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1. Introduction 

 
Company standard MGS-S-REF-H-2.1 Technical Specifications - HSE consists of 
sections and chapters that have their name and designation. 
 
The subject of this part of the MGS-S-REF-H-2.1 is to establish uniform principles 
and systematic procedures in the field of protection of selected bearing steel 
structures technology mainly for production units, as well as in other parts of the 
company so as to maintain as far as possible fire safety in relation to the 
continuity of production, operational safety and optimization of remediation costs 
as well as in case of local fires threaten these structures, as well as the 
optimization of investment and operating costs for such protection. 
 
The company standard represents particularly the application of API 2218 
Fireproofing Practices in Petroleum and Petrochemical Processing Plants 
standard with a focus on proposing on the fire resistance of steel structures and 
other European standards from the field of determining the requirements for 
certification, testing and required documentation of fire-fighting materials used for 
protection of steel structures based on the Assessment “Methods and options on 
increasing the fire resistance of load-bearing steel structures by 
concrete/encasement/casing/coatings according to API  2218 and the possibilities 
of increasing the fire resistance of electrical cables on steel structures, part 1 and 
2.” elaborated by the Fire prevention specialist and specialist on Major industrial 
accidents contracted by SLOVNAFT, a.s. The method of evaluation, the principle 
of determination of requests and criteria has been taken from the mentioned 
norms, however, the system was extended and elaborated to include the 
conditions of the refinery The method of receiving information from API 2218 
norm and does not represent their duplication and distribution, which would 
require the editor´s approval. 
 
The requirements arising out of this standard are applicable to all production and 
storage objects containing flammable liquids, flammable gases and liquefied 
gases. 
 
The requirements included in the chapters 3. up to 16. of this company standard 
apply to the design and application of the protection of the new structures of new 
operating units, files, in case of their changes as well as their repairs.   
 
The requirements contained in Chapter 17 of this company standard apply for the 
restoration of fire-fighting material on existing structures.    
 
Fire-fighting protection system of high-voltage cable wiring and MaR wiring is 
designed in  MGS-S-REF-E-3.6 and MGS-S-REF-I-12.10. 

 

Processing of company standards: 
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Chapter MGS-S-REF-H-2.1 was processed by the SD&HSE departments – Fire 
and process safety. 
 

2. Definitions and terms 

 
For the purposes of this standard, the following definitions and concepts, based 
on the API 2218 definitions and concepts, legislation in the division of fire 
protection, explosion protection and major industrial accidents:  
  
Flammable liquid: a substance that simultaneously satisfies the following 
conditions:  

a) It is not completely gaseous at atmospheric pressure of 101.3 kPa and a 
temperature of 20 °C and 
1. Is liquid according to the criteria referred to in the test procedure, 
2. It is neither solid nor paste according to the criteria specified in the test 

procedure for penetrometric test, or  
3. It starts to melt at a temperature of 20 °C, 

b) It has a saturated vapour pressure of no more than 300 kPa at a 
temperature of 50 ° C, 

c) It has a flash point determined in accordance with the procedure referred 
to  
1. In the Slovak technical standard, or  
2. In special legislation,  
3. At most 250 °C and  

d) The point of combustion can be determined.  
 
Combustible gas: a gas, or a mixture of gases, which also meets the following 
conditions:  

a) at a temperature of 50 °C, it has a saturated vapor pressure greater than 
300 kPa, or at a temperature of 20 °C and an atmospheric pressure of 101 
kPa is completely gaseous, 

b) An ignition point can be determined or it forms an explosive mixture with 
air. 

 
Fire:  is each undesirable burning, in which lives or health of natural persons, or 
animals, property or the environment are immediately endangered, from which 
damage to property, the environment are formed, or which results in killed or 
injured natural person or animal. 
 
Combustion: exothermic reaction of a substance with oxidant generally 
accompanied by flames, radiation, or the emission of smoke, or a combination of 
the previous phenomena. 
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Fire safety of the construction structure: the construction structure’s ability to 
prevent the loss of lives and health of humans, animals and loss of property in the 
event of a fire.  
 
Fire risk: the likely intensity of a fire in a fire zone or its part. 
 
Fire barrier: building construction able to prevent the spread of fire outside the 
zone. 
 
Fire section: the space of the construction structure separated from the rest of 
the fire barrier or separating distances. 
 
Fire load: converted wood mass per unit of the ground area of the fire section, 
whose calorific value is the same as the calorific value of all the flammable 
substances arising in this area. 
 
Fire resistance of building structures: the ability of building structures to 
withstand the effects of fire for some time, so that there is no violation of their 
functions (characterizing it between the states within the prescribed fire 
resistance tests). 
 
Source of leak: the point, or the location from which flammable gas, vapor, or 
liquid can escape into the atmosphere and that can form an explosive gaseous 
atmosphere.  
 
The lower explosion limit (LEL): the concentration of flammable gas, vapor or 
mist mixed with air, below which there is no longer an explosive gaseous 
atmosphere.  
 
The upper explosion limit   (UPL): the concentration of flammable gas, vapor or 
mist mixed with air, above which there is no longer an explosive gaseous 
atmosphere.  
 
Flash point: the lowest temperature of a liquid at which under specified 
conditions, steam vapor is released in such quantities as to create an igniting 
mixture of vapor and air. 
 
Ignition point: the lowest temperature of a hot surface, during which, under 
certain conditions, comes to the ignition of combustible substances in the form of 
gas, vapor or mixed with air. 
 
VCE: Vapor Cloud Explosion. The explosion of vapors (gas) in the cloud occurs 
when the concentration of the explosive substance in the cloud reaches the lower 
explosive limit and an ignition source with sufficiently large initiatory energy is 
present nearby. A pressure wave represents a danger.  
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Jet fire – generated by the ignition of flammable vapors released from a vessel or 
pipe under pressure through a small hole. Vapors generally pull a portion of the 
liquid down with them. The burnup of the leaking material is rather severe. 
 
Flash Fire – (a burning cloud of flammable vapors) arises during the initiation of 
vapors in the limits of flammability. The cloud may also be initiated at a greater 
distance from the site of the leak and then flash back. Flash Fire often initiates Jet 
Fire or Pool Fire with far greater consequences than one alone could have. 
 
Pool Fire – burn out of a pool (puddle) - caused by igniting incurred steam of 
flammable liquid above the surface of the horizontal puddle. The puddle may be 
limited (its area does not expand), or diffluenced. The thermal radiation of the 
flame supports the evaporation from the puddle surface and thus maintains the 
process of burning. 
 
Fire ball Arises as a consequence of the BLEVE effect 
 
BLEVE: Boiling Liquid Evaporation Vapor Explosion. Arises as a result of an 
external fire. 
 
PHA: Process Hazard Analysis – Hazard analysis process is used to identify, 
review and control major hazards associated with dangerous technology 
processes. These risks generally represent the potential for fires, explosions 
and/or the leakage of toxic and combustible materials. 
 
FEI: Fire and Explosion Index – a method for the risk assessment of technology  
 
Construction fire resistance - R 15 (30, 60, 90, 120, 180): the value of the 
required fire resistance in minutes for the maintenance of the load structure 
   
Industrial Fire Brigade (IFB): an organized  professional component of 
physically fit and skilled employees, who meet qualification requirements, health 
and psychological conditions for the performance of functions, management of 
fire-fighting, performing rescue operations during natural disasters and other 
emergencies, performance of rescue, localization and liquidation work in 
emergency situations in its territorial (emergency) circuit - in the area of the 
business. 
 
Fire station: the building with technical equipment intended to ensure continuous 
operation of the fire-brigade, placement of firefighting equipment and material 
resources, the activities of the professional services and the implementation of 
the professional preparation and the training of employees for the fire brigade. 
 
Fire Brigade equipment: all kinds of mobile technical means and stationary 
technical equipment (fire trucks, fire trailers, fire containers, portable motorized 
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pumps and other equipment), which are used in firefighting and in performing 
rescue operations during natural disasters and other emergencies. 
 
Fire-fighting intervention: a set of activities of State Fire Department members, 
employees and members of fire brigades, as well as fire protection watch of 
workplaces and natural persons, focused on firefighting and carrying out rescue 
operations during natural disasters and other extraordinary emergencies for the 
rescue of persons, animals or property, or protecting the environment. 
 
Material: a single basic substance or uniformly distributed over a mixture of 
substances.  
 
Fire detection and fire-fighting devices – Fire alarm/detection systems ( FAS ), 
Fixed fire-fighting systems ( FFS ), Semifixed fire- figting systems ( SFFS ), 
monitor with remote control ( MRC ), manual  fixed monitors ( PFM ) , hydrant 
network ( HN ) . 

  

3. Objectives, reasons and the need for protection of steel structures, 
increasing their fire resistance  

 
3.1 Steel structures are dangerous in that if overheated to a temperature of about 
500 ° C they crash due to loss of strength and tear off also other heavy 
structures, with which they are joined or anchored into them. Therefore, it is 
necessary to pay close attention to the fire protection of steel. A great source of 
danger in the steel remains is its thermal expansion. Another negative feature of 
steel is its leaking at higher temperatures. If the steel structures are not fire 
protected, they demonstrate virtually no significant value of their fire resistance, 
thus limiting their use in some cases. 
 
3.2 The main benefit of increasing the fire resistance of structures is that they are 
protected during the initial phases of the formation and development of the fire, 
when the main attention is given in particular to activities aimed at shutdown of 
the unit, isolating (closure) of the flow of media and flammable substances into 
the site of the fire, the activation of devices designed to suppress fire and 
preparation e.g. streams of water for cooling of adjacent devices. 
 
3.3 During this critical period, however, not protected load-bearing structures of  
important equipment may lose its strength and static properties due to e.g. 
directional Jet Fire and exposure to the high heat flows generated in such fires. 
They may collapse, or distort, which can lead to escalation of the crash and the 
damage to property and to the long-term loss of production. 
 
3.4. Increasing fire resistance is not intended to prevent a fire and may not have 
any significant impact on the final scope of the damaged property, where an 
intense fire lasts considerably longer than the time for maintaining the fire 
resistance of the structure.  
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3.5 At an appropriate implementation, an increase of fire resistance can 
significantly reduce losses, both through the device protection itself and provide 
additional time for safe shutdown or restricting the production or extinguishing the 
fire before the effects of thermal radiation or an actual flame will cause failure – 
the collapse of the supporting elements of technology. 
 
3.6 However, it has no practical importance to increase the fire resistance of all 
structures of production structures, technologies, but only for selected areas, 
devices and in certain fire scenarios. It is applied in a local range, according to 
the fire scenario, therefore, it is necessary to know the characteristics of such fire 
scenarios that can occur on the risky technology. 
 
3.7 Increasing fire resistance of bearing steel structures must mainly be related to 
bearing steel structures of important devices, pipe and cable bridges (the bearing 
supports) whose collapse could cause widespread damages. 
 
3.8 The need to increase fire resistance depends on: 

 potential impacts of the fire scenario on the employees of the 
establishment, the public, or the environment,  

 the likelihood of a fire scenario arising. If occurrence of multiple fire 
scenarios   is possible on the examined device, then the probability of 
various fire scenarios is determined, which then has an impact on the 
frequency of their occurrence,  

 the consequences of a fire scenario (impacts of heat flux, flame length, 
etc.), 

 the financial value of the risk assessment of the operation, or equipment, 

 the importance of equipment in terms of renewal of business after the fire 
incident and operating revenue. 

 

4. The definition of the main criteria for increasing fire resistance of steel 
load-bearing structures 

 
4.1 Conditions, roles and responsibilities regarding the identification of dangers, 
risk assessment, identification and tracking of recommendations for their 
reduction in the procedure of risk analysis, as well as setting safety rules in the 
procedure of changes management and for performance of safety test prior to 
initiation of operation are specified by the internal regulations HSE_1_G2_SN1 
Risk management and setting of safety rules for changes management that has 
to be respected in this process. 
 
4.2 It is necessary to use FEI methodology in the context of risk assessment in 
the PHA process for technology evaluation for defining the criteria for increasing 
the fire resistance of bearing steel structures.  
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4.3 In case of new technologies, it is necessary to prepare the requirements for 
fire resistance already in the project preparation stage of the relevant risk 
technology, which requires that a risk assessment would be also carried out 
along with the project preparation within which it is necessary to apply the FEI 
methodology.   

 

4.4 During assessment of risk, technology or operation, technology will be divided 
into “isolable nodes” i.e. for smaller technological sections.  Using the FEI 
methodology, technology nodes are classified into groups with high, medium or 
low risk of the fire or without fire risk.  
 
4.5 Further, detailed risk assessments ensures the identification, localization and 
evaluation of potential consequences of fire scenarios of Pool fire type and Jet 
fire in the assessed technological node, as well as defining time duration of these 
scenarios and also assessing their acceptability or unacceptability in terms of 
business. At the same time, the likelihood of these fire scenarios and their 
potential impacts and consequences will also be determined. The consequences 
and implications of the relevant accident scenarios, as well as their duration, will 
be suppressed on the basis of passive or active barriers. Safety and security 
barriers significantly reduce the risks of the development of relevant fire scenarios 
and the probability of their occurrence. In case of fire scenarios of Pool fire and 
Jet fire types, appropriate measures need to be taken on the relevant technology 
already in its proposal. 
 
4.6 Increasing the fire resistance of bearing structures refers to the dangerous 
zones in technology that are specified by locating devices of high and medium 
fire risk and by extent of dangerous heat flows of Pool and Jet fires. The 
dangerous zones are then divided into dangerous zones associated with Pool fire 
and dangerous zones associated with Jet fire. Different requirements for 
increasing the fire resistance of bearing steel structures in the danger zone of 
Pool fires (long-lasting fires) are applied than requirements for increasing the fire 
resistance of bearing steel structures in danger zone of Jet fires (short-lasting 
fires).  

 
4.7  In case of the flame temperatures  in the Pool fire type, values in the range 
from 870 ° C to 1100 ° C are stated for hydrocarbon flammable liquids, and for 
large fires with a range of 30 m – 50 m of Pool fire type the maximum 
temperature of the flame 1380 ° C is stated. Realistically, the heat is absorbed by 
the surrounding materials and structures in the dangerous zone, therefore the 
maximum temperatures usually do not exceed 1000 ° C.   
 
4.8 Total and immediate released heat flow defines the rate of thermal stress of 
structures far more accurately and objectively, and therefore also the stress of the 
materials used to improve the fire resistance of bearing steel structures.  
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4.9 It is necessary to dimension fire resistance to heat flows, which are increasing 
as a result of increasing its resources, but the temperature remains unchanged. 
The heat flow is proportional to the flow of the leaking medium, therefore, to the 
size of the source of fire. 
 
4.10 The radius of thermal radiation, or effects of the flame from fire scenarios of 
Pool fire and Jet fire type may be at a level of approximately 37.5 kW.m-2, which 
already represents a destructive value for the unprotected fire-fighting steel 
structures, i.e. such heat flows are already causing the loss of their capacity and 
stability.  
Achieving 50% and more of the destructive value of the thermal radiation from the 
fire scenarios, or if the value of the thermal radiation from the fire scenario 
reaches the value more than 18.5 kW.m-2, it represents a dangerous value.  
From 20% to 50% of the value of the thermal radiation from the fire scenarios, or 
if the value of the thermal radiation from the fire scenario reaches the value from 
7.5 kW.m -2 to 18.5 kW.m-2, it represents a medium value.  
Achieving less than 20% of the destructive value of the thermal radiation from the 
fire scenarios, or if the value of the thermal radiation from the fire scenario 
reaches the value less than 7.5 kW.m-2 of the thermal radiation from the fire 
scenarios, it represents a safe value.     
Fire protection, by increasing the fire resistance of bearing steel structure, must 
be implemented on bearing steel structures affected by thermal radiation, or 
effects of a flame of fire scenarios of Pool fire and Jet fire types with a value of 
more than 18.5 kW.m-2 . 

 

4.11 In case of bearing steel structures, other fire scenarios (BLEVE, Flash fire, 
or Fire ball) are not taken into account, because they have disastrous 
consequences and the probability of their occurrence, as opposed to the Pool 
and Jet fires is significantly lower.  
 

