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Introduction
These Guidance Notes are intended to be a live document and 
are subject to change without notice.

A comprehensive List of Contents is placed at the beginning of 
these Notes.
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and published requirements
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■   Section 1
   Introduction     

Lloyds Register’s RULES AND REGULATIONS FOR THE 
CLASSIFICATION OF OFFSHORE UNITS (part 7, Chapter 3 
refers), require a Fire and Explosion Evaluation (FEE) report to be 
submitted for acceptance. 

The FEE is intended to be an assessment of the potential fire 
loadings and blast pressures, based on the specific hazards 
associated with the general layout of the unit, production and 
process activities and operational constraints. 

The dimensioning fire loads established in such evaluation report 
should form the basis for the design of an installation and the 
report should define requirements for active and passive fire 
protection systems on it.

It is usually not feasible to design for a worst case scenario, 
and as credible scenarios cannot be uniquely defined the Rules 
allow for the dimensioning of fire load to be based on a Fire and 
Explosion Evaluation (FEE). 

Having described the types of fires likely to occur on installation, 
and how design conditions and safety factors affect the 
characteristics of those fires, the Guidelines provide different 
risk based methodologies to establish dimensioning fire loads 
ranging from a simplified approach to more detailed probabilistic 
approaches. The methodologies are applicable to any offshore 
unit where fire hazards are identified as a possible outcome from 
any type of accidental releases including LNG releases. These 
Guidelines also discuss other types of fires including electrical 
cable insula-tion fires, diesel fires, methanol fires etc.

The Guidelines are independent of a formal QRA (quantitative 
risk analysis), but require input on leak scenarios and ignition 

probabilities that usually is taken from a QRA. 

A large part of the Guidelines is also dedicated to fire protection 
principles, fire mitigation measures and fire response which is 
an important part of the FEE and closely related to potential fire 
loadings.

■   Section 2 
   Abbreviations and terminology

AES  Alkali earth silicates
ALARP  As low as reasonably practical
BDV  Blowdown valve
BLEVE  Boiling liquid expanding vapour explosions
CFD  Computational Fluid Dynamics 
CO  Carbon monoxide
DAL  Dimensioning accidental loads
EER  Evacuation escape rescue
EERA   Evacuation escape rescue assessment
ESD  Emergency shutdown system
ESV  Emergency shutdown valve
F&G  Fire and gas
FEE  Fire and explosion evaluation
FPSO  Floating production, storage, offloading
GOR  Gas oil ratio
HC  Hydrocarbon
LNG  Liquefied natural gas
LPG  Liquefied petroleum gas
LQ  Living quarter
MEG  Mono ethylene glycols
PFP  Passive fire protection
QRA  Quantitative risk analysis
SEP  Surface emissive power
TEG  Tri ethylene glycols
TR   Temporary refuge

■   Section 3
	 	 	 Types	of	fires	covered	by	 
   this guideline

3.1	 	 HC	fires
The nature of a fire caused by an ignition of a hydrocarbon 
release depends on the origin of the release, what is released, 
the condition of the release and where the release takes place.
Some fire scenarios may also change with time. A liquid spillage 
may start as a pool fire on the offshore unit, but ultimately lead to 
a pool fire on the sea. A small jet or spray fire may considerably 
change in nature and extent, e.g. as a result of rupture of piping 
or vessels followed by an escalation of the fire.

The Quantitative Risk Analysis (QRA) must consider and analyze 
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the potential sequence of fire events.

In this section the behaviour and characteristics of the main 
types of unconfined HC fires are discussed. The influence of 
confinement and ventilation on HC fires are handled in section 
4.2. 

3.1.1  Gas jet fires
Gas jet fires can be produced following the ignition of a release 
of a pressurized combustible gas. 

Jet fires are typically long and thin if not impacting on equipment 
or objects, and are relatively unaffected by wind, except towards 
the tail of the fire.

Jet fires from sub-sonic exit velocities (typically below 2 barg 
pressures) produce shorter lengths and more buoyant flames.
Simple equations for estimating jet fire flame lengths can be 
found in Ref. /1/.

Impact with objects may modify the shape of a jet fire. Small 
objects are unlikely to modify the shape or length of the flame 
to any great extent, but impact with a large vessel or wall may 
significantly shorten the jet fire and also change the direction of 
the flame.

It should be noted that radiation emissions from gas jet fires can 

vary considerably based on the composition of the fluid/gas, 
release and congestion where the release takes place.

It is also noted that insulation on equipment and walls/decks 
may increase the heat fluxes emitted from the fire due to less 
heat loss to surroundings and more effective combustion (see 
also Section 4.2 concerning fires in confined area).

Some lessons for design can be found in section 2.1 of Ref. /1/.

The values in tables 3.1 and 3.2 are only what the referenced 
standard suggests, not LR acceptance criteria or LR 
recommended practice.

The heat fluxes in NORSOK S-001 are values to be used for 
assessing the fire resistance of pressurized hydrocarbon 
equipment (pipes, valves, vessels) or other safety critical 
equipment.

The global average heat load is used for determining the total 
heat load onto a process segment causing a pressure build-up, 
while local peak heat load is the critical load that will cause a 
potential failure or rupture of the segment. 

For structures the global average heat load must be defined 
separately according to the volume of diffusive flame caused by 
the possible jet sizes and directions. A global average heat load 

Table	3.1		 Table	2.2	in	FABIG	TN	11	(Ref.	/1/)	recommends	the	following	heat	fluxes	for	gas	jet	fires:

Mass release rate (kg/s) 0.1 1.0 10 >30 Effect of confinement

Initial total heat flux on engulfed 
object (kW/m2)

180 250 300 350 Up to 400 in impingement zone. Nearly all radiative outside 
impingement zone. Note that for release rates up to 10 kg/s in 
fuel controlled, partially opened modules, take values for 10 kg/s 
due to deflected hence thicker flames

Radiative flux on engulfed object 
(kW/m2)

80 130 180 230 280

Initial convective flux on engulfed 
object (kW/m2)

100 120 120 120 120 in the impingement zone

Table	3.2	 NORSOK	Standard	S-001	(Ref.	/	/)	suggests	the	following	heat	flux	values	for	gas	jet	fires:

For leak rates
0.1 kg/s < m ̇ < 2 kg/s
(kW/m2)

For leak rates
m ̇ > 2 kg/s
(kW/m2)

Local peak heat load 250 350

Global average heat load 0 100

Fire Loadings and Protection
Section 3
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of 0 kW/m2 for leak rates 0.1 kg/s < m ̇< 2 kg/s is obviously 
not correct for structures. Methods for determining dimensioning 
fire loads for structures are discussed in Section 6.3. See also 
Section 8.2.3. The erosive effect of direct jet fire impingement on 
structures must also be discussed.

3.1.1.1 Diffusive gas cloud fires
Diffusive gas cloud fires can be produced following the ignition 
of a release of a combustible gas where congestion due to 
impacting with objects, or distance from the release point has 
reduced the convective nature of a gas jet fire. 

The diffusive gas cloud fires will be merely radiative, with a low 
convective heat flux component.

3.1.1.2 BLEVE
Fire impingement on a vessel containing a pressurized liquefied 
gas may cause the pressure to rise within the vessel and the 
vessel wall to weaken. The peak heat load and global heat 
load both cause the pressure build-up, whereas the peak heat 
load (e.g. from an impinging jet fire) may lead to rupture of the 
vessel shell. Even within a short timeframe, depending on where 
on the vessel the impingement takes place, this may lead to 
catastrophic failure and total loss of the inventory. The liquefied 
gas which is released flashes producing a vapour cloud which 
is usually ignited. These events are known as Boiling Liquid 
Expanding Vapour Cloud Explosions, BLEVEs. 

BLEVEs are highly transient events. A fixed inventory is 
instantaneously released and ignited, and the subsequent 
combustion gives rise to a fireball which grows in size to a 
maximum before burning out when all of the fuel is consumed. 
The fireball is highly radiative with little smoke obscuration. The 
key parameters of interest, also highly transient, in terms of a 
consequence assessment are the extent of the flame and the 
incident radiation hazard to personnel outside the flame. The 
potential for further escalation is also increased due to the 
proximity of other vessels and pipe work which may be struck by 
missiles from the ruptured vessel.  

Characteristics of BLEVEs with respect to maximum diameter 
and flame volume, durations and maximum incident radiation 
received at a given location remote from the fireball, can be 
found in Ref. /11/.

3.1.2  Liquid spray fires
Liquid fires are defined as a release that exists as a single phase 
at the release, i.e. no free gas volume.

A liquid release can give rise to two different fire scenarios: 
• Liquid spray fire
• Liquid pool fire

Theory and equations exists for characterizing liquid releases 
depending on liquid type and composition, pressure and hole 
size.

For super-heated liquids the release will be a jet that will burn as 
a jet fire if ignited. For sub-cooled liquids, the leak will be a jet as 
long as the release leads to atomizing of the liquid. A liquid leak 
will behave as a spray until the last phase of the release where 
the pressure is close to atmospheric.

A running liquid leak, as opposed to a liquid spray, only occurs 
when the reservoir pressure is very low. 

If ignition does not occur immediately for a jet spray, the larger 
droplets will settle out (‘rain-out’) and form a pool. If ignited, the 
scenario will start as a combined jet and pool fire. The liquid 
leaking after ignition will burn as a spray until the leak changes to 
a running liquid leak. The pool formed before will have a limited 
duration as the mass of the pool is limited to the rain-out fraction 
prior to ignition. This duration is directly proportional to the depth 
of the liquid pool at the time of ignition which is also determined 
by possible accumulation in drip trays or bunded areas versus 
drainage capacity. See Section 4.3.

For a process segment with a gas cap, e.g. leak from the liquid 
segment downstream a separator, the reservoir pressure will in 
most cases be sufficient to produce a spray leak until the gas 
cap is depressurized, so a pool will likely occur when there is only 
the static head of the liquid that drives the leak.

Leak from a pure liquid segment, like the export pump or 
coalescer, will after shutdown be driven by the remaining static 
head only and will, if ignited, soon produce a pool rather than a 
spray jet fire.

Liquid spray fire of a given leak rate will normally be more severe 
than a pool fire of the same leak rate. 

Due to the higher turbulence from the spray the maximum heat 
load will be higher; in addition the convective heat load will be 
higher due to higher flow velocities. 

Whether it is conservative or not to model a leak as a jet spray 
rather than a pool is thus somewhat dependent on whether it is 
the maximum heat load or the flame volume that is critical. For 
large releases, where the flame will be ventilation controlled, the 
difference will be less as it is the lack of air supply that mainly 
determines the fire behaviour rather than the release conditions. 
In conclusion it will in most cases thus be conservative to model 
a liquid leak as a spray.

3.1.2.1	Two-phase	jet	fires
Two-phase jet fires are characterized by the presence of both 

Section 3
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liquid and gas at the release, such as in crude oil or gas dissolved 
in a liquid.

The break-up of a two-phase liquid having a free gas volume at 
the reservoir conditions will be different from a pure liquid. The 
free gas will expand during the release and facilitate the liquid 
break-up into droplets. This implies that:
• The liquid will likely break up more easily
• The droplets are expected to be smaller than for a pure liquid

The spray formation for two-phase liquids is more complicated 
than for a pure liquid. However, some general considerations can 
be made:
• The main effect of free gas at reservoir conditions is expected 

to be due to the energy of the expansion of gas bubbles in 
the liquid that will enhance liquid break-up

• The expansion energy is proportional to the gas pressure, 
i.e. for a given gas/oil-ratio (GOR) the higher the pressure the 
more easily the liquid is expected to break up

• The total available gas energy relative to the liquid volume is 
thus given by the free gas volume/liquid volume times the 
pressure. 

A conservative approach would be to consider any two-phase 
liquid as being fully flashed.

3.1.2.2	Liquid	spray	fire	with	water
A special case is pressurized release of crude oil which includes 
water. Mixtures with a high ‘water cut’ (ratio of water produced 
compared to the volume of total liquids produced) are not 
necessarily capable of supporting a stable flame in the absence 
of some other supporting mechanism. In order to take this effect 
into account the specific scenario must be studied thoroughly.

3.1.3  Liquid	pool	fires
A liquid release can give rise to two different fire scenarios: 
• Liquid jet/spray fire
• Liquid pool fire.

Hydrocarbon pool fires are defined as a turbulent diffusion fire 
burning on a pool of vaporizing liquid fuel spilt onto an open 
surface. 

A pressurized release of a hydrocarbon liquid which is not 
capable of forming a spray jet fire will form a pool. Similarly a 
spillage from non-pressurized liquid storage will result in a liquid 
pool being formed. Ignition of the vapours evolving from the 
liquid can lead to a pool fire. 

It is worth noting that a pool fire may be formed on both 
horizontal surfaces, on equipment and even on walls (running 
liquid). Hence, the effective pool area may be larger than the 
available horizontal surfaces.

In the open, the burning rate is determined by fuel type and 
pool size. For confined pool fires burning rate will also to a great 
extent be dependent on re-radiation from heated surroundings. 
Heat fluxes within a pool fire depend on fuel type and composition, 
pool size, amount of soot produced, surface emissive power, 
interaction with obstructions and environmental effects. The heat 
fluxes within a pool fire are also highly dependent on whether 
the pool fire is in the open or in a congested compartment as 
described in Section 4.2.

The characteristics of pool fires, and potential for harm, are 
normally determined by sophisticated CFD tools.

However, simple approximations characterizing pool fires are 
e.g. the Standard HC-fire (see Section 4.1) or tabulated heat flux 
values in text books and standards (Refs. /1/, /2/ and /11/).

In many textbooks the heat flux values from pool fires are 
reported to be 150kW/m2 and lower. However, tests have shown 
that the values reported in Ref. /1/ are highly relevant.

Ref. /1/ suggests a relatively low convective heat transfer 
coefficient of hc=20 W/m2K, whereas EN 1363-2 (Ref. /3/) 

Table	3.3	 Table	2.6	in	Ref.	/1/	recommends	the	following	heat	fluxes	for	pool	fires	on	any	dry	surface:

Type Small pool
< 5 m diameter

Large pool
> 5 m diameter

Effect of confinement

Initial total heat flux (kW/m2) 125 250

Radiative flux (kW/m2) 125 230 Take values as per large 
hydrocarbon pool fire

Initial convective (kW/m2) 0 20

Fire Loadings and Protection
Section 3
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indicates hc=50 W/m2K, for hydrocarbon fires. 

In assessing the possible pool area formed by a liquid release, the 
layout of the deck area close to the release is essential. Normally 
bunding is provided below liquid vessels. Bundings are normally 
made of 75-100 mm steel flat iron welded to the steel deck to 
form a basin limiting the potential pool area. Such bundings are 
also equipped with open drain facilities that shall safely collect 
the liquid release.  For some installations much higher bunds 
may be required under separators, with associated drainage to 
take credit for containment of credible vessel releases. See also 
Section 4.3.

In designing the capacity of the open drain both release rate and 
fire water must be considered to prevent overflow.

It must also be evaluated if the release will cause splashing and 
hence form wetted surfaces other than a horizontal pool. This 
may be relevant for elevated releases.

3.1.4  Fires at sea
Subsea release of large volumes of hydrocarbons or topside 
release of liquid hydrocarbons (oil or condensate) to the sea 
surface, may - if ignited - form a pool fire on the sea surface.
The size and properties of this type of fire are time dependant 
variables that depend on:
• location of release 
• composition and properties of fluid
• release rate;  sudden release or continuous release 
• time of ignition 
• presence or source of ignition
•  weather conditions (wind, waves, tidal current, sea 

temperatures).

For the location of release one can distinguish between subsea 
releases or releases from above sea, i.e. from the topside of the 
offshore unit/ship. 

For subsea releases one can further distinguish between shallow 
or deep releases.

For releases above sea one can similarly distinguish between 
release close to the sea and releases from high above sea, or a 
release that runs down a hull or platform leg. A release that falls 
from high above the sea surface will more easily flash off volatile 
components before reaching the sea surface. Such a release will 
also more easily be mixed and emulsified with sea water which 
will reduce the ignitability. 

Liquid pool fires at sea are generally of shorter duration, have 
lower intensity and emit less radiation than corresponding pool 
fires on a dry surface (a steel deck or land). This is mainly due to 
the cooling from the sea (reduces evaporation rate, and hence 

burning rate) and that the liquid is more or less emulsified with 
the sea water.

Subsea gaseous releases may burn as a large pool fire at sea. 
Burning rates from these fires, which is limited by gas leak rate 
through sea surface, can either be lower or higher than for a pool 
fire of the same size. 

Volatile products (that easily evaporate combustible gases) are 
more ignitable and can sustain a pool fire more easily than less 
volatile products. Un-stabilized crude oil or condensates are 
more volatile than stabilized oil.

Another important property is the viscosity. A low viscosity 
fluid will rapidly flow on the surface and form a thin oil film. 
Combustible fluids on a water surface have a minimum film 
thickness for when the film can be ignited and sustain a pool fire. 
This minimum thickness is reported to be approximately 0.5 mm 
for condensate, 1mm for light crude oils and 1-3 mm for heavy 
crude oils.

When the oil film thickness becomes less than this threshold 
values the cooling from the sea will reduce the evaporation and 
the fire will extinguish. Hence the burning characteristics of the 
fluid are also important factors.

Finally, in order to ignite an oil slick on the sea surface a relatively 
powerful source of ignition is required, normally a running liquid 
fire. This is normally a fire originating on the topside.

For a subsea gaseous release reaching the sea surface a less 
powerful source of ignition is of course required.

According to Ref. /1/ the main difference between pool fires 
at sea and pool fires on dry surfaces is the reduced ignitability 
for pools at sea. However, when ignited and established, the 
characte-ristics of the fire are more or less similar to fires on dry 
surface. This is also relevant for burning rate. A moderate wind 
will increase the burning rate, while strong wind will reduce the 
burning rate.

Burning rates for different fuels can be found in Refs. /1/ and /4/.

