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Foreword 
 
After having obtained a Bachelor’s Degree in Built Environment, I started working in a construction 
company. Only to realize within a few months that working in a construction was not something I could 
do till retirement. Looking around, I saw a vacancy as a junior fire safety engineer. Without knowledge 
of what was expected from me, I went for it and applied to the job. First, everything was hard and 
difficult to understand, but along the road I started to enjoy what I was doing and even took a short 
postgraduate course in Fire Safety Engineering in The Netherlands. Although being a basic course, 
the principles explained to me about heat transfer mechanisms, smoke and heat control even made 
me more enthusiastic. In 2013 my current employer Roel gave me an opportunity to finally go to Ghent 
University and study what is really happening in a fire. Wow...what a ride has that been!! Working 
during the week, following courses on Thursday and Friday, travelling for four hours single-ride by car 
and train from home to Ghent, sleeping every week in a hostel with many travelers and studying every 
weekend. Looking back, it was all worth it. I feel having the more complete knowledge about fire 
dynamics, smoke and heat control, which I was missing before, to be a big plus in daily work. Thanks 
Roel for giving me the opportunity!  
 
During my day-to-day work, I visited many healthcare facilities regarding fire safety. Without even 
thinking a split-second about the actual fire safety level of the building, I created fire safe solutions 
which comply to prescriptive legislation. Probably, as this is the most broadly accepted solution by 
public bodies. So, I simply execute what someone else, who never saw the building, has thought of?? 
Strange! Not?!? How can I be sure that the solution is safe regarding to life safety, or for protecting 
property for that matter? That is when along the line Roel introduced me to Bianca, staff member for 
safety, security and environment of MUMC+, and her predecessor. I explained to her that I wanted to 
write my master’s dissertation about what the actual fire safety level of prescriptive codes means to 
humans within the threatened area. Or in other words, what is the fire safety level that is pursued by 
many (academic) hospitals. Getting Bianca enthusiastic was not that difficult, as she was also curious  
in getting an answer to this question. No sooner said than done, it was arranged that I could go intern 
at MUMC+ to get to know the organization and even perform live evacuation experiments to obtain 
actual data for evacuation. This experiment thought us a lot, didn’t it Bianca? Thanks, for having me! 
Speaking of the evacuation experiments, I really have to say thanks to Suzanne as she arranged so 
many things in this big and unknown to me organization. From the communication with the technical 
department, arranging oximeters or even  nursing staff being present to carry out the hard work during 
the experiments.  
 
Special thanks goes to my promotor, prof. dr. ir. Bart Merci for teaching me during the last three years 
and for granting my request for this topic. Also special thanks to my co-promotor dr. Tarek Beji for also 
teaching me during the last three years and for your help and support when-ever I had a question. 
 
Last but certainly not least, I have to thank my lovely girlfriend Eveline, who has always been there for 
me. She always supported me along the road and kept on motivating me, even when things got 
though, work or study related. During the weekend she had to do a lot of things without me, as I was 
studying in the kitchen. Our weekend getaway was a visit to the local supermarket just across the 
border to Germany as they have a great bakery. I hope graduating is not the end of our visits there as 
I kind of enjoy going there. Thanks love, for all the support! 
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Extended abstract  
 The document now lying in front of you is a master’s dissertation for obtaining the academic degree of 
Postgraduate Fire Safety Engineering. This document will focus on what the actual fire safety level of 
Dutch prescriptive building codes is, when applied on an academic hospital. For this research the 
author went in-company in an academic hospital, in order to get familiar with ideas, methods and 
procedures concerning fire safety, seen from the perspective of running an academic hospital.  
 
When applying for a building permit, for the vast majority of building plans, prescriptive codes are 
used. The reason for prescriptive legislation being used is that executing predefined codes is easier to 
assess by public bodies than complex performance based designs. Another bonus of prescriptive 
legislation is that all topics concerning fire safety for the most common types of buildings are already 
predefined (i.e. nothing is forgotten). As prescriptive codes are used on a day-to-day basis, people 
seem to sort-of forget what the actual fire safety level of these prescriptive regulations is. That is, the 
conditions that are allowed within a fire compartment and what these “by law allowed”-conditions 
mean to people in the endangered region of the building. Therefore the author found it appropriate to 
examine the actual conditions within a nursing ward and demonstrate which conditions are allowed 
within the fire compartment according to prescriptive legislation. More specific we are interested in 
what the impact is of prescriptive legislation to the life-safety of occupants within a nursing ward. 
Therefore the goal of this master’s dissertation is not to engineer a safe solution, but to demonstrate 
what is allowed by prescriptive codes, when applied to a hospital ward and what the impact of 
prescriptive fire safety regulations on humans is. The results could also be used as a reference when 
doing a plead for equality as defined in the Building Decree (see chapter 3). 
 
In order to demonstrate the actual fire safety level, first this research will focus on the prescriptive fire 
safety legislation in The Netherlands. More specific, the legal disquisition of prescriptive codes will 
focus on the Building Decree 2012 (NL: Bouwbesluit 2012), in which the requirements for fire safety in 
buildings are set. During the legal disquisition, distinction is made between existing and newly build 
buildings. After knowing which regulations apply to a nursing ward, an actual hospital ward is 
assessed from a legal point of view according to the prescriptive legislation. In order to do so, 
explanatory notes to the Building Decree [1] and guides from the Ministry of the Interior [2] [3] will be 
used, since some requirements are given in a functional manner by the Building Decree (e.g. detection 
time of fire detection system, amount of staff required, duration in which a threatened compartment 
needs to be evacuated). The final result of the legal disquisition is a possible solution, for both existing 
and newly build buildings, of a “fire safe” hospital ward according to prescriptive codes as far as fire 
compartmentation, lining materials and fire detection is considered. The legal disquisition also gives us 
the extend of the geometry which needs to be modeled as it is assumed that smoke can spread 
throughout the premises as long as no fire compartment boundary is reached. 
 
Having obtained a prescriptive solution for the structure itself, a literature study is performed to obtain 
threshold values for incapacitation of subjects by the fire due to heat and narcotics. For this, the 
Fractional Effective Dose-concept by Purser [4] is being used. The FED-concept will tell us to which 
extend a certain effect has occurred. The concept is best expressed by the equation below. 
 

=     
      ℎ  

 
Although when FED reaches or exceeds unity, the assumed effect (in our case incapacitation, leading 
to death) will occur, the expression will be adapted for susceptible sub-populations, like bedridden 
patients. ISO 13571:2007 gives guidance what FED-threshold values would be appropriate for an 
older (weaker) subpopulation. Bedridden patients, who are recovering from surgery, are also 
considered to be weaker compared to the test-subjects who were used in order to obtain the 
expressions (e.g. healthy male 70 kg). Therefore, according to ISO 13571:2007, it is assumed that the 
predefined effect will occur when FED reaches 0.3 instead of unity. As the FED-concept is only a 
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concept, in literature expressions were obtained for the time to incapacitation due to carbonmonoxide, 
carbondioxide, lack of oxygen, convective and radiative heat [4] [5] [6] [7] [8] [9]. The results of the 
FDS-simulations will finally be used in the FED-concept in order to determine whether or not safe- and 
incapacitation-thresholds are exceeded. Although having expressions from literature about the time to 
incapacitation, we are unable to put them to use without knowing the time required by nurses to 
evacuate a person from a room or in what pace nursing staff is able to travel across the corridor with a 
bed. In order to get a good understanding of the time required to evacuate a subject from a nursing 
room, as well as the walking speed within the corridor, an evacuation experiment (see appendix E) 
was held over three days using six different evacuation crews. The discrete data from the experiments 
were converted into a continuous cumulative distribution function. For both the evacuation time and 
walking speed a system reliability of 85% is used. The model for assessing the impact of certain 
conditions within the nursing ward to subjects in the vicinity of the fire is now completed. 
 
