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Summary 
Due to an increase in the number of large-scale façade fires around the world the interest in 

the fire hazards of façades has also increased. The hazards of such fires have been 

acknowledged since earlier and many different test methods have therefore been developed 

to enable evaluation of the fire properties of wall assemblies.  

The purpose of this study is to map differences and similarities between existing full-scale 

test methods that are currently used to evaluate façade systems based on their performance 

when influenced by fire. The study also includes a review of previous research into 

parameters and conditions that influence a façade fire. Some past incidents will be used to 

enable comparison between the tests and a real fire scenario. 

The review of previous research has been focused in the areas fire spread, fire properties 

influencing the heat flux from a fire, and comparative studies evaluating differences 

between existing test methods. For the study of parameters in existing test methods 21 test 

methods have been identified and included in the study. A detailed compilation of 

information on each of the included test methods can be found in the tables included in 

appendix A. The mapping of the differences and similarities of the included methods has 

resulted in comparisons of wall and specimen specifications, ignition source parameters, 

measuring points and approval criteria. The increase in interest for façade fire hazards has 

also led to some new methods being developed and old methods being revised. New 

methods and unfinished revisions have not been included in the comparison study but are 

mentioned.   

The conclusion of this study is that although the variation between the tests on the detailed 

methodology level are very high, if you consider the conditions used for approval and 

evaluation, they can all be linked to identified hazards of façade fires. However, there are 

some parameters that need to be re-examined. Previous research indicates that the fire load 

may be the parameter with most influence on the fire scenario. This is one of the 

parameters that vary the most and at same time it is likely to contribute to different results 

between the test methods. Another parameter is the influence of wall openings 

representing windows to overlaying compartments. This is a parameter that could have a 

significant effect on the outcome of a test. 

 



1 
 

Table of contents 

1 INTRODUCTION ............................................................................................................................................. 2 

1.1 BACKGROUND ................................................................................................................................................... 2 
1.1.1 Façades ................................................................................................................................................. 2 
1.1.2 Terminology .......................................................................................................................................... 3 
1.1.3 Fire incidents involving the façade ....................................................................................................... 5 

1.1.3.1 Lacrosse Docklands, Melbourne, 2014 ........................................................................................................... 5 
1.1.3.2 The Address Downtown Hotel, Dubai, 2015 ................................................................................................... 6 
1.1.3.3 Grenfell Tower, London, 2017 ........................................................................................................................ 7 
1.1.3.4 Conclusions from study of incidents from before 2014 .................................................................................. 8 

1.2 PURPOSE ......................................................................................................................................................... 9 
1.2.1 Scope of the study ................................................................................................................................. 9 
1.2.2 Questions to be answered .................................................................................................................... 9 

2 METHOD ...................................................................................................................................................... 10 

3 RESULT ........................................................................................................................................................ 11 

3.1 PREVIOUS RESEARCH ........................................................................................................................................ 11 
3.1.1 Fire spread .......................................................................................................................................... 11 
3.1.2 Heat flux to the façade ....................................................................................................................... 12 

3.1.2.1 Windows ....................................................................................................................................................... 12 
3.1.2.2 Fuel type ....................................................................................................................................................... 13 
3.1.2.3 Fire load ........................................................................................................................................................ 14 
3.1.2.4 Excess fuel factor .......................................................................................................................................... 14 

3.1.3 Comparative studies ...................................................................................................................... 15 
3.2 PARAMETERS OF EXISTING TEST METHODS ............................................................................................................ 16 

3.2.1 Wall and test specimen specifications ................................................................................................ 16 
3.2.1.1 Wall substrate ............................................................................................................................................... 16 
3.2.1.2 Wall geometry .............................................................................................................................................. 17 

3.2.2 Fire source ........................................................................................................................................... 19 
3.2.2.1 Scenario ............................................................................................................................................... 19 
3.2.2.2 Opening specifications ........................................................................................................................ 20 
3.2.2.3 Fuel, types and specifications .............................................................................................................. 20 
3.2.2.4 Test duration ....................................................................................................................................... 21 

3.2.3 Measuring points ................................................................................................................................ 22 
3.2.4 Requirements for passing ................................................................................................................... 23 

3.2.4.1 Temperature rise .......................................................................................................................................... 23 
3.2.4.2 Flame spread ................................................................................................................................................ 23 
3.2.4.3 Falling parts .................................................................................................................................................. 24 

3.3 FUTURE OF FAÇADE TESTING METHODS ................................................................................................................ 25 

4 ANALYSIS ..................................................................................................................................................... 26 

4.1 RELEVANCE OF APPROVAL CRITERIA ..................................................................................................................... 26 
4.2 FIRE SOURCE ................................................................................................................................................... 26 

4.2.1 Fire source parameters ....................................................................................................................... 26 
4.2.2 Fuel ..................................................................................................................................................... 27 

4.3 WALL FEATURES .............................................................................................................................................. 27 
4.3.1 Wall shape .......................................................................................................................................... 27 
4.3.2 Windows ............................................................................................................................................. 28 
4.3.3 Fire compartment opening ................................................................................................................. 28 
4.3.4 Additions to the wall surface .............................................................................................................. 28 

4.4 TEST DURATION ............................................................................................................................................... 29 

5 CONCLUSION ............................................................................................................................................... 30 

5.1 Further research ................................................................................................................................. 31 

6 REFERENCES ................................................................................................................................................ 32 

APPENDIX A ...................................................................................................................................................... I  



2 
 

1 Introduction 
The interest in façade fire hazards have lately increased amongst fire engineers around the 

world. One reason for this is many large-scale façade fires that have indicated that façade 

systems used in buildings today may not always possess the expected fire properties. In 

several cases this has led to surprisingly fast and extensive fires with great property losses as 

a result, and in some cases unfortunately has also resulted in many lives lost.  

The hazard of fire spread on the façade have been acknowledged for quite some time and 

several different test methods to evaluate the fire properties of wall claddings are in use. 

Some countries have chosen to regulate the fire properties of the materials, determined by 

small scale tests, used in facades and some use full scale tests to evaluate the fire behaviour 

of the entire façade system. This report will focus on those full-scale tests.  

As the fire safety of façades have become more current due to several incidents and more 

interest from more countries have started developing new methods or started revisions on 

their existing ones. In Europe, where several different methods are already in use, a EU 

tender was issued in 2016 for a project with the objective to provide regulators from all the 

member states with a single agreed upon European approach on how to regulate the fire 

performance of façade systems. The final draft of the report for this project was completed 

in November 2017.  

1.1 Background 

1.1.1 Façades 
The façade is the shell of a building and as such there are some properties which always 

need to be considered. The façade of a building is what is perceived by onlookers on the 

outside and therefore there is a visual aspect to it. This is probably the trait which differs 

most depending on the building concerned. The aesthetics of the façade of a garage for a 

farmer’s tractor may not receive much thought in the design stage compared to the design 

of the façade for a high-end business or compartment building in a capital. A good façade 

need also protect the materials behind it from the surrounding outdoor climate. Also, since 

any owner of a building wish to spend as little money as possible on heating or cooling of the 

indoors, the insulation properties of the façade is key. Once again, the specific requirements 

on the insulation vary depending on the planned usage of the building. 

Today numerous different ways of constructing facades exist, all to fill the requirements 

asked in terms of visual impression, insulation properties, durability and so forth. In some 

cases, the term façade system is used. This may refer to both prefabricated panels with 

different layers which are then attached to the building framework over the main insulation 

layer or to a specific way of creating the external wall cladding by combining specific 

material layers. For existing buildings, there is the option of adding extra insulation to the 

current façade. This is often an option that might be considered for elder buildings with poor 

insulation to minimize heating costs. 
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The effort of minimizing heat loss and creating visually appealing and weather resistant 

façades in some cases have resulted in solutions with too little consideration of fire safety. 

The result of a façade not possessing the expected fire properties, or the fire properties not 

being fully considered or understood, have resulted in several incidents where the façade 

was one of the main reasons for escalating the development of the incident. A fire incident 

involving a building’s façade has in those cases often proven to be costly either concerning 

lives lost or in the cost of following property repairs or both. 

1.1.2 Terminology 

Flashover 

There is more than one way to define a flashover. From the perspective of fire behaviour 

flashover occur when the fire changes from growing and involving only part of the material 

in the compartment to including all the combustible material, a change that usually happens 

quite fast (ISO, 2018). For calculation and design purposes a flashover is generally considered 

to happen at the time the temperature in the compartment reaches 500˚C. 

Fuel controlled 

A fuel-controlled fire is as it is suggested by the term controlled by the fuel available (ISO, 

2018). For example, a single waste paper basket in the middle of a large and empty gravel 

yard is, even if it is ignited, quite unlikely to spread since there is nothing else combustible 

close by. Free burning conditions as the waste paper basket previously described, where the 

supply of air can be considered unlimited in relation to the amount of fuel, are the simplest 

example of a fuel controlled fire. Compartment fires are fuel controlled when the amount of 

fuel involved is small compared to the air volume of the compartment, which would usually 

be the case during the growth phase until the fire reaches flashover.  

Ventilation controlled 

For a ventilation controlled fire, it is the supply of air/oxygen that control the fire 

progression (ISO, 2018). After flashover is when the fire is most likely to turn ventilation 

controlled. The reason for the ventilation controlled fire is that the combustion process 

requires oxygen and the oxygen is consumed in the combustion process. For a fire in an 

enclosure the fire may consume more oxygen than what was in the compartment to begin 

with and at a faster pace than the air flows in. If the inflow of air is very low, it can even 

cause the fire to go out as the combustion process is no longer possible due to lack of 

oxygen. An example of this is putting out a fire in a saucepan by putting the lid on, the lid 

cuts of the supply of oxygen and as a result the fire goes out.  

Heat of combustion 

Heat of combustion is the calorific value for how much heat energy that could be released 

during complete combustion of a unit mass of a material. The heat of combustion differs 

between materials and is given in energy per mass unit, for example MJ/kg. (ISO, 2018) 
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Heat release rate 

Heat release rate, commonly abbreviated to HRR, is a measurement of heat energy released 

per time unit during the combustion process. The heat release rate is specified as energy per 

second and thus given the unit J/s or as it is more commonly known as watt, W (ISO, 2018). 

The heat release rate is of special importance especially during the initial growth phase of 

the fire as it influences how fast the fire progress. 

Fire load and fire load density 

The term fire load refers to the amount of heat energy that can possibly be released through 

complete combustion of all combustible materials inside an enclosure. The fire load is most 

commonly given in the unit MJ. The difference between fire load and fire load density is 

small. Whereas fire load refers to the total energy contents of an enclosure the term fire 

load density instead refers to the total energy content of the enclosure divided by the floor 

area. Fire load density is therefor given in the unit MJ/m2 (ISO, 2018). The fire load and fire 

load density are of importance for both the development of the growing fire but also for the 

fire’s intensity and duration. 

Heat flux 

The heat flux is the sum of heat (from radiation, conduction and convection) that affects a 

certain surface area and is given in the unit W/m2 or kW/m2 (ISO, 2018). 
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1.1.3 Fire incidents involving the façade 

Below follows a short presentation of three fire incidents from recent years where fire 

spread via the façade had a major impact on the development of the fire. A more 

comprehensive presentation of fire incidents involving fire spread on the façade from before 

2014 can be found in the NFPA report Fire Hazards of Exterior Wall Assemblies Contining 

Combustible Components by N.White and M.Delichatsios. 

1.1.3.1 Lacrosse Docklands, Melbourne, 2014 

The Lacrosse building fire started at a balcony on the eighth floor in the early morning of 

November 25, 2014.  

The fire spread was rapid and when the first fire crews arrived at the scene 5 minutes after 

they received information of a reported apartment fire the fire had already spread to include 

the external walls and balconies of about 6 levels. After another 6 minutes reports from the 

crews stated the fire had reached the roof above the building’s 21st floor. Due to the 

extensive and rapid vertical fire spread as well as risk of fire infiltration into the internal 

compartments on several levels the entire building, approximately 400 persons, was 

evacuated. No person was injured or died in the fire. 

Reports after the incident stated that the upward fire spread mainly occurred by the fire 

traveling up the external cladding of the façade and thereafter spreading to combustible 

items stored on the balcony of each level. The fire also spread downward as occupants from 

the 6th floor reported having seen burning debris and embers falling onto their balcony from 

above causing materials on their balcony to catch fire.  

 

Figure 1 Photo from 02.29, local time, when the first fire crew arrived on scene. Indicated are the point of origin on the 8th 
floor (blue arrow) and the start of fire at the lower 6th floor (red arrow). (Badrock, 2016) 
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Fire investigation after the fire concluded the cause of the fire was a cigarette butt which 

had been discarded in a plastic container on top of an outdoor table with a timbre top on 

the 8th floor balcony. The investigation also concluded that the internally installed sprinkler 

system greatly contributed to limit the spread of fire in the internal compartments. Had the 

effect of the sprinkler system been less effective the internal fire spread in the effected 

apartments, on level 6-21, would likely have been more severe and spread to horizontally 

adjoining compartments might also have followed. The investigation also noted that if the 

balconies had been set with a sprinkler head, which they were not as it was not a 

requirement in the building codes, this might have restricted the fire spread up the façade. 