3.1.5	 LNG	fires
LNG leaks may cause either a spray fire or pool fire depending 
on the pressure. LNG stored at atmospheric pressure will lead to 
a pool fire if leaking.

The thermal radiation from a pool fire is largely determined by the 
visible flame size and flame brightness. Both these characteristics 
vary with pool diameter (optical density and surface emissive 
power - SEP).

Section 3
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Table	3.4	 Table	2.8	in	Ref.	/1/	recommends	the	following	heat	fluxes	for	pool	fires	on	the	sea	surface:

Type Pools < 9 m Large pools (> 9 m)

Initial total heat flux (kW/m2) Kerosene: 150 mean (250 peak)
Brent: 110 mean (150 peak)
Dansk: 110 mean (200 peak)

220-260

Radiative flux (kW/m2) 110 230

Initial convective flux (kW/m2) 0 20

For LNG fires the evaporation rate, and hence the burning rate, 
will be highly dependent on the temperature and heat capacity of 
the substrate; steel deck, land or sea surface.

Experimentally measured heat fluxes in LNG pool fires are 
reported in the range 200-250 kW/m2 for a 35 m diameter pool, 
i.e. similar to other pool fires. 

For ignition of cryogenic liquid gases there will be an initial pulse 
of fire, as the flame propagates through the gas that has already 
vaporized; this can produce a larger flame and higher heat fluxes 
than during the steady burning.

It should also be noted that LNG introduces the hazard of 
cryogenic embrittlement of steel. The very low temperatures of 
LNG can cause steel to crack and may also have an adverse 
effect on the performance of PFP systems and cables. In the 
event of a fire, the temperature shock on the steel and any PFP 
is much greater – firstly being super chilled during a spill, then 
rapidly heated on ignition of the LNG.

3.2	 	 Standards	fires
Standard fires are closely related to nominal fire testing.  Tests 
are carried out in test furnaces at controlled conditions at an 
institution or test laboratory that is internationally or nationally 
recognized. Standard fire tests and standard fires are therefore 
only used to rate, classify and compare different fire divisions, 
structural elements and components.

Standard fires do not in any way tend to reproduce a real fire, 
but can be seen as a measure of the fire potential for different 
fuels. Real fires may still be quite different, both with respect to 
intensity, rate of increase and transient behaviour and duration. 

3.2.1	 		 The	“standard	fire	test”
The “standard fire test” is a fire test conducted in accordance 
with ISO 834-1 (Ref. /5/) and EN 1363-1 (Ref. /6/). The definition 
of the “standard fire test” is also given in IMO test standards 
(e.g. IMO Res. A.754) and in SOLAS (International Maritime 
Organization International Conference on Safety of Life at Sea).

The “standard fire test” is the same time/temperature curve for 
testing building structures that has been used internationally 
for more than a century. This temperature was originally 
developed for testing and certifying fire resistance of walls, and 
the temperature curve should represent a normalized fire in a 
building containing traditional cellulosic combustibles, hence the 
fire curve is also denoted the “Cellulosic Fire Curve”.

The “standard fire test” time/temperature curve is defined as a 
increasing temperature curve that increases logarithmically at a 
constant rate. The curve is defined with the equation

TISO834-1 = 20oC + 345 × log(8t+1) 

where TISO834-1 is average furnace temperature at time t, and t is 
elapsed time in minutes.

For t = 30 minutes, TISO834-1 is 842oC. 
For t = 60 minutes, TISO834-1 is 945oC.

The “standard fire test” curve is shown in Figure 3.1.

3.2.2	 	 The	“hydrocarbon	fire	test”
The “hydrocarbon fire test” is a fire test conducted in accordance 
with ISO 834-3 (Ref. /3/) and EN 1363-2 (Ref. /3/).

The “hydrocarbon fire test” time/temperature curve is defined 
as a exponentially increasing temperature curve levelling out at 
1100oC defined with the equation
THC = 20oC + 1080 × [1-0.325×e(-0.167t) -0.675×e(-2.5t)]

where THC is average furnace temperature at time t, and t is 
elapsed time in minutes.

For t = 5 minutes THC is 948oC. 
For t = 10 minutes THC is 1034oC.  
For t = 20 minutes THC is 1088oC.
For t = 30 minutes THC is 1098oC.

The “hydrocarbon fire test” curve is shown in Figure 3.1. This 

Section 3
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exposure curve is used for fire tests acc. to EN and ISO for all 
‘H-rated’ structures and equipment classified by LR (see Ref. 
/10/).

Two alternative test procedures designed to simulate 
hydrocarbon fires and to represent pool-fire test conditions are 
described in UL 1709 (Ref. /8/) and ASTM E 1529 (Ref. /9/). The 
Rapid Rise Fire test curves in these standards both levels out at 
2000oF corresponding to 1093oC.

No mathematical equation has been given to these curves, 
which are specified by discrete data point only. Both shall reach 
2000°F within 5 minutes, and maintain that temperature for the 
duration of the test. The ASTM E 1529 curve shall also be higher 
than 1500 oF (815oC) after 3 minutes.

The primary difference between these two curves is that UL 
1709 subjects the test fireproofing system assembly to a heat 
flux of 65,000 BTU/ft2-hr (205 kW/m2) vs. 50,000 BTU/ft2-hr (157 
kW/m2) for ASTM E 1529.

The “UL 1709” curve is shown in Figure 3.1. Note that the dotted 
part of the curve is the required temperature increase, whereas 
the curved shape reflects the normal temperature increase in the 
test furnace (this curvature is also given in the UL 1709 standard).

3.2.3  Fire ratings of divisions
Fire rating of divisions, and components to be installed in fire 
divisions on an offshore unit, are closely related to fire test 
standards and the acceptance criteria defined by the standards. 
Typical divisions (walls, bulkheads, decks) in offshore units are 
divided into three main fire ratings: 
•  Class B fire divisions, 30 minutes fire test duration
•  Class A fire divisions, 60 minutes fire test duration
•  Class H fire divisions, 120 minutes fire test duration

For all fire classes it is a general requirement that the divisions 
are manufactured in non-combustible materials. It is however 
generally accepted to use combustible insulation materials (i.e. 
not documented to be non-combustible), if from a technical and/
or practical reason this is preferable. It is a requirement that these 
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Fig.	3.1			Standard	fire/time	temperature	curves
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materials, wherever practicable, have proven low flame spread 
characteristics, low smoke development, low heat release and 
low toxicity in the event of a fire.

Examples of such materials are intumescent epoxies used for 
H-class divisions and structural protection in well ventilated 
areas.

Divisions are to satisfy the criteria of 
•  stability
•  integrity
•  insulation

The stability criterion implies that the division is structural stable; 
can carry the load without collapse for the whole duration of the 
fire, defined by the fire test duration (although not generally part 
of the standard fire test. Structural analysis will be necessary to 
assess how the stability criterion is being met for divisions which 
are load bearing, see also Section 3.2.4 below).

The integrity criterion implies that the division prevents the spread 
of flames and smoke for at least 30 and 60 minutes for B-class 
and A-class respectively defined by the cellulosic standardized 
fire test, and 120 minutes in the standard HC-fire test for H-class.

The temperature criterion implies that the average and maximum 
temperature on the unexposed side of the division, within the 
defined timeframe, does not rise above the original temperature 
more than 
•  140oC and 225oC respectively for B-class divisions
•  140oC and 180oC respectively for A-class divisions
•  140oC and 180oC respectively for H-class divisions
• 
These temperature limits are derived from original limits defined 
with the Fahrenheit temperature scale. 140oC temperature 
rise (or more accurately 139oC which was originally used in 
some maritime standards) is converted from 250oF, and 180oC 
temperature rise is converted from 325oF. These temperature 
criteria are still used in American standards.

For fire divisions the fire classes are defined by a letter B, A and 
H and a number 0, 15, 30, 60, 120. 

The letter denotes the standard fire exposure (B/A-fire; i.e. 
cellulosic standard fire, or H-fire; i.e. hydrocarbon standard fire), 
and the related integrity requirements as verified in a standard 
fire test.

The number defines how long (‘timeframe’) the temperature 
criteria are satisfied in a standard fire test.

Normal fire classes are: (classes in parenthesis are scarcely used)

     B-class:  A-class:   H-class:
 B-0   A-0   H-0
 B-15   (A-15)   (H-30)
 B-30        (A-30)  H-60
    A-60       H-120
 
Note that class A-0 and H-0 mean there are no requirements 
regarding unexposed side temperatures, however structural 
analysis will be necessary to assess how the stability criterion 
is being met for divisions which are load bearing. Alternatively 
a temperature criterion can be defined for structural parts of 
the division (e.g. 400oC). Where these ratings are used on an 
offshore unit it is also essential to evaluate the risk of fire spread 
due to radiation. (See also Section 8.3.1).

Components to be installed in fire rated divisions (doors, hatches, 
windows, pipe/cable penetrations, etc.) are tested and certified 
according to specific internationally recognized standards 
similarly to divisions. Specific acceptance criteria apply. 

A general requirement is that any component installed into 
the division shall not impair the fire rating of the division. Any 
component installed into a fire rated division shall at least have 
the same fire rating as the division.

See also Section 8.3.

Where jet fires may be present close to a fire rated division it is 
now also common to define jet fire resistance for divisions. Such 
a requirement may be formulated that the division shall resist an 
initial jet fire followed by a hydrocarbon fire (standard HC test fire). 
Such combined fire ratings will only apply for H-class divisions. 
Often H Type Approval Certificates give a ‘J value’ based upon 
a “defined” additional thickness of PFP to mitigate against jet fire 
impingement. Such “additional thickness” is normally defined for 
reactive PFP products as intumescent materials, and varies for 
different duration of jet fire. Long lasting jet fires requires more 
additional PFP thickness than short duration jet fires.
Jet fire resistance is tested and documented according to ISO 
22899-1.

3.2.4		 Fire	ratings	of	load-bearing	structures
For load-bearing structures and elements, i.e. those parts of the 
offshore unit whose primary task is to transfer loads/actions and 
do not have a fire separating function, only the stability criterion 
apply. Load bearing structures, however, may also form part, or 
additionally perform the function of fire divisions, in which case 
the stability criterion would apply in addition to integrity and 
temperature rise (on the unexposed side of the division) criteria.
Load bearing structures (or passive fire protection materials 
applied to improve the fire resistance of load bearing structures) 
are fire tested and certified according to internationally recognized 
standards, similarly to divisions (although fire tested specimens 
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and test procedures could be different).

Similar to fire rated divisions it is a general requirement that load 
bearing structures (including associated elements) and passive 
fire protection materials, are constructed of non-combustible 
materials. It is however generally accepted to use combustible 
insulation materials (i.e. not documented to be non-combustible) 
if from a technical and/or practical reason this is preferable. See 
Section 3.2.3.

The ability of such structures and elements to withstand the 
effects of a defined fire for a specified time without loss of the load 
bearing function of structures, and separating and load bearing 
function of divisions, where applicable, would define the required 
fire resistance rating for any loadbearing structural element to be 
protected. The fire resistance rating for load bearing structures 
and elements would generally be determined on the basis of the 
following factors:
•  the structural element being considered (geometry, structural 

load etc.)
•  the required duration of the loadbearing ability
•  the fire load (or heat flux)
•  the critical core temperature

For load bearing structures not forming part of fire rated divisions 
there would be no specifically defined acceptance criteria other 
than fulfilment of load bearing function for a defined time period 
(i.e. a H60 loadbearing structure (or element) is required to 
satisfy the stability criterion for 60 minutes when exposed to a 
standardized hydrocarbon pool test fire. Note that H-fire loads 
are related to the fire loads  in a recognised test furnace following 
the hydrocarbon time-temperature profile and not a HC pool fire 
which in general be  different.). When the loadbearing structure 
is also a fire division (bulkhead or deck) the full 60 minutes or 
120 minutes duration, for A- and H-class respectively, would also 
apply.. International standards, see /13/ for instance, may provide 
guidance in determining passive fire protection requirements for 
structural elements including separating divisions, or, during the 
design, tables may be prepared to document the outcomes of 
analysis undertaken to establish the need and performance of 
required passive fire protection provisions (see also paragraph 
5.3).

The ability of the load bearing structure to perform its required 
function may be documented in test for a specified load level, 
or by measuring temperatures in structural material (steel or 
aluminium) and preparing design tables where fire duration, size 
of structural section, metal temperature and protection thickness 
(PFP) are combined. Such design tables (or curves) are prepared 
for classified PFP materials. See for examples of relevant type 
approval certification issued by LR. Ref. /10/.

For offshore structures A-class and H-class ratings for load 

bearing structures may be determined, and for jet fire rating 
(‘J-class’) see Section 3.2.3 above.

In principle all fire durations are possible (also longer durations 
than those for divisions may be considered on a project basis), 
but the following ratings may often be found when defining 
passive fire protection systems for load bearing structures, 
including fire divisions:
• A30 and A60
• H60 and H120

3.3	 Other	fires	(cables,	hydraulic,	diesel,	MEG/TEG)
‘Other fires’ are here defined as fires likely to occur in the 
accommodation area or utility area. 

Typical fuels in the accommodation area are cellulosic products 
(wood, furniture, packing materials, paper), textiles, clothing, 
cable insulation, etc.)

Typical fuels in the utility area may, in addition to typical solid fuels 
(wood, rubbers, textiles), also include utility fuels such as diesel, 
methanol, lubricants, hydraulic oils, paints, glycols, etc.

3.3.1	 Fires	in	solid	combustibles 
Fires in traditional cellulosic combustibles can create 
temperatures around 1000°C and this represents heat flux levels 
off about 100 kW/m2.

Potential fire development will heavily depend on available fuel, 
room geometry, boundary conditions, degree of confinement as 
well as air supply (fuel/ventilation controlled fires).

3.3.2 Fire in cable insulation
The risk of fire in cable insulation is dependent on the type of 
cable insulation, density of cables (bundles), routing of cables 
and presence of ignition sources. 

Cables are normally classified as ‘fire resistant’ or ‘fire retardant, 
see Section 8.5.1. Only classified cables are normally used on 
offshore units. 

Special attention should be given to cables routed close to un-
insulated fire divisions such as A-0 and H-0 divisions. Radiation 
from unexposed side of a heated un-insulated division may easily 
ignite closely located cable insulation.

In the accommodation area, in order to prevent the consequences 
from cable fires, cables are routed in fire rated shafts between 
different floors and fire sections. In some rooms there may be 
large quantities of cables below floor tiles (in raised access floors).

3.3.3 Fire in Diesel, lubricants and hydraulic oils
Diesel oil and hydraulic oils are categorized amongst heavier 
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hydrocarbons, and give off little combustible vapour unless 
the fuel is heated. Hence, initial ignition of a spillage may be 
dependent on the initial temperature of the fluid and/or the 
presence of heated surfaces or other fires in the vicinity providing 
sufficient energy to initiate vapour evolution. However, once 
ignited, the fire itself radiates heat to the pool surface causing 
more fuel to evaporate.

A spillage of diesel onto a cold surface is not readily ignited, but 
a fire in diesel oil can generate high temperatures as 1100-1200 
°C corresponding to the heat flux levels of 250 kW/m2.

Diesel leaks from pressurized systems are of special concern 
because they can cause spray which is easier to ignite by for 
instance hot surfaces. 

Combustible hydraulic oils are not generally considered 
a serious fire hazard, because they have high ignition 
temperatures. However, because hydraulic systems are often 
highly pressurized, leakage or rupture of a pipe or tubing may 
cause spraying hydraulic oil which will burn just as fiercely as 
other hydrocarbons.

It is therefore essential to assess the risks related to hydraulic 
oils in order to ensure sufficient protection methods. The risk 
of an oil fire can be completely eliminated by shifting to non-
combustible hydraulic fluids.

3.3.4 Fire in methanol 
Methanol fires differ significantly from the traditional hydrocarbon 
fires. Methanol burns with a practically non-luminous invisible 
flame and no soot is produced. This aspect requires extra 
consideration with regards to fire detection (i.e. avoid standard 
UV detection).

The low radiative emissions of the flame results in a low fraction 
of heat radiated, and low heat fluxes to engulfed objects. An 
important hazard may be to personnel, due to the invisibility of 
the flame.

According to Ref. /10/ the total heat flux from a Methanol  pool 
fire is in the order of 35 kW/m2, which is below what is normally 
required to impair structural steel.

Special fire suppression measures must be discussed (i.e. 
potential utilisation of deluge or deluge with Alcohol Resistant 
(AR) foam).  

3.3.5 Fire in MEG/TEG
Ethylene glycols (mono and tri ethylene glycols) are process 
fluids commonly used for hydrate management and dewatering 
applications due to their ability to absorb water (hygroscopic 
liquid) and leave pipelines etc. dry ready for carrying oil, gas, or 

produced fluids. The volumes of glycols present on an offshore 
unit can be significant.

Two commonly used glycols are:
 MEG  Mono Ethylene Glycols  (Flash point  ~ 110 oC)
 TEG  Tri Ethylene Glycols (Flash point  ~ 170 oC)

Guidance on the flammability nature of MEG/TEG is usually 
restricted to stating that it is a ‘combustible fluid which is 
relatively difficult to ignite under normal ambient pressure and 
temperature’. The hazard potential from MEG/TEG-leaks has 
therefore traditionally been characterized as a low intensity 
pool fire rather than as a potential jet fire for leakages from 
pressurized systems.

Flash point temperatures are, however, not a reliable indication 
of the potential for ignition of a liquid dispersed under pressure 
into droplets. MEG mists have the potential to auto-ignite when 
exposed to hot surfaces in excess of 300-400oC. 

It is therefore essential to assess the hazard potential for high 
pressure glycol systems. Such high pressure glycol systems 
must be located away from ignition sources, occupancy areas 
or sensitive equipment areas.

High flashpoint liquids can, if released under pressure, atomize 
and produce a flammable aerosol. 

