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ABSTRACT 

The widespread installation of CSST has resulted in a potential cause for fires after installation, repair, or 

replacement of roofs.  Specifically, pneumatic roofing hammers (“nailers”) used in roofing are capable of 

penetrating CSST lines in contact with the underside of the roof deck, even when the CSST is unconstrained by 

brackets, insulation, or structural members. The resulting gas leaks may be small enough to dissipate with usual attic 

ventilation, but may still act as an effective first fuel ignited in the proximity of competent ignition sources such as a 

furnace start up, or arcs from a lightning event. The increasing use of radiant barrier roof decks, which are 

constituted of a laminated sheet of metal foil on the underside of OSB (oriented strand board), provide an electrical 

path during lightning events and so can cause electrical arcs capable of igniting the escaping gas fuel from the nail-

penetrated lines. Several tests were conducted on seven models of CSST1 and Schedule 40 black iron pipe with a 

representative radiant barrier system. With the exception of the black iron pipe, all were found to be susceptible to 

damage from the roofing nail impingement. The escaping fuel gases were confirmed to be ignitable by either a small 

flame or electrical arc. 

BACKGROUND 

In recent cases investigated by Integrity Forensics and Engineering, mechanically punctured CSST gas 

lines were discovered in areas of origin. These investigations revealed that roofing nails were the most 

probable cause for the punctures.  Another interesting aspect of these recent cases was that each case 

involved lightning and that the CSST had been installed in close proximity to a radiant barrier roof deck. 

There are several parts to this problem which we will review here. 

 

Corrugated Stainless Steel Tubing  

Corrugated Stainless Steel Tubing (CSST) is an alternative fuel gas piping product used to supply natural 

gas and propane to residential as well as commercial and industrial applications. It was first introduced 

into the North American market in the early 1990’s after first being used in Japan. Since its introduction 

in the US, more than 800 million feet of the product have been installed in over 5 million residential 

homes2. 

 

By design, CSST has a thinner wall thickness than traditional piping products such as black iron pipe or 

copper tubing. Its outer wall thickness is only 0.203 to 0.330mm (0.008 to 0.013inches), as compared to 

black iron at 2.54mm (0.10 inches) and copper at 1.01mm (0.04 inches). Its reported popularity and 

widespread use may be attributed to its time-saving benefits and relative ease of installation when 

compared with traditional piping methods3,4.  

 



Several manufacturers provide CSST to the North American market. Most of these brands are sold 

through plumbing and gas supply distributors. However, over the last several years, there has been an 

emergence of CSST brands available for purchase through home improvement stores so that the do-it-

yourselfer can purchase the product. According to manufacturers’ literature, CSST must be installed by a 

“qualified” installer who has successfully completed that manufacturers’ training program and also meets 

the qualifications of the Authority Having Jurisdiction where the CSST is being installed. We note that 

some manufacturers of the pipe rely on a “self-training approach” 5 for the installer’s certification. 

  
Recently, the North American standard governing the listing of CSST, ANSI LC-1, required 

manufacturers to maintain a database of the “trained” installers6. We see this as an improvement to the 

situation, but it still does not account for the millions of feet that have already been installed. 
  
A sufficient number of investigators have reported on the occurrence of lightning and subsequent fires 

involving lightning-arc-damaged CSST, that the manufacturers and code committees have adopted 

changes to enhance the standards regarding the bonding and grounding of CSST7. Some manufacturers 

have gone so far as to redesign their products for enhanced lightning resistance, e.g., Omegaflex, 

Wardflex, and Gastite.   

 

We have been unable to find any specific literature on the occurrence of pneumatic nail damage to CSST 

and subsequent ignition from lightning through radiant barriers.  

 

Roofing  
When it comes to workmanship, the difference in quality varies greatly with the tradesman performing to 

work. Some roofing contractors take the time to perform a detailed inspection of the attic area prior to 

beginning work and after the completion of their work, while others will spend less time. In some cases, 

no inspection of the attic area will take place at all. Unfortunately, there may be hidden dangers not 

readily apparent in the casual attic inspection. These dangers include the installation of the thin-walled 

CSST gas piping in close proximity to or in contact with the roof decking. 

 

Lightning  

Lightning in the United States is predominantly distributed in the southeast areas of the continental 

United States.  The five year flash density collected by Vaisala from 1996 to 2000 is representative of this 

fact8. 

 

Lightning magnitudes range in values from about one-fifth coulomb to 200 coulombs, with the average 

being around 15 coulombs9.  Megajoules of energy are dissipated in the average lightning flash. 

