recognitionTimeIntervalTo; 

 private int responseTimeIntervalFrom;  

 private int responseTimeIntervalTo; 

 private int timeToLeaveVehicleIntervalFrom; 

 private int timeToLeaveVehicleIntervalTo; 

 private boolean chooseEmergencyExit;  

 private boolean deterministic; 

 private Tunnel tunnel;  

 private FireEvent fireEvent; 

 private ArrayList<Person> people;  

  

 /** Creates a group (array) of count number of people in 

  * the tunnel Tunnel interval measured from startPosIntervalFrom 

  * to startPosIntervalTo. People are randomly (uniform) 

  * distributed within the interval. 

  *  

  * Recognition and response times are also randomly 

  * (uniform) distributed within the defined intervals 

  * for respectively parameter. 

  *  

  * chooseEmergencyExit determines whether or not the group 

  * of people will use emergency exits or not (if available). 

  *  

  * Modelling of movement speed is done deterministic or 

  * probabilistic according to Fridolf et al. (2014)  

  * (doi: 10.1002/fam.2217) Table 2 and Figure 7, depending 

  * on if determinstic is true or false (= probabilistic). Values 

  * are assigned to each person individually. */ 

 public Group(int count, double startPosIntervalFrom,  

   double startPosIntervalTo, int recognitionTimeIntervalFrom,  

   int recognitionTimeIntervalTo, int responseTimeIntervalFrom,  

   int responseTimeIntervalTo, int timeToLeaveVehicleIntervalFrom, 

   int timeToLeaveVehicleIntervalTo, boolean chooseEmergencyExit,  

   boolean deterministic, Tunnel tunnel, FireEvent fireEvent) { 

  this.count = count; 

  this.startPosIntervalFrom = startPosIntervalFrom; 

  this.startPosIntervalTo = startPosIntervalTo; 

  this.recognitionTimeIntervalFrom = recognitionTimeIntervalFrom; 

  this.recognitionTimeIntervalTo = recognitionTimeIntervalTo; 

  this.responseTimeIntervalFrom =  responseTimeIntervalFrom; 

  this.responseTimeIntervalTo = responseTimeIntervalTo; 



  this.timeToLeaveVehicleIntervalFrom = timeToLeaveVehicleIntervalFrom; 

  this.timeToLeaveVehicleIntervalTo = timeToLeaveVehicleIntervalTo; 

  this.chooseEmergencyExit = chooseEmergencyExit; 

  this.deterministic = deterministic; 

  this.tunnel = tunnel; 

  this.fireEvent = fireEvent; 

     

  people = new ArrayList<Person>(); 

  Random rand = new Random(); 

   

  for (int i = 0; i < count; i++) { 

   double t = rand.nextDouble(); 

   double personPosition = (startPosIntervalFrom * (1 - t)) +  

     (startPosIntervalTo * t); 

   double u = rand.nextDouble(); 

   double recognitionTime = (recognitionTimeIntervalFrom * (1 - u)) +  

     (recognitionTimeIntervalTo * u); 

   double v = rand.nextDouble(); 

   double responseTime = (responseTimeIntervalFrom * (1 - v)) +  

     (responseTimeIntervalTo * v); 

   double w = rand.nextDouble(); 

   double timeToLeaveVehicle = (timeToLeaveVehicleIntervalFrom * (1 - w)) +  

     (timeToLeaveVehicleIntervalTo * w); 

   if (timeToLeaveVehicle > (recognitionTime + responseTime)) { 

    timeToLeaveVehicle = recognitionTime + responseTime; 

   } 

    

   people.add(new Person(personPosition,  

     (int) Math.round(recognitionTime),  

     (int) Math.round(responseTime), 

     (int) Math.round(timeToLeaveVehicle), 

     chooseEmergencyExit, deterministic,  

     tunnel, fireEvent)); 

  } 

 } 

  

 /** Returns the number of individuals in the group. */ 

 public int getCount() { 

  return count; 

 } 

  

 /** Returns first value of start position interval for the group (m). */ 

 public double getStartPosIntervalFrom() { 

  return startPosIntervalFrom; 

 } 

  

 /** Returns last value of start position interval for the group (m). */ 

 public double getStartPosIntervalTo() { 

  return startPosIntervalTo; 

 } 

  

 /** Returns first value of recognition time interval for the group (s). */ 

 public int getRecognitionTimeIntervalFrom() { 

  return recognitionTimeIntervalFrom; 

 } 

  

 /** Returns last value of recognition time interval for the group (s). */ 

 public int getRecognitionTimeIntervalTo() { 

  return recognitionTimeIntervalTo; 

 } 

  

 /** Returns first value of response time interval for the group (s). */ 

 public int getResponseTimeIntervalFrom() { 

  return responseTimeIntervalFrom; 

 } 

  

 /** Returns last value of response time interval for the group (s). */ 

 public int getResponseTimeIntervalTo() { 

  return responseTimeIntervalTo; 

 } 

  

 /** Returns first value of time to leave vehicle interval for the group (s). */ 

 public int getTimeToLeaveVechicleFrom() { 

  return timeToLeaveVehicleIntervalFrom; 

 } 

  

 /** Returns last value of time to leave vehicle interval for the group (s). */ 

 public int getTimeToLeaveVechicleTo() { 

  return timeToLeaveVehicleIntervalTo; 



 } 

  

  

 /** Returns exit choice preference for the individuals of the group. */ 

 public boolean getChooseEmergencyExit() { 

  return chooseEmergencyExit; 

 } 

  

 /** Returns walking speed calculation method for the indiviudals of the group. */ 

 public boolean getDeterministic() { 

  return deterministic; 

 } 

 

 /** Returns current tunnel. */ 

 public Tunnel getTunnel() { 

  return tunnel; 

 } 

  

 /** Returns current fire event. */ 

 public FireEvent getFireEvent() { 

  return fireEvent; 

 } 

  

 /** Returns the array of persons. */ 

 public ArrayList<Person> getPeople() { 

  return people; 

 } 

 

} 

 

import java.util.ArrayList; 

 

/** This Java class is a part of TuFT, a decision support 

 * tool for tunnel fires. The tool was developed by Karl Fridolf 

 * and Håkan Frantzich at Lund University during 2013-2014. 

 * Among other things, the tool offers the possibility to 

 * simulate fires in tunnels, and furthermore, the effects 

 * on evacuation and rescue operation possibilities. 

 *  

 * The tool's sub models, as well as the conclusions and 

 * the results produced by the tool, have not been quality 

 * controlled, verified or validated to the extent necessary 

 * for quality assurance. TuFT must hence be used with caution.  

 * Anyone who uses the results produced by TuFT does so on  

 * his/her own responsibility */ 

public class Train { 

 private double position; 

 private double length; 

 private int numberOfExits; 

 private double exitWidth; 

 private int numberOfPassengers; 

 int recognitionTime; 

 int responseTime; 

 boolean chooseEmergencyExit; 

 boolean deterministic; 

 Tunnel tunnel; 

 FireEvent fireEvent; 

 private ArrayList<Double> trainExitPositions; 

 private ArrayList<Person> passengers; 

  

 /** Creates a train with one end at position x m from  

  * tunnel portal and the other end at position + length m. 

  * Number of exits determines the number of available exits from 

  * the train and is evenly distributed on one side of the train.  

  *  

  * Exit width determines how quickly the train is emptied, number 

  * of passengers the count of individuals on the train. Recognition and  

  * response times defined for all individuals. Time to exit vehicle (train) 

  * is dependent on how quickly each individual exits the train. In a train, 

  * no individuals can leave the train prior to recognition and response 

  * times over. Exit choice and walking speed calculation done 

  * with same assumptions as for individuals and defined similarly. */ 



 public Train(double position, double length, int numberOfExits,  

   double exitWidth, int numberOfPassengers, int recognitionTime,  

   int responseTime, boolean chooseEmergencyExit, boolean deterministic, 

   Tunnel tunnel, FireEvent fireEvent) { 

  this.position = position; 

  this.length = length; 

  this.numberOfExits = numberOfExits; 

  this.exitWidth = exitWidth; 

  this.numberOfPassengers = numberOfPassengers; 

  this.recognitionTime = recognitionTime; 

  this.responseTime = responseTime; 

  this.chooseEmergencyExit = chooseEmergencyExit; 

  this.deterministic = deterministic; 

  this.tunnel = tunnel; 

  this.fireEvent = fireEvent; 

   

    // Calculates positions of train exits // 

  trainExitPositions = new ArrayList<Double>(); 

  double distance = (length / (numberOfExits + 1)); 

  for (int i = 0; i < numberOfExits; i++) { 

   trainExitPositions.add(position + (distance * (double) (i + 1))); 

  } 

   

  // Creates each individual // 

  passengers = new ArrayList<Person>(); 

  int passengersPerExit = (numberOfPassengers / numberOfExits); 

  int temp = 0; 

  int j = 0; 

  double startPos = 0; 

  int cumTrainExitTime = 0; 

  for (int i = 0; i < numberOfPassengers; i++) { 

   j++; 

   startPos = trainExitPositions.get(temp); 

   cumTrainExitTime += (1 / (0.2 * exitWidth)); // Fridolf, K., Nilsson, D., & Frantzich, 

H. (2014). The Flow Rate of People during Train Evacuation in Rail Tunnels: Effects of Different Train 

Exit Configurations. Safety Science, 62(C), 515-529. doi: 10.1016/j.ssci.2013.10.008 

   passengers.add(new Person(startPos, recognitionTime,  

     (responseTime + cumTrainExitTime), (recognitionTime + responseTime + 

cumTrainExitTime),  

     chooseEmergencyExit, deterministic,  

     tunnel, fireEvent)); 

   if (j > passengersPerExit) { 

    j = 0; 

    temp++; 

    cumTrainExitTime = 0; 

   } 

  } 

 } 

  

 /** Returns position of the train (closest to entrance) in m. */ 

 public double getTrainPosition() { 

  return position; 

 } 

  

 /** Returns length of train in m. */ 

 public double getTrainLength() { 

  return length; 

 } 

  

 /** Returns no of train exits. */ 

 public int getNumberOfTrainExits() { 

  return numberOfExits; 

 } 

  

 /** Returns width of train exits. */ 

 public double getTrainExitWidth() { 

  return exitWidth; 

 } 

  

 /** Returns no of passengers on board train. */ 

 public int getNumberOfPassengers() { 

  return numberOfPassengers; 

 } 

  

 /** Returns array including all train passengers. */ 

 public ArrayList<Person> getArrayOfPassengers() { 

  return passengers; 

 } 

  



 /** Returns passengers recognition time in s. */ 

 public int getRecognitionTime() { 

  return recognitionTime; 

 } 

  

 /** Returns passengers response time in s. */ 

 public int getResponseTime() { 

  return responseTime; 

 } 

  

 /** Returns passengers exit choice preference. */ 

 public boolean getChooseEmergencyExit() { 

  return chooseEmergencyExit; 

 } 

  

 /** Returns modelling of walking speed method. */ 

 public boolean deterministic() { 

  return deterministic; 

 } 

 

} 

import java.text.DecimalFormat; 

import java.util.ArrayList; 

import java.util.Collections; 

import java.io.*; 

 

/** This Java class is a part of TuFT, a decision support 

 * tool for tunnel fires. The tool was developed by Karl Fridolf 

 * and Håkan Frantzich at Lund University during 2013-2014. 

 * Among other things, the tool offers the possibility to 

 * simulate fires in tunnels, and furthermore, the effects 

 * on evacuation and rescue operation possibilities. 

 *  

 * The tool's sub models, as well as the conclusions and 

 * the results produced by the tool, have not been quality 

 * controlled, verified or validated to the extent necessary 

 * for quality assurance. TuFT must hence be used with caution.  