From section 1.3.3 of Area Classification Code IP 15 (Ref. /11/):
‘Flammable atmospheres may also be formed where flammable 
fluids handled below their flash point are released in the form 
of a mist or spray. Such materials normally regarded as non-
hazardous, should be treated as hazardous when they are 
pumped or under pressure and are capable of producing a mist 
or spray due to the possibility of a release from a small hole or 
flange leak.’

■   Section 4
    Design conditions and safety 

systems	influencing	the	fire	
behaviour 

In general an accidental release of hydrocarbons will be among 
the most critical hazards on an offshore unit. If ignited it can lead 
to an explosion and/or fire depending on the type of fluid that is 
leaking and time until ignition. 

Hydrocarbon fires may be divided into different main categories 
such as gas jet fire, spray jet fire, running liquid fires and pool 
fires as well as combinations thereof. The premises for a fluid 
release to go into the different fire categories and the main 
characteristics of the different fire types are described in Section 
3.1. 
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In this chapter other conditions with large influence on the fire 
behaviour are described like emergency shutdown system 
(ESD) and depressurisation, layout and geometry, ventilation, 
drainage and active fire protection (e.g. deluge). Some of the 
systems are also described in more details in Section 5 and 7 
regarding their fire protective and mitigating properties.

4.1  ESD and depressurisation
The purpose of the ESD system in case of a HC-fire is to 
limit the amount of hydrocarbons leaking thus affecting the 
extent and duration of the fire. This is done by isolating and 
sectionalising the process plant upon confirmed gas detection 
and fire detection.

The depressurisation or blowdown system is normally part of 
the ESD system. Its role during a leak or fire scenario is twofold:
•  To reduce the leak rate, inventory and leak duration and 

thereby the ignition probability
•  To reduce the potential for rupture and escalation in a fire by 

reducing the pressure in the process segments 

It is the first role that is important for the initial fire as this will affect 
its size, intensity and duration. The second role is important 
for preventing escalation of a fire scenario to other process 
equipment thus increasing the size of the initial fire. The second 
role is one of several preventing and mitigating measures such 
as passive fire protection (PFP) and deluge systems in order 
to avoid unacceptable escalations due to rupture of process 
equipment. 

The ESD system is normally initiated automatically by confirmed 
gas or fire detection. Depressurisation is either initiated 
manually or automatically upon confirmed fire detection and 
normally manually on confirmed gas detection depending on 
the statutory and operator requirements for the actual offshore 
unit. It is recommended to base the design on automatic 
depressurisation as this will strongly reduce the risk of escalation 
and reduce the amount of PFP on process equipment.
 
More details about the ESD and depressurisation system are 
given in Section 7.1.

4.2  Layout and ventilation
Given a leak the characteristics of a HC fire depend on the 
surroundings, e.g. a jet fire will be different for a non-obstructed 
jet fire in open air than for an obstructed jet fire in a compartment 
with limited ventilation. The main categories of unconfined HC 
fires are described in Section 3.1.

The behaviour of a jet or spray fire within a confined or semi-
confined naturally ventilated area will depend on the size and 
location of the vent openings in relation to the gas/spray leak 
rate and the position and direction of the leak.

Small fires in a module with sufficient ventilation will be as in 
open air. Since there is sufficient (excess air) supply the fire 
size is determined by the fuel rate alone and hence called fuel 
controlled fires. If the fire increases in size it will eventually reach 
a stage where the lack of sufficient fresh air will limit or control 
the fire behaviour. These fires are then called under-ventilated or 
ventilation controlled fires.

A parameter called the equivalence ratio is useful for determining 
the type of ventilation regime. The equivalence ratio, φ, is 
defined by:
 
 φ = r 

Where
 ṁ    is the mass burning rate of fuel (= mass release rate for 

gas jet fires)
 ṁa    is the mass rate of entrained air
 r   is the mass ratio of air to fuel for stoichiometric burning 

(r = 17.2 for methane and roughly 15 for heavier 
hydrocarbons)

Thus if φ < 1, then the fire is fuel controlled, and if φ > 1 the fire 
is under-ventilated (or ‘ventilation controlled’).

If the mass release rate is large relative to the size of the 
confinement, or the ventilation openings are small (i.e. φ > 1), 
then the fire will not be able to entrain enough air for complete 
combustion inside the compartment. This is likely to result in 
increased levels of incomplete combustion products such 
as CO, increased levels of smoke (soot) and increased flame 
temperatures, particularly in regions close to the flame/air 
interface or close to the ceiling of a compartment where hot 
combustion products may be trapped and re-circulated. This 
leads to increased heat fluxes (kW/m2) to objects and surfaces 
compared to an unconfined fire.

The worst-case condition with respect to the highest heat 
fluxes for a hydrocarbon fire is found to occur if the fire is slightly 
under-ventilated due to enhanced soot production and higher 
flame temperatures. Enhanced soot production is of special 
importance for gaseous jet fires as this will make the flame 
more luminous thus increasing the radiation. For highly under-
ventilated fires the fire severity in the module will be reduced as 
much of the combustion will occur outside the module (external 
flames).  

In order to evaluate if a fire is ventilation controlled or not, the 
following must be taken into account:
• the available air in the compartment (confined area);
• air entrainment from mechanical ventilation (HVAC); and 
• air entrainment through openings towards ambient.
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11



Lloyd’s Register

Guidance Notes for Risk Based Analysis: Fire Loads and Protection, August 2014

Fire Loads and Protection

Simple rules for the calculation of air entrainment through 
openings can be found in fire handbooks, e.g. Ref. /15/.

The air flow ṁa into a compartment with several openings with 
a total opening area Atot (m2) and effective height He (m) may be 
described by the following expression: 

ṁa = kAtot √He

This is the well-known “A root H” equation for compartment 
fires, and is a fairly robust solution to the steady state flow 
equations. k is a constant value equal to 0.5 for normal sized 
openings such as doors and windows. For a typical dimension 
larger than 5-10 m it will be 0.13. 

For a module with n openings the effective height He is calculated 
by an expression:

√He    = 

where Wi and Hi are the width and height of opening i, 
respectively. For one opening or many openings with the same 
width and height the effective height is equal to the height of 
each opening.

For one free opening with area 1m2 and height 1 m this means 
an air flow ṁa  through the opening of 0.5 kg/s. For many 
openings with a total area of 60 m2 and effective height 1 m this 
means air entrainment of 30 kg/s, capable of supporting a fire of 
about 2 kg/s. With restrictions in the openings (e.g. louvers) the 
air entrain-ment will be lower, and thus the possible fire smaller.

The simple equation above for estimating the size of ṁaonly 
considers fire induced ventilation, i.e. the effect of wind is 
neglected. Good CFD simulation models take both the wind and 
fire induced ventilation into account and should be used when 
analyzing fires in naturally ventilated compartments in offshore 
modules. CFD models are also the best tool for analyzing the 
size and effect of external fires.

Unlike unconfined fires, the behaviour of under-ventilated 
confined fires may change with time as the air initially available 
within the compartment is consumed. For a transient leak the 
fire may also change from an under-ventilated fire to a fuel 
controlled fire as the leak rate is reduced. 

Confinement of hydrocarbon fires may also lead to additional 
hazards, such as external flaming from compartment openings, 
impaired visibility along escape routes, increased CO hazard 
and explosion hazard from unburned fuel if the fire terminates 
due to lack of oxygen.

For totally enclosed modules with mechanical ventilation even 

very small fires (i.e. small fuel rates) soon become under-
ventilated. This will strongly reduce the heat load in these 
modules, but the problem and hazard related to CO and smoke 
may become much worse.

Another effect of fires in confined area is that the surroundings 
(walls, decks etc.) including process piping and equipment will 
be heated up with time. The heating of the surroundings will 
gradually reduce the heat loss from the fire/flames resulting 
in an increased average temperature in the area. Altogether 
this may increase the flame temperature compared to fires 
in less congested or open areas. It is the increased surface 
temperature of the walls, decks, equipment and structures that 
give this effect.  This effect may be enhanced by increased use 
of PFP in congested areas since many PFP materials work as 
insulators resulting in a high temperature on the fire exposed 
side. It will normally take some time before the heat up of 
surfaces may become significant so it is only in cases where the 
consequences of longer duration fires are of concern that this 
effect should be taken into consideration where relevant.

A module is often a heavily congested area, meaning that a jet 
or spray fire will hit equipment or structure and fully or partly 
lose its momentum causing a buoyant flame going up to the 
ceiling and extending below the ceiling depending on the fuel 
rate and size and dimensions of the module. Pool fires will also 
be buoyant fires. 

Thus the area below the ceiling and especially the part of the 
ceiling closest to the ventilation openings will in general have 
the highest probability of direct flame exposure, especially for 
ventilation-controlled fires.  

4.3  Drainage systems
The purpose of the open drain system is to collect liquid leaks 
and spills and to provide proper disposal to a containment 
tank. The open drain system in a module should also be able to 
handle the design fire water capacity in the area.

The open drain system has no effect on gas and spray jet 
fires, but it may have a large influence on the behaviour and 
development of a pool fire. 

It will normally be drip trays or bunding beneath process vessels 
and other equipment (e.g. pumps) that handle flammable 
liquids. These trays or bunding are connected to the open drain 
system leading the spills to the open drain containment tank. 
A solid process plant deck is generally bunded to contain any 
leakages or spillages of liquids and fluids from faulty vessels or 
pipe work. 

In practice it will only be smaller leaks or spills that will be 
collected in these trays/bundings below equipment. Most of the 
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liquid leaks will have a driving force due to gas pressure and/
or hydrostatic pressure that can give a liquid jet passing across 
the edge of the tray/bunding, thus spreading the liquid onto the 
deck outside the trays. The same may occur for larger leaks into 
the drip trays/bunding and especially in combination with fire 
water which may fill up the tray/ bunding and cause overflow. 
The movement of floating platforms may also have an influence 
on the effectiveness of the open drain system and the location 
of the pool.

For a pool fire the total fuel burning rate is proportional to the 
pool area. Thus it is important to take into account how the 
open drain system may influence the pool location and size 
where appropriate as this may have a great impact on the pool 
fire behaviour and consequences.

4.4	 	 Active	fire	protection	systems
A fixed fire fighting system is normally installed in areas 
representing a major risk, e.g. in areas containing significant 
amounts of hydrocarbons. 

The most common system is a deluge system covering both an 
area deluge and dedicated equipment protection. The intention 
of the area deluge system is to provide non-specific water 
coverage of pipe work and equipment as well as to cool the 
flame. Dedicated equipment protection is to provide cooling of 
critical equipment like process vessels and wellheads. Foam is 
normally applied in the deluge systems in areas where liquid 
hydrocarbons are present and where a pool can be created.  

Other applications of deluge may be water curtains for reducing 
radiation onto escape routes and evacuation and rescue means.    
In this guideline the important question is whether the use of 
deluge has any impact on fire loading and consequences such 
that it can be used to reduce the amount of other protection 
systems such as passive fire protection.

Firstly it is important to be aware that there may be statutory 
and company requirements that forbid to give any credit to 
active fire-fighting when determining the need for passive fire 
protection even if an effect may be documented.  

Water deluge with foam will affect the behaviour and 
consequences of pool fires. The driving force in a pool fire is 
the radiation feedback mechanism from the flame to the pool 
surface causing vaporization of fuel feeding the flame. Deluge 
with large enough droplets to penetrate the flame and hit the 
pool surface will reduce the vaporization, which will either 
provide control of burning or exposure protection dependent 
upon the deluge application rate. Deluge with foam creating a 
film on top of the pool surface can have a significant impact 
on the fire and may in certain cases also cause the fire to be 
extinguished.

The effect of deluge on gas jet fire and liquid spray fire is much 
more uncertain and limited. The crucial point is to get enough 
droplets into the jet or spray flame so that the flame is partly 
cooled. Thus the volume of the flame above the highest heat 
fluxes may be reduced giving a lower probability of exposure of 
structure and process equipment to high heat fluxes. Although 
a reduction in flame volumes of high heat fluxes may occur, it 
will not necessarily completely eliminate the highest heat fluxes. 
Any water cooling film on an object impinged by a jet will be 
blown away and therefore have no cooling effect directly on the 
object.

The effect of deluge on the flame temperatures and associated 
heat fluxes will in general be much higher for the part of the 
flames outside the area of direct flame impingement. It will also 
provide an improved object cooling of adjacent structures and 
equipment. 

The design of a deluge system should be such that it is still 
capable of providing appropriate deluge cover independent of 
environmental events (i.e. utilisation of high velocity nozzles in 
wind exposed locations etc).

■   Section 5
   Fire protection principles in design
A comprehensive guidance regarding fire response is given in 
the document Fire and Explosion Guidance from Oil & Gas UK 
(former UKOOA) (see Ref. /11/).

5.1	 	 Lay-out/	area	separation/fire	divisions
Facilities are to be based on robust and simple solutions as far 
as possible, and designed so that they can withstand the loads/
actions from e.g. a dimensioning fire and that the main safety 
functions are maintained. (See Section 6.2).
Essential main safety functions are to 
•  prevent escalation of accident situations so that personnel 

outside the immediate accident area are not injured, 
•  protecting the facility’s secure areas (e.g. temporary 

refuge) so that they remain intact until the facility has been 
evacuated, and 

•  maintaining at least one escape route from every area where 
personnel are found until evacuation to the facility’s safe 
areas and rescue of personnel have been completed.

Methods of satisfying these requirements are 
•  lay-out
•  area separation or separation by distance 
•  fire divisions

The layout of an offshore unit should reduce the probability and 
the consequences of accidents through location, separation 
and orientation of areas, equipment and functions. 
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The layout can contribute to (see Refs. /2/ and /12/):
•  minimize the possibility of hazardous accumulations 

and spread of both flammable liquids and gaseous 
hydrocarbons,

•  minimize the probability of ignition,
•  separate areas required to be non-hazardous from those 

designated as being hazardous,
•  minimize the consequences of fire and explosions and 

thereby reducing escalation risk,
•  facilitate effective emergency response,
•  provide for adequate arrangements for escape and 

evacuation

In developing the layout of the offshore unit, consideration is 
to be given to maximizing as far as possible the separation 
by distance of the temporary refuge (TR), accommodation 
and evacuation, escape and rescue (EER) facilities from areas 
containing equipment handling hydrocarbons.

Either separation by distance or the use of barriers can prevent 
the escalation of fire to another area. Where such barriers are 
required to avoid escalation, they are to be adequate to resist 
fire and, as far as possible the effects of explosions. See also 
Section 8.

Separation by distance is more relevant for onshore facilities 
(processing plants). 

Essential safety systems (such as control stations, temporary 
refuge, muster areas, fire pumps) are to be located where they 
are least likely to be affected by fires and explosions.
It is essential that the fire divisions are designed according to the 
actual accidental loads (explosion and fire) and that the extension 
of the walls, both vertically and horizontally are sufficient to 
prevent fire escalation. For un-insulated fire walls (A0 and H0 
partitions) it is important that the risk of fire spreading due to 
radiation from the unexposed side is evaluated. See Chapter 8.

5.2  Personnel protection
Fires have the potential to cause severe harm and death as 
a result of both heat and toxic combustion products. This 
potential is present both in the immediate vicinity of the fire but 
also through the transport of smoke to areas outside the fire. 
Inhalation of toxic and irritant smoke is the largest single cause 
of fatalities in fires.

Personnel protection is to be defined in the EERA - Evacuation, 
Escape and Rescue Assessment. The objective of an EER 
assessment is to 
•  maintain the safety of all personnel when they move to 

another location to avoid the effects of a hazardous event
•  provide a refuge on the offshore unit for as long as required 

for a controlled evacuation of the offshore unit

•  facilitate rescue of injured personnel
•  ensure safe evacuation of the offshore unit.

The requirements for means of escape, evacuation and rescue 
on the installation would also be clearly defined within that 
assessment.

The hazard to humans exposed to a fire is often considered in 
terms of the following effects:
•  thermal effects 
•  obscuration of vision
•  toxic effects.

Thermal effects may be achieved either by direct contact with 
fire gases or at some distance away from the fire. 

In the first case human beings will be exposed to both thermal 
radiation and convection, while in the latter case the heat load 
consists only of thermal radiation. 

Direct flame exposure to humans will inevitably result in serious 
injury or fatality.

Fire gases in general can be considered as either reacting 
fires gases which constitute the flame plume, or combustion 
products mixed with entrained excess air (i.e. fire effluents).

The smoke effluents from a fire may cause obscuration of 
vision leading to a serious impairment of escape possibilities. 
Obscuration of vision will in most cases be hazardous when 
considering enclosed fires often far away from the fire source.

However, obscuration of vision can also be serious in open fires 
with strong winds or in cases where the exposed human beings 
are located on a level above the fire source (e.g. in case of a fire 
on the sea surface under an offshore oil production platform).
Toxic effects are hazardous in cases of prolonged exposure of fire 
gases usually in or very close to the fire, often due to impairment 
of escape possibilities as a result of smoke obscuration.

Principles for personnel protection are amongst other:
•  sufficiently protected escape routes
•  temporary refuge and muster areas in a safe area
•  fire divisions or escape tunnels
•  separation by distance to hazardous event
•  choice of fire retardant materials to minimize smoke and 

toxic fumes

Characteristics of fires relevant to human response and 
exposure criteria for personnel can be found in Refs. /11/, /13/, 
/14 / and /15/.
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5.3  Load bearing structure protection
At normal temperatures, steels used in offshore structures are 
designed to behave elastically. As the temperature rises, the 
yield stress and the modulus of elasticity both reduce.  In simple 
structural fire design a critical temperature is often defined at 
which the behaviour of the steel changes and failures can start 
occurring.

Most aluminium alloys are even more vulnerable to elevated 
temperatures.

Properties of different steel qualities and aluminium alloys are 
mentioned in Section 8.1.1 and 8.1.2.

Concrete is not commonly used offshore but there are a number 
of platforms in the North Sea with concrete substructures. 
Concretes are normally considered to have a considerable 
inherent fire resistance. However, some high strength concrete 
qualities are vulnerable to spalling for high intensity fires (see 
Section 8.1.4).