(Badrock, 2016) 

1.1.3.2 The Address Downtown Hotel, Dubai, 2015 
On New Year’s-eve 2015 a fire broke out in The Address Downtown hotel in Dubai. The 

building housed residential apartments, a luxury hotel, restaurants, offices and parking 

areas. The fire, which started just before 9.30 pm local time, did not result in any deaths 

although 15 people suffered injuries and one person suffered a heart attack while being 

evacuated from the building. 

 

Figure 2 To the left: The Address Downtown hotel fire. Photo by Ahmed Jadallah/Reuters. (Moukhallati, 2016) 
  To the right: Fire damage after The Address Downtown hotel fire. Photo by Victor Besa/The National (Claus, 2016)   

The cause of the fire was according to investigations a short circuit on a spotlight located 

between the 14th and 15th floor of the 63-storey high building. The fire then spread to an 

apartment on the 15th floor and continued to spread up the façade. Fire also spread to an 

apartment on the 14th floor and lower parts of the façade through falling burning debris. The 

investigation also responds to witnesses’ claims that no fire alarm went off. According to 

investigators this was because the fire started outside the building. The fire alarms did not 
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sound initially because there had not yet spread enough smoke to the inside compartments 

to activate the internal alarms. (Moukhallati, 2016) 

1.1.3.3 Grenfell Tower, London, 2017 
The Grenfell tower, built in 1974, contained 24 storeys, 20 of them residential floors and 

four levels with a mix of residential flats and community areas. There was a single staircase 

and two lifts in the centre of the building. The fire is reported to have started in a fridge 

freezer but as of this date there is no finished official report concerning the incident, ways of 

fire spread and contributing factors. However, a newly fitted façade cladding, which was 

installed for increased insulation purposes during a recent refurbishment finished 2016, have 

been cause for scrutiny as much of the fire spread appears to have happened up and along 

the façade and experts have voiced doubts about the cladding’s fire properties (BBC, 2017). 

There have also been questions asked as to why the building was not fitted with a sprinkler 

system (Roberts, 2017). 

 

Figur 1 Grenfell Tower fire. Photo from AFP (BBC, 2017) 

The first reports of the fire reached emergency services at 00:54 British standard time on 

June 14th. The ensuing operation came to include 40 fire engines and over 200 firefighters. 

Fire crews only reached till the 12th floor during the height of the fire and some of them have 

later claimed their work was hindered by low water pressure and problems with their radio 

communication. The fire was brought under control just over 24 hours later at which time it 

had affected most floors of the building (BBC, 2017). 71 people died in the fire (Sherwood, 

2017). 
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1.1.3.4 Conclusions from study of incidents from before 2014 
A rather extensive study into exterior wall fire incidents dated before year 2014 resulted in 

the following observations. Fires which include the exterior of a building is not a frequent 

occurrence and most of the incidents included in the study did not result in many lives lost. 

Injuries caused to humans in the incidents included are mainly in the way of smoke 

inhalation and very seldom by direct exposure to flames or heat. Even incidents resulting in 

no casualties often result in many occupants being unable to return to their homes, or the 

building being unfit for its planned purpose, for a long time after the fire. Depending on the 

scale of the fire spread the consequences in terms of property loss might come to be 

extensive. Fires in the exterior wall are most commonly caused by the spread of an internal 

fire but it should be noted that exterior wall systems with a combustible component may 

present an increased fire hazard during construction when all finishing and protection 

systems are not yet completed. Structural properties of a building such as re-entrant 

corners, vertical channels and U-shapes that act like chimneys has often resulted in quicker 

and more extensive flame spread than on what has been observed on flat walls. Some 

incidents point to that even partial channels formed by for example balconies could 

influence the extent of the fire spread. Incidents involving fire spread in the façade appear to 

happen mostly in countries where regulatory controls limiting the use of combustible 

materials in the façade are poor or non-existent or where so at the time the building was 

constructed. Although in some cases, it has been a result of construction having not been 

carried out in accordance with established regulations (White & Delichatsios, 2014). 
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1.2 Purpose 
The purpose of this study is to map differences and similarities between existing full-scale 

test methods that are currently used to evaluate façade systems based on their performance 

when influenced by fire. For this comparison to be relevant it is also of importance that 

parameters that have an influence on a façade fire is identified and presented. The study 

also aims to evaluate whether the currently used test methods manage to satisfactory 

simulate an actual fire incident or if there are parameters not accounted for. 

1.2.1 Scope of the study 
The study will focus on semi-natural full-scale tests for facades. 

For this study a test method will be considered as full scale if the set of the test has a wall 

height of 2.40 meter or higher even if tests with this height usually would be considered as 

an intermediate scale test. 

Only tests with the purpose of evaluating the ignition and fire spread properties of a façade 

is considered relevant to this study and tests with other purposes will therefore not be 

included. Room corner test methods, which purpose is to evaluate the fire performance of 

interior wall and ceiling linings as well as the probability of fire spread in those materials 

leading to flashover by illustrating an internal fire starting in the corner of a room is not 

considered relevant to the study. 

Small-scale tests, for example single burning item tests (SBI), will not be evaluated but might 

be mentioned when relevant in the study of previous research. One reason for this is that 

the difference in scale, in terms of test specimen size, fire source values and scenario, makes 

a comparison between test methods very hard and partially unrealistic. Another reason is 

that earlier studies have proven that the small-scale test methods often tend to 

underestimate the fire hazards present in an end use setting.  

The report will focus on identifying differences and similarities between the test methods 

included in the study rather than describing each method one by one. Details on the 

different methods will instead be presented in tables found in the appendix to the report.  

1.2.2 Questions to be answered 
The study aims to answer the following questions within the defined scope: 

- Which conditions and fire parameters influence a façade fire? 

- Which differences exist between the different full-scale test methods? 

- Which similarities exist between the different full-scale test methods? 

- Are there aspects to a real fire not accounted for by the tests? 
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2 Method 
The study has been carried out as a literature study.  Early on it was identified that the study 

had multiple areas of interest with the main four being: 

- existing test methods, 

- research on fire behaviour when involving a façade, 

- fire incidents involving the façade and 

- façade construction.  

Literature has been sought out that relate to the study by either of those four areas, though 

the focus has been on the first two. This because these are the most relevant to the purpose 

of the study. Literature about different facades, façade systems and façade construction 

have not been separately studied but rather followed as part of material found relating to 

either test methods or research into fire behaviour. Since the evaluation of the test methods 

is the focus of the study it has not been considered necessary to study the construction and 

properties of specific façades more thoroughly. 

To enable an analysis of differences between test methods, previous research on which 

parameters and conditions that influences a façade fire is of equal importance as 

information about methods currently in use. 

For information about existing, in use test methods, two earlier studies have been the main 

source of information. The main reasons for this are the difficulty of finding the 

methodology description of test methods translated to English or Swedish, and the 

economic cost of purchasing the relevant standards that are available. 

Literature on earlier research has been sorted out from references in the two earlier studies 

mentioned above as well as through recommendations from the appointed advisor for this 

study. Where relevant references to these works have been identified, these have also been 

object to further study. 

Since one of the aims for the study is to compare characteristics of a real façade fire incident 

with the characteristics present in current test methods, the study also includes a part about 

previous façade fire incidents.  

Previous fire incidents have been identified through online searches with ‘façade fire and 

year’, ‘high-rise fire and year’ as the main search words. After these searches fires involving 

fire spread on the façade were mainly identified through picture results from the searches. 

After a fire had been identified as possibly interesting by picture, a more precise search, with 

the aim of finding further information from articles, incident reports or the like, was 

conducted based on information about location and year found on the pictures original 

posting site. During this selection process some incidents had to be discarded as there was 

not enough information about the fire readily available to contribute to this study.  
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3 Result 

3.1 Previous research 
This part presents an overview of some of the previous research made into fire parameters 

and fire behaviour that are of importance for a façade fire.  

3.1.1 Fire spread 
There are three dimensions to the problem of fire spread in wall claddings. First, for there to 

be fire spread you need fire, so why does the façade or wall cladding ignite? Secondly, if the 

façade ignites, how will the fire spread? And thirdly, which hazards will follow or increase as 

the fire spreads? 

Ignition of the façade will likely be caused by one of two possible ignition sources which are: 

- fires external to the building or 

- fires internal to the building. 

Ground fires or a fire in an adjacent building would in this case be considered as fires 

external to the building. As for an internal fire, it could be an apartment fire causing the 

apartment’s windows to break and resulting in flame and smoke spreading out through the 

window (White & Delichatsios, 2014). 

The spread of the fire will depend partly on how the façade is constructed.  In 2014 N. White 

and M. Delichatsios formulated five key mechanisms of fire spread.  

1. One way a fire might spread is from the façade to an interior compartment. This 

could happen for an internal fire which, after it breaks through the apartment 

windows, causes the windows in the apartment above to weaken or break due to the 

increase in heat. The broken window will enable the fire to infiltrate and cause a 

secondary internal fire in the overlaying apartment. This type of spread pattern is 

sometimes likened to the fire jumping from level to level.  

2.  If the façade has a combustible exterior the fire might just spread along the external 

surface of the façade.  

3. Some facades as well as some solutions for adding external cladding to facades are 

constructed so that a vertical cavity or air gap is formed between different layers of 

the façade. Smoke and flames can spread several storeys within such cavities if there 

is a possibility for it to enter. 

4. Many facades include different materials that are fitted together. An example is so 

called EIFS, External Insulation Panels, which consists of a core (the combustibility of 

the core can vary depending on the material used) with good insulation properties 

capsuled in a non-combustible external skin. The heat flux from a fire might cause the 

non-combustible outer layer to degrade or lose its form and thus separating from the 

internal core which enables fire spread in the internal core material. 
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5. As the fire spreads it might cause the façade to crumble resulting in debris falling and 

thus ignite fires on lower levels. 

(White & Delichatsios, 2014) 

As for hazards there are four that can be considered as directly related to fire spread in the 

façade.  

1. A fire spreading along the façade increases the risk of secondary fires outside of the 

primary fire compartment.  

2. Related to this hazard is the more narrowly defined one of fire spreading out a 

window and causing windows to break in the overlaying apartment and enabling fire 

spread to a secondary compartment.  

3. Fire spread to, and through, cavities or air gaps inside the façade construction often 

result in fires that are hard to locate, hard to control and hard to extinguish.  

4. The last risk identified is that the fire could destabilize such large parts of the façade 

that it endangers or causes injuries to people evacuating the building or rescue 

personnel. 

 (Ondrus & Pettersson, 1986). 

3.1.2 Heat flux to the façade  
 The heat flux to the façade, as any fire related value, depends on many different parameters 

and it is not entirely sure all the influencing parameters and correlations have yet been 

identified. Many of the full-scale test series that have been conducted to determine 

correlations for compartment fire behaviour and external flaming was conducted before the 

1990’s. This research has ended up identifying several conditions, such as compartment 

geometry, ventilation opening geometry, burning rate, distribution and quantity of fuel 

which all influence the duration and severity of a fire inside a compartment. As external 

flaming is a possible aftereffect of an internal fire the characteristics of the initial fire that 

affect the flame size, for example fire duration and burning rate, as well as those that affect 

the radiation, such as the fire temperature, are considered most important. (Empis, 2010).  

3.1.2.1 Windows 

Today one of the techniques to prevent fire spread inside buildings is a high degree of 

compartmentation. Each compartment of a building is thereby designed and constructed to 

keep the fire in, preventing a fire to spread to surrounding compartments. If a fire in one 

such compartment reaches the flashover or post flashover stage it may lead to a fast rise of 

the internal temperature. A common result of this is windows breaking or the fire breaking 

through the compartmentation in other ways. With the compartmentation follows that 

there is a limited supply of air, and thereby oxygen, so fires are more likely to become 

ventilation controlled. Smoke flowing out through a broken window can therefore as a result 

contain a high amount of partially combusted fuel. As the fuel rich gases entrain air from 
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outside the window this often result in external flaming. Previous research differs in opinion 

concerning the conditions to be met for external flaming to occur. One study claims external 

flaming will only occur when the fire is ventilation controlled but another one claims it will 

occur when the fire is fuel controlled as well depending on the location of the fire inside of 

the compartment. The parameter of fire location is not traditionally included in research test 

series that rather tend to distribute the fuel evenly throughout the compartment. (Empis, 

2010)  

Another study of the behaviour of the external flame indicates that a vertical projection on 

either side of a window, or any other type of opening, will cause any external flames to 

elongate and therefore cause an increased heat flux to the façade. The same study also 

corroborates earlier studies that indicate that the heat flux to the façade will decrease if 

there is a horizontal projection above an opening. The effect of the horizontal projection has 

been found to be greater the closer it is to the opening soffit, and the change it causes to the 

external flame is for it to veer away from the wall above as it passes the projection after 

which it will return to its original path. (Empis, 2010) 

It is not only the characteristics of the smoke or the fire in the internal compartment that 

influence the external flame. The window from which the smoke emerges also influences the 

behaviour of the smoke plume and the external flames. A narrow window (high in relation to 

its width) will cause the external flame to widen. Because of this, calculations based on the 

assumption that the external flame has the same width as the window opening could give 

erroneous results (Bullen & Thomas, 1979). The aspect ratio is a term that is used to describe 

the relation between the height and width of a window. It is calculated as 

n =
2w

h
 

where the parameter n is the aspect ratio, w is the width and h the height of the window. 