 * Anyone who uses the results produced by TuFT does so on  

 * his/her own responsibility */ 

public class EvacSim { 

 private Fire fire; 

 private FireEvent fireEvent; 

 private ArrayList<Person> persons; 

 private int preMovementTime; 

 private int timeToLeaveVehicle; 

 private boolean downstreamFire; 

 private boolean towardsTunnelExit; 

 private double tempFedAsph; 

 private double tempFIDHeat; 

 private double tempFLDHeat; 

 private double tempMovementSpeed; 

 private double tempDistance; 

 private double tempPosition; 

 private boolean tempIncapacitated; 

  

 /** Prepares evacuation simulation */ 

 public EvacSim(Fire fire, FireEvent fireEvent, ArrayList<Person> persons) { 

  this.fire = fire; 

  this.fireEvent = fireEvent; 

  this.persons = persons;   

  preMovementTime = 0; 

  timeToLeaveVehicle = 0; 

  downstreamFire = true; 

  towardsTunnelExit = true; 

  tempFedAsph = 0.0; 

  tempFIDHeat = 0.0; 

  tempFLDHeat = 0.0; 

  tempMovementSpeed = 0.0; 

  tempDistance = 0.0; 

  tempPosition = 0.0; 

  tempIncapacitated = false; 

 } 



  

 /** Performs evacuation simulation */ 

 public void performEvacSim() { 

  for (int i = 0; i < persons.size(); i++) { 

   downstreamFire = persons.get(i).isPersonDownstreamFire(); 

   towardsTunnelExit = persons.get(i).evacuationToTunnelExit(); 

   preMovementTime = persons.get(i).getRecognitionTime() + 

persons.get(i).getResponseTime(); 

   timeToLeaveVehicle = persons.get(i).getTimeToLeaveVehicle(); 

   for (int t = 1; t < fire.getTotalTime(); t++) { 

    if (downstreamFire) { 

     tempIncapacitated = persons.get(i).isIncapacitated(); 

     if (t < preMovementTime) { 

      if (t < timeToLeaveVehicle) { 

       tempPosition = persons.get(i).getPosition(t - 1); 

       persons.get(i).addPosition(t, tempPosition); 

       persons.get(i).addFedAsphyxia(t, 0.0); 

       persons.get(i).addFIDHeat(t, 0.0); 

       persons.get(i).addFLDHeat(t, 0.0); 

       if (fireEvent.getTavgX(t, 

Math.abs(fireEvent.getDistanceFromEntrance() - persons.get(i).getPosition(t))) == -1.0) { 

        persons.get(i).addTemperature(t, 

fireEvent.getTunnel().getTemp() - 273.0); 

        persons.get(i).addVisibility(t, 

Double.POSITIVE_INFINITY); 

        persons.get(i).addConcentrationCo(t, 0.0); 

        persons.get(i).addConcentrationCo2(t, 0.0);  

        persons.get(i).addConcentrationHcn(t, 0.0); 

        persons.get(i).addConcentrationO2(t, 0.2095); 

       } else { 

        persons.get(i).addTemperature(t, fireEvent.getTavgX(t, 

Math.abs(fireEvent.getDistanceFromEntrance() - persons.get(i).getPosition(t)))); 

        persons.get(i).addVisibility(t, 

fireEvent.getVisibility(t, Math.abs(fireEvent.getDistanceFromEntrance() - 

persons.get(i).getPosition(t)))); 

        persons.get(i).addConcentrationCo(t, 

fireEvent.getMoleFractionCO(t, Math.abs(fireEvent.getDistanceFromEntrance() - 

persons.get(i).getPosition(t)))); 

        persons.get(i).addConcentrationCo2(t, 

fireEvent.getMoleFractionCO2(t, Math.abs(fireEvent.getDistanceFromEntrance() - 

persons.get(i).getPosition(t))));  

        persons.get(i).addConcentrationHcn(t, 

fireEvent.getMoleFractionHCN(t, Math.abs(fireEvent.getDistanceFromEntrance() - 

persons.get(i).getPosition(t)))); 

        persons.get(i).addConcentrationO2(t, 

fireEvent.getMoleFractionO2(t, Math.abs(fireEvent.getDistanceFromEntrance() - 

persons.get(i).getPosition(t)))); 

       } 

      } 

      else { 

       tempPosition = persons.get(i).getPosition(t - 1); 

       persons.get(i).addPosition(t, tempPosition); 

       tempFedAsph = 

fireEvent.getFractionOfIncapacitationAsphyxiants(t, Math.abs(fireEvent.getDistanceFromEntrance() - 

persons.get(i).getPosition(t)), tempIncapacitated); 

       persons.get(i).addFedAsphyxia(t, tempFedAsph); 

       tempFIDHeat = 

fireEvent.getFractionOfIncapacitationHeatDownstream(t, Math.abs(fireEvent.getDistanceFromEntrance() - 

persons.get(i).getPosition(t))); 

       persons.get(i).addFIDHeat(t, tempFIDHeat); 

       tempFLDHeat = fireEvent.getFractionOfLethalHeatDownstream(t, 

Math.abs(fireEvent.getDistanceFromEntrance() - persons.get(i).getPosition(t))); 

       persons.get(i).addFLDHeat(t, tempFLDHeat); 

       if (fireEvent.getTavgX(t, 

Math.abs(fireEvent.getDistanceFromEntrance() - persons.get(i).getPosition(t))) == -1.0) { 

        persons.get(i).addTemperature(t, 

fireEvent.getTunnel().getTemp() - 273.0); 

        persons.get(i).addVisibility(t, 

Double.POSITIVE_INFINITY); 

        persons.get(i).addConcentrationCo(t, 0.0); 

        persons.get(i).addConcentrationCo2(t, 0.0);  

        persons.get(i).addConcentrationHcn(t, 0.0); 

        persons.get(i).addConcentrationO2(t, 0.2095); 

       } else { 

        persons.get(i).addTemperature(t, fireEvent.getTavgX(t, 

Math.abs(fireEvent.getDistanceFromEntrance() - persons.get(i).getPosition(t)))); 

        persons.get(i).addVisibility(t, 

fireEvent.getVisibility(t, Math.abs(fireEvent.getDistanceFromEntrance() - 

persons.get(i).getPosition(t)))); 



        persons.get(i).addConcentrationCo(t, 

fireEvent.getMoleFractionCO(t, Math.abs(fireEvent.getDistanceFromEntrance() - 

persons.get(i).getPosition(t)))); 

        persons.get(i).addConcentrationCo2(t, 

fireEvent.getMoleFractionCO2(t, Math.abs(fireEvent.getDistanceFromEntrance() - 

persons.get(i).getPosition(t))));  

        persons.get(i).addConcentrationHcn(t, 

fireEvent.getMoleFractionHCN(t, Math.abs(fireEvent.getDistanceFromEntrance() - 

persons.get(i).getPosition(t)))); 

        persons.get(i).addConcentrationO2(t, 

fireEvent.getMoleFractionO2(t, Math.abs(fireEvent.getDistanceFromEntrance() - 

persons.get(i).getPosition(t)))); 

       } 

      } 

     } else { 

      if (!tempIncapacitated) { 

       tempMovementSpeed = persons.get(i).getMovementSpeed(t, 

Math.abs(fireEvent.getDistanceFromEntrance() - persons.get(i).getPosition(t - 1))); 

       tempDistance = tempMovementSpeed * 1.0; 

       if (towardsTunnelExit) { 

        tempPosition = persons.get(i).getPosition(t - 1) + 

tempDistance; 

       } else { 

        tempPosition = persons.get(i).getPosition(t - 1) - 

tempDistance; 

       } 

       persons.get(i).addPosition(t, tempPosition); 

       tempFedAsph = 

fireEvent.getFractionOfIncapacitationAsphyxiants(t, Math.abs(fireEvent.getDistanceFromEntrance() - 

persons.get(i).getPosition(t)), tempIncapacitated); 

       persons.get(i).addFedAsphyxia(t, tempFedAsph); 

       tempFIDHeat = 

fireEvent.getFractionOfIncapacitationHeatDownstream(t, Math.abs(fireEvent.getDistanceFromEntrance() - 

persons.get(i).getPosition(t))); 

       persons.get(i).addFIDHeat(t, tempFIDHeat); 

       tempFLDHeat = fireEvent.getFractionOfLethalHeatDownstream(t, 

Math.abs(fireEvent.getDistanceFromEntrance() - persons.get(i).getPosition(t))); 

       persons.get(i).addFLDHeat(t, tempFLDHeat); 

       if (fireEvent.getTavgX(t, 

Math.abs(fireEvent.getDistanceFromEntrance() - persons.get(i).getPosition(t))) == -1.0) { 

        persons.get(i).addTemperature(t, 

fireEvent.getTunnel().getTemp() - 273.0); 

        persons.get(i).addVisibility(t, 

Double.POSITIVE_INFINITY); 

        persons.get(i).addConcentrationCo(t, 0.0); 

        persons.get(i).addConcentrationCo2(t, 0.0);  

        persons.get(i).addConcentrationHcn(t, 0.0); 

        persons.get(i).addConcentrationO2(t, 0.2095); 

       } else { 

        persons.get(i).addTemperature(t, fireEvent.getTavgX(t, 

Math.abs(fireEvent.getDistanceFromEntrance() - persons.get(i).getPosition(t)))); 

        persons.get(i).addVisibility(t, 

fireEvent.getVisibility(t, Math.abs(fireEvent.getDistanceFromEntrance() - 

persons.get(i).getPosition(t)))); 

        persons.get(i).addConcentrationCo(t, 

fireEvent.getMoleFractionCO(t, Math.abs(fireEvent.getDistanceFromEntrance() - 

persons.get(i).getPosition(t)))); 

        persons.get(i).addConcentrationCo2(t, 

fireEvent.getMoleFractionCO2(t, Math.abs(fireEvent.getDistanceFromEntrance() - 

persons.get(i).getPosition(t))));  

        persons.get(i).addConcentrationHcn(t, 

fireEvent.getMoleFractionHCN(t, Math.abs(fireEvent.getDistanceFromEntrance() - 

persons.get(i).getPosition(t)))); 

        persons.get(i).addConcentrationO2(t, 

fireEvent.getMoleFractionO2(t, Math.abs(fireEvent.getDistanceFromEntrance() - 

persons.get(i).getPosition(t)))); 

       } 

      } else { 

       tempPosition = persons.get(i).getPosition(t - 1); 

       persons.get(i).addPosition(t, tempPosition); 

       tempFedAsph = 

fireEvent.getFractionOfIncapacitationAsphyxiants(t, Math.abs(fireEvent.getDistanceFromEntrance() - 

persons.get(i).getPosition(t)), tempIncapacitated); 

       persons.get(i).addFedAsphyxia(t, tempFedAsph); 

       tempFIDHeat = 

fireEvent.getFractionOfIncapacitationHeatDownstream(t, Math.abs(fireEvent.getDistanceFromEntrance() - 

persons.get(i).getPosition(t))); 

       persons.get(i).addFIDHeat(t, tempFIDHeat); 



       tempFLDHeat = fireEvent.getFractionOfLethalHeatDownstream(t, 

Math.abs(fireEvent.getDistanceFromEntrance() - persons.get(i).getPosition(t))); 

       persons.get(i).addFLDHeat(t, tempFLDHeat); 

       if (fireEvent.getTavgX(t, 

Math.abs(fireEvent.getDistanceFromEntrance() - persons.get(i).getPosition(t))) == -1.0) { 

        persons.get(i).addTemperature(t, 

fireEvent.getTunnel().getTemp() - 273.0); 

        persons.get(i).addVisibility(t, 

Double.POSITIVE_INFINITY); 

        persons.get(i).addConcentrationCo(t, 0.0); 

        persons.get(i).addConcentrationCo2(t, 0.0);  

        persons.get(i).addConcentrationHcn(t, 0.0); 

        persons.get(i).addConcentrationO2(t, 0.2095); 

       } else { 

        persons.get(i).addTemperature(t, fireEvent.getTavgX(t, 

Math.abs(fireEvent.getDistanceFromEntrance() - persons.get(i).getPosition(t)))); 

        persons.get(i).addVisibility(t, 

fireEvent.getVisibility(t, Math.abs(fireEvent.getDistanceFromEntrance() - 

persons.get(i).getPosition(t)))); 

        persons.get(i).addConcentrationCo(t, 

fireEvent.getMoleFractionCO(t, Math.abs(fireEvent.getDistanceFromEntrance() - 

persons.get(i).getPosition(t)))); 

        persons.get(i).addConcentrationCo2(t, 

fireEvent.getMoleFractionCO2(t, Math.abs(fireEvent.getDistanceFromEntrance() - 

persons.get(i).getPosition(t))));  

        persons.get(i).addConcentrationHcn(t, 

fireEvent.getMoleFractionHCN(t, Math.abs(fireEvent.getDistanceFromEntrance() - 

persons.get(i).getPosition(t)))); 

        persons.get(i).addConcentrationO2(t, 

fireEvent.getMoleFractionO2(t, Math.abs(fireEvent.getDistanceFromEntrance() - 

persons.get(i).getPosition(t)))); 

       } 

      } 

     } 

     if (persons.get(i).isDead() || persons.get(i).isEvacuated()) { 

      break; 

     } 

    } else if (!downstreamFire) { 

     tempIncapacitated = persons.get(i).isIncapacitated(); 

     if (t < preMovementTime) { 

      if (t < timeToLeaveVehicle) { 

       tempPosition = persons.get(i).getPosition(t - 1); 

       persons.get(i).addPosition(t, tempPosition); 

       persons.get(i).addFedAsphyxia(t, 0.0); 

       persons.get(i).addFIDHeat(t, 0.0); 

       persons.get(i).addFLDHeat(t, 0.0); 

       persons.get(i).addTemperature(t, 

fireEvent.getTunnel().getTemp() - 273.0); 

       persons.get(i).addVisibility(t, Double.POSITIVE_INFINITY); 

       persons.get(i).addConcentrationCo(t, 0.0); 

       persons.get(i).addConcentrationCo2(t, 0.0);  

       persons.get(i).addConcentrationHcn(t, 0.0); 

       persons.get(i).addConcentrationO2(t, 0.2095); 