Sufficient fire resistance of load bearing structures may be 
obtained by: 
•  inherently fire resistant and redundant structures
•  water filling of hollow steel structures
•  water cooling
•  passive fire protection

Structures may be inherently fire resistant if it can be 
demonstrated that the accidental fire load and fire duration does 
not cause critical impairment of the load bearing capacity of 
the structure. This may be achieved for steel structures if the 
utilization is low or if the heat load and/or duration of the fire 
exposure are limited.

Water filling of hollow structures can provide practically unlimited 
fire resistance if water supply is sufficient. Water filling of tubular 
jacket structures have been used for protection against fire at 
sea scenarios.

It is usually not accepted to include the effect of water cooling 
when calculating the fire resistance of structures, both due to 
reliability of such systems, but also due to insufficient coverage 
and undocumented general effects on fires. Application of water 
may however reduce the global heat flux in an area subjected 
to fire. Local peak heat fluxes caused by e.g. jet fires are not 
reduced. Whenever effect of active fire protection is included 
in assessment of fire resistance of structures this should be 
thoroughly documented.  The effect of fire water is discussed in 
more details in Section 4.4.

Application of passive fire protection (PFP) materials is the most 
common measure to increase the fire resistance of load bearing 

structures. 
 
Methods of assessment of necessary PFP are:
•  descriptive fire ratings and critical temperature approach in 

combination with tested and certified thicknesses (design 
tables)

•  member analysis
•  standards (e.g. Eurocode 3)
•  finite element modelling

The use of finite element modelling is now becoming the norm. 
Software packages exists which can carry out both thermal and 
structural analysis, and be combined with CFD tools which will 
allow the fire itself to be modelled.  Such software packages can 
include both thermo physical and mechanical properties of the 
structural materials, and predict the progressive collapse of a 
loaded structure when subjected to fire.

However, the behaviour of the passive fire protection material 
itself is not normally modelled. In the most simple software 
systems the PFP is defined as a boundary condition or U-value. 
See Section 8.2.1 and 8.2.3.

5.4  Process equipment protection
The key requirement for fire protection of a pressurized process 
system is knowledge of the quantity, composition and properties 
of the fluids in the system and of the associated operating 
conditions (temperature, pressure, flow rate, etc.). In a fire 
a pressurized system (e.g. vessel, pipeline) may fail through 
weakening of the containment material with temperature and 
time, and/or over-pressurization caused by heating up the fluid 
contents.

Pressurized hydrocarbon process systems are normally 
equipped with over-pressurization devices and blow down to 
prevent or limit risk of such failures. 

Where depressurisation is not sufficien to prevent failure and/
or rupture of equipment, passive fire protection may be the 
solution.

The main objective is to prevent a small (and controllable) fire to 
escalate into a larger (and uncontrollable) fire that may threaten 
personnel outside the vicinity of the initial fire and even endanger 
the whole platform or plant. 

A key issue is to prevent fire escalation to nearby process 
equipment resulting in loss of containment and release of 
significant quantities of combustibles. 

Full utilization of the flare system capacity by fast depressurisation 
should be aimed for in order to prevent unacceptable escalation 
and to minimize the use of PFP. Especially for process systems 

SECTION A1Section 5

15



Lloyd’s Register

Guidance Notes for Risk Based Analysis: Fire Loads and Protection, August 2014

Fire Loads and Protection

that can be subjected to intense fires, a fast depressurisation is 
essential. 

The key parameters relevant for the fire protection of process 
equipment are:
•  Fire scenarios
•  Depressurisation  
•  Pressure safety valves
•  Selection of process equipment/materials
•  Limitations of process inventories
•  Deluge/water spray systems
•  Passive fire protection

The main principles for achieving an optimum fire protection of 
the process system are:
•  Maximum utilization of the flare system
•  Selection of material quality
•  Selection of material thickness/pressure classes
•  Sizing of process segments/location of sectionalizing valves 

(inventory/volume)
•  If necessary, application of passive fire protection
•  Active fire protection systems.

It should be noted that a similar type of evaluation should be 
performed also for the flare system itself to ensure the integrity 
of the flare system during a fire and depressurisation scenario.
The calculations are as minimum to include:
•  Fire modelling, i.e. definition of fire scenarios (global and peak 

heat  loads)
•  Rigorous thermodynamics (multi component fluid and use of 

Equation of State)
•  The heat transfer to process equipment
•  The mass transfer between the fluid phases (boiling, 

condensation)
•  Fluid flow when relevant
•  Temperature dependent material properties
•  Modelling of the depressurisation segment geometry
•  Fire insulation (thickness and conductivity) - not to be used in 

initial calculation
•  Pipe/vessel stress calculations.

A comprehensive description of an analysis method for 
protection of pressurized hydrocarbon process systems 
exposed to fire can be found in Ref. /16/. 

Process equipment protection is also extensively discussed in 
Refs. /11/ and /17/.

Systems for piping and equipment insulation, including passive 
fire protection systems, are described in Ref. /16/. Operators 
normally have their own insulation handbooks showing detail 
design and guidance notes of the different insulation systems.

5.5  Safety critical equipment protection
In general, all essential safety systems should survive and remain 
functional throughout the explosion and fire scenarios they 
should prevent, control or mitigate. Such equipment include 
essential cables and instrumentation that may have much lower 
tolerance for temperature rise than a pipe and consequently will 
have a need for increased fire protection. 

Safety critical systems with power and signal cables and/or 
pneumatic or hydraulic tubing are:
•  emergency power systems (UPS systems)
•  riser sections and supports
•  emergency shut down and blowdown valves
•  fire and gas detection systems
•  active fire protection systems including fire pumps
•  control panels

All these safety systems have survivability requirements with 
respect to accidental fire loads.

Typical protection criteria for critical equipment can be found in 
Ref. /13/.

Fire resistance of safety critical equipment is addressed in 
Section 8.5.

■   Section 6
   Establishment of design loads

6.1  Introduction 
The aim of this chapter is to describe various approaches to 
establish fire loads that have to be considered when designing 
an offshore unit. The first step is to establish the basis for the 
fire analysis including the identification of type and amount 
of combustibles, ignition sources and leak rates. In this 
connection it is important to be aware of the difference between 
dimensioning and design fire loads as defined in Section 6.2.4. 
In practice one cannot design an offshore unit to withstand 
all type of fires regardless of consequence and frequency of 
occurrence. Examples of how this could be treated are shown 
in Section 6.2.5.

To establish dimensioning fire loads is in general more 
complicated than to establish explosion fire loads due to 
the strong spacial and time dependency of the fire loads. 
Dimensioning fire heat loads have also to be seen in relation to 
the object that is to withstand the fire, e.g. it will in general be 
different fire loads and fire sizes that are critical when exposing 
thin walled process equipment and heavy main structural 
elements. Further it is the net heat transfer as function of time to 
an object rather than incident heat flux that determines how fast 
the object is heated up. This is handled in Section 6.2.6.
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Section 6.3 gives different ways of determining dimensioning heat 
loads. Section 6.3.1 shows how one can apply predetermined 
heat fluxes for various types of hydrocarbon fires. Section 6.3.2 
describes how an approach with predetermined fire loads may 
be supplied or replaced by application of CFD fire simulations. 
The same section also discusses various challenges and 
important limitations to be aware of when applying more 
detailed probabilistic fire assessments.

The use of active fire fighting (e.g. deluge or fire monitors) will 
have an influence on the fire scenarios. The option of taking 
credit of active fire fighting when establishing dimensioning fire 
loads is discussed in Section 6.3.3. 

6.2	 	 Basis	for	fire	analysis

6.2.1	 	 	Identification	of	regulatory	and	operator	
requirements

The first step in every fire analysis of an offshore unit is to identify 
the statutory and operator requirements that can affect how the 
analysis is to be performed and how the results are implemented 
in the design and operation of the actual offshore unit. 

Of special importance is whether the regulations or operator 
emphasize a prescriptive or risk based approach and the role 
and type of risk acceptance criteria and the loss of main safety 
functions.

6.2.2	 	 Identification	of	combustibles	and	ignition	sources
All types of combustibles with significant fire potential are 
to be identified. Of special concern are the hydrocarbons 
in connection with gas and oil treatment facilities, incoming 
and outgoing risers/pipelines, storage, drilling and work over 
operations etc.  Inventories and the types of hydrocarbons, 
dimensions of process equipment, pressure and temperatures 
are important parameters. 
The risk of fires in other materials than hydrocarbon fluids 
must also be evaluated (see also Section 3.3). This includes 
combustibles in utility areas and accommodation like ordinary 
combustible materials, cable insulation, lubricants and solvents, 
hot oil, alcohols (MEG/TEG), diesel oil, helicopter fuel etc. 

The location and type of ignition sources as well as ignition 
source isolation philosophy must also be identified as the 
ignition probability together with the leak frequency determines 
the fire frequency. Ignition sources can be divided in three broad 
categories:
•  Immediate ignition mainly associated with the leak itself
•  Internal ignition in the leak area due to failure of electrical 

equipment, hot surfaces etc.
•  External ignition, i.e. ignition outside the leak area due to 

exposure of combustion air inlets, hot surfaces etc.

Ignition in the two last categories may lead to an explosion 
before the fire which can lead to an escalated fire compared to 
the same leak scenario with immediate ignition.

6.2.3	 	 Leak	and	fire	scenarios
Recognized and relevant data sources for the determination 
of leak frequencies are to be used. The number and type of 
potential leak sources shall be taken into account. Different 
leak rates have different consequences. Therefore, different 
leak rates and their corresponding return frequencies must be 
assessed to obtain a risk overview. 

The basis for the leak frequency distribution is a discrete or 
continuous distribution of hole sizes. Based on the pressures 
in each segment, the initial leak rates in each segment are 
calculated for a sufficient number of hole sizes and classified in 
leak rate categories, e.g. 0.05 - 1 kg/s, 1-10 kg/s, 10-30 kg/s 
and > 30 kg/s. 

A representative selection of fire scenarios is to be used for 
each leak rate category to establish the basis for determining 
the dimensioning fire loads. The transient leak characteristics 
should be taken into account when evaluating the fire behaviour 
and influence on the dimensioning fire loads. 

All together the selected fire scenarios for detailed fire 
calculations and the establishment of dimensioning accidental 
loads (DAL) must reflect the variation in leak source location, 
leak rate including transient behaviour, leak direction and 
ventilation (e.g. wind) conditions. Thus, establishment of DAL of 
an offshore unit is normally based on input from a quantitative 
risk analysis.

6.2.4	 	 Dimensioning	versus	design	fire	loads
A dimensioning fire load may be defined as the most severe fire 
load that an object or system (e.g. process equipment, safety 
critical system, fire divisions or main structural elements) is to be 
able to withstand during a required period of time, in order to 
meet the defined risk acceptance criteria. 

Risk acceptance criteria are strongly coupled to the concept of 
unacceptable risk which is discussed further in the next section.
A design accidental load is the chosen accidental load that is 
used as basis for design. 

The dimensioning fire load is the minimum fire load the design 
has to be adhered to. The design accidental load may be equal 
to or more severe and conservative than the dimensioning fire 
load depending on for instance ALARP principles and design 
margins in case of possible future modifications. 

In these Guidelines only dimensioning fire loads will be 
discussed as the establishment of final design loads is solely 
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the responsibility of the owner/operator of the offshore unit.

6.2.5	 	 Identification	of	unacceptable	risk	of	fire	
Dimensioning fire loads are to be used in the design to ensure 
that fire risk is acceptable, i.e. the application of these loads 
is not to cause an unacceptable worsening due to escalation. 
Often the dimensioning fire loads are linked to a frequency, i.e. 
the frequency of exceeding the dimensioning fire loads and 
hence cause an unacceptable worsening of the accident shall 
be less than a given frequency.

Therefore, one must for each particular offshore unit define 
what an unacceptable escalation is with or without link to an 
unacceptable frequency. This exercise has to be sorted out at 
three different levels.

The first level is governed by statutory regulations for the actual 
locations and requirements from the owner/operator of the 
offshore unit, e.g. risk acceptance criteria and loss of main 
safety functions.  This will determine the requirements for the 
overall layout and separation of modules, definition of main 
areas on the offshore unit and requirements for avoiding loss 
of main safety functions. Main safety functions will normally 
be related to avoid spreading an accident from one main area 
to another, to ensure escape on the offshore unit, to maintain 
integrity of temporary refuge and rooms with significant safety 
function during an accident, to provide safe evacuation, to 
avoid major structural collapse, to prevent accidents with large 
environmental impact etc.

The requirements at this level may or may not specify the time 
period for which the different safety requirements shall apply 
(e.g. until all personnel have evacuated) and the maximum 
unacceptable frequency of not achieving these main safety 
functions.   

The next level is to apply these principles and requirements 
for the actual offshore unit to make the main area separation 
and to define the relevant main safety functions including the 
minimum time and frequency for maintaining these functions 
where applicable. 

The last step is to identify which consequence gives violation 
of risk acceptance criteria or main safety function, e.g. loss of 
main structure, escalation to equipment, loss of escape for the 
different areas on the offshore unit, etc.

6.2.6  Heat transfer to object
The time to failure of a structural member, process pipe or vessel 
exposed to fire is determined by how fast the object is heated up 
to its critical temperature for failure. The worst situation occurs if 
the object is engulfed in the flame. It will more or less always be 
the case that one or more objects (i.e. a structural member or 

process equipment) somewhere in a congested area is engulfed 
by flames if a fire above a certain size occurs.

The total heat flux absorbed by a surface per unit area, qa, is the 
sum of the contribution from radiation, qr, and convection, qc. 
The complete equation is:

  qa = qr + qc = εsσ(εfTf
4-Ts

4)+hc(Tf-Ts)

where
qa    is the total net heat load absorbed by a surface per 

unit area (kWm-2)
εf and εs  are the emissivity of flame and surface of object, 

respectively
σ    is the Stefan-Boltzman constant (5.67x10-11  

kWm-2 K-4)
Tf and Ts  are the temperature of flame and surface of object, 

respectively (K)
hc    is the convective heat transfer coefficient (kWm-2 

K-1)

From the heat flux equation above it is seen that the net absorbed 
heat flux will decrease as the object temperature rises. Thus it 
is the absorbed dose of the heat and not the incident dose that 
determines the temperature of an object, whereas the time to 
heat up is determined by the specific time dependency of the 
net absorbed heat flux. 

The dimensioning fire loads are normally given as the total 
incident heat flux with or without split on radiative and 
convective flux, i.e. using the same equation as for qa using the 
initial surface temperature Ts. The absorbed heat flux at start of 
the fire is for all practical purposes equal to the incident heat flux 
since Ts-terms << respective Tf–terms.

In order to calculate the temperature increase of an engulfed 
object it is necessary to distribute the incident heat fluxes 
between radiation and convection by selecting appropriate 
combinations of values of flame emissivity εf, flame temperature 
Tf and convective heat transfer coefficient hc so that it matches 
the dimensioning fire load when setting the surface temperature 
εs = 1.0 and neglecting the Ts-terms in the equation for qa. 

Typical values of flame emissivity εf, flame temperature Tf and 
convective heat transfer coefficient hc are given for instance in 
the UK Oil & Gas/HSE Fire and Explosion Guidance document 
(Ref. /11/) and FABIG TN-11 “Fire Loading and Structural 
Response”(Ref. /1/).

A value of the surface emissivity εs around 0.9 should be applied 
for most objects unless the use of lower values can be justified. 
It should be noted that objects with lower surface emissivity can 
rapidly increase their emissivity significantly (up to around 0.9-
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1.0) due to soot precipitation when directly exposed to sooting 
flames.

Most of the fires are highly transient in space, time and in size. 
This means that the incident flux at particular points will vary 
with time. The size of the flame will also affect the response of 
structural elements especially where structural redundancy is a 
relevant factor to consider.

For process piping and vessels exposed to hydrocarbon fires it 
is often convenient to differentiate between local peak heat load 
and global average heat load of the flame. The local peak load is 
the part of the flame with the highest heat flux which determines 
where the rupture of the equipment will occur. Global average 
heat load is the average heat load of the flame exposing a whole 
process segment or significant part of the segment. The global 
average heat load provides the major part of the heat input to 
the process segment and hence, affects the pressure in the 
segment which again affects the time for a potential rupture due 
to heat up from local peak load (Ref. /17/). 

6.3	 	 Dimensioning	accidental	fire	loads

6.3.1	 	 Simplified	approach
Both fire size and thermal loading are needed for evaluating 
the impact on structures and process equipment etc. Ideally 
this can be found by analyzing each fire scenario with a CFD-
simulation tool. However, due to the “infinite” number of fire 
scenarios that can occur in a process area it is not obvious 
that more adequate dimensioning fire loads will be achieved 
than by a more simplified approach. How CFD-simulations and 
more advanced probabilistic fire assessments can be applied 
to obtain deeper insight is described in more detail in Section 
6.3.2. 

The easiest way to establish dimensioning accidental loads 
(DAL) for hydrocarbon fires is to use pre-determined values for 
the heat fluxes from the various types of fires. This is acceptable 
as long as these values are based on recognized guidelines and 
standards, and the given fire heat flux values are representative 
for the fire scenarios on the actual offshore unit. Here some 
important sources for determining flame sizes and heat loads 
for given fire sizes and types are presented. This does not mean 
that other sources cannot be used, but greater deviations from 
the values given in these references are not accepted by LR if 
not properly justified for their specific use on the actual offshore 
unit.

The UK Oil & Gas/HSE “Fire and Explosion Guidance Part 2: 
Avoidance and Mitigation of Fires“(Ref. /11/) and FABIG TN-
11 “Fire Loading and Structural Response” (Ref. /1/) give the 
most detailed specification of values of important parameters 
characterizing hydrocarbon fires. They differentiate between 

high pressure gas jet fires, high pressure two-phase jet fires 
and pool fires. The jet fire characteristics are given for four 
leakage categories, 0.1, 1.0, 10 and > 30 kg/s while pool fires 
characteristics are given for two pool size categories, diameter 
> 5 m and < than 5 m. These referenced guidance notes give 
heat loads split on radiative and convective heat loads. 