 

Radiant Barrier 

As the name conveys, radiant barrier systems are meant to decrease heat transfer by radiation.  The 

remaining forms of heat transfer are convection, against which sealing a house against drafts and leaks are 

effective; and conduction, for which such things as insulation of walls and double-pane windows provide 

protection.  

 

Radiant barriers and reflective insulation systems work by reducing radiant heat transfer in two ways. 

First, by reflecting back the heat; second, by not radiating the heat.  Emissivity is the term used to describe 

how much a material radiates heat energy.  

 

To make a quick comparison, wood has an emissivity of approximately 0.85, while radiant barrier 

materials have an emissivity of approximately 0.10.  Thus, radiant barriers transfer less than 1/8th the 

http://energy.gov/energysaver/types-insulation


radiant heat transferred by wood surfaces10.   The energy savings have been found to be significant 

enough in the southern states to make installations of radiant barrier systems both attractive and likely to 

expand in usage11. 

 

Thus, the combination of lightning, radiant barrier roof decking, and CSST is more likely to be found in 

the southeast areas of the United States.   This report will cover our findings regarding CSST 

susceptibility to roofing nail impingement, the attendant conditions, fuel gas ignitability, and finally, 

confirm electrical arcing as a viable ignition source. 

 

TEST DESCRIPTION 

We conducted experiments to confirm that roofing nails, as typically used in a composition shingle 

installation, would puncture CSST in contact with the underside of the roof deck. We also tested the 

ignitability of the escaping gases from a nail-punctured gas line, with the gas at common household 

pressures, using small flame ignition. Further experiments were conducted to confirm that an arc, such as 

might be present during a lightning event, could ignite gases leaking from the nail punctures. 

 

Configuration and Apparatus 
Our test was designed to simulate a common residential composition shingle roof with a radiant barrier 

decking. A radiant barrier roof deck was specifically chosen to facilitate our arc testing and so confirm a 

lightning strike as a possible source of ignition.  

 

We tested seven brands/models of CSST commonly used within the US, including Gastite, Gastite 

FlashShield, Parflex, ProFlex, TracPipe, TracPipe CounterStrike, and Wardflex as listed in the end notes. 

In addition to the CSST, we performed testing on a section of black iron pipe.  All CSST and black iron 

pipe were of ½” diameter trade size, prepared to approximately 1.5m (5 feet) in length.   

 

The CSST lines were mounted to make contact with, but not be constrained to, the underside of the roof 

deck and pressurized to approximately 2.5 kPa (10 inches water column (in. w.c.)) of propane or 

approximately 2.0 kPa (8 in. w.c.) of natural gas (See Figures 1 through 3).  For part of the test we 

utilized a pneumatic roofing nailer and part of the test a roofing hammer. The pneumatic roofing nailer 

(nail gun) was nominally pressurized to the manufacturer’s minimum (483kPa/70psi) and maximum 

(827kPa/120psi) operating pressures. Nails were driven through the roof deck.  Escaping gases from the 

resulting punctures were tested for their ability to ignite and sustain a flame. 

 

The roof deck was built to 8/12 pitch with Louisiana Pacific APA Rated, 10.6mm  (0.418 inches), PS2-

1012 Sheathing with LP TechShield radiant barrier coating13. The roof deck was layered with three to four 

layers of 15 pound roofing felt and one layer of GAF Timberline HD “Weathered Wood” E912X 

shingles.   

Note that the roof deck was less than 19 mm  (¾-inch) in thickness. The nails readily penetrated the deck, 

and so met the minimums for the roofing nail requirements14. 

 

The nailer was a R175RNE Rigid Coil roofing nailer, serial number ER13383364, driving nails identified 

as “Collated Roofing Nails” #15 Wire Weld Coil, 1-1/4” x .120” smooth shank and electro-galvanized.   

 

In our initial tests we used natural gas, but for the bulk of our tests used propane. Their ignition 

temperatures are 482C (900°F) to 632C (1170°F) and 493C (920°F) to 604C (1120°F), respectively15.  

 



 

 

 

 

 

 Figure 1: Testing Set-up with Propane 

Gas and Radiant Barrier OSB 

 Figure 2: Testing Set-up with 

Natural Gas and Radiant Barrier OSB 

 

  

 
Figure 3: Underside of Test Roof 

Deck. Note Supports at Ends of Gas 

Tubing. 

