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When a fire caused over $30mil (AUD) damage and destroyed two factories, 

fire investigators from the private and public sectors teamed up to conduct 

some experiments into how pallets of stored air conditioning ‘Y’ splitters could 

suddenly ignite. What they found was this was the second fire to involve these 

pallets and that the previous day for each incident there was rain which provided 

a pool of water to form on top of the clear plastic wrap the pallets had been 

wrapped in. This pool of water would later be shown how it could magnify the 

sun’s rays and burn the cardboard between each layer of splitters.

BUILDING DESCRIPTION AND BACKGROUND

A large fire occurred around midday on 3 November 2018 at a commercial complex of 20 industrial units at 
Western Sydney, causing between 30-50 million dollars worth of damages. The fire destroyed (levelled) two 
industrial warehouses (Unit A and Unit B). The fire originated at the storage yard of Unit A.

A company that is one of Australia’s largest manufacturer and distributor of air conditioning products occupied 
Unit A, comprised of an office building, warehouse and outdoor storage yard. The office and warehouse were 
constructed of tilt slab concrete with an iron roof, measuring approximately 90m by 40m. Unit B was located next 
door (south), was also constructed of tilt slab concrete with an iron roof, measuring approximately 40m by 40m.

The product stored at the storage yard of Unit A was mostly air conditioning duct Ysplitters used in the roofs of 
houses. The Y-splitters split the air from one duct into two. The Y-splitters were made of moulded plastic with a 
yellow polyurethane coating on the outside. These splitters were previously manufactured in Australia. In May 
2018 the company had moved the manufacturing of these parts to Malaysia. 

The company packed their product on pallets and shipped the pallets in containers to Australia. Each pallet had 
63 Y-splitters (7 rows high with 9 fittings per row). A layer of cardboard was placed in between each row. The 
entire pallet was then wrapped in clear (transparent) plastic several times to keep the splitters upright during 
transportation, but only a single layer of plastic was used over the top of the pallet. The company had received two 
container loads of pallets a week before the fire. Some of the new stock of pallets had been unloaded from the 
containers and were stored in the open storage yard for about a week. This was overflow from pallets being stored 
inside the warehouse. 

The fire originated at the uncovered storage area of Unit A, which was located between the two warehouses (A 
and B). Both units were totally destroyed by the fire. There were no occupants at the storage area of Unit A in the 
hour leading up to the fire.

During the course of the investigation, company representatives stated that another fire had occurred in another 
one of their factories four weeks prior to this large fire incident.
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A NATURAL FIRE CAUSE
FIRE INCIDENT EVENTS

INCIDENT 2 – 3 Nov 2018

Fire crews observed thick black smoke enroute to the 
incident. On arrival the fire was located in the uncovered 
storage area between the two warehouses. Fire crews 
were in the process of setting up the aerial appliance when 
a large explosion occurred. More explosions occurred 
involving Acetylene and LPG cylinders. They relocated the 
fire appliance to the northern end of the complex to set up 
the aerial and conducted defensive firefighting operations.

The tilt slab concrete walls of the factory collapsed inwards 
within 15 minutes of the fire originating. The fire was 
also spreading into the adjoining warehouse. Soon the 
warehouses were both completely involved and aerials 
were set up around both buildings for defensive firefighting.

Figure 3 (CCTV snapshot) showing the explosion 
shortly after fire crews arrived. Note the two gas 
cylinders blown away from the rear storage area.

Figure 1 (Google Maps) showing the two factories, Unit A 
(green) and Unit B (blue). The uncovered storage area for Unit 
A is shown in red.

Figure 2 (Remote Piloted Aircraft System {RPAS} video 
snapshot) showing an aerial view of the fire damage to Unit A.

continued on page 34
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Fire-caused losses in human life and property are the 

most costly public safety problem in the United States [1]. 

Fire investigators are tasked with determining the origin and 

cause of a fire, a task essential to ensuring public safety, 

and to assign responsibility – criminal, civil, or both – that 

arises from these incidents.

