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ABSTRACT
While lightning, in and of itself, has long been recognized as a potential natural and sufficient cause of a fire, we have 

found that a full consideration of scene observations in lightning-related fires can lead to another determination.  We 

have investigated several lightning-related residential fires with multiple apparent ignition points under roof decks 

made using radiant barrier system panels. In these cases, electrical wiring, CSST as well as other possible fire causes

were considered and eliminated. Hypotheses were formulated and tested in the laboratory wherein foil-covered radiant 

barrier system panels were subjected to lightning-level electrical discharges. In some tests, a scaled roof deck was 

subjected to electrical impulses consistent with lightning events and the arc event across the panels documented with 

video recordings and thermal images.  In some trials, the polystyrene foam vent channel material ignited and sustained 

flaming combustion. The aluminum radiant barrier layer expelled aluminum particulates and created patterns on the 

roof-deck sheathing clips and polystyrene vent channels consistent with those observed from the field.  

Laboratory testing was supplemented with metallurgical analysis of the ejected particulate including morphology, 

particle size and range, and literature including melting temperature and burning behavior. Further analyses were

performed to determine the most likely specific cause of ignition from a lightning level discharge across a radiant 

barrier roof deck. 

Temporal/thermal characterization of an arc event at clips joining radiant barrier panels is under investigation.  The 

purpose of the testing and characterization performed to date were to establish trends in field observations as well as 

laboratory data to evaluate the competency of multiple potential lightning strike related ignition sources.  

BACKGROUND

Direct and indirect lightning strikes can cause personal injury and property damage as a result of 

current flow to ground and its interaction with various conductive objects on its way from attachment to 

ground, called the lightning discharge path.    Property damage ranges from cosmetic to catastrophic.  In 

one case, current from a lightning strike at/near a university building traveled to ground via bare copper 

water piping. At one location under the gymnasium floor, the current arced between a hot and a cold copper 

water line in close proximity to each other resulting in melted openings in both copper lines and the 

unmitigated release of water.  A lightning strike to a structure may or may not result in fire.  Electronic 

devices and appliances which are susceptible to lightning-level voltages are damaged, but do not ignite. 

Arced openings on vent caps and arc sites on thick-wall materials, like black iron pipe, are evidence of 

current flow but inconsequential with respect to ignition potential.  Corrugated stainless steel tubing 

(CSST) is susceptible to lightning strike damage and subsequent ignition of the escaping gas, resulting in 
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fire.  Some residential RBS (radiant barrier system) roof decks have an aluminum foil surface; these radiant 

barrier construction materials appear to be susceptible to lightning strike damage. In many installations, 

the aluminum radiant barrier material is in close proximity to ignitable polystyrene vent channels. 

The purpose of this paper is to describe an incipient-stage residential attic fire and recent laboratory testing 

involving radiant barrier materials, characterizing the material discharge when subjected to an electrical 

discharge, and assessing whether the ejected particulate are capable of igniting nearby fuels.  The results 

should assist fire investigators in assessing lightning strike damage and potential ignition sources for fires 

following a confirmed lightning strike event.

CASE STUDY: A LIGHTNING RELATED RESIDENTIAL FIRE

A residential fire occurred in August 2016.   The single-family dwelling was one-story, 2,330 

square-foot, and wood-framed with brick veneer on a slab foundation.  The attic space was roofed with an 

aluminum foil radiant barrier system. The fire occurred during a storm. Fire damage was localized to the 

attic. A StrikeNet® lightning report listed two negative strokes within 0.1 mile from the residence at 

1:30PM, and another six other negative strokes within 0.2 mile between 1:45 PM and 2:00 PM.  The first 

responding firefighters were able to prevent fire spread throughout and beyond the attic, therefore the 

incipient fire provided an opportunity to examine a fire scene with minimal damage.  

