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-- effects of lateral spreadeffects of lateral spread
-- effects of layer heatingeffects of layer heating



BackgroundBackground

U.S. Coast Guard and U.S. Navy regulate interior U.S. Coast Guard and U.S. Navy regulate interior 
finish materials using ISO 9705 room/corner fire finish materials using ISO 9705 room/corner fire 
testtest
Aid material designers in analyzing fire Aid material designers in analyzing fire 
performanceperformance
-- screening material performance in ISO 9705screening material performance in ISO 9705

•• predict regulated valuespredict regulated values
–– heat release rateheat release rate
–– smoke productionsmoke production

-- fire hazard analysis for specific geometriesfire hazard analysis for specific geometries
•• conditions in room of originconditions in room of origin
•• conditions in spaces outside room of originconditions in spaces outside room of origin



Fire Growth Model StructureFire Growth Model Structure

ASTM E1354 Cone Calorimeter
ASTM E1321 LIFT

Flame Spread Model
(object in CFAST) CFAST 3.1.2

Heat Release Rate

Gas Temperature

FIRE GROWTH MODEL



Flame Spread ModelFlame Spread Model

Uniform size square cells Uniform size square cells 
Cells in one of three stagesCells in one of three stages
-- prepre--heat to ignitionheat to ignition
-- burningburning
-- burnoutburnout

PrePre--heat to ignition heat to ignition 
-- semisemi--infinite solid with cubic temperature profileinfinite solid with cubic temperature profile
-- time varying heat flux boundary conditiontime varying heat flux boundary condition

•• heat flux from fire based on empirical correlations heat flux from fire based on empirical correlations 

-- ignition when cell reaches ignition temperatureignition when cell reaches ignition temperature



Flame Spread ModelFlame Spread Model

BurningBurning
-- time varying heat release rate time varying heat release rate 

•• heat release rate curve for lining materialheat release rate curve for lining material
•• net heat flux into cellnet heat flux into cell

BurnoutBurnout
-- total available energy releasedtotal available energy released

ConfigurationsConfigurations
-- flat wall flat wall 
-- corner with and without a ceilingcorner with and without a ceiling
-- parallel wallsparallel walls



Flame Spread in Corner ConfigurationFlame Spread in Corner Configuration

Corner divided into three Corner divided into three 
regionsregions
-- corner wallscorner walls

•• windwind--aided and opposed aided and opposed 
flow flame spreadflow flame spread

-- top of wallstop of walls
•• windwind--aided and opposed aided and opposed 

flow flame spreadflow flame spread
-- ceilingceiling

•• windwind--aided flame spreadaided flame spread

Heat flux correlation required Heat flux correlation required 
for each spread directionfor each spread direction
Hot gas layer heating Hot gas layer heating 
includedincluded



Flame Spread in Corner ConfigurationFlame Spread in Corner Configuration

Flame length and heat flux correlationsFlame length and heat flux correlations
-- nonnon--combustible corner fire testscombustible corner fire tests

•• square propane burnerssquare propane burners
–– 0.17, 0.30, 0.50 m single side0.17, 0.30, 0.50 m single side
–– 5050--300 kW fires300 kW fires

•• LL--shaped line burnersshaped line burners
–– 0.17, 0.30, 0.50 m single side0.17, 0.30, 0.50 m single side
–– 2525--300 kW fires300 kW fires

Flame lengthFlame length
-- function of heat release rate and burning width in function of heat release rate and burning width in 

cornercorner
dQL dtipf

2/1*
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Combustible Lining Input Data Combustible Lining Input Data --
ASTM E1354 Cone CalorimeterASTM E1354 Cone Calorimeter

Critical heat fluxCritical heat flux
-- ignition temperatureignition temperature

Data at different irradiance levels Data at different irradiance levels 
(25, 50, 75 kW/m(25, 50, 75 kW/m22))
-- time to ignitiontime to ignition
-- heat release rate curveheat release rate curve
-- total heat releasedtotal heat released
-- smoke and toxic gas productionsmoke and toxic gas production

Use of data in modelUse of data in model
-- kkρρCC for piloted ignitionfor piloted ignition

•• ignition temperatureignition temperature
•• time to ignitiontime to ignition

-- heat release rate of cellheat release rate of cell
-- smoke production of cellsmoke production of cell



Combustible Lining Input Data Combustible Lining Input Data --
ASTM E1321 LIFTASTM E1321 LIFT

Lateral flame spread properties Lateral flame spread properties 
-- flame heating parameter, flame heating parameter, ΦΦ
-- kkρρCC for lateral spread for lateral spread 

Use of data in modelUse of data in model
-- lateral flame spreadlateral flame spread



Fire Growth Model Fire Growth Model -- Sensitivity AnalysisSensitivity Analysis

Time stepTime step
-- up to 2 seconds without affecting resultsup to 2 seconds without affecting results

Cell sizeCell size
-- dependent on geometrydependent on geometry
-- ISO 9705 room simulationsISO 9705 room simulations

•• up to 0.20 m without affecting resultsup to 0.20 m without affecting results

-- open corneropen corner
•• up to 0.025 m without affecting resultsup to 0.025 m without affecting results

Time to IgnitionTime to Ignition
-- expected error in data can affect resultsexpected error in data can affect results



Fire Growth Model Fire Growth Model -- Sensitivity AnalysisSensitivity Analysis

Critical heat flux (ignition temperature)Critical heat flux (ignition temperature)
-- change within change within ±±3 kW/m3 kW/m22 without affecting resultswithout affecting results
-- due to how due to how kkρρCC for piloted ignition is determinedfor piloted ignition is determined