Next step is the modeling of the environment. First a design fire will be created. As local fire sources 
and combustible wall linings are present within the enclosure, a division is made between the both in 
calculating their contribution to the HRR. The combustible wall linings will be modeled using a simple 
pyrolysis model as pointed out in the FDS User Guide [10]. Given that cone calorimetry data (i.e. 
benchmark test) of wooden wall linings are used from literature [11], a sensitivity study (see appendix 
F) is done into the ignition temperature and heat of evaporation of the wooden linings in order to mimic 
the fire behavior as accurate as possible. Before performing this sensitivity study, it was checked 
which level of irradiance of the cone calorimetry data should be used. This was done by outputting the 
incident heat flux to the boundaries (i.e. walls and ceiling) by Smokeview after 300 seconds. It was 
found that for the majority of the wall linings and during the majority of the time, taking cone 
calorimetry data from the wooden sample at an external heat flux of 50 kW/m² was appropriate. 
For the design fire of the inventory, a method described by Lund University [12] was used. Multiple 
calorimetry-data from room or furniture calorimeter tests were used. In order to account for 
uncertainties in test method, ignition source, ventilation conditions and the inventory itself, an average 
of all the data was taken and added with one standard deviation. After calculating a HRR-time history 
of the inventory items within the nursing room separately, some items were clustered into fuel 
packages. Inventory items within the same fuel package are assumed to ignite at the same time. 
Ignition of inventory items at the same time is assumed when direct flame contact occurs [12]. As 
hospital beds are present within the nursing ward, research by Ohlemiller [13] focusing on the reach of 
flames coming from beds were used. After grouping inventory-items which are in each-others reach 
into fuel packages, the time to ignition of the secondary item was calculated by the use of the Lund 
University-method [12] and research by Babrauskas into the ignition of the secondary items [14]. 
 
Having the extend of the geometry, the materials allowed by law, a design fire and expressions for the 
effects of certain conditions within the ward to determine the effects on humans, we are now able to 
combine the information in CFD-models. Before running the CFD-simulations, some modeling 
assumptions needed to be done. One of these modeling assumptions is the glass fracture model. 
Research by Pagni [15] and Skelly [16] is used for the modeling of glass fracture, resulting in two 
breakage criteria for the glass being used. The first criterion is the gas temperature of the HGL in the 
fire-room exceeding 600℃ and the second criterion is the glass heated to 125℃ in the middle of the 
window pane (i.e. temperature difference of about 90℃ between shielded sides and middle of the 
window). Another modeling assumption is the use of smoke leakage paths between nursing room (i.e. 
fire room) and adjacent corridor. For determining the leakage area, literature by Klote and Milke [17] 
was consulted for leakage areas of walls, floors, doors and windows. Using the pressure solver in 
FDS, cracks and seams can be modeled using two distinct methods. The first method consists of 
using pressure zones and solve for the bulk leakage through a construction. This method is best 
chosen when it is expected that cracks are so narrow that the construction is able to cool the gases 
flowing through the cracks. The second method uses the local pressure differences to model specific 
cracks (e.g. around doors). The second method is used in this research as the separation walls are 
constructed of well insulation materials like rockwool and wood. Due to the low thermal effusivity of the 
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materials (i.e. capacity to exchange heat), assuming no heat transfer across the leakage path is 
considered inappropriate.  
Another modeling assumption based on pressure differences is the modeling of the HVAC-system. As 
actual fan-curves of the existing HVAC-system were unavailable, a standard quadratic fan curve was 
used to model the effects of the overpressure in the fire-room, with respect to fan-performance. 
According to the construction department of MUMC+ the stall pressure was found to be 500 Pa. 
During the mesh sensitivity analysis it was found that the maximum pressure within the computational 
domain was about 300-350 Pa above ambient. All fans are therefore modelled stand alone as smoke 
spread throughout the ductwork is ruled-out. Not modeling the entire HVAC-network but use 
standalone fans instead, is beneficial for the computational time. This as less nodes and ducts need to 
be modeled.  
As most test data for species generation, is generated from well ventilated conditions, we need to 
investigate if well ventilated or ventilation controlled conditions apply to our case study. It was found 
using an expression for the global equivalence ratio [5] that models containing wooden linings will 
become underventilated over time. This, as the contribution of wooden linings to the HRR were too 
high, with respect to the air supplied through openings. This was determined using two FDS-
simulations. In the first simulation the ideal HRR was determined, while in the second simulation the 
flow through openings was measured. Having these to parameters, the global equivalence ratio (abbr. 
GER) was determined. The GER tells us whether or not the fire will become underventilated and if so, 
how underventilated the fire actually is. Distinction was made in the equivalence ratio of room-models 
and corridor-model, due to the well ventilated conditions during the initial stages of the fire. Using 
empirical correlations by Tewarson [18], the fuel controlled generation of species was determined. 
 
Finally a sensitivity study into the most important parameter, being the cell-size within the 
computational domain, was performed. This in order to see which cell-size is able to model our fire 
accurate enough but not at expense of huge computational costs. It was found that a mesh containing 
0.1³ m¹ cells is accurate enough to model the fire. For the models where smoke spread across the 
corridor was analyzed, within the corridor a coarser mesh containing cells with dimensions 0.2³ m¹ 
were used. This is acceptable as far away from the fire, we will be analyzing smoke spread at low 
velocities and fairly low temperatures. As we are using a hybrid mesh, according to the FDS User 
Guide [19], it should be prevented that critical action is taken place at mesh boundaries. Therefore an 
analysis was made if across the mesh boundary critical action was taken place, using two different 
mesh configurations. It was found that the 0.1³ m¹ cells must be extended into the corridor as 
increasing flow velocities and turbulent flows are present right in front of the door to the nursing room. 
 
After implementing all the different components, 16 different simulations were done for the analysis of 
the conditions within the nursing ward. Eight simulations using a room-model for 300 seconds and 
eight models using a corridor-model for 960 seconds. In the models the following parameters were 
changed: 

-  Door closed/door open for 85 seconds; 
-  Incombustible gypsum wall linings/Combustible wooden wall linings; 
-  Legislation exiting/new buildings (i.e. adaptation geometry; HVAC-system; leakage areas) 
 

Analyzing the conditions within the fire-room using the room-models, narcotics, high concentrations of 
carbondioxide and lack of oxygen did not form a threat to subjects. This due to the early collapse of 
the glass, creating well ventilated conditions, as it was seen the oxygen concentration in the room was 
dropping rapidly with the windows in place. The Fractional Effective Dose of heat on the other hand, 
turned out to be lethal for patients in a nursing room in all simulations. Nurses, trying an evacuation 
attempt, on the other hand are able to survive the heat of the fire when incombustible wall linings are 
used. Evacuating a patient from the fire-room is, in theory, possible although it is questionable, given 
the values for  of 0.73, whether a nurse would be able to carry out her evacuation task as she 
will experience extreme pain due to heat. The only safe solution in order to save life, is a successful 
extinguishing attempt. This loss of life is found to be implicitly in accordance with prescriptive codes, 
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since dividing a nursing ward into compartments of 50 m² (or 100 m² in case of existing buildings) 
requires no surveillance and bedridden patients have to rely on themselves in case of fire.  
Results from the corridor-models showed the corridor could be used for long periods of time during the 
evacuation of the nursing ward, as both  and   do not exceed the tenability limits. 
This conclusion is valid on the precondition that doors between nursing room and corridor are kept 
closed or are opened only for a brief moment (i.e. 85 seconds). Only when the fire becomes 
underventilated (i.e. contribution combustible wooden linings), the  for nurses will exceed 
the safe threshold after some time. Personal protective measurements for nurses are therefore 
required. In all simulations heat did not prove to be a thread to life or severe injuries.  
Finally one additional worst-case scenario was analyzed, which is a model according to legislation for 
newly built building containing wooden linings (i.e. underventilated fire) and the door between 
circulation area and nursing room being opened during the entire duration of the simulation. It was 
found that the conditions within the corridor drastically decreased after about 400- 450 seconds. 
Although a single crossing from nursing room to the exit of the fire compartment can be safely done by 
both nurses and patients, during the initial stages of the fire. Later on,  increases rapidly 
over time, resulting in even a single crossing from nursing room to the exit of the fire compartment, 
could become life-threatening for both nurses and patients. Here again personal protective measures 
should be taken to protect nurses from being harmed. Although the fire safety level of prescriptive 
regulations for existing buildings is lower compared to the level for newly build buildings. As far as 
visibility is concerned, the legislation for existing buildings is more beneficial. This is explained by the 
larger fire compartments which are allowed in existing buildings, meaning the corridor has a larger 
volume and visibility low to the ground remains fairly well for long periods of time. 
 