The NORSOK standard S-001”Technical Safety” gives pre-
determined heat flux values for gas jet fires greater than 2 kg/s 
and between 0.1-2 kg/s and for pool fires. For jet fires the heat 
flux values in S-001 are similar to the UK Oil & Gas/HSE and 
FABIG values while the values for pool fires are somewhat lower 
than in the UK Oil & Gas/HSE and FABIG guidance notes. If an 
object is engulfed in a pool fire one should preferably apply the 
UK Oil & Gas/HSE and FABIG figures. 

The predetermined heat flux values above are in general given 
for fuel-controlled fires, i.e. as for fires in open air. There is 
much more uncertainty related to heat fluxes in confined areas 
with restrictions in air access causing ventilation-controlled 
fires. The heat fluxes may become both higher or lower than 
the predetermined values depending on many factors like for 
instance the level of under-ventilation and pre-heating of air 
supply to the fire (due to fire itself). 

The UK Oil & Gas/HSE and FABIG guidance notes also give 
values for potential increased heat loadings due to confinement.
Important heat fluxes from the UK Oil & Gas/HSE “Fire and 
Explosion Guidance Part 2: Avoidance and Mitigation of 
Fires“(Ref. /11/) and FABIG TN-11 “Fire Loading and Structural 
Response” (Ref. /1/) and NORSOK S-001 are covered in more 
detail in Section 4.2.1 and 4.2.3.  

Pre-determined heat flux values cannot be applied for design 
purposes without knowing for what duration of time these loads 
are to be applied. The duration of the relevant fire scenarios may 
be found from a quantitative risk analysis taking into account 
leak frequencies and ignition probabilities. 

One great advantage of using a fixed pre-determined heat 
flux value with corresponding duration is that it simplifies the 
exercise as this will result in a unique combination of flux and 
duration that can be applied to all locations exposed by the fire. 
This prevents the problem of varying incoming heat fluxes with 
time for different positions in each scenario. How to handle the 
last problem is treated in Section 6.3.2.

Normally one will in practice not design for the worst case, 
i.e., the longest theoretical duration of any fire as this may 
last for many hours if there are leaks from large liquid process 
segments, blowouts or large risers/subsea pipelines. There are 
different philosophies for determining the necessary duration 
depending on statutory and owner/operator requirements. 
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Different philosophies will normally give different values of 
duration: e.g.:
• Long enough to prevent an escalation with large 

environmental impact, e.g. not causing a blowout or 
spreading of fire to storage tanks in FPSO/FLNG units

• Long enough to prevent an escalation that impair safe 
escape/evacuation from offshore unit within the time required 
for this main safety function

• For each module/fire area basing the duration of fire on the 
largest segment in the area 

• Basing the duration on a fire cut-off frequency, e.g. 1.010-4 
per year

When estimating the duration of dimensioning fires the effect 
of gas and fire detection, ESD and blowdown system can be 
taken into account provided acceptable reliability and availability 
of these systems can be documented.

Even though the fire will last for a specific duration with a pre-
determined heat flux, the fire will be transient in nature as the 
leak decreases. This means that the size of the flame zone 
with the characteristic pre-determined heat flux will in general 
decrease and change in position. 

For local heat up it is conservative to assume that each point 
can be exposed to the pre-determined heat flux for the given 
duration, i.e. neglecting the fact that in many cases, but not in 
all fire scenarios, the fire may change position during that time 
period. This will be the case where local heat up is critical, i.e. 
for process equipment with potential for unacceptable rupture 
or failure of non-redundant main structural member.

For redundant main structures a certain size of the dimensioning 
flame corresponding to the pre-determined heat fluxes has to 
be assigned. The transient behaviour can also be taken into 
account, i.e. the possible reduction in size within the typical 
period of time required for the structural members to reach 
the critical temperature of collapse. This fire size should be 
moved around in the module/fire area for design purposes (e.g. 
establishing the need of PFP) to prevent unacceptable main 
structural collapse.    

It should be noted that the last approach is applicable only to 
the initial fire, i.e. one single leak source before any possible 
escalation of fire to other process equipment due to rupture. It 
is often normal to have stricter requirements for preventing main 
structural collapse than to prevent escalation to other process 
equipment. If that is the case the dimensioning fire does not 
only come from one single source any longer, but from two or 
more. This is essential as the time to get rupture of especially 
thin-walled process equipment may occur long before critical 
heat up of main structural element.

Often fire scenarios may follow after a gas/mist explosion. 
Severe explosions may cause rupture of process equipment, 
thus creating a multi-leak source with a much larger and more 
complicated fire than a fire from a single initial leak source. 
Depending on the dimensioning criteria for explosion protection 
of process equipment, such escalations should also to be taken 
into consideration in addition to possible escalation from fires 
when determining the size of the dimensioning fire with pre-
determined heat fluxes. 

Consequently, it may be necessary to use different dimensioning 
fire loads for process equipment and structure:
• Dimensioning fire load for equipment to prevent 

unacceptable escalations due to fires
• Dimensioning fire loads for structures that include the effect 

of acceptable escalations both due to fires and explosions. 
Process equipment exposed to explosion loads larger 
than the design loads will result in huge primary fires from 
simultaneous rupture of many process segments

For extreme or special fire scenarios like burning blowouts, 
fires at sea surface and large fires due riser leaks or ruptures 
it is recommended to use CFD-simulations rather than using 
tabulated heat flux values. Fires at sea are also discussed in 
more detail in Section 4.2. 

6.3.2  Detailed analysis
6.3.2.1		 Use	of	calculation	tools	for	fire	evaluations
There exist both advanced CFD-simulation tools and more 
simple calculations methods for fire evaluations. The latter have 
a more narrow application range than CFD-tools. CFD-tools are 
particularly effective when the process area has high congestion 
and confinement, and the resulting fires consequently will differ 
from standard fires. 

The more simple methods may be used for estimating the size 
of unobstructed flame and for establishing critical separation 
distances between main areas etc. 

Recognized CFD-tools for fire simulations may also be used 
to investigate the heat flux pattern and the size and location 
of flames. In principle each fire scenario can be modelled 
“accurately” taking into account the actual leak position, leak 
rate, leak direction, wind velocity and direction etc. 

In reality there are an almost unlimited number of different 
fire scenarios that may occur on an offshore unit, each with 
a unique set of consequences. Thus the design cannot 
generally be based on detailed calculations from some (even 
if the number is high) selected CFD-simulations for picking out 
individual dimensioning heat fluxes in different positions in the 
module because another set of scenarios would have led to 
other values. But by a proper selection of scenarios a better 
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understanding of the heat flux picture and a better prediction of 
flame size including location will be achieved than by use of pre-
determined heat fluxes. CFD-simulations may also be used to 
study the transient behaviour of the flame and incorporate that 
in the dimensioning heat flux and corresponding size. 

Having obtained information from the CFD simulations on the 
typical flame sizes, shapes, heat flux distributions within the 
flame and the transient nature of these parameters for a number 
of leak scenarios, this can be used to represent the same leak 
scenarios at other relevant locations. So a practical use of CFD 
simulations is to generate a representative set of basis scenarios 
that can be placed at different relevant locations as basis for 
establishing the dimensioning accidental load.

From the CFD-simulations of individual fire scenarios it is 
possible for each scenario to pick out incident heat flux (both 
radiative and convective) as function of location and time, 
q(x,y,z,t). Each fire scenario with a dedicated fire frequency will 
have different values q(x,y,z,t). One problem is that there is no 
unique and unambiguous way to derive a dimensioning fire 
load qdim(x,y,z,t) from these sets as long as qdim varies with time, 
i.e. a situation where the consequence is determined by two 
parameters, incident heat flux and duration (time). This problem 
is still present if instead a conservative approach is used and for 
each fire scenario the point with the highest heat flux is chosen 
as the basis for the dimensioning fire load and this is applied for 
the whole module.

This problem is omitted or neglected by applying the simple 
approach with pre-determined heat fluxes in section 6.3.1 since 
the only varying parameter is the duration. 

There exist also methods where the heat dose concept 
is introduced in order to get a unique way of sorting the fire 
scenarios from the CFD-simulations based on received energy. 
The incident heat dose is found by integrating the incident heat 
flux, qinc(t), over time, Dinc, i.e.

 Dinc = ʃ qinc(t)dt

Now it is possible to sort values the of Dinc into an ascending or 
descending order that can then be used for establishing a value 
of Dinc corresponding to for instance a return period of 104 
or 105 years. This will give one indication of severity in terms 
of received energy. But the heat dose does not solve all of the 
challenges of establishing dimensioning fire events since as:
• It is the net absorbed dose by an object that is relevant for 

the temperature increase of the object. This is in principle to 
be calculated for each object type depending on material 
type, object thickness etc. The net absorbed heat flux will 
decrease with time as the object temperature rises. 

• The time to reach a given temperature is not determined 

by the net absorbed dose but by the net absorbed flux as 
a function of time (as high heat flux will quicker heat the 
material). Hence dose cannot be used for the calculation of 
time until the critical temperature is attained.

Therefore, when the dose methodology is used for establishing 
the dimensioning incident fire dose, e.g. 10-4 or 10-5 per year 
dose, this DAL dose has to be decoded to a corresponding 
incident heat flux and duration giving the same dose. This 
approach does not solve the fundamental problem of uniqueness 
mentioned earlier as the product of two parameters may be 
arranged in numerous (potentially infinite) ways to get the same 
result. Different combinations, i.e. dimensioning accidental fire 
loads with durations, will have different consequences.

One way to handle this challenge is to decode the DAL dose to 
more than one design event (heat flux as a function of time) with 
the same heat dose. As a minimum, a low heat flux scenario 
and a high heat flux scenario must be defined when using the 
heat dose approach. This is especially true when evaluating the 
risk of rupture of process equipment exposed to fires as this 
occurrence is very sensible to high heat fluxes in the beginning 
of the fire where there has not been any significant reduction in 
pressure due to blowdown yet. For process equipment the time 
to rupture is vital to determine if the escalation is acceptable or 
not, and as previously discussed dose cannot be used to derive 
heat-up durations.

In spite of these methodological problems with establishing 
dimensioning fire loads (since in fact a unique “true” DAL 
independent of objects does not exist), CFD-simulation tools are 
important and useful for fire safety design and risk assessments 
for offshore units. Furthermore, the ambiguous physics of two 
parameter fire loads does not disappear when taking a simplified 
approach; it only becomes less important relative to the coarse 
approach taken. 

Using CFD tools is of special importance when studying the 
effect of confinement, e.g. pre-heating of air supply and 
ventilation controlled process fires, and its possible implications 
on qdim(t). It can in principle also take into account the effect that 
passive fire protection may have on the flame temperature as 
the insulation will reduce the flame’s ability to get rid of heat, 
thus increasing the flame temperature and the incident heat 
fluxes on to unprotected structures. 

CFD-simulations are also useful when establishing the size of 
flames. This is applicable in many situations, e.g. to
• determine the value of global load and area of exposure on 

process segment for evaluating the risk of rupture of process 
equipment  

• calculate the location and size (volume) of flame with heat 
fluxes above given values (e.g. those pre-determined values 
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referred to in 6.3.1). These volumes are important when 
evaluating the probability of flame exposure of process 
equipment

• determine relevant fire sizes and loads to be applied for 
structural integrity analyses. This can be used as input to the 
structural calculation programs (e.g. FAHTS/USFOS, Refs. 
/31/, /32/) for advanced structural fire design.  

CFD-simulations are also helpful when studying the impact of 
large fires elsewhere e.g. fires on sea, riser fires and blowouts.

6.3.2.2		 Use	of	probabilistic	fire	analyses
There is no unique definition of what a probabilistic fire analysis 
is. But common for all type of probabilistic fire analyses is 
that they must take into account both the frequencies and 
consequences of the different fire scenarios. 

To apply probabilistic fire analyses in order to establish 
dimensioning fire loads in an area involves a lot of challenges. 

The number of fire scenarios in a module is for most practical 
purposes infinite. Furthermore, each “different position” of 
structure or equipment in a module will be subject to a set of 
fires with corresponding heat fluxes that will be more or less 
different from another position in the module. This means that 
the dimensioning fire loads, e.g. 10-4 or 10-5 per year fire load, 
will always vary with position. Such individual dimensioning 
fire loads may in principle be determined by use of CFD for an 
extreme number of fire scenarios varying leak position, leak rate, 
leak direction, wind velocity and direction taking into account 
the frequency of each of the combinations.

There is, however, a large potential pitfall with this approach. By 
applying individual dimensioning fire loads in different positions 
for the protection of structures and equipment, e.g. 10-4 per 
year, the probability of exceeding the dimensioning fire load 
somewhere on the structure or critical equipment will in general 
exceed 10-4 per year considerably. The reason for this is that 
behind the individual DAL in each position lies a different set 
of fire scenarios from the other positions. Thus, the application 
of individual fire DAL within a module is in general not allowed 
unless it can be demonstrated that the associated risks, i.e. the 
total frequency of unacceptable consequences, have been fully 
considered (see Section 6.2.5 for discussion of unacceptable 
consequences and risks).

A simpler approach to solve this rest risk problem is for each 
simulated fire scenario to pick out the point in the module 
receiving the highest heat load and then apply these loads to 
make one unique, common fire DAL for the whole module. This 
will ensure a conservative value of DAL. However, despite this 
conservative approach to establish a fire DAL, the problem due 
to non-existence of a unique fire DAL (as it is described by two or 

more parameters) as discussed in the last chapter still remains. 
Another complicating factor is that even if it is possible to find a 
unique highest or worst incident heat load at a particular point, 
there does not in general exist any unique highest or worst net 
absorbed heat load at that point regardless of the object as the 
net absorbed heat load will vary from object to object. 

Hence, no true, unique 10-4 or 10-5 per year fire DAL exists 
regardless of which probabilistic fire analysis method applied. 

A probabilistic risk assessment methodology described in 
Appendix A in FABIG TN-11 (Ref. /1/) combines the dose 
methodology with the conservative approach of selecting the 
point with the highest heat flux for each particular fire. Then a 
curve relating the accumulated fire frequency versus incident 
dose can be established. From this the dimensioning incident 
fire dose can be found, e.g. 10-4 or 10-5 per year DAL dose. 
For further application of this method the DAL dose has to be 
converted into one (or a small set of different) combined incident 
heat flux and duration with all the uncertainties and challenges 
discussed earlier. 

A different solution that omits the problem of DAL may be to 
calculate the total frequency of critical failure of any object 
(e.g. process equipment or main structural element) due to fire 
based on the assumption of stochastic locations of fires and 
equipment within a module or within sub-parts of the module. 
By ‘critical failure’ is meant a failure that causes an unacceptable 
consequence with regard to risk acceptance criteria or loss of 
main safety functions. If the total frequency of unacceptable 
consequences is above the acceptable criterion safety 
measures have to be implemented, for instance the addition of 
PFP, and then the frequency of unacceptable consequences is 
to be recalculated until the total frequency becomes lower than 
the criterion. 

Such a method presumes that the design is given so that specific 
response analyses are possible and includes an extensive use 
of CFD-simulations in order to establish the flame volumes for 
a set of representative fires which is used for calculating the 
probability of exposure and subsequent unacceptable failure for 
each combination of fire and relevant object, e.g. process pipe 
section. The set of representative fire scenarios with a dedicated 
frequency is selected from the quantitative risk analysis. The 
sum of the frequencies of all of the fires in the set is to add up to 
the total fire frequency in the module.

Common for all design based on detailed probabilistic fire 
assessments is that the result of the analysis including the type 
and extent of safety measures (e.g. PFP) are heavily related to 
the uncertainties and quality of the quantitative risk analysis. 
Thus, it is not robust with regard to changes in important 
parameters such as leak frequencies and ignition probabilities. 
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This means that the application of sophisticated probabilistic 
fire assessments methods for optimizing design should be 
combined with sensitivity evaluations and sound ALARP 
principles.

6.3.3	 	 Effect	of	deluge	on	dimensioning	fire	loads
Normally dimensioning fire loads are established without taking 
into credit any potential effect of the active fire-fighting system 
such as deluge. The main reason has been not to trust an active 
system where reliability and functionality are highly dependent 
on a proper design (e.g. material quality to reduce corrosion), 
good maintenance and regular testing. 

Furthermore, deluge systems or fire monitors in naturally 
ventilated areas are very sensitive to wind which can drastically 
reduce the effectiveness of deluge. 

Even though all these aspects are well taken care of, the 
uncertainty regarding the effect of a deluge system or fire 
monitors on hydrocarbon fire remains. 

Water deluge systems with foam have a huge impact on the 
behaviour of liquid pool fires both regarding fuel burning rate 
from pool and heat fluxes. Thus, deluge systems will in general 
reduce the dimensioning fire load from pool fires.

For jet and spray fires deluge systems in general do not eliminate 
the high intensity parts of the flame, but the volume of these 
parts may be significantly reduced. Hence, when applying a 
simplified approach based on pre-determined heat fluxes, these 
values should not be reduced if deluge is applied. 

CFD-simulation tools may have built-in models for calculating the 
effect of deluge. For taking these calculations into consideration 
the models must have been thoroughly validated against 
proper fire tests. But still care must be taken when using such 
simulations to reduce the dimensioning fire heat fluxes, i.e. the 
maximum heat flux in a fire. On the other hand they can be used 
for special evaluations like for instance the extent or volume of 
flame with the high heat fluxes. Any significant reduction in high 
heat flux volumes of a flame will have a large impact on the 
exposure probability, which is important in a probabilistic fire 
assessment considering the total frequency of unacceptable 
consequences.

