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1 Introduction 
1.1 Purpose 
The following report details test procedures and results from a series of tests which examine the 
effects of various failure modes in the Safespill floor assembly. The scenarios tested were 
common concerns voiced by potential end users. These concerns often centered around blockage 
of drainage holes by jackets, tool boxes, or debris. Other concerns were blockage of floor 
channels by debris or viscous fluids. The following scenarios were created (with linked videos): 

1. Sand accumulation on floor simulating 8-hour shift in Iraqi desert
2. Sand accumulation floor simulating 8-hour shift in Iraqi desert and then swept into

channels of floor
3. Disabled flushing manifold
4. Spill of 5-gallons of viscous hydraulic fluid (ISO 32)
5. Blockage of holes using a 5-foot by 2-foot (1.5-meter by 0.6-meter) Viton® mat

For all 5 compiled videos, follow the link: https://youtu.be/tsxrLM6BObo 

Each of these scenarios was created, followed by a dump of 165 gallons of ignited JP4 fuel 
analog onto the surface of the floor. This test has been studied extensively using a fully 
functioning floor assembly and discussed in the Safespill report “Wing Tank Drop Fire Testing 
Report”. In this report, data from these tests will be compared with the failure mode tests. 

https://youtu.be/1jGwasIvCUg
https://youtu.be/eOworCOhBoA
https://youtu.be/eOworCOhBoA
https://youtu.be/jU8zuRG9A0U
https://youtu.be/R9cG5-jK76s
https://youtu.be/vscOY9RIbnM
https://youtu.be/tsxrLM6BObo
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1.2 Testing Floor Design 
This section details the design and dimensions of the flooring system used for testing. A detailed 
piping and instrumentation diagram for the flooring system used in testing is included in Appendix 
A. 

1.2.1 Test Floor Sizing 

The testing floor used had dimensions of 6 meters (19.7 feet) floor profile length by 6 meters (19.7 
feet) section width. The trench drain used had a length of 6 meters (19.7 feet) and was positioned 
as shown in Figure 1-1. The floor profiles will have a 0.5 percent slope toward the trench drain to 
encourage flow. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

  

Figure 1-1: Dimensions of test floor 
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1.2.2 Trench Drain 
 
Spilled fuel and water from the flushing manifold flows down the length of the profiles and into 
the trench drain. The trench drain was made of stainless steel and had a width of 300 mm (12 
inches) and depths of 410 mm (16 inches) at the deepest point and 380 mm (15 inches) at the 
shallowest point. At the end of the trench drain, a sump with a square cross-sectional dimension 
of 300 mm (12 inches) and a depth of 1 meter (3.1 feet) collects spilled liquids. Two suction inlets 
located at the base of the sump are connected to two 4” centrifugal pumps to remove liquid from 
the trench and pump it into a containment tank located outside of the hazard area. The trench drain 
had a 0.5 percent slope toward the sump to encourage flow of liquid. 
 

1.2.3 Pumps 
 
For all tests, two 4” centrifugal pumps connected to the base of the sump were used to evacuate 
liquids from the trench drain. Pump curves and specifications for these pumps can be found in 
Appendix B. For both water and fire tests, discharge lines on the pumps were composed of 4” 
rubber hose with a length of 50 feet discharging into an atmospheric pressure tank. 
 

1.2.4 Flushing Manifold 
 
The flushing system used in this flooring system consists of a 50.8 mm (2 inch) square tube with 
a series of 1 mm (0.04 inch) diameter holes along its face. When pressurized with water, the 
manifold sprays a stream of water down each channel of the flooring system, encouraging flow of 
the spilled liquid toward the trench drain. The flow rate of the flushing manifold is 1.0 L/min (0.25 
GPM) per channel. 
 

1.2.5 Ramps 
 
In a real-world application, ramps can be installed along all sides of the flooring system to allow 
movement of aircraft on and off the floor. In some applications, the floor may be installed flush 
with the hangar floor and ramps will not be needed. For testing purposes, ramps were not installed 
as part of the flooring assembly. 
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2 Wing Tank Drop Fire Test 
2.1 Test Design and Procedure 

The “Wing Tank Drop Test” simulates a fire scenario in which a wing tank drops from an 
aircraft and splits, instantaneously releasing its contents. This fire scenario is based on a 
1985 testing scenario created by the U.S. Air Force [1].  

