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FOREWORD

The Office of Law Enforcement Standards (OLES) of the National Ingtitute of Standards and
Technology (NIST) furnishes technica support to the Nationa Ingtitute of Justice (NIJ) program to
strengthen law enforcement and crimind justice in the United States. OLES sfunctionisto
conduct research that will assist law enforcement and criminal justice agencies in the selection and
procurement of quality equipment.

OLESis (1) Subjecting existing equipment to laboratory testing and evaluation, and (2) conducting
research leading to the development of several series of documents, including national standards,
user guides, and technical reports.

This document covers research conducted by OLES under the sponsorship of the Nationa Institute
of Justice. Additional reports as well as other documents are being issued under the OLES program
in the areas of protective clothing and equipment, communications systems, emergency equipment,
investigative aids, security systems, vehicles, weapons, and analytical techniques and standard
reference materials used by the forensic community.

Technical comments and suggestions concerning this report are invited from all interested parties.
They may be addressed to the Office of Law Enforcement Standards, National Institute of Standards
and Technology, 100 Bureau Drive, Stop 8102, Gaithersburg, MD 20899-8102.

Dr. David G. Boyd, Director

Office of Science and Technology
Nationa Institute of Justice
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Discussions with fire investigatorsindicate that it would be beneficial to have the ability
to predict the quantity of liquid fuel necessary to create a burn pattern of agiven size.
Full-scale spill and fire experiments were conducted with gasoline and kerosene on vinyl,
wood parguet, and carpet covered plywood floors using various quantities of fuel. Spill
areas were measured, and for nonporous floors the results were compared to analytical
predictions. Burn pattern areas are correlated with the spill areas, resulting in a method for
predicting the quantity of spilled fuel required to form aburn pattern of agiven size. The
heat release rates of the fuel spill fires were determined through experiment and compared
to an existing reference for burning liquid pools of the same surface area. The peak spill
fire heat release rates for nonporous surfaces were found to be approximately 1/8 to 1/4 of
those from equivalent area pool fires. The peak heat release rates for spill fires on carpet
were found to be approximately equal to those from equivalent area pool fires. The heat
release rates can be used as inputs for fire modeling or for evaluating fire scenarios.

Key words: accelerants; arson; building fires; burn patterns; carpets; char; charring; fire
investigations; fire measurements; flammable liquids; floors; floor coverings; heat release
rate; pour patterns; spill fires.

1. INTRODUCTION

Discussons with fire investigators indicate thet it would be beneficid to have the ability to
predict the quantity of liquid fuel necessary to creete aburn pattern of agiven sze. Past studies
conducted with liquid fuels contained too many variables to determine the relationship between
spill quantity and burn pattern area. In an effort to reduce the variables involved, and thereby
understand the process of pattern formation, experiments are conducted in the laboratory under
an ingrumented exhaust hood, without aroom or enclosure. This layout would represent afire
burning in alarge space, or in an enclosure before the formation of a sgnificant upper layer of
heated combustion products. Due to the rapid combustion of fuel spills on nonporous surfaces,
the results of the study may be applicable to many enclosures.

Andytica predictions and empirica data concerning the spread of liquids on idedl surfaces are
available in the literature. The andytica predictions are based on perfectly smooth, leve, and
nonporous surfaces. The empirica datais derived from spills on very smooth level surfaces,
such as epoxy-coated concrete and metal.



The floor materias of interest to fire investigators, such aswood and vinyl flooring, carpet, and
unsedled concrete differ from the ideal surfaces assumed in the analytical predictions. These
flooring materias contain joints and texture, and may be porous or semiporous. The spread of
liquids on these surfacesis expected to differ from those measured or predicted on more ideal
aurfaces. This study investigates the spill and burning behavior of liquid fuels on vinyl tile, wood
parquet, and carpet flooring materids. In order to provide inputs for fire modeling that can be
especidly useful in fire condition prediction and fire scenario evauation, the heat release rates
(HRRs) of the spill fires are measured. The liquid fuels used are gasoline and kerosene, which
are commonly encountered by fire investigatorsin the field.

