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ABSTRACT
Corrugated Stainless Steel Tubing (CSST) has become very popular as a fuel gas supply component in the
building industry. CSST (since the late 1980s) has served as a labor saving alternative for black iron pipe that
previously had been the method used to distribute natural or propane gas to gas fired appliances throughout the
structure. However CSST has also been implicated in a number of lightning related fires where it has been found
that the walls of the CSST have been punctured during lightning strikes to the structure or metal components
attached to the structure. Investigation of these lightning related fires determined that puncturing of the CSST from
the lightning discharge also ignited the combustible fuel gas escaping from the CSST, which then resulted in a gas
fed fire at or near the location of the CSST puncture.
Thru electrical bonding requirements, industry has tried to address and eliminate the damage caused by a lightning
discharge that energizes the CSST. However, it has been documented that damage and fires have continued to occur
on electrically bonded CSST systems; therefore it is apparent that the risk has still not been completely addressed or
understood. The authors conducted the testing outlined in this report to better understand what occurs electrically to
CSST, black iron pipe, or a solid copper conductor when first energized by a high voltage electrical impulse similar
to what would be found when a lightning discharge occurs. This testing was done to better characterize and
compare the electrical response of a grounded section of CSST, or black iron pipe, as well as document the electrical
response to the high voltage impulse for several different manufacturers of CSST. All of the testing was conducted
at The Ohio State University’s High Voltage Laboratory in Columbus, Ohio. In addition this paper also explores the
effect of bonding resistance changes and sample orientation during testing.
After all testing was concluded, analysis of tests results determined that all CSST samples were found electrically to
behave in a similar fashion. The testing also showed that the CSST samples responded electrically in a similar
fashion as the same length of ½ inch black iron pipe, or #6 AWG, solid copper wire. Physical orientation of these
samples did not appear to affect testing results.

DESCRIPTION OF TESTING
A sample section of CSST with an overall length of 15 feet from four different manufacturers was
subjected to a 200 kilovolt impulse at The Ohio State University’s High Voltage Laboratory. This high
voltage impulse was designed to mimic in the laboratory the effects of a lightning discharge to a
conductive component on the exterior of a house (i.e., metal flue pipe on the roof) that could in turn
energize the dwelling’s electrically bonded fuel gas piping (CSST or black iron pipe). The transient
voltage and current waveforms that comprise the electrical response to this high voltage impulse were
measured and collected with a two-channel storage oscilloscope.
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These samples were as follows:
½ inch Wardflex® CSST – Manufactured by Ward Manufacturing
½ inch Gastite® CSST – Manufactured by Gastite,
½ inch Pro-Flex® CSST – Manufactured by Pro-Flex LLC
½ inch TracPipe® CSST – Manufactured by Omegaflex Inc.
½ inch Flashshield® CSST – Manufactured by Gastite
A fifteen foot length of bare #6 AWG, solid copper conductor as well as ½ inch diameter black iron pipe
with an overall length of 15 feet were also subjected to the same high voltage impulse. All 7 specimens
were tested in both a straight layout configuration and a configuration where each specimen was
repositioned to a 90o angle layout. In addition to each specimen undergoing a straight or 90o orientation,
each specimen was also tested with the ground resistance either at zero ohms or 25 ohms. Therefore each
of the 7 specimens was tested 4 times with the following parameters (straight layout, 25 ohms ground
resistance; straight layout, zero ohms ground resistance; 90o layout, 25 ohms ground resistance; 90o
layout, zero ohms ground resistance) for a total of 28 tests. Figure 1 is a graphical depiction of the high
voltage impulse testing set-up used at The Ohio State University’s High Voltage Laboratory by S-E-A,
Limited:

Figure 1: Voltage Impulse Test Set-Ups
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Figures 2 and 3 are photographs of samples under test that are typical of all 28 tests conducted at The
Ohio State University’s High Voltage Laboratory.