A fire origin and cause investigation was initiated.  Exterior and interior conducting metal objects were 

examined for evidence of lightning attachment.  Exterior metal elements typically include but are not 

limited to metallic flue pipes, chimneys, satellite antennas, drip edges, flashing, gutters, downspouts and 

faucet hose bibs. In the subject fire, a lightning attachment point was found on a front gable.  Evidence of 

electrical arcing was traced down the metal drip edge to a section of counterflashing with roof nails in 

contact with the radiant barrier materials on the underside of the roof deck (Figure 1). We concluded the

electrical discharge followed this path.  Inside the structure, the general area of origin was limited to the 

attic space.  Inside the attic space, three separate areas of origin were identified with low fire damage 

originating at roof-deck seams.  

In these areas, we observed aluminum foil material missing from around multiple sheathing clips; arc sites 

on the sheathing clips; and localized thermal damage to foam vent channels. Other common items such as 

wiring circuits, gas lines, or ducting connecting these points were not present. Other investigators have 

described similar fires potentially involving radiant barrier materials.1,2

Based on the fire scene data and physical evidence, hypotheses involving lightning-level electrical 

discharge across radiant barrier materials were tested in the laboratory.

Figure 1: Lightning discharge current was traced to roofing nails which were in contact with the 

RBS roof deck.
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Figure 2: Separate areas of origin in the attic space.

RADIANT BARRIER MATERIALS

A radiant barrier system (RBS) is comprised of roof sheathing with paper backed aluminum foil 

glued to wood.  A similar product is the interior radiation control coating (IRCC) which consist of an

aluminum-based paint applied to the underside of roof decks. The aluminum surfaces of the foils or paints

radiate substantially less heat than bare wood, keeping attics cooler. Panels are typically 8’ x 4’ x 7/16”.     

There are multiple manufacturers of radiant barrier systems and IRCC paints.  Two aluminum RBS panels 

are offered which differ in the application of the foil: one appears to use a glue; a second has applied foil 

with added mechanical dimples.  The RBS and IRCC materials should meet ASTM C13133 and ASTM 

C13214 standards, respectively. They have different performance requirements.  

INSTALLATION

RBS comprises the roof deck and sheathing clips are utilized to provide stability between panels. 

The sheathing clips are zinc-coated steel.  The mass of ten (10) new, clips were measured using an analytical 

scale.   The clips ranged in mass from 10.3894 grams to 10.5454 grams; the average mass was 10.4794 

grams. Various vent channels are available.  The vent channels are stapled to the underside of the roof to 

provide air pathways between the soffits and the attic.  

Table 1 is a summary of physical and chemical attributes of two available foam-based vent channel 

materials.  Thickness was measured using calipers.  The density was calculated from the mass of 3-inch 

square samples.  The polymer composition was determined using Fourier Transform Infrared (FTIR) 

spectroscopy. The incipient-stage attic fire had black vent channel material installed

Table 1: Two Foam Vent Channel Materials Characterization

Name Color Base Material Polymer
Thickness 

(cm)
Density  (g/cm3)

Manufacturer 1 Tan Foam Polystyrene 0.15 0.16

Manufacturer 2 Black Foam Polystyrene 0.21 0.15

Polystyrene is a thermoplastic.  When a small flame is applied, the foam material ignites readily and sustains 

combustion with black smoke and flaming drips.   
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LABORATORY TESTING

Laboratory testing with various RBS materials and IRCC were performed.  The purpose of the 

testing was to observe the discharge effects across the materials and sheathing clips as well as characterize 

the resulting damage and ejected particulate.

In the laboratory, four (4) 100 microfarad capacitors were charged in parallel to 17,000 volts DC then 

discharged through the test assembly. The peak current was calculated to be approximately 10,000 amps;

the electrical charge transferred was approximately 6.8 coulombs. From literature, lightning currents 

average between 30,000 amps and 45,000 amps and an average lightning charge is around 15 coulombs.2,5

Therefore, the test waveform is one third to one quarter an average lightning event. A schematic diagram 

showing the basic set up is shown in Figure 3.  The applied current discharge profile is shown in Figure 4.

Figure 3: Test circuit schematic showing the connections to the test roof deck reversed—positive 

on the bottom, negative on the top.

Lightning strokes may be positive or negative.  Since the StrikeNet® Lightning Report reported negative 

strokes for the incipient-stage attic fire, the test circuit was arranged for a negative discharge. The test circuit 

connections were reversed to simulate a negative event.