2. ANALYTICAL SPILL SIZE PREDICTION

The literature [1]* contains methods for predicting the spread of fluids on smooth, level surfaces.
The methods congs of fluid mechanics modds that assume a smooth, level surface and
negligible evgporation. This assumption will be an gpproximation in the case of wood and vinyl
floors due to surface texture, cracks, and the inability to produce a perfectly smooth, level
surface. The analysisis not gpplicable to carpeted surfaces due to absorption into the carpet
and pad.

Properties of the spreading fuel are important to the spreading process. Characteristics such as
fud dengty, viscosty, surface tenson, and the interfacia tenson between the liquid, the air, and
the floor surface dl affect the spreading process.

When aliquid is spilled on asurface, a condition that is assumed to occur ingtantaneoudy in the
andytica predictions, the spreading process may be divided into a series of three regimes, each
of which is dominated by different physica forces. The regimes occur in the following order:
gravity-inertia, gravity-viscous, and viscous-surface tenson. In the gravity-inertiaregime, the
forces of gravity are working to spread the fluid and are opposed by the inertia of thefluid. In
the gravity-viscous regime, the viscous forces within the fluid oppose the gravity forces. Findly,
in the viscous-surface tension regime, the viscous forces within the fluid oppose the surface
tenson forces. For the fuds and spill Szesinvestigated here, the spill enters the viscous-surface
tensgon regime very rapidly, on the order of afew seconds from the time of the spill. The
process for caculaing the spill thickness as afunction of time differs depending on the saill
regime at the time of interest. Equation 1 is used to determine the time at which the spill enters
the viscous-surface tenson regime. For t > t,, the ill isin the viscous-surface tension regime,
and equation 2 may be used to cdculate the radius of the spill and derive the spill thickness.

! Numbersin brackets refer to referencesin section 7.
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Where: R / radius of spill (m)
T/ time(9

The spill areawas predicted as a function of time according to eq (1) and eq (2), using the
properties|[2] liged intable 1. The results for two times of interest are listed in table 2.

Table 1. Physical properties of spilled fuels

Properties Gasoline Kerosene
F (N/m) 212x10% 277 x10?
< (n¥l9) 429x 10"  239x10°
-1 (N 9 292x10*  1.92x10°




Table 2. Spill thickness predictions

Predicted Thickness, mm (in)

Fuel 60 s 120 s
Gasoline 0.56 (0.022) 0.41 (0.016)
Kerosene 1.3 (0.050) 0.89 (0.035)

The spreading of liquid fuelsin indudtrid facilities has been sudied for fire hazard andyses [3].
In these experiments, spill thickness of 0.22 mm resulted from unconfined spills of #2 fud ail on
epoxy-coated concrete and sted surfaces. The study found that the unconfined spill thickness
was independent of the spill volume, aresult that is gpplied in the current study.

3. SPILL AREA

A series of eight spill area measurements were conducted using wood parquet and vinyl
flooring. Various quantities of fud were poured onto sections of flooring. The flooring sections
congsted of awood frame congtructed of 50 mm by 100 mm (2 in x 4 in) nomina wood lumber
covered with 16 mm (5/8 in) nomind plywood secured with nails. The wood parquet flooring
sections were constructed by applying adhesive to the plywood surface and attaching the 300
mm by 300 mm (12 in by 12 in) nomina wood parquet flooring tiles to the flooring sections.
The wood tiles are coated with a clear polyurethane finish at the factory and are manufactured
with tongue and groove connections aong the tile perimeter.  The vinyl flooring sections were
congtructed by attaching a6 mm (1/4 in) nomind layer of dense fiberboard to the plywood
surface with nalls. Sdf-gicking 300 mm by 300 mm (12 in by 12 in) nomind vinyl flooring tiles
were gpplied to the surface of the fiberboard.