After analyzing the results some recommendations are made to prevent the loss of life, these are: 

- Euroclass D materials should not be used within nursing rooms, use Euroclass B materials 
instead as in a RCT these will not contribute to the fire until flashover. This gives nursing staff 
an opportunity to evacuate a subject from the nursing room. 

- Use user-friendly (i.e. no need of sabotage) freewheel-door-closers on doors which directly 
open to the circulation space. This as conditions within the corridor were found to worsen 
drastically when doors between fire-room and circulation area are open. These provisions are 
beneficial as the conditions within the corridor are considered safe for long periods of time, 
meaning nursing staff is able to evacuate multiple patients from the nursing ward.  

- Use fire retardant inventory, especially mattresses and curtains. Although not mandatory by 
legislation, fire retardant materials will ignite less easily. As it was pointed out that a very fast 
spreading fire will become life threatening to bedridden patients, a slower development in 
HRR could save lives. 

- Training personnel responsible for the evacuation of the nursing ward will result in a quicker 
evacuation of a patient from a nursing room. As was observed during the evacuation 
experiment, experienced and trained staff removed a patient quicker from a nursing room than 
less experienced and trained staff. Also instructing in bringing a fire extinguisher to the 
location of the fire should be trained, as it can be concluded from this research that in some 
situations only an extinguishing attempt is able to prevent the loss of life. 

- In order to protect nursing staff from becoming incapacitated during the evacuation of a 
nursing ward, personal protection measurements are advised. A breathing apparatus including 
goggles will ensure nurses are not affected by narcotics or irritant gases. 
  

Appendix I includes one large compiled FDS-code of all the simulations performed in this research. 
Exchanging or adding components to the code can be done with ease. Future researchers, can 
therefore adapt the model at will, in order to investigate the impact of other design parameters or 
perform sensitivity studies. 
 
 
Keywords: Prescriptive codes; The Netherlands; Nursing ward; CFD; Evacuation.   
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Chapter 1:  Introduction and Objectives  
1.1 Introduction  
This master dissertation is commissioned by the department of Flow, Heat and Combustion 
Mechanics of Ghent University. The main objective of this master dissertation is to demonstrate the 
impact of the prescriptive fire safety regulations to subjects within hospital wards. In order to get to 
know a hospital organization and see what the limiting factors are when fire safety issues are 
discussed the author went in-company in an academic hospital in The Netherlands (MUMC+). 
MUMC+ or Maastricht University Medical Centre+ is a collaboration of the academic hospital 
Maastricht (azM) and the Faculty Health Medicine and Life Sciences of Maastricht University. The 
home of this partnership is situated in the Dutch border city of Maastricht, in the province Limburg (figure 1.1). 
Figure 1.1: Location of MUMC+ 
 

  
MUMC+ is one of the eight academic hospitals, which means that besides the regular healthcare for 
patients and education of medical specialists, the research and development of new healthcare 
applications, tertiary care and referral care are also being offered. 
The current hospital organization dates back to the early 1800’s, when the civil Board of Guardians 
(Burgelijk Armbestuur) founded the Hospital Calvariënberg in 1820. The ‘hospital for the poor’ grew to 
being a top class hospital in The Netherlands at the end of the 19th  century. At the beginning of the 
second World War the building of a new site was started in Maastricht-West, which was completed 
after 10 years in 1950 and was named Sint-Annadal Hospital. 
After the Foundation for Scientific Education Limburg (SWOL) was founded in 1965, in order to 
promote scientific research in Limburg, the Sint-Annadal Hospital was aspired to join the 8th medical 
faculty in The Netherlands. This resulted in the first medicine student arriving in Maastricht in 1974. 
The legal basis was obtained a year later when the law Rijksuniversiteit Limburg was adopted by 
parliament. The name of the Sint-Annadal Hospital was changed into Academic Hospital Maastricht 
(azM) in 1986. 
The construction of the current home of MUMC+ in the district Randwyck started in 1983, near two 
medical faculties of Maastricht University. The construction took 7 years and the building was officially 
opened in 1991 by queen Beatrix of the kingdom of The Netherlands. Between 1991 and 2015 the 
building was expanded many times with the most recent completed buildings being the administration 
tower and the eye clinic tower. Currently an expansion of about 22.500 m² floor area is taking place 
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with the rise of the so-called Verheylaan. The new Verheylaan-building will house laboratories, offices 
for staff members as well as twelve operating rooms. 
Since MUMC+ aspires to be a top class hospital concerning their core business, the requirements 
concerning fire safety are also part of the services and security the hospital wants to offer. A few years 
ago the awareness of a safe environment concerning fire safety was created and adaptations to the 
building have been made since then and are still going on. This awareness to fire safety can be seen 
as a national trend for the last decade in The Netherlands. Since the minimum fire safety level for 
every building in The Netherlands is still imposed prescriptive by the government, MUMC+ wants to 
know what the effect of this abstract imposed prescriptive level physically means to their patients and 
staff in case of emergency. Therefore the minimum prescriptive fire safety level for an existing hospital 
ward as well as the desired level of fires safety imposed by the legislator is considered in order to give 
an answer to the research question.    1.2 Objectives  
The objectives of this master dissertation are:   - To demonstrate what the actual prescriptive fire safety level of existing and newly built hospital 

wards in The Netherlands is.  - To demonstrate when prescriptive legislation is applied, what the physical impact of a fire is to 
subjects within a fire compartment. - To point out and recognize the deficiencies in prescriptive regulation and their impact upon the 
fire safety level.  

1.3 Content and Methodology  
Chapter 2 will start with discussing the construction, materials used and dimensions of the hospital 
ward to assess. In this chapter the physical boundaries are anchored.  
In chapter 3 of this masters dissertation a disquisition of the operation of the Dutch legislation 
concerning fire safety is given. This initial step is the starting point for this thesis, as knowing what the 
regulations for existing and new buildings are, the boundary conditions and limitations of the designs 
are implicitly given. In this chapter an example of what is allowed according to prescriptive regulations 
for existing and newly build buildings is given. These examples are used in the remainder of the 
document.  
After defining the building itself and the fire safety legislations imposed on it, the effects of smoke and 
heat on humans is considered in chapter 4. More specific the mechanisms that could incapacitate a 
subject are discussed as well as the conditions or threshold values which are regarded “safe” are 
given.  
The fifth chapter focuses on the inventory in a standard nursing room. A design fire for the inventory in 
the nursing room is created. Empirical heat release rate (HRR) data of inventory items are used to 
compile the design fire. Influencing factors on empirically obtained data are also discussed, as 
laboratory tests have their limitations. 
Since the final result is a computer model of reality, simplifications and assumptions have to be made. 
In chapter 6 we will discuss modeling assumptions made to solve the problem at hand. Chapter 6 also 
complements the theoretical data by adding the human factor into the equation. A real life emergency 
experiments will be held. These experiments will tell us among others the amount of time required by 
personnel to evacuate a nursing room. 
After defining the modeling assumptions, the models will be run and the results of the models will be 
discussed in chapter 7. The results will give us the physical data of the hazardous environment, which 
are required in order to assess the impact of the prescriptive legislation on humans.  
In chapter 8 conclusions and recommendations are given about what is allowed by applying 
prescriptive legislation to a hospital ward. In order to improve the actual fire safety level within the 
nursing ward some recommendations are done. 
As this research has its limitations, chapter 9 mentions possible adaptations and expansions to the 
models to improve the accuracy or obtain a broader view. 
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1.4 Limitations 
 
Since writing of this thesis took place in-company, no laboratory test (small scale or large scale) were 
performed as benchmarks for different materials and objects. Manufactures of building materials were 
found to be very protective of their test data (i.e. cone calorimeter, SBI) and therefore data used in this 
thesis is taken from literature. 
 