Yokoi found that the aspect ratio has an important effect of the trajectory of plumes from an 

opening. Plume trajectories have been modelled and corroborated by results from test 

series for aspect ratios between 1 and 6.4. For the high values between approximately 3.4 

and 6.6 the plume trajectory quickly tends backwards towards the wall after exiting the 

window (Empis, 2010). A narrow window will also cause the flame to lengthen by a bit and 

tend slightly away from the façade while a wide window (wide in relation to its height) 

rather will cause a slightly shorter projected flame that bends back a bit towards the façade. 

As the characteristics and the behaviour of the external flame changes so will the 

interactions and influence of the flame onto the façade (Ondrus & Pettersson, 1986). 

3.1.2.2 Fuel type 
Over the last half century there has been a considerable change in the furnishings inside the 

building compartments. Over the years the materials have changed from being mainly made 

up from cellulosic materials to being mainly non-cellulosic or by another word, synthetic 
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fuels. This changes the initial fire characteristics since synthetic fuels have a higher heat of 

combustion and a faster burning rate than cellulosic fuels. (Ondrus & Pettersson, 1986) 

A test series of eight full-scale tests from the late 1990s and early 2000s were carried out by 

Klopovic and Turan. In every one of those tests the glass of the window on the second storey 

was breached which suggest that other studies may have underestimated the risk of vertical 

fire spread in realistic fire scenarios. One possible reason for these more severe results could 

be the difference in fuel from other test series since this series used furniture rather than 

wood cribs. Another reason for the difference in heat flux may be the distribution of fuel 

inside the compartment. (Empis, 2010) 

Another series of three tests from 2006 shows that the heat flux from a fire using modern 

furnishings mainly non-cellulosic materials result in a heat flux beyond what would be 

predicted by established calculation methods, indicating a change of fuel material could be 

the cause of higher incident heat flux to the façade. (Empis, 2010) 

3.1.2.3 Fire load 
A sensitivity study of the Law model, a method used to calculate heat flux incident on 

structural steel members to determine if they need to be fitted with passive fire protection 

to withstand a post flashover fire with flames ejecting through a window, was conducted by 

C. A. Empis in 2010. One of the conclusions in the study was that the parameter with the 

calculation method was most sensitive for was the fire load. Measurements from full scale 

tests conducted with real furnishings in an apartment building also showed that the fire load 

suggested for calculation in the model may underestimate the fire load to be expected in a 

modern compartment. Especially close to the window soffit the calculated values for the 

heat flux are below those measured during the tests. (Empis, 2010)  

A series of full scale tests to investigate external fire exposure was carried out by Olezkiewicz 

in the late 1980s and early 1990s. During these tests a single compartment size was used. 

Other variables, such as opening size, the width/height ratio of the opening and for some 

tests using a burner the burner output was varied. From the tests with the variation in gas 

flow it was found that an increase of the gas flow resulted in an increased heat flux to the 

wall above the opening. (Empis, 2010) 

3.1.2.4 Excess fuel factor 

When non-cellulosic fuels such as liquids and thermoplastic materials burn a model using 

radiation as the dominant form of heat transfer can be used to describe the radiant 

intensity, which is helpful for predicting the behaviour of post flashover fires. For these 

materials and this model, the correlation between the burning rate and the radiation 

intensity was found to be good and can therefore be used to predict a nominal value of the 

so called excess fuel factor. The excess fuel factor parameter is of importance when 

discussing the properties of an external flame. A smoky flame will cause more radiation and 

for some fuels, contact between gases with a high content of unburned fuel and cold air this 
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will cause large quantities of smoke. The model using the excess fuel factor predicts that gas 

emissivity may have a significant effect both on the radiant intensity and the flame height of 

external flames causing flame heights to lower and the radiation intensity to increase with 

an increasing emissivity. A fuel that is not very volatile but has a high heat of combustion for 

every unit mass of air used in the combustion process, will create a very high temperature 

within the compartment. But because most heat has already been released the thermal 

exposure on the façade would be comparatively low. A fuel with high volatility and a low 

heat of combustion will not result in a lower temperature within the compartment but 

instead a high thermal exposure to the façade. (Bullen & Thomas, 1979).  

3.1.3 Comparative studies 
Seven test methods, BS 8414-1 and -2, DIN 4102-20, ISO 13785-1 and -2, EN 13823, and EN 

ISO 11925-2 were used to test four different types of external thermal insulation composite 

systems (ETICS). All methods are supposed to represent a fire influencing an external surface 

on a wall. First, it was determined that EN ISO 11925, EN 13823 and ISO 13785-1 was not 

considered suitable to be compared to the larger test methods because of the considerable 

difference in size and fire exposure. This leaves four test methods, unfortunately no results 

from ISO 13875-2 was provided forcing this method to be left out of the comparison. The 

remaining three methods, BS 8414-1 and -2 and DIN 4102-20 which are L-shaped but differ 

on account of height, heat exposure, and fuel used. Although not all the four types of ETICS 

were tested using all three methods the following was the result reached from the 

comparison: 

- The methods BS 8414-1 and -2, DIN 4102-20 and ISO 13875-2 are considered to 

reproduce heating conditions representing fire impingement to a high enough degree 

that it is useful for evaluation of the façade’s fire properties. Features such as fire 

barriers and joints that may greatly influence fire performance can’t be properly 

incorporated in small scale tests. 

- The results from testing two different facades using the DIN 4102-20 method indicate 

that a fire wall located directly above an opening will improve the fire performance 

for the scenario where flames caused by an internal fire eject through the window. 

However, there is not enough material to determine if the height of the fire barrier 

has any effect on the fire performance. 

- The heating conditions in the DIN 4102-20 test are not as severe as those in the BS 

8414 tests.  

- The change of a single component, in this case use of different types of render, can 

have a considerable effect on the fire performance of the system.  

(BRE Global, 2012) 
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A recent test series came to the following conclusions when conducting similar, slightly 

varied test on a single type of wall construction: 

- An increase in the number of fire barriers is a successful way of delaying the vertical 

fire spread. 

- Fire load at the base of a façade is important factor of the façade’s fire behaviour. 

- Adding openings to the wall changes the fire performance drastically, the edges of 

window lintels being a weak point. 

The test series were carried out on a flat wall, two of the five tests used a 200kg wood crib 

with a calibrated maximum HRR of 2.0 MW and a maximum temperature of 900˚C. The 

other three used a 200l tray of isopropanol with calibrated maximum HRR of 3.5 MW and a 

maximum temperature of 900˚C. For two of the tests (one with each fuel) the test wall was 

prepared with three openings (1.01m wide x 1.35m high) in a vertical line along the centre 

line of the wall with lintels at heights 3.15, 5.95, and 8.75m. The edges of the openings were 

structurally designed in accordance with the manufacturer’s instructions with 

edges/brackets made of plastic. One of the tests with each fuel (not those where the walls 

included openings) were only fitted with one fire barrier, for those tests the wall was 6m 

wide and 8m high. The other tests had the wall specimen fitted with three fire barriers and 

used a wall 6m wide and 9m high. (Zehfuß, Northe, & Riese, 2017) 

 

3.2 Parameters of existing test methods 
If a test method is standardised it means it has been decided to be executed in a certain 

way. That means input values and certain steps in the procedure are predetermined and 

therefore each time the test will be carried out in the same way. For this study several 

existing test methods have been studied and below follow a presentation of differences and 

similarities between these tests. The information on existing test methods used in this 

section come from the sources N. White and M. Delichatsios (2014) and M. Smolka, et al. 

(2013 and 2016). For more detailed information on the specific test methods included in the 

study, see tables A-E in appendix A. 

3.2.1 Wall and test specimen specifications 
Below follows an overview of the geometrical properties of the setup for the full-scale 

façade tests studied. 

3.2.1.1 Wall substrate 
Not all the included test methods include a specification for which substrate the test 

specimen is to be mounted on, in fact some specify there should be no substrate at all. As 

for the standards that do regulate the type of substrate to be used, one or two of masonry, 

concrete, aerated concrete, steel light frame and Ca-Si board are specified. There are also 

several of the methods that include the specification that the façade test specimen is to be 
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installed in a way representative to the expected end use with fixings, air gaps and insulated 

cavities and so forth present. 

Substrate specifications 

- Among the methods included a steel frame is the most frequently specified 

substrate. For one method included in this, NFPA 285, the test setup requires it to be 

used in combination with a concrete structure. 

- However, if there is no distinction made between concrete and aerated concrete, 

then some type of concrete is the most commonly demanded substrate.  

- The use of Ca-Si board as substrate is the rarest and only used for two of the test 

methods.  

- If the method using a combination of a steel frame and a concrete structure is 

discounted the use of a non-combustible wall substrate (masonry, concrete or 

aerated concrete) is doubly as frequent as the use of a steel frame.  

Reasons for use of different types of substrate 

In some cases, as shown by the two British test methods BS 8414-1 and -2, the reason for 

the use of one or the other type of substrate can be as simple as which type of façade 

system the method is supposed to evaluate. These two tests are the same on all accounts 

but the substrate. BS 8414-1 is for wall cladding systems supposed to be applied to the 

exterior of a solid building wall and uses concrete as substrate. BS 8414-2 on the other hand, 

is for cladding systems to be fixed to and supported by a structural steel frame and therefore 

instead uses a steel frame as substrate. The Swedish test method, SP Fire 105, uses a 

substrate wall of aerated concrete when testing exterior cladding systems but allows the use 

of a steel frame for tests of entire wall assemblies. 

The substrate specification for each method considered in the study is presented in 

Appendix A, Table A Wall geometrics (page i-v). 

3.2.1.2 Wall geometry 
Generally, the test specimen is constructed in one of two shapes, as a flat or as a corner 

shaped wall. The corner shaped wall is in most cases most simply described as an L-shape as 

one of the walls is wider than the other. Hereafter the wider wall on a corner shaped test 

specimen will be referred to as the main wall and the narrow wall as the side wall.  

Table 1 Wall shape 
 Number of methods 

Flat 10 

Corner 8 

Other 3 
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Table 2 Wall measurement specifications 
 Minimum (m) Maximum (m) Comments 

FLAT    
Height 2.3 7.25 

(specimen) 
- For the method specifying the 
highest height the apparatus height is 
10m. 
- Three of the methods have a height 
between 2.3 and 3m. 
- Three of the methods specify a 
height between 4 and 5.5m. 
- Four of the methods have a height 
between 6.5 and 7.5m. 

Width 0.8 6.0 - Not specified for one method. 
- Half of the methods have a width 
between 4 and 6m. 
- For the other half a width between 1 
and 2m is most common. 

    
CORNER SHAPE    
Height 5.2/5.5 15.2 - For the method specifying the 

lowest height different height 
specifications have been found in 
different sources. 
-Half of the methods have a height 
between 5 and 6m. 
- The other half specify a height in the 
interval 7.5 to 15.2m. 
- The method using a 15.2 m high wall 
is the only one (corner or flat) 
specifying a minimum height over 8m. 

Main wall width 1.2 15.7  
Side wall width 0.6 11.96 For only one method the main and 

side wall have the same width. 

 

Methods with atypical geometry specifications 

Among the methods studied there are some that stands out in terms of setup and includes 

aspects which are not generally present. The NFPA 285 method stands out as it has two 

compartments in the setup, the bottom one being used as the burning chamber and the 

overlaying one simulating a compartment on the next storey. The FM Global parallel panel 

test uses two flat wall panels facing each other and separated by 0.5 m instead of the regular 

single flat wall or corner. The SP Fire 105 method simulates two window openings on two 

overlaying storeys by not mounting any of the test specimen in two specified rectangles on 

the substrate. The method also includes an eave made of non-combustible material at the 

top of the wall. In the ASTM channel test, the tested wall specimen is placed at the back of a 

U-shaped setup so that the flat wall is flanked on both sides by perpendicular sidewalls of 
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non-combustible material. A slightly similar setup, though smaller in its dimensions, is the 

ISO 13785-1 test where a corner shaped specimen is placed at the back of a U-shaped setup 

made of non-combustible boards. The two corner test methods from FM global both uses a 

structure that enables the test to include an overlaying roof construction since they are used 

for testing systems to be used both on the inside and on the outside of a building. One of 

those methods is also the only corner method where both walls are required to have the 

same width. 