Typically, when 17kV was discharged to radiant barrier panels, a loud ‘bang’ was accompanied by a white 

gaseous cloud and numerous glowing particles were ejected.  

Bench- and intermediate- scale tests were performed as detailed below.  The tests were documented with 

photographs, video recordings and in some tests, thermal imaging.  Intermediate-scale tests were designed 

to model high-voltage discharge conditions and ignition scenarios with roof systems (i.e. RBS/IRCC and 

polystyrene vent channels).  The bench-scale tests followed and were designed to study the energy transfer 

mechanisms and characterization of the ejected particulate.  The bench scale test was also used to study the 

difference, if any, between various manufacturers’ radiant barrier system and IRCC materials (e.g., foils 

versus paint) and representative damage.  
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Figure 4: Computer simulation of applied current discharge.

INTERMEDIATE SCALE TEST RESULTS

The intermediate-scale testing consisted of a roof assembly using an angled, roof-like geometry 

with vent channels installed (see Figure 5). The calculated resistance for 1’ x 2’ or 4’ x 8’ panels is the 

same: 2.252 milliohms.  The large panel had slightly greater measured resistance, but by only a few 

milliohms. Since the lightning-test circuit resistance was 0.78 ohms, the resistive difference between a full-

size panel and our test panels would be negligible.  Since lightning discharges affects localized areas of 

aluminum foil around the sheathing clip, smaller panels should not add or subtract from the discharge 

effects.

Figure 5: Intermediate Scale Test Setup

Several multi-panel tests were performed: three resulted in ignition using two brands of radiant barrier 

system materials. One such test resulting in ignition of the foam is shown in Figure 6. 
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Figure 6: Multi-panel test: top left at discharge; top right at 6 milliseconds after discharge; bottom left at 0.1 

seconds after discharge; bottom right the appearance of fire at 1.32 s

Post-test damage to the radiant barrier panels and vent channels were examined.  The current paths across 

the panels were traced.  Aluminum foil was observed missing from the area surrounding ten of the clips

(Figure 7(a)).  The fire damage to the foam vent channel, shown over the radiant barrier in Figure 7(b), was 

located between two clips; i.e., not at a sheathing clip.  

Figure 7: (a) Discharge paths traced through damage at clips. (b) Ignition of vent channel below the 

arcing point. 
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The bench-scale utilized two radiant barrier panels in a horizontal configuration with an adjustable 

height over a non-combustible surface (Figure 8).  Some bench-scale tests included witness paper or glass 

microscope slides placed below the radiant barrier materials to capture the ejected particulate for subsequent 

study. A screen capture during a discharge is shown in Figure 9. 

Figure 8: Bench test set up. Particles were captured in a chamber for study.

Figure 9: Screen capture showing one of the discharges from bench-scale setup.

CHARACTERIZATION OF FOIL AND EJECTA

Various manufacturers radiant barrier test panels were labeled and photographed.  The area of 

ablation was approximated using photographs and image analysis software. Representative images of two 

different RBS panels and their area measurements are shown in Figure 10. Table 2 provides a summary of 

the area and percent area material ablated from around the sheathing clip during a discharge event from 

various tests.  

BENCH SCALE TEST RESULTS
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Figure 10: Area determination of foil removed as a result of discharge. 

Table 2: Area aluminum foil ablated from different radiant barrier system and IRCC test panels. Each 

test panel was 144 square-inches. 

Sample 

ID

Panel 1 

(in2) 

Panel 2 

(in2) 

Combined 

Area (in2) 

Percentage 

Surface Area 

Ablated (%)

Notes

LM - - - 0 Dark discoloration in area of clip

LP-1 4.8 4.5 9.3 6.4 Around clip

LP-2 6.4 5.5 11.9 8.2 Around clip

SB2 7.2 6.6 13.8 9.6 Around clip

SB1 6.8 6.9 13.7 9.5 Around clip

SBS 5.4 9.1 13.5 9.4 Around clip

LP-RS 7.6 7.2 14.8 10 Around clip and two smaller 

areas; white fog

GPS 28.2 54.8 83.0 57.6 More material removed from one 

panel

GP2 46.3 49.4 95.7 66.4 Across board

GP 48.7 48.7 97.4 67.6 Across board

For the foil covered radiant panels, it was observed that the paper backing was not charred; however, the 

aluminum remaining on the laminate backing was ‘heat damaged’ at the edges but still resembled foil. 