Although deluge systems will not necessarily have any direct 
effect on the hottest parts of the flame, it will reduce the heat up 
of surfaces in the module and decrease the heat return to the 
flame itself. This means that the flame temperature and heat flux 
from a flame in a congested and confined area will not become 
as high as without deluge.  
 
The conclusion is that the effect of deluge systems may be 

taken into account for special evaluations, or for probabilistic 
analyses where exposure probabilities are considered. A 
prerequisite is that the deluge system will be properly designed 
and maintained with respect to functionality and reliability/
availability. Further relevant documentation has to be provided 
showing its effectiveness on fires on the specific offshore unit 
including the influence of wind.  

6.4	 	 Dimensioning	accidental	fire	loads	in	utility	area
Dimensioning accidental fire loads are not normally defined for 
utility areas of an offshore unit, since fire DALs are normally 
focusing on process fires, i.e. gaseous and liquid hydrocarbon 
fires (jet fires, spray fires, pool fires).

However, it is recommended to also analyze the potential for fire 
in all the utility modules on the offshore unit in order to identify 
potential fires and durations. Standard prescriptive requirements 
for separating fire divisions (deck/bulkhead) are normally 
adequate. The basis for such an analysis is the hydrocarbon 
inventories, ignition sources and other flammable materials in 
the utility modules. Combustibles may be ordinary combustible 
materials, electrical insulation, lubricants and solvents, alcohols 
(MEG/TEG) and diesel oil. See also Section 3.3.

Dimensioning fire loads in the utility areas are defined by 
considering two different fire events:
•  Internal fire events
•  External fire events

Internal fire events represent the fire hazards that can initiate 
within the utility modules themselves due to the presence of 
different combustible materials. External fire events represent 
exposure from the HC fires from the nearby process areas.
The internal fire hazards in different utility areas should 
be investigated by considering the presence of different 
combustible materials in the relevant areas. 

It is essential that the “standard fire” used in fire tests and 
classification (Ref. /5/ and /6/), also denoted the “cellulosic 
fire curve”, is not a representation of building fires (see also 
Section 3.2). Figure 1 in Section 3.2 cannot be used to predict 
temperatures in a building fire. 

It is further noted that fire properties will heavily depend on 
available combustible fuel, room geometry, boundary conditions, 
degree of confinement as well as air supply (fuel/ventilation 
controlled fires). For utility modules with limited ventilation, e.g. 
mechanical ventilation, even a small fire may become ventilation 
controlled. This will influence the resulting fire heat loads. Due 
to normal uneven distribution of combustibles a fire may also be 
highly local. Local fires may still be critical for critical equipment 
and structures.
As a result of the complexity, a simplified approach can be used 
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in the specification of dimensioning fire loads due to internal 
fires in the utility areas.

Fires in traditional cellulosic combustibles can create 
temperatures around 1000°C and this represents heat flux 
levels of about 100 kW/m2. Diesel oil can generate higher 
temperatures as 1100-1200 °C corresponding to the heat flux 
levels of 250 kW/m2. For potential heat loads for Methanol and 
MEG/TEG fires see Section 3.3.

However, it is difficult to define the duration of these internal fire 
scenarios due to the above mentioned variables. It is however 
recommended to apply these dimensioning internal fire loads 
for estimated durations in utility areas together with relevant 
standards/regulations.

Due to the common layout of offshore units (utility next to 
process area with an H-rated firewall in between) utility modules 
can also be exposed to the hydrocarbon process fires. Hence 
heat loads due to external fire events should also be considered 
for the design/modification activities in utility areas. External 
exposure of utility modules to process fires can be evaluated 
from CFD fire simulations.

In addition to the dimensioning heat loads due to internal and 
external fire events, the minimum fire safety requirements are 
normally defined for different utility areas based on regulatory 
requirements.  According to common regulations areas with 
important safety function high fire risk areas shall be separated 
from the surroundings by adequate fire divisions. Normal 
requirement is A-60 rated divisions. Fire partitions exposed to 
hydrocarbon fires shall be rated according to H-class.

Fire ratings (A-class and H-class) are closely related to nominal 
fire testing (see Section 3.2). Standard fires and standard 
test specifications are therefore only used to rate, classify 
and compare different fire divisions, structural elements and 
components. 

Based on this information, minimum safety requirements of 
each utility area should be defined and presented as a specific 
dimensioning fire load specification for the utility area and safety 
critical equipment and compartments in the area.

6.5  Uncertainties
The uncertainties and conservatism in the analysis shall be 
discussed. Sensitivity analyses of selected design inputs 
or modelling assumptions may be necessary to perform to 
substantiate the conclusions.

The calculation of DAL loads should be as realistic as possible 
aiming at expectation values and emphasize both risk reducing 
measures and contributing factors. In some cases, however, 

e.g. where low loads are expected or the structure or process 
system has high fire resistance, the analysis may be simplified 
provided the conservatism is under control.

Note that use of highly conservative input parameters may 
cause the conclusions produced regarding mitigating measures 
or design modifications to not be valid.

There are several contributors to the uncertainties associated 
with calculation of DAL loads. These are: 

6.5.1	 	 	Uncertainties	related	to	principles	for	selection	of	
DAL loads

Uncertainties related to the problem that no true, unique 
frequency based DAL exists regardless of the probabilistic 
method applied. In order to determine probabilistic DAL loads 
some principle for sorting fire scenarios according to severity 
needs to be established, and as this cannot be done in an unique 
way there will be a fundamental uncertainty associated with the 
selected criteria. This should be discussed in each case.

6.5.2	 	 Uncertainties	related	to	probabilistic	methodology
In Section 6.3 both a simplified and a detailed approach are 
discussed. Regardless of these, there will be uncertainties 
coming from the risk analysis that both approaches are based on.

The total fire risk picture is extremely complex as it involves a 
large number of factors that have been simplified in order to arrive 
at a practically applicable method.  The resulting risk model may 
appear simple and easily provide results, but as much of the 
underlying complexity is lost there will be a significant uncertainty 
associated with the results. Hence a simplified model may appear 
clear and certain, but may actually blur critical aspects of the real 
situation that will be lost to the user.

Risk is a stochastic function that should be modelled and 
described by distributions, but at some stage of the analysis the 
distributions are represented by an average in order to simplify 
the analysis as well as the communication of the results. This 
introduces uncertainties in the sense that vital information may 
be lost. If a part of the consequences is critical it will influence 
the average but the information about the criticality will be lost. 
In general, the earlier in the analysis a distribution is replaced by 
an average the more uncertain the results will be.
 
The uncertainties associated with the risk analysis input are 
basically related to:
•  Leak frequencies - use of historical data as well as resolution 

into leak classes
•  Ignition probabilities – use of historical data, time dependent 

or constant probabilities
•  Calculation of leak durations
For the simplified approach there is an uncertainty related to 
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what degree the selected fixed heat loads represent the real 
case where the load will vary during the leak due to the transient 
leak rate. In addition there is an uncertainty related to the 
extension of the flame from how the DAL loads are applied. 

The uncertainties in the detailed model are related to the 
uncertainties in the CFD simulations as well as the probabilistic 
methodology used to extract DAL loads from the simulations. 
This introduces more parameters to the results, but is not 
necessarily more uncertain than the simpler models. However, 
since the analyst needs to decide on many aspects of the 
analysis compared to the simple models –like gridding of 
the CFD simulations, modelling of the jet, use of alternative 
radiation models etc - there is a larger uncertainty related to 
the analyst in the detailed models. Consequently the variance in 
the distribution of  the results tend to be larger for the detailed 
models compared to the simpler,  hence the detailed  models 
usually have lower precision.  On the other hand the accuracy 
(i.e. the closeness of the mean of the distribution to the true 
value) is normally better, i.e. the mean of the distribution of the 
results is closer to the true value even if the variance is larger.

■   Section 7
   Fire mitigation measures

A comprehensive document regarding fire response is Fire and 
Explosion Guidance from Oil & Gas UK (former UKOOA) (see 
Ref. /11/).

7.1   Emergency shutdown systems and 
depressurisation

Depressurisation systems are installed in order to (Ref. /17/):
•  reduce the pressure in a process segment in the case 

of a fire exposing the segment in question.  A reduction 
in pressure implies reduced material stress and, hence, 
reduced risk of rupture due to heating caused by the fire

•  reduce the leak rate and leak duration from a leaking process 
segment (and, hence, also reduce the associated fire in case 
the leak is ignited)

•  remove combustibles (gas/liquid) from the fire area by 
disposal to the flare system

•  reduce the pressure and inventory of the process segment 
to an acceptable level prior to rupture if rupture cannot be 
avoided

•  depressurise the system in case of normal maintenance
•  in some cases avoid leakage at process upsets, e.g. in case 

of loss of compressor seal oil/seal gas

Depressurisation systems shall be provided for all process 
segments containing more than 1,000 kg of hydrocarbons. If 
the content of the system is gas or liquid that will vaporise at 
rupture (such as LPG), a system for depressurisation shall be 

provided even for smaller process segments.

Traditionally depressurisation systems have been designed in 
accordance with API RP 520 and API RP 521 which normally 
imply that the depressurisation system should be capable of 
reducing the pressure to 7 barg or 50 % of the design pressure 
of the system (whichever is lower) within 15 min. However, 
research and large scale testing (e.g. the project ‘Blast and 
Fire Engineering for Topsides Structures’) indicates that this 
does not necessarily prevent catastrophic type rupture of fire 
exposed systems due to expected higher local heat loads than 
recommended by API RP 521. A faster depressurisation or use 
of passive fire protection is therefore normally required in order 
to avoid critical escalation of a fire.

A key factor, which also determines the effectiveness of the 
depressurisation system, is the method for initiation, i.e. the 
time span from the onset of the fire until the activation of 
the depressurisation system.  Initiation of depressurisation 
could be either manual or automatic.  Generally automatic 
depressurisation is recommended.  This will lead to shorter 
depressurisation time and therefore reduce the need for PFP.

In case of manual initiation of depressurisation, the duration 
from the onset of a fire until the depressurisation is activated 
depends on a number of factors:
•  Complexity of the plant
•  Manning level (in the control room and process area)
•  Fire detection systems
•  Procedures, training, etc.
•  Other work tasks assigned to the personnel during an 

emergency

It is commonly recognised that manual initiation prior to 3 
minutes after the onset of the fire should not be accounted for.
Automatic initiation of the depressurisation system implies that 
the system is activated automatically by the F&G detection 
system.  Provided that the plant is adequately covered by a 
suitable detection system, instant (for all practical purposes) 
initiation of the system may be accounted for. (Note that 
automatic initiation of the depressurisation system by a high 
level ESD does not necessarily imply automatic initiation in this 
context, this depends on the F&G/ESD logic configuration). 
Generally the estimated time from the onset of a fire until the 
initiation of the depressurisation should be justified.

Depressurisation may be performed:
•  For a process segment 
•  For a fire area
•  For the entire plant.

In case of manual initiation of depressurisation, due consideration 
should be paid to the complexity of the activation procedure, risk 
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of maloperation as well as time to initiate the depressurisation. 

In general it is strongly recommended to provide a system 
that is based on simul-taneous and automatically initiated 
depressurisation of the entire fire area or plant.

If a system is based on sequential depressurisation of 
different fire areas, focus should be put on avoiding pipe 
segments protruding into a fire area that is not in-cluded in 
the depressurising sequence of the area.  Alternatively such 
segments should be provided with passive fire protection and 
the neighbouring fire area depressurised after a time delay. 

Sequential depressurisation is often applied in order to avoid 
overload of the flare. Sequential depressurisation may be 
justified based on detailed calculations of the fire resistance of 
the system or based on segregation (based on distance or by 
fire partitions).

Depressurisation of the plant may be a dimensioning scenario 
for the flare system. However, in many situations other load 
cases are found to be dimensioning, e.g. process upsets, 
blocked outlets, etc.

The general principle when designing the depressurisation 
system should be to utilise the maximum capacity of the flare 
system, i.e. keep the depressurisation time as short as possible 
within the design limits of the flare system.

Design of the depressurisation system is a complex issue 
involving not only rigorous thermodynamic and process 
calculations, but also complex fire modelling and heat transfer 
phenomena.  

7.2	 	 Material	robustness
Both steel and aluminium alloys used in offshore structures 
have thermo physical and mechanical properties that are highly 
temperature dependent. See Chapter 8.

As the temperature rises, the yield stress and the modulus of 
elasticity both reduce for steel and aluminium alloys, and at 
high temperatures fire mitigation measures are often required to 
maintain the required load bearing capacity.

There are many types of structural steel with different high 
temperature properties. Structural aluminium alloys may also 
have highly different mechanical properties at elevated high 
temperature. 

Special considerations must be made regarding high quality 
steel for e.g. bolt/nut connections. 
One important difference between normal structural steel and 

aluminium alloys is that while steel regains most of its capacity 
after cooling, aluminium will not regain capacity. This may be 
a hazard for aluminium structures used in stair towers and 
walkways. Such strength reduction will not be visible unless the 
aluminium alloy is melted.

The same issue is present for composite gratings. See Chapter 
8. Phenolic composite grating that has been subjected to 
high intensity fires (even for a very short duration) may be 
visually intact, but practically without strength. This may be a 
considerable hazard in a search and rescue operation after a 
fire incident.

Both structural materials and fire protection materials have an 
upper (and lower - ref. LNG/LPG spills) temperature limit. Mineral 
wool products may start to collapse and melt at 600-700oC for 
glass fibre wool products, 900-1000oC for rock wool products 
and 1100 - 1400oC for silicate ceramic fibre products (also 
denoted AES - Alkali Earth Silicates). For blanket and board fire 
protection materials the limiting temperature is dependent on 
the base material.

For insulation purposes it is essential that the correct quality 
is chosen for both the actual operational and accidental fire 
temperatures. The combination of different qualities in the total 
thickness may be a solution, with the high quality products 
facing the fire exposure.

Many fire protection materials are resistant to high intensity 
fires (HC-fires, jet/spray fires) while others are vulnerable to the 
mechanical (erosive) forces from an ignited leakage of liquid or 
gaseous hydrocarbons from a pressurized pipe or vessel. Jet- 
or spray fires may damage and tear off PFP materials made of 
blanket- or board type materials. Such materials are also more 
vulnerable to drag forces from explosions.

Most spray applied materials used offshore are certified for 
jet fires. It should be noted that certified products are certified 
according to specific test standards procedures. It is the 
intention that test procedures reflect the heat load and forces 
experienced in actual fires.

It should however always be discussed whether the available 
test documentation (for both PFP materials and other passive 
mitigation systems) are adequate and reflects the relevant 
accidental fire scenario. 

Many small scale fire tests do not give a satisfactory 
representation of the actual exposure in a real fire. The phrases 
‘fire resistant’ and ‘fire retardant’ should therefore be used with 
care.

For jet fire purposes an outer mantling of stainless steel is often 
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used as erosion protection for mineral wool insulation on pipes 
and process equipment. The quality of the steel material and 
plating thickness is important. It should also be noted that for 
very high heat fluxes and velocities such steel mantling may be 
destroyed due to oxidation.

7.3	 	 Passive	fire	protection
Passive fire protection is a collective term of protection systems 
that act upon the hazard simply by their presence. They do not 
need to react to the hazard or need operator input at the time of 
occurrence in order to be effective (Ref. /11/).

Normally the phrase passive fire protection is used for coating 
or cladding arrangements or free-standing system which, in the 
event of fire, will provide thermal protection to restrict the rate at 
which heat is transmitted to the object or area being protected 
(Ref. /13/). Passive fire protection is therefore normally linked to 
fire protection of decks or bulkheads, load bearing structures or 
process equipment as piping, pipelines and vessels.

Passive fire protection systems are normally regarded to have 
a very good reliability compared to active systems (inherently 
reliable). However, effective life or operation time is not unlimited. 
Due to possible long-term deterioration, physical damage or 
even removal, condition must be monitored and an effective 
maintenance program should be implemented.  

A number of different materials, or combination of materials, can 
act as passive fire protection (PFP). 

The objective is to prevent the protected item from heating 
up and either losing strength, losing function, distorting or 
producing noxious fumes.

Previously the design emphasis was on application of codes and 
rules without considering the specific fire scenarios in the area. 
This is still the common way of using PFP in Accommodation 
Block (Living Quarter - LQ) and the Utility Area. However, in the 
Process Area (where hydrocarbons are processed) it is common 
and best practice to design all PFP systems to be appropriate 
to the specific fire scenarios for which the PFP is required. This 
is normal for structural elements, but is also still more used for 
process equipment, see Ref. /11/.

Methods of designing PFP systems according to specific fire 
scenario are presented in Chapter 8.

The characteristics of the fire are normally determinative for the 
choice of passive fire protection material.

In the LQ and utility area, where there normally are no potential 
for jet fires or high intensity fires due to release of hydrocarbons, 
the traditional ‘dry fix’ protection with mineral wool blankets or 

boards are used. See potential heat loads for fires in diesel, 
methanol and MEG/TEG in Section 3.3.

In the process area, with potential for jet fires and/or high 
intensity hydrocarbon fires, where traditional ‘dry fix’ materials 
are inadequate without specific protection against mechanical 
forces from jet fires, special materials are developed mainly for 
the protection of deck, bulkheads and load bearing structures. 
For special purposes the correct choice of high temperature 
resistant and durable ‘dry fix’ material are also used. 

Materials for fireproofing of partitions and structures are typically 
spray applied materials of types:
•  Cementitious or vermiculite
•  Intumescent coatings

Cementitious or vermiculite based spray applied fire proofing 
were previously extensively used as structural fireproofing on 
offshore units. These materials were however vulnerable to 
water ingress, which in some cases caused severe corrosion to 
the retention system and even the steel substrate.

On most new offshore units the preferred structural fire proofing 
is intumescent coatings. These coatings must not be confused 
with Intumescent paints used in the traditional building industry. 
Intumescent coatings used offshore are durable coatings, often 
epoxy based, which reacts and expands upon fire exposure 
and forms a char that acts as a thermal insulator. Other types of 
fire proofing materials retain their insulating properties after the 
certified exposure time, but intumescent materials will lose the 
char material and hence their insulating properties on extended 
exposure. The certified endurance time for the PFP materials 
must be evaluated. In structural fire response analyses, it is 
especially important to assess the intumescent PFP materials 
for long duration fires.