 

“Test 1” described above was recreated with slight modifications. JP-4 fuel has an 
approximate composition of 70% kerosene and 30% gasoline [2], but it is not a readily 
available fuel. Even the civilian equivalent, Jet B, is difficult to procure, particularly 
outside of cold-weather regions.  

In place of JP-4, a fuel mixture consisting of one-part gasoline (33.3%) and two parts 
kerosene (66.7%) was used for testing. 165 gallons of this fuel mixture was contained in a 
steel trash hopper with a volume of 0.76 m3 (1 cubic yard, 200 gallons) shown in Figure 2-
1. A stainless-steel lid was installed on top of the trash hopper to reduce expelled vapors in 
the testing area. The fuel was ignited inside of the trash hopper using a propane torch. The 
hopper was then dumped after a 10 second pre-burn.  

For all testing, a controlled tipping of the hopper was accomplished using a winch and 
pulley system. The dumping motion was completed, and the entire fuel contents of the 
hopper were expelled in 20 seconds. The layout of the flooring system and location of the 
hopper and igniter is shown in Figure 2-2. 
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Figure 2-1: Steel trash hopper (0.76 m3, 1 yd3) used to contain and dump JP-4 fuel analog 
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3 Sand Accumulation on Floor 
3.1 Failure Mode Description and Methods 

3.1.1 Background 
In this failure mode, sand was blown onto the Safespill testing floor to simulate conditions in a 
desert environment. The parameters for wind speed and sand accumulation were chosen to closely 
simulate an environment in a Southern Iraqi desert region. In this environment, saltation, which 
involves particles in the range of 0.07-0.5 mm moving at heights of less than 0.3 meters, accounts 
for 50-80% of particle movement and accumulation [3]. 

 

Figure 3-1: Types of particle movement in deserts with high wind velocities. Saltation is the 
primary method of particle movement in these scenarios [4]. 
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In this area, the maximum monthly average wind speed was 5.6 m/s [5].  The closest approximation 
of this wind speed is shown below with an estimated sand accumulation rate of 0.00185 kg/m2-s 
occurs [56. This accumulation rate assumes that there is an infinite depth of sand and that the top 
layer of the sand is continuously disrupted and moved in the direction of the wind.  

 

3.1.2 Application Method 
The simulation of sand accumulation on the Safespill floor assumes the following: 

• An open hangar door with a paved entrance extending at a minimum of 50 meters in front 
of the door. A paved surface, as opposed to an infinitely deep sand dune will reduce sand 
mass flux by approximately 75%. 

• The door to the hangar is left open at all time during operations, even during the most 
extreme wind conditions. 

• A working shift of 8 hours. 

The roll-up door at the Safespill testing facility has a width of 3.7 meters (12 feet) across. Based 
on these factors, the expected accumulation on the Safespill test floor would be 0.925 kg of sand 
per hour while the door is left open. That would lead to a maximum accumulation of 30 kg (66 lbs, 
4.85 gallons) of sand over 4 full working days. 

To simulate this scenario, a fan (59” diameter, 43,000 CFM) was placed near the edge of the floor 
closest to the flushing manifold and was fed with 30 kg (66 lbs, 4.85 gallons) of fine sand (average 
particle size of 0.25 mm) that had been fully dried and passed through a sieve with 0.3 mm 
openings (US mesh size #50). Sand was stored in a 5-gallon plastic jug and then dumped from 
above the fan, as shown in Figure 3-3. The wind speed produced by the fan was approximately 12 
m/s (40 ft/s). 

All piping and pumps were connected prior to sand application. FOD screens with 2 mm 
openings (US mesh size #10) was installed prior to the test and was not removed or cleaned prior 
to the test. The floor surface and mesh were thoroughly dried prior to sand application. 

Figure 3-2: Mass flux data for sand with 
average particle size of 0.25 mm in wind tunnel 
at 8 m/s [6]. Area under curve titled 
“simulation of this paper”, equals 
approximately 0.00185 kg/m2-s. 
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3.2 Test Scenario A: Sand on Top of Floor 
3.2.1 Sand Application 

 

The following photos show the methods and results of the sand application. 