      } else { 

       tempPosition = persons.get(i).getPosition(t - 1); 

       persons.get(i).addPosition(t, tempPosition); 

       persons.get(i).addFedAsphyxia(t, 0.0); 

       tempFIDHeat = 

fireEvent.getFractionOfIncapacitationHeatUpstream(t, Math.abs(fireEvent.getDistanceFromEntrance() - 

persons.get(i).getPosition(t))); 

       persons.get(i).addFIDHeat(t, tempFIDHeat); 

       tempFLDHeat = fireEvent.getFractionOfLethalHeatUpstream(t, 

Math.abs(fireEvent.getDistanceFromEntrance() - persons.get(i).getPosition(t))); 

       persons.get(i).addFLDHeat(t, tempFLDHeat); 

       persons.get(i).addTemperature(t, 

fireEvent.getTunnel().getTemp() - 273.0); 

       persons.get(i).addVisibility(t, Double.POSITIVE_INFINITY); 

       persons.get(i).addConcentrationCo(t, 0.0); 

       persons.get(i).addConcentrationCo2(t, 0.0);  

       persons.get(i).addConcentrationHcn(t, 0.0); 

       persons.get(i).addConcentrationO2(t, 0.2095); 

      } 

     } else { 

      if (!tempIncapacitated) { 

       tempMovementSpeed = 

persons.get(i).getUnimpededMovementSpeed(); 

       tempDistance = tempMovementSpeed * 1.0; 

       if (towardsTunnelExit) { 



        tempPosition = persons.get(i).getPosition(t - 1) + 

tempDistance; 

       } else { 

        tempPosition = persons.get(i).getPosition(t - 1) - 

tempDistance; 

       } 

       persons.get(i).addPosition(t, tempPosition); 

       persons.get(i).addFedAsphyxia(t, 0.0); 

       tempFIDHeat = 

fireEvent.getFractionOfIncapacitationHeatUpstream(t, Math.abs(fireEvent.getDistanceFromEntrance() - 

persons.get(i).getPosition(t))); 

       persons.get(i).addFIDHeat(t, tempFIDHeat); 

       tempFLDHeat = fireEvent.getFractionOfLethalHeatUpstream(t, 

Math.abs(fireEvent.getDistanceFromEntrance() - persons.get(i).getPosition(t))); 

       persons.get(i).addFLDHeat(t, tempFLDHeat); 

       persons.get(i).addTemperature(t, 

fireEvent.getTunnel().getTemp() - 273.0); 

       persons.get(i).addVisibility(t, Double.POSITIVE_INFINITY); 

       persons.get(i).addConcentrationCo(t, 0.0); 

       persons.get(i).addConcentrationCo2(t, 0.0);  

       persons.get(i).addConcentrationHcn(t, 0.0); 

       persons.get(i).addConcentrationO2(t, 0.2095); 

      } else { 

       tempPosition = persons.get(i).getPosition(t - 1); 

       persons.get(i).addPosition(t, tempPosition); 

       persons.get(i).addFedAsphyxia(t, 0.0); 

       tempFIDHeat = 

fireEvent.getFractionOfIncapacitationHeatDownstream(t, Math.abs(fireEvent.getDistanceFromEntrance() - 

persons.get(i).getPosition(t))); 

       persons.get(i).addFIDHeat(t, tempFIDHeat); 

       tempFLDHeat = fireEvent.getFractionOfLethalHeatDownstream(t, 

Math.abs(fireEvent.getDistanceFromEntrance() - persons.get(i).getPosition(t))); 

       persons.get(i).addFLDHeat(t, tempFLDHeat); 

       persons.get(i).addTemperature(t, 

fireEvent.getTunnel().getTemp() - 273.0); 

       persons.get(i).addVisibility(t, Double.POSITIVE_INFINITY); 

       persons.get(i).addConcentrationCo(t, 0.0); 

       persons.get(i).addConcentrationCo2(t, 0.0);  

       persons.get(i).addConcentrationHcn(t, 0.0); 

       persons.get(i).addConcentrationO2(t, 0.2095); 

      } 

     } 

     if (persons.get(i).isDead() || persons.get(i).isEvacuated()) { 

      break; 

     } 

    } 

   } 

  } 

 } 

  

 /** Saves the position of each person 

  * for each time step during the simulation 

  * in a comma separated .txt file. */ 

 public void saveEvacPosition() { 

  String fileName = "evacPosition.txt"; 

   

  int max = 0; 

  for (int j = 0; j < persons.size(); j++) { 

   if (persons.get(j).timeToTheEnd() > max) { 

    max = persons.get(j).timeToTheEnd(); 

   } 

  } 

   

  try { 

   FileWriter fileWriter = new FileWriter(fileName); 

   BufferedWriter bufferedWriter = new BufferedWriter(fileWriter); 

    

   bufferedWriter.write(fireEvent.versionText()); 

   bufferedWriter.newLine(); 

   bufferedWriter.newLine(); 

    

   bufferedWriter.write("TIME"); 

   for (int i = 0; i < persons.size(); i++) { 

    bufferedWriter.write(","); 

    bufferedWriter.write("PERSON " + Integer.toString(i + 1)); 

   } 

       

   for (int j = 0; j < max + 1; j++) { 

    bufferedWriter.newLine(); 



    bufferedWriter.write(Integer.toString(j)); 

    for (int k = 0; k < persons.size(); k++) { 

     bufferedWriter.write(","); 

     if (j >= persons.get(k).timeToTheEnd()) { 

     

 bufferedWriter.write(Double.toString(persons.get(k).getPosition(persons.get(k).timeToTheEnd() - 

1))); 

     } 

     else { 

     

 bufferedWriter.write(Double.toString(persons.get(k).getPosition(j))); 

     } 

    } 

   } 

    

   bufferedWriter.close(); 

  } 

  catch (IOException ex) { 

            System.out.println( 

                "Error writing to file '" 

                + fileName + "'"); 

  }   

 } 

  

 /** Saves the accumulated total FID for asphyxiants 

  *  of each person for each time step  

  *  during the simulation in a comma separated  

  *  .txt file. */ 

 public void saveEvacFedAsphyxia() { 

  String fileName = "evacFidAsphyxia.txt"; 

   

  int max = 0; 

  for (int j = 0; j < persons.size(); j++) { 

   if (persons.get(j).timeToTheEnd() > max) { 

    max = persons.get(j).timeToTheEnd(); 

   } 

  } 

   

  try { 

   FileWriter fileWriter = new FileWriter(fileName); 

   BufferedWriter bufferedWriter = new BufferedWriter(fileWriter); 

    

   bufferedWriter.write(fireEvent.versionText()); 

   bufferedWriter.newLine(); 

   bufferedWriter.newLine(); 

    

   bufferedWriter.write("TIME"); 

   for (int i = 0; i < persons.size(); i++) { 

    bufferedWriter.write(","); 

    bufferedWriter.write("PERSON " + Integer.toString(i + 1)); 

   } 

       

   for (int j = 0; j < max + 1; j++) { 

    bufferedWriter.newLine(); 

    bufferedWriter.write(Integer.toString(j)); 

    for (int k = 0; k < persons.size(); k++) { 

     bufferedWriter.write(","); 

     if (j >= persons.get(k).timeToTheEnd()) { 

     

 bufferedWriter.write(Double.toString(persons.get(k).getAccumulatedFedAsphyxia(persons.get(k).time

ToTheEnd()))); 

     } 

     else { 

     

 bufferedWriter.write(Double.toString(persons.get(k).getAccumulatedFedAsphyxia(j))); 

     } 

    } 

   } 

    

   bufferedWriter.close(); 

  } 

  catch (IOException ex) { 

            System.out.println( 

                "Error writing to file '" 

                + fileName + "'"); 

  } 

 } 

  

 /** Saves the accumulated total FID for heat 



  *  of each person for each time step  

  *  during the simulation in a comma separated  

  *  .txt file. */ 

 public void saveEvacFidHeat() { 

  String fileName = "evacFidHeat.txt"; 

   

  int max = 0; 

  for (int j = 0; j < persons.size(); j++) { 

   if (persons.get(j).timeToTheEnd() > max) { 

    max = persons.get(j).timeToTheEnd(); 

   } 

  } 

   

  try { 

   FileWriter fileWriter = new FileWriter(fileName); 

   BufferedWriter bufferedWriter = new BufferedWriter(fileWriter); 

 

   bufferedWriter.write(fireEvent.versionText()); 

   bufferedWriter.newLine(); 

   bufferedWriter.newLine(); 

    

   bufferedWriter.write("TIME"); 

   for (int i = 0; i < persons.size(); i++) { 

    bufferedWriter.write(","); 

    bufferedWriter.write("PERSON " + Integer.toString(i + 1)); 

   } 

       

   for (int j = 0; j < max + 1; j++) { 

    bufferedWriter.newLine(); 

    bufferedWriter.write(Integer.toString(j)); 

    for (int k = 0; k < persons.size(); k++) { 

     bufferedWriter.write(","); 

     if (j >= persons.get(k).timeToTheEnd()) { 

     

 bufferedWriter.write(Double.toString(persons.get(k).getAccumulatedFIDHeat(persons.get(k).timeToTh

eEnd()))); 

     } 

     else { 

     

 bufferedWriter.write(Double.toString(persons.get(k).getAccumulatedFIDHeat(j))); 

     } 

    } 

   } 

    

   bufferedWriter.close(); 

  } 

  catch (IOException ex) { 

            System.out.println( 

                "Error writing to file '" 

                + fileName + "'"); 

  } 

   

 } 

  

 /** Saves the accumulated total FLD for heat 

  *  of each person for each time step  

  *  during the simulation in a comma separated  

  *  .txt file. */ 

 public void saveEvacFldHeat() { 

  String fileName = "evacFldHeat.txt"; 

   

  int max = 0; 

  for (int j = 0; j < persons.size(); j++) { 

   if (persons.get(j).timeToTheEnd() > max) { 

    max = persons.get(j).timeToTheEnd(); 

   } 

  } 

   

  try { 

   FileWriter fileWriter = new FileWriter(fileName); 

   BufferedWriter bufferedWriter = new BufferedWriter(fileWriter); 

 

   bufferedWriter.write(fireEvent.versionText()); 

   bufferedWriter.newLine(); 

   bufferedWriter.newLine(); 

    

   bufferedWriter.write("TIME"); 

   for (int i = 0; i < persons.size(); i++) { 

    bufferedWriter.write(","); 



    bufferedWriter.write("PERSON " + Integer.toString(i + 1)); 

   } 

       

   for (int j = 0; j < max + 1; j++) { 

    bufferedWriter.newLine(); 

    bufferedWriter.write(Integer.toString(j)); 

    for (int k = 0; k < persons.size(); k++) { 

     bufferedWriter.write(","); 

     if (j >= persons.get(k).timeToTheEnd()) { 

     

 bufferedWriter.write(Double.toString(persons.get(k).getAccumulatedFLDHeat(persons.get(k).timeToTh

eEnd()))); 

     } 

     else { 

     

 bufferedWriter.write(Double.toString(persons.get(k).getAccumulatedFLDHeat(j))); 

     } 

    } 

   } 

    

   bufferedWriter.close(); 

  } 

  catch (IOException ex) { 

            System.out.println( 

                "Error writing to file '" 

                + fileName + "'"); 

  } 

   

 } 

  

 /** Saves the end position for each 

  * person included in the simulation. */ 

 public void saveEvacEndPosition() { 

  String fileName = "evacEndPosition.txt"; 

   

  try { 

   FileWriter fileWriter = new FileWriter(fileName); 

   BufferedWriter bufferedWriter = new BufferedWriter(fileWriter); 

 

   bufferedWriter.write(fireEvent.versionText()); 

   bufferedWriter.newLine(); 

   bufferedWriter.newLine(); 

    

   bufferedWriter.write("PERSON [ID]"); 

   bufferedWriter.write(","); 

   bufferedWriter.write("TIME WHEN REACHED END [s]"); 

   bufferedWriter.write(","); 

   bufferedWriter.write("POSITION WHEN REACHED END"); 

   bufferedWriter.write(","); 

   bufferedWriter.write("STATUS WHEN REACHED END "); 

 

   for (int i = 0; i < persons.size(); i++) { 

    bufferedWriter.newLine(); 

    bufferedWriter.write(Integer.toString(i + 1)); 

    bufferedWriter.write(","); 

    bufferedWriter.write(Integer.toString((int) persons.get(i).timeToTheEnd())); 

    bufferedWriter.write(","); 

   

 bufferedWriter.write(Double.toString(Math.round(persons.get(i).getLastPosition()))); 

    bufferedWriter.write(","); 

    if (persons.get(i).isDead()) { 

     bufferedWriter.write("DEAD"); 

    } else { 

     bufferedWriter.write("ALIVE"); 

    } 

   }  

   bufferedWriter.close(); 

  } 

  catch (IOException ex) { 

            System.out.println( 

                "Error writing to file '" 

                + fileName + "'"); 

  } 

 } 

  

 /** Saves the time when each evacuated 

  * person managed exited the tunnel. */  

 public void saveEvacuatedPerTime() { 

  String fileName = "evacEvacuatedPerTime.txt"; 



   

  try { 

   FileWriter fileWriter = new FileWriter(fileName); 

   BufferedWriter bufferedWriter = new BufferedWriter(fileWriter); 

 

   bufferedWriter.write(fireEvent.versionText()); 

   bufferedWriter.newLine(); 

   bufferedWriter.newLine(); 

    

   bufferedWriter.write("TIME"); 

   bufferedWriter.write(","); 

   bufferedWriter.write("ACCUMULATED NO. OF EVACUATED"); 

   bufferedWriter.write(","); 

   bufferedWriter.write("PROPORTION OF ALL EVACUEES"); 

   bufferedWriter.newLine(); 

   bufferedWriter.write("0"); 

   bufferedWriter.write(","); 

   bufferedWriter.write("0"); 

   bufferedWriter.write(","); 

   bufferedWriter.write("0"); 

   int counter = 0; 