Round and irregular particulate, consistent with molten aluminum, were visible on the surface of the foil 

near the heat damaged edges.  The foil was not ‘adhered’ to the paper backing along the edges of the ejected 

material suggesting the organic-based adhesive was also compromised but before the gross melting of the 

aluminum foil.  Representative microscope images of the post-test foil surface are shown in Figure 11.    
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Figure 11: Microscope and SEM images of radiant barrier foil; the circled particle is ~10 

microns in diameter.

Ejected Particulate

The ejected particulate captured on witness paper and glass slides were examined to include particle 

size and morphology but also area density. The captured particulate showed a range in morphology from 

molten aluminum splatter, to spherical aluminum particles with a range in diameter to a ‘white fog’. 

Representative microscope images of particulate ejected from a foil-covered radiant barrier material are 

shown in Figure 12. Particulate captured on card stock paper below foil RBS exhibited a similar range in 

particle size and shape; some particles had enough thermal inertia to locally char and burn through the 

paper. SEM examination and EDS analysis showed the ejected particulate have some oxygen present in the 

form of aluminum oxide.   

Vent Channel Material

Post-test foam vent channel material was examined and showed areas of damage or ‘hot spots’.

Upon closer examination, ‘pock marks’ of localized melted foam containing particulate aluminum foil and 

beads were observed.  The foam samples also showed ‘stringers’ or the path of a hot particle as it traveled 

along the surface of the vent channel.   Representative images of thermal damage to the foam vent channel 

material are shown in Figure 13. 

Sheathing Clips

Sheathing clips from tests with paint and foil both showed localized melting along edges and 

discoloration on flat surfaces (Figure 14).  The localized melting along edges and clip corners was 

determined to be steel; metal transfer was observed on other clips.  The dot map in Figure 15 shows 

aluminum metal transfer.     
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Figure 12: Particulate captured on glass slides near foil covered radiant barrier product.

Figure 13 Images showing localized thermal damage to foam vent channel material associated 

with metal particulate
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Figure 14: Molten steel observed on sheathing clip corners and edges.

Figure 15: Secondary electron and x-ray dot map of molten aluminum metal transfer on clip.  

Red indicates aluminum; blue indicates zinc.

None of the test sheathing clips exhibited gross melting or notches.  The mass of post-test clips were 

examined and compared with new clips; overall, the sheathing clips gained mass as a result of the arcing.

SUMMARY OF RESULTS FROM LABORATORY TESTING

The laboratory testing of radiant barrier system and IRCC materials resulted in key findings:

1) A shower of particulate metal was ejected instantaneously from foil covered RBS as a result of the

applied current; the IRCC did not result in molten ejecta

2) Six (6) to 68% area of material around the sheathing clips were displaced from foil-covered RBS

panels

3) RBS panels from different manufacturers exhibited different fire patterns

4) The sheathing clips showed localized damage/melting consistent with an arc site

5) Particulate captured were molten, ranged in size and exhibited increased density at/near areas of

high ablation

6) Damage to the foil and clips from laboratory testing were substantially similar to damage to foil

and clips from the field.

DISCUSSION

Not all lightning strikes result in fire.  Some lightning strikes are known causes of residential, 

commercial and wildland fires.  Fire investigators are required to understand and distinguish the effects of 
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lightning interacting with various objects and potential first fuels ignited.  The incipient stage attic fire 

investigated showed fire patterns associated with the installed radiant barrier system.  Other ignition 

sources were considered and eliminated. The attachment scenario and path of current to ground for the 

fire described is shown in Figure 16.  The presence of the foil covered radiant barrier roof deck provided

multiple discharge paths and each of those paths had arcing points. 