The liquid fuels were poured in the center of the flooring sections, with gpproximate dimensions
of 1.22 mby 1.22 m (4 ft x 4 ft), usng the gpparatus shown in figure 1. The fuel was poured
by rotating the container, thereby discharging the fuel onto the center of the floor sample from a
height of 510 mm £ 10 mm. (This estimated expanded uncertainty is the result of a Type B
evauation with a coverage factor of 2.) The fuel was alowed to spread and Sit on the surface
of the flooring for a duration of gpproximately 60 s. In dl cases, the fud was observed to have
stopped spreading within the 60 stime period. The temperatures of the floor samples and fue
were approximately equal to the ambient temperature, which was approximately 24 °C (75 °F).

Spill areas were measured using infrared imaging. The use of infrared imaging was made
possible by emissvity differences between the flooring materids and the fuds, which were a
gpproximately the same temperature. This avoided the need to add dyes or other impurities to
the fuels to make them visble. The nomind thickness of the spill was caculated from the spill



areaand spill quantity. Fud evaporation and soak-in were ignored due to the short duration of
the measurements and the use of nonporous surfaces. Figures 2 and 3 show the extent of the
goread of gasoline on wood parquet and vinyl tilefloors. The fluid traveling within the cracks of
the flooring materid can be clearly seen dong the periphery of the wood parquet floor spill. The
presence of these fud dendrites was ignored in the calculation of spill thickness.

Spill thicknesses cdculated using the analyticd method are compared to the experimenta results
intable 3. All of the uncertainties stated in this report, unless otherwise noted, are expanded
uncertaintiesderived from Type A evauations (datisticd andyss of the data) with a coverage
factor, k, equa to 2. A coverage factor of 2 corresponds to a confidence interva of
approximately 95 %, assuming anorma distribution gpplies[4].

Due to the assumptions made in the andytica predictions, most importantly the ided surface,
the spreading behavior of the spill isafunction of time. While the spreading in the experiments
gppeared to ceasein lessthan 60 s, the analytical predictions using eq (1) and eq (2) indicate
continua spread. Due to the differencesin the andyticaly predicted and empirica spill
thicknesses for the floor coverings studied, the use of the empirica datais recommended. The
andyticd prediction method is useful, however, for understanding the soreading mechanisms of
afluid spill. The predictions could be vauable for instances where the spill method, fuds, or
floor surfaces differ from those studied in this paper. To thisend, the anaytica prediction
method could be used to understand the sengitivity of the spill thicknessto variables such as fud
temperature, floor temperature, fud variations, etc.

Table 3. Comparison of predicted and empirically derived spill thickness

Predicted Thickness, mm (in)  Empirically Derived Thickness,
mm (in)
Fuel/Floor Material 60 s 120 s
Gasoline/Wood 0.56 (0.022) 0.41(0.016) 0.67 ** 0.05 (0.026 ** 0.002)
Gasoling/Vinyl 0.56 (0.022) 0.41(0.016) 0.56 ** 0.05 (0.022 ** 0.002)
Kerosene/Wood 1.3(0.050) 0.89(0.035) 0.82 ' 0.05 (0.032 ** 0.002)
Keroseng/Vinyl 1.3(0.050) 0.89(0.035) 0.79 ™" 0.05 (0.031 ** 0.002)

Spill areas were a'so measured on carpeted floors. In this case, the edge of the spill was
indicated on the carpet with ablack permanent marker, and the dimengons of the dlipticd saill
measured with ameter stick. Two types of carpet were used. Carpet “1” was composed of
polyolefin, with polypropylene backing. This carpet is designated as a home/office carpet, with
dense loop construction, and an approximate mass per unit area of 0.68 kg/n (20 oz/yd?).
Carpet “2" was acut pile carpet composed of nylon, with an approximate mass per unit area of



0.85 kg/n? (25 oz/yd?). Both carpet types were installed over polyurethane carpet padding,
with an approximate mass per unit area of 0.98 kg/n (29 oz/yd?), and attached to a plywood
sub-floor with tack strips along the perimeter. Descriptions of the carpets and padding are
summarized in teble 4.

