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President’s Message

Welcome Members,
It is with great sadness that I write this message to the NAFI 

members on the heels of our Chairman of the Board, Patrick M.  
Kennedy’s passing. But Patrick wouldn’t want us to mourn him, so 
let’s take a minute and refl ect on his contribuƟ ons and infl uence on 
the Fire and Explosion InvesƟ gaƟ on Community. 

Patrick was an avid proponent for the proper educaƟ on and 
training of individuals in the Fire and Explosion InvesƟ gaƟ on fi eld, 
having trained thousands of invesƟ gators himself. Along the long list 
of Patrick’s accomplishments are; Patrick was vital in iniƟ aƟ ng the 
fi rst cerƟ fi caƟ on program (CFEI) for our industry,  he was a charter 
member of the NFPA Technical CommiƩ ee responsible for NFPA 921 
– Guide for Fire and Explosion InvesƟ gaƟ ons and was a well-known 
and respected lecturer. During his long career, Patrick conducted 
and presented technical research at conferences like Inter-Flam, Fire 
and Materials and the InternaƟ onal Symposium of Fire InvesƟ gaƟ on 
Technology (ISFI). ISFI was a pet project for Patrick, it was an  
avenue to have fi re invesƟ gators, fi re researchers, manufacturers 
and engineers come together to present the current research for 
the fi re and explosion community. The list of his accomplishments is 
endless and his absence will be noƟ ced. 

One thing for sure, we lost a great colleague, mentor, invesƟ gator, teacher, father, grandfather, husband 
and friend. 

As Patrick would always say “no rest for the wicked” and that holds true for NAFI. NAFI conƟ nues to grow 
in numbers and strength and is moving forward to a producƟ ve and vibrant future. I am sure that all of the 
membership is aware that the NAFI headquarters has moved. NAFI was a long term tenant of John A.   
Kennedy & Associates and upon Patrick’s reƟ rement he made the decision to sell his building which meant 
that NAFI had to fi nd a new home. The new space is working out wonderfully and we are excited to set some 
roots down here. I want to extend a hearƞ elt thank you to the NAFI offi  ce staff  for making the move seamless.

Sincerely, 

Ronald L. Hopkins, CFEI, CFII, CVFI
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Meet our New 
Chairman of the Board

This year has brought about a lot of changes, good and bad, for NAFI. AŌ er the passing of 
our long Ɵ me Chairman of the Board, Patrick Kennedy, we have had to dry our eyes and 
keep things going strong. With that said the NAFI Board of Governors has unanimously 
elected a new Chairman of the Board, Kathryn Smith. The Board of Governors did not have 
to look far for a new Chairman as Kathryn was our Vice Chairman of the Board. We  
welcome Kathryn into this new posiƟ on with years of fi re invesƟ gaƟ on experience, NAFI 
Board of Director experience and NFPA 921 CommiƩ ee experience. 

“I am humbled and honored to have been elected as the new Chairman of the Board of 
Governors and am excited to step into this new role. Patrick was a true asset to NAFI and 
the fi re inves  ga  on community as a whole, he had a passion for educa  ng/training fi re   
inves  gators. I am hopeful that I can con  nue his legacy and play a vital part in growing 
NAFI, providing fi rst class training programs and helping shape the future of the fi re  
inves  ga  on industry. 

I am no stranger to the dirty fi re scene, I started my career as a full  me fi re and                         
explosion inves  gator with John A. Kennedy & Associates over 15 years ago. Through the 
years I have had the pleasure of working with, learning from, and si   ng on commi  ees 
with some of the best in our industry. Since 2003, I have served as the alternate NAFI  
representa  ve on the NFPA 921 commi  ee. As I hang up my work boots, I plan on taking all 
of my technical experience to help drive our amazing organiza  on forward.“

Kathryn will be a permanent fi xture in the NAFI offi  ce and is available for comments and 
quesƟ ons at KSmith@nafi .org. 