Smoke dataSmoke data
-- CC--toto--COCO22 ratio affects gas temperatureratio affects gas temperature

•• order of magnitude increase resulted in 75 K temperature droporder of magnitude increase resulted in 75 K temperature drop

Not sensitivity to CONot sensitivity to CO--COCO22 and hydrogenand hydrogen--toto--carbon carbon 
ratioratio
RadiativeRadiative fraction affects gas temperaturefraction affects gas temperature



ISO 9705 Room/Corner TestISO 9705 Room/Corner Test

LargeLarge--scale test to evaluate scale test to evaluate 
contribution of wall lining to fire growthcontribution of wall lining to fire growth
Initiating fireInitiating fire
-- in back cornerin back corner
-- 0.17 m square propane burner 0.17 m square propane burner 
-- 100 kW for 600 seconds then 300 kW 100 kW for 600 seconds then 300 kW 

for 600 secondsfor 600 seconds
Two side walls, back wall and ceiling Two side walls, back wall and ceiling 
lined with combustible material lined with combustible material 
DataData
-- overall heat release rateoverall heat release rate
-- smoke production ratesmoke production rate



ISO 9705 Simulations ResultsISO 9705 Simulations Results
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ISO 9705 Simulations ResultsISO 9705 Simulations Results

Phenolic (FR) "Fire Restricting" Material

Vinyl Ester (FR) Modified Acrylic (FR)
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ISO 9705 Simulation ResultsISO 9705 Simulation Results

Heat Release Rate [kW] Smoke Production Rate [m2/kg]Time to
Flashover [s]1 Test Average Max 30 s Avg. Test Average Max 60 s Avg.

Material
No. Test2 Model Test2 Model Test2 Model Test2 Model Test2 Model

1 NR NR 62 61 159 179 1.5 3.2 5.4 5.6
2 NR NR 31 23 112 73 0.2 3.0 0.5 5.2
3 342 475 203 217 677 697 9.4 14.1 21.7 35.1
4 300 377 224 255 798 726 10.2 19.2 26.3 44.8
5 1002 1008 125 118 454 686 6.7 5.0 26.4 15.7
6 NR NR 31 42 82 115 1.4 3.6 3.5 6.7
7 102 44 170 152 402 188 2.3 1.3 2.7 1.3
8 682 460 127 169 657 590 0.5 2.1 4.8 3.8

IMO ≤ 100 ≤ 500 ≤ 1.4 ≤ 8.3

1. Taken to be time at which heat release rate reached 1000 kW
2. Data from Janssens et al. (1998)
NR = Not Reached



Open Corner TestsOpen Corner Tests

2.1 m
(6 ft. 9 in.)

Wall #2

2.4 m
(8 ft.)

Wall #1

Overhead

Area 
Source Fire

2.1 m
(6 ft. 9 in.)

1.8 m
(6 ft)

0.60 m
(2 ft)

1.8 m
(6 ft.)

Ceiling

0.15 m
(6 in.)

Lining MaterialsLining Materials
-- 9.5 mm plywood9.5 mm plywood
-- 12.5 mm glass reinforced 12.5 mm glass reinforced 

vinyl ester composite (GRP)vinyl ester composite (GRP)
-- 87.5 mm sandwich 87.5 mm sandwich 

compositecomposite

Initiating fireInitiating fire
-- 0.17 m square propane 0.17 m square propane 

burnerburner
-- 100 kW for 600 seconds, 100 kW for 600 seconds, 

300 kW for 600 seconds300 kW for 600 seconds

MeasurementsMeasurements
-- flame lengthflame length
-- flame front locationsflame front locations
-- total heat release ratetotal heat release rate
-- total heat flux to boundariestotal heat flux to boundaries



Open Corner Simulations Open Corner Simulations -- PlywoodPlywood
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Open Corner Simulations Open Corner Simulations -- GRPGRP
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Effects of Lateral Flame Spread Effects of Lateral Flame Spread 
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Effects of Layer HeatingEffects of Layer Heating
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Effects of Layer HeatingEffects of Layer Heating
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ConclusionsConclusions

Fire growth model successfully predicts Fire growth model successfully predicts 
performance in ISO 9705performance in ISO 9705
-- larger cell size without loss of accuracylarger cell size without loss of accuracy
-- requires only cone calorimeter data for inputrequires only cone calorimeter data for input
-- predicted trends in heat release rate and smoke predicted trends in heat release rate and smoke 

production dataproduction data
-- capable of screening material performance per capable of screening material performance per 

regulated quantitiesregulated quantities
-- provides a provides a ±±130 s130 s estimate of time to flashoverestimate of time to flashover



ConclusionsConclusions

Predicting fire growth in open corners (i.e., larger Predicting fire growth in open corners (i.e., larger 
rooms)rooms)
-- smaller cells required for converged solution smaller cells required for converged solution 
-- lateral flame spread using LIFT data recommended lateral flame spread using LIFT data recommended 

for conservative solutionfor conservative solution
•• important for materials with important for materials with ΦΦ//kkρρCC

Hot gas layers affect resultsHot gas layers affect results
-- increase heat release rateincrease heat release rate
-- accelerates flame spreadaccelerates flame spread
-- decreases importance of lateral flame spread using decreases importance of lateral flame spread using 

LIFT dataLIFT data



ISO 9705 UpperISO 9705 Upper--Layer Gas TemperatureLayer Gas Temperature
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