Table4. Carpet flooring composition

Carpet Description
Flooring
Component

Carpet 1 Home/office carpet with dense loop congtruction. Polyolefin loops and
polypropylene backing. Approximate mass per unit area of 0.68 kg/nt.
Carpet 2 Cut pile nylon carpet. Approximate mass per unit areaof 0.85 kg/n't.
Padding Polyurethane foam pad constructed from shredded foam. Approximate
mass per unit area of 0.98 kg/n. Pad thickness approximately 10 mm.

The carpet spills were conducted in an identical manner to those on the nonporous surfaces,
except for the area measurement method stated above, and that a2.44 m x 2.44 m section of
flooring was used for dl of the spills. Since the carpet and pad absorb the spilled gasoline, the
soill areas for various quantities of fud are listed in units of areaingtead of length (thickness).
Theresultsare shown in table 5.

Table 5. Carpet spill areas

Carpet Spill Quantity Soill Area, n?
Type mL (gal.) (0. ft.)

1 250 (0.066) 8.51 x 10 + 0.00 (0.916 + 0.00)"
1 500 (0.13) 1.63x 10" + 3.33x 10 (1.76 = 0.359)
1 1000 (0.26) 2.89x 10" + 1.49 x 10% (3.11 + 0.161)
2 250 (0.066) 3.95x 10% + 1.05 x 102 (0.425 + 0.113)
2 500 (0.13) 5.95x 102 + 6.44 x 10° (0.640 + 6.93 x 10?)
2 1000 (0.26) 1.07 x 10" + 1.20 x 102 (1.15 + 0.129)

" An estimated expanded uncertainty of + 537 x 10° nf (+ 5.79 x 102 ft?) results from application of the law of
propagation of uncertainty to Type B uncertainties using a coverage factor of 2.



4. SPILL IGNITION EXPERIMENTS

The full-scale fire experiments were conducted under an instrumented exhaust hood in the
laboratory. The laboratory space is temperature controlled and for al experiments was
approximately 20 °C (68 °F). The fuel was poured over the center of each 244 mby 244 m
(8.00 ft x 8.00 ft) nomina flooring section by rotating the vessd to the horizontd. Upon
completion of the pour, asoak-in time of gpproximately 60 s was observed to alow for the
goread of the fud over the surface. During the soak-in time, an dectric match conssting of a
nickel-chromium wire run through abook of paper matches, was placed in the center of the
soill. The spill wasignited at the end of the soak-in period. The red-time hest release rate of
the fire was caculated using oxygen consumption calorimetry during the fire[5]. The nonporous
flooring fires were dlowed to burn until they sdf-extinguished. The carpet fireswere
extinguished at various times after ignition. Following extinguishment, the burn pettern resulting
from the fire was measured and photographed. The experimenta setup is shown in figures 1
and 4, while the gasoline fire experimenta matrix is shown in table 6.

4.1 Nonporous Surfaces

As expected, the ignition and burning behaviors of gasoline and kerosene differed. Gasoline (87
octane), aliquid with aclosed cup flashpoint of —38 °C [6], ignited readily and consigtently with
flame spreading rapidly over the entire surface of the spill (seefig. 5). In addition, vapors
goread past the confines of the spill during the soak-in time, resulting in momentary burning over
alarger area, which was not measured. Spill fires gpproaching extinction are shown in figures 6
and 7. In both cases, fire can be seen lingering in the cracks and seams present in the surfaces
of thefloors.