The wall shape and wall measurement specifications, if any such have been included in the 

available sources, for each method considered in the study is presented in Appendix A, Table 

A Wall geometrics (page i-v). 

3.2.2 Fire source  

3.2.2.1 Scenario 
The studied test methods vary in the way they simulate the fire exposure to the façade. Two 

different scenarios for the fire exposure are in use, where the fire source is assumed to be 

either internal or external to the building. 

- Most methods aim to simulate the scenario of an internal fire located in a 

compartment with flames ejecting from a window opening.  

- Generally, methods simulating an internal initial fire use a burning chamber located 

behind the wall substrate with an opening, generally at the bottom of the wall, 

through which flames and smoke from the fire source eject.  

- For methods using a burning chamber with an opening, the wall specimen is installed 

either around the opening or so that the lower edge of it aligns with the opening 

soffit or is at a pre-specified height above the floor.  

- Another method used is to mount the test specimen a way up from the floor and 

placing the ignition source a specified vertical distance away but directly under the 

lower edge of the specimen.  

In one method, the fire exiting from the compartment is combined with the use of a 

horizontal pipe type burner. The burner, which is mounted on a frame, is then placed in 

front of the wall and thus causing a direct flame insult at the lintel of the opening. Another 

test method (FM parallel panel), stands out by using a sand burner placed in the 0.5 m gap 

between the two panels. What type of fire scenario this method is supposed to simulate is 

unclear and might even be irrelevant as the purpose of the test is to predict how a wall 

specimen will do in the two larger corner tests from FM Global. These two corner test 

methods (ANSI FM 4880 25ft and 50ft), simulate an external fire source in near proximity of 

the corner rather than a compartment fire. This is one reason why the methods can be used 

for the testing of both wall assemblies for interior and exterior use, as the source can 

represent either an internal or external fire. Yet another method (NFPA 268), has the aim of 
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evaluating the performance of the wall material while it is influenced by radiation instead of 

the properties while directly affected by flames and smoke. 

The scenario specifications, if any such have been included in the available sources, for each 

method considered in the study is presented in Appendix A, Table B Test scenario and fire 

source (page vi-x). 

3.2.2.2 Opening specifications 
Most of the methods simulating flame exposure on the façade from an internally located fire 

include an opening in the test wall setup. 

- For flat walls the opening or fire source is located in the middle of the wall. 

- For the corner shaped walls, the opening is placed on the main wall, either directly 

adjacent to the corner or at a specified distance away from the corner.  

Table 3 Opening measurement specifications 
 Minimum Maximum 

Opening height 0.63m 2m 

Opening width 0.8m 3m 

Opening area 0.5m2 4m2 

Opening aspect ratio 2 (most common) 8.45 (second highest 5.2) 

 

Of the test methods considered by this study the following test, MSZ 14800-6, is the only 

one that use a window glass in the opening to the fire compartment. The glass is then 

broken at a specified time illustrating a sudden exposure of the façade to hot gases and 

flames.  

The opening specifications, if applicable to the method and information have been available 

from the used sources, for each method considered in the study is presented in Appendix A, 

Table B Test scenario and fire source (page vi-x). 

3.2.2.3 Fuel, types and specifications 
Concerning the fire source specifications are generally made on fuel type, the amount of fuel 

and sometimes also about exposure values that should be reached. 

Fuels used 

- The most commonly used fuel is wood, most often specified by weight. 

- The secondly most used fire source is different types of gas burners, most commonly 

using propane gas and most commonly specified by HRR. 

- Quite a few methods specify both a wood and a gas alternative where either can be 

used. 
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Other fuels specified are heptane (SP Fire 105) and a radiating panel (NFPA 268). For some 

standards it is also expressed that any alternative source beside the requested one can be 

used if it is proven to fulfil the output and exposure criteria defined for the source. These 

criteria differ between methods but generally concern one or more of, expected 

temperatures, heat flux incident on the façade, heat release rate from the fire source and 

extension of flames.  There are also methods for which the use of alternative fire sources is 

either not addressed or directly refused.  

Fuel amount and effect specifications 

- The weight requirements specified for methods using wood as fire source fuel varies 

between 20 kg and 675 kg.  

- For the methods using gaseous burners it is harder to compose an overview since it is 

a greater discrepancy in how the expected output from the burners are given. Since 

the specification is given either as HRR or as a total heat release rate (reached at the 

end of the test).  

- For methods using a gas burner that specify a heat release rate, 100 kW is the lowest 

one specified and 900 kW the highest, but the most common one is 320 kW.  

- For methods using a gas burner that specify a total heat release rate which should 

have been reached at the end of the test, the lowest total heat release rate given is 

1.16 MW and the highest 5.5 MW. 

- As a comparison to the gas burners, for two of the standards using wood the 

calibrated value for the fire source’s total heat release rate is approximately 3 MW.  

The fuel specifications, if any such have been included in the available sources, for each 

method considered in the study is presented in Appendix A, Table B Test scenario and fire 

source (page vi-x). The calibration values which should be achieved by the fire source for 

each method is presented in Appendix A, Table C. Test duration and calibration values (page 

xi-xvii). 

3.2.2.4 Test duration 
It is from the sources not apparent for all the methods if the duration time specified relates 

to the period when the fire is burning or if both burning time and observation time (after the 

fire source has been extinguished) is included. Several methods specify one flaming time as 

well as a longer time during which observation and data collection from measuring 

equipment continues.  

- The test duration, in the sense of test period with an active fire, is most commonly 

set to 30 minutes.  

- The secondly most common duration is an active flaming period of between 20 and 

30 minutes.  

- The shortest test requires a minimum duration of 12 minutes. 

- The longest specified test duration is 60 minutes, however it is unspecified if the fire 

source is expected to burn the entirety of this time.  
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Information on the specified duration time for different test methods can be found in 

Appendix A, Table C Test duration and calibration values (page xi-xvii). 

3.2.3 Measuring points 
Most methods use measuring equipment to provide data that can later help with the 

evaluation of the tested wall specimen. They also require visual observations to complement 

the collected data values, and for some methods it is specified that the test be filmed so that 

evaluation is not limited by what is noticed or not during the actual test. Depending on if the 

method is tied to a building regulation with specified performance criteria or used as an 

evaluation method during development process, the extent of data collected and the 

specifications on which data to collect may vary. The criteria or properties that are to be met 

or evaluated regulate the choice of which measuring equipment to use and the placement of 

it.  

Temperature or heat flux requirements are always tied to a specified height or place. At this 

height/place the wall specimen will most likely be fitted with a device to measure changes in 

the specified parameter, for example a thermocouple to measure the temperature if the 

requirement concerns temperature.  

Generally, at least one measurement point is located along the centreline of the 

opening/fire source. If more measurement points are required these are usually placed 

along a horizontal line at equal distance on each side of the centreline, and for corner walls 

at the same height on the side wall, or with specified intervals at different heights along the 

centre line.  

Temperature measurements are often taken both on the exterior of the surface as well as 

inside the different layers of the wall assembly. Interior measurements are usually collected 

from the middle of each insulation layer and cavity of the wall in the same point as an 

exterior measurement point. 

The temperature close to the soffit, where the flames meet the test specimen for a test 

simulating a compartment fire for example, are often given special importance. Thus, the 

vertical distance between measuring points are often shorter closer to the opening 

compared to higher in the wall. Another height that are given some extra importance is the 

top of the wall specimen.  

Heat flux measurements are collected from the exterior wall surface. SP Fire 105, the 

Swedish method that use openings to illustrate windows to overlaying compartments, 

collect data on the heat flux in the middle of the second storey window.  Another method 

(CAN/ULC-S134) use a heat flux meter placed on a mast in front of the wall to measure the 

radiant heat from the wall fire. 
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The information available from the sources on location of measuring points as well as type of 

data collected for each method included in the study are presented in Appendix A, Table D 

Data collection (page xviii-xx). 

3.2.4 Requirements for passing 
Not all the standards and test methods included in this study are used to obtain approval in 

accordance with a building code requirement. Among the methods studied are also methods 

that are used to evaluate wall assemblies in the development stage and some methods are 

used by insurance companies to ascertain that the buildings they insure are built by walls 

with good enough fire properties. In some cases, the same method may be used for different 

purposes, and the requirements for passing may then change depending on why the test is 

carried out. 

For more information about criteria for any specific method included in this study refer to 

Appendix A, Table E Approval criteria (page xxi-xxvi). 

3.2.4.1 Temperature rise 
One criterion for approval present in many standards is limits on the temperature rise 

allowed. This criterion is not to be confused with the previously mentioned calibration 

values of expected temperature values created by the fire source. The fire source will 

naturally cause the temperature to rise to a certain degree in the proximity of the source – 

the expected temperature increase. If the wall specimen starts to burn this would result in 

more heat energy being released and thus the temperature rise would rise further – the 

temperature regulated by approval criteria. The point of measurement for approval criteria 

concerning temperature rise and the limit value differ between standards. 

In some methods (BS 8414-1 & -2 and SP Fire 105) the maximum temperature rise is also 

paired with a time so that the temperature is not allowed to be above specified temperature 

for more than a specified time. For BS 8414-1 & -2 this temperature rise is used to determine 

if the specimen meet another criterion, which is the criterion about flame spread. 

3.2.4.2 Flame spread 
The approval criteria on flame spread across the wall are defined to a varying degree 

depending on the standard. The variety of flame spread criteria involves vertical flame 

spread and horizontal flame spread, which can both occur either in interior layers of the wall 

assembly or on the exterior of the wall specimen surface.  

The requirement that there should be no flaming at the top and/or side boundaries of the 

test wall specimen is one of the more common references to the limits of the accepted 

flame spread. In a few methods there is a specification that flame spread beyond a specified 

height or other determined point means the specimen fails. For some standards no details 

beyond that the flame spread is one part of the approval criteria have been provided in the 

sources.  
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The extent of flame spread is usually approximated from visual observations, which can be 

from either during the test (visual flaming) or from observations of the test specimen done 

after the test (charring and/or melting for example) during disassembly of the wall. Some 

methods have chosen to use data from measuring equipment to determine the flame 

spread, as earlier mentioned the two British methods uses a temperature as a reference and 

the FM parallel panel test uses the measured heat release rate in a similar way. 

3.2.4.3 Falling parts 
Criteria about falling parts and droplets are, even more than in the case of fire spread, not 

extensively specified. For most methods this is an indirect criterion since the occurrence of 

falling parts and droplets is noted down as an observation during the test. If the presence of 

droplets and falling parts are extensive it could influence the evaluation of the system. The 

sources used imply that there are some methods that have specified limitations about size 

and mass of burning droplets and debris allowed to fall from the wall. However, which 

methods includes such specifications and what the specific limitations are set to have not 

been available from the sources. One standard (DIN 4102-20) specifies a time frame, starting 

when the fire exposure on the test wall stop, after which debris and/or burning droplets are 

no longer allowed to fall from the wall. 
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3.3 Future of façade testing methods 
In recent years many countries have developed new test methods for the evaluation of 

façades. The Japanese test method described in the tables in Appendix A was added to the 

Japanese standard in 2015. In Germany a test to evaluate fire resistance when exposed to 

external fire at the façade base has been established and in use at the German Building 

Institute (DIBS) since 2015 as an internal procedure. In Italy a test with two parts, a 

construction work fire scenario and a scenario testing the finished wall has been developed. 

The European Organisation for Technical Assessments (EOTA) has put together a draft for 

TR073 with two different new test methods similar to BS 8414-1 and DIN E 4102-20. 

(Smolka, et al., 2016) 

There is also a project, final draft produced in November 2017, with the objective to develop 

a single test method based on the BS 8414-1 and DIN E 4102-20 that can be used as a 

harmonized standard for assessing fire properties of a façade within the EU. This drafted 

method is predated by the two methods proposed by EOTA. To achieve a possible 

harmonization the project has aimed to define a classification system that can be accepted 

in all member states as well as a method that could be used for assessment of all the various 

façade systems on the market. In the project representatives from five European fire testing 

laboratories and institutes, RISE Safety, Efectis France, BRE, EMI and BAM have been 

involved. (Boström, et al., 2017) 

Due to the interest in façade fires and quite a few new research papers on different aspects 

of it there are also a few methods already in use that have been or are being revised. ISO 

13785 -2 is up for revision on primarily the parts on fire load – where three types are 

allowed as is which would be equalized, measurement instruments to be used for heat flux 

measurements, and how to include testing of construction details of a façade system. NFPA 

285 is up for revision and one of the bigger changes considered is the addition of a joint or 

seam, one horizontal between 305mm (1ft) and 610mm (2ft) above the opening at least one 

vertical along the centreline above the opening. A minor revision of MSZ 14800-6 will see the 

test duration extended from 45 minutes to 60 minutes and also add specifications 

concerning falling parts and on which phenomena, such as burning droplets and possible 

ignition due to this, radiation levels and smoke, should be observed during the test. (Smolka, 

et al., 2016) 

Since the information on these new methods as well as the revisions was discovered in the 

end stage of the work on this report, new methods and possible revisions have not been 

added to the tables in appendix A. Minor revisions of the tables in appendix A has taken 

place for minor revisions of methods already included.  
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4 Analysis 

4.1 Relevance of approval criteria 
The criteria mainly used for approval are temperature rise, flame spread and falling parts. All 

of those can be connected to one or more of the four main hazards of façade fires identified 

by Ondrus and Petterson (1986), presented on page 12 in this report. The tested wall’s 

performance when it comes to the hazards; secondary fires and injury to people and rescue 

personnel, is evaluated through observations of falling burning droplets and debris.  The 

performance for the hazards; spread to overlaying compartments and hard to extinguish 

fires inside the construction, is in turn evaluated by temperature limits and fire spread 

observations for both the exterior surface and internal layers of the wall construction.  