Application of the scientific method in fire investigation 

is the most accepted technique to provide a systematic 

approach and analysis for fire origin and cause 

determination [2]. Determining the origin of a fire is one of 

the most important hypotheses that a fire investigator can 

develop during a fire scene examination. The determination 

of the fire’s origin is essential to the methodology of 

identifying the cause.

Determining the origin of a fire involves collecting and 

analyzing data from witness statements, fire patterns, arc 

mapping, and fire dynamics [3]. The examination of fire 

patterns, especially in post-flashover scenes, presents 

many difficulties in determining how a fire produced a 

sequence of patterns from its ignition through suppression. 

Arc mapping is a tool that can produce data for comparison 

with other data collected during a fire investigation. This 

information can be used to test hypotheses for origin 

determination and the identification of competent ignition 

sources in relation to available fuels.

Since fire investigators are implementing arc fault 

mapping as a methodology to assist with determining 

the origin of a fire, one may raise the question about 

how to interpret the data generated during an arc survey 

involving ground fault circuit interrupters and arc fault circuit 

interrupting circuit breakers. (The authors use the terms arc 

fault mapping, arc mapping, and arc survey synonymously 

in this paper).
The purpose of this paper is to document the procedure 

and results of a series of experiments in which energized 

samples of nonmetallic sheathed cable were exposed to 

a variety of uniform heat fluxes from a radiant cone heater 

and were protected by several types of circuit breakers. The 

samples were allowed to fail, as a result of arcing through 

char, and engaged the applicable circuit protection devices. 

The artifacts of these failures, as well as the phenomena 

of the arcing event, were documented to allow for their 

comparison with one another.

Background
The components of interest for this paper were 

nonmetallic (NM) sheathed cable and three types of circuit 

breakers commonly used as circuit protection devices 

(CPDs) inside residential structures: thermal-magnetic (TM) 

devices, ground fault circuit interrupters (GFCIs), and arc 

fault circuit interrupters (AFCIs). Of additional interest is 

the process of arcing through char when conductors are 

exposed to radiant heat.

The most commonly used arrangement of conductors 

in residences is NM-style cable. Generally speaking, NM 

cable consists of two or more thermoplastic – usually 

polyvinylchloride (PVC) – insulated conductors, one bare 

grounding conductor (sometimes wrapped in green PVC 

insulation), paper insulation (sheath) surrounding the 

conductors, and a PVC outer sheath or jacket enclosing 

them. Figure 1 illustrates a typical arrangement of NM 

cable. The designations of 12/2 with ground and 14/2 with 

ground are the most commonly used configurations for 

residences. They refer to the size and number of current-

carrying conductors inside the cable (the ground is not 

counted as a current carrying conductor). For example, 

14/2 signifies American wire gauge (AWG) 14 with two (2) 

current-carrying conductors and a grounding conductor. In 

addition, Figure 1 shows that the ungrounded or hot wire 

is wrapped in, and indicated by, black insulation, and the 

grounded or neutral wire in white.

Figure 1 – Typical configuration of nonmetallic 

sheathed (Type NM) cable.

Branch circuits distribute electricity to lighting, 

receptacles, and appliances. Each branch circuit should 

have a CPD to prevent electrically-caused damage that 

can occur to conductors and to the loads on the circuit. 

Two conductors are required to make a continuous loop 

for electricity to flow through each branch. Single-phase 

branch circuits consist of an ungrounded (hot) conductor 

that attaches to a CPD and goes to an electrical device/

appliance with a grounded (neutral) conductor that returns 

to the panel box and attaches to a neutral bus, thereby 

completing the loop.

The purpose of CPDs is to safeguard conductors from 

excessive temperatures due to currents above their rated 

ampacity. If a circuit draws more current than designed 

for an appliance or allowed for a conductor to carry, the 

CPD will open the circuit. These conditions may arise from 

overloads, ground faults, and short circuits.