This master’s dissertation will demonstrate what is allowed by prescriptive fire safety regulations for 
new and existing buildings in The Netherlands. In order to demonstrate what is acceptable by law a 
legal disquisition is performed for a hospital ward as far as fire compartmentation, walking distance 
and material usage is considered. All of the mentioned above should be read in perspective of this 
research. Although the materials chosen will comply to the regulations for fire safety, it is possible that 
other regulations (e.g. hygiene codes) forbid the chosen materials. The fire compartmentation used for 
this study should be seen in the same perspective, as legislation is given implicitly. Although the 
compartmentation complies to Dutch regulations, other solutions are possible but these are not within 
the scope of this thesis. 
 
As the fire safety level of prescriptive codes is analyzed, for fire detection the maximum allowable time 
by law for fire detection is used. Therefore no research was done into the activation time of detectors. 
 
For obtaining an actual timespan required to remove a patient who is coupled to medical devices from 
a nursing room, evacuation experiments were held. Although nurses who participated where selected 
with care (i.e. more and less experience in evacuation drills) in order not to influence the results to 
much, it should be noted that the time required by nursing staff for uncoupling a patient is situation and 
person dependent.  
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Chapter 2: Research design and building characteristics  
2.1 Research design  
Primarily a legal disquisition has to be performed in order to know exactly what the fire safety level of a 
nursing ward by law is. After completing the legal disquisition a deterministic approach is used to get 
an indication of what the actual prescriptive fire safety level according to the Building Decree 
physically means to humans within the hazardous environment. In order to achieve this goal 
assumptions have to be made concerning inventory, building materials, ventilation etc. Although this 
research will show what is allowed according to prescriptive regulations, it should be kept in mind that 
the final solution is one out of many and this should always be considered when interpreting the final 
results. For example fire compartmentation is implicitly given, which means variations are possible. 
Another example is the use of buildings materials. For this master dissertation wood is chosen to 
substitute for Euroclass D wall linings. Other materials which also comply to Euroclass D will have 
different fire behavior. The only common factor between Euroclass D linings is that in a Room Corner 
Tests (i.e. ISO 9705) flashover will occur within 2 to 10 minutes and the Fire Growth Rate (abbr. 
FIGRA) index is less than 7.5 kW/s [20]. 
 
In order to compute the fire and smoke spread throughout the nursing room and the entire ward the 
model will be assessed in two stages. This due to the excessive amount of computational capacity 
required to simulate the fire spread across linings in the nursing room and the more global smoke 
spread over the ward.  
After setting the boundary conditions a design fire is calculated using only the inventory in the room. 
The contribution of linings is neglected in this stage. The obtained HRR-curve will be implemented 
within a FDS-model as well as the linings for walls, ceiling and floor. The fire spread over the linings 
will be imposed on the model using the heat of vaporization, ignition temperature and a given 
HRRPUA. FDS will consider the heating up of the linings, but it will not calculate the actual burning 
rate. When interpreting the results this should be considered, since data from linings is obtained from 
literature and small scale cone calorimeter tests at a given heat flux. 
In order to compute the fire spread as accurate as possible within the limitations of the chosen model, 
a fine mesh is used and the computational domain will be limited to the nursing room itself.  
The final stage of the research design will include the spread of smoke and flue gases across the 
ward. In this stage the obtained HRR-curve from the nursing room simulations (i.e. inventory and fire 
spread over combustible linings) is completely imposed on multiple burners within the room. This 
excludes fire spread calculations across linings in the hospital ward simulation as the release of heat 
of the combustible linings is included in the burners. The computational domain will be enlarged to the 
ward instead of the nursing room and the mesh size will be increased since in this stage we are not 
interested in more exact heat transfer calculations close to the fire, but we are concerned about the 
spread of smoke throughout the floor. In order to visualize the conditions in the corridor far away from 
the fire source a more global approach is acceptable.  
 
Besides numerical simulations, multiple real life evacuation experiments will be performed in order to 
obtain information about the actual duration subjects are within certain hazardous areas of the ward. 
The effects of heat and toxic gases on subjects will be assessed using the FED-model of Purser [5].   
 
The numerical simulations are performed by the use of Fire Dynamics Simulator, version 6.3.2. from 
the National Institute for Standards and Technology. Therefore, when reference is made in this 
document to FDS, version 6.3.2. of the software package is considered. 
 
 2.2 Building Characteristics 
 
The building characteristics should be defined in order to assess the prescriptive fire safety level. In 
this paragraph the building geometry and materials used within the rooms of interest are described. 
Thermal properties will be discussed in chapter 6.    
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2.2.1 Building materials and geometry  
Structure: 
The load bearing structure of the hospital consists of a concrete frame of which the columns and 
beams are 500 mm wide and 500 mm high. The façade is self-supporting and consists of a 200 mm 
thick concrete panel with external PUR-foam insulation of 60 mm and a concrete panel finishing. The 
structural floors as well as the roof floor are all made out of concrete with a thickness of 290 mm.  
 
Interior walls: 
Interior walls are compiled light weight insulated metal-stud walls. Metal frames with 75 to 100 mm 
rockwool insulation are finished with 12.5 mm or 25 mm plasterboard linings on each side. The width 
of the separation walls varies from 100 mm to 150 mm. During the fire simulations in FDS the 
plasterboard (class A2; EN13501-1) of the walls will be changed into a wooden panel of 12 mm in 
thickness. Finishing of the walls of the separate toilet room consist of tiles. The walls of the corridor will 
remain gypsum during all simulations and are not adapted. 
 
Ceilings: 
In the nursing room at a height of 2.7 m¹ above the floor a false ceiling is situated, which leaves a 810 
mm wide concealed space above the false ceiling. In the corridor the false ceiling is situated at 2.4 m¹ 
above the floor. Regardless the situation, the false ceiling consists of a metal frame with 25 mm thick 
plasterboard (class A2; EN13501-1). During all the simulations the false ceiling remains unchanged 
(i.e. always 25 mm gypsum). 
 
Wall openings: 
Door leaves between the nursing room and circulation area are made of standard quality wooden 
doors of 40 mm thickness. The dimensions of these doors should be wide enough to allow for 
evacuation with hospital beds. Therefore the doors are 1.23 m¹ wide and 2.315 m¹ high.  
Due to daily transport with hospital beds and other medical equipment, the doors need to have a high 
impact resistance. Therefore honeycomb (or hollow core) doors cannot be used in the ward. The 
absence of honeycomb doors is beneficial to the failure of the doors during fire, as honeycomb doors 
have the tendency of early failure. The doors used in the ward consist of 3 mm hardboard on each 
side of the door and have a Meranti framing around the edges of the door, except for the lower frame 
which consists of regular pine wood. In order to comply to hospital policy to have impact resistant 
doors the core is filled with flax fiber. Figure 2.1 gives the cross-section of the doors in the ward. 
 