 

Sand is applied to the floor as described in Section 3.1.2. 

 

Sand accumulation on the floor is shown above. For test scenario A, sand was left undisturbed on 
top of the floor. 
 

View the YouTube fire test video at: https://youtu.be/1jGwasIvCUg 

View the JW Player fire test video at: https://jwp.io/s/8yV57baF 

https://youtu.be/1jGwasIvCUg
https://jwp.io/s/8yV57baF
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3.2.2 Flame Height for Test Scenario A 
 

 

Figure 3-4: Graph of mean flame height in meters for the control test and test with sand 
accumulated on top of the floor 
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3.2.3 Visual Summary of Test Scenario A 
 

Control Test (clean floor, no sand)  Sand Test A 

  

0:00 – Following 10 second pre-burn, winch is released, and ignited fuel begins to dump onto floor 

  

0:04 – As fuel dumps onto floor and is flushed toward trench drain, fire spreads along floor surface. 

  

0:11 – At peak intensity, fire covers entire spill area (11 m2, 118 ft2) and reaches a maximum flame 
height of 4.6 meters (15 feet). 
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Control Test (clean floor, no sand)  Sand Test A 

  

0:20 – Hopper dump is completed, and full volume of fuel has spilled onto the floor. Fire begins 
to recede as fuel flows into trench drain. 

  

0:40 – Residual fuel flares up occasionally in the spill area. Flames near the hopper occur due to 
vapors left in the empty hopper. With sand on the floor, fire remains throughout the spill area. 
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Control Test (clean floor, no sand)  Sand Test A 

  

1:26 – Without the sand, fire is completely extinguished. All fuel has been either consumed or 
evacuated by the effluent pumps. 

1:26 – With the sand, flames remain throughout spill area, but flame height has been significantly 
reduced. 

 

  

2:34 – In the sand test, the fire on the floor is reduced to an area of less than 1 m2 (10.75 ft2) with 
scattered candle-like flames. Fuel on the base of the hopper continues to burn as well. 
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Control Test (clean floor, no sand)  Sand Test A 

  

3:28 – In the sand test, fire on floor is reduced to candle-like flames. 

  

4:28 – In the sand test, fire on floor is fully extinguished. 
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3.3 Test Scenario B: Sand Swept into Floor 
3.3.1 Sand Application 

 

The following photos show the methods and results of the sand application. 

 

Sand is applied to the floor as described in Section 3.1.2. A 5-gallon container was used to pour 
sand into fan. 

For test scenario B, sand was swept through the holes and into the channels of the floor. 
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Sand on top of floor is swept into holes using a standard push broom and passes through mesh 
into floor channels. 

 
View the YouTube fire test videos at: https://youtu.be/eOworCOhBoA 
 
View the JW Player fire test videos at: https://jwp.io/s/cQDf74MT  

https://youtu.be/eOworCOhBoA
https://jwp.io/s/cQDf74MT
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3.3.2 Flame Height for Test Scenario B 
 

 

Figure 3-5: Graph of mean flame height in meters for the control test and test with sand swept 
into channels of the floor 
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3.3.3 Visual Summary of Test Scenario B 
 

Control Test (clean floor, no sand)  Sand Test B 

  

0:00 – Following 10 second pre-burn, winch is released, and ignited fuel begins to dump onto floor 

  

0:04 – As fuel dumps onto floor and is flushed toward trench drain, fire spreads along floor surface. 

  

0:11 – At peak intensity, fire covers entire spill area (11 m2, 118 ft2) and reaches a maximum flame 
height of 4.6 meters (15 feet). 
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Control Test (clean floor, no sand)  Sand Test B 

  

0:20 – Hopper dump is completed, and full volume of fuel has spilled onto the floor. Fire begins 
to recede as fuel flows into trench drain. 

  

0:40 – In the control test, residual fuel flares up occasionally in the spill area and flames near the 
hopper occur due to vapors left in the empty hopper. With sand on the floor, fire remains 
throughout the spill area, but flame height is reduced to less than 1.5 meters (5 feet). 
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Control Test (clean floor, no sand)  Sand Test B 

  

1:26 – Without the sand, fire is completely extinguished. All fuel has been either consumed or 
evacuated by the effluent pumps.  