4.12 Where a request to provide a higher fire resistance occurs as it is stated for 
the technological node, its need must be proven within a comprehensive and 
detailed analysis. Within it, it is necessary to assess the existing as well as 
proposed elements and protection systems, as well as the influence of the local 
Industrial fire brigade. The analysis must demonstrate that through the proposed 
or additional systems of fire safety and interventions of the Industrial fire brigade, 
there will be no reduction in the frequency of relevant fire scenarios occurrence to 
an acceptable level and the duration of relevant fire scenarios below a specified 
time period specified for the technological node.   
 
4.13 Each design element has to be dimensioned according to the actual values 
e.g. according to its load and use, i.e. in the case of increasing its fire resistance, 
additional load of materials used for improving fire resistance must be taken into 
account. 
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4.14 The Contractor of the fire structure shall declare the fire resistance of the 
material according to the hydrocarbon temperature curve. The contractor shall 
state the entire structure composition in the fire structure certificate. The required 
fire resistance of the material according to the hydrocarbon temperature curve is 
conditioned by complying with the technology prescribed by the manufacturer. 
 
4.15 When designing a material for increasing the fire resistance of structures, it 
is necessary to determine whether the material is suitable to the outside and 
moist environment, whether it does not cause the corrosion of steel, whether it is 
necessary to additionally protect the structure with an anti-corrosive coating prior 
to its application. The impact of the designed material (spraying) on the corrosion 
of the structure must be proved by test. Test protocol with the results of fire 
resistance tests is issued by an authorized person. Other basic properties of 
these materials and products include stability of the parameters and the quality 
that are manifested, for example, by the established system of quality 
management of production control by the manufacturer, etc. 
 
4.16 Operating conditions, as well as requirements and risk analysis results must 
be taken into account when selecting material for increasing the fire resistance. 
 

5. Identification of fire risk and classification of technology nodes into 
zones 

 
5.1 The distribution of production units, storage units is based on the identification 
and localization of fire danger areas - - technological nodes, quantity, volume and 
flow rate of corresponding drainage system (collection, catch and emergency 
basins). Identification includes quantities of flammable substances, pressure, 
temperature and chemical composition of the materials and substances present 
in the considered area (equipment). It is about risk assessment of the 
technological nodes and their classification in categories of high, medium and low 
fire risk or without fire risk.  
 
5.2 The fire hazard value is determined for each technology node. Chemical 
reactors must be considered separately. 
 
5.3 Identification of fire risk is based on the project solution of fire protection that 
is based on national standards of fire protection, as well as the procedures for 
risk assessment in the PHA process (FEI methodology).  Already in the process 
of preparing new technological devices, it is necessary to perform a preliminary 
risk assessment (PHA).  
 
5.4. The result is a determination of the degree of risk of fire and explosion: the 
technological node with a high fire risk, technological node with a medium fire 
risk, technological node with a low fire risk. The FEI methodology, through which 
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the degree of fire risk is determined on the basis of the value of the fire explosive 
index, is included in Appendix 1. 
 
5.5 Production devices, technological nodes, storage systems are divided into the 
following zones: 

 

 the dangerous zones in the assessed operations are technological nodes 
with high and medium fire risk;   

 the dangerous zones in the assessed operations are technological nodes 
with high and medium fire risk;   

 the safe zones in the assessed operations are technological nodes without 
fire risk. 

 
5.6 A list of devices with high, medium, or low fire risk, classified in selected 
technological node is included in Appendix 2. 
 
5.7 The technological node with a high or medium fire risk is a starting source for 
further determination of protection of bearing steel structures. The scope of the 
protection of the bearing steel structures is determined through another 
procedure, i.e. identifying fire scenarios that may occur in the relevant devices.  
 
5.8 In terms of eliminating and suppressing the danger zones in risky 
technologies,  however, the analysis and the results of the risk assessment are 
decisive that must be carried out for these technologies already at the stage of 
their project preparation or they must be updated on existing technologies in case 
of their reconstruction and change. 
 
5.9 If such nodes - parts of the technology are in assessed technology, in which 
failure or accident may lead to escalation and possible endangering neighboring 
technology units, to the so-called domino effect, or endangering surroundings of 
the company premises, then preventive measures need to be implemented 
already in the design phase in order to eliminate or at least suppress the 
development of such an event. One of the appropriate measures is also 
increasing the fire resistance of structures, protection of structures against fire. 
Steel bearing constructional and technological structures that show low fire 
resistance when unprotected, are characteristic for the production technologies.   
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Figure 5.1- Schematic procedure for systematic assessment of fire hazards 

 

6. Fire scenarios and fire resistance of steel structures 

 

6.1 Probable duration of the fire, determined according to staining the structures 
by hydrocarbon curve; it is also the lowest required fire resistance of these 
structures.  

 
6.2 The required fire resistance is determined by the time during which the 
structure is supposed to be protected. The selected value of fire resistance is 
applied to the most of the bearing structural elements in the range of fire 
scenario. 
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6.3 In order to determine the value of fire resistance, it is necessary to carefully 
analyze relevant technologies and their devices of high and medium fire risk, as 
well as determine the requirements for fire resistance in accordance with 
identified fire scenarios that may occur on the relevant devices, or by which these 
devices may be endangered.  
It is clear that: 
 

 the fires of Jet fires have in practice only a short duration, therefore in their 
case fire resistance is not important, but the quality and extent of increasing 
the fire resistance of potentially endangered structures, 
 

 Pool fires can nowadays be modeled in detail, it is possible to precisely define 
the fire resistance in them for selected structures endangered by them, 
however 
 

 it is meaningless to determine the requirements for fire resistance for fire 
scenarios of BLEVE, Fire ball, Flash fire type, because those are catastrophic 
emergency scenarios, in which another domino effects are anticipated 
triggered by them (escalation of the accident). 
 

6.4. For the determination of the required fire resistance (fire resistance time) the 
following parameters are necessary: 
 

 The time required to detect and report a fire (FAS , by telephone) 

 The time required to stop the flow and backflow of a combustible liquid, gas, or 
fuel (gas)  

 Availability and ensuring the continuous supply of water for fire-fighting and 
cooling of the structures and equipment endangered by fire  

 The time required to start the fire extinguishing devices (FFS, SFFS, water 
curtains) 

 Response time and the ability of the Industrial fire brigade or other fire-fighting 
brigades (professional fire departments), to apply fire-extinguishing means 

 The time required to drain the leaked flammable liquids into the emergency 
reservoir. 

 
6.5 If the important devices with a high fire risk, such as operational storage 
tanks, reactors, regenerators, coolers are located at a height, their value for fire 
resistance must be maintained regardless of the height of the relevant structure. 
In other cases, especially at higher technological levels, the value of fire 
resistance may be reduced, however it is necessary to take into account the 
possibilities of evacuation of persons.   
 
6.6 The standard value of required fire resistance is defined by R90 value for 
bearing steel structures of selected devices located in zones with high fire 
potential. These requirements must be accepted for the Pool Fire scenario. If the 
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fire is greater as well as the intensity of the radiant heat released, then the fire 
resistance value should be set up to R180.  
 
6.7 Jet Fire scenarios have only a short duration and therefore for these fire 
scenarios their very existence is essential. The increase of the fire resistance is 
implemented at the site of the range of these scenarios. 
 

7. Protection of the load-bearing steel structures of selected technological 
equipment in hazardous areas 

7.1 Multi-story facility (excluding pipe bridges) in the range of the fire 
scenario 

 

7.1.1 For the  technological node  in the hazardous zone (technology node with 
high or medium fire risk) and with the ability for fire development, the protection of 
structures must be performed on vertical and horizontal load-bearing elements of 
the steel structure from the ground level to the top floor, on which the 
technological components are placed. As shown in Figure 8.11. 
 
 

 
Figure 7.1.1 Structural support equipment with fire risk within range of fire 
scenarios 
 

7.1.2 If the collapse of the unprotected steel structure, which is within range of the 
fire scenario, may lead to significant damage near equipment with fire risk, 
consideration should be given to increasing the fire resistance of these vertical 
and horizontal steel elements up to 9.1 m, as shown in Figure 7.1.2. 
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Figure 7.1.2 Structural support of equipment with and without fire risk 
 
7.1.3 Protection of structures shall be applied also to angle clips and diagonal 
anchorings/brackets of steel structures, which support vertical or horizontal 
stability of pillars placed within reach of fire scenario, on the fire resistance value 
R15, more precisely R30 (for Jet fire) and R90 (for Pool fire). This anchoring 
exposed to fire can lead the heat to already fire resistant parts of steel structures 
and negatively influence the fire resistance value of already fire resistant 
structure. If these angle clips and diagonal anchors/brackets used only due to the 
wind, earthquake or impact load, their fire resistance does not have to be 
increased.  
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7.1.4 If the reactors, vertical storage tanks or similar equipment are installed on 
protected steel structure or reinforced concrete structure, it is necessary to design 
the increase of fire resistance of their supportive steel brackets/anchors, rings or 
chassis. It is necessary to pay attention during designing fire resistance of 
supports of equipment, storage tanks, which are operated during high 
temperatures, especially from the viewpoint of insulation effects of materials, so 
that they do not lead to overheating of structures, to prevent heat stress and 
cracking of fire resistant materials. 
 
7.1.5 If there is increase of fire resistance of horizontal girders bearing pipeline 
located within reach of fire scenario designed, it is not necessary to protect the 
upper surface of the girder, if it is necessary to keep smooth surface due to the 
movement – pipeline expansion.  
 
7.1.6 In the dangerous zone of technology and within reach of Pool fire and Jet 
fire (18.5 kW m-2), the fire resistance of vertical and horizontal load-bearing steel 
structures must be implemented to fire resistance of at least R15, more precisely 
R30 (the value R15, more precisely R30 applies only to fires of Jet fire type) and 
to the standard fire resistance R90 for fires of Pool fire type.  
 
7.1.7 If the collapse of unprotected load-bearing steel structure can lead to 
notably higher damage of nearby equipment in the dangerous zone, then it is 
necessary to implement the fire resistance of load-bearing steel structures to at 
least R15, more precisely R30 (for Jet fire) and R90 (for Pool fire). 
 
7.1.8 If the reactors, vertical storage tanks or similar equipment are installed on 
protected steel structure or reinforced concrete structure, it is necessary to design 
the fire resistance of supportive steel brackets/anchors, rings or chassis to at 
least fire resistance R15, respectively R30 (for Jet fire) and R90 (for Pool fire).  
  
7.1.9. The requirements for fire resistance higher than R30 for Jet fire, 
respectively R90 for Pool fire can be adopted based on the results of the risk 
analysis. 
 

7.2  Girders of steel structures for pipe bridges within reach of fire scenario 
 

7.2.1 It is necessary to solve the protection of structures also in the case of 
vertical and horizontal supports of pipe bridges within reach of fire scenario to the 
level of the first floor included, especially when the given pipeline contains 
flammable materials, flammable liquids or toxic materials to the fire resistance at 
least R15, respectively R30 (Jet fire) and R90 (Pool fire). 
 
 
7.2.2 If the pipe bridge bears a pipeline with diameter more than 150 mm on the 
level above the first horizontal girder, or if big liquid hydrocarbon pumps are 
installed under the pipe bridge, it is necessary to design fire resistance until the 
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floor level to the height of 9 m to at least R15-30 (Jet fire) and R90 (Pool fire), 
according to the following Figure 7.2.1.  
 
 

 
Figure 7.2.1 Equipment without and with pumps within reach of fire scenario 
 
7.2.3 Anchors/brackets designed for the protection against the wind or 
earthquake, and non load-bearing elements of girders that run parallel with the 
pipeline on the pipe bridge do not have to have increased fire resistance. If 
connections of pipe bridges to the main pipeline tracks are difficult, increase of 
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fire resistance can be extended to a distance of 450 mm from the main pipeline 
tracks. 
 
7.2.4 If fans of cooling units are installed on the top of the pipeline bridge within 
reach of fire scenario, it is necessary to design fire resistance of all vertical and 
horizontal load-bearing elements on all levels of the pipe bridge, including load-
bearing elements of fan of cooling units not regarding their height above the 
ground level, to fire resistance at least R15-30 (Jet fire) and R90 (Pool fire), 
according to the following Figure 7.2.2. 

 
Figure 7.2.2 Pipeline supports within reach of fire scenario bearing cooling fan  
 
7.2.5 Increase of fire resistance shall be applied also to angle clips and diagonal 
anchors/brackets, which contribute to the keep of load-bearing capacity of vertical 
load. Anchors/brackets, which are exposed to fire must be evaluated from the 
potential heat leading effects viewpoint. Angle clips or diagonal anchors/brackets 
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designed for protection against wind or earthquake do not have to have increased 
fire resistance. 
 
7.2.6 For auxiliary elements of non load-bearing structures of pipelines located 
outside the main pipe bridge ( small transverse pipe bridges, independent girders, 
individual T columns and pillars with anchors/brackets) supporting pipeline with a 
diameter of more than 150 mm, or an important pipeline, desludging pipelines or 
suction pipelines of pumps from storage tanks, it is necessary to design a fire 
resistance of at least R15-30 (Jet fire) and R90 (Pool fire), according to the 
following Figure 7.2.3. 
 

 
 
Figure 7.2.3 Pipeline support within reach of fire scenario 
 
7.2.7 If the pipeline containing flammable or toxic materials is suspended on 
springs or fastened with seams from the supportive element of the pipe bridge 
and the spring is within reach of fire scenario, anchor girder must be 
implemented. Anchor girder (beam) and its supports must be fire protected on the 
fire resistance of at least R15-30 (Jet fire) and R90 (Pool fire). If the pipeline, 
which is suspended in spring seam and runs only on pipe bridge, where are 
pipelines with flammable or toxic substances, then the supports of pipe bridge 
should be fire protected, as handling girder.  
Between the anchor/bracket or beam and pipeline must be sufficient distance, 
which allows free movement. 
 
7.2.8. The requirements for fire resistance higher than R30 for Jet fire, 
respectively R90 for Pool fire can be adopted based on the results of risk 
analysis. 

 

7.3  Cooling units within reach of fire scenario 
 
7.3.1 It is necessary to design fire resistance for the following equipment and their 
parts that are within reach of the fire scenario:  
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7.3.2 Girders (supports) of fan cooling units in technology with hydrocarbons in 
the dangerous zones, located on the ground level, in the range of fire scenario 
Pool fire or Jet fire requires the minimum fire resistance of R15, respectively R30 
for Jet fire scenario and R90 for Pool fire scenario. 
 
7.3.3 Structural girders (supports) of all air cooled exchangers working with 
flammable liquids, or liquids supporting combustion, if the entry temperature of 
liquid is above the self-ignition temperature, or above  315 °C, the lower 
temperature is taken into consideration, and the minimum fire resistance R15-30 
for Jet fire scenario and R90 for Pool fire scenario are required.  
 
7.3.4 Structure girders (supports) in horizontal circuit of 6 to 12 m not regarding 
the height from air cooled exchangers located above the basin or equipment 
containing flammable substances, the minimum fire resistance R15-30 for Jet fire 
scenario and R90 for Pool fire scenario are required.   
 
7.3.5 It is necessary to fire protect air cooled exchangers located above the pipe 
bridges, vertical and horizontal load-bearing elements on all levels of pipe bridge, 
including load-bearing elements of exchangers, not regarding their height above 
the ground level.   
 
7.3.6 Increase of fire resistance shall not be implemented, if air cooled units work 
only with gas and are not exposed to fire from other equipment.  If such cooling 
unit with gas fails (does not contain any liquid, which can spill), then the potential 
fire above the cooling unit cannot move down to the ground level. 
 
7.3.7 The requirements for fire resistance higher than R30 for Jet fire, 
respectively R90 for Pool fire can be adopted based on the results of risk 
analysis. 

 

7.4  Vertical and horizontal storage tanks within reach of fire scenario 
 

7.4.1 It is necessary to design fire resistance for the following equipment and their 
parts that are within reach of the fire scenario:  
 
7.4.2 The outer surfaces of covers bearing horizontal or vertical storage tanks, as 
well as the inner surfaces of these covers, if there are flanges or valves inside the 
cover, or if there are not sealed holes surpassing diameter of 600 mm, the 
minimum fire resistance R30 is required.   
 
7.4.3 Holes, except the holes of manholes, must be sealed with removable steel 
plank at least 6 mm thick. In the design, it is necessary to consider minimizing the 
influence of spreading fire through ventilation holes and pipe seals. 
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7.4.4 Anchors/brackets, or rings, that are used for the fastening of vertical 
reboilers, or exchangers to vertical storage tanks, or vertical covers, the minimum 
fire resistance R30 is required.  
 