Figure 16: Lightning currents can travel multiple paths through the radiant barrier system to ground.

NFPA 921 Guide for Fire and Explosion Investigations Chapter 22 on Failure Analysis and Analytical 

Techniques describes the role and significance of fire testing (22.5) and origin and cause hypothesis 

testing:6

22.5.1. Role of Fire Testing. Fire testing is a tool that can provide data that complement data 

collected at the fire scene (see 4.3.3.), or can be used to test hypotheses (see 4.3.6).  Such testing 

can range in scope from bench scale testing to full scale recreations of the entire event. These 

tests may relate to the origin and cause of the fire, or to fire spread and development…. 

22.5.1.1 Used as a part of data collection, fire testing can provide insights into the characteristics 

of fuels or items consumed in the fire, into the characteristics of materials or assemblies affected 

by fire, or into fire processes that may have played a role in the fire

222.5.1.2 Used as a part of hypothesis testing, fire testing can assist in evaluating whether a 

hypothesis is consistent with the case facts and the laws of fire science.

Localized damage was observed to radiant barrier system materials and vent channels at fire losses 

following lightning strikes. In this case, an incipient stage fire allowed for a focused test plan involving 

 

ISFI 2018 

International Symposium on Fire Investigation Science and Technology 

150

Table of Contents



known RBS materials and their interaction with current from lightning-like events. Laboratory testing with 

specialized equipment capable of discharging high voltages was used to determine if there was an electrical 

root cause to the observed pattern of damage to and around sheathing clips.  Laboratory testing with various 

radiant barrier products showed some barrier materials could fail when subject to electrical impulse current 

producing an opaque white cloud and ejecting a shower of glowing particulate metal. The damage to the 

foil and clips was substantially similar to field observations.  

Others have reported on observed lightning-stroke currents traveling through radiant barrier pathways to 

ground. Their testing considered the DC current density necessary to ignite the paper backing and examined 

the possibility that lightning could be attracted to an RBS clad roof.1,2 It is worth noting that these articles 

describe test set-ups that utilize much less than lightning-level magnitudes.   

Field observations included separate areas of origin and involvement of foam vent channel material.  

Ignition scenarios and specifically distinguishing between ignition from the arc event at the clip and ejected 

particulate were evaluated—both of which are in close proximity to foam vent channels.      

The white cloud observed during discharge is aluminum oxide particulate; the glowing particles are burning 

aluminum in air.  Because glue is present with the foil, there may be an organic contribution to the discharge.

NFPA 921 notes the difference between particles of aluminum and particles of other metals in their 

ignitability and burning behavior:    

9.9.5.2 When just copper and steel are involved in arcing, the spatters of melted metal begin to 

cool immediately as they fly through the air. When aluminum is involved in faulting, the particles 

may actually burn as they fly and continue to be extremely hot until they burn out or are 

quenched by landing on some material. Burning aluminum sparks, therefore, may have a greater 

ability to ignite fine fuels than do sparks of copper or steel.

Under certain conditions, aluminum is a combustible metal.  Particulate aluminum is a legacy metal in 

NFPA 484 Standard for Combustible Metals.  Particulate aluminum, in the form of fines and powders, also 

has safe handling procedures.  Safety data sheets (SDS) for aluminum powder classify the material using 

the hazard symbol F (for flammable) and GHS pictogram with a flame because: dust can be an explosion 

hazard when exposed to heat or flame.7

The shower of particles from RBS are aluminum and aluminum oxide.  Aluminum particulate at elevated 

temperatures in air can ignite and burn.  The combustion, or oxidation, of aluminum is complex and occurs 

in stages.  The heat of reaction associated with formation of aluminum oxide (Al2O3) from aluminum (Al) 

is 34.9 kJ/g O2 consumed –-nearly three times the net heat of combustion per gram of oxygen consumed 

for typical organics (13.1 kJ/g O2).  One author reported 23kJ/g heat of reaction evolved with formation of 

Al2O3.8 Closely related to RBS with foil, the oxidation of high purity aluminum foil by thermogravimetric 
analysis and differential scanning calorimeter (TGA/DSC) showed it to be exothermic which increased 

intensity with increasing oxidation temperature.   