 
Figure 2.1: Horizontal and vertical cross-section door 

  
 
Since according to the Building Decree the presence of natural daylight is mandatory, in the nursing 
ward all the nursing rooms are facing outwards. The window pane consists of a standard quality 
double glass (6-15-6) and is contained in an aluminum window frame with a height of 1.4 m¹ and a 
width of 2.8 m¹. 

1) Flax fiber ( ≥ 375 kg/m³) 
2) Hardboard 3mm ( ≥ 1000 kg/m³) 
3) Meranti wood ( ≥ 700 kg/m³) 
4) Meranti wood ( ≥ 650 kg/m³) 
5) Pine wood ( ≥ 500 kg/m³)  
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Floor plan and section: 
Figures 2.2 and 2.3 give the dimensions of a standard nursing room in the horizontal and vertical 
plane. Structural concrete parts contain a solid black hatch.  
 
 
Figure 2.2: Floorplan standard nursing room (concrete in black) 
 

  
 
Figure 2.3: Section across façade (concrete in black) 
 

  
 
NOTE A detailed floor plan of the nursing ward including dimensions is given in appendix A. 
 
 2.2.2 Forced ventilation 
 
A fire within a nursing room is among other fed by the oxygen present within the enclosure. The 
presence of forced ventilation into a room means an additional amount of oxygen for combustion is 
supplied to the enclosure. Besides an additional oxygen supply, forced ventilation is able to create 
locally turbulent flows which contributes to good mixing of combustion products and oxygen. This 
results in combustion chemistry taking place in a faster pace. Besides the additional oxygen supply 
and (locally) better mixing, the ventilation ducts contribute to the spread of smoke throughout the 
premises. It is therefore important to consider the mechanical ventilation system in the building. Figure 
2.4 gives a rough layout from the ductwork of the HVAC-system. 
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Figure 2.4: Ductwork hospital ward (schematic) 
 Legend 

Ductwork supply air 
Ductwork extraction  
 

  
 
The Building Decree imposes requirements concerning the health of the occupants. One of these 
requirements concerning the health of occupants is the supply of fresh air to an enclosure and the 
removal of polluted air from the enclosure. In art. 3.29 of the Building Decree it is stated that for each 
occupant at least 12 dm³/s of fresh air should be supplied to the nursing room. For existing buildings a 
volumetric flow of 3.44 dm³/s per person is required.  
When we consider that the standard nursing room is designed for four persons (source: construction 
department of MUMC+) this results in a volumetric flow towards the enclosure of 48.0 dm³/s and 13.76 
dm³ for respectively newly built and existing buildings. After consulting the construction office of 
MUMC+ it is given that no higher standard than the one mentioned in the Building Decree is pursued 
by MUMC+ as far as the HVAC-system is concerned. 
 
In the current situation one inlet for fresh air is present in each nursing room above the entrance door 
and a provision for mechanical extraction is located in the toilet. The design of the balanced HVAC-
system is such that about 75% of the total capacity of supplied fresh air is extracted from the toilet and 
the other 25% per room is extracted in the circulation space.  
For existing buildings this results in an inlet capacity of 13.76 dm³/s above the door of the nursing 
room and a mechanical extraction with a capacity of 10.32 dm³/s located in the toilet room. Since a 
balanced system is simulated the remainder of the capacity of the entire ward is extracted in the 
circulation area.  
For newly build buildings the volumetric flow at the inlet above the door of the nursing room is 48.0 
dm³/s, while 36.0 dm³/s is extracted from the toilet room. Again the remainder of the of air is extracted 
within the circulation space.  
 
Since no data of the actual HVAC-system is available standard, quadratic FDS-fans will be assumed 
to deliver and extract the required ventilation capacity. Due to overpressure created by expanding 
gases in the room, the fan is unable to deliver its full capacity when the room is pressurized and it is 
assumed that the capacity decreases gradually up until the stall pressure of 500 Pa is reached 
(countercurrent). A similar standard quadratic fan is assumed to be present in the extraction duct. But, 
in contrast to the inlet, the overpressure in the enclosure is aiding in the extraction fan as it pushes flue 
gases into the outlet (concurrent) increasing the flow as pressure increases. 
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2.2.3 Inventory 
 
The standard two-person nursing room as described in paragraph 2.2.1 is basically furnished. As 
shown in figure 2.5 each patient has its own hospital bed with alongside a nightstand and a television 
mounted to the ceiling. A small metal wardrobe of dimensions 0.7 x 0.8 x 2.0 meter (LxWxH) as well 
as a drain with cabinet are positioned near the entrance of the toilet. The room inventory is completed 
by the presence of curtains for blocking daylight and a privacy curtain between the hospital beds. The 
separate toilet room consists of a fully incombustible inventory, which includes a ceramic toilet bowl 
and a basic ceramic sink with a mirror above. 
  
Figure 2.5: Layout inventory nursing room 
 

  
 
 
 
 
 
 
 
 
Since we are in a hospital environment, alongside the permanent inventory as given in figure 2.5, 
transient inventory could be present within the enclosure in the form of medical equipment. Depending 
on the condition of the patient more or less hospital equipment, like monitoring devices will be brought 
into the room. The transient inventory is not accounted for in this master dissertation, due to the 
unpredictable nature (i.e. location and amount of devices).  
 
Although the Building Decree does not explicitly prescribe that fire retardant materials should be used 
for the inventory, there is a safety net Article which could be applied, but a motivation of the AHJ is 
required to enforce these materials. None the less it is conservatively assumed that most of the 
inventory consists of standard quality materials, without fire retardants. It is therefore that in the design 
fire of appendix B mostly non-fire retardant inventory is considered, as this is allowed by prescriptive 
regulations. 
  

Single hospital bed   Nightstand 
 Television (above bed)   Wardrobe (metal) 
 Drain with cabinet    

 
Privacy curtain    Curtain 
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Chapter 3:  Dutch legislation 
 
Since the Maastricht University Medical Centre is an actual existing building, it is important that the 
building satisfies to public law concerning fire safety. In order to obtain a complete view in which 
manner Dutch fire safety legislation is implemented, this chapter will start with a legal disquisition. We 
will end this chapter with the theoretical regulations being applied to and implemented upon an actual 
floor plan of a MUMC+ hospital ward. 
  
3.1 Dutch legislation and fire safety 
 3.1.1 Housing Law (Woningwet)  
The legal framework to which every building in The Netherlands has to satisfy is given by the Housing 
Law. The Housing Law does not give any substantive (technical) provisions, but it gives regulations for 
instance about how to apply for an occupants-permit, demolishing-permit or about the availability of 
data. For this, the Housing law refers to so-called AMvB’s (Order in Councils). 
 
As far as technical aspects are concerned the Housing Law refers to the Bouwbesluit 2012 (hereafter: 
Building Decree). The technical requirements are exclusively allowed to be given for the aspects 
“safety”, “health”, “usefulness”, “energy efficiency” and “environment”. 
 
Finally the Housing Law anchors the international obligations that The Netherlands have to fulfil 
according to building regulations.    3.1.2 Building Decree (Bouwbesluit 2012) 
 3.1.2.1 General  
The Building Decree contains among others regulations that need to be considered when a new 
building is built, an existing building is remodelled or what the state of an existing building should at 
least be. 
 
Herewith a distinction is made between three kinds of quality levels for existing, remodelled and to be 
build buildings. Each of these quality levels have its own prescriptive set of (fire safety) regulations. 
The regulations are primarily given as a functional requirement. This functional requirement is at least 
fulfilled when the prescriptive regulations worked out in the Building Decree are met. 
 