Many of the available intumescent coatings on the market have 
extensive documentation regarding resistance to explosion, fire, 
jet fire and environmental exposure.

In choice of appropriate materials for passive fire protection of 
load bearing structures it is essential that all these aspects are 
satisfactorily considered and documented.

Another important factor is that personnel on the offshore unit 
are aware of the presence of the fire protection, understands 
why the systems are installed and treat the passive protection 
as any other safety system.

Passive fire protection for process equipment (vessels, pipes, 
valves, flanges) is not necessarily optimized with respect to 
insulation thicknesses. These systems are often standardized 
both in choice of materials and thicknesses.
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Certified materials and insulation systems for fire proofing can 
be found in the list of approved products from Lloyd’s Register 
(Ref. /10/). Materials certified by other recognized/acceptable 
certification bodies may be considered.

■   Section 8
   Fire response

Fire resistance may be required for a number of components in 
an oil and gas offshore unit:
•  Structural and load bearing elements (primary, secondary, 

supports)
•  Partitions including  decks and bulkheads
•  Elements in partitions (doors, windows, penetrations)
•  Pressurized HC equipment (pipes and vessels)
•  Channels, cables
•  Safety critical equipment

The objective of fire resistance requirements is to maintain 
functionality during dimensioning accidental fire scenarios.
Examples of components with fire resistance requirements are 

shown in Figure 8.1.

A comprehensive document regarding fire response is Fire and 
Explosion Guidance from Oil & Gas UK (former UKOOA) (see 
Ref. /11/).

8.1   Structural materials
In the oil and gas industry structural materials are normally limited 
to non-combustible materials or materials with documented 
satisfactory fire characteristics. Structural materials would 
typically include, but may not be limited to, steel, metal alloys, 
concrete, composites etc., for the construction of primary, 
secondary and other structures, divisions, barriers, gratings etc.
Fire properties for such materials are demonstrated by 
compliance with commonly accepted test standards, e.g.
• ISO 1182 Non-combustibility test 

For combustible materials (such as composites), thus unable to 

SECTION A1

Fig.	8.1			Passive	fire	protection	components

Section 7 & 8

H0 deck

H0 bulkhead
PFP insulated pipes

HVAC penetration

Pipe penetration in bulkhead

Cable penetration

PFP on primary structure

Fire door

Exhaust channel

Insulated vessel

PFP on vessel supportPipe penetration in deck

28



Guidance Notes for Risk Based Analysis: Fire Loads and Protection, August 2014

Lloyd’s Register

Fire Loads and Protection

meet the above mentioned test criteria, additional test standards 
would generally apply:
• IMO FTP Codes (International Maritime Organization Fire Test 

Procedures Code)
 - Part 5 (equals IMO Res. A.653(16)
 - Part 2 (equals ISO 5659-2)

Due to the fire requirements normally applied for structural 
materials in petrochemical facilities, wood type materials and 
plastics are not included here.

8.1.1  Steel
Primary and secondary load bearing structural elements are 
sometimes made of different qualities of steel (carbon steel, 
stainless steels). A large number of different qualities or alloys 
exist, and in a fire response analysis it is very important to 
identify both the thermo physical and mechanical properties of 
the materials.

Thermo physical properties (conductivity, specific heat capacity, 

thermal elongation) are normally highly dependent on the 
temperature of the material. See Figure 8.2.

Mechanical properties (yield stress and E modulus) are also 
normally highly dependent on the temperature of the material. 
For carbon steels commonly used reduction curves for yield 
stress (pink curve) and E modulus (blue curve)  in compliance 
with Eurocode 3 are shown in Figure 8.3.

Thermo physical and mechanical properties for stainless steel 
may be quite different from carbon steels. 

Thermo physical and mechanical properties for different steel 
qualities are found in textbooks, e.g. from 
• Steel Construction Institute (e.g. Ref. /19/),
• Technical Notes from Fire and Blast Information Group (Refs. 

/ 20 and /1/)
• Eurocode 3 (Ref. /21/)
• Scandpower Guideline (Ref. /17/).
8.1.2  Aluminium alloys

SECTION A1

Fig. 8.3   Temperature Degradation for Carbon Steel according to Eurocode 3: reduction curves for yield stress  
(upper pink curve) and E modulus (lower blue curve)  

Fig. 8.2   Typical temperature dependent thermal properties for carbon steel
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Aluminium are normally only used in outfitting structures, 
supports etc. Due to the better corro-sion resistance compared 
to steel aluminium alloys are often used in stair towers, 
walkways, light supports, etc.

If aluminium alloys are defined to have fire resistance for some 
duration passive fire protection is normally needed.
Thermo physical and mechanical properties of aluminium alloys 
at elevated temperatures may vary considerably. It is very 
important to be aware of the low melting point of pure aluminium 
(660oC). For many aluminium alloys, melting will occur at lower 
temperatures. Most alloys have a considerable decrease in 
yield strength at lower temperatures compared to carbon and 
stainless steels.

Typical temperature dependent thermal conductivity and 
specific heat capacity (volumetric) for aluminium alloy are given 
in Figure 8.4.
Equations describing thermo physical properties of aluminium 

alloys can be found in EN 1999-1-2.

Thermo physical and mechanical properties of some aluminium 
alloys can be found in e.g. Eurocode 9 (EN1999). See Figure 
8.5.

In Figure 8.5 the mechanical properties are given as time 
independent reduction curves, i.e. the duration of the heat 
exposure is not a parameter.

However, for some aluminium alloys the rate of temperature 
increase may be important. For some aluminium alloys strength 
decreases with time during exposure to heat loads, i.e. the 
shorter the duration of the heating, the higher temperature can 
be tolerated without critical reduction of yield stress. (See Ref. 
/22/). This may be relevant for aluminium structures which are 
only subjected to short duration fires (or radiation from remote 
fluctuating fires).
Mechanical properties like strength and ductility of aluminium 
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alloys strongly depend on tempe-rature. Prolonged exposure 
at 300oC will for many aluminium alloys result in a considerable 
decay in strength. Contrary to steel, the strength of aluminium 
alloys are not regained during cooling, e.g. deck plates heated 
to high temperatures (3-500oC), does not necessarily have 
sufficient load bearing capacity when cooled.

The risk of incendive frictional sparking must also be assessed 
where aluminium alloys are used. Incendive frictional sparking 
can occur when light metals or their alloys are brought into 
contact with an oxygen carrier such as rusty steel. See Ref. 
/26/.

8.1.3	 	 Composite	material
Composite materials are mainly used as gratings in walkways, 
stairways and platforms. In some cases composites may be 
used in smaller structures and containers where fire resistance 
is not an issue.

Pultruded composite gratings and stairways have been used 
offshore since the 1980s due to low weight and workability (they 
can be cut with a traditional carpenter’s saw). Today phenolic 
resins which possess a certain fire resistance are normally used. 
The following limitation should, however, be noted 
• Phenolic resins may have adequate resistance when 

exposed to low intensity fires (< 100 kW/m2)
• Resistance when subjected to high intensity HC/jet fires (> 

200 kW/m2) is poor.

Type Approval of composite grating materials (FRP – Fibre 
Reinforced Plastics) is e.g. given in ‘Floor Gratings (Part 1A)’ in 
Approved Products Lists from LR (Ref. /10/).  

A fire response test procedure for composite materials is 
proposed by US Coast Guard - USCG PFM 2-98, Ref. /23/. 
Note that this test procedure is prepared for ships and not 
hydrocarbon offshore units. A product that satisfies USCG 
PFM 2-98 is not automatically documented to withstand high 
intensity fires.

See also “LR Policy on the Use of Plastics Materials for Ladders 
& Gratings” (Ref. /24/) and Offshore Technology Report 017 
from HSE regarding requirements for materials other than steel 
and concrete (Ref. /25/).

Note also that the Health and Safety Executive (HSE) in the UK 
has issued a warning to offshore industries regarding the use of 
composite deck gratings (Ref. /26/).The main issue regarding 
the use of composite deck gratings compared to aluminium 
alloys is that grating subjected to high intensity fires may 
visually look intact despite undergoing a substantial strength 
loss (invisible damage). For aluminium alloys subjected to the 
same high intensity fires, however, damage will be visible (e.g. 

by melting).

The basis for the selection of composite materials in oil and gas 
installations (e.g. as grating in walkways, stairs and platforms) 
should be a combination of 
• reaction to fire requirements (ignitability, flame spread, 

smoke, toxicity) and 
• fire resistance (load bearing capacity).

Composite materials should not be used in escape ways 
where there is a potential for fire exposure unless the material 
is demonstrated to have sufficient fire resistance for the 
dimensioning accidental fire loads.

Taking into account the mechanical properties and capacity 
of composite used in walkways and stairways the following 
aspects must be emphasized:
• Fire fighting and rescue personnel must be aware of the 

dangers when entering composite grating that may have 
been subjected to fire

• Safe access routes to any area on the platform should be 
known by fire fighting and rescue personnel

This must be addressed in the Evacuation, Escape and Rescue 
Assessment (EERA).

8.1.4  Concrete
In simple fire response analyses of concrete structural elements  
it is normal to regard the concrete as fire protection of the steel 
reinforcement embedded in the concrete, i.e. the concrete 
cover is to be sufficient to maintain the main steel reinforcement 
below a certain temperature (e.g. 500°C). 

Simple thermal fire response analyses may also be carried out 
for concrete partitions in order to determine the unexposed side 
surface temperatures (firewall).

In such analyses it is essential to use the correct thermal material 
properties.

Both thermo physical and mechanical properties are normally 
dependent on the temperature in the concrete material. The 
thermal properties depend to a high degree on the aggregates 
in the concrete mixture.

Thermo physical and mechanical properties at elevated 
temperatures for different concrete qualities can be found in 
Eurocode 2 - EN 1992-1-2 (see Ref. /27/).

Actual fires and fire tests have shown that especially dense 
high strength concretes may expe-rience intensive spalling 
when subjected to fire. Spalling is explosive breaking off of 
pieces of the exposed surface, and is known to be caused by 
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a combination of thermal gradients across the heated surface 
and restricted permeability for the water vapour released from 
concrete when it is heated.

Hence, high intensity fires (HC-fires) and impermeable concrete 
(high strength concretes) are both factors that may enhance the 
risk of spalling.

Standard HC fire tests (approximately 200 kW/m2) have shown 
that a 200 mm thick wall element made of impermeable high 
strength concrete was penetrated due to spalling in less than 
30 minutes.

Therefore, in all cases where concrete structures are defined 
to have a certain fire resistance the risk of spalling must be 
addressed.

A means of protection against spalling is to use a passive fire 
protective material on the surface of the element.  The protective 
layer will reduce the temperature gradients across the concrete 
surface and hence reduce the internal pore pressure in the 
concrete.

8.2  Structures

8.2.1  Main load bearing structures
Structural categories for load bearing elements are defined 
in Part 3 and Part 4 of the LR Rules and Regulations for the 
Classification of Offshore Units (Ref. /28/):

Structural components of the unit may be grouped into structural 
categories, taking into account the following aspects:
• Applied loading, stress level and the associated stress 

pattern
• Critical load transfer points and stress concentrations
• Consequence of failure.

The structural categories can be summarised as follows:
• Special structure: Primary structural elements which are in 

way of critical load transfer points and stress concentrations
• Primary structure: Structural elements essential to the overall 

integrity of the unit
• Secondary structure: Structural elements of less importance 

than primary structure, failure of which would be unlikely to 
affect the overall integrity of the unit.

Support structures for the production and process plant are to 
be divided into the following categories:
• Primary structure
• Secondary structure

Examples of how structures of an offshore unit is grouped into 
the defined structural categorise are listed in Part 4 Chapter 2 

section 2.4 of Ref. /29/.

Some specific examples of structural elements which are 
considered as primary structure are as follows:
• Module main frame members and deck support stools
• Main legs and chords including end connections
• Foundation bolts.

Correctly specifying the performance standard of passive fire 
protection (PFP) is critical to ensuring the right level of protection 
is provided. This applies for all methods of demonstrating the 
necessary PFP. See Analysis Methods in Section 8.2.3.

It is equally important to define what an un-acceptable condition 
of the analyzed structure is, e.g. 
•  total collapse of main structure (MSF - module support 

frame)
•  collapse of a single module, but integrity of main structure is 

maintained
•  collapse of internal decks , main structures of module are 

intact
•  main and secondary structures are intact, but with 

deflections that may cause rupture/leakages in supported 
process equipment 

In “Advanced Structural Fire Design” PFP is normally defined 
in the calculation model as a generic protection (in FAHTS/
USFOS as an Effective Heat Transfer Coefficient or U-value). It 
is therefore very important that the actual materials chosen as 
the final solution are adequate for the identi-fied:
•  DAL loads (fire and explosion including jet  fires where 

relevant)
• environmental loads (temperature, humidity, etc.)
•  operational loads (radiation from flare, strains due to flexing, 

load-in strains)
• wear and tear
• corrosion problems 
• general durability and “track records”

Where there is potential for leakage of flammable gas, an 
explosion may occur followed by fire. A requirement for the 
passive fire protection material (and any other safety critical 
equipment) is that the PFP is to survive the explosion (not be 
damaged) and function as a fire protection as required.

Explosion resistance must be demonstrated.

Dry fix PFP (boards, blankets) will be vulnerable to drag loads 
from the blast pressure. Explosion resistance for such insulation 
systems must be demonstrated through blast tests.

Previous work has shown that spray applied PFP materials 
(cementitious, epoxy) are normally not vulnerable to drag loads. 
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The critical parameter for such materials is the response of 
the structure. Large deformations of the structure may cause 
cracking in the PFP, and hence reduce the fire proofing capability. 
For such materials a strain criterion is therefore introduced. 

Laboratory tests for determining limiting strain are available. 
A test program for different offshore type PFP materials was 
carried out at SINTEF in the period 1984-1987 (Ref. /29/).

The different PFP materials can withstand different strain levels. 
In order to assess the potential for damage from explosion 
an explosion response analysis of the structure is therefore 
required. 

In addition to the explosion pressure, flying objects impacting 
fire proofed structures may be a problem. However, such 
damage will be limited.

“Coatback” is the extension of the PFP coating from the 
protected primary members along secondary, tertiary members 
or plate to limit local heating of the protected member at the 
attachment point and hence reduce the potential of premature 
failure.

It has been common to specify the same requirements for 
beams/columns protruding partitions as for un-insulated 
secondary elements attached to insulated primary load bearing 
elements in the structural frame. A normal requirement has 
been 450mm “coat-back”. It may, however, be worthwhile to 
analyze this in detail to avoid excessive PFP.

Further description of “coatback” can be found in Ref. /1/.

8.2.2  Walkways and stair towers
Walkways are plated steel decks, punch hole plates or grating. 
The walkways are normally made of steel, aluminium alloy or 
composite materials.

Stair towers are normally free-standing, multi storey structures 
made of steel or aluminium alloy. The stairways and steps may 
be made of different materials than the stair tower structure.
Steel, aluminium alloy and composite products are quite different 
with respect to fire resistance. A common requirement is that:
•  “steel should be the preferable material used in escape 

routes that may be exposed to hydro-carbon fires, including 
handrails and stairs. Other materials may only be used if 
documented acceptable with respect to survivability“

This is a direct recognition of the fact that aluminium alloys will 
melt (see Section 8.1.2) and that composite structures have 
limited fire resistance to high intensity fires (see Section 8.1.3). 
See also Ref. /25/ and /26/.
The following major differences between walkways made of 

steel, aluminium alloys and composite should be noted:
• Steel will regain strength when cooled after a fire
•  Aluminium alloys subjected to high intensity fires will melt 

(visible damage).
•  Aluminium alloys will not regain strength when cooled after a 

fire
•  Composite deck grating subjected to high intensity fires may 

still be intact, but strength loss will be considerable (invisible 
damage).

The risk of incendive frictional sparking must also be assessed 
where aluminium alloys are used.  See Section 8.1.2 and Ref. 
/26/.

8.2.3  Analysis methods
Several design/analysis methods exist for temperature response 
analyses, e.g.:
•  Simple temperature checks (e.g. 400°C) based on simplified 

“standardized” fires (e.g. standard cellulosic fire or standard 
HC-fire as described in ISO 834-3)

•  Redundancy analysis of global structure by subsequent 
removal of critical elements

•  Deterministic analysis with given DAL fire for structures;
 - uniform fire load for global/semi-global structure
 -  variable location and extent of fire in global/semi-global 

structure for redundancy analysis
 - prolonged duration of DAL fire for a sensitivity study
•  Advanced methods developed to describe material 

softening after ignition of hydrocarbon leaks and subsequent 
heating of structural components when exposed to real HC 
fires.

“Advanced Structural Fire Design”, i.e. a combination of 
probabilistic fire analysis, CFD fire simulations, thermal transfer 
to steel structure and structural collapse analysis, is now 
commonly used in QRA’s. The following should be noted that:
•  The individual temperature increase (component level) 

and the corresponding mechanical response are analyzed 
utilizing temperature dependent material properties of 
structural materials

•  Both standard fire exposure (H60) and DAL fires may be 
considered in the fire response analyses

•  Simulated fires from CFD may be directly coupled with 
temperature response analysis and mechanical analysis. 
However, this presumes that the set of CFD scenarios 
represent the load and exposure on all relevant parts of the 
structure, ref the discussion in Section 6.3.2.

•  The effect of passive fire protection (PFP) materials may be 
included in the temperature response analysis

•  The effect of damaged PFP (or inadequately protected 
members)  may be analyzed

The dimensioning accidental fire loads (DAL fires) should be 
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carefully chosen for use in the fire response analysis, both with 
respect to fire intensity and duration, see the discussion in 
Section 6.3 

In many cases DAL fires are specified as jet fires with a certain 
intensity (250 kW/m2 or 350 kW/m2) and a duration, stationary 
or transient. Since such fires will be highly local (may initially 
occur in many positions and directions) DAL fires for use in 
structural fire response analyses should be defined as a global 
or semi-global fire with an equal or lower intensity. See Section 
6.3.