    

   ArrayList<Integer> sortedTimes = new ArrayList<Integer>(); 

   for(int i = 0; i < persons.size(); i++) { 

    if (!persons.get(i).isDead()) { 

     sortedTimes.add(persons.get(i).timeToTheEnd()); 

    } 

   } 

   Collections.sort(sortedTimes); 

   for (int i = 0; i < sortedTimes.size(); i++) { 

    bufferedWriter.newLine(); 

    bufferedWriter.write(Integer.toString(sortedTimes.get(i))); 

    bufferedWriter.write(","); 

    counter++; 

    bufferedWriter.write(Integer.toString(counter)); 

    bufferedWriter.write(","); 

    bufferedWriter.write(Double.toString(((double) counter) / ((double) 

persons.size()))); 

   } 

   bufferedWriter.close(); 

  } 

 

  catch (IOException ex) { 

            System.out.println( 

                "Error writing to file '" 

                + fileName + "'"); 

  } 

 } 

  

 /** Saves the averaged temperature of the tunnel 

  * environment for the position the person is at  

  * for each person and for each time step during  

  * the simulation in a comma separated .txt file. */ 

 public void saveEvacTemperature() { 

  String fileName = "evacTemperature.txt"; 

   

  int max = 0; 

  for (int j = 0; j < persons.size(); j++) { 

   if (persons.get(j).timeToTheEnd() > max) { 

    max = persons.get(j).timeToTheEnd(); 

   } 

  } 

   

  try { 

   FileWriter fileWriter = new FileWriter(fileName); 

   BufferedWriter bufferedWriter = new BufferedWriter(fileWriter); 

 

   bufferedWriter.write(fireEvent.versionText()); 

   bufferedWriter.newLine(); 

   bufferedWriter.newLine(); 

    

   bufferedWriter.write("TIME"); 

   for (int i = 0; i < persons.size(); i++) { 

    bufferedWriter.write(","); 

    bufferedWriter.write("PERSON " + Integer.toString(i + 1)); 

   } 

       

   for (int j = 0; j < max + 1; j++) { 

    bufferedWriter.newLine(); 



    bufferedWriter.write(Integer.toString(j)); 

    for (int k = 0; k < persons.size(); k++) { 

     bufferedWriter.write(","); 

     if (j >= persons.get(k).timeToTheEnd()) { 

     

 bufferedWriter.write(Double.toString(persons.get(k).getTemperature(persons.get(k).timeToTheEnd() 

- 1))); 

     } 

     else { 

     

 bufferedWriter.write(Double.toString(persons.get(k).getTemperature(j))); 

     } 

    } 

   } 

    

   bufferedWriter.close(); 

  } 

  catch (IOException ex) { 

            System.out.println( 

                "Error writing to file '" 

                + fileName + "'"); 

  }   

 } 

  

 /** Saves the averaged visibility of the tunnel 

  * environment for the position the person is at  

  * for each person and for each time step during  

  * the simulation in a comma separated .txt file. */ 

 public void saveEvacVisibility() { 

  String fileName = "evacVisibility.txt"; 

   

  int max = 0; 

  for (int j = 0; j < persons.size(); j++) { 

   if (persons.get(j).timeToTheEnd() > max) { 

    max = persons.get(j).timeToTheEnd(); 

   } 

  } 

   

  try { 

   FileWriter fileWriter = new FileWriter(fileName); 

   BufferedWriter bufferedWriter = new BufferedWriter(fileWriter); 

 

   bufferedWriter.write(fireEvent.versionText()); 

   bufferedWriter.newLine(); 

   bufferedWriter.newLine(); 

    

   bufferedWriter.write("TIME"); 

   for (int i = 0; i < persons.size(); i++) { 

    bufferedWriter.write(","); 

    bufferedWriter.write("PERSON " + Integer.toString(i + 1)); 

   } 

       

   for (int j = 0; j < max + 1; j++) { 

    bufferedWriter.newLine(); 

    bufferedWriter.write(Integer.toString(j)); 

    for (int k = 0; k < persons.size(); k++) { 

     bufferedWriter.write(","); 

     if (j >= persons.get(k).timeToTheEnd()) { 

     

 bufferedWriter.write(Double.toString(persons.get(k).getVisibility(persons.get(k).timeToTheEnd() - 

1))); 

     } 

     else { 

     

 bufferedWriter.write(Double.toString(persons.get(k).getVisibility(j))); 

     } 

    } 

   } 

    

   bufferedWriter.close(); 

  } 

  catch (IOException ex) { 

            System.out.println( 

                "Error writing to file '" 

                + fileName + "'"); 

  }   

 } 

  

 /** Saves the averaged gas concentration CO of the tunnel 



  * environment for the position the person is at  

  * for each person and for each time step during  

  * the simulation in a comma separated .txt file. */ 

 public void saveEvacConcentrationCo() { 

  String fileName = "evacConcentrationCo.txt"; 

   

  int max = 0; 

  for (int j = 0; j < persons.size(); j++) { 

   if (persons.get(j).timeToTheEnd() > max) { 

    max = persons.get(j).timeToTheEnd(); 

   } 

  } 

   

  try { 

   FileWriter fileWriter = new FileWriter(fileName); 

   BufferedWriter bufferedWriter = new BufferedWriter(fileWriter); 

 

   bufferedWriter.write(fireEvent.versionText()); 

   bufferedWriter.newLine(); 

   bufferedWriter.newLine(); 

    

   bufferedWriter.write("TIME"); 

   for (int i = 0; i < persons.size(); i++) { 

    bufferedWriter.write(","); 

    bufferedWriter.write("PERSON " + Integer.toString(i + 1)); 

   } 

       

   for (int j = 0; j < max + 1; j++) { 

    bufferedWriter.newLine(); 

    bufferedWriter.write(Integer.toString(j)); 

    for (int k = 0; k < persons.size(); k++) { 

     bufferedWriter.write(","); 

     if (j >= persons.get(k).timeToTheEnd()) { 

     

 bufferedWriter.write(Double.toString(persons.get(k).getConcentrationCo(persons.get(k).timeToTheEn

d() - 1))); 

     } 

     else { 

     

 bufferedWriter.write(Double.toString(persons.get(k).getConcentrationCo(j))); 

     } 

    } 

   } 

    

   bufferedWriter.close(); 

  } 

  catch (IOException ex) { 

            System.out.println( 

                "Error writing to file '" 

                + fileName + "'"); 

  }   

 } 

  

 /** Saves the averaged gas concentration CO of the tunnel 

  * environment for the position the person is at  

  * for each person and for each time step during  

  * the simulation in a comma separated .txt file. */ 

 public void saveEvacConcentrationCo2() { 

  String fileName = "evacConcentrationCo2.txt"; 

   

  int max = 0; 

  for (int j = 0; j < persons.size(); j++) { 

   if (persons.get(j).timeToTheEnd() > max) { 

    max = persons.get(j).timeToTheEnd(); 

   } 

  } 

   

  try { 

   FileWriter fileWriter = new FileWriter(fileName); 

   BufferedWriter bufferedWriter = new BufferedWriter(fileWriter); 

 

   bufferedWriter.write(fireEvent.versionText()); 

   bufferedWriter.newLine(); 

   bufferedWriter.newLine(); 

    

   bufferedWriter.write("TIME"); 

   for (int i = 0; i < persons.size(); i++) { 

    bufferedWriter.write(","); 

    bufferedWriter.write("PERSON " + Integer.toString(i + 1)); 



   } 

       

   for (int j = 0; j < max + 1; j++) { 

    bufferedWriter.newLine(); 

    bufferedWriter.write(Integer.toString(j)); 

    for (int k = 0; k < persons.size(); k++) { 

     bufferedWriter.write(","); 

     if (j >= persons.get(k).timeToTheEnd()) { 

     

 bufferedWriter.write(Double.toString(persons.get(k).getConcentrationCo2(persons.get(k).timeToTheE

nd() - 1))); 

     } 

     else { 

     

 bufferedWriter.write(Double.toString(persons.get(k).getConcentrationCo2(j))); 

     } 

    } 

   } 

    

   bufferedWriter.close(); 

  } 

  catch (IOException ex) { 

            System.out.println( 

                "Error writing to file '" 

                + fileName + "'"); 

  }   

 } 

  

 /** Saves the averaged gas concentration CO of the tunnel 

  * environment for the position the person is at  

  * for each person and for each time step during  

  * the simulation in a comma separated .txt file. */ 

 public void saveEvacConcentrationHcn() { 

  String fileName = "evacConcentrationHcn.txt"; 

   

  int max = 0; 

  for (int j = 0; j < persons.size(); j++) { 

   if (persons.get(j).timeToTheEnd() > max) { 

    max = persons.get(j).timeToTheEnd(); 

   } 

  } 

   

  try { 

   FileWriter fileWriter = new FileWriter(fileName); 

   BufferedWriter bufferedWriter = new BufferedWriter(fileWriter); 

 

   bufferedWriter.write(fireEvent.versionText()); 

   bufferedWriter.newLine(); 

   bufferedWriter.newLine(); 

    

   bufferedWriter.write("TIME"); 

   for (int i = 0; i < persons.size(); i++) { 

    bufferedWriter.write(","); 

    bufferedWriter.write("PERSON " + Integer.toString(i + 1)); 

   } 

       

   for (int j = 0; j < max + 1; j++) { 

    bufferedWriter.newLine(); 

    bufferedWriter.write(Integer.toString(j)); 

    for (int k = 0; k < persons.size(); k++) { 

     bufferedWriter.write(","); 

     if (j >= persons.get(k).timeToTheEnd()) { 

     

 bufferedWriter.write(Double.toString(persons.get(k).getConcentrationHcn(persons.get(k).timeToTheE

nd() - 1))); 

     } 

     else { 

     

 bufferedWriter.write(Double.toString(persons.get(k).getConcentrationHcn(j))); 

     } 

    } 

   } 

    

   bufferedWriter.close(); 

  } 

  catch (IOException ex) { 

            System.out.println( 

                "Error writing to file '" 

                + fileName + "'"); 



  }   

 } 

  

 /** Saves the averaged gas concentration CO of the tunnel 

  * environment for the position the person is at  

  * for each person and for each time step during  

  * the simulation in a comma separated .txt file. */ 

 public void saveEvacConcentrationO2() { 

  String fileName = "evacConcentrationO2.txt"; 

   

  int max = 0; 

  for (int j = 0; j < persons.size(); j++) { 

   if (persons.get(j).timeToTheEnd() > max) { 

    max = persons.get(j).timeToTheEnd(); 

   } 

  } 

   

  try { 

   FileWriter fileWriter = new FileWriter(fileName); 

   BufferedWriter bufferedWriter = new BufferedWriter(fileWriter); 

 

   bufferedWriter.write(fireEvent.versionText()); 

   bufferedWriter.newLine(); 

   bufferedWriter.newLine(); 

    

   bufferedWriter.write("TIME"); 

   for (int i = 0; i < persons.size(); i++) { 

    bufferedWriter.write(","); 

    bufferedWriter.write("PERSON " + Integer.toString(i + 1)); 

   } 

       

   for (int j = 0; j < max + 1; j++) { 

    bufferedWriter.newLine(); 

    bufferedWriter.write(Integer.toString(j)); 

    for (int k = 0; k < persons.size(); k++) { 

     bufferedWriter.write(","); 

     if (j >= persons.get(k).timeToTheEnd()) { 

     

 bufferedWriter.write(Double.toString(persons.get(k).getConcentrationO2(persons.get(k).timeToTheEn

d() - 1))); 

     } 

     else { 

     

 bufferedWriter.write(Double.toString(persons.get(k).getConcentrationO2(j))); 

     } 

    } 

   } 

    

   bufferedWriter.close(); 

  } 

  catch (IOException ex) { 

            System.out.println( 

                "Error writing to file '" 

                + fileName + "'"); 

  }   

 } 

  

 /** Saves summary of evacuation simulation 

  * to a comma separated .txt file. */ 

 public void saveEvacSummary() { 

  String fileName = "evacSummary.txt"; 

  String tempString = null; 

   

  try { 

   FileWriter fileWriter = new FileWriter(fileName); 

   BufferedWriter bufferedWriter = new BufferedWriter(fileWriter); 

 

   bufferedWriter.write(fireEvent.versionText()); 

   bufferedWriter.newLine(); 

   bufferedWriter.newLine(); 

    

   bufferedWriter.write("TUNNEL LENGTH:," + fireEvent.getTunnel().getLength() + " m"); 

   bufferedWriter.newLine(); 

   bufferedWriter.write("POSITION OF FIRE:," + fireEvent.getDistanceFromEntrance()); 

   bufferedWriter.newLine(); 

   bufferedWriter.newLine();    

   bufferedWriter.write("PERSON [no.],"); 

   for (int i = 0; i < persons.size(); i++) { 

    bufferedWriter.write(Integer.toString(i + 1)); 



    bufferedWriter.write(","); 