Not all the methods include specified criteria regulating to which extent flame spread can be 

accepted, or which size pieces are allowed to fall from the façade to gain approval. However, 

most of the existing methods include observations of the performance of the wall relating to 

these parameters in the evaluation even if they are not part of a specified criteria.  

The areas of evaluation could thus be considered as motivated since they all have a 

connection to identified hazards of façade fires. However, because of this it could also be 

argued that if a method does not include evaluation on internal and external fire spread, 

either by observation or temperature limits, and the occurrence of burning droplets and 

debris, then it does not provide a complete evaluation of the fire performance related to the 

identified hazards. 

4.2 Fire source 
One of the things that varies between the different test methods is the initial fire source. It 

has been noted more than once in the literature from earlier research that the fuel type and 

fire load in a modern-day apartment has changed. Thus, the question if the initial fire 

sources used in test methods today can be considered as a good representation, arise.  

4.2.1 Fire source parameters 
No matter the type of fuel used the expected output values from the fire source are not easy 

to distinguish for many of the methods, and so, a comparison between the methods is 

difficult. It is even harder to compare the fire sources specified in the studied test methods 

against values expected from a real fire since there seem to be no consensus about which 

values should be expected from such a fire and even the relevance of values used for design 

purposes are being questioned.  

It also does not seem to exist any consensus as to which parameters are of interest when 

defining the expected output from the source. Some methods only account for the mass of 

fuel to be used, others use this and/or expected temperatures, heat flux, extension of 

flames, heat release rates. To identify the expected exposure values of the initial fire source 
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is one of the keys to enable an evaluation on whether a source could be considered as a 

good representation for a fire scenario.  

In the study of earlier research, the total fire load and the related fire load density, was 

identified as one of the more important parameters influencing an initial fire. This is 

especially true for compartment fires and should therefore be taken into consideration 

especially for those tests that use a burning chamber to illustrate a compartment fire. There 

is however only one method (GHOST 31251), which uses an expected fire load to define the 

initial fire source. Since the contents of our apartments has changed, both in quantity and 

material, the reference value to the fire load in a compartment may also need to be revised.  

4.2.2 Fuel 
As for the choice of fuel, the two most common fuels used are wood cribs and propane gas 

burners in different arrangements. Even if the amount of wood or gas is adapted to 

represent the fire load expected in a compartment today, the chosen type of fuel used for 

testing may not be representative when considering parameters such as the excess fuel 

factor or heat release rate.  

Depending on the fuel the properties of the flame as well as the heat flux on the facade 

could be expected to vary slightly. This assumption originates from the conclusions made by 

Bullen and Thomas (1979) that fuels with a high excess fuel factor create fuel rich gases that 

causes external flaming and in some cases a lot of smoke when the gases meet cold air as 

they exit an opening. The larger amount of smoke will cause the emissivity of the gases and 

the radiation intensity from them to increase and the flame height to decrease. This would 

lead to the assumption that fuels which produce a higher amount of smoke when exiting an 

opening could cause a more severe heat flux incident to the façade surface. Considering this 

a fuel causing high amounts of smoke could result in more severe exposure conditions than 

a fuel burning with a clear flame even if the fire load of each fuel was the same. The same 

goes for the heat release rate since the fire scenario will differ between a fast-growing fire 

and fire growing at a slower pace. For simulating the heat release rate during the growth 

phase, a propane burner could be the better choice as it is easier to regulate to achieve a 

simulation of a certain growth in the heat release rate in the initial stage of a fire.   

4.3 Wall features 

4.3.1 Wall shape 
The shape of the wall used for the test specimen is another factor where different methods 

take different approaches. From the research on previous fire incidents involving the façade 

made by White and Delichatsios (2014) it is noted that geometrical properties of the wall 

such as re-entrant corners, U-shapes and vertical channels increase the intensity and speed 

of the fire spread as they serve like makeshift chimneys. Due to this, it is not farfetched to 

assume that the wall geometry does influence the fire scenario and that adding a corner to 

the test does increase the severity of the test, but by how much is still unclear. For a method 
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using two side walls, such as the ASTM Vertical channel test, the effect on the result could 

be assumed to be even greater than when adding a single wall.  

4.3.2 Windows 
Another wall feature that was noticed to influence the result of a test considerably is the 

presence of an opening on the wall above the fire source.  

The only method included in this study that comes close to using a wall with additional 

openings is SP Fire 105, where none of the test specimen is mounted on the substrate in two 

specified areas to simulate overlaying windows.  

In this study there is only one reference work (Zehfuß, Northe, & Riese, 2017) that indicates 

that the presence of a window opening on the wall specimen influences the result of the 

test. And this is only indicated by the results of one test series including five separate tests. 

Though, White and Delichatsios (2014) identifies fire spread to overlaying compartments 

through windows as one of the way a façade fire can spread.  

The influence of a window opening needs looking in to. Because if it does have an influence 

on the result, the test methods can hardly claim to result in a relevant evaluation if they 

don’t include this condition in their testing. After all, there are rather few buildings 

constructed without windows compared to the number of buildings that have them. 

4.3.3 Fire compartment opening 
For those tests that simulate a compartment fire ejecting flames through an opening, that 

very opening is another parameter that may influence the flame impingement and heat flux 

to the wall specimen. The size of the openings differs both in area and in shape. Three of the 

openings have an aspect ratio for which it can be assumed that ejecting flames and plumes 

will tend backwards towards the wall. Compared to the other methods where the aspect 

ratio suggests a flame/plume trajectory rising parallel or slightly away from the wall those 

three methods would likely inflict a higher heat flux onto the façade providing the other fire 

source parameters are similar. There is also a significant difference in the opening size 

between the methods. Even though a 2m x 2m window is a rather unusual the size of the 

opening does not seem to have any great importance for the result, at least none that have 

been investigated or identified. Although compared to a smaller opening there is a larger 

area of the specimen soffit that are exposed to the flames, which may result in a more 

severe testing. 

4.3.4 Additions to the wall surface 
There are several methods that have recently, are, or are planned to undergo revisions. In 

many cases part of the revisions concern whether to fit the wall specimen with any additions 

such as horizontal projections, for example to simulate a balcony, or adding joints or seams 

in the proximity of the fire compartment opening.  
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The adding of seams/joints could result in harsher testing conditions since this part of a 

façade is usually more sensitive to fire and thus more likely to fail due to heat flux incident or 

direct exposure to flame. Although vertically aligned balconies have been noticed to function 

much like a side wall or a vertical channel in previous fire incidents the addition of a single 

horizontal projection is unlikely to have this effect. Previous research states that a horizontal 

projection above a window will cause a decrease in the heat flux to the façade, however the 

effect weakens if the projection is placed further from the window. It is difficult to see the 

value of such an addition, unless it is to be used to simulate a balcony and measurements 

are taken to ensure that the heat flux and flames don’t result in the risk of combustible 

materials stored on the balcony igniting. Vertical projections on the sides of the window 

would have the opposite effect since it causes the length of flames ejecting from the window 

to increase. 

4.4 Test duration 
The test duration of the included methods ranges from a minimum of 12 minutes to 60 

minutes. The difference between duration times are significant however it could be a result 

of different definitions. For some methods duration seem to mean only the time the initial 

fire source is burning, and for others it also includes additional time after the initial fire 

source has been extinguished. The duration time is probably not the parameter with the 

most influence on the result. In some of the methods it is specified that the fire source is to 

be extinguished at a certain time. This is in line with what would most likely happen during a 

real incident. The fire brigade would arrive and, hopefully, extinguish the fire successfully. 

However, if the time assumed for this intervention in the test method is too short, it will 

cause the method to end up with a test where the fire exposure is interrupted too early.  A 

very short duration could mean that the fire properties of the wall when exposed to fire for a 

longer time is not investigated to the full extent.   
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5 Conclusion 
There may be many different methods for evaluating façades in use, and though there are 

many differences in some ways they are also alike. 

Even if not all the methods make use of all the criteria for evaluating and approving a test 

specimen, most of the evaluations are based on one or more of temperature rise on the 

exterior surface, temperature rise in internal layers of the wall assembly, flame spread –

exterior, interior, horizontal and/or vertical –, burning droplets and falling parts. Only a few 

methods such as the NFPA 268 and CAN/ULC-S101 have criteria that differ from this. This is 

expected tough, since those two methods are developed to evaluate specific fire properties 

usually not considered in the other tests. Overall the methods confirm to evaluate certain 

fire properties considered as important for a façade system based on the identified fire 

hazards of a façade fire. 

When it comes down to the details of the test method there are some generalisations that 

can be made, such as: 

- The substrate is most likely either made of a non-combustible solid component such 

as concrete or masonry, or a steel frame used to support a complete wall assembly. 

- The wall will probably be L-shaped or flat. 

- The fuel is most likely either wood or a gas burner (most likely using propane). 

- The scenario for the test is likely to be a fire in a compartment with flames ejecting 

from an opening and causing direct impingement on the exterior surface of the wall, 

or flame impingement on the bottom edge of the wall surface from an exterior fire. 

- During the test the specimen will be fitted with thermocouples to measure the 

temperature on different heights. 

Beyond these generalisations of the basic input, the individual parameters between tests are 

very different. 

For the setup of the test it should be noted that a test carried out using a corner shaped wall 

will be more onerous than if the testing had been carried out using a flat wall. There is one 

test included in the study, ASTM vertical channel test, that test a flat wall using two side 

walls made of non-combustible board. Studies of fire spread from fire incidents involving the 

façade imply that a U-shaped geometry may contribute to even more severe conditions than 

a L-shaped wall. 

The properties of the initial fire source differ between different methods both in the kind 

and amount of fuel used. There is also a wide variety of ways the expected exposure values 

for the fire source is defined. Since the fire load influences both the heat release rate, 

maximum temperatures from the initial fire and the heat flux incident on the façade this 

parameter will surely cause differences in the evaluation between methods. Test methods 
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using a fire source with a higher fuel load would provide more sever conditions during the 

testing. 

Only one of the methods included in the study (SP Fire 105), has a wall designed which 

partially aim to simulate openings, by letting two specified areas on the substrate remain 

bare from the test specimen and thus representing windows on storeys above the fire 

compartment. A recent test series however seem to imply that the presence of openings on 

the wall has a major impact on the result of the test. Since most buildings have windows 

installed it could be argued that it is necessary to include this parameter if it does have an 

impact on the result of the testing.  

According to the previous research reviewed as part of this study the most important 

parameter for a reliable test method is the fire load. This parameter is closely linked to 

several other parameters describing the fire source such as the heat release rate and the 

maximum temperature for the fire. As it influences the temperature of the initial fire it also 

greatly influences the heat flux created from flames and smoke. Whether the fire spread to 

the façade from an exterior fire or by flames ejecting from a window from interior 

compartment fire, it is the heat flux from the flames and smoke that will cause the façade to 

ignite.  

 

5.1 Further research 
Finally, a few suggestions on areas of interest for future studies. 

- Are the fire loads used for design purpose representative of the fire load in today’s 

reality? 

- Does the addition of more openings above the fire compartment opening have an 

impact on the result of the test? 

- How would the results be affected if the fire source for the method was a ventilation-

controlled fire compared to if it is fuel-controlled? 
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Appendix A 
 

Table A Wall geometrics 

Standard Country Substrate Wall-shape Wall width (m) Wall  
height (m) 

Comment 

Main wall Side wall 

BS 8414-1 & 2 GB a, b Masonry or light 
steel frame a, b 

Corner a, b At least 2.5 
a, b 

At least 1.5 
a, b 

At least 8.0 
a, b 

The test method is for non-load bearing 
external cladding systems. 
BS 8414-1 uses a masonry substrate 
BS 8414-2 uses an open light steel frame 
substrate to support a complete test 
wall assembly. a 

LEPIR II FR a, b Any b Flat b 5.0 c  6.6 c  

MSZ 14800-6 HU a, b Masonry b Flat b 6.0 b  7.0 b  

SP FIRE 105 SE a, b Aerated concrete a, 

b to support 
claddings that 
requires such 
substrate or open 
light steel frame to 
support complete 
wall assemblies a. 

