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Hot Enough For Ya?
Hydrocarbon fueled fires often come 
with something even more exciting: 
explosions. These are always fun to 
watch and include tapping into a 
basic human instinct: self-preservation, 
followed immediately with a strong 
urge to run.

Hydrocarbon-based fires have another 
contrasting characteristic when 
compared to cellulosic-based fires. 
Hydrocarbon fires exhibit a very fast 
temperature rise of the burning fuel 
source (less than eight minutes) to reach 
an ultimate temperature approaching 
2000°F (1093.3°C), whereas a 
cellulosic fire may take two hours to 
reach this temperature (based upon 
configuration).

For clarity, a hydrocarbon fire has a 
hydrocarbon- (petroleum) based fuel 
source, whereas a cellulosic fire has 
typical building materials as a fuel 
source, such as wood, paper, plastic, 
etc. The problem with fires at these 
temperatures is that they significantly 
reduce the yield strength of steel. If 
steel loses yield strength (the load 
at which steel starts to deform and 
buckle), the structure could collapse 
(see Photo 1). Collapsing is all fine and 
well, unless you are in the structure, in 

which case you are dead on arrival. The 
other down side would be if you own 
the structure, in which case you are 
out a lot of money. The money side is 
interesting, since not only do you have 
the financial burden of replacing all 
the “stuff” that collapsed, but you also 
lose significant revenue. In the case of a 
refinery, this revenue could be between 
$1 to $3 million per day, or roughly 
the gross domestic product (GDP) of 
Madagascar, whichever units you find 
more meaningful. So death and collapse 
of assets have a down side. What is a 
person to do?

To Act, Or Not To Act
Fire protection systems come in two 
basic forms: active and passive. Active 
systems are reactive systems that must 
trigger or actuate in order to provide 
some level of protection. Sprinkler / 
deluge systems and automatic flow 
control valves are examples of active 
systems. Active systems are very 
capable of dealing with cellulosic 
fires, because systems are designed 
to quench the fire and fuel sources 
are typically restrained or limited. 
Active Foam systems such as those 
shown in Photo 2 can even deal with 
a hydrocarbon fire. The qualifier is 
that area and the fuel source has to be 
restrained or limited. But what if the 

fuel source is fed, in great abundance 
or if there are no partitions to limit the 
area the active system is protecting? 
Active systems become less effective.

Since water is often not an effective 
means to extinguish hydrocarbon 
fires, often active systems’ primary 
functions are to keep areas around 
the fire cool until the fire can be 
extinguished, as shown in Photo 3. The 
fire is extinguished not by snuffing, 
or smothering, but by controlling or 
cutting off the fuel source.

The key, then, to extinguishing fires 
becomes a function of the facility’s 
operators to maintain control of the 
facility. And therein is the challenge. 
Steel structures, exposed to fires of this 
temperature, will exceed structural 
capacity and collapse. If structures 
collapse, the operators lose the ability to 
control fuel source by loss of control to 
operate valves and pumps, divert flow 
away from the fire through pipe racks, 
release pressure safely or drain storage 
structures that could be in the path of 
the fire. This leads to escalation events, 
wherein the fire expands, consuming 
additional assets around the original 
fire. The adjacent spheres shown in 
Photo 4 highlight a facility at risk for an 
escalation event.

Mind the Gap—the Hidden 
Threat of Failing Passive 
Fire Protection

 TECHNICAL NOTE

Facilities that process flammable materials face unique challenges. Oftentimes, a facility must process the volatiles at 

high temperatures and pressures, as well as store large amounts of flammables on site as feedstock. In the event of fire 

or explosion in a facility, the risks to personnel and assets can be extreme.

PHOTO 1. If steel is not properly 
protected, it can lose strength during 
a fire and buckle under load.
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To maintain control of a facility and 
manage fire risk, a second system is 
typically employed. This system is 
referred to as Passive Fire Protection 
or PFP. PFP systems are comprised of 
thermally inert materials that encase 
and insulate the steel structure, in turn 
keeping the critical steel temperature 
below the point where design strength 
is compromised. This is illustrated in 
Photo 5.

Performance Under Fire
Passive Fire Protection materials vary 
in composition and formulation. 
Some general examples are high 
density concrete (HDC), light-
weight cementitious (LWC), epoxy 
intumescents, and subliming epoxies, 
just to name a few. The mechanism of 
protection varies with the material type 
and is beyond the scope of this article. 

Independent certifying bodies test 
the materials based on design fire 
(cellulosic, hydrocarbon, or jet) to 
determine what thickness of material 
is required to resist the design fire for a 
given period of time. The time at which 
a certain thickness of the material can 
resist the design fire is called the fire 
rating. For a specific design fire and 
fire duration modeled, there will be a 
specific thickness of PFP material that 

will be required. In other words, for a 
given design fire and a given material, 
there will be some required thickness to 
resist the fire. Note that for each type of 
material, and indeed for each different 
manufacturer, the thickness of materials 
required is different! That is, for 
manufacturer X of epoxy intumescent 
for a two-hour fire rating might require 
10 millimeters of PFP material for a 
given steel section. Manufacturer Y, 
however, may require 8 millimeters or 
12 millimeters, based on testing from 
the certifying bodies.