You can fi nd NAFI here, at our new offi  ce suite. 

New NAFI 
Headquarters 

Boxes are unpacked, signs are up and we 
are all seƩ led into our new headquarters. 
Same great NAFI with a new address. Feel 
free to stop in and say “Hi”.  4900 Manatee 
Ave. West, Suite 104, Bradenton, FL 34209
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Most Fire InvesƟ gators think they’re 
fully protected but many  common fi re 
invesƟ gaƟ on funcƟ ons are not covered by 
standard professional insurance plans.  This 
may leave you at risk!

UnƟ l now...

Insurance Coverage Built for your business

Talk to NAFI’s Insurance Pro

The NAFI Pro Plan is aff ordable coverage that 
protects the Professional Fire InvesƟ gator.  
We partnered with Lloyds of London and 
industry experts to design a policy that 
closes gaps,  like Evidence Care & Control; 
Engineering Analysis and Fire Scene 
Processing, and protects fi re invesƟ gators.  

PauleƩ e Braga, CPCU CIC AAM CPII 
Toll Free: 877-506-6234 Direct 941-807-0915
Pbraga@nafi .org NaƟ onal Producer # 16388943
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ABSTRACT

 Ungrounded electrical equipment can lead to a fi re within a home.  If electrical equipment in a home is not properly 
grounded, then an electric fault may cause metal structures (such as HVAC ducts, metal framing, or screws, nails, and bolts) 
to become energized without triggering an overcurrent protecƟ on device.  Electrical connecƟ ons between these energized 
materials and grounded objects can lead to prolonged self-heaƟ ng that can cause igniƟ on in combusƟ ble materials such 
as wood framing, cellulosic insulaƟ on, and other lightweight combusƟ bles.  AlternaƟ vely, molten metal that is capable of 
igniƟ ng lightweight combusƟ bles can be ejected if the energized surface contacts a grounded objected.  This paper presents 
results from experiments performed to invesƟ gate condiƟ ons that cause fi res as a result of stray energizaƟ on of electrically 
conducƟ ve construcƟ on items.  Resistances, types of nearby combusƟ bles, and other factors were evaluated.
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INTRODUCTION

 Electrical fi res represent a signifi cant fracƟ on of residenƟ al fi res in the United States each year. In 2011, the          
NaƟ onal Fire ProtecƟ on AssociaƟ on (NFPA) esƟ mated that 47,700 fi res responded to by fi re departments were related to 
electrical failures or malfuncƟ ons.1  The NFPA esƟ mated that many more than this, potenƟ ally more than ten Ɵ mes this 
number, occur but go unreported.2   Electrical fi res represented 13% of residenƟ al fi res from 2007 to 2011.  While the        
igniƟ on mechanisms related to high resistance connecƟ ons, arc fl ashes, or electrical sparks are generally understood,        
especially in the context of common electrical equipment such as breaker panels or outlets, less study has been conducted 
on the details of these mechanisms in unintenƟ onally energized metal structures that are not intended to carry current.3 

This paper considers the eff ects of energized metal structures, such as HVAC ducƟ ng, steel structural items, and metal 
piping, that are not intended to become energized.  Generally, these components can become energized due to improper 
electrical installaƟ ons and grounding and can also occur if the insulaƟ on of electrical wiring becomes compromised in the 
proximity of metallic construcƟ on materials.4 

In the event that such a metal structure does become energized, both a fi re hazard and a shock/electrocuƟ on hazard are 
created.  The risk of a fi re is dependent on several factors including the mechanisms by which the energized structure may 
interact with nearby grounded conductors, the circuit resistances involved, and the nearby fuel packages.  Unintended   
electrical connecƟ ons can be generated between conductors in a mulƟ tude of ways resulƟ ng in, for example, very small 
contact areas or high resistance connecƟ ons through corroded surfaces.