Flat a, b 4.0 a, b  6.7 b/6.71 a Used to test complete external wall 
systems as well as façade claddings. 
The test wall includes two openings 
representing windows of two overlaying 
compartments a. 

Önorm B 3800-5 AT a, b Aerated concrete b Corner b 3.0 b 1.5 b 6.0 b  

PN-90/B-02867 PL b Masonry b Flat b   2.3 b  

DIN 4102-20 DE a, b Aerated concrete a, 

b 
Corner a, b 3.0 b/ 

At least 2.0 
or 1.8 or 

wider a 

2.0 b/  
At least 1.4 

or 1.2 or 
wider a 

5.2 b/ At 
least 5.5 a 

Different geometrical properties 
reported in different sources, according 
to one source the width of the walls is 
varied depending on what fuel is used 
to simulate the fire. For further detail on 
this see table B. 
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Standard Country Substrate Wall-shape Wall width (m) Wall  
height (m) 

Comment 

Main wall Side wall 

GHOST 31251 AZ, AM, 
KG, KZ, 
MD, RU, 
TJ, UZ, UA b 

Masonry or 
concrete b 

Flat b 3.0 b  5.1 b  

ISO 13785-2 CZ, KR b Any a, b Corner a, b At least 3.0 
a, b 

At least 1.2 
a, b 

At least 5.7 
a, b 

Only for non-load bearing facades and 
façade claddings a. 

ISO 13785-1 CZ, KR a, b 12 mm Ca-Si board 

b/ Non-
combustible wall 
with thickness 
12mm and nominal 
density 750 kg/m3. 

Corner a, b 
inside U-
shape a 

1.2 a, b/ 
apparatus 

non-
combustible 

rear wall 
2.4 a 

0.6 a, b/ 
apparatus 

non-
combustible 

two side 
walls 2.4 a 

2.4 b/ 
apparatus 
height 2.8 

and test 
specimen 

height 2.4 a 

Only for non-load bearing facades and 
façade claddings. 
The test specimen is constructed as for 
end use in the shape of an L and then 
mounted on a U-shaped substrate of Ca-
Si board with sides 2.4 m wide and 2.8 
m high a. 

NFPA 285 US a, b 150 mm thick 
concrete floor 
slabs a, b and open 
steel frame to 
support complete 
wall assembly a. 

Flat a, b At least 4.1 
a, b 

  At least 5.3 
a, b 

The test rig is a two storey, open 
fronted, concrete construction. The test 
wall is then installed as a complete 
system (external cladding, insulation, 
internal wall membranes and so on) 
representative to end use on a steel 
frame in front of the test rig 
compartments. 

NFPA 268 US a, b Steel tube b Flat b 1.2 b  2.4 b  

CAN/ULC-S134 CAN a, b Concrete a, b Flat a, b 5.0 a  10 a, b  
7.25 above 

the opening 
soffit a 

Wall is installed to represent end use 
installation including cavities, insulation, 
fixings and window details. Curtain wall 
systems can be tested while installed to 
a support rig using neither concrete or 
masonry substrate if necessary a. 
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Standard Country Substrate Wall-shape Wall width (m) Wall  
height (m) 

Comment 

Main wall Side wall 

CAN/ULC-S101 (+ 
CAN/ULC-S114) 

CAN a, b None b Flat b 2.8 b  2.8 b Tests both fire resistance (S101) and 
combustibility (S114 is complemental 
non-combustibility requirement) and 
are used specifically to evaluate 
solutions for protection of foamed 
plastics used on external facades. b 

GB/T 29416-2012 CN a Dry density (≥600 
kg/m3) vertical 
autoclaved aerated 
concrete block 
masonry, thickness 
> 0.3 m and 
covered by a 10 ± 1 
mm thick layer of 
M10 ordinary 
plaster dry mixed 
mortar a. 

Corner a  Wall > 2.6, 
test sample 

≥2.4 with 
one side 

attached to 
side wall. a 

Wall > 1.5, 
test sample 

≥1.2 with 
one edge 

attached to 
main wall. a 

 Wall > 9.0, 
test sample 
≥6.0 above 

the opening 
soffit height. 

a  

Installation of test sample must not 
block the opening from the combustion 
enclosure. 
 
Similar in dimensions and 
measurements to BS8414-1. Described 
in Chinese standard GB/T 29416-2012 
and used to test fire-resistance 
performance of external wall insulation 
systems applied to building facades and. 
a 

ASTM vertical 
channel test 

CAN a Open steel frame 
to support 
complete test wall 
assembly a. 
 

Flat test 
wall 
installed on 
the rear 
wall of a U-
shaped 
apparatus a 

0.8 a Non-
combustible 

side walls 
0.5 m wide 

installed on 
each side to 

form a 
vertical 

channel a. 

Test 
apparatus 

9.4 and test 
specimen 

7.32 a 

 

JIS A 1310: 2015 JP a Two layers of 12 
mm Ca-Si board c. 

Flat a 1.820 a/1.8 c  4.095 a/4.1 c Published in 2015 and currently used as 
a screening method. Development of a 
classification system based on this 
standard is ongoing. c 
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Standard Country Substrate Wall-shape Wall width (m) Wall  
height (m) 

Comment 

Main wall Side wall 

ANSI FM 4880 
25ft 

 Open steel frame 
to support 
complete wall 
assembly. 
The wall is 
mounted on a 
structure made of 
a two column and 
girt wall frame and 
a 1ceiling frame of 
joints and metal 
furring strips.  
No non-
combustible 
substrate such as 
concrete or 
masonry present. a 

Corner with 
an 
overlaying 
ceiling a. 

15.7 
To 6m out 

from the 
corner the 

specimen is 
installed 

from floor 
to ceiling. 

On the rest 
of the wall 

it is only 
installed to 

the upper 
half (3.8m 

and above) 
of the wall 

a. 
 

11.96 
Wall 

specimen 
installed 

according 
as 

described 
for the 

main wall a. 
 
 

7.6 (25ft), 
7.54 to the 

underside of 
the ceiling 

frame a.  
 
 

Test for acceptance of end use 
installation of assemblies to a maximum 
height of 9.1m (30ft) a. 
 
Used for evaluation of building systems 
such as internal finish systems or 
external building panels made from 
plastic materials, wall and roof/ceiling 
assemblies, coating systems for walls 
and ceilings as well as internal and 
external finish systems. Most usually 
used for evaluating insulated sandwich 
panels but have been used for other 
façade materials. Not solely designed 
for evaluation of external facades and 
are not referred to by any building 
codes. a 
 
Areas on the test structure not covered 
by the specimen are clad in gypsum 
board a. 

ANSI FM 4880 
50ft 

 The specimen is 
mounted to two 
steel wall frames 
and a ceiling 
structure. No non-
combustible 
substrate such as 
concrete or 
masonry present. a 

Corner with 
an 
overlaying 
ceiling a. 

6.2 a 6.2 a 15.2 (50ft) 
to the 

underside of 
the ceiling 

frame a. 

Test for acceptance of end use 
installation of assemblies to a maximum 
height of 15.2m (50ft) or unlimited 
height a. 
 
Same use as specified for the ANSI FM 
4880 25ft test a. 
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Standard Country Substrate Wall-shape Wall width (m) Wall  
height (m) 

Comment 

Main wall Side wall 

FM Parallel test   Two parallel 
flat wall 
panels 
separated 
by 0.5m a. 

1.1 a  4.9 a Developed by FM Global as a screening 
test of intermediate scale to predict 
outcome for the 25ft and 50ft corner 
tests. 

a) (White & Delichatsios, 2014) 

b) (Smolka, Messerschmidt, Scott, & le Madec, 2013) 

c) (Smolka, et al., 2016) 
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Table B Test scenario and fire source 

Standard Fuel Test scenario Source/compartment Comment 

Location Source geometry 

BS 8414-1 & 2 Timber crib a, b 1.5m x 1.0m x 
1.0m (w x d x h) placed on a 
platform so that it sits 0.1 m 
in front of the outside of the 
substrate wall and 0.4 m 
above the lower edge of the 
test specimen a. 

Flashover causing 
flames to emerge from 
a compartment through 
a window a, b. 

Opening at 0.25 ± 0.01 
m from the corner at 
the bottom of the 
main wall a. 

Opening 2 ± 0.1m 
high and 2 ± 0.1m 
wide.  
Fire compartment 2m 
x 1m x 2.23m (w x d x 
h) a. 

Any other source is 
permitted as long as it 
meets the calibration 
requirements a, see 
table C. 
   

LEPIR II Wood crib weighing 600 kg b.     

MSZ 14800-6 Wood crib weighing 650 kg b. Standard glazed window 
opened after 5 minutes 
simulating sudden flame 
impingement onto the 
façade b. 

  Combustion controlled 
to follow the standard 
time/temperature 
curve in the 
combustion chamber c. 

SP FIRE 105 60 litres of heptane b. 
Heptane fuel tray with 
surface area 2m x 0.5m and a 
depth of 0.1m a. 

Flashover causing 
flames to emerge from 
a compartment through 
a window a. 

Centralised below the 
lower edge of the test 
wall.a 

 Opening is 3m wide 
and 0.71m high. The 
fire compartment is 
3m x 1.6m x 1.3m (w x 
d x h). The wall 
specimen is installed 
so that the lower 
edge of the specimen 
creates the opening 
soffit at the height 
0.71m above the floor 
of the fire 
compartment. a 

The wall contains two 
openings illustrating 
windows to two 
storeys above the fire 
compartment. These 
windows are located 
along the wall 
centreline and 1.5m 
wide and 1.2 m high. 
The wall is also fitted 
with a 0.5m horizontal 
eave detail in front at 
the top of the 
specimen. a 
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Standard Fuel Test scenario Source/compartment Comment 

Location Source geometry 

Önorm B 3800-5 25 kg of wood or propane 
burner with the effect 320 
kW b. 

    

PN-90/B-02867 Wood crib 20 kg combined 
with a simulated wind, 2 m/s 
towards the wall b. 

    

DIN 4102-20 Either a gas burner with the 
effect 320 kW or 25 kg wood 
crib a, b (timber crib 
dimensions 0.5 x 0.5 x 0.48 
m, using 40 x 40 mm soft 
wood sticks a). The standard 
fire source has changed from 
the crib to the propane 
burner a. 

Flashover causing 
flames to emerge from 
a compartment through 
a window a. 

At the base of the 
main wall, with one 
edge against the side 
wall. The gas burner is 
located 0.2 m below 
the opening soffit. a 

Opening and 
enclosure 1m high 
and 1m wide. 
Fire compartment 1m 
high and 1 m wide 
depth not specified a. 

Depending on which 
fuel is used the 
dimensions of the walls 
of the test will change 
(see table A). Using a 
gas burner, the main 
and side wall are both 
required to be at least 
0.2 m wider than when 
using a timber crib for 
fuel. 

GHOST 31251 Soft wood 700 MJ/m2. b     

ISO 13785-2 Standard source is a propane 
burner set by calibration a, b 
in the shape of several large 
perforated pipes a. 

Flashover causing 
flames to emerge from 
a compartment through 
a window a. 

On the main wall, 
placed 50 mm from 
the side wall and 0.5 m 
above the floor a. 

Opening 2m wide and 
1.2m high. The 
standard 
compartment is 4m x 
4m x 2m (w x d x h) 
but it may vary so 
long as the volume 
remains in the range 
20 m3-30m3 a. 

Any source is 
acceptable as long as it 
is calibrated to meet 
the calibration 
requirements, see table 
C, for example liquid 
pool fires or 16 timber 
cribs each weighing 25 
kg equally distributed 
on the floor of the 
standard sized fire 
enclosure a. 
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Standard Fuel Test scenario Source/compartment Comment 

Location Source geometry 

ISO 13785-1 Propane burner 100 kW a, b. Direct flame 
impingement on the 
bottom 0.2 m of the 
test main wall a. 

Gas burner is located 
0.25m below the 
bottom edge of the 
main wall a. 

1,2m long, 0.1 m wide 
and 0.15 high a. 

Use of alternative 
source either not 
permitted or specified 
by standard a. 

NFPA 285 Gas burner 
One pipe type gas burner is 
placed in the centre of the 
fire compartment and one 
linear burner is placed close 
to the opening soffit a. 

Flashover causing 
flames to emerge from 
a compartment through 
a window a, b.  
The gas burner placed 
horizontally in the 
window illustrates a fire 
attack on the lintel b. 

Opening soffit 1.52 m 
above the floor of the 
fire compartment a. 
 

Opening 1.98m wide 
and 0.76m high. 
Each room (fire 
compartment and the 
above test room) is 
approximately 3m x 
3m x 2m (w x d x h) a. 