   } 

   bufferedWriter.newLine(); 

   bufferedWriter.write("RECOGNITION TIME [s],"); 

   for (int i = 0; i < persons.size(); i++) { 

    bufferedWriter.write(Integer.toString((int) 

persons.get(i).getRecognitionTime())); 

    bufferedWriter.write(","); 

   } 

   bufferedWriter.newLine(); 

   bufferedWriter.write("RESPONSE TIME [s],"); 

   for (int i = 0; i < persons.size(); i++) { 

    bufferedWriter.write(Integer.toString((int) persons.get(i).getResponseTime())); 

    bufferedWriter.write(","); 

   } 

   bufferedWriter.newLine(); 

   bufferedWriter.write("TIME TO LEAVE VEHICLE [s],"); 

   for (int i = 0; i < persons.size(); i++) { 

    bufferedWriter.write(Integer.toString((int) 

persons.get(i).getTimeToLeaveVehicle())); 

    bufferedWriter.write(","); 

   } 

   bufferedWriter.newLine(); 

   bufferedWriter.write("START POSITION [m],"); 

   for (int i = 0; i < persons.size(); i++) { 

    bufferedWriter.write(Integer.toString((int) persons.get(i).getStartPosition())); 

    bufferedWriter.write(","); 

   } 

   bufferedWriter.newLine(); 

   bufferedWriter.write("END POSITION [m],"); 

   for (int i = 0; i < persons.size(); i++) { 

    bufferedWriter.write(Integer.toString((int) persons.get(i).getLastPosition())); 

    bufferedWriter.write(","); 

   } 

   bufferedWriter.newLine(); 

   bufferedWriter.write("DISTANCE WALKED [m],"); 

   for (int i = 0; i < persons.size(); i++) { 

    bufferedWriter.write(Integer.toString(Math.abs((int) 

Math.round(persons.get(i).getLastPosition() - persons.get(i).getStartPosition())))); 

    bufferedWriter.write(","); 

   } 

   bufferedWriter.newLine(); 

   bufferedWriter.write("FED(TOT) ASPHYXIANTS,"); 

   for (int i = 0; i < persons.size(); i++) { 

    bufferedWriter.write(Double.toString(persons.get(i).getSumFedAsphyxia())); 

    bufferedWriter.write(","); 

   } 

   bufferedWriter.newLine(); 

   bufferedWriter.write("FID(TOT) HEAT,"); 

   for (int i = 0; i < persons.size(); i++) { 

    bufferedWriter.write(Double.toString(persons.get(i).getSumFIDHeat())); 

    bufferedWriter.write(","); 

   } 

   bufferedWriter.newLine(); 

   bufferedWriter.write("FLD(TOT) HEAT,"); 

   for (int i = 0; i < persons.size(); i++) { 

    bufferedWriter.write(Double.toString(persons.get(i).getSumFLDHeat())); 

    bufferedWriter.write(","); 

   } 

   bufferedWriter.newLine(); 

   bufferedWriter.write("EVACUATED?,"); 

   for (int i = 0; i < persons.size(); i++) { 

    if (persons.get(i).isDead()) { 

     tempString = "NO"; 

    } else { 

     tempString = "YES"; 

    } 

    bufferedWriter.write(tempString); 

    bufferedWriter.write(","); 

   } 

   bufferedWriter.newLine(); 

   bufferedWriter.write("TIME UNTIL DEATH/SAFETY [s],"); 

   for (int i = 0; i < persons.size(); i++) { 

    bufferedWriter.write(Integer.toString(persons.get(i).timeToTheEnd())); 

    bufferedWriter.write(","); 

   } 

   

   bufferedWriter.close(); 

    



  } 

 

  catch (IOException ex) { 

            System.out.println( 

                "Error writing to file '" 

                + fileName + "'"); 

  } 

 } 

  

 /** Saves temporary summary of evacuation simulation 

  * to command prompt (not regularly used in TuFT). */ 

 public void saveEvacSimDataTemp() { 

  DecimalFormat df = new DecimalFormat("#.##"); 

  String tempString = new String(); 

   

  System.out.println("RESULTS"); 

  System.out.print("PERSON [no.]" + "\t" + "\t" + "\t"); 

  for(int i = 0; i < persons.size(); i++) { 

   System.out.print(" " + (i + 1) + "\t");   

  } 

  System.out.print("\n"); 

  System.out.print("START POSITION [m]" + "\t" + "\t"); 

  for(int i = 0; i < persons.size(); i++) { 

   System.out.print((int) persons.get(i).getStartPosition() + "\t");   

  } 

  System.out.print("\n"); 

  System.out.print("END POSITION [m]" + "\t" + "\t"); 

  for(int i = 0; i < persons.size(); i++) { 

   System.out.print((int) persons.get(i).getLastPosition() + "\t");  

  } 

  System.out.print("\n"); 

  System.out.print("DISTANCE WALKED [m]" + "\t" + "\t"); 

  for(int i = 0; i < persons.size(); i++) { 

   System.out.print(Math.abs((int) (persons.get(i).getLastPosition() - 

persons.get(i).getStartPosition())) + "\t");  

  } 

  System.out.print("\n"); 

  System.out.print("FED ASPHYXIA" + "\t" + "\t" + "\t"); 

  for(int i = 0; i < persons.size(); i++) { 

   System.out.print(df.format(persons.get(i).getSumFedAsphyxia()) + "\t");  

  } 

  System.out.print("\n"); 

  System.out.print("FID HEAT" + "\t" + "\t" + "\t"); 

  for(int i = 0; i < persons.size(); i++) { 

   System.out.print(df.format(persons.get(i).getSumFIDHeat()) + "\t");  

  } 

  System.out.print("\n"); 

  System.out.print("FLD HEAT" + "\t" + "\t" + "\t"); 

  for(int i = 0; i < persons.size(); i++) { 

   System.out.print(df.format(persons.get(i).getSumFLDHeat()) + "\t");  

  } 

  System.out.print("\n"); 

  System.out.print("DID PERSON SURVIVE?" + "\t" + "\t"); 

  for(int i = 0; i < persons.size(); i++) { 

   if (persons.get(i).isDead()) { 

    tempString = "NO"; 

   } else { 

    tempString = "YES"; 

   } 

   System.out.print(tempString + "\t"); 

  } 

  System.out.print("\n"); 

  System.out.print("TIME UNTIL DEATH/SAFETY [s]" + "\t"); 

  for(int i = 0; i < persons.size(); i++) { 

   System.out.print(persons.get(i).timeToTheEnd() + "\t"); 

  } 

 } 

} 

import java.util.ArrayList; 

 

/** This Java class is a part of TuFT, a decision support 

 * tool for tunnel fires. The tool was developed by Karl Fridolf 



 * and Håkan Frantzich at Lund University during 2013-2014. 

 * Among other things, the tool offers the possibility to 

 * simulate fires in tunnels, and furthermore, the effects 

 * on evacuation and rescue operation possibilities. 

 *  

 * The tool's sub models, as well as the conclusions and 

 * the results produced by the tool, have not been quality 

 * controlled, verified or validated to the extent necessary 

 * for quality assurance. TuFT must hence be used with caution.  

 * Anyone who uses the results produced by TuFT does so on  

 * his/her own responsibility */ 

public class FireFighterPair { 

 private RescueOperation operation; 

 private double startPos; 

 private int actionTime; 

 private ArrayList<Double> deltaTemperatureRises; 

 private ArrayList<Double> position; 

  

 /** Defines a fire fighter pair. Input is a 

  * previously defined RescueOperation operation and 

  * a start position for the pair. The start position should 

  * be expressed as a absolute position in the tunnel in m. Thus, 

  * not relative to the fire. */ 

 public FireFighterPair(RescueOperation operation, double startPos) { 

  this.operation = operation; 

  this.startPos = startPos; 

   

  if (operation.doWeHaveMuchAir()) { 

   this.actionTime = 40 * 60; 

  } else { 

   this.actionTime = 25 * 60; 

  } 

   

  this.deltaTemperatureRises = new ArrayList<Double>(); 

  deltaTemperatureRises.add(0, 0.0); 

  this.position = new ArrayList<Double>(); 

  position.add(0, startPos); 

 } 

  

 /** Returns the available action time of 

  * the fire fighter pair in s. */ 

 public int getActionTime() { 

  return actionTime; 

 } 

  

 /** Defines a new action time in s for the 

  * fire fighter pair. */ 

 public void setActionTime(int newActionTime) { 

  actionTime = newActionTime;   

 } 

  

 /** Adds a delta temperature rise deltaT in °C  

  * for a time time in s (into the fire event). */ 

 public void addDeltaTemperatureRise(int time, double deltaT) { 

  deltaTemperatureRises.add(time, deltaT); 

 } 

  

 /** Returns the accumulated temperature rise of the  

  * fire fighter pair in °C. */ 

 public double getSumDeltaTemperatureRise() { 

  double sum = 0.0; 

  for (int i = 0; i < deltaTemperatureRises.size(); i++) { 

   sum+= deltaTemperatureRises.get(i); 

  } 

  return sum; 

 } 

  

 /** Adds a position pos in m for a time time 

  * in s (in the fire event). */ 

 public void addPosition(int time, double pos) { 

  position.add(time, pos); 

 } 

  

 /** Returns the latest known position of the fire 

  * fighter pair in the tunnel [m]. */ 

 public double getLastPosition() { 

  return position.get(position.size() - 1); 

 } 

  



 /** Returns the position in m in the tunnel at which 

  * the fire fighter pair began their operation. */ 

 public double getStartPosition() { 

  return startPos; 

 } 

  

 /** Returns the array of positions for the fire fighter 

  * pair during their operation in the tunnel. */ 

 public ArrayList<Double> getArrayOfPosition() { 

  return position; 

 } 

  

 /** Returns the walking speed in m/s when walking in  

  * smoke free conditions, e.g., upstream the fire. */ 

 public double getUnimpededMovementSpeed() { 

  return 1.0; 

 } 

 

 /** Returns the walking speed in [m/s] of the fire fighters for a 

  * the given visibility condition. Input is time in s 

  * and the position x of the fire fighter relative to the fire 

  * in m. Thus, note that it is not the actual position of 

  * the person but the relative position compared to the  

  * fire. */ 

 public double getMovementSpeed(int t, double x) { 

  double visibility = operation.getFireEvent().getVisibility(t, x); 

  double movementSpeedTemp = 0.0; 

  if (operation.doWeHaveThermalImaging()) { 

   if (visibility >= 4.0) { 

    movementSpeedTemp = 1.0; 

   } else { 

    movementSpeedTemp = (1.55 - (1.1 * 

operation.getFireEvent().getExtinctionCoefficient(t, x))); 

    if (movementSpeedTemp < 0.6) { 

     movementSpeedTemp = 0.6; 

    } 

   }    

  } else { 

   if (visibility >= 4.0) { 

    movementSpeedTemp = 1.0; 

   } else if (visibility < 4.0 && visibility > 1.5) { 

    movementSpeedTemp = (1.55 - (1.1 * 

operation.getFireEvent().getExtinctionCoefficient(t, x))); 

   } else if (visibility <= 1.5) { 

    movementSpeedTemp = 0.1; 

   } 

  } 

  return movementSpeedTemp; 

 } 

  

} 

import java.util.ArrayList; 

 

/** This Java class is a part of TuFT, a decision support 

 * tool for tunnel fires. The tool was developed by Karl Fridolf 

 * and Håkan Frantzich at Lund University during 2013-2014. 

 * Among other things, the tool offers the possibility to 

 * simulate fires in tunnels, and furthermore, the effects 

 * on evacuation and rescue operation possibilities. 

 *  

 * The tool's sub models, as well as the conclusions and 

 * the results produced by the tool, have not been quality 

 * controlled, verified or validated to the extent necessary 

 * for quality assurance. TuFT must hence be used with caution.  