Figures 8 through 11 show the typical patterns left by the gasoline fires. Upon ingpection of the
floors after the burns, it was noted that the charring was limited to the upper surface of the
flooring and in the cracks of thetiles. In the wood parquet flooring experiments, the plywood
underlayment was undamaged. In the vinyl flooring tests, the fiberboard underlayment was
undamaged, except for charring at the seams between thetiles. The charring of the fiberboard
can be seen in figures 12 and 13 where the tiles pulled away from each other at the seams upon
fire exposure.

Kerosene, aliquid with a closed cup flashpoint of 55 °C [7], did not ignite readily or
congstently. The kerosenefalled to ignite in most cases. In some of the experiments, the
kerosene did ignitein the locdlity of the matches and dowly spread in the confines of cracksin
thefloor. Thisbehavior led to the pattern shown in figure 14. The kerosene fires sdlf-
extinguished leaving large areas of the ill unburned.  Given the limited amount of burning from
the kerosene, most of the experiments were conducted with gasoline.



Table 6. Gasoline fire experimental matrix

Floor Type Soill Quantity (mL) Number of
Experiments
Wood Parquet 250 3
Wood Parquet 500 3
Wood Parquet 1000 3
Vinyl 250 3
Vinyl 500 3
Vinyl 1000 4
Carpet 1 250 3
Carpet 1 500 3
Carpet 1 1000 3
Carpet 2 250 3
Carpet 2 500 3
Carpet 2 1000 4

4.2 Carpeted Surfaces

The spill fires on carpeted flooring utilized gasoline (87 octane) as the spilled fud. Aswith the
nonporous surfaces, the gasoline ignited readily and consstently with flame spreading rapidly
over the entire surface of the spill. In addition, vapors spread past the confines of the spill
during the soak-in time, resulting in momentary burning over alarger area, which was not
measured. The two types of carpet differed quditatively in the rate of flame spread over the
carpet surface. The flame spread rate of the cut pile nylon carpet (carpet 2) was significantly
less than that of the polyolefin carpet (carpet 1) of loop construction. The flame spread rates
were not characterized quantitatively, but the fire area of the polyolefin carpet experiments more
than doubled in 90 s, as opposed to the nylon carpet experiments where the burn area only
increased dightly over the sametime period. This behavior isillugrated in figures 15 through
18.

Close-up views of the burning carpet spills are shown in figures 19 and 20.

Post-fire, the burn pattern present on the carpeted floors exhibited a* doughnut” type pattern, as
can be seen in figures 21 through 24. The presence of gasoline was limited to the inside
doughnut, where sgnificant quantities of fud were present. The mdted carpet materia ingde
the doughnut protected the carpet padding from the effects of thefire (fig. 25). The protected
carpet pad was soaked with gasoline pogt-fire, and could be reignited with an open flame.
Severd of the nylon carpeted fires were alowed to burn for extended periods of time,
approximately 1800 s (30 min), until the fire conssted of distributed areas of smdl individua



flames (fig. 26). The protected carpet padding insde the doughnut pattern was soaked with
gasoline after the extended burn time. After the fires were extinguished, the carpet and padding
could be removed, leaving the doughnut pattern attached to the underlying plywood flooring.
Thisisshown in figure 27.

5. ANALYSISAND RESULTS
5.1 Spill and Burn Areas

The spill areas and burn areas for the nonporous floors are compared in figures 28 and 29. The
error bars on the graphs represent the expanded uncertainty in the measurement of the spill

area. The graphsillustrate good agreement between the spill and burn areas for gasoline. The
burn areas from the gasoline spill fires on wood and vinyl floors are well represented by alinear
curvefit. The y-intercept is pogtive, suggesting the effects of uncertainty, or that the burn area
isdightly larger than the soill area. For wood floors, the latter isillustrated by the comparison of
the spill and burn areas. In the case of vinyl, however, the spill and burn areas are essentidly
the same. Note that for the wood and vinyl surfaces, the pill areas on the graph are
extrapolated from the 250 mL spillsto the 500 mL and 1000 mL spills. The basisfor the
extrapolation was previous work in the literature [3] where unconfined spill thicknesses on
nonporous surfaces were found to be independent of spill volume. Points are shown at 500 mL
and 1000 mL in order to illugtrate the uncertainty in the extrapolation, derived from the law of
propagation of uncertainty and the uncertainty in the 250 mL resuilt.