1:26 – With the sand, fire remains in floor near the hopper, with flame height of less than 1 meter 
(3.1 feet). 

  

1:57 – In the sand test, the fire on the floor is reduced to a flame height of less than 0.5 meters 
(1.5 feet) and an area of less than 1 m2 (10.75 ft2) with scattered candle-like flames. Fuel on the 
base of the hopper continues to burn. 
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Control Test (clean floor, no sand)  Sand Test B 

  

2:57 – In the sand test, fire on floor is reduced to candle-like flames. 

  

3:35 – In the sand test, fire on floor is fully extinguished. Fuel on the base of the hopper 
continues to burn but is extinguished with a CO2 extinguisher. 
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3.4 Analysis 
 

Sand accumulation on top of and inside the channels does not affect the Safespill floor’s ability 
to control a fuel fire and does not delay extinguishment. Sand easily passes through the FOD 
screens without causing blockages. In both test scenarios, no blockages were observed in the 
channels of the floor and the fire was extinguished without intervention. 

Following the fire test, the floor was inspected to observe sand accumulation in the channels and 
trench drain. For both scenarios, the accumulation was similar.  

Figure 3-6 shows the top surface of the floor after the fire in test scenario A. This shows that a 
spill will wash sand from the surface into the channel of the floor without causing an obstruction. 

 
Figure 6-6: Top surface of floor after fire in test scenario A. All sand within the spill path of the hopper 
dump has been washed away.  
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Figures 6-7 and 6-8 show little accumulation of sand inside the channels of the floor after the fire 
test.  

 
Figure 6-7: Inside channel of floor showing accumulation of sand on walls of channel. 

 
Figure 6-8: Inside channel of floor showing accumulation of sand on walls of channel. 
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Figure 6-9 shows flushing water flowing through the channels and into the trench drain. Flow of 
liquids is unaffected by sand accumulation. 

 
Figure 6-9: Flushing water flowing through channels of floor and into trench drain. 

 

Figure 6-10 shows minimal accumulation of sand in the trench drain. Water and fuel to flow 
through the trench drain and into the drainage box. 

 
Figure 6-10: Sand accumulation in trench drain following fire test. 
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4 Disabled Flushing Manifold 
4.1 Failure Mode Description 
 

In this failure mode, the solenoid valve which activates the flushing manifold was disconnected 
from the control panel and no water line was plumbed to the flushing manifold. When liquid was 
detected in the trench drain, two 4” centrifugal pumps (Section 1.2.3, Appendix B) were 
activated to remove liquid from the floor assembly, but no flushing water was sprayed into the 
floor.  

Flushing water from the flushing manifold helps to reduce fire size and duration by encouraging 
flow of fuel into trench drain 

 

View the YouTube fire test video at: https://youtu.be/jU8zuRG9A0U 
 
View the JW Player fire test video at: https://jwp.io/s/3lEwZqFe 
  

https://youtu.be/jU8zuRG9A0U
https://jwp.io/s/3lEwZqFe
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4.2 Test Results 
4.2.1 Flame Height 

 

 

Figure 4-1: Graph of mean flame height in meters for the control test and test with disabled 
flushing manifold 

 

4.2.2 Visual Summary of Testing 
For both ignition scenarios, the fuel contents ignited instantaneously upon dumping. When 
the flushing manifold is active, extinguishment of the fire occurred within 90 seconds. 
Without the flushing manifold, fuel continued to burn in the floor profiles. 

Control Test (Flushing Manifold Active) Flushing Manifold Disabled 

  

0:00 – Following 10 second pre-burn, winch is released, and ignited fuel begins to dump onto floor 
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Control Test (Flushing Manifold Active) Flushing Manifold Disabled 

  

0:04 – As fuel dumps onto floor and is flushed toward trench drain, fire spreads along floor surface. 

  

0:11 – At peak intensity, fire covers entire spill area (11 m2, 118 ft2) and reaches a maximum flame 
height of 4.6 meters (15 feet). 