 * Anyone who uses the results produced by TuFT does so on  

 * his/her own responsibility */ 

public class RescueOperation { 

 private FireEvent fireEvent; 

 private Tunnel tunnel; 

 private int preparationTime; 

 private boolean upstream; 

 private boolean portal; 



 private int numberOfFireFighters; 

 private boolean thermalImaging; 

 private boolean muchAir; 

 private double goal; 

 private ArrayList<Double> position; 

 private int typeOfAction; 

  

 private double hoseLengthLong; 

 private double hoseLengthShort; 

 private int connectTimeLong; 

 private int connectTimeShort; 

  

 private double startPos; 

 private boolean towardExit; 

  

 private int timeSpent; 

 private double distanceMoved; 

  

 /** Creates a RescueOperation in a previously 

  * defined FireEvent fireEvent. The input variables 

  * are described below:  

  *  

  * fireEvent = (FireEvent) A defined fireEvent (fire in a tunnel) 

  * preparationTime = (Integer) Time in min to prepare before 

  * operation can start, including, e.g., driving time to the tunnel 

  * upstream = (Boolean) Describes whether operation should be done 

  * upstream (true) or downstream (false) fire  

  * portal = (Boolean) Describes whether operation should be done 

  * through one of the tunnel portals (true) or through the closest 

  * emergency exit to the fire (false) 

  * numberOfFireFighters = (Integer) The number of fire fighters 

  * that can take part in the operation inside the tunnel 

  * themalImaging = (Boolean) Describes whether the fire fighters 

  * do have thermal imaging equipment available (true) or not (false) 

  * muchAir = (Boolean) Describes whether the fire fighter do have 

  * large (true) or small (false) air tubes (implicitly defines 

  * the available action time for each fire fighter pair) 

  * hoseLengthLong = (Double) Describes the length of a long fire hose 

  * hoseLengthShort = (Double) Describes the length of a short fire hose 

  * connectTimeLong = (Integer) Describes the time it takes to connect 

  * a branch 

  * connectTimeShort = (Integer) Describes the time it takes to connect 

  * two hoses */ 

 public RescueOperation(FireEvent fireEvent, int preparationTime,  

   boolean upstream, boolean portal, int numberOfFireFighters, 

   boolean thermalImaging, boolean muchAir, double hoseLengthLong, 

   double hoseLengthShort, int connectTimeLong, int connectTimeShort) { 

  this.fireEvent = fireEvent; 

  this.tunnel = fireEvent.getTunnel(); 

  this.preparationTime = preparationTime * 60; 

  this.upstream = upstream; 

  this.portal = portal; 

  this.numberOfFireFighters = numberOfFireFighters; 

  this.thermalImaging = thermalImaging; 

  this.muchAir = muchAir; 

  this.goal = fireEvent.getDistanceFromEntrance(); 

  this.timeSpent = 0; 

  this.distanceMoved = 0.0; 

  this.hoseLengthLong = hoseLengthLong; 

  this.hoseLengthShort = hoseLengthShort; 

  this.connectTimeLong = connectTimeLong; 

  this.connectTimeShort = connectTimeShort; 

  this.setStartPosAndDirectionForOperation(); 

  this.typeOfAction = 1; 

  this.position = new ArrayList<Double>(); 

  position.add(0, startPos); 

 } 

  

 /** Returns the Fire Event in which the operation 

  * is taking place. */ 

 public FireEvent getFireEvent() { 

  return fireEvent; 

 } 

  

 /** Returns the preparation time for the operation  

  * in min. */ 

 public double getPreparationTime() { 

  return preparationTime; 

 } 



  

 /** Returns the number of fire fighters taking part 

  * in the operation. */ 

 public int getNumberOfFireFighters() { 

  return numberOfFireFighters; 

 } 

  

 /** Returns an answer to the question if 

  * the fire fighters are equipped with thermal 

  * imaging cameras. If true, they do, if false, 

  * they don't. */ 

 public boolean doWeHaveThermalImaging() { 

  return thermalImaging; 

 } 

  

 /** Returns an answer to the question if 

  * the fire fighters are equipped with large 

  * air tubes. If true, they do, if false, 

  * they don't. */ 

 public boolean doWeHaveMuchAir() { 

  return muchAir; 

 } 

  

 /** Returns the start position of the operation in m. 

  * Determined by whether or not the operation is 

  * carried out upstream or downstream the fire, 

  * and if the tunnel is entered through any of the 

  * two portals or through the closest emergency  

  * exit. */ 

 public double getStartPos() { 

  return startPos; 

 } 

  

 /** Returns the position in m of the operation  

  * front at a time defined in s. */ 

 public double getPosition(int t) { 

  return position.get(t); 

 } 

  

 /** Returns the last position in m of the operation 

  * front. */ 

 public double getLastPosition() { 

  return position.get(position.size() - 1); 

 } 

  

 /** Returns the array of positions of the operation 

  * for all times of the operation. */ 

 public ArrayList<Double> getArrayOfPosition() { 

  return position; 

 } 

  

 /** Adds the operation front's position x in m 

  * for a time t in s into the fire event. */ 

 public void addPosition(int t, double x) { 

  position.add(t, x); 

 } 

  

 /** Returns an answer to the question if 

  * the operation is performed upstream the 

  * fire. If true, the operation is done upstream,  

  * if false, downstream. */ 

 public boolean operatingUpstream() { 

  return upstream; 

 } 

  

 /** Returns an answer to the question if 

  * the operation is performed toward the tunnel 

  * exit. If true, the operation is done toward 

  * the tunnel exit, if false, toward the tunnel 

  * portal. */ 

 public boolean goingTowardExit() { 

  return towardExit; 

 } 

  

 /** Returns the goal position for the operation in m,  

  * i.e., the position of the fire. */ 

 public double getGoal() { 

  return goal; 

 } 



  

 /** Returns the type of action that the fire fighters 

  * should perform. */ 

 public int getAction() { 

  return typeOfAction; 

 } 

  

 /** A report function used by a fire fighter pair pair.  

  * State time t in s and position x in m in the tunnel. 

  * The function then determines what is the next action 

  * for the fire fighter pair. */ 

 public void reportingIn(FireFighterPair pair, int t, double x) { 

  timeSpent = timeSpent + t; 

  distanceMoved = distanceMoved + x; 

   

  if (typeOfAction ==  1) { 

   if (Math.round(distanceMoved) >= hoseLengthLong) { 

    typeOfAction = 2; 

    timeSpent = 0; 

    distanceMoved = 0.0; 

   } 

  } else if (typeOfAction == 2) { 

   if (timeSpent >= connectTimeLong) { 

    typeOfAction = 3; 

    timeSpent = 0; 

    distanceMoved = 0.0; 

   } 

  }  else if (typeOfAction == 3) { 

   if (Math.round(distanceMoved) >= hoseLengthShort) { 

    typeOfAction = 4; 

    timeSpent = 0; 

    distanceMoved = 0.0; 

   } 

  } else if (typeOfAction == 4) { 

   if (timeSpent >= connectTimeShort) { 

    typeOfAction = 1; 

    timeSpent = 0; 

    distanceMoved = 0.0; 

   } 

  } 

   

 } 

  

 /** Returns the delta temperature rise due to gas temperature 

  * and radiation from the fire. Input is the time t in s and  

  * the relative position x in m from the fire.  

  *  

  * If the operation is performed upstream the fire, the  

  * consideration is only taken to the radiation form the source. If, 

  * on the other hand, the operation is done downsteram the fire, also 

  * gas temperature is considered. 

  *  

  * Evaluation of the delta temperature rise is done based on  

  * Eq. 5.3 in (Ingason, Bergqvist, Lönnermark, Frantzich and  

  * Hasselrot, 2005). */ 

 public double getFireFighterBodyTemperatureRise(int t, double x) { 

  double f = 1.3; 

  double A = 1.85; 

  double iRad = fireEvent.getRadiationFromFire(t, x); 

  double fEff = 0.71; 

  double rArC = 0.15; 

  double tG = fireEvent.getTavgX(t, x); 

  double tB = 37.0; 

  double rC = 0.465; 

  double M = 300.0; 

  double pS = 5940.0; 

  double pA = 700.0; 

  double rE = 75.0; 

  double m = 75.0; 

  double cP = 3480.0; 

  double deltaTime = 1.0; 

   

  double deltaTemperatureRise = 0.0; 

   

  if (upstream) { 

   if (iRad < 5000) { 

    deltaTemperatureRise = ((f * A * ((iRad * fEff * rArC) + ((tunnel.getTemp() - 

273 - tB) / rC) + (M / f))) - (f * A * ((pS - pA) / rE))) / (m * cP * deltaTime); 

   } else { 



    deltaTemperatureRise = 2.5; 

   } 

  } else { 

   if (iRad < 5000) { 

    deltaTemperatureRise = ((f * A * ((iRad * fEff * rArC) + ((tG - tB) / rC) + (M / 

f))) - (f * A * ((pS - pA) / rE))) / (m * cP * deltaTime); 

   } else { 

    deltaTemperatureRise = 2.5; 

   } 

  } 

  return deltaTemperatureRise; 

 } 

  

 /** Private method that defines the start position 

  * as well as the direction of the rescue operation. 

  * Definition is done based on the defined variables 

  * portal and upstream, i.e., if the rescue operation 

  * is done through one of the tunnel's two portals or  

  * the tunnel's emergency exit (closest one to the fire), 

  * and if it is done upstream or downstream the fire. */ 

 private void setStartPosAndDirectionForOperation() { 

  startPos = 0.0; 

  towardExit = true; 

   

  if (fireEvent.getWindDirection()) { 

   if (upstream && portal) { 

    startPos = 0.0; 

    towardExit = true; 

   } else if (!upstream && portal) { 

    startPos = tunnel.getLength(); 

    towardExit = false; 

   } else if (upstream && !portal) { 

    startPos = 0.0; 

    towardExit = true; 

    for (int i = 0; i < tunnel.getEmergencyExits().size(); i++) { 

     if (tunnel.getEmergencyExits().get(i) < 

fireEvent.getDistanceFromEntrance()) { 

      if (tunnel.getEmergencyExits().get(i) > 0.0) { 

       if (Math.abs(tunnel.getEmergencyExits().get(i) - 

fireEvent.getDistanceFromEntrance()) < Math.abs(startPos - fireEvent.getDistanceFromEntrance())) { 

        startPos = tunnel.getEmergencyExits().get(i); 

       } 

      } 

     } 

    } 

   } else if (!upstream && !portal) { 

    startPos = tunnel.getLength(); 

    towardExit = false; 

    for (int i = 0; i < tunnel.getEmergencyExits().size(); i++) { 

     if (tunnel.getEmergencyExits().get(i) > 

fireEvent.getDistanceFromEntrance()) { 

      if (tunnel.getEmergencyExits().get(i) < tunnel.getLength()) { 

       if (Math.abs(tunnel.getEmergencyExits().get(i) - 

fireEvent.getDistanceFromEntrance()) < Math.abs(startPos - fireEvent.getDistanceFromEntrance())) { 

        startPos = tunnel.getEmergencyExits().get(i); 

       } 

      } 

     } 

    } 

   } 

  } else if (!fireEvent.getWindDirection()) { 

   if (upstream && portal) { 

    startPos = tunnel.getLength(); 

    towardExit = false; 

   } else if (!upstream && portal) { 

    startPos = 0.0; 

    towardExit = true; 

   } else if (upstream && !portal) { 

    startPos = tunnel.getLength(); 

    towardExit = false; 

    for (int i = 0; i < tunnel.getEmergencyExits().size(); i++) { 

     if (tunnel.getEmergencyExits().get(i) > 

fireEvent.getDistanceFromEntrance()) { 

      if (tunnel.getEmergencyExits().get(i) < tunnel.getLength()) { 

       if (Math.abs(tunnel.getEmergencyExits().get(i) - 

fireEvent.getDistanceFromEntrance()) < Math.abs(startPos - fireEvent.getDistanceFromEntrance())) { 

        startPos = tunnel.getEmergencyExits().get(i); 

       } 

      } 



     } 

    }     

   } else if (!upstream && !portal) { 

    startPos = 0.0; 

    towardExit = true; 

    for (int i = 0; i < tunnel.getEmergencyExits().size(); i++) { 

     if (tunnel.getEmergencyExits().get(i) < 

fireEvent.getDistanceFromEntrance()) { 

      if (tunnel.getEmergencyExits().get(i) > 0.0) { 

       if (Math.abs(tunnel.getEmergencyExits().get(i) - 

fireEvent.getDistanceFromEntrance()) < Math.abs(startPos - fireEvent.getDistanceFromEntrance())) { 

        startPos = tunnel.getEmergencyExits().get(i); 

       } 

      } 

     } 

    } 

   } 

  } 

 } 

  

} 

 



import java.io.BufferedWriter; 

import java.io.FileWriter; 

import java.io.IOException; 

import java.util.ArrayList; 

 

/** This Java class is a part of TuFT, a decision support 

 * tool for tunnel fires. The tool was developed by Karl Fridolf 

 * and Håkan Frantzich at Lund University during 2013-2014. 

 * Among other things, the tool offers the possibility to 

 * simulate fires in tunnels, and furthermore, the effects 

 * on evacuation and rescue operation possibilities. 

 *  

 * The tool's sub models, as well as the conclusions and 

 * the results produced by the tool, have not been quality 

 * controlled, verified or validated to the extent necessary 

 * for quality assurance. TuFT must hence be used with caution.  