The combustion chemistry and ignition temperature of particulate aluminum are strongly influenced by 

particle size.  Morgan et al studied the oxidation of micron and nano-scale aluminum powders and reported 

particle size effects including reaction onset temperature and extent of oxidation.9   Testing using a pyrolysis 
combustion flow calorimeter (PCFC) showed aluminum particulate combustion has a positive heat release 

rate (HRR)—i.e., it burns.  Micron-sized aluminum powder had peak HRR of approximately 23 W/g; total 

heat release 1.0kJ/g, or 3% oxidized.   In comparison, nano-sized aluminum powder had higher peak of 

approximately 550W/g; total heat released up to 9.8 kJ/g; and at a lower onset temperature.  The white 

particulate cloud in the video recordings during discharge is consistent with nano-scale aluminum oxide.  

Particulate aluminum can clearly ignite, support combustion and the oxidation reaction is exothermic. 
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Examination of the RBS panes after being subject to electrical-impulse-current conditions revealed a range 

in aluminum particle size and morphology yet the paper backing surrounding the clips was not burned.  

From literature, high-purity aluminum-foil samples oxidized under controlled conditions using a TGA-DSC 

showed those heated to 1,922°F (1050°C) or higher formed into spherical droplets whereas specimens 

oxidized at 1,742°F (950°C) or below retained the ‘foil’ appearance.  Therefore, the remaining aluminum 

foil on the radiant barrier and ejected particulate that resemble foil represents a distance and/or temperature 

range.  The absence of adhesive along the edges of the remaining foil is consistent with temperatures enough 

to decompose the adhesive.  

From Babrauskas’10 review of the physics of electric arc explosions including reference to lightning, he 

cites Graneau et al who noted that in the lightning community, high-current, short-duration discharges are 

termed ‘cold lightning.’ This is not hyperbole and they found that while discharges mechanically tore a 

piece of paper inserted into the path of the arc, they did not ignite the paper nor even char it.” 

In our testing of radiant barrier system products, video recordings showed fires occurred at the vent channel 

after the electrical arc and away from the location of the clip/arc site. Further, the sheathing clips did not 

loss mass.

Based on field observations, elimination of other ignition sources, laboratory testing and data, engineering 

literature and the combustion of particulate aluminum, the minimum conditions for ignition of the 

polystyrene foam are met when radiant barrier materials become involved in lightning strike discharge to 

ground. 

In the incipient stage attic fire described above, the lightning discharge path was traced across the roof by 

diagramming arcing points between the roofing panels similar to an arc map.  The lightning current 

grounded through the furnace flue near the middle of the house and a flue for the range hood vent in the 

kitchen. Based on the data gathered, 1) a lightning stroke attached to gable peak and traveled through metal 

components to under the roof deck; 2) lightning level currents spread across the underside of the roof 

causing multiple arcing or sparking points; and, 3) particulate metal ejected from the radiant barrier 

materials locally ignited the polystyrene vent channels.  

CONCLUSION

The residential fire investigated clearly showed the point of lightning attachment was not where 

the fire originated.  The Joules heat of the lightning current through the drip-edge and flashing did not 

generate enough heat intensity over a sufficient amount of time to start a fire at that location. Aluminum 

foil covered radiant barrier construction materials in the attic showed fire and fire patterns corresponding 

to foil missing from around sheathing clips and localized melting to clips.   Laboratory testing showed the 

RBS materials are capable of interacting with lightning current resulting in a shower of burning particulate 

metal and foam vent channels in close proximity to the radiant barrier materials are capable of ignition from 

the burning particulate metal.  The results of laboratory testing showed a difference in response between 

RBS from different suppliers as well as from IRCC.  Localized damage around and to metal sheathing clips 

were substantially similar to observations from the field.

Lightning, while a naturally occurring event, may be facilitated in causing a fire by types of structure and 

materials, such as radiant barrier systems.  Only by close observation and analysis, as called for in the 

Scientific Method, can one differentiate between a natural cause and a material failure.
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