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Background

Fire fighter training and experience is 
important, but buildings are getting much 
more complex (atria, underground, etc)
Rapid progress in understanding fire 
phenomena, computer programs, etc
Important to use new technology in training
Here: Give overview of research for fire 
service, researchers from Lund University 
who subsequently worked in fire service



Flashover, backdraft, smoke 
gas explosion

Very hazardous phenomena
Controversy over terms used

Flameover, rollover, lean and rich flashover, etc

Research project with aims to
Clarify terminology
Increase understanding of the dominant thermal 
and chemical processes
Produce basis for teaching material



Flashover, backdraft, smoke 
gas explosion
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Results
The phenomena Flashover, Backdraft and Smoke gas 
explosion occur relatively seldom but can involve great 
danger to fire fighters
The work divides potentially hazardous situations into 
categories based on fundamental physical and chemical 
processes
These categories are observed in practice and 
experiments have been performed for verification
The phenomena are closely related and it can in some 
cases be difficult to distinguish one from the other



Result

A new textbook for Fire Fighters
And Fire Officers used by the 
Swedish Fire and Rescue 
Training Facilities



Backdraft

Backdraft arises from an under-ventilated fire
A majority of fires are under-ventilated, or 
limited to first item ignited, when the fire 
service arrives on the scene
Most fire research work over the last 40 years 
has concentrated on well-ventilated fires
In under-ventilated fires one must deal with 
both thermal and chemical processes
Our aim: Educational material for fire fighters



Backdraft





Risk of Backdraft vs Tactics



Risk of Backdraft vs Tactics

Offensive attack, BA team enters front door
Defensive attack, natural ventilation by opening 
a window at the back
PPV at low  flow rate 3.73 m3/s.
PPV at high flow rate 5.38 m3/s.
Incorrect use of PPV at 5.38 m3/s.
Dilution of unburned gases, by water spray 
before opening. 



Risk of Backdraft vs Tactics
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Ventilation including PPV

1. Experimental Study of Fire Ventilation 
Actions During Firefighting Operations

2. Experimental Study of Fire Ventilation 
Procedures in a Large Hall

3. Investigating positive pressure ventilation



1. Study of fire ventilation during
fire fighting operations

Purpose of the tests
investigate the effect of measures taken by fire & rescue 
services, including positive pressure ventilation
to provide fire & rescue services with qualitative data to 
be used as a basis for decision making on the fire ground
15 experiments

Experimental set-up
fire fighter training facility (concrete/lightweight concrete)
0.50 m diameter heptane pool, burn time app. 700 
seconds, RHR appr. 0.37 MW
PPV by a Typhoon 18T5 fan, nominal flow of 2.7 m3/s



The test facility



Experimental lay-out



Fire fighting scenarios

A. via staircase (access route through D4, Room 4, D3), 
window (W) closed

B. via window (W), door between staircase (Room 4) and 
apartment closed (D3)

C. via staircase (access route through D4, Room 4, D3), 
window (W) open

D. via staircase (access route through D4, Room 4, D3), 
window (W) open, PPV, fan positioned in Room 4

E. via staircase (access route through D4, Room 4, D3), 
window (W) open, PPV, fan positioned outside door to 
staircase (D4)



2. Study of fire ventilation 
procedures in a large hall

Purpose of the tests
Investigate fire ventilation actions taken by the fire 
services, including PPV, for fires in large halls

Experimental set-up
Five tests were performed in a large hall measuring 
39 m long, 11.2 m wide and 8.1 m in ceiling height
1×2 m methanol pool, RHR appr. 1.0 MW
Smoke was produced using propylene glycol from 
smoke generators
PPV provided by a standard type fan, nominal flow of 
4.5 m3/s.



Experimental lay-out
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Experimental set-up: 
T1 – T6 stacks of thermocouples
C1 – C2 video camera 
P1 – P6 flow probes 
L Load cell 
W1 – W2 windows, 3.3 × 0.6 m 

(soffit 0.4 m below  
ceiling) 
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Investigated scenarios

1. Door in the south wall, D1
2. Window at ceiling level in the northeast corner, W1
3. Door in the south wall, D1 in figure 1, and window at 

ceiling level in the northeast corner, W1
4. Door in the south wall, D1, and window at ceiling level 

in the northeast corner, W1, using positive pressure 
ventilation, fan located approximately 3 m outside D1, 
blowing into the hall

5. Door in the northeast corner, D2, and window at 
ceiling level in the southeast corner, W2, using 
positive pressure ventilation, fan located 
approximately 3 m outside D2, blowing into the hall



3. Investigating positive 
pressure ventilation

Purpose of the tests
effects of distance between fan and inlet
size and numbers of outlets
volume of building