  

0:20 – Hopper dump is completed, and full volume of fuel has spilled onto the floor. Fire begins 
to recede as fuel flows into trench drain. 
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Control Test (Flushing Manifold Active) Flushing Manifold Disabled 

  

0:40 – With Flushing Manifold, residual fuel flares up occasionally in the spill area. Flames near 
the hopper occur due to vapors left in the empty hopper. 

0:40 – Without Flushing Manifold, flare ups appear slightly larger. More fuel remains near 
flushing manifold and around hopper. 

  

1:26 – With Flushing Manifold, fire is completely extinguished. All fuel has been either consumed 
or evacuated by the effluent pumps. 

1:26 – Without Flushing Manifold, burning fuel lingers in floor, mostly around flushing manifold 
and hopper. 
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Control Test (Flushing Manifold Active) Flushing Manifold Disabled 

  

3:25 – Without Flushing Manifold, small pockets of fire remain in floor around initial spill point. 

  

4:46 – Without Flushing Manifold, only small candle-like flames remain as fire is contained to a 
few channels of the floor. 

  

11:57 – Without Flushing Manifold, lingering fire is extinguished by fire fighter using dry 
chemical hand extinguisher. 
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4.2.3 Analysis 
 

Despite the absence of water from the flushing manifold, the fire is controlled similarly to the 
control test. Flame height is nearly the same in the two tests, and greatly reduced compared to a 
pool fire in both cases. The primary difference between the two tests is that without the flushing 
manifold, small flames linger in the floor, particularly around the flushing manifold and hopper, 
for a much longer time compared to when the flushing manifold is active.  

The maximum size of the fire does not seem to be affected by the flushing manifold, which is 
expected, as the flushing manifold generally activates 10-15 seconds after the fuel dump begins. 
By the time the flushing manifold is active, the floor has already effectively controlled the fire 
and most of the spilled fuel has been removed. 

With the flushing manifold, the fire is fully extinguished after 1 minute, 30 seconds without 
intervention. Without the flushing manifold, after 4 minutes and 45 seconds, the fire is reduced 
to a size that could easily be extinguished using a portable fire extinguisher. In this test, the fire 
fighter intervened after 12 minutes and extinguished the fire. 
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5 Hydraulic Fluid Spill 
5.1 Failure Mode Description 
 

In this failure mode, a 5-gallon bucket of hydraulic fluid (ISO 32) was dumped onto the floor 
before the wing tank drop test. After the bucket was dumped, a 5-minute delay allowed the 
hydraulic fluid to drain into the floor, then the fuel in the hopper was ignited and spilled. 

 

 

Figure 5-1: Hydraulic fluid spilled directly in front of spill area of hopper. 

 

 

View the YouTube fire test video at: https://youtu.be/R9cG5-jK76s 
 
View the JW Player fire test video at: https://jwp.io/s/u8h39Jjm  

https://youtu.be/R9cG5-jK76s
https://jwp.io/s/u8h39Jjm
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Figure 5-2: Layout of Hydraulic Fluid Dump 
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5.2 Test Results 
5.2.1 Flame Height 

 

 

Figure 5-3: Graph of mean flame height in meters for the control test and test with the hydraulic 
fluid spill 

 

5.2.2 Visual Summary of Testing 
For both ignition scenarios, the fuel contents ignited instantaneously upon dumping. Without 
the hydraulic fluid spill, extinguishment of the fire occurred within 90 seconds. With the 
hydraulic fluid spill, the fire was reduced to candle-like flames within 2 minutes and fully 
extinguished without intervention in 2 minutes, 30 seconds. 

Control Test (clean floor)   Hydraulic Fluid Spill 

  

0:00 – Following 10 second pre-burn, winch is released, and ignited fuel begins to dump onto floor 
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Control Test (clean floor)   Hydraulic Fluid Spill 

  

0:04 – As fuel dumps onto floor and is flushed toward trench drain, fire spreads along floor surface. 

  

0:11 – At peak intensity, fire covers entire spill area (11 m2, 118 ft2) and reaches a maximum flame 
height of 4.6 meters (15 feet). 