In this paper, two types of unintended electrical connecƟ ons that can occur in homes are evaluated both in the context of 
an energized HVAC duct.  In the fi rst confi guraƟ on, a grounded nail directly contacts an energized steel HVAC duct.  Nails can 
become grounded in homes through contact with grounded objects, for example through a support strap for a water or gas 
pipe   In a second confi guraƟ on, an energized HVAC duct interacts with a grounded juncƟ on box through a metal strap and 
a drywall screw that secures it.  The fuels considered for these scenarios were common lightweight combusƟ ble materials 
representaƟ ve of what commonly exists in aƫ  cs, basements, or joist spaces where these electrical faults are likely to occur.   

The last parameter that was invesƟ gated was the resistance of the overall circuit.  This resistance is the sum of the              
resistance of the conducƟ ve path that energizes the unintended conductor, the resistance to ground of the grounded object 
that interacts with the unintended energized conductor, and the resistance between the energized and grounded object.  
In cases where both the unintenƟ onally energized conductor and the grounded conductor are connected directly to the 
branch circuit wiring through the house, this resistance can be around an Ohm or less.  If, however, one of the   
connecƟ ons is through an electrical load, such as a set of lights, the resistance of the circuit can be signifi cant.  For this  
reason, we  considered resistances of near zero and six Ohms to represent both potenƟ al circuits.

EXPERIMENTAL METHOD

 Two experimental setups were used in this tesƟ ng.  Both setups were supplied by 20-amp circuit breakers.  

Energized Duct / Grounded Nail Test Setup

In these tests, a grounded bright common 4d 1-1/2” nail was placed in contact with a secƟ on of HVAC ducƟ ng which, 
through a high current (60 amp) switch, could be energized with standard household 120 VAC electricity through a            
20-amp breaker.  A lightbulb was installed in parallel in the circuit to indicate when the circuit was energized. This test was            
performed in three confi guraƟ ons:

 • With minimal resistances in the circuits (i.e. just the low resistance inherent in the wiring and                
  connecƟ ons)

 • With a 6 Ohm of resistance in the circuit between the nail and the ground (i.e, representaƟ ve of an      
  electrical load)

 • With minimal resistance and a parallel minimal resistance path to ground on the HVAC duct (i.e., not   
  through the nail)

A circuit diagram showing the electrical setup for the three confi guraƟ ons can be seen in Figure 1.  A photograph of the 
setup can be seen in Figure 2.
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Figure 1 – Simplifi ed electrical circuit diagram for the Energized Duct / Grounded Nail test setup.  

 

Figure 2 – Annotated photograph of the Energized Duct / Grounded Nail test setup.  Energized connec  on to the 
HVAC duct is not shown.

Energized Duct
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Voltages across important elements of the circuit were recorded using a high speed Graphtec GL-900 datalogger at a 
sampling rate of 1000 Hz, suffi  cient to observe the 60 Hz AC waveforms.  Tests were recorded with video and photographs.  
Because the current during a 6 Ohm test would take a long Ɵ me to trip the 20-amp breaker, if ever, tesƟ ng with the 6 Ohm 
resistor was limited to 20 minutes.  The fuel packages in these tests were a mixture of coarse wood parƟ cles (saw dust) and 
lint.   

Energized Duct / Grounded J-Box Test Setup

 In these tests, a small assembly was fabricated to represent a joist space that is common in an aƫ  c or basement 
seƫ  ng.  In this space an HVAC duct was secured using metal strapping that was aƩ ached to 2” x 4” wooden members using 
2” drywall screws.  The screws passed through the wood, and contacted a grounded juncƟ on box.  Six inches of cellulosic 
insulaƟ on was then added to the setup to represent a typical insulated joist space.

Similar to the previously described test setup, the HVAC duct was energized through a high current switch connected to 
standard household 120 VAC electricity through a 20-amp breaker.  A resistor bank was used to create a 6 Ohm resistance in 
the circuit between the juncƟ on box ground connecƟ on and the ground of the circuit.  A lightbulb was installed in parallel in 
the circuit to indicate when the circuit was energized.  