Besides having a distinction between three quality levels there are twelve types of occupancies 
defined in the Building Decree, of which some of them are subdivided into sub-occupancies.  
The regulations are given in a tabulated manner and the type of occupancy determines which set of 
regulations have to be applied to a certain (part of the) building. It should be noted that a building can 
have multiple types of occupancies. A good example is a shopping mall (shop-function), in which an 
office (office-function) and a bar (meeting-function) are situated. Also apartments (housing-function) on 
top of the shopping mall have a different type of occupancy. When a room or a part of the construction 
belongs to multiple occupancies (e.g. common corridor) the most severe regulations of the types of 
occupancy designated to that room apply for this room (or part of the construction). 
 
 3.1.2.2 Quality levels Building Decree   
As mentioned in the previous paragraph distinction is made in three different quality levels namely: 
“new buildings”, “remodelled buildings” and “existing buildings”. The legislator aims to pursue different 
goals with these three quality levels. 
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The regulations for new buildings are aimed to guarantee a quality level that the legislator thinks of as 
desirable for new buildings. Of course an owner of a building is at all times free to pursue a higher 
standard than the one given by law. 
  
The requirements about the state of an existing building have an entirely other purpose. The 
requirements mentioned for existing buildings are an absolute minimum level that may never be 
undershot, because the (fire) safety of that building as well as the use of that building are otherwise 
expected to be in immediate danger. The requirements for existing buildings are therefore not a target 
level but a hard and critical lower threshold. 
 
The quality level for remodelled buildings is defined as a level in-between the one for existing buildings 
and new buildings. The principle of acquired rights (i.e. legally obtained level) is the starting point for 
buildings that are to be remodelled. This legally obtained level implies that existing buildings are 
spared when new technical requirements are introduced or existing ones are sharpened.  
 
As mentioned before the quality level for existing buildings applies to every building in The 
Netherlands at all times. When a building does not comply with these requirements, the owner of the 
building is committing an economic offense (Wet Economische delicten), even if a building permit 
explicitly allows this lower level. 
 
Although the quality level for existing buildings mentioned in the Building Decree for the most aspects 
contains a (fire safety) level comparable to the level for new buildings in the early 1900’s, most of 
today’s buildings appear (although partially) to be in conflict with these minimal requirements. 
  3.1.2.3 Tabulated legislation Building Decree 
 
Besides the question what part of the lifecycle (new, remodelled, existing) the building is in, the 
question about what type of occupancy to use is of interest. Each section of the Building Decree 
contains a table which states what article and section is applicable to a certain occupancy. Table 3.1 
gives an example of such a table. In red the twelve different types of occupancy and some sub 
occupancies are given and in green it is stated whether or not an article or section is applicable for the 
given type of occupation. When an article or section is applicable to a certain occupancy a number or 
asterisk is written in the table. A dash means the given article or section is not applicable for the given 
type of occupancy. If in an article threshold values are applicable, the actual threshold values can also 
be read from the tables. As an example, in table 3.1 the threshold values for the maximum size of a 
fire compartment of new buildings are indicated in between the blue arrows. 
 
 
Table 3.1: Types of occupancies 
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3.1.2.4 Functional and prescriptive requirements and principle of equivalence 
 
The requirements of the Building Decree have been worked out as much as possible in a functional 
manner in co-existence with the underlying prescriptive rules.  
The functional requirements for a given section state whatever the intent of the legislator is with the 
prescriptive regulations. The prescriptive rules give a possible solution which fulfils the desired level of 
fire safety the legislator intended to achieve. A certain performance or threshold value can be coupled 
to these prescriptive regulation. When a building owner cannot comply with a certain prescriptive rule 
or article or if he has a better solution than the one stated in the Building Decree, he has to prove that 
his design is as equally safe as the one mentioned in the Building Decree. This is based upon the 
principle of equality as mentioned in art. 1.3 of the Building Decree. It has to be proven that the 
functional requirements of that specific article are met. 
This can be desired or necessary when for instance the size of the building or space is too large to be 
divided into fire compartments of 1,000 m². Also the use of new innovative materials, constructions or 
installations could mean that a plead for equality is necessary.   3.1.3 Operation of the building regulations 
 3.1.3.1  Status of the environmental permit 
 
It is forbidden to build without or notwithstanding the environmental permit (i.e. former building permit) 
granted by the Authority Having Jurisdiction (abbr. AHJ). A single exception is made, and that is when 
according to the Housing Law no environmental permit is required. In general this is only the case for 
small additions to houses or small buildings belonging to houses. Basically this means when one 
intends to build or remodel a building, a building permit has to be granted by the AHJ. 
In the case when someone is applying for a building permit for a new building and the AHJ determines 
the intended design doesn’t comply to the requirements for new buildings as mentioned in the Building 
Decree, the AHJ is not allowed to grant an environmental permit.  
 
After being granted an environmental permit the requirements for the building are legally anchored by 
the permit. When (wrongly) an environmental permit is granted for a building that according to the 
drawings belonging to the environmental permit is conflicting with the regulations for new buildings as 
mentioned in the Building Decree, than the building may be constructed according to that permit. The 
only restriction is that the building plans at least have to comply to the quality level for existing 
buildings, otherwise even with a building permit adaptations are necessary.    3.1.3.2 Autonomous degradation 
 
As soon as a building is finished and it is taken into use, the rules of existing buildings according to 
Building Decree apply to that building. This doesn’t mean that the owner of the building is allowed to 
lower the quality level of the building to the bottom level corresponding to the one for existing 
buildings. Changing the quality of a building by (human) intervention is namely “building” in the sense 
of the Housing Law. This means that the remodelling of the building has to comply with the legally 
obtained level. For a new building the legally obtained level is of course equal to the requirements for 
new buildings. In contrast to (human) intervention the quality of a building can deteriorate by age. 
Such an autonomous degradation is considered acceptable by the legislator as long as the lower 
threshold of the Building Decree (existing buildings) is not undershot. 
 
Besides deterioration due to the ageing of materials it is possible that changed test methods or 
changed views by the legislator are gathered under “autonomous degradation”. In the latter special 
cases no physical changes have been made to lower the quality of the building, but the means of 
assessing this quality have been changed. 
Probably the best example for changed test methods is the presence of wire glass in fire separations 
in older buildings. In The Netherlands wire glass was allowed up until 1992, when thermal radiation 
and thermal insulation became a compartment criterion. The Dutch Organisation for Applied Physics 
(TNO) showed in 1993 that wire glass could not be used unlimited in fire separations anymore as 
before, since wire glass doesn’t block radiation nor does it provide any thermal insulation. Since by law 
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fire separations all in a sudden had to comply to the criterion thermal insulation (comparable to current 
criterion I according to EN-1363-1) and criterion thermal radiation (comparable to current criterion W 
according to EN-1363-2), this resulted in many fire separations not complying with the regulations 
anymore. Without a legally obtained level, someone who would have been granted a building-permit 
for a new building in December 1992 had to adapt his building in January 1993.  
  3.1.4 Additional Municipal requirements 
 
The AHJ has jurisdiction to impose additional requirements to the use of a building or the building 
itself, when the quality level is in between the one for existing and new buildings. This right of the AHJ 
is anchored in the Housing law, article 13.  
This competence can only be used if the additional measures can be pointed out as a necessity. On 
behalf of article 3:46 General Administrative Law Act when the AHJ wants to use article 13 the 
necessity criterion needs to be motivated. When the AHJ wants to use this competence, than the AHJ 
has to motivate in each case why the prescribed quality level for that specific case is not sufficient and 
why additional measures need to be taken. It should be noted that in practice this competence is not 
that often used by the AHJ. 
  3.2 Hospital ward to be analyzed  
Now we know how the building legislation in The Netherlands should be applied to a random building 
we will focus on the building at hand. For this reasearch a hospital ward will be analyzed as a ward is 
the most critical area of a hospital as far as patient safety, with respect to fire safety, is concerned. All 
the wards in the bedhouse have somewhat similar floor plans. The standard floor plan and the 
dimensions of the nursing ward to assess are given in appendix A. 
 