To further complicate things, if the 
steel thickness is varied, the thickness 
of fireproofing required would also 
change. This is due to the fact that 
larger pieces of steel need more energy 
to heat up and reach yield temperature. 
Think of it as a frying pan. Which heats 
up faster, a large frying pan or a small 
frying pan? Obviously the small pan 
would since it has less mass. So, for all 
things being equal, the small frying pan 
requires more passive fire protection for 
a given manufactured product.

For simplification, there are three main 
items that need to be considered when 
determining the thickness of the passive 
fire protection to be applied: the fire 
type to be resisted (design fire), the fire 

rating (how long to be resisted), and the 
steel thickness. Stay with me, because 
here is where the fun starts…

What would happen if corrosion under 
the fire proofing reduced the steel 
thickness?

What would happen if the passive fire 
protection was damaged, degraded, 
disbonded, cracked, or weathered?

Let’s answer the first one first, because 
I roll like that. If I lose structural 
sections of steel, I would actually 
need more PFP to maintain the same 
fire rating for my structure. Also, 
if I start losing structural sections, 
I start losing my capacity of the 
column or beam associated. From a 
structural engineering perspective, the 
technical term for this is “not cool.” 
Part of the problem is that many 
fire-proofing materials are held in 
place by reinforcing, so the corrosion 
underneath is often masked. This is 
very similar to the process happening 
in Corrosion Under Insulation 
(CUI) except we call it — and yes, 
you guessed it — Corrosion Under 
Fireproofing (CUF). Since most facilities 
have limited dollars for maintenance, 
there are literally not enough dollars 
to go physically test, gain access, 

TECHNICAL NOTE 

PHOTO 2. Example of an active fire protection system (foam).

PHOTO 3. With a petroleum-based fire, 
water is often used to keep surrounding 
areas cool until the fire can be put out.

PHOTO 4. This photo illustrates the risk of 
an “escalation event” in which the expanding 
fire threatens adjacent structures.
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or remove materials to look at the 
underlying structures.

Now for question number two—take 
a look at Photos 6 and 7. Digging 
around the industry, there is very little 
information that manufacturers share 
about performance after degradation. 
The information that is available will 
always have some suspicion of bias. 
Modeling and fire testing of defects is 
also a very expensive process. But just 
because it is hard doesn’t mean that the 
problem goes away.

Luckily or unluckily, depending on 
your view of government, the Health 
Safety Executive (HSE) of the United 
Kingdom saw what could be called 
a “gap” in the industry / regulatory 
guidance, and with the cooperation 
(translation: funding) from several 
oil companies, commissioned a 
joint industry project (JIP) to study 
the problem. Since not all possible 
variations of defects, materials, 
and weathering could be modeled, 
representative defects based on some 
typical degradation were examined. 
The testing included modeling 
“artificial damage.” Artificial damage 
is when a modification is made to the 
structure, and the fireproofing is cut 
or removed and not replaced. The 
tests were conducted to determine 
what effects the modifications would 
have on the system, as illustrated in 
Photo 8. A 10-year weathering study 
was also performed (see Photo 9). 
The output testing was simplified 
into an industry guidance document 
called HSE Information Sheet 12 
“Advice on Acceptance Criteria for 
Damaged Fire Protective Coatings.” 
Interestingly enough, the testing that 
yielded Sheet 12 included both epoxy 
materials and cementitious materials, 
and based on typical defects modeled, 
the results showed a reduction in 
fire performance of both materials. 

Sheet 12 gives guidance on visual 
examination of degraded passive fire 
protection on “red light, yellow light, 
green light” methodology, based 
upon condition and risk of loss of fire 
rating. It is important to note that this 
regulatory guidance was not written 
until 2007!

So what does it all mean? The reality 
check is that oil operators have been 
operating offshore for in excess of 
50 years. Guidance to addressing legacy 
passive fire protection has not been 
developed until 2007. Testing has 
shown that degraded systems do not 
perform to the desired fire rating when 
and if called upon. More importantly, 
less than 5 percent of industry operators 
even have a procedure for inspection of 
passive fire protection systems. That is 
an industry “gap.” As they say in the 
United Kingdom – MIND THE GAP.

Building A Plan To Mind The Gap
“Minding the gap” is an interesting 
phrase. It comes from the London 
Underground as a phrase to make 
passengers aware of a safety concern: 
An opening between the train and the 
platform area that could present a trip 
and fall hazard for the unwary. Millions 
of people take heed daily in order to 
safely navigate “the Tube” [subway].

Like all materials, Passive Fire Protection 
materials have a finite service life if not 
maintained. Depending on product, 
service environment, and variance 
in quality control at installation, the 
service life before the first maintenance 
is required ranges between three and 
25 years. The “gap” is that, for some 
reason, the majority of facilities have 
generally overlooked these materials in 
inspection cycles because:

  There is a general lack of education 
about the materials by owners

  The materials do not have 
clear regulatory requirements 
for maintenance

  Until recently, the risk of 
degraded materials could not 
/ was not articulated

  Failure of materials does not cause 
outages or imminent HSE response 
by itself

Combine the above with literally 
millions of installed square feet 
ranging in age from one to 50 years 
of service. How big is “millions”? One 
refinery alone may have 1,000,000 
square feet (92,936m2) of fireproofing 
in varying states of decay. Multiply 
by the number of refineries, offshore 
structures, including all manned 
offshore installations, chemical 
processing, power facilities, etc., and 
the scope of the problem becomes 
daunting. It truly is a huge gap to 
mind, let alone a potential “Never 
Again” of nightmarish proportions.