Experimental set-up
Forty-three experiments on the first, second, and 
third floors of a three-storey brick building with 
wooden trusses
Cold-flow only (unfortunately…)



The test facility



Results

Including comparison 
with CFD-calculations



Results

Positive pressure ventilation increases the mass loss rate of 
fuel, consequently increasing burning rate of the fire, also, 
risk of fire spread to adjacent rooms will increase
Working conditions for fire fighters are improved by positive 
pressure ventilation, but the lives of any victims trapped in 
an apartment on fire are jeopardised
Co-ordination of different measures at a fire scene is crucial 
and the importance of command and control is prominent.
Exhaust flow rate increases with increasing distance 
between fan and inlet
Exhaust flow rate decreases as volume of the structure 
increases



Result

A new textbook for Fire Fighters
And Fire Officers used by the 
Swedish Fire and Rescue 
Training Facilities



Contents

Background
Flashover, backdraft, smoke gas explosion
Ventilation, including PPV
Suppression
Tactics
Conclusions



SUPPRESSION

1. Live Fire Tests on Suppression of Post-
flashover Fires using Manually Applied 
High and Low Pressure Water Sprays

2. Fire Tests in a Large Hall, using 
manually Applied high and Low Pressure 
Water Sprays



1. Suppression Tests Using High 
and Low Pressure Water Sprays

Purpose of the tests
Compare a high-pressure (∼40 bar) system with a 
normal pressure (∼10 bar) system, systems mounted 
on a fire engine

Experimental set-up
15 tests in a fire fighter training facility
Water application using a manually oscillated nozzle
Actual fire-fighting techniques
The fuel was applied on the walls and in the ceiling 
of a fire fighting training facility, appr. 18 m2, 18-mm 
particleboard



The test facility

2.5 m

= thermocouple 12 m

5 m

opening
2.5 × 1.1 m

18 thermocouples at heights 1 m and 2 m above floor, located 
at 0.1 m, 2.5 m and 7.5 m from far end wall, respectively.



2. Tests In A Large Hall, High-
And Low Pressure Water Sprays

Purpose of the tests
investigate the capacity of the fire service to fight fires in 
large spaces and obtain quantitative data
compare a high-pressure with a low-pressure system
measure the heat stress on BA-equipped fire fighters

Experimental set-up
Six tests in a room measuring 14.0 × 7.7 m², 6.3 m in 
height, with 0.4 m thick walls of concrete
The fuel consisted of standard wood pallets arranged in 6 
stacks with 13 pallet in each stack



The test facility



The test facility
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Results

A rigid hose used together with a high-pressure system 
generally decreases the attack time and reduces 
temperatures quicker
High-pressure system has a better extinguishing effect 
regarding gas phase extinction
When both surface cooling effects and gas phase effects 
are considered, the high-pressure system requires only two-
thirds of the water required by the low-pressure system to 
achieve the same extinction capacity in this scenario
The increase in pulse rate of the fire fighters appeared to 
be triggered by mental stress and increased due to 
increasing skin temperature



Results

A new textbook for Fire Fighters
And Fire Officers used by the 
Swedish Fire and Rescue 
Training Facilities
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TACTICS

1. A Study of Tactical Patterns During 
Firefighting Operations

2. Investigating Firefighting Tactics in a 
Mechanical Workshop 

3. Investigating Tactical Patterns in a 
Residential Type Structure 

4. Tactical Patterns and Their Implications for 
Fire Fighting Operations



1. Tactical Patterns During 
Firefighting Operations

Purpose of the tests
to investigate how tactical patterns interact with a fire in 
an apartment
examine and draw conclusions from the course of events 
during operations and on their outcomes
a basis for further treatment of command and control 
problems

Experimental set-up
twenty tests performed in a fire fighter training facility
eight standard wooden pallets used as fuel in each test



Questions of interest

Why is a specific task chosen during a fire fighting 
operation?
What happens when this task is executed?
What would have happened if some other task were to 
be executed?
What would have happened if the task were to be 
executed at some other point in time or space?



The basic idea

Available 
procedures X Y

Possible 
combinations

only 
X

first X 
then Y

X and 
Y

only 
Y

first Y 
then X



The test facility



Experimental lay-out

T1 T2, P T3 T4

Experimental set-up: 
T1 - T4 stacks of thermocouples
P pressure gauge 
L1 – L3 load cells 
C camera ("Hubert") 
W window, 0.88 × 1.18 m2 
D1 - D2 doors, 1.16 × 1.98 m2 
D3 - D4 doors, 0.92 × 2.00 m2 
H1 - H2 hatches, 0.6 × 0.2 m2 
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Overview of tests
Test # Tactical pattern

1 Attack through the door to the apartment (D3), door to the apartment (D3) and window (W) opened.

2 Attack through the door to the apartment (D3), door to the apartment (D3) and window (W) opened, using positive pressure ventilation.