  

0:20 – Hopper dump is completed, and full volume of fuel has spilled onto the floor. Fire begins 
to recede as fuel flows into trench drain. With the hydraulic fluid, fire covers full area of spill. 
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Control Test (clean floor)   Hydraulic Fluid Spill 

  

0:40 – Residual fuel flares up occasionally in the spill area. Flames near the hopper occur due to 
vapors left in the empty hopper. With the hydraulic fluid, fire covers a larger area and is 
concentrated near the area where the hydraulic fluid was spilled. 

  

1:26 – In the control test, fire is completely extinguished. All fuel has been either consumed or 
evacuated by the effluent pumps. 

1:26 – With the hydraulic fluid, flames remain in area around hopper and small flare ups continue 
in the fuel spill area. 
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Control Test (clean floor)   Hydraulic Fluid Spill 

  

2:02 – With the hydraulic fluid, small candle-like flames continue to burn in the area of the 
hydraulic fluid spill. 

  

2:30 – With the hydraulic fluid, the fire is fully extinguished without intervention. 

 

5.2.3 Analysis 
 

With viscous fluid spilled in the floor, the fire is controlled similarly to the control test and 
maximum flame height does not appear to change when compared to the control test. Following 
the initial dump, fire appears to remain in the area where the hydraulic fluid was spilled which 
could indicate that the fuel does not flow to the trench drain as quickly as the control test. The 
high viscosity fluid likely slows down the flow. 

The fuel fire is fully extinguished in both scenarios. In the hydraulic fluid test, the fire is 
extinguished after 2 minutes and 30 seconds, which is 1 minute after the extinguishment of the 
fire in the control test. 
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6 Blockage of Drainage Holes by Viton® Mat 
6.1 Failure Mode Description 
 

In this failure mode, a 2-foot by 5-foot Viton® mat was placed under the spill location to block 
the drainage holes in this area. This test simulates a scenario in which a jacket, tool cart, or other 
object blocks an area of the floor. Blockage of these holes forces the fuel to flow to the holes 
surrounding the object.  

  

Figure 6-1: Viton mat placed directly underneath spill area of hopper. 

 

 

View the YouTube fire test video at: https://youtu.be/vscOY9RIbnM 
 
View the JW Player fire test video at: https://jwp.io/s/wJq6UiIS 
  

https://youtu.be/vscOY9RIbnM
https://jwp.io/s/wJq6UiIS
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6.2 Test Results 
6.2.1 Flame Height 

 

 

Figure 6-2: Graph of mean flame height in meters for the control test and test with the Viton® 
mat blocking drainage holes  

 

6.2.2 Visual Summary of Testing 
Without the Viton® mat, extinguishment of the fire occurred within 90 seconds. With the 
Viton® mat, the fuel fire within the floor was extinguished within 2 minutes. A small amount 
of fuel continued to burn on top of the mat and was extinguished using a fire hose at 2 
minutes and 25 seconds. 

Control Test (No objects on floor)  Viton® Mat 
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Control Test (No objects on floor)  Viton® Mat 

  

0:04 – As fuel dumps onto floor and is flushed toward trench drain, fire spreads along floor surface. 

  

0:11 – At peak intensity, fire covers entire spill area (11 m2, 118 ft2) and reaches a maximum flame 
height of 4.6 meters (15 feet). 

  

0:20 – Hopper dump is completed, and full volume of fuel has spilled onto the floor. Fire begins 
to recede as fuel flows into trench drain. With the viton mat, fire appears more concentrated in 
area near mat. 
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Control Test (No objects on floor)  Viton® Mat 

  

0:40 – Residual fuel flares up occasionally in the spill area. Flames near the hopper occur due to 
vapors left in the empty hopper. With the viton mat, fire remains concentrated around the mat. 

  

1:26 – Without the mat, fire is completely extinguished. All fuel has been either consumed or 
evacuated by the effluent pumps. 

1:26 – With the mat, flames remain in area around hopper and mat. Most flames are concentrated 
around edges of mat. 
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Control Test (No objects on floor)  Viton® Mat 

  

2:12 – With the mat, the fire is extinguished except for a few small candle-like flames around the 
edges of the mat. 

 

  

2:26 – With the mat, fire fighter uses hose water to extinguish fire remaining on mat. 
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6.2.3 Analysis 
 

With the mat, the maximum fire size does not appear to change. Following the initial dump, fire 
appears to linger near the mat whereas fire was spread evenly across the entire spill area when 
the mat was not there.  