The spill and initia burn areas for the carpet experiments, shown in figure 30, are well
represented by alinear curvefit. The areas are greater for the low pile looped polyolefin carpet
as compared to the cut pile nylon carpet as a consequence of the quantity of fuel the carpet is
ableto hold. In both cases, the y-intercept is positive due to uncertainties and/or the pouring of
thefud. Sincethe area of the pour stream is the same for dl of the pours, it would compose a
greater percentage of the spill areaat smdler sill volumes. Thereisdso asmal amount of dop
and splatter that occurs when the fuel stream contacts the surface of the floor. Asthe sill
volume gpproaches zero, a minimum spill areawould be expected, and the extrapolation would
ceaseto bevalid. Note that the spill areas of the porous surfaces are an order of magnitude
smdler than those on the nonporous surfaces studied.

5.2 Peak Heat Release Rate

The pesk heat rdease rate versus spill volume relationships for the vinyl and wood flooring are
well represented by alinear curvefit, shown in figure 31. Note that the y-intercept for the vinyl
flooring is pogitive; it isthe result of uncertainty in the measurement, or possibly it illustrates the
contribution of the vinyl flooring materid to the heat release rate. In contradt to the vinyl-flooring
plat, the linear fit for the wood flooring has a negative y-intercept. This could be the result of



uncertainty, or the combined effects of the heet release rate contribution of the flooring and the
fluid logt into the cracks of the flooring materidl.

The peak hest release rate versus spill volume of the carpeted floors, shown in figure 32, are
both represented well by alinear fit, with the polyolefin carpet spills having greater rates of hest
release than the nylon carpet spills, at the spill sSizes examined. This result was expected given
the qudlitative behavior observed during the experiments, where the polyolefin burns exhibited a
greater rate of flame spread than the nylon carpet burns. In both cases, the fit has a postive y-
intercept, due to the uncertainty in the data, or to the hest rel ease rate component of the carpet
and pad.

The peak heat release rates for the spill fires are compared to steady state pool fire heat release
ratesin tables 7 and 8. The pool fire HRR values were computed from correlations derived
from large-scae pool fire experiments[8,9]. The diameters used in the pool fire HRR
correlations are equivaent diameters, i.e., the areas of the pool fires are the same as the areas of
the spill fires. Peak heat release rates for the spills examined on nonporous surfaces are
approximately 1/4 to 1/8 of the heat release rates of the pool fires. For the carpet spill fires, the
peak heat release rates are gpproximately equal to the steady State heat release rates of the
equivaent diameter pool fires. For the scenarios examined, the pool fire heat release rates
would not be good gpproximations for gasoline spills on nonporous surfaces for modeling
purposes. The pool fire heat release rates, however, are good approximations for gasoline spill
fire heat release rates on the carpeted flooring surfaces examined.

The heet release rates of the fire experiments as afunction of time are included in the grgphsin
appendix A.

Table 7. Nonporous spill fire and pool fire HRR

Soill Volume, mL (gal.) Peak HRR (kW) Pool Fire Seady HRR (KW)
Wood Vinyl Wood Vinyl
1000 (0.26) 770 + 120 590 + 160 3200 3900
500 (0.13) 320 + 80 310 + 30 1500 1800
250 (0.066) 110 + 100~ 180 + 80 700 800

"1f one of the three experiments could be classified as a statistical outlier, the average peak heat release rate
would be 80 kW £+ 0 kW. Using Chauvenet’s Criterion, however, the experimental result is not anoutlier
assuming anormal probability distribution. See Holman, J.P. Experimental Methods for Engineers,
McGraw-Hill, New Y ork, 1989.
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Table 8. Carpet spill fire and pool fire HRR