The hospital ward is pointed out as the most critical location concerning life safety of patients since 
patients in a ward, which are unknown to the building, need to rely on the assistance of staff members 
for their safety. This could be either due to the fact that some of the patients are bound to their 
(hospital) bed or otherwise patients need aid in getting out of bed or getting loose from observation 
equipment. As far as (building) legislation is considered the interference of staff is considered, but it is 
given rather in an abstract manner as will be demonstrated in the remainder of this chapter.  
 
In this paragraph the focus will be upon the type of occupancy, the fire compartmentation of the 
building, the fire resistance of the compartment boundaries, the escape routes and the materials which 
are allowed in a ward according to the Building Decree. For both existing and new buildings a 
prescriptive fire safety concept will be sketched. Before starting with a disquisition of the prescriptive 
regulations for existing and new buildings, the type of occupancy of a ward should be determined. 
  3.2.1 Type of occupancy  
Before the prescriptive regulations can be applied to the hospital ward we need to know which type of 
occupancy a ward belongs to. In art. 1.1 of the Building Decree the twelve types of occupancy and all 
of their sub-occupancies are given. Table 3.2 lists all the occupancy-types and the most important 
sub-occupancies.   
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Table 3.2: Occupancies according to article 1.1 Building Decree 
 Type of occupancy 

 
1 Domestic occupancy 
2 Gathering occupancy  
3 Prison occupancy 
4a Healthcare occupancy with bed area 
4b Healthcare occupancy (others) 
5 Industrial occupancy 
6 Office occupancy 
7 Recreational occupancy 
8 Educational occupancy 
9 Sport occupancy 
10 Shopping occupancy 
11 Other occupancy 
12 Construction not being a building  

 
When we consider the given types of occupancy shown in table 3.2 the “Healthcare occupancy” 
seems most appropriate. A “Healthcare occupancy” is defined in art. 1.1 of the Building Decree as: 

 
Building Decree art. 1.1. “Healthcare occupancy” 
A type of occupancy for medical research, nursing, caring or threatening.  

 
As can be seen in table 3.2 the healthcare occupancy is further subdivided. In order to select the 
correct type of occupancy, the physical and mental condition of the patients should be considered as 
well as the definition of a bed area. For the latter the definition according to the Building Decree is 
consulted. 
  Building Decree art. 1.1. “Bed Area” 

Room intended for one or more beds intended to be used for sleeping or to be used for 
bedridden patients. 

 
According to the definition above a room in which beds are stored, is not considered a bed area in the 
sense of the Building Decree. In order for a random room to be become a “room with a bed area” the 
presence of bedridden patients and/or people asleep are required.  
The “healthcare occupancy with bed area” can be subdivided into two categories again. This results in 
a total of three categories for healthcare occupancies. Each category has its own set of rules 
concerning fire safety. A functional description for each sub-occupancy is given. 
 
Healthcare occupancy: 

1) Healthcare occupancy (regular); 
2a) Healthcare occupancy with bed area; 
2b) Healthcare occupancy with bed area for bedridden patients. 

 
Ad 1:  Healthcare occupancy [3]: 
The requirements for a healthcare occupancy without bed area (e.g. physiotherapist practice) are 
lower than for healthcare occupancies with a bed area. The self-reliance of patients in these kind of 
occupancies is considered to be equal to a shopping mall or office. That is, after visiting the 
physiotherapist practice this same person could go shopping in a shopping mall or go to the office. An 
“average” self-reliance of the occupants is assumed for this type of buildings. People who have for 
instance broken their arm or leg are able to exit the building on their own or with the assistance of the 
people who brought them in, in the first place. Therefore the fire safety level for this type of occupancy 
is not raised substantially compared to the shopping of office occupancy. 
 
Ad 2a:  Healthcare occupancy with bed area [3]:  
A healthcare occupancy with bed area not for bedridden patients requires a higher level of fire safety 
than a regular healthcare occupancy. This type of occupancy is applicable to e.g. observation rooms in 
a hospital where people are observed after minor surgery.   
The self-reliance of the patients is in relative terms quite high and patients are able to bring 
themselves or with the help of fellow patients into safety. Since people could be sleeping in an 
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enclosure and therefore are less aware of the situation around them a higher fire safety level is 
required. The Emergency Response Organization of the hospital must be able to wake-up all the 
patients in the endangered area and guide them to safety. In practice this means additional fire 
separations and a few additional employees are necessary to obtain the desired fire safety level, even 
during nighttime. An exact amount of employees is not given by legislation, since this is situation 
dependant.  
 
Ad 2b:  Healthcare occupancy with bed area for bedridden patient [3]:  
A definition of a bedridden patient is not given in the Building Decree. What is meant with a bedridden 
patient is a subject whom has such a disability that in case of fire evacuation with a bed is necessary. 
The responsibility for the well-being for these patients lies within the hands of the buildingowner/-user. 
Bedridden patients should be accommodated in rooms which are equipped for safe evacuation using 
a bed. The AHJ will supervise whether or not it is plausible that bedridden patients will be safe in these 
rooms in case of emergency [3]. 
This sub-occupancy requires the most severe fire safety measurements in order to obtain the desired 
fire safety level. As people are bound to their beds, they require assistance of personnel to be 
evacuated into safety. The egress routes should be wide enough to ensure that horizontal evacuation 
into another fire compartment is possible. For existing and new buildings the Building Decree 
demands that a bed with dimensions 2.3 m¹ x 1.2 m¹ x 1.1 m¹ (LxHxW) can be evacuated to a 
neighboring fire compartment. Besides small protected sub-fire-compartments and wide egress routes, 
more staff is required (24 hours a day) since beds need to be evacuated or patients need to be carried 
to safety. 
 
In a hospital all the sub-occupancies mentioned before are present. For a ward it is clear that a 
healthcare occupancy with bed area is applicable. Less clear is whether or not patients in that ward 
are bedridden or not. Since a hospital like MUMC+ doesn’t want to be restricted into the use of their 
wards, the worstcase assumption of bedridden patients is used as a starting point. 
 
Finally, it should be noticed that besides rooms for patients other kind of rooms (e.g. meeting rooms, 
offices, nursing office, storage area’s and a serving kitchen) are situated within the ward. Since the 
“Healthcare with bed area” occupancy has the highest fire safety and life safety level, we will focus 
primarily on the regulations for this type of occupancy. 
  3.2.2 Types of fire compartmentation 
 
According to the Dutch Building Decree distinction should be made between three kinds of fire 
compartments each having a separate goal and therefore its own set of rules. The three kind of fire 
compartments are: 

1. Fire compartment; 
2. Sub-fire-compartment; 
3. Protected sub-fire-compartment. 

 
Ad 1)  A fire compartment is the maximum allowable area which may be considered lost in case of 

fire. In other words the fire is not allowed to spread further than a fire compartment boundary, 
being a horizontal or vertical structure. External fire spread should also be considered, which 
usually means radiation from the fire compartment to receiving surfaces has to be calculated 
[1].  

 
Ad 2)  A sub-fire-compartment is defined in the Building Decree as a part of a building that is situated 

within or coincides with the boundaries of a fire compartment and is used to limit the spread of 
smoke throughout the building. All the requirements concerning the egress of people are 
linked to the sub-fire-compartment boundaries [1].  