Use of alternative 
source either not 
permitted or specified 
by standard a. 

NFPA 268 Radiant panel 12.5 kW/m2. b Heat incident from 
adjacent wall. 

   

CAN/ULC-S134 Propane burners set by 
calibration a, b in the form of 
four 3.8 m long linear 
burners or 675 kg of either 
wood cribs or kiln dried pine 
a. 

Flashover causing 
flames to emerge from 
a compartment through 
a window a.  
 

The opening soffit is 
located at the top of 
the fire enclosure 2.75 
m above the floor, the 
height from the floor 
to the opening is 1.5. 
The test wall is 
installed around the 
opening. a 

Opening 
approximately 2.6m 
wide and 1.37m high. 
Fire compartment is 
5.95m x 4.4m x 2.75m 
(w x d x h). a 

 

CAN/ULC-S101 + 
CAN/ULC-S114 

Defined time/temperature 
curve b 
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Standard Fuel Test scenario Source/compartment Comment 

Location Source geometry 

GB/T 29416-2012 Wood crib or gas burner a. Flames ejected from 
opening and spreading 
upwards a. 

Opening is located 
0.25m (±10mm) away 
from the corner at the 
bottom of the main 
wall a. 

Opening width 2.0 ± 
0.1m and height 2.0 ± 
0.1m. The burning 
chamber is located 
with the outer edge 
aligned to the main 
wall. The inner 
dimensions of the 
burning room are 
2.0±0.05m x 
1.05±0.05m x 
2.3±0.05m (w x d x h). 
a 

The setup also defines 
a collapse area, a 
rectangular area 
marked on the ground 
in the cross angle of 
the main and side wall 
with the dimensions 
2.45m x 1.2m. 
The top of the opening 
should be covered by 
fire resistant materials. 
a 

ASTM vertical 
channel test 

Two propane burners a. Flashover causing 
flames to emerge from 
a compartment through 
a window a.  
 

The lower soffit of the 
opening for flame and 
gas outlet is located 
across the test wall 
approximately 1.45m 
above floor level a. 
 

The top opening 
functioning as flame 
and gas outlet 0.8m 
wide and 0.63m high.  
Test apparatus also 
includes a lower 
opening functioning 
as air inlet located at 
the bottom with the 
same width but 0.44m 
high. 
Fire compartment 
0.8m x 1.5m x 1.9m 
(w x d x h). a 

Use of alternative 
source either not 
permitted or specified 
by standard a. 
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Standard Fuel Test scenario Source/compartment Comment 

Location Source geometry 

JIS A 1310: 2015 Gaseous burner 600kW or 
more c. 

Flames emerging from 
fire compartment c. 

Centralised on the 
wall, 0.455m above 
the floor a. 

Opening 0.91m wide 
and 0.91m high. With 
combustion chamber 
behind test rig 
however dimensions 
of this is not provided 
a. 

The source is a square 
burner placed inside an 
elevated combustion 
compartment in order 
to avoid the top of the 
burner being covered 
by droplets from a 
burning specimen b. 

ANSI FM 4880 25ft 
and 50ft 

Oak pallets with a total 
weight of 340 ± 4.5 kg (750 
lbs) a. 

External (or internal 
when testing materials 
for interior use) fire 
source located directly 
against the wall at the 
base of a re-entrant 
corner a. 

In the corner 0.305 m 
away from each wall a. 

Oak pallets should 
have the dimensions 
1.065 x 1.065 m and 
are placed in a stack 
that should not be 
higher than 1.5 m a. 

0.24 l of gasoline is 
used at the base of the 
crib to aid ignition. 
Use of alternative 
source either not 
permitted or specified 
by standard a. 

FM Parallel test Sand burner Fire in the gap between 
the two panels a. 

At floor level at the 
bottom between the 
two test panels a. 

The sand burner is 
0.5m x 1.1m and 0.3m 
high a. 

 

a) (White & Delichatsios, 2014) 

b) (Smolka, Messerschmidt, Scott, & le Madec, 2013) 

c) (Smolka, et al., 2016) 
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Table C Test duration and calibration values 

Standard Test duration 
(minutes) 

Expected exposure values (calibration values) Comment 

Temperature 
condition 1 

Temperature 
condition 2 

Heat flux (kW/m2) Heat Release 
Rate (HRR) 

Extension of 
flames from the 
fire source 

BS 8414-1 & 2 30 minutes with 
fire burning a, b + 
another 30 or 
until all flaming 
has ceased after 
fire has been 
extinguished a. 

3 thermocouples 
at the top of the 
fire compartment 
shall measure 
600˚C above 
ambient over a 
continuous 20-
minute period a, b. 
During this period 
no thermocouple 
is to differ from 
the mean 
temperature 
value by more 
than 20 ˚C a. 

2.5 m above 
the 
compartment 
opening soffit 
(level 1) on 
the main wall 
the mean 
temperature 
shall exceed 
500˚C above 
ambient for a 
period of 20 
minutes a. 

45-95 as a mean 
value at a height 
of 1 m above the 
opening. Over a 
continuous period 
of 20 minutes. 
Typical steady 
state mean value 
of 75 at the same 
height within the 
20-minute period 
a.  
70 at 1 m height b. 

3 ± 0.5 MW 
(peak value) a. 

Flames should 
not extend 
further than 
approximately 
2.5 m above the 
opening during 
calibration a. 

The expected heat output 
for the entire test period 
is 4500 MJ a. 
 
Calibration values are for 
non-combustible wall. a 

LEPIR II 60 minutes, of 
which 30 
minutes fire 
exposure c. 

500 ˚C as average 
value and 800 ˚C 
at the peak b 
(read at 150 mm 
from surface c). 

     

MSZ 14800-6 60 minutes c. At 0.5m height 
600 ˚C as average 
over 50 minutes b. 

  Approximately 
3 MW c. 
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Standard Test duration 
(minutes) 

Expected exposure values (calibration values) Comment 

Temperature 
condition 1 

Temperature 
condition 2 

Heat flux (kW/m2) Heat Release 
Rate (HRR) 

Extension of 
flames from the 
fire source 

SP FIRE 105 Minimum 12 
minutes b/ 
Approximately 
15 minutes a. 

450 ˚C average 
over 12 minutes b. 

 15 a, b during at 
least 7 minutes, 
35 kW/m2 during 
at least 1.5 
minutes and 
never more than 
75 kW/m2 (80 
kW/m2 b) at the 
centre of the 
second storey 
window 4.8m 
above the 
opening a. 

A peak value 
of 
approximately 
2.5 MW a. 

 Other fire sources are 
accepted if they meet the 
calibration heat flux 
requirements a. 

Önorm B 
3800-5 

30 minutes b.       

PN-90/B-
02867 

30 minutes b. 800 ˚C as peak 
value b. 

     

DIN 4102-20 20a/21b minutes 
when using the 
gas burner and 
30 minutes 
using the wood 
crib as fuel a, b. 

Maximum 
temperature of 
780-800 ˚C 1 m 
above the 
opening soffit for 
a non-
combustible wall 
a. 

 70-95 at 1 m 
height b/ 60 at 
0.5m, 35 at 1m 
and 25 at 1.5m 
above the 
opening a. 

For the gas 
burner a 
constant 320 
kW b. 

To a maximum 
height of 2.5 m 
above the 
opening soffit on 
a non-
combustible wall 
a. 

The crib is a 25kg timber 
crib 0.5 x 0.5 x 0.48 m 
made up from 40mm x 
40mm softwood sticks. 

GHOST 31251 35 minutes b. 750 ˚C at the 
lintel b. 

 12.5 kW/m2 at 2m 
height b.  
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Standard Test duration 
(minutes) 

Expected exposure values (calibration values) Comment 

Temperature 
condition 1 

Temperature 
condition 2 

Heat flux (kW/m2) Heat Release 
Rate (HRR) 

Extension of 
flames from the 
fire source 

ISO 13785-2 23-27 minutes 
total a, b. 
Including 15-
minute steady 
state and with a 
growth and 
decay phase 
with a duration 
of 4-6 minutes 
each a. 

Minimum of 800 
˚C a, b 50 mm 
above the 
opening soffit a on 
the surface b. 

- The average total 
heat flux should 
be 55 (± 5 a) at 
0.6m a, b and 35 ± 
5 at 1.6m above 
the window soffit 
a. 

5.5 MW (total 
output 
expected from 
standard fire 
source 
propane gas 
burners) a 

Propane burners 
have an 
approximate 
output of 120g/s 
which represents 
roughly 5.5 MW. 
a 

Calibration values are for 
non-combustible wall a. 

ISO 13785-1 30 minutes b. Maximum 150 ˚C 
at 0.5m height b. 

  100 kW 
constant 
output from 
gas burner a, b. 

Approximately 
0.2m over the 
lower edge of the 
test wall a. 
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Standard Test duration 
(minutes) 

Expected exposure values (calibration values) Comment 

Temperature 
condition 1 

Temperature 
condition 2 

Heat flux (kW/m2) Heat Release 
Rate (HRR) 

Extension of 
flames from the 
fire source 

NFPA 285 30 minutes, the 
gas burner 
located close to 
the opening 
soffit is ignited 5 
minutes after 
the one in the 
fire 
compartment a. 
/30+10 minutes 
b. 

712 ˚C at 0.9m 
height a, b.  

543˚C at 1.83 
m height a. 

Average total 
heat flux from 
both burners 
calibrated to 
achieve 38±8 
kW/m2 at 0.6 m 
and 0.9 m and 
34±7 kW/m2 at 
1.2 m above the 
opening on a non-
combustible wall 
during the peak 
source period 25-
30 minutes a. / 
38-40 kW/m2 at 
0.6-1.2m height b. 

The room 
burner output 
is increased 
from 690 kW 
to 900 kW. The 
burner below 
the opening 
soffit is 
gradually 
increased from 
160 kW to 400 
kW a. 

Approximately 
2.0 m. 

 

NFPA 268 20 minutes b.   12.5 kW/m2 b.    
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Standard Test duration 
(minutes) 

Expected exposure values (calibration values) Comment 

Temperature 
condition 1 

Temperature 
condition 2 

Heat flux (kW/m2) Heat Release 
Rate (HRR) 

Extension of 
flames from the 
fire source 

CAN/ULC-S134 Fire exposure 
25 minutes a, b 
of which 5 are 
growth phase, 
15 are steady 
state and 5 are 
decay phase a. 

Circa 415 ˚C b.  Mean heat flux 45 
(± 5 a) at 0.5m a, b 
and 27 ± 3 at 
1.5m above the 
opening soffit 
during the 15 
minutes of steady 
state a. 

Propane 
burners have 
an 
approximate 
output of 
120g/s which 
represents 
roughly 5.5 
MW and are 
designed to 
achieve the 
same exposure 
values as for 
the crib or kiln 
dried pine. a 

Approximately 
2.0m a. 

 

CAN/ULC-S101 
+ CAN/ULC-
S114 

Minimum 15 
minutes b. 

      

GB/T 29416-
2012 

     Flames from the 
heat source 
should eject from 
opening and 
spread upwards a. 
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Standard Test duration 
(minutes) 

Expected exposure values (calibration values) Comment 

Temperature 
condition 1 

Temperature 
condition 2 

Heat flux (kW/m2) Heat Release 
Rate (HRR) 

Extension of 
flames from the 
fire source 

ASTM vertical 
channel test 

20 minutes a.   50 ± 5 at 0.5 m 
and 27 ± 3 at 1.5 
m above the 
opening averaged 
over 20 minutes 
with steady 
burner output a. 

1.16 MW is the 
typical output 
a. 

  

JIS A 1310: 
2015 

25 minutes of 
which 20 
minutes fire 
exposure c. 

   600 kW or 
more as 
constant 
output from 
the burner c. 
The gaseous 
burner can be 
varied to 
create 
different heat 
release rates a. 

As the output 
from the burner 
can be varied it 
can result in 
façade flames 
with different 
heights and 
intensities a. 

The gas burner has a heat 
release rate 6 times 
higher than what is used 
for ISO 13785-1 which has 
been used as a base for 
the method during the 
development. c 

ANSI FM 4880 
25ft and 50ft 

15 minutes a. - - No calibration 
values stated in 
the standard but 
understood that 
the maximum 
heat flux should 
be 100 kW/m2 or 
more a. 

- -  
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Standard Test duration 
(minutes) 

Expected exposure values (calibration values) Comment 

Temperature 
condition 1 

Temperature 
condition 2 

Heat flux (kW/m2) Heat Release 
Rate (HRR) 

Extension of 
flames from the 
fire source 

FM Parallel 
test 

   The exposure 
from the burner 
should result in a 
maximum heat 
flux to the panels 
of 100 kW/m2 
which 
corresponds to 
the measured 
maximum heat 
flux at the top of 
the crib used for 
the 25ft test a. 

The burner 
exposure is 
controlled to 
360 kW a. 