 * Anyone who uses the results produced by TuFT does so on  

 * his/her own responsibility */ 

public class RescueSim { 

 private RescueOperation operation; 

 private FireEvent fireEvent; 

 private Fire fire;  

 private ArrayList<FireFighterPair> pairs; 

 private int availableFireFighters; 

 private int availableFireFighterPairs; 

 private int totalTime; 

 private double tempDistance; 

 private double tempMovementSpeed; 

 private double tempPosition; 

 private int tempTime; 

 private double tempDeltaT; 

 private int maxTime; 

 

 /** Prepares the simulation of a RescueOperation 

  * operation during a fire in a tunnel, described 

  * by FireEvent fireEvent. */ 

 public RescueSim(RescueOperation operation,  

   FireEvent fireEvent) { 

  this.operation = operation; 

  this.fireEvent = fireEvent; 

  this.fire = fireEvent.getFire(); 

  this.pairs = new ArrayList<FireFighterPair>(); 

  this.availableFireFighters =  

    operation.getNumberOfFireFighters(); 

  this.availableFireFighterPairs =  

    availableFireFighters / 2; 

  this.totalTime = 0; 

  this.tempDistance = 0.0; 

  this.tempMovementSpeed = 0.0; 

  this.tempPosition = 0.0; 

  this.tempTime = 0; 

  this.tempDeltaT = 0.0; 

  this.maxTime = fire.getTotalTime(); 

 } 

  

 /** Initiates the simulation. */ 

 public void performRescueSim() { 

   

  for (int t = 1; t < operation.getPreparationTime();  

    t++) { 

   totalTime++; 

   operation.addPosition(totalTime,  

     operation.getLastPosition()); 

  } 

   

  for(int i = 0; i < availableFireFighterPairs; i++) { 

   pairs.add(i, new FireFighterPair(operation,  

     operation.getLastPosition())); 

   availableFireFighters = availableFireFighters - 2; 

   if (i > 0) { 

    pairs.get(i).setActionTime((int)  

      Math.round(pairs.get(i).getActionTime() * 0.85)); 

   } 

    

   for (int t = 1; t < pairs.get(i).getActionTime() + 1; t++) { 



    if (operation.getAction() == 1) { 

     if (operation.operatingUpstream()) { 

      tempMovementSpeed = pairs.get(i).getUnimpededMovementSpeed(); 

      tempDistance = tempMovementSpeed * 1.0; 

      if (operation.goingTowardExit()) { 

       tempPosition = operation.getLastPosition() + tempDistance; 

      } else { 

       tempPosition = operation.getLastPosition() - tempDistance; 

      } 

      tempDeltaT = operation.getFireFighterBodyTemperatureRise(totalTime, 

Math.abs(fireEvent.getDistanceFromEntrance() - operation.getLastPosition())); 

     } else { 

      tempMovementSpeed = pairs.get(i).getMovementSpeed(totalTime, 

Math.abs(fireEvent.getDistanceFromEntrance() - operation.getLastPosition())); 

      tempDistance = tempMovementSpeed * 1.0; 

      if (operation.goingTowardExit()) { 

       tempPosition = operation.getLastPosition() + tempDistance; 

      } else { 

       tempPosition = operation.getLastPosition() - tempDistance; 

      } 

      tempDeltaT = operation.getFireFighterBodyTemperatureRise(totalTime, 

Math.abs(fireEvent.getDistanceFromEntrance() - operation.getLastPosition())); 

     } 

     tempTime = 1; 

    } else if (operation.getAction() == 2) { 

     tempMovementSpeed = 0.0; 

     tempDistance = tempMovementSpeed * 1.0; 

     tempPosition = operation.getLastPosition(); 

     tempTime = 1; 

     if (operation.operatingUpstream()) { 

      tempDeltaT = operation.getFireFighterBodyTemperatureRise(totalTime, 

Math.abs(fireEvent.getDistanceFromEntrance() - operation.getLastPosition())); 

     } else { 

      tempDeltaT = operation.getFireFighterBodyTemperatureRise(totalTime, 

Math.abs(fireEvent.getDistanceFromEntrance() - operation.getLastPosition())); 

     } 

    } else if (operation.getAction() == 3) { 

     if (operation.operatingUpstream()) { 

      tempMovementSpeed = pairs.get(i).getUnimpededMovementSpeed(); 

      tempDistance = tempMovementSpeed * 1.0; 

      if (operation.goingTowardExit()) { 

       tempPosition = operation.getLastPosition() + tempDistance; 

      } else { 

       tempPosition = operation.getLastPosition() - tempDistance; 

      } 

      tempDeltaT = operation.getFireFighterBodyTemperatureRise(totalTime, 

Math.abs(fireEvent.getDistanceFromEntrance() - operation.getLastPosition())); 

     } else { 

      tempMovementSpeed = pairs.get(i).getMovementSpeed(totalTime, 

Math.abs(fireEvent.getDistanceFromEntrance() - operation.getLastPosition())); 

      tempDistance = tempMovementSpeed * 1.0; 

      if (operation.goingTowardExit()) { 

       tempPosition = operation.getLastPosition() + tempDistance; 

      } else { 

       tempPosition = operation.getLastPosition() - tempDistance; 

      } 

      tempDeltaT = operation.getFireFighterBodyTemperatureRise(totalTime, 

Math.abs(fireEvent.getDistanceFromEntrance() - operation.getLastPosition())); 

     } 

     tempTime = 1; 

    } else if (operation.getAction() == 4) { 

     tempMovementSpeed = 0.0; 

     tempDistance = tempMovementSpeed * 1.0; 

     tempPosition = operation.getLastPosition(); 

     tempTime = 1; 

     if (operation.operatingUpstream()) { 

      tempDeltaT = operation.getFireFighterBodyTemperatureRise(totalTime, 

Math.abs(fireEvent.getDistanceFromEntrance() - operation.getLastPosition())); 

     } else { 

      tempDeltaT = operation.getFireFighterBodyTemperatureRise(totalTime, 

Math.abs(fireEvent.getDistanceFromEntrance() - operation.getLastPosition())); 

     } 

    } 

     

    totalTime++; 

    operation.addPosition(totalTime, tempPosition); 

    pairs.get(i).addPosition(t, tempPosition); 

    pairs.get(i).addDeltaTemperatureRise(t, tempDeltaT); 

    operation.reportingIn(pairs.get(i), tempTime, tempDistance);  



     

    if (totalTime >= maxTime - 1 || Math.abs(operation.getGoal() - 

operation.getLastPosition()) < 5.0 || pairs.get(i).getSumDeltaTemperatureRise() >= 2.5) { 

     break; 

    } 

   } 

    

   if (totalTime >= maxTime - 1 || Math.abs(operation.getGoal() - 

operation.getLastPosition()) < 5.0) { 

    break; 

   } 

    

  } 

   

 } 

  

 /** Saves the results of the rescue operation 

  * in terms of the position of the frontier 

  * fire fighter pair for each time step. Save 

  * is done to a comma separated text file  

  * termed operationPosition.txt. */ 

 public void saveOperationPosition() { 

  String fileName = "operationPosition.txt"; 

   

  try { 

   FileWriter fileWriter = new FileWriter(fileName); 

   BufferedWriter bufferedWriter = new BufferedWriter(fileWriter); 

 

   bufferedWriter.write(fireEvent.versionText()); 

   bufferedWriter.newLine(); 

   bufferedWriter.newLine(); 

    

   bufferedWriter.write("TIME" + "," + "POSITION [m]" + "," + "DISTANCE [m]"); 

   for (int i = 0; i < operation.getArrayOfPosition().size(); i++) { 

    bufferedWriter.newLine(); 

    bufferedWriter.write(Integer.toString(i)); 

    bufferedWriter.write(","); 

    bufferedWriter.write(Double.toString(operation.getPosition(i))); 

    bufferedWriter.write(","); 

    bufferedWriter.write(Double.toString(Math.abs(operation.getPosition(i) - 

operation.getStartPos()))); 

   } 

   bufferedWriter.close(); 

  } 

  catch (IOException ex) { 

      System.out.println( 

          "Error writing to file '" 

          + fileName + "'"); 

  } 

 } 

  

 /** Saves a summary of the rescue operation.  

  * Save is done to a comma separated text file  

  * termed operationSummary.txt. */ 

 public void saveOperationSummary() { 

  String fileName = "operationSummary.txt"; 

   

  try { 

   FileWriter fileWriter = new FileWriter(fileName); 

   BufferedWriter bufferedWriter = new BufferedWriter(fileWriter); 

 

   bufferedWriter.write(fireEvent.versionText()); 

   bufferedWriter.newLine(); 

   bufferedWriter.newLine(); 

    

   bufferedWriter.write("TUNNEL LENGTH:," + fireEvent.getTunnel().getLength() + " m"); 

   bufferedWriter.newLine(); 

   bufferedWriter.write("POSITION OF FIRE:," + fireEvent.getDistanceFromEntrance()); 

   bufferedWriter.newLine(); 

   bufferedWriter.newLine();  

   bufferedWriter.write("FIRE FIGHTER PAIR [no],"); 

   for (int i = 0; i < pairs.size(); i++) { 

    bufferedWriter.write(Integer.toString(i + 1)); 

    bufferedWriter.write(","); 

   } 

   bufferedWriter.newLine(); 

   bufferedWriter.write("ACTION TIME [s],"); 

   for (int i = 0; i < pairs.size(); i++) { 

    bufferedWriter.write(Integer.toString(pairs.get(i).getActionTime())); 



    bufferedWriter.write(","); 

   } 

   bufferedWriter.newLine(); 

   bufferedWriter.write("START POS [m],"); 

   for (int i = 0; i < pairs.size(); i++) { 

    bufferedWriter.write(Double.toString(pairs.get(i).getStartPosition())); 

    bufferedWriter.write(","); 

   } 

   bufferedWriter.newLine(); 

   bufferedWriter.write("END POS [m],"); 

   for (int i = 0; i < pairs.size(); i++) { 

    bufferedWriter.write(Double.toString(pairs.get(i).getLastPosition())); 

    bufferedWriter.write(","); 

   } 

   bufferedWriter.newLine(); 

   bufferedWriter.write("DISTANCE MOVED [m],"); 

   for (int i = 0; i < pairs.size(); i++) { 

    bufferedWriter.write(Double.toString(Math.abs(pairs.get(i).getLastPosition() - 

pairs.get(i).getStartPosition()))); 

    bufferedWriter.write(","); 

   } 

   bufferedWriter.newLine(); 

   bufferedWriter.write("TIME IN TUNNEL [s],"); 

   for (int i = 0; i < pairs.size(); i++) { 

    bufferedWriter.write(Integer.toString(pairs.get(i).getArrayOfPosition().size() - 

1)); 

    bufferedWriter.write(","); 

   } 

    

   bufferedWriter.close(); 

  } 

   

  catch (IOException ex) { 

            System.out.println( 

                "Error writing to file '" 

                + fileName + "'"); 

  } 

 } 

   

} 

import java.util.ArrayList; 

import java.io.FileNotFoundException; 

import java.io.FileReader; 

import java.io.IOException; 

 

import org.json.simple.JSONArray; 

import org.json.simple.JSONObject; 

import org.json.simple.parser.JSONParser; 

import org.json.simple.parser.ParseException; 

 

/** This Java class is a part of TuFT, a decision support 

 * tool for tunnel fires. The tool was developed by Karl Fridolf 

 * and Håkan Frantzich at Lund University during 2013-2014. 

 * Among other things, the tool offers the possibility to 

 * simulate fires in tunnels, and furthermore, the effects 

 * on evacuation and rescue operation possibilities. 

 *  

 * The tool's sub models, as well as the conclusions and 

 * the results produced by the tool, have not been quality 

 * controlled, verified or validated to the extent necessary 

 * for quality assurance. TuFT must hence be used with caution.  

 * Anyone who uses the results produced by TuFT does so on  

 * his/her own responsibility */ 

public class Sim { 

 private Boolean measure; 

 private Boolean evacuation; 

 private Boolean operation; 

 private String tunnelType; 

 private EvacSim evacSim; 

 private RescueSim rescueSim; 

 private Tunnel tunnel; 

 private RescueOperation rescueOperation; 



 private Fire fire; 

 private FireEvent fireEvent; 

 private Train train; 

 private Measures measures; 

 private ArrayList<Person> individuals; 

 private ArrayList<Group> groups; 

 private ArrayList<Person> passengers; 

 private ArrayList<Person> allEvacuees; 

 private ArrayList<Double> measurementPositions; 

  

 /** Prepares full simulation by reading from settings.JSON file. */ 

 public Sim(String settingsFileName) { 

    

  JSONParser parser = new JSONParser(); 

    

  try { 

   

   Object obj = parser.parse(new FileReader(settingsFileName)); 

   JSONObject jsonObject = (JSONObject) obj; 

    

   // TYPE OF SIMULATION // 

   JSONObject jsonSimulation = (JSONObject) jsonObject.get("simulation"); 

    

   measure = (Boolean) jsonSimulation.get("measure"); 

   evacuation = (Boolean) jsonSimulation.get("evacuation"); 

   operation = (Boolean) jsonSimulation.get("operation"); 

    

   // TUNNEL //    

   JSONObject jsonTunnel = (JSONObject) jsonObject.get("tunnel"); 

    

   tunnelType = (String) jsonTunnel.get("tunnelType"); 

   double length = (Double) jsonTunnel.get("length"); 

   double width = (Double) jsonTunnel.get("width"); 

   double height = (Double) jsonTunnel.get("height"); 

   double windSpeed = (Double) jsonTunnel.get("windSpeed"); 

   double ambientTemperature = (Double) jsonTunnel.get("ambientTemperature"); 

   double distanceBetweenEmergencyExits = (Double) 

jsonTunnel.get("distanceBetweenEmergencyExits"); 

    

   tunnel = new Tunnel(length, width, height, windSpeed, ambientTemperature, 

distanceBetweenEmergencyExits); 

    

   // FIRE // 

   JSONObject jsonFire = (JSONObject) jsonObject.get("fire");  

   String fireType = (String) jsonFire.get("fireType"); 