7.4.5 The specific requirements are applied for LPG storage tank, described in 
section 7.11 and 7.12 of this MGS. 
 
7.4.6 The requirements for fire resistance higher than R30 for Jet fire, 
respectivelyR90 for Pool fire can be adopted based on the results of risk analysis. 

 

7.5  Supports for vertical and horizontal storage tanks within reach of fire 
scenario 

 
7.5.1 It is necessary to design fire resistance for the following equipment and their 
parts that are within reach of the fire scenario.  
 
7.5.2 Supports across the whole load-bearing height of vertical or horizontal 
storage tanks, raised and placed on uncovered load-bearing steel structures, it is 
necessary to design fire resistance R90 of these supports across the whole load-
bearing height. 

7.6  Supports for horizontal heat exchangers, cooling units, storage tanks, 
drums, containers and catch basins within reach of fire scenario  

 
7.6.1 It is necessary to design fire resistance for the following equipment and their 
parts that are within reach of the fire scenario:  
 
7.6.2 Supporting steel structures, which are supporting the horizontal heat 
exchangers, cooling units, storage tanks, drums, containers and catch basins 
with a radius of more than 750 mm, if minimum vertical distance between the 
concrete pillar and the surface of the container exceeds 300 mm, it is necessary 
to design their fire resistance to R90. 
 
7.6.3 Requirements for a higher fire resistance as R90 can be adopted based on 
the results of risk analysis – especially based on the influence of fire equipment 
and the action of a unit of company fire department. 

 

7.7  Combustion furnaces/boilers within reach of fire scenario 
 
7.7.1 It is necessary to design fire resistance for the following devices and their 
parts that are within reach of fire scenario:  
 
7.7.2 The required fire resistance of structural load-bearing steel structures 
supporting combustion furnaces working with flammable liquids, combustible 
gases, or gases supporting combustion is R90. This also applies to the 
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combustion furnaces without hydrocarbons, like steam units, or catalytic cracking 
units, if their failure led to the damage of neighboring hydrocarbon devices or 
pipelines. 
 
7.7.3 Structural supports of pipelines or flues, if flue gasses from various furnaces 
and boilers pass through.  
 
7.7.4 Collective chimneys working with flue gases from various furnaces, boilers - 
if structural supports of pipelines or flues are located within range of fire scenario, 
it is necessary to design their fire resistance value to R90.    
 
7.7.5 The requirements for higher fire resistance than R90 shall be adopted 
based on the results of risk analysis – especially based on the influence of fire 
equipment and the action of a unit of company fire department. 

 

7.8  Pneumatic and hydraulic control wiring 
 
7.8.1 Pneumatic and hydraulic instrumental wiring, which shall ensure the 
activation of systems providing the suppression of the fire, or the reduction of fire 
or explosion consequences, shall be protected against the fire, if not designed for 
safe shutdown of the system during fire. In this case, they must be protected 
against fire for 30 minutes. If it is not inevitable to activate such systems, it is not 
necessary to protect them from the effects of fire. Stainless steel pipes pursuant 
to the ASTM Type 304, Type 316 and Type 321 are highly resistant to 
hydrocarbon fire and do not have to be protected with insulation materials. It is 
also necessary to design the protection against fire for pipes with preformed 
pipeline insulation operated at the temperature 650 °C, or higher. 
 
7.8.2 It is necessary to evaluate also the fire resistance of other types of control 
pipes, which can fail during fire in less than 30 minutes.  
 
7.8.3. The requirements for fire resistance higher than 30 minutes have to be 
adopted based on the results of risk analysis.   

 

7.9  Load-bearing structures of cable bridges 
 
7.9.1 If load-bearing structures of cable bridges are situated within reach of fire 
scenarios, it is necessary to design their fire resistance in the same way as for 
pipe bridges.  

7.10 Pipe bridges within reach of fire scenario, situated outside the 
production units 

 
7.10.1 If load-bearing steel structures of the pipe bridge supports are placed 
outside the production units, but within reach of fire scenarios, their fire resistance 
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must be evaluated and there should be proposed its increase. Their fire 
resistance from the main load-bearing elements to a distance of 450 mm shall be 
proposed on the value R30 for the fire scenario Jet fire and R90 for the fire 
scenario Pool fire.  
 
7.10.2 If the important pipe bridge leads at a distance 6 to 12 m from the open 
sump pit or ditch, which can contain flammable liquid waste, it is necessary to 
design the fire resistance of the pipe bridge supports in the same way as stated in 
the previous paragraph 7.10.1. 
 
7.10.3 In case of the pipeline transporting hydrocarbon flammable liquids, which 
uses spring expansion joints it is necessary to proceed pursuant to the previous 
paragraph 7.10.2.   
 
7.10.4 The requirements for the fire resistance higher than R30 for the fire 
scenario Jet fire and on the value R90 for the fire scenario Pool fire can be 
adopted based on the result of risk analysis – especially based on the influence 
of fire equipment and the action of a unit of company fire department. 

 

7.11 LPG Spherical storage tanks within reach of fire scenarios 
 
7.11.1 In case of LPG storage tanks not protected by a fixed extinguishing 
system as the devices with high fire risk, it is necessary to protect the parts of the 
storage tank identified according to the fire scenario against Pool fire.  It is 
necessary to design the fire resistance of their load-bearing structures to 90 
minutes. The designed fire resistance shall be able to bear the exposition of Pool 
fire, and shall be resistant to the direct flow of water due to extinguishing.  
 
7.11.2. Structural supports shall be fire resistant to the same value on all parts of 
above-ground structure ensuring load-carrying capacity of full LPG storage tank. 
Horizontal load-bearing chassis is necessary to be fire resistant, where the 
distance between the bottom of tank and the top of supporting structure is more 
than 300mm.   
 
7.11.3 Fire resistance shall be implemented from the supporting structure to the 
tank, but shall not cover places, where the supporting chassis is located, or 
where is the structural support welded to the tank. If the vertical tank is supported 
by the cover, its outer part shall be fire protected and its inner part shall also be 
fire protected where is more than one access hole in the cover, which is not 
possible to be covered. 
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7.12 Horizontal LPG spherical storage tanks within reach of fire 
scenarios 

 
7.12.1 As devices with high fire risk, horizontal pressure LPG storage tanks shall 
meet the same requirements as spherical LPG storage tanks. They should be 
installed on the reinforced concrete load-bearing chassis.  
 
7.12.2 All concrete structural supports of storage tanks must meet the same 
requirements for fire resistance as the steel ones - 90 minutes.  
 
7.12.3 Increase of fire resistance shall be designed for uncovered steel supports 
of storage tanks, which overcome the minimum distance of 300 mm at its thinnest 
point. 
 

7.13 Field burners within reach of fire scenario 
 
7.13.1 If the supporting parts of fire burner pipelines are within reach of the fire 
scenario, or if they are near the open emergency tanks or ditches which contain 
higher amount of hydrocarbon flammable liquids, it is necessary to evaluate then 
and to design increase of fire resistance on the value R90.   

 

8. Definition of the fire resistance scope 

 
8.1 The definition of the fire scenario range, its character and duration, and 
defining the amount of fire is basic for the determination of the increase range of 
fire resistance of structures and the fire resistance value of used firefighting 
material.   
 
8.2 The result of the analysis must be the determination of the protection range of 
steel structures, namely setting its fire resistance in relation to the intensity and 
the duration of exposure to fire, against which the resistance of structure shall be 
increased. This evaluation shall contain also the evaluation of the influence of 
active fire protection systems (fire equipment). 
 
8.3 It is necessary to quantify also the probability of the occurrence of the given 
scenario in every fire scenario analyzed. 
 
8.4 It is necessary to consider in the analysis: 
  

 The location of hazardous substance leak and potential heat released from the 
given leak: 

o Which devices/structures are potentially endangered? 
o  What kind of exposure it is and how close to the evaluated 

structure/device it is. 
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 The operating conditions of the potentially threatened device: 
o Operating temperature and pressure. 
o Whether the process material are above their flash point. 
o Whether devices contain flammable liquids and liquids which can 

absorb – accumulate heat or help to cool the walls of the can. 
o The category of fire potential of the device in space is taken into 

consideration.  

 Distance (physical separation) of devices, scheme of device, potential risk of 
exposure for neighboring buildings and potential impact on the surrounding 
areas and the access for emergency response (emergency planning). 

 The expected duration of the fire-free period of fire duration, or the total 
duration of the fire in case of unextinguished fire. 

 The ability to catch, emergency basins to flume leaked flammable liquids. 

 The ability to isolate or depressurize the system. 

 The availability of manual and automatic closing of the system (STOP button 
and blockade and protection systems). 

 The existence of active systems – fire equipment (fixed extinguishing systems, 
electric fire signal system). 

 
8.5 The range of increasing fire resistance of the structure based on the range of 
fire scenario (distance from potential sources of leak), is possible to be 
determined from the following informative table based on the standard API 2218.  
 
 
Table 8.1 Ranges of fire scenarios 
 
 

 
Protected equipment, or potential 
source of leak 
 

 
Ranges of fire scenarios* 

Horizontal Vertical 

 
The equipment within reach of fire 
scenario – spills of flammable liquid. 
Generally. 
 

 
 

6 to 12 m 

 
 

6 to 12 m 

 
Pipe bridges (load-bearing, support 
structures) 
 

 
 

6 to 12 m 

 
 

6 to 12 m 

 
Pipe bridges (load-bearing, support 
structures) in the vicinity of the 
technological equipment that contain 
flammable substances under high 
pressure 
 

 
 

Evaluate according to 
the fire scenario 

 
 

Evaluate according 
to the fire scenario 
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Structures of technological equipment 

 
6 to 12 m 

 
from 8 to 12 m 

(or up to the top floor 
of the equipment) 

 

 
Structures of equipment without fire risk 
above the equipment with fire risk 
 

 
 

6 to 12 m 

 
 

6 to 12 m 

 
LPG storage tanks as a potential 
source of Pool fire  
 

 
Supports up to  

15 m, or up to the 
height of reaching 

 

 
6 to 12 m 

 
Cooling fans on the load-bearing 
structures within reach of the Pool fire 
scenario  
 

 
6 to 12 m 

 
from 8 to 12 m 

(or up to the top floor 
of the equipment) 

 

 
Rotating equipment 
 

 
6 m to 12 m from the 

source of the leak 

 
6 to 12 m 

 
 
 
Basins, spherical storage tanks 
containing liquid hydrocarbons other 
than LPG 
 

 
Length up to the 

edges of the catch 
basin, or 6 m from the 
basin, storage tank. 
The greater distance 

is taken into 
consideration. 

 

 
 
 
 

6 to 12 m 

 
Ports working with flammable liquids, 
gases 
 

 
30 m horizontally from 
the wiring, or filling 
joint 
 

 
From the water level 
to the dock surface 

*The values can be changed, if the analysis or modeling show a different value 

 
8.6 Factors, which can influence the range of fire scenario, include the capture 
(e.g. surface, number of catch basins, their distance and sizes of sewage system) 
and the requirements of potential leak of hydrocarbons (e.g. higher pressures, 
volumes and flows). These parameters affect the size and duration of potential 
fire, e.g. Pool fire.  
 
8.7 In case of multiple above-ground floors and technological floors with high fire 
potential, on which higher amounts of flammable liquids are located, it is 
necessary to act during the determination of vertical distance for fire resistance 
as if they were on the ground level.   
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8.8 LPG storage tanks, if unprotected by fixed extinguishing systems, are 
considered as equipment with high fire risk and it is required to increase fire 
resistance of their supports and nearby pipe bridges to 15 m of the LPG storage 
tank, or catch basin. 
 

9. The fire resistance height definition of load-bearing steel structures 

 

9.1 The height, to which the steel structures shall be protected, depends on fire 
effects.  

 
9.2 The requirements to height and range of fire resistance for Pool fire depend 
on the height of catch or emergency basin under the equipment with high fire 
potential (storage tanks, reactors, stills etc.) and based on them it is possible to 
determine the course and ranges of dangerous zones and thus the required 
height of fire protection of protected load-bearing steel structure. 

 
9.3 If not limited by catch or emergency basin, for Pool fires, are the following 
heights of fires: stable height of spill of such hydrocarbon flammable liquids with 
the size of leak 100 m3 shall not exceed 75 m2. Flammable liquids which burn 
faster cover a smaller area and flammable liquids which burn slower cover a 
bigger area. 

 
9.4. Liquefied gases can be considered with the height of flame 2-3 multiple of 
the width of spill of residual liquid from the leak, which forms a spill and can ignite 
and burn.  

 
9.5 For flammable liquid (such as diesel), the height of flame is the 2.5 – 4 
multiple of the spill diameter. 

 
9.6 During Jet fires, for the horizontal leak of flammable liquid or gas related to 
the fire, the real shape of the flame will have the character of the letter “L”, turned 
upwards.  

 
9.7 Within the risk analysis it is possible to analyze every fire scenario in the 
evaluated technology and based on its results to decide on the range of increase 
of fire resistance, therefore to what height is necessary to increase fire resistance 
of load-bearing steel structures in danger zone with high fire risk. 

 
9.8 Real heights, to which is necessary to design fire resistance of load-bearing 
steel structures are in practice around 9 – 12 m for load-bearing steel structures 
in technology and to 5-6m for pipe and cable bridges. 

 
9.9 If the load-bearing steel structure has provided its fire resistance, the relevant 
value must relate to the whole load-bearing structure, not just its part. 
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10. The influence of arrival and intervention of the company fire brigade for 
the development of fire and the protection of evaluated load-bearing 
structures  

 
10.1. When determining the fire resistance and protection of load-bearing 
structures, it is necessary to evaluate the effectiveness of the firefighting action 
performed by the Industrial fire brigade (hereinafter referred to as IFB) of the 
company. Time of arrival and time of start of intervention activities performed by 
the IFB, as well as the effectiveness of the action notably influence the range of 
requirements related to the increase of fire resistance of endangered structures 
and equipment.   

 
10.2 During evaluation, it is necessary to take into consideration individually, 
according to the specific company, the time of arrival of the IFB to the place of 
action and the time of their combat deployment and the very start of 
extinguishing, or rather fire action. The evaluation of times shall be verified in 
detail, based on the specific information of the company.   

 
10.3 Within the documentation emerging from the act, the processed 
documentation of firefighting, operative plans and cards, where the effectiveness 
of IFB is taken into consideration.  

 
10.4 The impacts and consequences of fire scenarios for Pool fire and Jet fire are 
identified and evaluated in fire emergency scenarios, and it is necessary to 
proceed from their results during the evaluation and designing of increase of fire 
resistance of load-bearing steel structures and equipment and their parts, which 
are endangered by the subject scenarios and which can cause also the 
escalation of accident and lead to domino effects and threaten neighboring 
operations.   

 
10.5 The set standard fire resistance of the value R90 of the chosen load-bearing 
steel structures in the zones with high fire is considered sufficient related to the 
evaluation of the effectiveness of the IFB in our conditions. 
 
10.6 It is found during reconstructions of risk operations, that it is not possible to 
increase the fire resistance in the existing load-bearing steel constructions more 
than the basic fire resistance R15, respectively R30, it is necessary to evaluate 
during the evaluation and design of fire resistant material also the other existing 
solutions of structure protection, as well as the impact of the company fire brigade  
 
10.7 The higher required fire resistance of structures can be requested based on 
the results of risk analyses.  
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11. Ways of increasing fire resistance of load-bearing steel structures.  

 
1.1.1 To improve the fire resistance of steel bearing constructions, the following 
methods can be used:   

 

 intumescent paints and coatings (multilayer, increasing its volume after heat 
exposure), 

 

 heat-insulating sprayed layers of lightweight plasters, usually containing 
expanded pearlite or vermiculite with lime cement basis, waterless sulphite 
with other ingredients increasing their performance,  

 

 plaster mixtures intended for fire prevention coatings for external environments 
based on Portland cement and vermiculite, 

 

 covering with (different types) of concrete, 
 

11.2. Each of the approved fire resistance improving systems, i. e. a construction 
product, uses different combination of materials with different physical and 
chemical properties. These properties should be taken into account and a 
suitable system should be selected accordingly. 
 