 

Gas was supplied to the pipe at approximately 2.0kPa/8 in. w.c. (natural gas) or 2.5 kPa/10 in. 

w.c.(propane). Gas coming from the tank and entering the test set up was labeled “Upstream.”  The 

upstream pressure was measured using a Magnehelic Series 2000 Differential Pressure Gauge with a 

range of 0 to 7.5 kPa (0 to 30 (in. w.c.).  The gas then entered a manifold with four branches, one for each 

of the four flow meters being used (See Figures 4 and 5).  The flow meters were Dwyer RMA-1-SSV 

(0.1 to 0.5 SCFH (Standard Cubic Feet per Hour)), Dwyer RMB-49-SSV (.5 to 5 SCFH), Dwyer RMB-

52-SSV (5 to 50 SCFH), Dwyer RMB-54-SSV (20 to 200 SCFH)16.  A second manifold conveyed gas 

from the four flow meters to the gas line section being tested and then to a second pressure gauge labeled 

“Downstream.”  The downstream gauge was also a Magnehelic Series 2000 Differential Pressure Gauge 

with a range of 0 to 7.5 kPa (0 to 30 in. w.c.). 

 

The nailer air pressure was monitored by a Fluke 233 Remote Display True RMS Multimeter by means of 

a Fluke PV350 Pressure/Vacuum Module. 



 

 

 
Figure 4: Test Gauges Arrangement  Figure 5: Gas Distribution  Piping 

 

Procedure 
1. Position the gas line along the underside of the sheathing so that it was in contact with the 

underside of the roof deck, but unconstrained (i.e., light finger pressure would dislodge it);  

 

2. Provide gas fuel to the CSST and confirm no measureable leakage; 

 

3. Check and record measurements of fuel gas pressure and the pneumatic pressure on the nailer. 

 

4. Fire or hammer a roofing nail, as specified above, into the shingle-loaded deck above the gas tube 

or pipe; 

 

5. Determine if a penetration had occurred; 

 

6. Record measurements of upstream and downstream fuel gas pressures and flow; 

 

7. Check if the escaping gases were capable of igniting and sustaining a flame; 

 

8. In the case of a puncture, cut the jacket of the CSST away to directly observe and 

photographically document the puncture hole and conduct a second flow measurement of the 

unsheathed hole and note the results; 

 

9. Measure nail penetration on the underside of the roof deck and photo document the puncture size.  

 

RESULTS 

 

The observed hole sizes resulting from pneumatic nailer penetration ranged from barely piercing up to 

approximately 2.54mm (0.1 inches) (See Figures 7 through 10).  Some penetrations did not go beyond 

the tip of the nail, which resulted in diamond shaped holes (See Figure 9); and some were grazing 

impingements which tore or ripped the tubing (See Figure 10).  Some merely dented the tubing and failed 

to penetrate.  Hammer driven nails displaced but did not penetrate the CSST line. 

 

The attempts to penetrate the black pipe were entirely unsuccessful, despite using the highest 

recommended air pressures on the nailer. The nails suffered deformation and merely scratched the surface 

of the black pipe (See Figure 11) 

 

Ignition of the escaping fuel gas resulted in a range of flame sizes (See Figures 12 and 13). 



 

 

 

 
Figure 7: Large Hole in “Valley” 

2.54mm x 3.3mm 
 

Figure 8: Large Hole in Ridge 2.54mm x 

2.8mm 

 

 

 
Figure 9: Typical Diamond Shaped 

Hole 
 

Figure 10: Glancing Penetration 

 

 

 

 Figure 11: Roofing Nail Unsuccessful 

Penetration of Black Pipe. 

 

 



 

 

 
Figure 12: Flame Resulting from Small Puncture  Figure 13: Flame Resulting from Full Nail 

Diameter Puncture. 

Flame Effects 

A separate experiment was conducted with propane to measure an unimpeded flame size for an aperture 

comparable to that created by a roofing nail in CSST and gain an appreciation of the possible flame 

height.  An aperture of 2.29mm (0.09 inches) was used and the flame height measured at different 

pressures. Note: this experiment was performed to get a general "feel" for the resulting flame and was not 

to provide an exhaustive or exacting measurement. 

 

 

 

 
cFigure 14: Flame Approx.11.4 cm (4.5 

inches)  Aperture with Flow of 4 liters/hour         

 Figure 15: Flame >27.9cm (>11 inches)  

Aperture with Flow of  23 liters/hour 

 

 

 



Arcing Ignition 

We created a “low level” arc event by discharging the energy of a capacitor through the radiant barrier 

and into the CSST piping. The arcs were generated in the vicinity of a roofing nail puncture of a CSST 

test sample.   