A circuit diagram showing the electrical setup for the test system can be seen in Figure 3.  Photographs of the setup can be 
seen in Figure 4.

 

Figure 3 – Simplifi ed electrical circuit diagram of the Energized Duct / Grounded J-Box test setup. Six inches of cellulosic 
insula  on that cover the test setup are omi  ed from the schema  c.
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Figure 4 – Photographs of the Energized Duct / Grounded J-box test setup showing the connec  ons between the metal 
strapping, screw, and J-box (top) and the setup a  er addi  on of the cellulosic insula  on (bo  om).

Voltages were measured across the connecƟ on between the duct and the juncƟ on box and across the resistors to    
measure the current fl ow using the high speed GL-900 datalogger at 1000 Hz.  High defi niƟ on video was recorded 
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during the tests along with photographs and IR thermal images.  Thermocouples were located 1/4 inch and 1/2 inch from 
the screw in the 2” x 4” wooden member and used to record the temperature throughout the tesƟ ng.

RESULTS

Energized Duct / Grounded Nail Test Results

 The results for these tests are presented in Table 1.  Ten tests were performed with no added resistance in the 
circuit; fi ve of these tests were performed with an alternate path to ground.  Two addiƟ onal tests were performed with 
no alternate path to ground and 6 Ohms of resistance in the circuit.  

Table 1 – Results from Energized Duct / Grounded Nail tes  ng

TEST 
NUMBER

ADDED CIRCUIT 
RESISTANCE

HVAC GROUNDED? OBSERVATIONS

1 NONE NO METAL EJECTION, FLAMING COMBUSTION
2 NONE NO LIGHT OBSERVED NEAR NAIL TIP
3 NONE NO METAL EJECTION, NO FLAMING COMBUSTION
4 NONE NO METAL EJECTION, FLAMING COMBUSTION
5 NONE NO METAL EJECTION, SMOKING, NO FLAMING COMBUSTION
6 NONE YES NO OBSERVED METAL EJECTION OR COMBUSTION
7 NONE YES NO OBSERVED METAL EJECTION OR COMBUSTION
8 NONE YES NO OBSERVED METAL EJECTION OR COMBUSTION
9 NONE YES NO OBSERVED METAL EJECTION OR COMBUSTION
10 NONE YES LIGHT OBSERVED NEAR NAIL TIP
11 6 OHMS NO TEST STOPPED DUE TO CONNECTION ISSUE
12 6 OHMS NO NO OBSERVED METAL EJECTION COMBUSTION

In the tests performed with no alternate path and no added resistance, the ejecƟ on of molten metal was observed when 
the circuit was energized and the 20-amp breaker tripped quickly enough that the lightbulb in the circuit never appeared 
to turn on.  In 2 of the 5 tests with no alternate path and no added resistance, the ejected molten metal ignited the fuel 
package causing fl aming combusƟ on that conƟ nued unƟ l the fuel package was consumed.  Figure 5 shows sƟ ll images of 
the metal ejecƟ on and subsequent igniƟ on observed during tesƟ ng.  

Figure 5 – S  ll images taken during Test Number 1 with no added resistance and no grounding of the HVAC duct.

Figure 6 shows two voltage versus Ɵ me plots measured around the duct-to-nail connecƟ on for a test without grounding 
of the HVAC duct (Test 4) and a test with grounding (Test 6).  As can be seen in the fi gure, signifi cantly lower voltages are 
observed in the presence of an alternate grounding path.
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Figure 6 – Voltage versus  me plots of the voltage across the duct-to-nail connec  on without the HVAC duct grounded (le  ) 
and with the HVAC duct grounded (right).