11.3. When selecting a fire resistance improving system of structures, following 
factors need to be taken into account: 
 

 weight and volume limits defined in the project, including the strength of load-
bearing steel structures of the fire-protected equipment/assemblies, 
 

 Weight limits defined by the strength of the steel supports of the fire-protected 
facilities/assemblies of load-bearing steel structures. The assembly must be 
able to bear the additional weight of the fire-protection materials used on the 
given structure at the temperature reached during a fire when the strength of 
steel is decreased, 

 the desired fire resistance value (represented in minutes),  
 

 the resistance and adhesive strength of the material. Specific surface 
treatment (cleaning and coating, etc.) and/or any specific method of fixation 
and strengthening, 

 

 whether the material selected during the creation of the project will actually be 
applied to the existing structure,  

 

 ease of application, maintenance, and repairs of the material, 
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 corrosiveness of the environment and the fire-protection materials when 
exposed to certain substances (stainless steel and aluminum are sensitive to 
the exposure to chlorine gas and hydrochloric acid), 

 

 temperature limits for the operation of the structure in normal operating 
conditions (no fire), 

 

 the expected or guaranteed service life of the fire resistance system, 
 

 whether the fire-protected structure is located in an internal or external 
environment (certain fire-resistant coatings produce toxic fumes and smoke 
when exposed to fire, and might not me suitable for closed spaces occupied 
by humans), 

 

 requirements regarding inspections due to corrosion underneath the fire-
resistant material, 

 

 requirements for ongoing maintenance to ensure the service life of the fire 
resistance system, 

 

 the risk of damaging the fire resistant materials during maintenance (including 
the neighboring structure),  

 

 prescribed requirements, 
 

 life-cycle costs (including maintenance and supervision costs). Total costs 
ownership ( TCO )  

 

12. Relevant properties of materials designed to increase the fire resistance 
of steel load-bearing structures 

 
12.1 Required properties are proven by test. Testing must be performed in an 
accredited laboratory. Based on the results, a certificate will or will not be issued. 
The control of the product quality is performed by the certification organization 
that issued the certificate.  

 
12.2 The product, packaging, or accompanying documentation must be labeled 
with the certificate in accordance with the requirements of the competent 
authority. If changes are made to the product, the manufacturer is responsible for 
reporting these changes, in order to determine whether additional testing and 
certificate updating are needed.   
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12.1 Physical properties  

12.1.1 Resistance to thermal conductivity (thermal resistance) 

 
12.1.1.1 Fire resistant materials are generally designed for keeping the 
temperature of the load bearing steel structures under 538 °C for a certain time 
period. At this temperature the strength of steel is decreased by approx. 50%; 
further increasing of the temperature speeds up the process. Different types of 
structural steel may have different critical temperatures.   

 

12.1.2 Specific weight (density)  

 

12.1.2.1 Different fire-resistant materials are compared in terms of their weight 
per unit of volume in relation to their thickness, and the required fire resistance 
level. 
 
12.1.2.2 The density of lightweight materials usually ranges from 400 kg x m-3 to  
1,300 kg x m-3, which is a significantly smaller value than that of heavy concrete  
(2,240 kg x m-3 to 2,400 kg x m-3). The use of lightweight fire-resistant systems 
can also allow for the use of lighter steel in the newly built pipe bridges. The low 
density of lightweight materials can be an advantage if they are to be mounted to 
already existing structures with limited additional load bearing capacity. Heat 
conduction is usually inversely proportional to the specific weight.  

 

12.1.2.3 The specific density of certain materials (e. g. intumescent) that expand 
when exposed to fire is different from their specific density in normal conditions.  

 

12.1.3 Adhesion 

 

12.1.3.1 The bond must be strong enough to ensure that the material is resistant 
to mechanical intervention and vibrations, and to protect the steel structures from 
corrosion. Low adhesion may speed up the corrosion underneath the insulating 
layer thus decreasing the service life of the protected construction, and damaging 
the fire-resistant material than can result in an overall failure of the system when 
exposed to mechanical stress such as the water jet used during fire 
extinguishing.   

 

12.1.4 Resistance to weather and chemical substances 

 

12.1.4.1 The resistance of the material to humidity, rain, sunshine, and 
temperature may influence its insulation properties, expected life of the paint 
coat, or corrosion of the supporting material.  
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12.1.4.2 Fire-resistant materials can be damaged when exposed to certain acids, 
alkalis, salts, or solvents; before applying a material, these aspects need to be 
taken into consideration. It is necessary to check the chemical stability of the 
selected material when exposed to liquids and fumes that might occur at the 
given site. 

 

12.1.5 Corrosion resistance 

 

12.1.5.1 The coating system must not react with the base, the primer and/or 
reactive coating must protect the base from corrosion, if required. 

 

12.1.5.2 Depending on factors such as the permeability, porosity and pH, fire 
resistant materials may either inhibit or accelerate corrosion of the load bearing 
steel construction. 
 
12.1.5.3 Fumes and liquids, which may be present in some parts of the company 
premises, can be very corrosive when they get caught between the fire-resistant 
material and the load bearing steel structure -- it can be severely weakened by 
corrosion. If water penetrates certain fire-resistant materials, salts can leak from 
them causing corrosion of the underlying steel.  
 
12.1.5.4 If a load-bearing steel structure is exposed to high temperature, stress 
corrosion can quickly lead to a failure of its load-bearing capacity. In most cases, 
the load bearing steel structure needs to be properly cleaned and prepared 
before the material is applied. As for light porous materials, the top coating needs 
to be maintained in a good condition to prevent impurities and water from 
penetrating it thus causing corrosion of the steel structure. 
 

12.1.6 Hardness and impact resistance 

 
12.1.6.1 Fire-resistant materials used in external environments must be able to 
withstand a certain degree of mechanical impact and abrasion. If the integrity of 
the fire-resistant system is damaged, the fire resistant properties are 
deteriorating, therefore a top coating must be applied or the whole structure 
needs to be repaired. 

 

12.1.7 Resistance to vibrations, compressive strength, tensile and bending 
strength  

 
12.1.7.1 Resistance to vibrations, compressive strength, tensile and bending 
strength are important in relation to the service life of the fire-resistant material.  
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12.1.7.2 In some cases, vibrations can cause the fire-resistant material to crack 
thus breaking the bond between the material and the load bearing steel structure. 
For structures exposed to vibrations epoxy intumescent fire-resistant materials 
and flexible endothermic coating systems are suitable.  
  

12.1.8 Coefficient of expansion 

 
12.1.8.1 The coefficient of expansion needs to be taken into account if the steel 
structures in question can expand in heat or operational pressure. Fire-resistant 
materials with high rigidity can easily lose its adhesion to the structure and fall off 
the protected structure. Flexible epoxy intumescent fire resistant materials with 
high elasticity and heat insulation designed for fire protection and endothermic 
coating systems are more effective in this case. 
 

12.1.9 Vapor permeability and porosity 

 
12.1.9.1 Vapor permeability and porosity are closely connected to corrosiveness; 
these attributes are important mainly when speaking of humid environments or in 
case the structure can be exposed to chemicals that could permeate the coating 
and damage the load-bearing steel structure.  
 
12.1.9.2 Fire-resistant materials containing large amounts of free water can be 
easily peeled off when exposed to high temperatures. While the permeation of 
free water can potentially cause damage, many fire-resistant materials contain 
chemically bonded water that is released when exposed to fire which constitutes 
a part of its fire-resistant properties.  
 

12.1.10 Surface temperature of the material 

 
12.1.10.1 Fire-resistant materials applied to steel structures cannot be considered 
heat insulation. For some of them, the thermal operating limits are strictly defined.  
 

12.2 Properties of materials when exposed to fire 

12.2.1 Reaction to fire 

 
12.2.1.1 The reaction to fire is specified in the Delegated Commission Regulation 
(EU) No. 2016/364 from 1 July 2015 on the classification of the reaction-to-fire 
performance of construction products according to the regulation of the European 
Parliament and Council (EU) No. 305/2011.  
 
Classes of reaction to fire are determined by the following table:  
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Table 12.2.1.1 Classes of reaction to fire of construction products except flooring, 
thermal insulation products for linear piping and electrical cables 
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Symbols: 1. "ΔΤ" – rise of temperature; 2. "Δm ' – weight loss; 3. the "tf" – the persistence of sustained 
burning with a flame; 4. "PCS"-- combustion heat; 5. "LFS" flame spread in the horizontal direction; 6. 
"SMOGRA" – smoke growth rate index. 7. "FIGRA" – index of the fire growth rate; 8. "THR" – total heat 
released 9. "TSP" –  total amount of smoke produced; 10. “Fs” -- flame spreading. 
 

12.2.2 Resistance to hydraulic erosion and thermal shock 

 
12.2.2.1 If it is concluded that the fire-resistant material needs to withstand the 
fire and remain on the structure, it must be resistant to water jets used for 
extinguishing; this property needs to be tested in order to compare the resistance 
of different materials to hydraulic erosion and thermal shock.  
 

13. Characteristics of the materials used for improving the fire resistance of 
steel structures  

13.1 Coatings  

 
13.1.1 Advantages:  

 

 low weight, 

 aesthetic appearance, 

 unchanged buckling length of the structure, 

 fast application, 

 the prescribed values of coating layers are controllable. 
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13.1.2 Disadvantages: 
 

 unsuitable for exterior, 

 must not be covered with another structure, to function properly they need to 
be in direct contact with fire, 

 based on past experience, their service life is limited to 10 years, therefore 
they need to be reapplied after 5 -- 6 years. 

 
13.1.3 In terms of reliability and durability of steel structures with fireproof 

coatings cannot be applied: 
 

 in places where their rehabilitation might be impossible, 

 in case it is known that during their service life the conditions on site will 
change thus negatively influencing their effectiveness and durability, 

 in places where the coating system cannot be applied reliably as per 
instructions, e. g. in hard to reach areas. 

 

13.2 Sprays 

 
13.2.1 Advantages:  

 

 when used in an appropriate environment, they are very durable and 
deteriorate slowly preserving their fire-resistant properties for a long time, 

 ensure compliance with the standard requirements for fire resistance of most 
of the load-bearing steel structures, ranging from 15 to 180 minutes 

 lower costs while reaching the required fire resistance, 

 the layer sprayed on the base structure reaches the desired properties after 
drying and practically no changes in the construction can influence their 
thermal insulation properties.  

 
13.2.2 Disadvantages:  

 

 their density is higher putting more strain on the structure, 

 they are quite fragile and cannot sustain dynamic stress of the structure, 

 their surface is uneven potentially collecting impurities, 

 the sprayed layer may fall off after several years, 

 in some cases, the adhesion to the surface may be an issue,  

 they are not suitable for thin bar elements whose volume can change 
significantly during their operation, 
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13.3 Hard concrete 

 
13.3.1 Concrete made from Portland cement has a density of 2,200 kg x m-3 up to 
2,400 kg x m-3. Heavy concrete can be made on the spot, or pneumatically 
sprayed until the desired thickness is reached and reinforced with steel.  
Due to the corrosive effect of chlorides on the surface of steel in humid conditions 
it is necessary to apply a protective base layer and cast the top layer.  

 

13.3.2 Main advantages of dense concrete: 
 

 durability; they can withstand thermal shocks and direct jets of water, 

 they can withstand the direct contact with the flame of up to 1,100 °C, 

 no special supplier is usually needed, 

 their higher fire resistance has been confirmed, their fire resistance can 
withstand 4 and more hours. 

 
13.3.3 Disadvantages of heavy concrete: 

 

 relatively high weight, 

 relatively high thermal conductivity, 

 the need for additional steel reinforcement, 

 installation costs and the time required for the application of concrete to an 
existing structure. 

 
13.3.4 Concrete absorbs heat through endothermic reactions when chemically 
bonded water is released from the crystalline structure; water is bonded to lime 
by high temperatures; this effect is positive balancing out their relatively high 
thermal conductivity. 
 
13.3.5 Hard concrete must be applied in a suitable way to achieve the desired fire 
resistance. It is necessary to cold test its density and compressive strength. The 
minimum cold compressive strength is 21 MPa; however, concrete with the 
compression strength of 28 MPa is preferred.  
 

13.4 Light concrete 

 
13.4.1 Very light concrete blends such as vermiculite, pearlite (instead of gravel) 
with cements with high resistance to high temperatures are used. Their density is 
400 kg x m-3 to 1,300 kg/m-3. 
 
13.4.2 Light concretes are usually sprayed, but they can also be plastered or 
made on the spot using a reinforcing mesh. Pneumatically applied material is 
about 20% heavier than the lightweight concrete cast on site. As is the case for 
all types of concrete, humid conditions allow for the corrosion of the surface of 
steel. Therefore, a protective surface coating is needed.  
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13.4.3 Advantages of light concrete: 
 

 they can withstand thermal shock and medium water pressure, 

 they can be used in a thinner layer to achieve the same value of fire 
resistance, 

 they can withstand the direct contact with the flame of up to 1,100 °C, 

 they can be applied by the majority of the suppliers. 
 
13.4.4 Disadvantages of light concrete: 
 

 porosity that can allow the permeation of water (which can lead to corrosion of 
the structure), 

 moisture absorption that can lead to cracking and peeling during frosts, 

 the need for maintaining the surface coating is usually overlooked, 

 cover and/or sealing are essential to prevent the moisture from permeation, 

 light concrete is more susceptible to mechanical damage than hard concrete 
(but may be covered if there is a risk of mechanical damage). 

 

13.5 Spray-applied fire protection materials  

13.5.1 Organic materials 

 
13.5.1.1 Sealants provide protection against fire by means of one or several 
mechanisms: 
 

 Subliming sealants absorb a larger quantity of heat by transforming from the 
solid to gaseous state directly.  
 

 Intumescent sealants expand their volume multiple times when exposed to 
heat and release protective insulating carbon. The carbon serves as a heat 
barrier insulating the steel.  

 

 Ablative sealants absorb heat as they lose their mass through anaerobic 
corrosion. 

 
13.5.1.2 Advantages: 
 

 fast application,  

 they are lighter per unit of area in comparison to cement-based products which 
makes them suitable for the use with already existing steel structures that 
might not be able to bear additional load. 

 excellent resistance to damage, 
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 if applied correctly, they hold well, are durable and provide great protection 
from corrosion,  

 the products are available, elastic, and vibration-resistant,  

 certain materials have proven particularly durable when tested by jet fire and 
water jet methods.  

 
13.5.1.3 Disadvantages:  
 

 the rules of application provided by their manufacturer must be strictly followed 
in order to ensure long-term durability. The thickness of their layer and suitable 
way of fixing them to the base is also very important.  

 Certain sealants tend to shrink during drying, therefore requirements regarding 
the thickness of the fresh layer need to be determined in order to ensure that 
the dried layer will be thick enough.  

 materials intended for protection in thin layers must be applied professionally 
in order to ensure the required thickness,  

 some sealants require strict environment control (such as temperature and 
humidity) during their application, 

 quality checks should be performed in the course of application to avoid the 
need for corrections, 

 some materials need to be repaired or replaced even after a flash fire. 
Consulting with the supplier is necessary.  

 Using water jets to extinguish the fire may damage the protective carbon layer 
or the material itself thus decreasing the effectiveness of protection, 

 in case of some materials, carbon erosion in fire can occur when exposed to 
water jets, 

 the application requires special tools that allow the application of multiple 
components at once,  

 they generate smoke in fire,  

 some sealants contain flammable ingredients that may be inadvertently set on 
fire if applied close to heat sources such as a blast furnace, 

 some sealants are less durable than traditional concrete materials when 
exposed to mechanical stress and abrasion. 

 
13.5.1.4 Properties of some intumescent sealants are not necessarily influenced 
by minor scratches or cracks because their top layer is capable of rehabilitating 
itself to some extent when expanding during a fire. However, the ability of this 
material to change its volume and density during its exposure to heat can result in 
cracks due to expanding and shrinking, and subsequently uncover the protected 
structures/surfaces in corners, sharp bends or complicated shapes.  
 
13.5.1.5 These materials can only be applied to shapes or structures that passed 
testing.  
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13.5.2 Inorganic materials 

 
13.5.2.1 These are light cement fireproof materials: sprayed or plastered coatings 
made of Portland cement, vermiculite, or pearlite that provide great fire-resistant 
insulation.  
 