 

We used a Bertan Model 215, 3000V DC supply and two 0.1microfarad (uF) capacitors connected in 

parallel (thus 0.2 uF capacitance total) (Figure 16).  At 3,000VDC, a 0.2uF capacitance stores 0.6 milli-

coulombs and 0.9 Joules (0.21 calories). We utilized an automotive ignition primary coil to step up the 

voltage to between 50,000V and 100,000V. We estimate the equivalent delivered charge to be less than 

36 micro-coulombs and the arc energy would be less than 0.9 Joules.  Therefore, the ignition coil 

generated a very high voltage, but low energy arc17.  Not every arcing attempt resulted in an ignition, but 

the fact that ignition could occur at very low energy levels, far less energy than would be associated with 

a lightning strike, was confirmed.  

 

 

 

 

 Figure 16: Test Configuration for Arc Ignition of Nail Caused Gas Leak.  

 

SUMMARY 

All brands/models of CSST we tested were found to be susceptible to nail impingement, gas leakage, and 

ignition when a pneumatic roofing nail was used.  Nails driven by a hammer were not observed to 

puncture the CSST lines in the 70 attempts we made across the various models.   

 

An electrical arc, many orders of magnitude less energetic than a lightning event, in the vicinity of the 

leak can act as an ignition source for the escaping gas. 

 

The higher pressures on the nailer tended to create larger punctures and, conversely, smaller pressures 

resulted in smaller punctures. However, we noted a somewhat unexpected, yet interesting, trend in the 

results. At higher pressures, the nails had a greater tendency to plug the holes, resulting in a negligible 

leak. With the nailer at low pressures, the nails tended to create smaller holes. However, the CSST 

frequently "bounced" off the nail after impact, leaving the hole unobstructed. This led to a greater 

percentage of observed, ignitable leaks.  

 

The gas leaks ranged from as small as a typical pilot light to a level where ignition of secondary 

combustibles would occur very quickly (Figures 14 and 15).  Given construction methods with common 

ventilation level in attics, the gas may be dissipated below the lower ignition limit and go undetected until 

an ignition event close to the leak occurs. The hidden danger in this scenario exists where ventilation is 

obstructed or, worse yet, sealed.  In this case, gas could accumulate until it is within the upper and lower 

ignition limits.  This scenario could lead to an explosion.  



Table 1 - Summary of Results 
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Gastite Nailer 120 PSI NG 12 50% 0.82 2140 ~12.7/0.5 221 100% 

Gastite Hammer NG 10 0% N/A ~2165 N/R N/A N/A 

Gastite Nailer 70 PSI NG 12 92% 0.48 2190 ~12.7/0.5 158 100% 

Gastite Nailer 120 PSI LP  8 75% 0.8 2488 13.8/0.54 120 86% 

Wardflex Nailer 120 PSI LP  10 70% 0.82 2488 15/0.59 115 67% 

Wardflex Hammer LP  10 0% N/A 2600 N/R N/A N/A 

Wardflex Nailer 70 PSI LP  10 80% 0.48 2488 14.5/0.57 33 88% 

Parker Nailer 120 PSI LP  10 70% 0.81 2426 14.1/0.55 136 43% 

Parker Hammer LP  10 0% N/A 2476 N/R N/A N/A 

Parker Nailer 70 PSI LP  10 50% 0.49 2488 11.6/0.46 71 100% 

Proflex Nailer 120 PSI LP  10 70% 0.82 2464 14.4/0.57 138 86% 

Proflex Hammer LP  10 0% N/A 2314 N/R N/A N/A 

Proflex Nailer 70 PSI LP  10 60% 0.51 2488 13.1/0.52 42 100% 

TracPipe Nailer 70 PSI LP  10 80% 0.49 2464 11.5/0.45 184 100% 

TracPipe Hammer LP  10 100% N/A 2488 10.6/0.42 N/A N/A 

TracPipe Nailer 120 PSI LP  10 70% 0.82 2464 13.8/0.54 137 100% 

Black Pipe Nailer 120 PSI LP  10 0% 0.81 2488 N/R N/A N/A 

CounterStrike Hammer LP  10 0% N/A 2476 12.2/0.48 N/A N/A 

CounterStrike Nailer 120 PSI LP  10 80% 0.82 2488 13.4/0.53 39 88% 

CounterStrike Nailer 70 PSI LP  10 90% 0.5 2488 13/0.51 37 100% 

FlashShield Hammer LP  10 0% N/A 2488 11.7/0.46 N/A N/A 

FlashShield Nailer 120 PSI LP  10 70% 0.82 2464 13.2/0.52 103 100% 

FlashShield Nailer 70 PSI LP  10 80% 0.49 2464 12.7/0.5 113 88% 

 Note: "N/A" = Not Applicable; "N/R" = Not Recorded; "~" = Approximately  

 



RECOMMENDATIONS 

 

Roofing professionals should be made aware of the possibility of damaging CSST when using a 

pneumatic nailer and should be warned of the possibility of causing a catastrophic event when working on 

roofs over CSST installations, particularly when roof decking is of the radiant barrier type.   