Figure 2: 15 feet Overall Length of ½ inch Black Iron Pipe – Straight Configuration

Figure 3: 15 feet Overall Length of ½ inch CSST with one 90o bend in the middle of the sample
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TEST RESULTS
15 feet - Straight Configuration Grounded Through a 25 Ohm Resistor
Figures 4 through 6 are the transient voltage and current versus time waveforms for 3 samples tested in
this configuration. For each of the graphs, the dark line is for the voltage impulse and the light grey line
is for the current response to this voltage impulse.

Figure 4: CSST

Figure 5: #6 Solid Copper Wire

Figure 6: Black Iron Pipe

S-E-A’s analysis of all 7 samples in this configuration revealed that there was very little variance between
either of the 5 different samples of CSST, a straight section of black iron pipe, or a #6 AWG solid copper
wire. Therefore, S-E-A’s testing revealed that all 7 samples in this configuration responded to the same
voltage impulse in a similar fashion.
15 feet - Straight Configuration Grounded Through a Zero Ohm Resistance ion.
Figures 7 through 9 are the transient voltage and current versus time waveforms for 3 samples tested in
this configuration. For each of the graphs, the dark line is the voltage impulse, and the light grey line is
for the current response to this voltage impulse.

Figure 7: CSST

Figure 8: #6 Solid Copper Wire

Figure 9: Black Iron Pipe

S-E-A’s analysis of all 7 samples in this configuration revealed that again there was very little variance
between either of the 5 different samples of CSST, a straight section of black iron pipe, or a #6 AWG
solid copper wire. Therefore S-E-A’s testing revealed that all 7 samples in this configuration responded
to the same voltage impulse in a similar fashion. It should also be noted that the zero ohm bonding to
ground resistance did transfer a larger amount of impulse energy to ground than the 25 ohm system,
which is the purpose of a low resistance grounding system.
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15 feet - 90o Configuration Grounded Through a 25 Ohm Resistor
Figures 10 through 12 are the transient voltage and current versus time waveforms for 3 samples tested
in this configuration. For each of the graphs, the dark line is the voltage impulse and the light grey line is
for the current response to this voltage impulse.

Figure 10: CSST

Figure 11: #6 Solid Copper Wire

Figure 12: Black Iron Pipe

S-E-A’s analysis of all 7samples in this configuration revealed that again there was very little variance
between either of the 5 different samples of CSST, a black iron pipe, or a #6 AWG solid copper wire.
Therefore, S-E-A’s testing revealed that all 7 samples in this configuration responded to the same voltage
impulse in a similar fashion.
15 feet - 90o Configuration Grounded Through a Zero Ohm Resistance
Figures 13 through 15 are the transient voltage and current versus time waveforms for 3 samples tested
in this configuration. For each of the graphs, the dark line is the voltage impulse, the light grey line is for
the current response to this voltage impulse.

Figure 13: CSST

Figure 14: #6 Solid Copper Wire

Figure 15: Black Iron Pipe

S-E-A’s analysis of all 7 samples in this configuration revealed that again there was very little variance
between either of the 5 different samples of CSST, a straight section of black iron pipe, or a #6 AWG
solid copper wire. Therefore S-E-A’s testing revealed that all 7 samples in this configuration responded
to the same voltage impulse in a similar fashion. It should also be noted that the zero ohm bonding to
ground resistance did transfer a larger amount of impulse energy to ground than the 25 ohm circuit, which
is the purpose of a low resistance grounding system.
As indicated previously, analysis of all test data revealed that all 5 CSST samples responded in a very
similar fashion when the high voltage impulse was imposed on each sample. Figures 16 and 17 (which
are test configurations grounded through a 25 ohm resistor) both show the similarity of this response.
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Figure 16: Comparison of Current Waveforms for all5 CSST Specimens – 15 feet Straight Layout

Figure 17: Comparison of Current Waveforms for all 5 CSST Specimens – 15 feet 90o Layout

422

ISFI 2012
International Symposium on Fire Investigation Science and Technology

Figures 18 and 19 compare the high voltage wave imposed upon the typical CSST sample, black iron
pipe, or #6 AWG solid copper wire in both the straight and 90o configurations. As can be seen in these
two graphs, each sample received a similar high voltage impulse, eliminating any possible voltage input
error consideration in the evaluation of the impulse current response of each sample tested.