13.5.2.2 Their advantages are as follows: 
 

 high fire resistance and durability for application in external environments,  

 vermiculite characteristics allow application over bends without cracking or 
peeling of when exposed to a medium strong mechanical impact,   

 it is a relatively light material of 700 kg x m-3 up to 800 kg x m-3 in comparison 
to other forms of concrete based fire-resistant materials,  

 low costs. 

 The can be applied to look like a plaster. 
 
13.5.2.3 Disadvantages: 
 

 The do not protect (or speed up) the corrosion of steel,  

 the base layer is negatively affected by the application of nails needed to 
attach the mesh, 

 they usually require double top protective layer in order to ensure proper 
protection from corrosion,  

 they require constant maintenance to ensure the performance of the top layer 
during fire and to minimize corrosion, 

 It is rather difficult to determine the extent of corrosion without destructive 
testing, 

 slow drying. 
 

14.  Application of materials designed to increase the fire resistance of steel 
load-bearing structures  

14.1 Assembly and quality assurance 

 
14.1.1 Systems intended for increasing the fire resistance of load-bearing steel 
structures must be correctly applied to fulfill their function. For proper long-term 
functioning, the availability of the selected material is important as well as 
correctly defined conditions and requirements for the application, application 
instruments, and qualified staff capable of following the instructions of the 
manufacturer.  
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14.2 Ease of application 

 
14.2.1 The simple application reduces the probability of faults which is cost-
effective and allows for long service life and effectiveness of the installed fire-
resistant system. 
 
Factors that have an impact on the ease of installation of the fire-resistant 
system: 

 can the surface be prepared on spot safely? 

 the availability of experienced staff that can do their job professionally and 
effectively, 

 requirements for storage and treatment of basic/raw material, 

 the shelf life of mixed materials, 

 the possibility to use gentle spray gun, which minimizes losses and 
overspraying, 

 type of solvents if applicable,  

 the weather (temperature and humidity) at the time of application,  

 the need for and the degree of reinforcement for heavy layers,  

 the need for application of protective layers due to the weather or 
environment, 

 the time and costs for cleaning. 

 the disposal of solvents that require special treatment, 

 the time required for the application of the material to the existing load-bearing 
steel structure.  
 

14.3 Important factors relating to the application of fire-resistant 
materials 

 
14.3.1 The application of fire-resistant materials must be carried out strictly 
according to the instructions of the manufacturer. In case the material is applied 
incorrectly, the layer may not adhere to the load-bearing steel construction 
properly which may damage it or fail to perform its function during fire. The 
manufacturer must provide the instructions for the application of the product. The 
instructions must include the following information:  
 

 a list of appropriate base structure materials, 

 information on preparing of the surface of the structure (such as the 
cleanness, humidity), 

 method of application (e.g. temperature, humidity, before, during and after) 

 the thickness of the fresh layer needed to ensure the desired thickness of the 
dried layer and a relevant measuring method, 

 the thickness of the dry layer of the reacting coating, 

 the time between the application of individual components, taking into account 
the conditions of exposure, 
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 the time needed for drying of the system, 

 the approved type of the top coating, 

 parameters of the equipment used, 

 protective measures regarding coatings used in interiors while they are 
temporarily exposed to different conditions on site. 

 
14.3.2 The following principle applies: any surface that is to be sprayed with the 
material must be cleaned of rust, mechanical impurities, oil, grease, liquid 
impurities, and dust; it must not be hydrophobic, and it must be painted with a 
primary adhesive layer as prescribed by the manufacturer. For steel structures it 
is necessary to apply a complete rust-proof coating system. The smoother the 
surface, the more important the surface preparation that increases the adhesion 
of the sprayed layer to its base. The adhesive layer increases the specific area of 
the sprayed structure thus ensuring the adhesion of the system to its base. If it is 
necessary to apply a base layer, it must be compatible with fire resistant material. 
The required material thickness and number of coatings must be complied with 
as well as the suitable way or fixing and sealing the system -- a top covering layer 
may be required, too. 
 
14.3.3 Another important factor is the humidity of the base structure and the 
environment during spraying and after it. The higher the relative humidity, the 
slower the sprayed coating dries and hardens which significantly influences its 
quality. Unevaporated water tends to leak into the lower layers and the surface of 
the structure which can cause the sprayed material to form bubbles or fall off the 
structure.   

 
14.3.4 The minimum thickness of the sprayed protective layer, depending on the 
nature of the protected structure, is determined based on the ratio between the 
heated area of the structure to its cross-section (O/A ratio). Tables for different 
types of spray coatings must be included in the technical sheet provided by the 
manufacturer. In most cases, the thickness of the sprayed layer is the relatively 
high, therefore it is necessary to ensure its permanent adhesion to the surface of 
the protected structure.  

 
14.3.5 The stronger layer, the longer it takes to dry, thus increasing the risk that 
slow hardening may interfere with the adhesion to the base material. Therefore, it 
is necessary to spray the material in a double layer; for thicker spray coatings 
even more layers. The basic coating is applied a day after the adhesive layer was 
applied.  

 
14.3.6 If the undulations on the surface exceed 10 mm, proper functioning cannot 
be guaranteed. In such case, the material is stressed and when exposed to heat, 
cracks occur that endanger the stability of the whole sprayed layer.   

 

14.3.7 If the spray coating is used in the exterior, the base material and the 
completed surface layer need to be finished. It can be finished using e. g. a 
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plastered layer, but the whole system needs to be tested for fire resistance, 
because using of an additional material may decrease the fire-resistance of the 
structure. 
 
14.3.8 The ease of application may be one of the decisive factors regarding the 
correct application. 
 
14.3.9 During the application of a fire-resistant coating and wet cement-based 
materials the following should be taken into account: 
 

 shelf-life and compliance,  

 materials must be stored according to the manufacturer's recommendations,  

 some materials are susceptible to inadequate temperature and must not be 
exposed to extremes during storage and transport, 

 fire resistant materials must be applied directly from the original containers to 
avoid confusion with other materials or contamination with them,  

 some materials require controlled sprinkling (moisturizing) do reach the 
desired firmness and prevent future cracking, 

 certain materials contain free/unbound water require their time to dry; during 
the drying period they must not be exposed to frost or a specified minimum 
temperature, 

 the thickness of the material (are we speaking of fresh or dried material?). 

 

14.4 Application quality assurance 

 
14.4.1 The required effectiveness of fire-resistant materials throughout their 
service life also depends on the skills of the staff who applies them, their 
familiarity with the materials and the method of application, but also on the 
continuous supervision of the process by qualified professionals.  
 
14.4.2 To ensure the quality of application, the following points need to be 
followed: 
 

 the operator, service supplier and its employees must be familiar with the 
properties of the fire-resistant material as well as methods of application and 
maintenance required for the proper fire resistance. Necessary information 
must be included in the data sheets and guidelines provided by the 
manufacturers of the materials. 

 The surface treatment using a coating requires the following: 
 

o The person performing the application may request samples of the 
material in the required final form to ensure adequate texture and 
smoothness of the final surface.  

o The qualified staff performing the application must track individual steps 
of application such as mixing, preparing of the base structure, density, 
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thickness of the applied material, assembly of the reinforcement and 
surface treatment to ensure the compliance with the specified 
requirements.  

o Materials must be applied in a thickness recommended by the 
manufacturer to ensure the proper thickness of the dried layer.  

o The user and the person who applies the fire-resistant material should 
agree on the number and size of samples used to check the thickness 
of the layer, joint quality, and the use of specific measurement and 
evaluation methods.  

 

15. Inspection, maintenance, repair and rehabilitation of the fire-resistant 
material on steel structures and its service life  

 
15.1 The minimum requirements are considered minimum: The requirements of 
the manufacturer or supplier of the systems may be different or more extensive. 
 

15.1 Effects of long term exposure  

 
15.1.1 Aging can negatively influence the fire-resistant properties of the material, 
therefore regular inspections of the applied material aiming to detect possible 
problems relating to the physical properties of the material must be performed. 
 
15.1.2 Inspection does not replace the maintenance. Maintenance must be 
performed according to the schedule provided by the manufacturer (e. g. regular 
reapplying of the top coating) and include repairs if needed.  
 
15.1.3 Cracks and hollows on the surface of the material are first signs of issues 
with the fire-resistance. If the defects are not repaired, humidity, chemicals, 
corrosive fumes, or condensation may result in the corrosion of the base structure 
-- in this case, the load-bearing steel structure. 
 
15.1.4 Weather, sunlight, chemically reactive atmosphere, or incorrectly selected 
top coating may result in the fact that the fire-resistant material allows water and 
vapor to permeate which may corrode and damage the load-bearing steel 
structure.  
 
15.1.5 The loss of adhesion between the base and the coating also seriously 
decreases the fire resistance of the material. It can be cause by humidity, 
corrosion, wrong primer, or inadequate preparation of the surface before the fire-
resistant material was applied. 
 
15.1.6 Damage to materials and fire-resistant systems frequently occurs during 
reconstruction, repairs, or maintenance of the equipment when the staff is not 
familiar with the purpose and function of the systems and materials used. 
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15.2 Inspection 

 
15.2.1 Regular inspections and testing of the fire resistant system maximize its 
service life. In the documentation provided by the manufacturer, a maintenance 
schedule along with instructions regarding the reapplication of protective coatings 
must be included.  
 
15.2.2 The inspection and testing schedule may include the following steps: 
 

 visual inspection of the surface to detect cracks, rust, bubbles, or hollows, 

 visual inspection of the surface to detect signs of damage by weather (change 
in the colour, disintegration, leaking, etc.), 

 taking a small sample of the fire-resistant material to check the condition of the 
surface of the base material and reinforcement (to detect possible corrosion of 
the steel structure). After such intervention it is necessary to repair the 
checked part, 

 visual inspection, whether there is no missing part of the fire-resistant material 
due to mechanical damage, 

 a sample should be taken in the application of fire-resistant material, also with 
a material steel construction or identical steel for regular fire-testing during the 
expected surface lifespan,  

 a visual inspection whether a part of fire-resistant material has not been 
removed on the protected construction without its replacement. 
 

15.3 Maintenance and repair 

 
15.3.1 The regular maintenance ensures the system is physically in state in 
accordance with requirements of the producer and the constructor. 
 
15.3.2 The material producer has to specify a maintenance and repair procedure 
as well as conditions when it is necessary to make maintenance and repair, 
including directions for renewal of protective coatings. 
 
15.3.3 A maintenance has to be systemically focused on solving of the following 
issues: 
 

15.3.1 The capillary tube cracks 

 
15.3.1.1 Holes should have been cleared and filled with new material according 
to the producer’s instructions, when cracks with capillary tube features already 
exists in the system. 
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15.3.2 Material connection material (adhesion) 

 
15.3.2.1 The connection loss - adhesion with a base can be found out from the 
surface bulges or abnormal noises when tapping on the material surface with a 
light hammer. 
 
15.3.2.2 A fire-resistant material, has to be removed in places where proofs of a 
adhesion loss are obvious, further a base completely cleared and properly 
prepared before applying of new material. 
 

15.3.3 The top (cover) layer 

 
15.3.3.1 A particular attention has to be given to a maintenance of top layer when 
there is not realized any protection of the steel construction against corrosion or 
any issue with material absorption. 
 
15.3.3.2 If a top layer of fire-resistant material is required, it has to be renewed at 
intervals by authorized producer.  Checks has to be made before renewing a 
layer, so there would not be a covering of mistakes by new layer. 
 

15.3.4 Repairs  

 
15.3.4.1 A realization of small repairs done by trained maintenance persons is 
mostly allowed by a producer in compliance with meeting producers’ conditions. 
However, it is not allowed to use other, even compatible materials in such repairs 
than what has been primarily used for increasing a fire-resistance of steel 
constructions.   
 
15.3.4.2 Any larger interventions into systems with proven fire-resistance may 
carry out only a person trained by a producer.  

 

15.4 A repair or maintenance after fire exposure  

 

15.4.1 It is always necessary to realize a check of whole system in a presence of 
constructor or material producer in case that a material was exposed to fire. 
Always, even after a small fire exposures, it is necessary to take a sample of 
material specified for increasing of fire-resistance from an exposure place and 
perform its deep check and analysis – an impact assessing of this exposure to a 
material. 

 

15.4.2. A material producer has to specify whether a repair of material is needed 
or to make more often check and maintenance. 
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15.5 The materials lifespan 

 

15.5.1 The greatest impact on the lifespan have: 

 aggressive environment,  

 a coating exposure due to concrete construction and its negative influences, 

 a base supporting steel construction.  
 
15.5.2 It is necessary to consider a repeated applications in products and 
systems with limited lifespan to 10 years. 

 

15.5.3 It is necessary to take into account a need of repeated renewal and 
application of cover layers when designing a protection of steel constructions 
using fire-resistant coating / paints that can be applied also in external 
environment. 

 

15.5.4 It is necessary to protect material against atmospheric effects with 
influences of cover layer in external environment. An adjustment draft has to be 
solved by project documentation.  

 

15.6 Changes management  

 
15.6.1 Changes in plant, equipment or renovation may lead to new dangers or 
influence risks from identified dangers. Persons responsible for changes 
management have to be informed of the potential changes impacts to applied fire 
materials and a change impact of the fire-resistant steel construction has to be 
considered.  
 
15.6.2 A procedure of changes management has to be maintained within 
regulations stated in the PROD_1_SN_SNMAO13 Changes management, 
including implementation of the initial risk assessment. 
 
15.6.3 Conditions, roles and responsibilities regarding to dangers identification, 
risk assessment, recommendations identification and tracking for their reduction 
in the procedure of risk analysis, as well as setting safety rules in the procedure 
of changes management and for performance of safety test prior to entry into 
service are specified by the internal regulations HSE_1_G2_SN1 Risk 
management and setting of safety rules for changes management that has to be 
respected in this process. 

 

16. Required documentation for products 

 
16.1 Designed and applied material for a construction for securing the increase of 
fire-resistance has to be supplied with necessary documentation from a producer 
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or supplier. The law requirements on construction products as amended in later 
regulations are related to fire-resistant materials. 

 
16.2 Material from a producer has to be received with the use instructions of the 
product with the safety instruction, risk information to the health and safety that 
product represents in normal use, as well as with the parameters declaration.  If it 
is produced outside the territory of the Slovak Republic, a translation into the 
state language has to be accompanied as well. 
 
Furthermore, from a producer it is required the following documentation: 
 
16.3 The Slovak declaration of parameters 
 
The Slovak Declaration of parameters is issued in the state language. 
The Slovak declaration of parameters in particular contains: 

 a producer's details in the scope of the business name, address and 
contact address, place of production, identification number (IČO), as well 
as the name and surname of the authorized representative, if appointed, 

 a product type, number of produced amount, serial number, other element 
or data allowing the product identification, 

 a type indication and name of the specified standard or Slovak technical 
assessment, 

 a data about intended product use in construction in accordance with 
specified standard or Slovak technical assessment, 

 an assessment system or systems of used product parameters, 

 details of the authorized person and v Slovak certificate or tests protocols, 
or calculations carried out in accordance with used system for the 
assessment of the product parameters, 

 information on the location of the technical assessment and designation of 
Slovak technical assessment, if the Slovak technical assessment was 
used, 

 the essential characteristics of the product declared by producer that are 
expressed with level, class or description, 

 name, surname and function of the physical person entitled to sign the 
Slovak declaration of parameters, its signature and producer’s stamp. 

 
16.4 If this is a product that contains a chemical substance which is dangerous to 
health or the environment, the producer is required to attach to the Slovak 
declaration of the parameters a safety data sheet 
 
16.5 The producer provides Slovak Declaration of parameters in written form to 
distributor or other customer together with the first shipment of the product. 
 
16.6 The Slovak Technical Assessment contains: 

 data of the authorized person in the scope of the business name, address, 
registration number and authorization number, 
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 producer labeling in the scope of the business name, registration number 
and place of product production to which the Slovak technical assessment 
is related, 

 information about the product in the scope of the trade name, generic 
identification and marking of types and variations, which are produced with 
the same technology, 

 information on the purpose and the manner of using a product in 
construction based on the Slovak technical assessment and any limitations 
on the use in construction, 

 data on the validity conditions of the Slovak technical assessment, 
 the name and number of the Slovak technical assessment and its date of 

issue, 

 name, surname and position of the person entitled to sign the Slovak 
technical assessment, their signature and stamp seal of the authorized 
person, 

 a prescribed assessment parameters indication, list of tests and 
inspections of the management production system that has to be carried 
out under this system, 

 requirements for accompanying data, 
 appendices 

o a detailed technical product description, usually accompanied by 
drawings, 

o description of the detected parameters relevant to the essential 
product characteristics, 

o a list of rules and standards stated in paragraph 2 letter g), if used, 
o a list of other documents used when issuing the Slovak technical 

assessment. 
 