  

a) (White & Delichatsios, 2014) 

b) (Smolka, Messerschmidt, Scott, & le Madec, 2013) 

c) (Smolka, et al., 2016) 
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Table D Data collection during the test. 

Standard Measurement Location Comment  

BS 8414-1 & 2 Temperature a, b. On the surface of the main and side wall at level 
1 (2.5 m above the fire compartment opening 
soffit). On the surface as well as in the centre of 
combustible layers over 10 mm thick and 
cavities at level 2 (5 m above the fire 
compartment opening soffit). a 

Following a pass of the test is approval for 
application of the external wall cladding product to 
unlimited heights. There are different criteria tied to 
the test depending on if it is used for approval to the 
basic regulations or for insurance approval. b 

LEPIR II    

MSZ 14800-6 Temperature  Temperature rise with specified limits a. 

SP FIRE 105 Temperature a Two thermocouples on the underside of the 
non-combustible eave at the top of the wall 
specimen a. 

Minimum, more thermocouples may be used a. 

Heat flux a One in the centre of the opening illustrating a 
second storey window, 2.1 m above the fire 
compartment opening a. 

Minimum, more heat flux meters may be used a. 

Önorm B 3800-5    

PN-90/B-02867    

DIN 4102-20 Temperature a Wall exterior, intermediate layers and cavities 
at 3.5 m above the opening soffit a. 

 

GHOST 31251    

ISO 13785-2 Temperature a On the exterior of the wall immediately and 4m 
above the window. 4 m above the window also 
in cavities and in intermediate layers of the 
construction. a 

Also observes flame spread. a 

Heat flux a Across the wall at 0.6m, 1.6m and 3.6m over 
the window soffit a. 

ISO 13785-1 Temperature a In vertical intervals of 0.5 m along the centre 
line of both walls a. 

 

Heat flux a In the centre at the top of the main wall a.  
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Standard Measurement Location Comment  

NFPA 285 Temperature a. Vertically in 305 mm intervals starting from the 
opening soffit on the wall surface as well as in 
cavities and insulation spaces.  
Also at the rear wall of the second storey 
compartment. a 

 

NFPA 268    

CAN/ULC-S134 Temperature a In the fire compartment and 0.15 m below the 
soffit at the compartment opening.  
In 1 m intervals starting at 1.5 m above the 
opening soffit on the front and back surfaces 
and in intermediate material layers and in 
cavities. Gas temperature at the top of the test 
wall is measured at 0.6 m in front of the wall. a 

 

Heat flux a At the test wall’s front surface 3.5 m above the 
opening’s soffit a. 

 

Radiant heat a Measured at heights from 2.1 to 6.0 m and 3 m 
in front of the wall using heat flux metres 
placed on a mast a. 

 

CAN/ULC-S101 + 
CAN/ULC-S114 

  Not available from source 

 GB/T 29416-2012 Temperature a Thermocouples installed along two horizontal 
lines 2.5m and 5m above opening soffit. On 
main wall located on the centre line as well as 
0.5m and 1.0m on both sides and on the side 
wall 0.15m, 0.6m and 1.05m out from the main 
wall. External temperatures measured at 2.5m 
and 5.0m height, internal temperature only at 
5.0 m height. a 

External thermocouple measurements are to extend 
50±5 (with tolerance of±10) mm beyond the surface 
of the insulation system. Internal thermocouples 
should be placed in the centre of the thickness of 
each insulation layer or cavity. a 

ASTM vertical channel 
test 

Temperature a At vertical intervals of 1m starting at 1.5m 
above the opening on the exterior, and in 
intermediate layers and cavities a. 

 

Heat flux a 3.5 m above the opening a.  
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Standard Measurement Location Comment  

JIS A 1310: 2015 Temperature a Thermocouples along the centreline of the wall 
at heights 0.5, 0.9, 1.5, 2.0, 2.5 and 2.73 m 
height above the opening soffit a. 

 

ANSI FM 4880 25ft  Temperature a Measured on the exterior of the exposed side of 
the wall by thermocouples placed on a 2.5m 
grid spacing over the walls and ceiling a. 

 

ANSI FM 4880 50ft Temperature a Thermocouples placed near the intersection of 
the top of the walls and the ceiling, in the 
corner as well as 4.6 m out from the corner a. 

 

FM Parallel test Heat release rate The total HRR from the burning panels is 
measured by a oxygen consumption calorimetry 
exhaust hood with a capacity of 5 MW a. 

 

a) (White & Delichatsios, 2014) 

b) (Smolka, Messerschmidt, Scott, & le Madec, 2013) 

c) (Smolka, et al., 2016) 
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Table E Approval criteria 

Standard 
 

Criteria for approval Comment 

Maximum temperature 
rise (˚C) 

Flame spread Falling parts Other 

BS 8414-1 & 2  
 

Thermocouples at level 
2 (5 m above opening) 
measuring 600 ˚C above 
ambient temperature 
for 30 seconds or more 
a
. 

 
If the reading is from an 
external thermocouple 
the failure will be due 
to external fire spread, 
if it is from an internal 
one it will be due to 
internal fire spread 

a
. 

Will be 
mentioned in test 
report, but 
criteria is not 
specified a. 

For BS 8414-2 
observation of 
continuous flaming 
for 60 seconds or 
more on the back of 
the façade at 0.5 m 
or higher above the 
window soffit will 
also lead to failure 
on the account of 
internal fire spread a. 

The “fire spread start time” is 
defined as when any external 
thermocouple at level one (2.5 m 
above opening) shows a reading 
more than 200 ˚C above the 
ambient temperature.  
To cause failure the temperatures 
and flame spread mentioned as 
criteria must occur within 15 
minutes from the “fire spread 
start time” a. 
 

LEPIR II Yes c Yes, vertical and/or 
horizontal flame 
spread criteria c 

Yes, burning 
particles and 
droplets and/or 
falling parts of 
specified mass or 
size c. 

System integrity c. A revision of the test protocol 
initiated 2013 with the aim to 
develop a series of tests to justify 
possible compliance of façade 
solutions with French regulation c 

MSZ 14800-6 Yes b Yes, vertical and/or 
horizontal flame 
spread criteria b 

Yes, burning 
particles and 
droplets and/or 
falling parts of 
specified mass or 
size b. 
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Standard 
 

Criteria for approval Comment 

Maximum temperature 
rise (˚C) 

Flame spread Falling parts Other 

SP FIRE 105 Not 500 ˚C or higher for 
more than 2 minutes or 
450 ˚C or higher for 
more than 10 minutes 
measured at the eave a. 

There should be neither 
flame nor damage 
spread caused by fire 
higher than the bottom 
soffit of the second 
storey window (4.2 m 
above the fire 
compartment opening) 
on the surface or on 
interior layers 

a
. 

No large pieces 
allowed to fall 
from the façade a. 

The heat flux 
measured at the 
centre of the second 
storey window must 
not exceed 80 
kW/m2 a. 

The criteria mentioned as other 
only applies if the specimen is to 
be used for buildings over 8 
storeys tall (as those are not 
generally considered possible to 
reach for external firefighting) 
and for hospitals a. 

Önorm B 3800-5 Yes b Yes, vertical and/or 
horizontal flame 
spread criteria b 

Yes, burning 
particles and 
droplets and/or 
falling parts of 
specified mass or 
size b. 

  

PN-90/B-02867 Yes b  No burning 
particles and 
droplets and/or 
falling parts of 
specified mass or 
size b. 
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Standard 
 

Criteria for approval Comment 

Maximum temperature 
rise (˚C) 

Flame spread Falling parts Other 

DIN E 4102-20 Not over 500 ˚C on 
surface or in 
layers/cavities at 3.5m 
or higher above the 
window soffit a. 

No continuous flaming 
for longer than 30 
seconds at 3.5m or 
higher above the 
window soffit 

a
. 

 
No occurrence of 
flames at the top of the 
test wall 

a
. 

 
No more lateral flame 
spread when 90 
seconds have passed 
since burners have been 
turned off 

a
. 

No falling of 
burning droplets 
and debris 
(burning and non-
burning) after 90 
seconds have 
passed since the 
gas burner was 
turned off a. 

Excluding melting or 
sintering there 
should be no burn 
damage on the wall 
above 3.5 m above 
the window soffit a.  

 

GHOST 31251 Not included b. Not included b. Not included b. Not included b. The test result in a class 
classification that depends on the 
values measured during the test 
b. 

ISO 13785-2 Not included b. Not included b. Not included b. Not included b. External and internal fire spread 
as well as burning droplets and 
falling pieces are noted but since 
the lack a connection to any 
specific standard no criteria are 
specified a. 

ISO 13785-1 Not included (internal 
temperature for 
version used in CZ) c. 

Not included b. Not included b. Not included b. External and internal fire spread 
as well as burning droplets and 
falling pieces are reported but 
since the test lack a connection to 
any specific standard no criteria 
are specified a. 
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Standard 
 

Criteria for approval Comment 

Maximum temperature 
rise (˚C) 

Flame spread Falling parts Other 

NFPA 285 Temperatures are not 
to rise above 538 ˚C on 
the exterior wall at a 
height of 3.05 m above 
the opening soffit. 
Temperatures must not 
exceed 278˚C a above 
ambient at the back 
wall of the second 
storey compartment. a 

/ temperatures not 
over 538˚C at 3 m 
height or in cavities and 
not over 260˚C on the 
second storey c. 

Flames must not 
extend over 3.05 m 
vertically from the 
opening and 1.52 m 
horizontally from the 
opening centre line. 
There should be no 
flames in the second 
storey test room. 
There should be no 
flaming horizontally 
beyond where the 
side walls of the test 
rig intersect with the 
test specimen. a 

Will be 
mentioned in test 
report, but 
criteria is not 
specified a. 

Horizontal and 
vertical fire spread 
within the wall must 
not result in internal 
temperatures rising 
above designated 
temperature limits 
(the temperature 
limits and placement 
of thermocouples 
are determined by 
type and thickness of 
insulation materials, 
and whether the wall 
construction 
includes cavities or 
not. a 

This is only a brief summary of 
the performance criteria set by 
the standard a.  

NFPA 268    No ignition b.  

CAN/ULC-S134  Flames are not to 
spread more than 5 
m above the opening 
soffit either on the 
surface or in 
intermediate layers a. 

Will be 
mentioned in test 
report, but 
criteria is not 
specified a. 

Heat flux to the 
surface of the façade 
must not exceed 35 
kW/m2 3.5 m above 
the opening soffit a. 

 

CAN/ULC-S101 + 
CAN/ULC-S114 

   Integrity of top layer, 
protective layer must 
remain in place, have 
developed no 
openings, and not 
have disintegrated b. 
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Standard 
 

Criteria for approval Comment 

Maximum temperature 
rise (˚C) 

Flame spread Falling parts Other 

GB/T 29416-2012     Not available from source 

ASTM vertical channel 
test 

 There must be no 
flame spread 5m or 
above counted from 
the bottom edge of 
the test wall a. 

 Heat flux to the 
surface of the façade 
must not exceed 35 
kW/m2 3.5m above 
the bottom edge of 
the test wall a. 

 

JIS A 1310: 2015     See comment in table A. 

ANSI FM 4880 25ft  The test must not 
result in any fire 
spread to the edges 
of the test structure 
proven by flaming or 
material damage in 
either intermediate 
layers or on the test 
wall surface a.  

Will be 
mentioned in test 
report, but 
criteria is not 
specified a. 

  

ANSI FM 4880 50ft  For acceptance of use at 
maximum height 15.2m 
no fire spread proven 
by flaming or damage at 
the edge of the 
structure. For 
acceptance of use at 
unlimited height the 
above condition as well 
as no flame spread to 
the intersection of the 
top of the walls and the 
ceiling. 

a
 

Will be 
mentioned in test 
report, but 
criteria is not 
specified a. 

Must have proven to 
meet the 
requirements of the 
ANSI FM 4880 25ft 
corner test a. 

The criteria about flame spread 
must be met both in intermediate 
layers and on the test wall 
surface a. 



xxvi 
 

Standard 
 

Criteria for approval Comment 

Maximum temperature 
rise (˚C) 

Flame spread Falling parts Other 

FM Parallel test  A HRR of 1100 kW 
has been found to 
represent flame 
spread to the top of 
the test panels. This 
criterion is used as a 
complement to visual 
observations which 
are often hindered by 
smoke production a. 

  It has been found that if the total 
HRR from this test <1100 kW then 
during the 25ft corner test the fire 
will not spread to the end of a test 
array with combustible wall panels 
and non-combustible ceiling. If the 
total HRR <830 kW then the fire will 
not spread to the edges of the 
horizontal ceiling in a 25ft corner test 
where both ceiling and walls are 
combustible, and neither will it 
spread to the top of the test wall 
during the 50ft corner test 

a
. 

a) (White & Delichatsios, 2014) 

b) (Smolka, Messerschmidt, Scott, & le Madec, 2013) 

c) (Smolka, et al., 2016) 

 

 