Although the mat blocks many drainage holes, the fuel spill flows off the mat to adjacent 
drainage holes and the drainage rate does not appear to be affected by the blockage.  

The fuel fire is fully extinguished in both scenarios, however lingering fire on the mat is 
observed. This could be caused by fuel sitting on top of the mat, or fuel that has saturated the mat 
and continues to release vapors. 
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7 Conclusion 
 

The results of each failure mode fire test are summarized in Figure 7-1 and Table 7-1.  

Analysis of these tests shows that: 

1. None of the failure modes affect the floor’s ability to control fuel fires. 
2. Without the flushing manifold, the fuel fire is controlled and reduced, but not fully 

extinguished without intervention. The flushing manifold is an integral part of the system 
and should not be omitted. 

3. A viscous fluid in the floor, such as hydraulic fluid, does not reduce the floor’s ability to 
control the fire, but slows the flow of fuel to the trench and delays the extinguishment of 
the fire. However, the fire will still be extinguished without intervention. 

4. Blockage of drainage holes by an object causes fuel to flow to adjacent drainage holes 
and does not significantly change the development of the fuel fire. However, fuel that 
remains on top of the object will likely require simple firefighting measures, such as a 
handheld extinguisher or hose stream, to extinguish. 

5. Sand accumulation on top of the floor or within the channels of the floor does not cause a 
significant disruption to flow of liquids in the floor and does not significantly change the 
floor’s ability to control or extinguish a fuel fire. Sand easily passes through FOD screens 
installed in the floor and does not cause obstructions in the drainage holes or the channels 
of the floor.  

 
 

View all 5 YouTube fire test videos at: https://youtu.be/tsxrLM6BObo 
 
View all 5 JW Player fire test videos at: https://jwp.io/s/cLFTdtOR 
  

https://youtu.be/tsxrLM6BObo
https://jwp.io/s/cLFTdtOR
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Figure 7-1: Graph of mean flame height in meters for the control test and all FMEA Tests 

 

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0 100 200 300 400 500 600 700 800

M
ea

n 
Fl

am
e 

He
ig

ht
 (m

)

Time (s)

Mean Flame Height for Failure Modes vs Control Test

Control

No Flushing
Manifold

Hydraulic Fluid

Viton Mat

Sand on Top of
Floor

Sand Swept
into Floor



46 
CONFIDENTIAL 

 
  

Table 7-1: Summary of Failure Mode Tests 
 
 Maximum 

Flame 

Height 

Mean Flame 

Height at 20 

Seconds 

Mean Flame 

Height at 40 

Seconds 

Time to Extinguishment 

Control Test 4.6 meters  

(15 feet) 

0.9 meters 

(3 feet) 

0.5 meters 

(1.5 feet) 

1:30 without intervention 

Flushing 

Manifold 

Deactivated 

4.6 meters  

(15 feet) 

1.2 meters 

(4 feet) 

0.9 meters 

(3 feet) 

12:00 with Dry Chem 

Extinguisher 

Hydraulic 

Fluid in Spill 

Area 

4.6 meters  

(15 feet) 

1.2 meters 

(4 feet) 

0.8 meters 

(2.5 feet) 

2:30 without intervention 

Viton Mat 

Blocking 

Drainage 

Holes 

5.2 meters  

(17 feet) 

0.9 meters 

(3 feet) 

0.9 meters 

(3 feet) 

2:26 with water hose 

Sand on Top 

of Floor 

4.6 meters  

(15 feet) 

1.5 meters 

(4.9 feet) 

0.6 meters 

(2 feet) 

4:28 without intervention 

Sand Swept 

into Floor 

4.9 meters 

(16 feet) 

1.5 meters 

(4.9 feet) 

0.9 meters 

(3 feet) 

3:35 without intervention 
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Appendix A: P&ID for Flooring System and Test Equipment 
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Appendix B: Pump Curve for AMT 4”, 15 HP Centrifugal 
 

 
Figure B-1: Pump curve for pumps used in testing is pump curve “B”. Testing conducted with Model # 4872, 15 HP.  
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