16.7 Slovak technical assessment is valid from the date that is listed as a day of 
validity. The Slovak technical assessment is issued for an indefinite period. 

 
16.8 A product certificate  
A product certificate has to be issued pursuant to the law on construction 
products. 
The certificate shall certify that the provisions concerning the attestation of 
conformity and characteristics specified in the technical certificates and applied 
the product complies with the requirements.  
It has to contain the following data:  

 

 data of the authorized person in the scope of the business name, address, 
registration number and authorization number, 

 a producer labeling in the scope of the business name, registration number 
and place of product production to which the Slovak certificate is related, 

 information about the product in the scope of the type labeling, trade 
name, marking of types and variations, which are produced with the same 
technology, 
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 information on the purpose and the manner of using a product in 
construction based on the Slovak technical assessment and any limitations 
on the use in construction, 

 the label of specified standard or Slovak technical assessment on the 
basis the Slovak certificate was issued and information of significant 
qualities of the product that were assessed and that stability is verified, 

 the name and number of the Slovak certificate and its date of issue, 

 data on the validity conditions of the Slovak certificate, 

 name, surname and position of the person entitled to sign the Slovak 
certificate, their signature and stamp seal of the authorized person, 

 the certificate validity must be stated. 
 

16.9. The producer also has to provide the necessary certificates and 
authorizations for persons that can carry out the application, control, maintenance 
and repair of the means used, passive fire protection.  
 
16.10 The producer issues requirements also for: 

 Authorizations for persons,  

 the implementation of training courses for producers who can carry out the 
application of fire-resistant materials, ensure the control, maintenance, 
minor and major repairs, as well as the restoration of the material. 

 
16.11 The construction project documentation has to specify the type of applied 
protection, thickness of the selected protection of structural steel construction, 
way of application of the product on the steel construction, as well as the 
conditions and means of maintenance. The operating conditions, weather 
conditions and chemical influences of the environment has to be taken in account 
when designing a specific type of protection.   
 
16.12 The contractor of fire construction has to certify in writing of fire resistance, 
therefore, to the applied protection on the construction has to add the Fire 
construction certificate under the Decree No. 94/2004 Coll. as amended by later 
regulations. The certificate is part of the Annex no. 5.  
 

17. Requirements for the design and application of existing fire protection 
of steel constructions  

 
17.1 The extent of recovery of fire resistance of structures built before the 
issuance of this standard MGS-S-REF-H-2.1 will be agreed upon by committee, 
with the participation of a representative body of the SD & HSE Fire and process 
safety. As the case may be decided on the renewal and extension of protection 
under complex procedures in this MGS, or may be in the range of existing 
protection structures. If necessary (eg. For the resulting incident) may be subject 
to additional terms and determined by the MGS. 



 SLOVNAFT, a.s.                      Specification 
number: 

MGS-S-REF-H-2.1 
  

TECHNICAL SPECIFICATIONS - HSE Edition: Rev.  0.00.00 
Passive fire safety Date: 31.03.2017 
Protection of the load-bearing steel structures Page/Pages: 54/85 
    
 

 Rev. 54/85 

17.2 For those structures and parts where a method of protection is already 
applied, to increase their fire resistance, it is necessary to maintain it and restore 
in the manner intended by the manufacturer and update.  
 
17.3 If to an existing technology node new technological equipment with high or 
medium fire risk is added (the Annex no. 3) that would increase the fire risk of the 
technology node and thereby the technological node would integrate into high or 
medium fire risk level, it is necessary to apply complex procedures stated in the 
MGS. The FEI methodology (the Annex no. 1) is used for a check of technology 
node equipment.   
  
17.4 Mainly supporting, building and technological constructions should be a 
subject of renewal; in such way that the highest level of fire-resistant safety would 
be secured through passive means of improving fire resistance as well as parts of 
constructions, equipment and lines for which it was designed this type of 
protection. According to old requirements of the regulations, the fire resistance 
requirements were put on supporting constructions. It is necessary to proceed 
from this value in determining the resistance. However, a specified base for an 
existing production units is a project documentation – Design the fire security of a 
construction (Fire protection project) that is approved in the approval 
proceedings. If the project documentation does not exist, it is necessary to 
elaborate and approve it at the HSE Fire and Process Safety department.   
 
17.5 Certified building materials, which enable the protection of the construction 
to the required (existing) level of fire resistance should be used on the 
application. 
 

17.1 The criteria for the selection of existing structures to be protected  

 
17.1.1 To determine the range of structures to be protected with passive element 
of the fire protection, they should proceed from the existing project 
documentation, the part of the Design the fire security of a construction (Fire 
protection project), or other part of the project documentation, as well it should 
proceed from the physical inspection and documentation of existing coating onto 
various constructions’ parts. 
 
17.1.2 If the scope and type of fire protection of steel constructions is not stated 
in the existing project documentation, it is possible to request a study that, at 
least, includes:    

 Assessment of existing fire resistance and 

  Proposal for the renewal of fire protection materials. 
  

17.1.3 In assessing the proposal of the fire resistance of the construction it is 
necessary to take into account the regulations that were valid at the time when 
the buildings have been introduced into use.  
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17.1.4 The study has to include a graphic part showing a location of constructions 
to which should be applied a fire protection coating. As an example, the following 
picture:  

 
 

17.1.5 It is necessary to include also: 

 A requirement for use of certificate solution and approved construction 
product, 

 Documentation types, certificates and license of persons that have to be 
received when buying a material. The required documentation for the fire-
protection material, as a construction product, is stated in chapter 18 of 
this MGS, 

 

17.2 Types of applied protection and factors in its draft. 

 
17.2.1 If from inspection or project documentation is not obvious what is the type 
of applied protection, the author of the study has to state a proper type and 
composition of materials of the passive fire-resistant protection of concrete 
constructions. 

 
17.2.2 They may proceed from stated ways of increasing the fire resistance, 
features and characteristics of materials stated in chapter 13th up to 15th of the 
MGS.  
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17.3 The application of the suggested funds, their inspection and 
maintenance 

 
17.3.1 Main requirements and criteria for the application, inspection, 
maintenance, repair and restoration of fire-resistant materials and their lifespan 
are included in chapters 16th and 17th of the MGS. They also can be used on 
existing fire protection materials. 
 
17.3.2 A requirement of compliance of producer´s instructions of the material in 
its application has to be included when drafting the study. 
 
17.3.3 It is necessary to state an execution of a check, maintenance and repair of 
suggested funds in the study. It is necessary to follow the producer’s instructions.  
 
17.3.4 Within this section it is necessary to specify the scope of the inspection, 
maintenance, repairs, and time limits for their implementation and persons who 
can carry it out.  
In defining those activities it is necessary to take into account the environment of 
the production units that there can exist, such as moisture, chemicals, corrosive 
fumes or condensation, solar radiation. 
 
17.3.5 In defining the scope of the inspection and testing, the author of the study 
has to define the steps of its implementation, such as: a visual inspection of the 
surface, a presence of cracks, rust, bubbles or bulges, visual inspection of the 
surface due to weather traces (color change, crumbles, thinning of layer, trickling, 
etc. ), cut and remove of a small section of the fire-resistant material to the 
surface of the substrate and the status of reinforcement (corrosion check of the 
steel construction), a visual inspection if a part of fire-resistant material is not 
missing due to mechanic damage.  
 
17.3.6 It is important to prevent with a system from issues by securing a 
maintenance. 
 
17.3.7 Within the definition of repairs need, it is necessary to touch their different 
species, as well as minor repairs and the conditions for their implementation by 
the same, or even other types of resource, persons who can carry them out and 
cases when it is necessary to proceed to the repair of the fire-protection material 
and, where appropriate, to determine the extent to which it is not necessary to 
correct material. When carrying out major repair, it is necessary to establish 
requirements for the training of the persons, their producers, which may carry out 
these activities. Within securing the repair, it is necessary that author of survey 
defines the procedure, scope and needs of the assessment of repair in specific 
cases:   
 

 If a resource lose its binding with a base, and adhesion, 
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 If it is necessary to ensure a protection of applied resource in the case of 
the repair and maintenance of equipment near the applied protection  

 If capillary tubes cracks are present on the protective material, 

 If the resource is exposed to the fire effects and what is the procedure of 
repair, control. 

 

18. Used legislation and technical standards   

 

API 2218: Fireproofing Practices In Petroleum and Petrochemical Processing 
Plants 

Act No. 314/2001 Coll. on fire protection, as amended; 

Decree of the Ministry of the Interior of the Slovak republic No. 121/2002 Coll. on 
fire prevention, as amended 

Decree of the Ministry of the Interior of the Slovak republic No. 96/2004 Coll., 
laying down the principles of anti-fire safety in handling and storage of flammable 
liquids, heavy fuel oils, and vegetable and animal fats and oils 

Decree of the Ministry of the Interior of the Slovak republic No. 124/2000 Coll., 
laying down the principles of anti-fire safety in activities with flammable gases 
and combustion-supporting gases 

Act no. 128/2015 on the prevention of serious industrial accidents and on the 
amendment of certain laws 

Decree of the Ministry of the Environment of the Slovak republic No. 198/2015 
Coll. which will carry out provisions of the Act no. 128/2015 Coll. on the 
prevention of serious industrial accidents and on the  amendment of certain laws  

EN 60079 -10 -1 Explosive atmospheres. Part 10-1: The space determination. 
Explosive gaseous atmospheres 
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Appendix No. 1  
 
P 1.1 Methodology FEI 

 
P1.1.1 Degree of fire hazard is determined on the basis of the value of the fire 
explosive index (PVI). It represents the size of the risk associated with physical-
chemical system properties with a technical solution.  
 
P1.1.2  PVI to value of 60 represents a law degree of risk of fire and explosion 
PVI with a value greater than 60 and less than 95 represents a medium level of 
risk of fire and explosion  
PVI with a value greater than 95 represents a high level of risk of fire and 
explosion  
 
P 1.1.3 PVI is determined as a product of the material factor (MF) and a factor of 
danger unit (FNJ):  
 
PVI = FNJ x MF  
 
P 1.1.4 Material factor (MF) is a measure of the energy capacity released in 
burning or explosion of hazardous materials present in a significant quantity 
(representing a real danger), regardless of whether it is a raw material, 
intermediate, product or solvent. It is determined on the basis of higher heating 
value Hc at a temperature of 250 ° C in kJ/kg of burned substance and on the 
basis of the molar mass of decisive substance in kg/mol:  
 
MF = Hc/2326.Mw  
If a mixture of flammable substances is present in the technological node, the MF 
is determined by the substance, which has the highest value of heating value. In 
addition, if the most dangerous substance is found in minimum levels below then 
5 %. 
 
P1.1.5 The MF is possible to determine using the coefficient of flammability Kh 
and reactivity coefficient Kr. The coefficient values are assigned on the basis of 
knowledge on reactivity and flammability according to tables no. P1.1 and P1.3.  
The MF values are assigned on the base of the assigned values of coefficients. 
 
Table P 1.1.1 Flammability Coefficient KH  
 

     KH characteristics 

0    Non-flammable substances, i.e. substances that do not light up even 
not in the air at temperatures  
   800 ° C for period longer than 5 minutes  

1 Substances that must be strongly overheat to light up. These include:  

 Substances that light up in the air, if they are exposed to 
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temperatures of 800 ° C in less than 5 minutes 

 Liquids, solids and semi-liquid substances that have a flash point 
of  > 100 ° C 

2 Substances that light up in low overheat or when exposed to high 
surrounded temperatures. Under normal conditions they do not form 
with air dangerous atmosphere, but at a high environment temperature 
or in low heat released sufficient quantities of a few to make it with the 
air so the atmosphere was created. These include:  

 Liquids with a flash point > 38°C but less than 100 ° C, 

 Solid or semi-solid substances that lightly release flammable 
vapors. 

3 Liquid and solid substances which are flammable at environment 
temperatures. Substances with this degree forms a dangerous mixture 
with air at all temperatures and are lightly flammable regardless of the 
environment temperature. These include:  

 The liquid that have FB < 23°C and boiling point > 38 ° C  
23 °C < flash point < 38 °C 

 Solid substances in the form of coarse dusts that are able to burn 
rapidly, but generally do not form an explosive atmospheres with 
air,  

 Solid substances in fibrous or fragmentary form which can quickly 
burn and easily burnt by spark  

 Substances that burn extremely quickly, usually due to the fact 
that they contain a reactive oxygen in their molecules (organic 
peroxides) 

 The substance that begin to burn spontaneously in contact with 
the air 

4 Substances that evaporate very quickly or completely evaporate at 
normal temperature and atmospheric pressure, the substance that 
easily disperse in the air and that easily burn. These include:  

 Gases 

 Liquids and gases which are liquid at higher pressures and have 
a flash point < 23 °C and boiling point < 38 °C 

 Substances which due to their physical form or conditions in their 
area easily form with the air an explosive mixtures, substances 
that easily disperse in the air like a dust from flammable solids, 
aerosols and fogs of flammable liquids 

 
      Table  P1.1.2 St Coefficient A maximum speed of the pressure increase 

 

     St                            Maximum speed of the pressure increase (kN.m-2.s-1) 

1 less than 50,000 
2 50 000 to 150,000 
3 more than 150,000 
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 Table P 1.3.1 Flammability Coefficient KR 

 

     KR       Characteristic 

0    Substances which are stable, even in a flame, do not react with water. 
These include:  

 Substances that do not react with the water to temperatures of 
300 ° C, 

 Substances which react exothermicly strongly at a temperature 
higher than 300 ° C, 

 Substances that do not react exothermicly even not at 
temperatures up to 500 °C.  

1 Substances which are stable in normal conditions but may be unstable 
at elevated temperature and pressure. These include:  

 Substances which change or degrade through the action of the 
air, water or moisture,  

 Substances which react exothermicly strongly at a temperature 
higher than 150 ° C, but lower than 300°C,  

 Substances which react with water in releasing of a small amount 
of heat without significant risk. 

2 Substances which succumb to hazardous chemical reactions but without 
the air (detonation) at increased temperature and pressure. These 
include:  

 Substances which react exothermicly strongly at normal 
temperatures and pressures,  

 Substances that succumb to the hazardous chemical 
transformations at increased temperature and pressure  

 Substances which react violently with water or create with it an 
explosive mixture. 

3 Substances which decompose in the explosion or react explosively, but 
require a strong initiation from an external source (the source of the 
heat, mechanical stress, electric spark). These include:  

 Substances that are sensitive to heat or mechanical shocks at 
elevated temperatures or pressures, 

 Substances which react explosively with water without prior 
heating or prolonged mutual contact. 

4 Unstable substances spontaneously decomposing in explosion under 
normal temperatures and pressures. Substances sensitive to local 
overheating or mechanical shock (impact, etc.) at normal temperature 
and pressure.  
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Table P1.1.4 – P1.1.6 Dependence of reactivity coefficient KR from coefficient of 
the St maximum speed of pressure increase and flammability coefficient KH  

 

Liquids 
and 
gases  

KR = 0 KR = 1 KR = 2 KR = 3 KR = 4 

KH = 0 1 14 24 29 40 

KH = 1 4 14 24 29 40 

KH = 2 10 14 24 29 40 

KH = 3 16 16 24 29 40 

KH = 4 21 21 24 29 40 

 

Flammable 
dusts and 
aerosols 

KR = 0 KR = 1 KR = 2 KR = 3 KR = 4 

St = 1 16 16 24 29 40 

St = 2 21 21 24 29 40 

St = 3 24 24 24 29 40 

 

Solid 
materials 

KR = 0 KR = 1 KR = 2 KR = 3 KR = 4 

KH = 1  
(St = 1) 

4 14 24 29 40 

KH = 2  
(St = 2) 

10 14 24 29 40 

KH = 3  
(St = 3) 

16 16 24 29 40 

 

P1.1.6 Unit danger factor (UDF) is determined as a product of penalty factors: 
general process factor F1 and special process factor F2: 

FNJ = F1 X F2 

 
P 1.1.7 F1 is determined on the basis of six general characteristics of the process. 
Penalty contributions are added to the base 1 according to the general 
characteristics of the process, summarized in table P 1.1.7.   
 