In tests where an alternate path to ground existed, no metal ejecƟ on or igniƟ on were observed and the breaker tripped 
quickly enough that the lightbulb in the circuit never appeared to turn on.  In Test 12 where 6 Ohms of resistance was added 
to the circuit, current fl owed through unƟ l the circuit was intenƟ onally interrupted aŌ er 20 minutes as the breaker did not 
trip.  No metal ejecƟ on or combusƟ on were observed.

Energized Duct / Grounded J-Box Test Results

 In both tests of this type, signifi cant heaƟ ng at the connecƟ on between the metal strapping and the screw was    
observed.  In the fi rst test, the heaƟ ng lasted 80 minutes but ceased when the connecƟ on between the screw and the    
juncƟ on box was lost.  In the second test, the connecƟ on was intenƟ onally interrupted aŌ er 6 hours.

The voltage across the connecƟ ons between the duct and the juncƟ on box for both tests can be seen in Figure 7.  The large 
spikes in the data from the fi rst test indicate losses in contact between the screw and the juncƟ on box.  In the second test, 
the voltage across the connecƟ ons slightly increases over Ɵ me.  

    

Figure 7 – Voltage versus  me curves for Test 1 (le  ) and Test 2 (right).

The temperatures measured at the thermocouples for both tests can be seen in Figure 8.
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Figure 8 – Measured temperatures during Test 1 (le  ) and Test 2 (right).

AŌ er each test, the cellulosic insulaƟ on around the connecƟ ons between the duct and the grounded juncƟ on box was 
removed to allow for examinaƟ on of any hot spots.  Photographs of the observed thermal damage can be seen for the fi rst 
and second test in Figure 9 and Figure 10, respecƟ vely. 

 

Figure 9 – Photograph of thermal damage to the wood around the screw head taken a  er the end of the fi rst test.

    

Figure 10 – Photograph of the thermal damage, evidence of combus  on, and consump  on of the wood and cellulosic 
insula  on taken a  er the end of the second test.
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DISCUSSION

 Electrical fi res represent a signifi cant fracƟ on of 
home fi res.  The cause of the electrical fault that leads to 
the fi re can be either an improper electrical installaƟ on or a 
fl aw in the equipment that existed when it was installed or 
developed aŌ er installaƟ on.  The tesƟ ng performed in this 
paper addressed a specifi c type of electrical failure: a failure 
that  occurs when an structure that was never designed or            
intended to carry electrical current does carry current.

In both test setups, igniƟ on occurred at a connecƟ on that 
possessed contact resistance, and therefore generated     
signifi cant heat locally.  In the fi rst test setup, the Ɵ p of a 
bright   fi nish nail possessed a high enough contact resistance 
relaƟ ve to the rest of the circuit that suffi  cient heat was     
released at its contact point with the HVAC duct to melt the 
nail Ɵ p and eject molten metal.  In tesƟ ng, these molten    
metal parƟ cles landed on nearby combusƟ ble materials and 
were suffi  ciently hot to ignite them.  

In the second test setup, the heat generated at the contact 
between the strapping and the screw generated suffi  cient 
heat over only six hours to consume parts of the wooden 
2” x 4” and the cellulosic insulaƟ on.  Had this heaƟ ng been 
allowed to conƟ nue over Ɵ me (days, weeks, or months) in 
a full home environment, signifi cantly more damage could 
occur.  The energy release rates of the strapping-to-screw 
contact did appear to be increasing over Ɵ me based on the 
increase in voltage across the connecƟ on and the slow rise in              
temperature over Ɵ me.  Temperature accelerated corrosion 
could further increase the resistance of such connecƟ ons, 
which may increase the heat release rate over Ɵ me.

The elements of this scenario are possible in regular homes.  
The prevalence of electrical fi res indicates that failures of the 
electrical system can and do occur. Metallic nails,  strapping, 
and other hardware not designed or intended to carry      

electrical currents are installed ubiquitously throughout 
homes as are combusƟ ble construcƟ on materials.               
Similarly,  lightweight combusƟ ble debris is almost always 
present either as  insulaƟ on material, or build-up in concealed 
spaces either from construcƟ on or build-up of dirt over Ɵ me.     