The way to get a grip on this huge 
problem, or even if you are simply 
trying to address it in your own facility, 
is the same as all large problems: 
Divide it into manageable sections or 
steps. The adage “How do you eat an 
elephant? – One bite at a time” provides 
good words to live by.

By breaking it down into manageable 
steps, a facility engineer can tackle the 
problem. The key to identifying steps 
is to make sure to identify the outputs 
first. What information is necessary in 
order to make intelligent decisions? 
What information must be conveyed 
so that those involved can make 
intelligent decisions? The steps need to 
also be cognizant of the stake holders, 
including operations, maintenance, 
finance and unit / facility management, 
engineering, and health, safety and 

 TECHNICAL NOTE

PHOTO 5. Passive Fire Protection systems 
(PFP) thermally encase and insulate the 
steel, preventing its strength from being 
compromised in the event of a fire.

PHOTO 6. View of corrosion of structural 
column after fireproofing was removed (CUF).

PHOTO 7. This all-too-common image shows 
damaged fire protection.
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environmental (HSE) departments. All 
of these involved parties have input in 
the ultimate decision to move forward, 
so the steps selected need to provide 
information to each of them in a way 
that each understands. This means that 
the information must be presented in a 
language that each department speaks. 
For instance, finance usually speaks 
in terms of dollars, or dollars per unit, 
and budgeting. HSE speaks in terms of 
reduction of incidence, or reduction 
of consequence. Engineering and 
maintenance usually speak in terms of 
condition, specification, and repair.

Given this, avoiding a “Never Again” 
situation, also known as “Integrity 
Management of Passive Fire Protection,” 
can be achieved by obtaining the 
answers to the following questions:

  What do I need to fix and in 
what priority?

  What is it going to cost?

  How do I fix it?

  How can I show progress and 
reduce risk?

The #1 cost of the process is answering 
the first question. The physical method 
of acquiring field data, with associated 
photos for each item / structure / 
equipment, preparing inspection 
reports and inserting reference photos, 
and assigning condition ranking is a 
manpower-draining task to the facility. 
In particular, the reporting writing 
time to transform the information into 
a cohesive plan is almost 75 percent 
of the cost. Facilities have to use vital 
manpower to inspect all items with 
PFP on them and rate them as far as 

condition, and then assign a priority 
ranking to each item. This can take 
months, or even years, depending on 
staffing. The additional problem is 
making sure that there is uniformity in 
condition rating by different personnel, 
and this involves intensive training.

The data gathered will yield thousands 
of inspection reports — think 4”- to 
5”-thick (10.16cm to 12.7cm) binder. 
Then, based upon condition, the PFP-
coated structures must be ranked in 
order of priority for repair. After the 
rankings are made, budget numbers 
need to be produced in order to get 
monies allocated. This usually requires 
contacting contracting companies to 
give estimates for the repairs. Since 
there are multiple types of fire proofing, 
unless the materials are completely 
removed and replaced, there will be 
multiple repair specifications that need 
to be produced. After the repairs have 
been made, the next set of priorities is 
addressed, and the cycle starts again.

So, what is my point? The point is 
that when a person has to analyze 
large volumes of data, prioritize, track 
progress, etc., there are better tools to 
use than the pen-and-paper method. 
This is the reason that computers were 
developed. The problem is that no 
software has been specially developed 
to manage PFP until recently. The 
problem with many software packages 
developed is that you need be the 
expert consultant that developed 
the tool in order to operate it. Newer 
systems have been developed with 
“Glance Obvious” characteristics. In 
other words, the system is designed to 
be easily navigated with little training. 
The premise in design of the system is 
that the operator will not be looking 

at the software every day, but maybe 
once a month or every other month, so 
the person must be able to navigate the 
software without having to “re-learn” 
the tool every time. This is where the 
giant leap forward comes into play and 
technology can help simplify the once-
daunting process. Something must be 
done. The current gap of unprotected 
structures is frightening.

Many onshore and offshore locations 
don’t have a plan to manage passive 
fire protection to ensure its efficacy. The 
regulatory wave is coming. Mind the 
gap. Passive fire protection is people 
protection. Creating a plan saves lives, 
reduces risk, and reduces down time 
in the event that the unthinkable 
happens. We’ve all seen the wide-spread 
damage caused in part by failing passive 
fire protection. It is time to turn the 
nightmare scenario into a “never again” 
possible occurrence.
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PHOTO 9. The UK’s HSE performed a 10-year-long weathering study 
on fire protective coatings.

PHOTO 8. In an “artificial damage” test, modifications are made to 
the structures and the fireproofing is removed and not replaced.