3 Attack through the door to the apartment (D3), door to the apartment (D3) and window (W) opened, using positive pressure ventilation.

4 Attack through the door to the apartment (D3), using positive pressure ventilation.

5 Attack through the door to the apartment (D3), door to the apartment (D3) and window (W) opened.

6 Attack through the window (W).

7 Attack through the window (W).

8 Attack through the door to the apartment (D3), door to the apartment (D3) and window (W) opened.

9 Attack through the door to the apartment (D3), door to the apartment (D3) and window (W) opened, using positive pressure ventilation.

10 Attack through the door to the apartment (D3), door to the apartment (D3) and window (W) opened, using positive pressure ventilation.

11 No attack (full-burn), door (D3) and window (W) opened and fire extinguished for safety reasons.

12 Attack through the door to the apartment (D3).

13 Attack through the door to the apartment (D3), door to the apartment (D3) and window (W) opened.

14 Attack through the door to the apartment (D3), door to the apartment (D3) and window (W) opened, using positive pressure ventilation.

15 Attack through the door to the apartment (D3), using positive pressure ventilation.

16 Attack through the door to the apartment (D3).

17 Attack through the door to the apartment (D3), door to the apartment (D3) and window (W) opened, using positive pressure ventilation.

18 Attack through the door to the apartment (D3), door to the apartment (D3) and window (W) opened.

19 Attack through the door to the apartment (D3), using positive pressure ventilation.

20 No attack (full-burn), door (D3) and window (W) opened and fire extinguished for safety reasons.



Results
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Results
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2. Fire Fighting Tactics in a 
Mechanical Workshop

Purpose of the tests
verify basic tactical principles identified in earlier 
experiments
Verify the methodology for analysis

Experimental set-up
nine tests were performed in a fire fighting training 
facility, representing a small mechanical workshop
thirteen standard wooden pallets were used as fuel 
in each test



Experimental lay-out

Experimental set-up: 
 thermocouples 
L1 – L3 load cells 
W1 window (at ceiling level),

1.0 × 0.5 m2 
W2 window (at floor level), 
 0.7 × 0.7 m2 
D1 – D3 doors, 0.8 × 2.0 m2 

C camera ("Hubert") 
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Position of fire 
(on platform) 
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3. Tactical Patterns In A 
Residential Type Structure

Purpose of the tests
verify basic tactical principles
verify the methodology of analysis
retrieve data for future work

Experimental set-up
44 tests were performed in a residential type, multi-
room fire fighter training facility
included various suppression techniques, positive 
pressure ventilation and various openings for ventilation
10 wooden pallets were used as fuel in each test



Experimental lay-out



4. Tactics and their Implications 
for Fire Fighting Operations



Results

Fire fighting tactics can be experimentally investigated. 
Through such experiments basic tactical principals have 
been identified and verified.
In a wider perspective, the experiments constitute a 
basis for further treatment of command and control 
problems.
Based on this type of analysis, mathematical models for 
fire fighting operations can be developed.



Basic tactical principals
the outcome of a fire fighting operation is dependent on the individual procedures 
as well as on their sequence of implementation
the choice of tactical pattern is dependent on the situation as well as on the 
objectives of the fire fighting operation
various procedures initiated on the fire ground must be coordinated, i.e. command 
and control of fire fighting operations is vital
the choice of tactical patterns may be of a greater importance to the outcome of 
an operation than the outcome of a single procedure itself
certain tactical patterns have an inherent indulgence towards defective or 
inappropriate procedures
defective or inappropriate procedures or tactical patterns can be corrected during 
a fire fighting operation
an objective may change during a fire fighting operation and different objectives 
during an operation may influence what tactical patterns are considered as 
“correct” and what are considered as “incorrect”



Result

A new textbook for Fire Fighters
And Fire Officers used by the 
Swedish Fire and Rescue 
Training Facilities
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Conclusions
Buildings getting much more complex (high atria, 
underground, etc)
Rapid progress in understanding fire phenomena, 
computer programs, etc
Important to facilitate rapid transfer of technology 
from fire science to the fire service 
We do this by cooperating with fire service and 
training establishments, conducting experiments, 
and providing relevant and appropriate teaching 
material, with a sound scientific basis, to fire 
fighters and fire officers



Educational material for fire 
fighters and fire officers
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Dr. Stefan Svensson, my co-author, 
Swedish Civil Contingency Agency (the 
fire and rescue training facility at Revinge)
Prof. Dougal Drysdale, for instigating 
some of the work
Dr. Philip Thomas, for his wisdom and 
generosity



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [3000 3000]
  /PageSize [595.276 841.890]
>> setpagedevice