P1.1.8 The principles for determining the individual penalties:  

 Only one value (the worst) is selected from each table  

 Penalty factors, hence also the PVI, are determined for all the modes in 
which the node can work (start-up, shutdown, normal operation)  
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Table P 1.1.7 General process factor F1 

 

 
F1 
 

 
Process characteristics 

 
The extend of 
penalties 

F1.1 Exothermic chemical reactions 0.3 – 1.25 

F1.2 Endothermic process 0.2 – 0.4 

F1.3 Material handling and its transport 0.25 – 1.1 

F1.4 Process in an enclosed space. 0.25 – 0.9 

F1.5 Access 0.2 – 0.35 

F1.6 Protective devices and drainage in case of 
leakage of liquids 

0.25 – 0.5 

 
Table P1.1.8 Value of penalty for exothermic chemical reaction 
 

F1.1: Exothermic chemical reaction (relates to reactions in 
chemical reactor) 

Penalty 

Slightly exothermic reaction, such as hydrogenation, hydrolysis, 
isomerization, sulfonation, neutralization 

0.3 

Medium exothermic reaction, such as alkylation, esterification, 
oxidation, polymerization, condensation, addition reactions, 

0.5 

If working with acids that are strongly corrosive 1.0 

Oxidation during which combustion takes place, or oxidation using 
strong oxidants 

1.0 

Strongly exothermic reactions, hardly driven, such as halogenation 1.0 

Particularly sensitive reactions, very strongly exothermic, for 
example nitration, fluorination 

1.25 

Note: Every combustion of fuel during heat production is a strongly exothermic 
reaction, combustion devices should also be considered 
 
Table P1.1.9 Penalty value for endothermic process 

 

F1.2: Exothermic process (relates to reactions in chemical reactor) Penalty 

Simple endothermic process 0.2 

Endothermic process, in which the energy is supplied by 
combustion of the fuel directly in the reactor, for example, pyrolysis 

0.4 

Note: In principle, there is no danger directly from the course of the reaction 
during endothermic reactions but rather from its implementation, in particular the 
way in which heat necessary for the course of the reaction is supplied into the 
reactor. 
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Table P 1.1.10 Value of penalty for material handling and transport 
 

F1.3: Material handling and its transport Penalty 

Filling and/or emptying of the process unit that with liquid which is a 
first class accelerant, or liquefied hydrocarbon, in which there are 
interruptions and connecting of transport pipelines 

0.5 

The process during which air access may create an explosive 
mixture, or the risk of adverse reactions  

0.5 

Storage:  
a) Flammable liquids or gases with KH = 3, or 4 
b) Flammable solids, KH = 3 
c) Flammable solids, KH = 2 
d) Flammable liquids 

 
If the tanks are at any point a) to (d)) without integrated internal 
shower/trickle device, you need to add a penalty 0.2 

 
0.85 
0.65 
0.4 
0.2 
 
 
 

Note: This penalty shall be allocated for processes where there is a risk of fire 
during the handling and transport of material 
 
Table P 1.1.11 Value of penalty for fenced or enclosed unit 
 

F1.4: Fenced or enclosed unit Penalty 

Dust filter or collector in an enclosed space 0.5 

A process during which flammable liquids are handled at a 
temperature above the flashpoint 
for quantities in excess of 4,500 t 

 
0.3  
0.45 

The process during which flammable liquids or liquefied gases are 
handled at temperatures above the boiling point in a confined 
space 
for quantities over 4.5 t 

 
 
0.6 
0.9 

If it is professionally installed and configured ventilation, the penalty 
may be reduced by 50% 

 

Note: To assign penalties for an enclosed area, namely:  
- with a roof and with three or more walls or  
- without a roof with walls on all sides.  
 
Table P 1.1.12 Value of penalty depending on the access 
 

F1.5: Access Penalty 

Unit with a lack of access, or warehouse with lack of access  0.35 

Note: Sufficient access means:  
- access from at least two sides, at least one of them must be a pathway 
- hydrant, which is easily accessible and functional even during the fire, can be 

considered as the second access.   
In an enclosed area, this penalty should be considered particularly closely.  
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Table P 1.1.13 Value of penalty depending on the option of the use of protective 
equipment and sewage network 
 

F1.6: Protection and drainage in case of leakage of liquids Penalty 

Such protective devices, which do not prevent the spread of fire 
and threaten all devices 

0.5 

Flat space around the unit that allows the spilling and spread of 
spilled liquids, thus threatening  a large area of the operation with 
potential fires 

 
0.5 

Protective devices around the unit, which set the boundaries of 
three sides of the area, and from which there is a direct drain into 
the catchment basins or trenches, zero penalty shall be applied if:  

- the slope into the tank or trench is at least 2% 
- distance of device from the nearest edge of the trench or 

tank is at least 15 m  

0.0 

Tank or trench directly threatens the service pipes or does not 
meet the distance limits 

 
0.5 

Note: The allocation of fines for units in which there are inflammable materials 
with a flash point below 60°C, or working above their flashpoint 
 
P 1.1.9 F2 is determined by adding penalty contributions to base 1 as shown in 
table no. P 1.1.14 
 
Table P 1.1.14 Special process factor F2 
 

F2 Process characteristics The extend of 
penalties 

F2.1 Low pressure processes 0.5 

F2.2 Operations near the limits of flammability 0.3 – 0.8 

F2.3 Operations with explosive dust 0.2 – 2.0 

F2.4 Increased pressure 0.86 – 1.5 

F2.5 Low temperatures 0.2 – 0.3 

F2.6 The quantity of combustible material Calculation (see 
paragraph F2.6) 

F2.7 Corrosion and erosion 0.1 – 0.75 

F2.8 Leaks, seepage 0.1 – 1.15 

F2.9 The use of flame 0 – 1.0 

F2.10 Heat exchange using oils 0.15 – 1.15 

F2.11 Devices with rotating parts 0.5 

 
  Table P1.1.15 Penalties for low pressure processes 
 

F2.1: Low pressure processes P < 66 kPa Penalty 

For operations with overall pressure P < 66 kPa, during which 
there is a risk of critical situation in case of air inlet 

0.5 
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Note: If we apply this penalty, penalties specified for F2.3 and F2.5 are not 
applied anymore to avoid duplication. 
The most common operations that come to consideration are:  
- most of the stripping processes,  
- vacuum distillation,  
- some of the compressor units.  
 
Table P1.1.16 Value of penalty for operations at the limits of flammability 
 

F2.2: Operations at/or within the limits of flammability Penalty 

Combustible liquid storage tank with KH = 3 or 4, which can be 
penetrated by air in case of failure (shut-off) of the pump, or in case 
of sudden storage tank cooling.  
Combustible liquid storage tank above the flash point temperature 
Zero penalty shall be granted in case of application of an inert 
closure with seal against air inlet 

 
 
0.5 
0.5 
0.0 

A device or process that can get into the area of the outbreak only 
in case of failure of the device or instruments 
For units that are secured by an inert atmosphere against the 
possibility of getting into the area of flare 
The penalty is applied to transport boats and tank trucks as well  

 
0.3 
 
0.3 

A process or operation that is its essence in or near the area of 
flare and without the use of an inert atmosphere 

 
0.8 

Note: Assigning penalties for processes where the intrusion of air into the unit 
could create flammable/explosive mixtures. 
 
Table P1.1.17  Value of penalties for explosive dusts 
 

F2.3: Explosive dusts Penalty 

Particle size (µm): 
More than 175  
150 – 175 
100 – 150 
75 – 100 
Less than 75 
 
In the case of manipulating the dust in an inert atmosphere, we can 
divide these penalties by two. 

 
0.25 
0.50 
0.75 
1.25 
2.00 

 
Note: Penalties are applied to all the units in which powder and dust are handled, 
such as their transport, blending, grinding, packaging, etc.  
Penalties must be counted even if it is proven by tests that there is no risk of dust 
explosion.  
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Table P1.1.18  Value of penalties for increased pressure 
 

F2.4: Increased pressure (MPa) Penalty 

6.5 0.86 

10 0.92 

13.5  0.95 

17.0  0.98 

20 – 60 1.00 

Over 60 1.50 

 
For the processes carried out at a pressure higher than atmospheric, penalties 
are a function of this pressure. Two pressure ranges are considered:  
1. for pressure in the range of 0 – 0.65 MPa – dependence of the penalty on the 
pressure takes shape according to the following figure, or can be calculated 
according to the formula in the figure.  

 
Picture P 1.1.1 Dependence of the penalty from the increased pressure value 
 
The initial penalty according to the figure must be modified as follows:  
A) if the flash point of the mixture FP is less than 60°C, the resulting penalty 

remains unchanged.  
B) If the flash point of the mixture is greater than 60°C, the resulting penalty is:  

a) For highly viscous materials it is given as 0.7 times the initial penalty 
according to the figure  

b) For reclusive compressed gases or flammable liquids pressed with any 
gas, the resulting penalty is given as 1.2 times the initial penalty according 
to the figure  

c) For liquefied flammable gases, the resulting penalty is given as 1.3 times 
the resulting penalty according to the figure. 
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2. for a pressure higher than 0.65 MPa 
The respective penalty shall be applied according to the following table:  
 
Table P1.1.19 Value of penalties for low temperatures 
 

F2.5: Low temperatures Penalty 

A device made of carbon steel operating at a temperature close 
and lower than the temperature of the phase transformation 
material 

 
0.3 

Device made of a material other than carbon steel, operating at a 
temperature close to or lower than the temperature of the phase 
transformation  

 
0.2 

If no sufficient data are available, the temperature of 10°C is 
assumed as the temperature of the phase transformation 

 
0.8 

 
Note: While working at very low temperatures, it should be noted that many of the 
materials go through a phase transformation at a certain temperature, due to 
which primarily their mechanical properties vary. This is true for almost all types 
of materials, including steel, plastics, glass etc.  
 
F2.6: The quantity of combustible and unstable material 
Processes involving work with flammable or unstable materials, divided into three 
groups:  
a) Liquids and gases in the process 
b) Liquids, or gases in storage tanks 
c) Flammable solids in storage tanks, or the handling of powders in the process.  
 
a) Liquids and gases in the process:  

aa) Incendiary liquids and flammable liquids with a flashpoint lower than 60°C 
ab) Flammable gases 
ac) Liquefied flammable gases 
ad) Flammable liquid with a flash point greater than 60°C 
ae) Reactive materials 

The penalty is a function of the quantity of heat that would be released in the 
combustion of a certain quantity of the substance during a potential 10-minute 
escape from the unit. 
Heat is calculated from a specified quantity Q (kg) and combustible heat 
HC (kJ/kg) of the given substance. The penalty shall be determined according to 
the picture, where X is calculated according to the relationship: 
X = Hc (kJ/kg)x Q 
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Figure P 1.1.2 Dependence of penalty on energy 
 
The penalty determination (Y) as a function of the quantity of heat (X) released in 
the combustion of a certain quantity of the substance during a potential 10-minute 
escape from the unit (Q). 

 
b) Liquids, or gases in storage tanks 
The penalty is a function of the potential amount of heat that can be released and 
it is a function of the amount of material in the storage tank and its combustion 
heat. The material is divided into three groups:  

 Liquefied gases 

 Class 1 combustibles 

 Class 2 combustibles 
 
The dependence of the penalty on the amount of potentially released heat X 
according to the equation for the three groups of substances. 
 



 SLOVNAFT, a.s.                      Specification 
number: 

MGS-S-REF-H-2.1 
  

TECHNICAL SPECIFICATIONS - HSE Edition: Rev.  0.00.00 
Passive fire safety Date: 31.03.2017 
Protection of the load-bearing steel structures Page/Pages: 69/85 
    
 

 Rev. 69/85 

 
Figure P 1.1.3 Dependence of penalty on energy 
 
The penalty determination (Y) as a function of the quantity of heat (X) released in the 
combustion of a certain quantity of the substance during a potential 10-minute 
escape from the unit (Q). Curve 1) is for liquefied gases, curve 2) for class 1 
combustibles, curve 3) for class 2 combustibles.  
 

c) Flammable solids in storage tanks, or the handling of powders in the process. 
This penalty applies to flammable solids in storage tanks and dust in the 
production unit.  
The following figure represents the dependence of the penalty from the quantity 
of material X, where X is in kg.  
For fragile materials with KR ≥ 2 we replace X with the amount of the substance in 
kg multiplied by six and use curve 1 from the following figure.  
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Figure P 1.1.4 Dependence of penalty on weight 
 
The determination of the penalty (Y) for the storage of flammable solids in tanks 
or handling of dust in the process, depending on their quantity. 
 
Table P 1.1.20 The value of the penalty depending on the corrosion speed 
 

F2.7: Corrosion and erosion Penalty 

The rate of corrosion < 0.125 mm per year 0.10 

The rate of corrosion > 0.125 mm per year, but < than 1 mm per 
year 

0.20 

Corrosion speed > 1 mm per year 0.50 

Corrosion, which may lead to the risk of mechanical damage to the 
device 

0.75 

Corrosion requires special lining on the equipment 0.20 

 
When considering the corrosion and its effects on the device, it is necessary to 
note that not only metal devices are subject to corrosion, but also, for example, 
plastic seals, tubes, etc, which may corrode due to the influence of strong mineral 
acids, but also due the influence of various organic acids.  
Severe erosion effects of particulate matter may arise during the transport and 
mixing.  
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Every corrosion must be carefully evaluated in cases when there is a risk of 
device wall perforation as a result of corrosion, which can lead to:  

 The inlet of air and the emergence of dangerous situations (the formation of 
explosive mixtures, uncontrolled reactions, etc.) 

 The mixing of incompatible chemicals and thus the course of adverse 
reactions with the formation of dangerous situations 

 Expansion of the  device contents to the surrounding environment 
 
Table P 1.1.21 Value of penalty depending on the possibility of leakage and 
seepage 
 

F2.8: Spills and leakages Penalty 

Pump leaks of small importance 0.10 

A process in which there is always a problem with leakage and 
subsequent escape from pumps, compressors and flange joints  

 
0.30 

Processes during which cyclical changes of temperatures and 
pressures occur 

0.30 

A process in which the used material is permeable, or intermittent 
problems with the seal and the processes in which the shaft seals 
are used (rotary parts) 

 
 
0.40 

Device with glass viewing panels 1.50 

 
F2.9: Working with the flame 
The penalty is applied to devices which are in the vicinity of a flame burner or are 
a flame burner themselves. The penalty is a function of the burner distance from 
the point of possible leakage of flammable/explosive substances from the 
technology node. The reference material is the one for which the material factor 
(MF) is designed. 
 
The penalty determination (Y) depending on the distance of the unit from the 
flames:  
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Picture P 1.4 Dependence of penalty from the distance away of the possible 
source of leak 
 
Curve 1) 
a) Processes in which the reference material is at a temperature above the 

flashpoint 
b) Processes in which the reference material is combustible dust 
Curve 2) 
Processes in which the reference material is at a temperature above the boiling 
point 
 
If the material is under a flash point, the only situation where it is necessary to 
apply this penalty is when we derive PVI for the flame burner itself. Then the 
distance is X = 0, even though the material is under a flash point, we use the 
penalty value equal to one (P=1). 
 
F2.10: Heat exchange with heat transfer medium based on oil 
Zero penalties will be applied in the following cases:  
a) If it is a heat exchange system node for which we determine PVI  
b) If the hot oil is non-flammable, the temperature is always below the flashpoint 
 
If hot oil is used for heat exchange, in which the temperature exchange medium 
is flammable, the following penalty values are used:  
 
Table P 1.1.22 Value of penalty depending on the values of hot oil as a 
temperature exchange medium 
 



 SLOVNAFT, a.s.                      Specification 
number: 

MGS-S-REF-H-2.1 
  

TECHNICAL SPECIFICATIONS - HSE Edition: Rev.  0.00.00 
Passive fire safety Date: 31.03.2017 
Protection of the load-bearing steel structures Page/Pages: 73/85 
    
 

 Rev. 73/85 

 
Quantity (m3) 

 
Penalty 

 Oil above the flashpoint Oil at or above the 
boiling point 

less than 20 0.15 0.25 

more than 20, less than 
40 

0.30 0.45 

more than 40, less than 
100 

0.50 0.75 

more than 100 0.75 1.15 

Note: It is necessary to determine the PVI for the hot oil system itself, involving 
the process vessel, pumps, pipes, there is no need for a storage tank. 
 
