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Bonding Effectiveness of CSST Piping Systems 

Phase II Research Project Results 
 

Introduction 
All research conducted under this program was done in accordance with the SEFTIM Phase II 
Work Plan (November 2011) and as defined by the NFPA Research Council to validate the 
effectiveness of electrical bonding for protection against the effects of indirect lightning strikes 
of corrugated stainless steel tubing (CSST) used for the delivery of fuel gas in buildings. The 
testing is being carried out to provide the following information: 

1. To determine the arc current and charge magnitudes necessary to damage CSST for 
various surge current waveforms. 

2. To characterize the electrical self-inductance and resistance of CSST. 

3. To measure the current distribution in sample lengths of CSST in parallel with bonding 
conductors of various lengths. 

4. To provide comparison between laboratory tests results and computer simulations in 
order to verify the usefulness of simulations for predictions of bonding effectiveness. 

5. To verify the benefits of bonding of gas systems to the electrical system ground electrode 
in mitigating lightning damage. 

Testing Plan 
The test plan consisted of three primary stages: 1) Physical testing of CSST to establish basic 
material parameters to use in a Simulation Program with Integrated Circuit Emphasis (SPICE) 
simulation model, 2) Simulation of various scenarios to model the effects of various lengths of 
CSST and ground bond conductor, and 3) Conduct additional physical testing of selected 
scenarios to verify that the simulation model is producing reasonable results.  The specific 
detailed testing plan will be included in the Final Report. 

Assuming a good correlation between the simulations and the verification testing, the SPICE 
based computer model could then be used to test and further extrapolate multiple CSST and 
ground bond length scenarios.   



Initial Laboratory Testing 
The initial laboratory testing was carried out in the facilities of Lightning Technologies 
Incorporated in Pittsfield, Massachusetts.  The initial round of testing established several 
parameters: the inductance per meter and resistance per meter of various types of CSST were 
measured.  The breakdown or “withstand” voltage of the CSST insulating jacket was measured. 
The amount of arc charge required to produce physical damage to the CSST was also 
established.  In the initial testing, samples of CSST from four manufacturers in both 1” and ½” 
diameter were tested. 

The initial tests were carried out with both the 8x20 microsecond and the 10x350 microsecond 
current waveforms injected into CSST.  No ground bond conductor was used in these tests as 
their purpose was to determine the amount of arc charge required to damage the CSST.  A 
standardized method of pre-puncturing the insulating jacket and using a fine wire to initiate the 
arc was developed during these tests.  In no instance was the 8x20 waveform able to cause 
significant damage to the CSST product.  Also, no significant damage was caused by the 10x350 
waveform current with peak magnitudes at or below 1 kA.  This is equivalent to a total 
transferred charge of about 0.5 coulombs. The first tests of the present series also failed to 
consistently produce holes at this current level.  At 5 kA, the 10x350 waveform caused an arc 
flash and surface damage to the CSST but no puncture of the wall tubing (system failure).  Only 
at the 10 kA level did the 10x350 waveform cause an actual puncture in the CSST wall. 
 
An additional finding was that there was no variation in these results from manufacturer to 
manufacturer.  Therefore, there was no need to test samples from all manufacturers in subsequent 
testing; only to vary the diameter and length of the CSST. 

Simulation Results 
The simulations were based on the well-established SPICE computer model for electrical 
circuits.  The values for resistance, inductance, and dielectric breakdown determined in the initial 
testing were factored into the model, as were the observed arc charge values required to damage 
the CSST.  All the simulations made use of a 10x350 waveform at 10 kA as less severe levels did 
not cause CSST failures (punctures).   

The results of the model simulations indicate that CSST with no ground bond would burn 
through (CSST puncture) under these conditions.  Further, a #6 bonding conductor of up to 30m 
in length prevented burn through of the CSST.  If the bonding conductor was reduced to 8m in 
length, arcing of any type was also shown to be suppressed.  These results are for the worst case 
scenario, where the only ground bond wire is applied to the gas line where it enters the residence 
and the current is injected through the gas line.  An illustration of this scenario is included in 
Figure 1 below.  Other scenarios involving additional grounding at manifolds, appliances, and 
injection of current through the appliance gave results with lower arc charges delivered in those 



instances where any arcing occurred, indicating they have no adverse or significant effect on the 
performance of the CSST system in mitigation indirect lightning strikes. 

 

Figure 1: Simulation Scenario  

Verification Testing 
Follow up testing was performed at the LTI facility to further verify the predictions of the model.  
For reasons of practicality and laboratory constraints, the lengths of the CSST and of the #6 bond 
wire were limited to roughly 4.5 meters.  This limitation is imposed by the current source 
available: it was not practical to provide 10 kA of current for the 10x350 duration if the lengths 
went beyond this.  The currents monitored were: the total current into the test set up, the current 
passing through the CSST, and the current passing through the bond wire. 

Model simulations were run for these adjusted lengths and the partition of the current predicted.  
The tests were run and the actual current waveforms recorded.  The agreement between the 
simulations and the physical testing were within 5% of one another.  These minor discrepancies 
occurred in cases where it was difficult to measure the inductance of the circuit in the presence 
of parallel conductors. In all cases, the simulated arc waves resulted in calculated charge transfer 
within 10% of that measured in the laboratory tests. These results are within expected 
experimental error and sufficiently validate the simulation models for their intended purpose. 

Another aspect of the verification testing was to re-measure the inductance and resistance per 
meter of CSST product.  This was done by making two-turn loops of the CSST that were 



suspended about 6’ above the floor.  The measurements were performed with a very sensitive 
LRC meter.  The inductance measured for the CSST was very close to that theoretically 
predicted for a smooth walled tube of roughly the same diameter.  This was performed for both 
the 1” and ½” diameter product. 

Conclusions 
In the absence of any ground bond conductor, CSST can burn through with a severe enough 
current as represented by a 10x350 waveform carrying 10 kA.  This represents a strike very close 
to the residence; direct lightning strikes are beyond the scope of this study.  The application of a 
#6 bonding conductor up to 30 m in length diverts enough of the energy from the CSST to 
prevent burn through.  Shorter ground bond lengths placed between the gas service entrance and 
ground, was also observed to suppress arcing of any magnitude.  Simulation indicates that the 
additions of manifold grounds, appliance grounds, or any additional conductive paths to ground 
further dilute the energy available to damage the CSST. 

The simulation model and the verification tests were in very good agreement for those scenarios 
where practical physical tests could be achieved. 

At no time during the testing, initial or verification, was any corrugation to corrugation arcing 
observed.  As noted above, the measured inductance value for the CSST was very close to that 
predicted for smooth walled tubing.  The only arcing observed was at the point where the coating 
was intentionally punctured and the initiator wire placed to encourage the arc.  This experimental 
data also corroborates a third-party, published paper was presented to the committee describing 
research on the ability of the CSST (including an investigation of its convolutions) to withstand 
lightning damage from a direct strike.  The paper concluded that the shape of CSST convolutions 
has no effect on lighting damage, and documented the withstand strength of the tubing.  

 


	Bonding Effectiveness of CSST Piping Systems
	Phase II Research Project Results

	Introduction
	Testing Plan
	Initial Laboratory Testing
	Simulation Results
	Verification Testing
	Conclusions