Figure 18: Comparison of Voltage Impulse for Straight CSST, Black Iron Pipe and #6 AWG wire

Figure 19: Comparison of Voltage Impulse for 90o CSST, Black Iron Pipe and #6 AWG wire
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15 feet CSST Straight Configuration – Comparison of Current Response to Bonding Wire Size
In addition to the use of the bare #6 AWG solid copper wire connected directly to ground (R = Zero
Ohms) the straight configuration of the CSST sample was also bonded with smaller wire diameter
(stranded copper #10 and #12 AWG) conductors. An analysis of the results of this testing (shown in
Figure 20) revealed that the diameter of the wire only effects the overall impulse current amplitude, and
more importantly the amount of electrical energy that the grounding wire allows to flow to ground. In
other words wires smaller than a solid #6 AWG conductor (such as the #’s 10 and 12) introduced more
resistance into the grounding circuit, which in turn reduces the maximum current response and imposes a
greater limit on the amount of electrical energy the grounding system can dissipate from a lightning
discharge.

Figure 20: Comparison, Bonding Wire Diameter – 15 feet Straight, CSST, Zero Ohms
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CONCLUSIONS
CSST has been implicated in numerous house fires where it was determined that the CSST
became energized and failed (allowing escaping fuel gas to be ignited) by a lightning discharge striking a
metal component associated with the home’s fuel gas system S-E-A Limited’s high voltage impulse
testing was conducted to mimic a lightning discharge and the electrical circuit created by a properly
bonded (to ground) section of CSST. The testing conducted by S-E-A was done to determine if there
were electrical differences between the 5 CSST samples, or between a similar length of black iron pipe or
#6 AWG solid copper wire.
The 28 high voltage impulse tests conducted by S-E-A, Limited at The Ohio State University’s High
Voltage Laboratory have generated the following conclusions that should be considered whenever the
electrical performance of CSST is analyzed:
•

When properly bonded to ground, all 5 samples of ½ inch CSST appeared electrically similar
when a high voltage impulse similar to lightning was impressed on the sample. Although there
may be manufacturing differences between the 5 samples, electrically they all appeared to behave
in a similar fashion.

•

When properly bonded to ground, all 5 samples of ½ inch CSST appeared electrically similar to a
the ½ inch black iron pipe when a high voltage impulse was impressed on either the CSST or
black iron pipe. Although there are striking material differences (including thickness) between
the rigid black iron pipe and flexible CSST, electrically both appeared to behave in a similar
fashion.

•

When properly bonded to ground, all 5 samples of ½ inch CSST appeared electrically similar to
the #6 AWG solid copper wire when a high voltage impulse was impressed on either the CSST or
#6 AWG wire. Although there are striking material differences between the solid wire and
flexible CSST, electrically both appeared to behave in a similar fashion.

•

The physical orientation of the CSST, solid copper #6 AWG wire, or black iron pipe did not
appear to alter the electrical current response to the high voltage impulse. S-E-A’s analysis of the
waveforms generated in both the straight and 90o orientations revealed no significant difference
in electrical response.

•

The use of a smaller gauge (#10 or #12 AWG) stranded copper wire or the introduction of 25
ohms of electrical resistance in the grounding circuit both affected the amplitude and dampening
of the impulse current response. Analysis of the current response generated by both of these
ground circuit resistance variances, indicates that the current response was sensitive to the total
resistance path to ground and illustrates the necessity for the installer to take care in the bonding
of the CSST. Good bonding to ground insures that the lowest resistive path to ground is in place,
which allows the maximum amount of energy from the lightning discharge to be dissipated by the
grounding system.
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