Soill Volume, mL (gal.) Peak HRR (kW) Pool Fire Seady HRR (kW)
Carpet 1 Carpet 2 Carpet 1 Carpet 2
1000 (0.26) 460+ 30 180+ 30 470 130
500 (0.13) 230+20 1100 230 60
250 (0.066) 130+ 10 60+ 10 100 40

5.3 Heat Release Rate Per Unit Area

The heet release rate per unit area (HRR/area) is nearly congtant for the vinyl flooring saill fires
sudied, and is shown in figure 33. The wood flooring experiments, however, displayed an
increase in the heet release rate per unit area as the sill Szeincreased. Given the overdl
behavior of the HRR/area for the wood floor spills, and the HRR linear curvefit which hasa
negative y-intercept, some of the fuel may have been logt into the cracks of the parquet surface.
Given the congtruction of the flooring, it would be expected that more fuel would be logt into the
parquet than into the vinyl due to the greater crack length per unit area of the parquet flooring.

The HRR/area for the spills on carpet are shown in figure 34. The spills on polyolefin carpet
have anearly constant HRR/area over the spill Sze range studied. For the nylon carpet, alinear
fit is not a good representation for the HRR/area data. As a comparison, the pool fire
HRR/areais nearly constant over the range of equivaent pool fire diameters examined [8]. The
resulting pool firesin this range would be in the turbulent flow regime, where radietive feedback
effects and turbulent flow effects are important. The reason for the larger HRR/areavaue
resulting from the 500 mL nylon carpet burns should be studied further.

6. CONCLUSIONS

Basad on alimited number of experiments, the conclusions of this study can be summarized by
the fallowing:

1. Thespill area can be predicted from the fuel quantity. The empiricaly derived spill
thickness can be used to predict the Sze of spills.

2. Indl but one scenario, the nonporous flooring gasoline burn areas were found to be
the same as the sill areas within the experimenta uncertainty.
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3. Initid carpet burn areas were found to be the same as the carpet ill aress, within
the experimenta uncertainty.

4. The quantity of gasoline spilled could be determined from the burn pattern areaon
nonporous flooring.

5. Sgnificant quantities of spilled fue were present after extinguishment and extinction
of the carpeted fires. The melted carpet inside the doughnut protected the unburned
liquid.

6. Peak heat rlease rates for the spills examined on nonporous surfaces are
gpproximately 1/4 to 1/8 of the heat release rates of equivaent diameter pool fires.
For the carpet spill fires, the peak heat release rates are approximately equad to the
steady State heat release rates of the equivaent diameter pool fires.

7. Pool fire heet release rates may be useful for fire modeling and fire scenario
evauation for saill fires on carpeted floors. Fire modding and fire scenario
evauation for spill fires on nonporous floors should not be conducted using the heat
release rates derived from poal fires.

This report provides ameans for fire investigators to predict the quantity of spilled gasoline
necessary to produce afire pattern of a particular Sze on various types of commonly used
flooring materids. It dso incudes measurements of Spill fire heet release rates that provide fire
investigators and other fire professonds with previoudy unavailable data for fire modeing and
fire scenario evaduation.
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Figure 1. Fuel pour apparatus. The dimension “A” is510 mm + 10 mm.
The container opening diameter and volume are approximate.

Figure 2. Infrared image of gasoline spill on wood parquet floor
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Figure 3. Infrared image of gasoline spill on vinyl tile floor

Figure 4. Gasoline spill fire under the furniture calorimetry hood
in the large Fire Research Facility at NI ST
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Figure 5. Ignition of 1,000 mL gasoline spill on wood parquet flooring

Figure 6. Burning in the cracks of the parquet flooring
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Figure 7. Burning in the seams of the vinyl tile flooring

Figure 8. 1,000 mL gasoline spill fire burn pattern on wood parquet floor
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Figure 9. Closeup of gasoline spill fire burn pattern on wood parquet floor

Figure 10. 1,000 mL gasoline spill fire pattern on vinyl tile floor
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Figure 11. Closeup of gasoline spill fire pattern on vinyl floor

:
d

AP .