    

   if (fireType.equals("linear")) { 

    double alfaGrowth = (Double) jsonFire.get("alfaGrowth"); 

    double alfaDecay = (Double) jsonFire.get("alfaDecay"); 

    boolean linearGrowthRate = true; 

    double qMax = (Double) jsonFire.get("qMax"); 

    int timeFullBurn =  ((Long) jsonFire.get("timeFullBurn")).intValue(); 

    double massOpticalDensity = (Double) jsonFire.get("massOpticalDensity"); 

    double heatOfCombustion = (Double) jsonFire.get("heatOfCombustion"); 

    double chi = (Double) jsonFire.get("chi"); 

    double yieldCo2 = (Double) jsonFire.get("yieldCo2"); 

    double yieldCo = (Double) jsonFire.get("yieldCo"); 

    double yieldHcn = (Double) jsonFire.get("yieldHcn"); 

    fire = new Fire(linearGrowthRate, alfaGrowth, alfaDecay, 

      qMax, timeFullBurn, massOpticalDensity, heatOfCombustion, 

      chi, yieldCo2, yieldCo, yieldHcn); 

   } else if (fireType.equals("squared")) { 

    double alfaGrowth = (Double) jsonFire.get("alfaGrowth"); 

    double alfaDecay = (Double) jsonFire.get("alfaDecay"); 

    boolean linearGrowthRate = false; 

    double qMax = (Double) jsonFire.get("qMax"); 

    int timeFullBurn =  ((Long) jsonFire.get("timeFullBurn")).intValue(); 

    double massOpticalDensity = (Double) jsonFire.get("massOpticalDensity"); 

    double heatOfCombustion = (Double) jsonFire.get("heatOfCombustion"); 

    double chi = (Double) jsonFire.get("chi"); 

    double yieldCo2 = (Double) jsonFire.get("yieldCo2"); 

    double yieldCo = (Double) jsonFire.get("yieldCo"); 

    double yieldHcn = (Double) jsonFire.get("yieldHcn"); 

    fire = new Fire(linearGrowthRate, alfaGrowth, alfaDecay, 

      qMax, timeFullBurn, massOpticalDensity, heatOfCombustion, 

      chi, yieldCo2, yieldCo, yieldHcn); 

   } else if (fireType.equals("exponential")) { 

    double qMaxExp = (Double) jsonFire.get("qMaxExp"); 

    double eTot = (Double) jsonFire.get("eTot"); 



    double tMax = (Double) jsonFire.get("tMax"); 

    double massOpticalDensity = (Double) jsonFire.get("massOpticalDensity"); 

    double heatOfCombustion = (Double) jsonFire.get("heatOfCombustion"); 

    double chi = (Double) jsonFire.get("chi"); 

    double yieldCo2 = (Double) jsonFire.get("yieldCo2"); 

    double yieldCo = (Double) jsonFire.get("yieldCo"); 

    double yieldHcn = (Double) jsonFire.get("yieldHcn"); 

    fire = new Fire(qMaxExp, eTot, tMax, 

      massOpticalDensity, heatOfCombustion, 

      chi, yieldCo2, yieldCo, yieldHcn); 

   } 

    

   // FIRE EVENT // 

   JSONObject jsonFireEvent = (JSONObject) jsonObject.get("fireEvent"); 

    

   double firePos = (Double) jsonFireEvent.get("firePos"); 

   boolean windDirExit = (Boolean) jsonFireEvent.get("windDirExit"); 

    

   fireEvent = new FireEvent(tunnel, fire, firePos, windDirExit); 

    

   // INDIVIDUALS // 

   if (evacuation && tunnelType.equals("road")) { 

    JSONArray jsonIndividuals = (JSONArray) jsonObject.get("individuals"); 

    individuals = new ArrayList<Person>(); 

     

    for(int i = 0; i < jsonIndividuals.size(); i++) { 

     JSONObject jsonIndividual = (JSONObject) jsonIndividuals.get(i); 

     double personPosition = (Double) jsonIndividual.get("personPosition"); 

     int recognitionTime = ((Long) 

jsonIndividual.get("recognitionTime")).intValue(); 

     int responseTime = ((Long) jsonIndividual.get("responseTime")).intValue(); 

     int timeToLeaveVehicle = ((Long) 

jsonIndividual.get("timeToLeaveVehicle")).intValue(); 

     boolean chooseEmergencyExit = (Boolean) 

jsonIndividual.get("chooseEmergencyExit"); 

     boolean deterministic = (Boolean) jsonIndividual.get("deterministic"); 

          

     individuals.add(new Person(personPosition, recognitionTime,  

       responseTime, timeToLeaveVehicle, chooseEmergencyExit,  

       deterministic, tunnel, fireEvent)); 

    } 

   } 

 

   // GROUPS // 

   if (evacuation && tunnelType.equals("road")) { 

    JSONArray jsonGroups = (JSONArray) jsonObject.get("groups"); 

    groups = new ArrayList<Group>(); 

     

    for(int i = 0; i < jsonGroups.size(); i++) { 

     JSONObject jsonGroup = (JSONObject) jsonGroups.get(i); 

     int count = ((Long) jsonGroup.get("count")).intValue(); 

     double personPositionIntervalFrom = (Double) 

jsonGroup.get("personPositionIntervalFrom"); 

     double personPositionIntervalTo = (Double) 

jsonGroup.get("personPositionIntervalTo"); 

     int recognitionTimeIntervalFrom = ((Long) 

jsonGroup.get("recognitionTimeIntervalFrom")).intValue(); 

     int recognitionTimeIntervalTo = ((Long) 

jsonGroup.get("recognitionTimeIntervalTo")).intValue(); 

     int responseTimeIntervalFrom = ((Long) 

jsonGroup.get("responseTimeIntervalFrom")).intValue(); 

     int responseTimeIntervalTo = ((Long) 

jsonGroup.get("responseTimeIntervalTo")).intValue(); 

     int timeToLeaveVehicleFrom = ((Long) 

jsonGroup.get("timeToLeaveVehicleFrom")).intValue(); 

     int timeToLeaveVehicleTo = ((Long) 

jsonGroup.get("timeToLeaveVehicleTo")).intValue();     

     boolean chooseEmergencyExit = (Boolean) 

jsonGroup.get("chooseEmergencyExit"); 

     boolean deterministic = (Boolean) jsonGroup.get("deterministic"); 

      

     groups.add(new Group(count, personPositionIntervalFrom, 

personPositionIntervalTo, 

       recognitionTimeIntervalFrom, recognitionTimeIntervalTo, 

       responseTimeIntervalFrom, responseTimeIntervalTo, 

       timeToLeaveVehicleFrom, timeToLeaveVehicleTo, 

       chooseEmergencyExit, deterministic, tunnel, fireEvent)); 

     } 

   } 



       

   // TRAIN //  

   if (evacuation && tunnelType.equals("rail")) { 

    JSONObject jsonTrain = (JSONObject) jsonObject.get("train"); 

     

    double position = (Double) jsonTrain.get("position"); 

    double trainLength = (Double) jsonTrain.get("trainLength"); 

    int numberOfExits = ((Long) jsonTrain.get("numberOfExits")).intValue(); 

    double exitWidth = (Double) jsonTrain.get("exitWidth"); 

    int numberOfPassengers = ((Long) 

jsonTrain.get("numberOfPassengers")).intValue(); 

    int recognitionTime = ((Long) jsonTrain.get("recognitionTime")).intValue(); 

    int responseTime = ((Long) jsonTrain.get("responseTime")).intValue(); 

    boolean chooseEmergencyExit = (Boolean) jsonTrain.get("chooseEmergencyExit"); 

    boolean deterministic = (Boolean) jsonTrain.get("deterministic"); 

     

    train = new Train(position, trainLength, numberOfExits, 

      exitWidth, numberOfPassengers, recognitionTime, 

      responseTime, chooseEmergencyExit, deterministic, 

      tunnel, fireEvent); 

    passengers = train.getArrayOfPassengers(); 

   } 

    

   // RESCUE OPERATION // 

   if (operation) { 

    JSONObject jsonOperation = (JSONObject) jsonObject.get("operation"); 

         

    int preparationTime = ((Long) jsonOperation.get("preparationTime")).intValue(); 

    boolean upstream = (Boolean) jsonOperation.get("upstream"); 

    boolean portal = (Boolean) jsonOperation.get("portal"); 

    int numberOfFireFighters = ((Long) 

jsonOperation.get("numberOfFireFighters")).intValue(); 

    boolean thermalImaging = (Boolean) jsonOperation.get("thermalImaging"); 

    boolean muchAir = (Boolean) jsonOperation.get("muchAir"); 

    double hoseLengthLong = (Double) jsonOperation.get("hoseLengthUneven"); 

    double hoseLengthShort = (Double) jsonOperation.get("hoseLengthEven"); 

    int connectTimeLong = ((Long) 

jsonOperation.get("connectTimeUneven")).intValue(); 

    int connectTimeShort = ((Long) jsonOperation.get("connectTimeEven")).intValue(); 

     

    rescueOperation = new RescueOperation(fireEvent, preparationTime, upstream,  

      portal, numberOfFireFighters, thermalImaging, muchAir, 

hoseLengthLong,  

      hoseLengthShort, connectTimeLong, connectTimeShort); 

   } 

    

   // MEASURES // 

   if (measure) { 

    JSONArray jsonMeasurementPositions = (JSONArray) 

jsonObject.get("measurementPositions"); 

    measurementPositions = new ArrayList<Double>(); 

    for (int i = 0; i < jsonMeasurementPositions.size(); i++) { 

     JSONObject jsonMeasurementPosition = (JSONObject) 

jsonMeasurementPositions.get(i); 

     double pos = (Double) jsonMeasurementPosition.get("pos"); 

     measurementPositions.add(pos); 

    }  

     

    measures = new Measures(fireEvent, 0, fire.getTotalTime() - 1, 

measurementPositions); 

     

   }    

    

  } catch (FileNotFoundException e) { 

   e.printStackTrace(); 

  } catch (IOException e) { 

   e.printStackTrace(); 

  } catch (ParseException e) { 

   e.printStackTrace(); 

  } 

 } 

 

 /** Initiates simulation. */ 

 public void run() { 

  this.saveHrrToFile(); 

   

  if (evacuation) { 

   allEvacuees = new ArrayList<Person>(); 

    



   if (tunnelType.equals("road")) { 

    allEvacuees.addAll(individuals); 

    for (int i = 0; i < groups.size(); i++) { 

     allEvacuees.addAll(groups.get(i).getPeople()); 

    } 

   } 

    

   if (tunnelType.equals("rail")) { 

    allEvacuees.addAll(passengers); 

   } 

    

   this.evacSim = new EvacSim(fire, fireEvent, allEvacuees); 

   evacSim.performEvacSim(); 

   this.saveAllEvacToFile(); 

  } 

   

  if (operation) { 

   this.rescueSim = new RescueSim(rescueOperation, fireEvent); 

   rescueSim.performRescueSim(); 

   this.saveAllOperationToFile();    

  } 

   

  if (measure) { 

   this.saveMeasuresToFile(); 

  } 

 

 } 

  

 /** Saving evacuation simulation to files. */ 

 private void saveAllEvacToFile() { 

  evacSim.saveEvacFedAsphyxia(); 

  evacSim.saveEvacFidHeat(); 

  evacSim.saveEvacPosition(); 

  evacSim.saveEvacEndPosition(); 

  evacSim.saveEvacuatedPerTime(); 

  evacSim.saveEvacTemperature(); 

  evacSim.saveEvacVisibility(); 

  evacSim.saveEvacConcentrationCo(); 

  evacSim.saveEvacConcentrationCo2(); 

  evacSim.saveEvacConcentrationHcn(); 

  evacSim.saveEvacConcentrationO2(); 

  evacSim.saveEvacSummary(); 

 } 

  

 /** Saving rescue operation simulation to files. */ 

 private void saveAllOperationToFile() { 

  rescueSim.saveOperationSummary(); 

  rescueSim.saveOperationPosition(); 

 } 

  

 /** Saving HRR to file. */ 

 private void saveHrrToFile() { 

  fire.printHrr(); 

 } 

  

 /** Saving prediction measurements to files. */ 

 private void saveMeasuresToFile() { 

  measures.printTempToFile(); 

  measures.printGasToFile(); 

  measures.printExtinctionCoeffToFile(); 

  measures.printVisibilityToFile(); 

  measures.printHeatTransferToFile(); 

  measures.printFireRadiationToFile(); 

  measures.printBackLayeringDistance(); 

 } 

  

 /** Saving temporary evacuation simulation data to  

  * command prompt (only done for verification of TuFT). */ 

 public void saveEvacSimTemp() { 

  evacSim.saveEvacSimDataTemp(); 

 } 

 

} 



/** This Java class is a part of TuFT, a decision support 

 * tool for tunnel fires. The tool was developed by Karl Fridolf 

 * and Håkan Frantzich at Lund University during 2013-2014. 

 * Among other things, the tool offers the possibility to 

 * simulate fires in tunnels, and furthermore, the effects 

 * on evacuation and rescue operation possibilities. 

 *  

 * The tool's sub models, as well as the conclusions and 

 * the results produced by the tool, have not been quality 

 * controlled, verified or validated to the extent necessary 

 * for quality assurance. TuFT must hence be used with caution.  

 * Anyone who uses the results produced by TuFT does so on  

 * his/her own responsibility */ 

public class App { 

  

 public static void main(String[] args) { 

   

  Sim simulation = new Sim("settings.JSON"); 

  simulation.run(); 

    

 } 

 

} 

 