CONCLUSION

 The results of both sets of tesƟ ng indicate that 
under certain condiƟ ons, electrical interacƟ ons involving an           
unintenƟ onally energized metal structure such as an HVAC 
duct can become a competent igniƟ on source even in circuits 
protected by funcƟ onal circuit breakers.  Fires can occur as 
a result of molten metal parƟ cles created and ejected by a 
high current electrical discharge or through slow heaƟ ng at a 
local point of contact with localized electrical resistance.  The 
risk of fi res due to slow heaƟ ng are reduced in areas that are 
uninsulated and where connecƟ ons have lower resistances.

Further tesƟ ng could be performed to idenƟ fy addiƟ onal 
condiƟ ons (in terms of resistance load, level of insulaƟ on, and 
resistance of the high resistance connecƟ on) in which igniƟ on 
scenarios are possible.  In pracƟ ce, however, the resistances 
of the connecƟ on and circuit are oŌ en diffi  cult to deter-
mine due to the damage caused by the fi re; therefore, such 
specifi c informaƟ on would likely be diffi  cult to implement 
eff ecƟ vely.  Understanding the possibility and mechanism of 
electrical fi res that occur between conductors that are not 
intended to be energized, however, may be informaƟ ve to fi re                  
invesƟ gators in situaƟ ons where the origin does not appear 
to be near energized electrical equipment and improper  
electrical installaƟ ons are observed. 

TesƟ ng results also showed that using proper installaƟ on 
techniques, i.e., bonding and grounding conductors that could 
become energized, greatly reduces the risk of fi res from these 
scenarios.  

Want more ISFI Papers?

Copies of all ISFI proceedings  are 
available through the NAFI store. 
Order yours today.

www.nafi .org/store/
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membrane separaƟ on processes, interfacial polycondensaƟ on reacƟ ons, layer-by-layer growth of metal oxides on two-di-
mensional substrates, and focused ion beam irradiaƟ on of two-dimensional materials.

Dr. Timothy Morse specializes in the engineering analysis and experimental tesƟ ng of thermal and fl ow processes and 
equipment. His project experience has included turbines, compressors, valves, heat exchangers, boilers, furnaces, auto-
claves, heat transfer systems, fl ammable liquids, cryogenic liquids, and medical devices. Dr. Morse has performed engi-
neering analysis for the oil and gas industry, ranging from natural gas extracƟ on faciliƟ es to retail motor fuel staƟ ons. He 
also has experience with off shore faciliƟ es. Dr. Morse has performed analysis on wind farms and invesƟ gated wind turbine 
failures and wind turbine fi res. 

Dr. Jus  n Bishop applies his knowledge of electrical/electronic system failure modes and electrical codes to the analysis 
and invesƟ gaƟ on of marine, residenƟ al, commercial, and industrial incidents and fi res; alleged product and equipment 
failures; electrical work pracƟ ces; and hazard studies. AddiƟ onally, he applies his knowledge of simulaƟ on and measure-
ment techniques associated with electric and magneƟ c fi elds, charged ion densiƟ es, and charged aerosols to characterize 
the environment around high voltage DC transmission lines.

Dr. Harri Kytömaa specializes in mechanical engineering and the analysis of thermal and fl ow processes. He applies his ex-
perƟ se to the invesƟ gaƟ on and prevenƟ on of failures in mechanical systems. He also invesƟ gates fi res and explosions and 
their origin and cause.  He consults in the uƟ liƟ es, oil and gas, and chemical industries. Dr. Kytömaa’s project experience 
includes consumer products, intellectual property maƩ ers, automobiles, aircraŌ , turbines, compressors, boilers, steam 
generators, pneumaƟ c and hydraulic systems, instrumentaƟ on, nuclear waste management, heat transfer systems, fuel 
distribuƟ on, delivery and storage systems, including LNG faciliƟ es.
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