Figure 12. Closeup of gasoline spill fire burn pattern on vinyl floor. Photo
shows the retreat of the tiles at the intersections.
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Figure 13. Vinyl tile removed after a 1,000 mL gasoline spill fire.
the fiberboard is limited to the vinyl tile seam locations.

Damage to
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Figure 15. 1,000 mL gasoline spill fire on carpet 1 at approximately 10 s

Figure 16. 1,000 mL gasoline spill fire on carpet 1 at approximately 100 s
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Figure 17. 1,000 mL gasoline spill fire on carpet 2 at approximately 10 s

Figure 18. 1,000 mL gasoline spill fire on carpet 2 at approximately 100 s
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Figure 19. Closeup view of 250 mL gasoline fire on carpet 1

Figure 20. Closeup view of 250 mL gasoline fire on carpet 2

23



Figure 21. Doughnut burn pattern on carpet 1. 250 mL gasoline fire
extinguished at approximately 146 s with CO:.

Figure 22. Doughnut burn pattern on carpet 1. 1,000 mL gasoline fire
extinguished at approximately 111 s with COs-.
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Figure 23. Doughnut burn pattern on carpet 2. 250 mL gasoline fire extin-
guished at approximately 171 swith COz . Exposed padding can be seen in the
center and toward the left side of the pattern.

Figure 24. Doughnut burn pattern on carpet 2. 1,000 mL gasoline fire extin-
guished at approximately 1,763 s (=30 min) with CO-.
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Figure 25. Carpet padding intact inside the doughnut pattern.
500 mL gasoline spill fire on carpet 2. Fire was extinguished
at approximately 234 swith COs-.

Figure 26. 1,000 mL gasoline spill fire on carpet 2 at
approximately 600 s. Thisfire yielded the pattern shown in
figure 24.
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Figure 27. Carpet and padding removed from floor leaving doughnut
pattern behind. Results shown for 250 mL gasoline spill on carpet 1
extinguished with CO. after approximately 213 s of burning.
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Figure 28. Gasoline spill and burn pattern areas on wood parquet floors
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Figure 29. Gasoline spill and burn pattern areas on vinyl tile floors
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Figure 30. Gasoline spill and initial burn areas on carpet-covered floors
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Figure 31. Peak heat release rates for gasoline spills on wood parquet and
vinyl tile floors
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Figure 32. Peak heat release rates for gasoline spills on carpet-covered floors
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Figure 33. Average peak heat release rate per unit area for gasoline spill fires
on wood parquet and vinyl tile floors
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Figure 34. Average peak heat release rate per unit area for gasoline spill fires
on carpeted floors
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APPENDIX A—HEAT RELEASE RATES
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Figure Al. Heat release rates of 250 mL gasoline spill fires on wood parquet floors
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Figure A2. Heat release rates of 500 mL gasoline spill fires on wood parquet floors
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Figure A3. Heat release rates of 1000 mL gasoline spill fires on wood parquet floors
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Figure A4. Heat release rates of 250 mL gasoline spill fires on vinyl tile flooring
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Figure A5. Heat release rates of 500 mL gasoline spill fireson vinyl tile flooring
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Figure A6. Heat release rates of 1000 mL gasoline spill fireson vinyl tile flooring
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Figure A7. Heat release rates of 250 mL gasoline spill fires on carpet 1
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Figure A9. Heat release rates of 1000 mL gasoline spill fires on carpet 1
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Figure A10. Heat release rates of 250 mL gasoline spill fires on carpet 2
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Figure All. Heat release rates of 500 mL gasoline spill fires on carpet 2
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Figure A12. Heat release rates of 1000 mL gasoline spill fires on carpet 2
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