The mode of protection for a circuit provides the basis 

for the general classification of circuit breakers, which 

include thermal-magnetic, ground fault, and arc fault. These 

are the most common types of circuit breakers used in 

residential construction.

TM circuit breakers open the circuit by operating on 

the principle of heat generation through current flow and 
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Comparison of Heat Impinged Conductors
Author Kurt Franzi, Cameron Novak, Michael Keller executive director’s view

Scott Stephens
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I had the privilege of helping to prepare autos for the IAAI Motor Vehicle Fire Investigation, a three-day course held in Fairfax, VA, this past March.  I joined our subject matter experts and excellent instructors, Chris Elrod, Captain with the Wilmington, NC Fire Department, and George Malone, Captain with Mesquite, Texas Fire Department.  We set up different scenarios within the vehicles to allow the class opportunities to determine the origin accurately.  Investigators attended the class from around the country, and it was extremely well-received.  I would like to thank our hosts Fire Chief John Butler, Assistant Chief Jason Jenkins, and Lt. Richard Forte, with Fairfax County Fire and Rescue Department. 

IAAI Motor Vehicle Fire Investigation  March 10-12, 2021, three-day course held in Fairfax, VA

Please contact our office, 
should you need any 
additional information on any 
of our courses and offerings. 
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health & safety Committee Update

Providing the latest in fire investigator health and safety information to our members

Jeff Pauley,  IAAI-CFI, CFEI,  MIFireE, Chair, Health & Safety Committee

News and Updates: Fire investigator health and safety are an evolving subject. Our specialized training stays 

abreast of the latest research and information regarding this critical field. The IAAI will be 

offering three virtual opportunities for members to receive the three-hour version of our  

health and safety tested training. Details are being finalized but watch for the dates on  

www.firearson.com. 
In the first quarter of 2021, 140 members of the Oregon, Pennsylvania, and New York 

chapters attended virtual versions of the health and safety training. To discuss your virtual or 

in-person health and safety training needs, email iaai-safety@firearson.com 

FYI: In most instances, respirators used for compliance with the IAAI’s minimum 

recommendation for use in the post-fire environment are NOT suitable for meeting COVID 

mask requirements.  The exhalation valve permits moisture droplets to be expelled into the air. 

For more information, see https://blogs.cdc.gov/niosh-science-blog/2021/03/01/elastomeric_

source-control/ 
Health & Safety In-depth: Confined Space

An area of potential concern that can easily be overlooked during a post-fire scene exam is 

confined spaces. In the U.S., the Occupational Safety and Health Administration defines a 

confined space as any area that “(1) is large enough and so configured that an employee can 

bodily enter and perform assigned work, and (2) has limited or restricted means for entry or 

exit, and (3) is not designed for continuous employee occupancy.” 29 CFR 1910.146(b). Other 

countries have their version of confined space regulations, which should be followed if they 

apply to you.
OSHA also distinguishes those confined space areas where a permit is necessary from those 

that do not require a permit. Non-permit confined space means a confined space that does 

not contain or, with respect to atmospheric hazards, have the potential to contain any hazard 

capable of causing death or serious physical harm. In our world, the most frequent example 

we encounter of a non-permit confined space is the crawl space under a residential structure, 

but there can be others.This area must be considered during the hazard identification 

process and all applicable regulations MUST be followed. 

Before entering any confined space, you must:

• Ensure that the atmosphere within the space is not oxygen-deficient

o The normal oxygen level of the earth's atmosphere is 20.8%.  

An oxygen-deficient atmosphere is anything below 19.5%

o If you have a low reading, something is displacing the oxygen.  

What that is, is very important to know!!

• Ensure the electrical service and any gas service to the structure is off

• Wear proper PPE, including appropriate respiratory protection

• Ensure that the space does not contain any other hazard that could cause death or 

serious physical harm• Ensure enough lighting is present to work in the space, to be able to detect potential 

hazards, and to safely exit the confined space in the event a hazard is detected