To take into account the local effect of a high intensity jet fire 
specific requirements can be defined for relevant PFP materials.
The effect or fire duration should always be considered; e.g. the 
duration in the DAL specification should be extended in order to 
analyze the robustness of the structure.

The individual temperature increase (component level) and the 
corresponding mechanical response may be analyzed with 
different computer codes:
• FAHTS and USFOS (Refs. /30/ and /31/)
• LS Dyna (Ref. /32/)
• ABACUS FEA (Ref. /33/)

See also Dimensioning Fire Loads in Section 6.4.

8.3  Partitions
Partitions, or fire divisions, are normally defined with descriptive 
fire ratings, see Section 3.2. 

Penetrations (e.g. for ventilation ducts, piping, cables, beams as 
well as windows and doors in fire divisions), are not to reduce 
the strength or the fire integrity of such divisions.

8.3.1  Decks/bulkheads
Decks and bulkheads separating main areas, and where there 
is a potential for hydrocarbon fires (often defined as fires with 
heat flux > 100 kW/m2) are normally to be H-rated. This means 
tested and certified according to hydrocarbon fires as described 
EN 1363-2 or ISO 834-3. See Section 3.2.

Decks and bulkheads in utility areas and accommodation areas 
are normally B-class or A-class rated. 

The requirements to decks and bulkheads separating main 
areas and/or rooms on an oil and gas offshore unit are given in 
national regulations. 

Decks and bulkheads in utility areas and accommodation areas 
are normally designed according to SOLAS regulations.

The objective of a fire division is that it prevents the spread 

of flames and smoke for given dura-tion. This is achieved by 
satisfying the general requirements in the standardized fire test 
applied regarding:
• structural stability (load bearing function)
• temperature (temperature on unexposed side)
•  integrity (tightness regarding leakage of flames or hot 

gasses)

It is important that both the general functional requirement 
and the three classification require-ments are considered. Any 
essential supporting structures for a fire partition are to have as 
a minimum the same fire resistance as the partition.

Also for A-0 and H-0 partitions (-0 means that there are no 
requirements regarding unexposed side temperatures) it is 
essential to evaluate the risk of fire spread due to radiation.

An A-0 partition is normally an un-insulated steel deck or 
bulkhead. When steady state condi-tions are reached the 
plated steel of the deck or bulkhead will emit half the incoming 
heat flux as radiation from unexposed side.

An H-0 partition can, according to the definition, also be an un-
insulated steel deck or bulkhead, even if the structural frame of 
the partition (beams, columns, stringers) may be fire proofed.

The steel plating of an H-0 partition subjected to e.g. 200 kW/
m2 will after a short time be heated to approximately 800-900oC, 
hence the unexposed face of the partition emits 100 kW/m2 to 
the surroundings.

It is therefore important to check the presence of combustibles, 
critical components or equipment on the opposite side.

Fire rated partitions is to withstand any dimensioning jet fires. 
See Section 3.2.3.

8.3.2  Elements (door/windows)
Fire divisions are normally equipped with access openings 
(doors, hatches). Windows may also be installed.

Doors and windows are available in all fire ratings, both B-class, 
A-class and H-class.

Even if there are H-class certified windows available it has been 
common not to allow windows to be installed in H partitions 
or walls of accommodation areas facing a process area as the 
windows will also need to withstand explosion loads, and the 
stability of the window frame is vulnerable towards deformations 
in the wall and loading on the window.

Installation of windows in other H partitions should be 
considered with care, especially if there is a potential for jet fires 
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or flying objects due to explosions. Windows will normally be 
structurally weaker than the steel bulkhead. Windows in fire 
divisions should be permanently closed.

All doors and gateways in fire bulkheads should be of self-closing 
type. If it is preferable that the door is open in normal operation 
(e.g. doors in escape routes in accommodation areas), doors 
should be kept normally open by magnets, closing on fire alarm 
(or loss of power). Fire doors in all other areas should be kept 
closed.

It is essential for automatic doors and gateways that the device 
operating the door or gateway is positioned where it cannot be 
destroyed by the fire. Automatically operated doors must be 
fail close.

8.3.3  Penetrations
Penetrations for ventilation ducts, channels, piping, and cables 
are not to reduce the strength or the fire integrity of such 
divisions. All DAL loads (explosion, jet fires and other fire) must 
be applied. 

Where it is necessary to penetrate a fire division it is therefore 
required to use certified (or otherwise documented) penetration 
systems with at least the same fire (and explosion) rating as 
required for the division.

It is essential that the channels, ducts and pipes are adequately 
supported, and that the supports have sufficient load bearing 
capacity when exposed to fire on the fire side of the partition. 
Testing evidence/documentation is required to support this.

For large rectangular channels it must be documented that the 
channel walls do not collapse inwards and create openings.

For steel pipes it must be assessed if thermal elongation of the 
pipe may push the penetration seal out of the sleeve in the wall, 
i.e. the pipe movement must be considered. 

Penetrations in A-0 and H-0 divisions should also be considered 
carefully, especially in decks where fire is defined from below. 
Many pipe penetration systems consist of steel sleeves with a 
fire resistant (and often expanding) foam between the pipe and 
the sleeve. Such foams may expand out of the sleeve and be 
ignited if running down on the heated steel plating. 

If ignited this is a failure of the classification criteria for A and 
H-class partitions, even if such small flames that will normally 
be located close to the sleeve, are far less hazardous than the 
radiation from the A-0/H-0 plating itself.

The same assessment should be applied to cable penetrations in 
A-0 and H-0 partitions. The routing of cables on the unexposed 

side of the fire partition must be carefully be evaluated in order 
to avoid ignition of cable insulation due to radiation from un-
insulated deck/bulkhead-plating.

Penetration of structural elements through the partition is 
normally treated as a “coat-back”-problem, due to potential of 
heat-bridging.  See also Section 8.2.1.

8.4  Process equipment
The main objective of protection of pressurized process 
equipment exposed to fire is to prevent a small (and controllable) 
fire from escalating into a larger (and uncontrollable) fire that 
may threaten personnel outside the vicinity of the initial fire and 
even endanger the whole offshore unit. Hence, a key issue is 
to prevent escalation to nearby process equipment resulting 
in loss of containment and release of significant quantities 
of combustibles. One aspect of such an assessment is the 
necessity of fire resistance for supports.

Before performing analyses to determine the necessary 
protection of process equipment accep-tance criteria 
escalations need to be defined.

8.4.1  Pressure vessels
Fire response analysis of hydrocarbon vessels is a highly 
complex analysis that depends on pressure vessel material type 
and thickness, geometry, pressure conditions, composition 
of content, depressurisation system, wetted surface etc, in 
addition to fire exposure type and potential for local peak 
exposures. 

Various software tools for analysis of hydrocarbon pressure 
vessels are available.
 
8.4.2  Valves (ESV/BDV)
Valves are normally heavy blocks of steel with high heat capacity, 
and hence large valves have normally an inherent fire resistance 
of some minutes. Liquid content will to some degree increase 
the fire resistance by cooling from inside. This should be 
studied in detail/quantitatively as part of the Fire and Explosion 
Evaluation (FEE).  

However, bolted flanges may be the weak element on a valve, 
and often it is therefore required that the valves are fully or partly 
protected with passive fire protection. Passive fire protection for 
valves may be jackets or boxed type. Consideration should also 
be given to the fact that generally ESV’s/BDV’s are fire tested 
in accordance with API 6FA (test temperature 1400oF-1800oF 
or 761oC - 980oC measured with two thermocouples for 30 
minutes) to establish the actual leakage rate across the valve at 
elevated temperatures. Ref. /34/. 

It should be noted that this is a small scale test utilizing a gas 
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burner with an overall relatively low total heat flux to the test 
object. The relevance of results from such test should be 
thoroughly considered with respect to the actual dimensioning 
accidental fire loads.

Fail state condition (open/close/last position) and fire resistance 
of any essential equipment (actuator, accumulator, pilot valves 
etc), cabling or hydraulic/air tubing to actuator must also be 
considered.

8.4.3  Connections
Bolted connections, e.g. flanges, valve connections, etc., must 
be verified with respect to their need for fire protection.  The 
bolts will normally not obtain any cooling from the fluid inside 
the pipes. 

All bolted connections are pre-tensioned.  As the bolts are made 
of high-strength steel, they usually lose their pre-tensioning, 
and get softened at a temperature lower than the pipe rupture 
temperature.  This may possibly lead to a leak even if the stress 
capacity is sufficient. The accep-tability of the leak must be 
considered according to the criteria for unacceptable ruptures.
Fire tests have shown that the failure mode of bolted flanges is 
yielding of the second innermost bolt/nut thread connections. 
When this thread starts to fail the total bolt/nut connection often 
fails dramatically. 

Compact flanges have normally a higher degree of pre-tension 
than ANSI flanges, and hence are susceptible to failure at a 
lower material temperature.

Normally the temperature in the bolts must be kept below 
500oC to avoid losing pre-tension. The factors mentioned 
above mean that connections often need PFP even where the 
pipes themselves do not.

It is however possible to carry out thermal response calculations 
of different bolt sizes and mate-rial types. These calculations 
consider the actual stress conditions under exposure to fire, 
which are then compared against the ultimate tensile strength 
of the material.

For special type connections (Greylock/Techlok flanges) the 
failure mode in fire may be different from traditional bolted 
flanges. It is recommended that the actual fire test of the specific 
connec-tion system is carried out before deciding upon passive 
fire protection.

8.4.4	 	 Pipes
As for pressure vessels the fire resistance of pressurized 
hydrocarbon pipes depends on pipe material type and thickness, 
pressure conditions, composition of content, depressurisation 
systems, wetted surface etc.  in addition to fire exposure type 

and potential for local peak expo-sures.

One method of analyzing pressurized hydrocarbon systems 
exposed to fire is given in Ref. /17/. 

It will always be beneficial to carry out such an analysis before 
the design parameters (material and pipe schedules) are 
decided upon. In many cases an increase of wall thickness or 
change of material type may be the limiting parameter between 
‘PFP’ or ‘no-PFP’.

Fire water piping (dry part) and supports for fire water piping 
should also be addressed.

8.4.5	 	 Supports
The pipe/pressure vessel supports and the secondary steel 
supporting these supports, must keep their integrity until it is 
acceptable for the pipe/pressure vessel they support to rupture. 
For this reasons the supports have to be protected by use of 
PFP, unless total integrity can be demon-strated by analysis.
If for any reason it is decided not to use PFP on all of the 
pipe supports, it must be demonstrated by calculations that 
the change in stress conditions due to the potential failure of 
unprotected supports, will not give an unacceptable contribution 
to pipe rupture.

The secondary steel supporting these supports is not part 
of the process equipment as such, and therefore it must be 
assumed that the integrity of these structures is kept during the 
investigated fire scenario, which needs to be verified for fire as 
part of the structural analysis.

As for other parts of the pressurized system it is only necessary 
that supports for pipes have satisfactory capacity as long as 
required until the system is sufficiently depressurized. Supports 
for vessels containing combustible liquids and heavy equipment 
may require longer fire resistance.

NFPA 15 gives in section 7.4 guidance on the use of deluge 
and fixed water spray systems for exposure protection of e.g. 
vessels, equipment, piping, cable trays and supports of such. 
See Ref. /35/. Acceptance for use of this guidance must be 
given by the national authorities.

8.4.6  Flare system
The flare system is considered a safety system and hence the 
survivability requirement is that all components are to withstand 
the dimensioning fire loads.

8.5  Safety critical equipment
A normal requirement for safety critical equipment is survivability 
to dimensioning accidental loads (e.g. fire):
Equipment that is critical for the effectuation of system actions 
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shall be protected against mecha-nical damage and accidental 
loads until shut down sequence is complete. This include 
ESD valves, accumulators, electrical cables, pneumatic and 
hydraulic tubing. ESD valves shall remain in safe position during 
dimensioning event.

This implies that the fire resistance is to be sufficient such that 
the safety critical equipment func-tions as demanded during 
the DAL event, and that when the individual safety critical 
components fail, the total safety system is to come to a failsafe 
state.

8.5.1  Power and signal cables
Cables are designated with a four letter code (e.g. BFOU and 
TFLP cables). Cable code designation for different cable types 
can be found in relevant cable standards.

It is normal to specify requirements for power and signal 
cables in safety critical systems. This may be cables to valves, 
monitoring systems, emergency lighting, etc.

However, it is not sufficient just to specify that cables are ‘fire 
retardant’ or ‘fire resistant’. These properties are highly test 
specific.

Fire resistant and retardant fire cables are tested according to 
designated test methods. Some often referenced cable test 
methods are UL 2196, NEK 606 and IEC 60331-series and IEC 
60332-series.

Fire	performance	tests:  Operational function of 
cable during fire exposure. 
NEK 606 and IEC 60331-series are 
fire performance tests for cables 

Reaction	to	fire	tests:   Fire tests to determine surface 
spread of flame, smoke emittance, 
etc. (e.g. IEC 60332 tests) 

Always when fire resistance of cables is documented by the IEC 
60331 test, the duration of the operational time for each cable 
must be stated. A statement that a cable is tested (or certified) 
according to IEC 60331 gives no meaning. The operational time 
is the relevant result from this type of test.

Fire resistance tests and reaction to fire tests from NEK and IEC 
are small scale tests with relatively limited heat sources. These 
tests are not relevant for demonstration of fire resistance to pool 
fire or jet fire.

The common method for jet fire testing is described in OTI 95 
634 (Ref. /36/) and ISO 22899-1 (Ref. /37/).
NEK 606 (Ref. /38/) also specifies a “jet fire test for hydrocarbon 

(HCF) fire resistant cables”. This test must however not be 
confused with jet fire resistance according to the OTI 95 634 
and ISO 22899-1 tests.

See also Section 3.1.1.

A flame temperature of 750oC relevant for the IEC 60331 test 
series for cables corresponds to a heat flux of 60 kW/m2. Since 
the propane burner in this test is rather small it is expected that 
the heat flux seen by the cable is even lower (small and shallow 
flames).

When specifying fire requirements for cables it is essential that 
the requirements are adequate for the actual design accidental 
fires.

8.5.2  Pneumatic and hydraulic tubing
Pneumatic and hydraulic tubing are often used for actuators on 
safety critical valves. The tubing close to valves and actuators 
are typically small bore (1/2” NPT), but will normally be supplied 
from a central delivery with larger sizes on pipe racks.

Stainless steel tubing of quality AISI 316 or 304 with diameter 
8mm are delivered with wall thicknesses 1.0 or 1.5 mm. 
Diameter 10 mm is delivered with wall thickness 1.0, 1.5 and 
2.0 mm.

10mm tubing with wall thickness 1.0 mm can operate with a 
working pressure up to 270 barg. The working pressure for the 
air tubing supplying actuators is often as low as 8 barg to 10 
barg, i.e. the capacity is many times the requirement.

The normal operating pressure compared to rupture pressure 
gives very low stress levels in the pipe, and the tubing may 
therefore have sufficient capacity also at elevated temperatures.
In a simplified stress calculation for a 10 mm air tube with wall 
thickness 1.0 mm and internal pressure 10 barg it can be shown 
that the stress level is very low, actually below 5 MPa (Eq. 11 in 
Appendix C of Scandpower Guideline (see Ref. (/17/). Hence, 
the simplified stress calculation shows a stress level of only a 
few percent of the ultimate tensile strength (UTS). 
This implies that small bore tubing of SS316 stainless steels 
have sufficient capacity even at very high temperatures due to 
the every low stress utilization. It is in this example therefore not 
expec-ted that the air tubing will rupture. Similar assessment 
can be made for hydraulic tubing. Hydrau-lic tubing will normally 
operate at higher pressures, but liquid content will to some 
extent enhance the fire resistance.

Capacities of couplings subjected to fire exposure are to be 
assessed.

An essential issue for air tubing is also the use of pressurized 
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bottles close to the actuators. The purpose of the bottles is to 
give local capacity for a number of actions (open/close) of the 
valves without additional supply, even if the air supply from the 
central air system is out of order or damaged.

An essential requirement is that the bottles are equipped with a 
check valve at the inlet, preven-ting the bottle to be emptied if 
the up-stream air pressure is lost.

8.5.3  Cabinets
Requirements for small cabinets containing safety critical 
equipment (SCE) must be related to the critical temperatures for 
the content of the cabinet, and not given as a generic fire rating 
(A60 or H60). Since the heat going into the sides of the cabinets 
will increase the temperature in the air volume and hence the 
temperature of the content, a generic fire rating gives no meaning 
for a cabinet unless it can be demonstrated that the chosen 
rating is conservative and ensures non-critical temperatures 
for the SCE in the cabinet. It should be noted that electronic 
devices are normally very sensitive to high temperatures.

The temperature of the individual components in the cabinet 
with a specific design and wall thickness, when subjected to a 
specified fire (DAL) will therefore be a function of the fire and fire 
duration, cabinet size/surface and the type and degree of filling 
(congestion) of the equipment (specific heat capacity).

It is often seen that a single test result (e.g. from a simple generic 
cabinet type) is used to docu-ment different sized and far more 
complex cabinet geometries. Especially for cabinets produced 
from a number of elements and with multiple joint details, this 
may cause problems. Joints are often the weakest parts of a 
cabinet, especially for cabinets required to withstand jet fires.

Similar to cables, when specifying fire requirements for fire 
resistant cabinets, it is essential that the requirements are 
adequate for the actual design accidental fires.

For large cabinets (e.g. room size containers, LER) identified as 
being impinged by a credible fire scenario, the enclosure is given 
a conservative fire rating i.e. A-60 / H60 above the credible fire 
scenario to mitigate against this situation.
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