 

Fire investigators should be aware that recent roofing, or even original roofing activities, may have 

compromised the CSST gas lines, resulting in leakage.  As demonstrated by our testing, special attention 

is warranted during investigations of fires in which radiant barrier roof decking is present, and in which 

lightning occurred shortly before the fire. Furthermore, with the increasing popularity of sealing a home's 

attic off from exterior ventilation, we fear an ignitable explosive gas/air mixture may develop.  
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 END NOTES 

                                                           
1 Omegaflex TracPipe and FlashShield, Proflex, Gastite, Gastite FlashShield, Ward Manufacturing Wardflex, and 

Parker Hannefin Parflex 

2 http://www.csstsafety.com/CSST-history.html 

http://www.csstsafety.com/CSST-history.html


                                                                                                                                                                                           
3 http://www.csstfacts.org/csst-safety-facts/application-success 

4 http://www.proflexcsst.com/faq.html 

5 http://www.proflexcsst.com/faq.html 

6 ANSI LC-1-2014, CSA 6.26-2014 “Fuel Gas Piping Systems Using Corrugated Stainless Steel Tubing”. 

7 NFPA 54-2009, “National Fuel Gas Code”, National Fire Protection Association, Quincy, MA. 

8 http://www.nrc.gov/docs/ML0722/ML072260243.pdf 

9 “A Ground-Lightning Environment for Engineering Usage” N. Cianos; E.T. Pierce Stanford Research Institute, 

August 1972.  NOTE: The charge we used was calculated at less than 36uC at 50,000 to 100,000 volts to ignite 

gases escaping from a nail punctured CSST line. 

10 Reflective Insulation Manufacturers Association International, “Technical Bulletin 102 (TB102)” 

 
11 Florida Solar Energy Center at University of Central Florida, FSEC-EN-15: FSEC [Florida Solar Energy Center at 

University of Central Florida] has measured and reported that radiant barriers can reduce heat gain through R-19 

[rolls of faced pink fiberglass] insulated ceilings by over 40 percent. If the ceiling portion of the total cooling load is 

20 percent, that's a reduction of 40 percent of 20 percent, which amounts to 8 percent savings on the total cooling 

load.  

 
12 U.S. building codes require that structural panels for applications in the U.S. comply with either PS 1 or PS 2. PS 

1 and PS 2 are nationally recognized Voluntary Product Standards developed under procedures published by the 

U.S. Department of Commerce. PS 1, Structural Plywood, establishes requirements for structural plywood. PS 2, 

Performance Standard for Wood-Based Structural-Use Panels, establishes requirements for structural wood-based 

panels such as oriented strand board (OSB), waferboard and certain types of plywood. 

13 LP TechShield sheathing is made by laminating a thin, durable sheet of aluminum to OSB sheathing.  

14 International Residential Code (IRC), R905.2.5 Fasteners: Fasteners for asphalt shingles shall be galvanized steel, 

stainless steel, aluminum or copper roofing nails 12 gauge shank with minimum 3/8-inch diameter nail. Must 

penetrate the roofing a minimum of ¾-inch into the sheathing if ¾-inch or greater. Sheathing less than ¾-inch, nail 

must penetrate through sheathing. 

15 NFPA 921-2014, “Guide for Fire and Explosion Investigations”, National Fire Protection Association, Quincy, 

MA 

16 SCFH, or Standard Cubic Feet per Hour is a measure of air flow.  Our measurements were converted to equivalent 

propane and natural gas flows and expressed in liters/hour for Table 1. 

17 By comparison, the Minimum Ignition Energy (MIE) for natural gas and propane is 0.3 mJoules (0.00007 

calories) and 0.25 mJoules (0.00006 calories) respectively. Minimum Ignition Energy (MIE): The minimum 

energy that can ignite a mixture of a specified flammable material with air or oxygen, measured by a standard 

procedure. Depending on the specific application, there are several standard procedures for determining MIE. The 

common element in all procedures is that the energy is generated by an electrostatic arc discharge released from a 

capacitive electrical circuit. The principle differences procedures are exact circuit components and the arrangement 

of electrodes. http://explosionsolutions.co.uk/110411020.pdf 

http://www.csstfacts.org/csst-safety-facts/application-success
http://www.proflexcsst.com/faq.html
http://www.proflexcsst.com/faq.html
http://explosionsolutions.co.uk/110411020.pdf