In the assessment of heat exchangers with other thermal carriers, the following 
should be taken into account:  

 The formation of lumbago, corrosion; 

 Chemical incompatibility of chilled and heated media; 

 The possibility of distortions of construction material in the case of large 
temperature differences between the media. 

      
F2.11: Devices with rotating parts 
Penalty = 0.5 a node with a rotary part is used, or if it is:  

 Compressor 

 Pump 

 Stirrers or circulation pump whose failure can lead to system overheating. 
Overheating can be caused by insufficient cooling due to the failure of the 
mixing or the circulation of the coolant in the cooling circuit. 

 Other large devices with parts rotating at high speed. 
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Appendix No. 2  
 
P 2.1 Classification of devices according to the degree of risk of fire  

P 2.1.1 For the classification of the technological node in the degree of fire risk, 

the outcome of the FEI methodology is critical. The following examples of devices 

are indicative. 

P 2.1.1 Examples of devices and systems with a high fire risk 

 

P 2.1.1.1 They can be complex production units, such as catalytic cracking, an 

ethylene production units, equipment for refining, distillation and filtration unit or 

large distilling and filtration units. 

P2 1.1.2 Examples of devices with a high fire risk 

 Combustion – pyrolysis furnaces, in which  liquid or multi-phase hydrocarbons 
are processed under the following conditions: 

o operation in temperatures and flow rates able to cause coking in the 
tubes,  

o operation at pressures and flow rates that are high enough to cause a 
great escape before the furnace can be isolated, 

o processed carbohydrates are also corrosive. 
 

 Pumps with rated power of over 45 m3/hr, working with flammable liquids of all 
hazard classes.  
 

 Pumps with a statistical history of failure of their activities and the emergence 
of the leaks. 
 

 Pumps with a small cross-section of the pipe, susceptible to fatigue failure.  
 

 Reactors operating at high pressure or with the potential of overthrow of 
exothermic reaction, which are not equipped with a depressurization system 
using safety valves, chemical reaction blocking system, etc. Does not apply to 
devices that do not have to be equipped with a pressure gauge and safety 
equipment if the highest vessel overpressure is higher than the reachable 
overpressure of the pressure source, and an increase of overpressure in the 
vessel is ruled out at the same time. 

 

 Compressors, together with the relevant systems of the lubricating oil*.  
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* NOTE Although compressors may not contain significant amounts of flammable liquids or gases, 
i.e. they may not have a high fire potential, they can generate specific fire scenarios – Jet fire 
threatening important supporting structures, for instance. If the compressor can e remotely shut off 
and isolated from the supply of combustible liquid, gas, or depressurized in the event of an 
emergency, then its fire potential can be marked lower and even excluded from further evaluations. 

 

 Certain parts of the process pipes working with flammable liquids or gases in 
mixtures which we know might aid in the pipeline failure due to its corrosion, 
erosion, or embrittlement. This also includes hydrocarbon streams, which may 
contain bound catalysts, corrosive acid, hydrogen, or similar substances and 
materials, for which the development of a fire scenario is likely. 

 

 Pressure vessels, heat exchangers (including refrigeration equipment) and 
other equipment containing a flammable liquid with a flash point above 315°C, 
or wit auto-ignition temperature, whichever is the lower of the temperatures. 

 

 Equipment operating at temperatures which can accelerate corrosion under 
insulation and/or structure’s fire-fighting material.  

 

P2.1.2 Examples of devices and systems with a medium fire risk 
 

 Collecting vessels, power and other containers, which may lead to leakage of 
flammable liquids or gases as a result of bad gaskets, parts of the device, or 
damage to other parts of the insulation. 

 

 Vertical storage tanks from which flammable liquids can leak as a result of 
defective measuring column or bad seal of the attached pipe or lower sludge 
drain pipe. 

 

 Air coolers, which work with flammable liquids. 
 

P 2.1.3 Examples of devices and systems with a low fire risk 
 

 Pumps with flammable liquids of class III hazard, working under the point of 
ignition of combustible liquid. 

 

 Pipes in the framework of the "battery limit" – at the frontiers of the production 
unit, which have local valves, fittings and flanges, containing media that have 
a lower working temperature than their flash-point. 

 

 Heat exchangers in which a leak can occur through the flange, containing 
media that have a lower working temperature than their flash-point. 
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P2.1.4 Examples of devices and systems without the risk of fire 
 

 Devices in which there is no, or only a small opportunity of escape of 
combustible liquid, or the escape is only short-lived. 

 
 Pipes and other devices, in which there are no inflammable liquids. 

 

P2.1.4.1 During the design of structures’ fire resistance it is necessary to also 

assess the protection of load-bearing structures and supports of pipe and cable 

bridges, if their failure could lead to an escalation of the incident, the domino 

effect. 

P2.1.4.2 The schematic procedure in the following figures allows a systematic 

assessment of the fire hazard in the given technology (operation) for the 

subsequent modeling of the development of selected fire scenarios and 

determination of vulnerability of the concerned fire equipment, including 

procedures for the design and implementation of materials to protect the 

structures. 
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Appendix No. 3 
 
P3.1 Basic characteristics and definitions of selected fire scenarios  
 

P3.1.1 For defining and developing the fire scenarios, we use the information 
from the evaluation of fire hazard (risk) to determine the nature of the potential 
fire had it occurred in that location or on the given device. While doing so, we look 
for the sequence of events, which may release flammable material, which can be 
a fuel for such a fire. After the identification of flammable liquids, gases, we look 
for and identify the factors that influence the nature of these fires.  
 
P3.1.2 The resulting model fire scenario describes the situation that could occur if 
the fire was spreading freely, i.e., no measures were taken against the spread. 
 
P3.1.3 answers to the following questions are then prepared for each such fire 
scenario: 

  What can happen and how to release flammable material, which can be 
fuel for the fire, in the assessed technology (production)? 

 Where is this potential fuel located in the technology? 

 What volume of hydrocarbons may be released? 

 From what devices can flammable hydrocarbons be released?   

 How quickly can fuel be potentially released depending on the flow? 

 What is the temperature and pressure of the source?  

 What is the size of holes?  

 The nature of the spill (liquid, gas, two-phase leakage) 

 Will the leaked fuel continue to spread and escalate the other emergency 
procedures?  

 Will potential fuel be locally captured (in an emergency and capture tank)? 

 Is project capacity of the capturing system adequate for capturing and 
draining flammable liquid? 

 What will be the nature and extent of fire if the leaking flammable liquid 
and gas is ignited? What will be the evaporation, volatility, burn rate, 
combustion heat.  

 The physical properties of all the compounds that can be released 

 What will be the total heat released during ignition of these substances? 

 How long can a fire last if it is not extinguished?  

 Are there important elements, devices, components near the potential 
sources of leakage? Do they contain heat-sensitive agents? Could the 
reaction of these substances spread further in the pipeline or technology?  

 
P3.1.4 Based on this information, based on both qualitative and quantitative 
analysis of inputs with respect to the arrangement and nature of the given 
operation, potential fire scenarios that may occur on the assessed technology are 
defined in detail. These are fire and explosion scenarios set out in the following 
table. 
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Table P3.1.1 Fire and explosion scenarios 

           

P3.1.5 Protection of steel structures by increasing the fire resistance is of 
relevance only in certain fire scenarios, especially for Jet fire and Pool fire. Jet fire 
scenarios are turbulent fires with flame diffusion, which can be specific in a 
particular direction, or in multiple directions. In addition, they arise not only during 
the escape of flammable liquids, but also the escape of combustible gases or 
other substances that can be found in the relevant devices under pressure, or in 
devices in which the pressure relations develop as a result of the development of 
the emergency procedure. 
 
P3.1.6 Jet fire is characteristic for very high directional heat flows that can 
sometimes last for only a few seconds. These fire scenarios can be initiated even 
by minor leakage losses, cracks, or damage to different components and devices 
of the risk technology, therefore they also have a high probability (frequency) of 

Term Meaning 

VCE Vapor cloud explosion The explosion of vapors (gas) in the cloud 
occurs when the concentration of the explosive substance in the 
cloud reaches the lower explosive limit and an ignition source with 
sufficiently large initiatory energy is present nearby. A pressure 
wave represents a danger. 

Jet fire Jet fire – Generated by the ignition of flammable vapors released 
from the vessel or the pipe under pressure through a small hole. 
Vapors generally pull a portion of the liquid down with them. Flare 
of the leaking material is rather severe. 

Flash Fire Flash Fire – Flash (the burning cloud of a cloud of flammable 
vapors) arises during the initiation of vapors the limits of 
flammability. The cloud may also be initiated at a greater distance 
from the site of the leak and then flash back. Flash fire often 
initiates a Jet fire or Pool fire with far greater consequences than 
the flash alone could have. 

Pool Fire Pool Fire – Generated by igniting the incurred vapors of the 
combustible liquid above the surface of the horizontal puddle. The 
puddle may be limited (its area does not expand), or expanding. 
The thermal radiation of the flame supports the evaporation from 
the puddle surface and thus maintains the process of burning. 

Fireball Fireball. Arises as a consequence of the Bleve effect 

BLEVE  Boiling Liquid Evaporation Vapor Explosion Arises as a result of 
an external fire 

Dispersion Dispersion – Spread of a cloud of flammable vapors in the 
direction of the wind and the subsequent dilution of concentration 
below the LEL. In the event that the cloud does not ignite, it freely 
dissipates without dangerous consequences 

DMV (LEL)  The lower limit of explosiveness – The lower limit of concentration 
of combustible substances in the air at which an explosion may 
already occur. 



 SLOVNAFT, a.s.                      Specification 
number: 

MGS-S-REF-H-2.1 
  

TECHNICAL SPECIFICATIONS - HSE Edition: Rev.  0.00.00 
Passive fire safety Date: 31.03.2017 
Protection of the load-bearing steel structures Page/Pages: 79/85 
    
 

 Rev. 79/85 

occurrence. If they resulted only in little damage or loss of production, they would 
not be given attention, because the most important components and equipment 
of the risk technology can be protected against this scenario. These scenarios do 
not have to occur only in the most important and the riskiest devices, but for 
example, on auxiliary technology as well, and their consequences can be just as 
great as during catastrophic incidents. By identifying and localizing the sites of 
their potential occurrences, it is possible to take appropriate action. 
 
P3.1.7 For these fires, it is possible to quantify not only the released heat flows, 
but also the direction and length of the flame, based on which it is then possible 
to assess their impacts and consequences in the area they threaten. If these 
potential consequences are serious, it is necessary to adopt measures for their 
mitigation, one of which is also increasing the fire resistance of the structures.  
 
P3.1.8 For fire scenarios, BLEVE, Flash fire, Fire ball and VCE it is practically not 
possible to accept any technical measures, because these are catastrophic 
accident scenarios associated with a collapse or severe damage to the 
technology, which, however, usually have a very low probability of occurrence, 
and just for this reason, their riskiness is accepted. 
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Appendix No. 4 
 
P4.1 Methodology for the calculation of the creation and development of fire 
 
P4.1.1 The starting point is a hydrocarbon temperature curve, which is applied to 
operations with flammable hydrocarbons. Compared to the standard temperature 
curve it has a steeper initial increase in temperature, but after reaching the 
temperature of 1100°C it is practically constant. This means that at the start of the 
test, the test sample according to the C-H curve is thermally stressed more than the 
standard temperature curve, especially in the first minutes. Real fires of flammable 
hydrocarbon liquids and gases are in fact characterized precisely by courses close to 
the hydrocarbon temperature curve. 

 
P4.1.2 Its mathematical form is shown in the following equation:  

TCH = 20 + 1080x(1 - 0.325e-0.167t - 0.675e-2.5t),                                 (1) 

where   
TCH is the temperature of the test gas in the furnace in °C; t (likely) duration of 
the fire = duration of fire resistance test   
in minutes. 

 
The intensity of the fire depends on the type of fire, as illustrated in the following 
figure. 
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Figure P4.1.1 Fire intensity dependence on the type of fire 

 

P4.1.3 The highest heat flows, although the directional, need to be expected from 
Jet fire-type fires. These fires take place under pressure, they are directionally 
random and the impact of the effects depends on the reach of the flame. These 
fires can be formed only on devices with high fire risk but also on other devices 
and connecting pipes, which may contain flammable liquids or flammable gases 
and in case of damage when it is not possible quickly cut off the supply of 
flammable liquids or flammable gases, they will behave the same as devices with 
high fire potential. Only their short duration of maximum 15 minutes is expected, 
because the possibility of insulation (stoppage) of hydrocarbon flammable liquids 
or gas’ leakage (automatically or manually) is considered.  

 

P4.1.4 In modeling Jet fire-type fires, all directions in which they are expected to 
occur must be taken into account. Their occurrence will be considered as 
captured in the following figure.  
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Figure P4.1.2 Modeling of Jet fire-type fires and defining the boundaries of the 
effects of thermal radiation for these fires 

 

P4.1.5 In modeling these "Jet fires" it is necessary to consider the possibilities 
and directions of their activity, which can lead to potential "domino effects", i.e. an 
escalation of fire or accident on near and more distant devices threatened by 
them. High heat flows are considered, and therefore damage to devices or 
bearing steel structures threatened by them may occur in very short times. 

 

P4.1.6 In the case of Jet fire-type fires, real values of heat flows may exceed the 
amount of heat flows many times as in the case of Pool fire-type fires, plus the 
flame temperature may reach up to over 1350°C. Designed fire resistance R30 
for the Jet fire-type fires does not correspond to fire resistance R30 for Pool fires.  

 
P4.1.7 In the case of Jet fire-type fires it is not at all possible to consider the 
intervention of the FSU unit, because these fires usually die even before the 
arrival of these units on the site of the fire. 

 

The following images show the procedure of Jet fire impact assessment on the 
surroundings.  
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Figure P4.1.3 The occurrence of Jet fire-type fire on the flange of the valve 
without a direct threat to other devices by flame (only the effects of radiant heat) 

 

 
 
 

Figure P4.1.4 The occurrence of Jet fire-type fire on the flange of the valve or 
after secession  
of the pipe with a direct threat to the device by flame (and also the effects of 
radiated heat) 

 

P4.1.8 If devices with a high fire risk are known, it is also possible to model the 
Pool fire-type scenarios for them  that arise in case of leakage of flammable 
liquids from these devices.   
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Pool fires, however, have the duration limited only in terms of their free course, 
because fire-fighting action is assumed in their case. 
Structures affected by them must be designed for fire resistance according to 
these fires, because it does not mean that this structure will maintain its load 
bearing capacity and stability also for short-term threats by Jet fire.   

  
P4.1.9 For the creation and development of the fire, it is necessary to perform 
calculations based on standards STN EN 1990, EN 1991-1-2:  

 

 Mechanical load in case of fire according to the rule laid down in STN EN 
1990 

 Heat load – gives the net heat flow determined by heat transfer through 
convection and radiation 

 Fire load  
o  the density of the fire load - characterized by the design density 
o  fire load – determined by the calorific value of combustible materials in 

the fire zone or from the fire load for the given operation 
o  the rate of heat release – development and attenuation of fire is greatly 

influenced by the release of heat in time 
o  temperature curve  
o  the highest temperature – this also includes the prediction of the time, 

when the highest fire temperature is reached, depending on whether 
the fire is controlled by ventilation or fuel 

o cooling 
o limiting structures – if located in the evaluated area, it is necessary to 

take into account the properties of the ceiling, walls, or floors and multi 
layer limiting structures during the calculation  

o  total outbreak – the critical value of the heat and the time during which 
the fire reaches a total flameout are determined  

o  heat transfer through the structure outside the fire zone and heat 
transfer to the steel structure – the following can be used  

- one-zone model, for which homogeneous parameters will be 

considered in the entire area, which is appropriate for Pool 

fires, not for Jet fires, and when modeling fire  after whole-area 

outburst 

- two-zone model – provides information on the development 

of gas temperatures in each of the two layers and the 

development of the temperature of the surrounding structures 
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Appendix No. 5 
 
P 5.1 Model form for the fire construction certificate  

 
 