 
Ad 3) A protected sub-fire-compartment is defined in the Building Decree as a part of a building that 

is situated within or coincides with the boundaries of a sub-fire-compartment. This further 
compartmentation into protected sub-fire-compartments is necessary when people are (put) 
asleep in a building. Therefore protected sub-fire-compartments are not always applicable to a 
building. Occupancies such as hotels, children daycare, dwellings and hospital wards should 
be subdivided with additional fire separations [1].  
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The relation between the different types of fire compartments is given in figure 3.1. 
 
Figure 3.1: Different compartment boundaries defined in the Building Decree 
 

   3.3 Legal analysis ward using prescriptive regulations for existing buildings 
 
As stated before the requirements for existing buildings are a critical lower threshold. In order to 
assess what the legislator thinks of as acceptable for existing hospital wards the floorplan is divided 
into compartments such that they comply at least to the regulations for existing buildings. It should be 
noted that variations to the given prescriptive compartmentation are possible.  
 
 3.3.1 Reaction to fire  
Before starting with fire compartmentation, which is a necessity during a fully developed fire, the 
reaction to fire of building materials in the growth phase of the fire should be determined. Figure 3.2 
shows the relation between reaction to fire and fire resistance as function of temperature and time.  
 
 
Figure 3.2: Relation “reaction to fire” and “fire resistance” 

 

  
 
When existing buildings (and existing materials) are considered, the Building Decree has a dual 
system for determining the minimal required fire and smoke classes of materials. Existing materials 
should comply to the regulations of the former Dutch National fire classes or to the European system. 
Newly to install materials should always comply to the European classification according to NEN-
EN13501-1. For better comparing to the regulations for new buildings, only the European classification 
system is considered for existing building materials. The reaction to fire ratings according to the Dutch 
National system, will be directly transposed into European classification by the use of a correlation 
table.  



16  

According to the classification standard NEN-EN13501-1 there are seven classes concerning the 
reaction to fire. Table 3.3 shows the gradation of the seven classes A1 to F and their (functional) 
contribution to fire. For the majority of classes the smoke production and behavior of falling droplets 
have to be determined. Depending upon the required Euroclass to be obtained up to four different fire 
and ignition test have to be performed.  
Table 3.3: Classification according to (NEN-)EN 15301-1 
 Fire behavior Smoke production Falling droplets 

 
A1  
(No contribution to fire) - - 

A2 
(Almost no contribution to fire) s1 (limited smoke production) 

s2 (average smoke production) 
s3 (large smoke production) 

d0 (no droplets) 
d1 (burning droplets <10s) 
d2 (burning droplets >10s) B 

(Very limited contribution to fire) s1, s2, s3 d0, d1, d2 
C 
(Limited contribution to fire)  s1, s2, s3 d0, d1, d2 
D 
(Important contribution to fire) s1, s2, s3 d0, d1, d2 
E 
(Very important contribution to fire) 

- d2 
F 
(No performance determined) - - 

 
 

According to the Building Decree distinction should be made between materials used in contact with 
ambient air and materials used not in contact with ambient air. For materials used outside smoke 
production and falling droplets are irrelevant. According to the Dutch Standard NEN6068 in order to 
limit external fire spread, the facades must at least comply to Euroclass B concerning reaction to fire. 
Euroclass D is allowed for doors and door and window frames in exterior applications. 
 
For materials applied indoor falling droplets are not covered by prescriptive regulations. The basic 
requirement (Building Decree art. 2.76 sub 1) for materials applied to indoor walls and ceilings is 
Euroclass D;s2. At most 10% of the total surface area of a wall or ceiling doesn’t have to comply to the 
minimal requirements, meaning Euroclasses E and F are applicable. Floor coverings should at least 
comply to Euroclass Dfl;s1fl according to art. 2.78 sub 1 of the Building Decree. A total of 5% of the 
total surface area of a floor covering doesn’t have to comply to the minimal requirements. 
 
In protected routes or extra protected escape routes more strict material requirements are necessary. 
In addition to the basic requirements walls and ceilings in these rooms should at least comply to 
Euroclass B;s2. Only 5% of the total surface area of the room is excluded from complying to Euroclass 
B or better instead of 10% for a regular room. Floor coverings applied in extra protected escape routes 
should in addition to the basic requirements at least comply to Euroclass Cfl;s1fl.  
Table 3.4 summarizes the minimum requirements for different parts of the hospital ward in case of an 
existing building. 
 
Table 3.4: Minimal requirements reaction to fire existing buildings 
 Room type Wall & Ceiling 

linings 
(% excluded) 

Floor linings 
 
(% excluded) 

Yellow highlighted area figure 3.3 D;s2 (10%) Dfl;s1fl (5%) 
Staircase B;s2 (5%) Cfl;s1fl (5%) 
Utility shafts D;s2 (10%) Dfl;s1fl (5%) 
Exterior façade B - 
Exterior doors and frames D -    
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3.3.2 Fire resistance 
 
Now the performance criteria for the reaction to fire according to the Building Decree are known, we 
will consider the performance criteria for fire resistance (or fire compartmentation). As sketched in 
figure 3.2 the fire resistance of a structure is of importance in the post-flashover stage. The Dutch 
standard NEN6069 is a first line standard designated by the Building Decree for the determination of 
the fire resistance of construction parts. This standard defines which part of the building has to comply 
to which criteria for fire resistance. References to the European standards for test methods and 
classification are appointed by NEN6069. The European standard NEN-EN1363 part 1 provides the 
general requirements for fire resistance tests of construction materials. The standard contains the test 
methods for the three basic requirements for fire resistance, being:  
  Stability (R): is the maximum amount of time an element conserves its load bearing function 

(only elements with load bearing function).  Integrity (E): is the maximum amount of time no sustained flaming (>10 sec) occurs or a 
cotton pad catches fire on the unexposed side of the structure. Also when of a metal rod of 
Ø25 mm fits through the structure or a metal rod of Ø6 mm can pass over more than 150 mm 
in any direction, integrity fails.  Insulation temperature (I): is the maximum amount of time it takes before the average 
temperature reaches 140 ℃ (or locally 180 ℃), measured by thermocouples on the 
unexposed side of the structure. 

 
According to NEN6069  for some construction parts NEN-EN1363 part 2 should be used. Part 2 of 
NEN-EN1363 gives alternative and additional procedures for fire resistance testing. The additional test 
criterion W for radiation is required for some separations.  
  Insulation radiation (W): is to be considered together with Integrity (E). When E fails W fails as 

well. Otherwise it is the time that radiation at a distance of 1 m1 from the structure stays below 
15 kW/m2. 

 
The relevant test criteria for the hospital ward are given in table 3.5. 
 
Table 3.5: Relevant test criteria according to standard NEN6069 
  Construction component 

 
R E I W 

A1 Fire compartment walls (R) E I  A2 Fire compartment walls towards extra protected escape route (R) E  W B Protected sub-fire-compartments (R) E  W C Sub-fire-compartments (R) E   G Shafts and penetrations  E I  I Doors (max 6 m1 wide)  E  W J1 Sidelight (max 1.5 m1 wide in wall EI)  E I15  J2 Sidelight (max 1.5 m1 wide in wall EW)  E  W J3 Sidelight (>1.5 m1 = wall)     M Floors, except b and c  R E I  N Roofs R E    
 3.3.3 Fire compartmentation 
 
In order to divide the building into (protected sub) fire compartments,  the compartmentation should be 
build up from coarse to fine as shown in figure 3.1. Therefore the assessment starts with the division 
of the floor plan into fire compartments. 
 
According to art. 2.88 sub 1 an enclosure must lie within the boundary of a fire compartment. An 
exception is made for a so-called extra protected escape route, which is not allowed to lie within the 
boundary of a fire compartment. Concretely this means that there is always a fire rated construction 
between an enclosure and an extra protected escape route. A staircase is one of the rooms which 
should be pointed out as an extra protected escape route. Building Decree art. 2.114 sub 3 states that 
a staircase must be an extra protected staircase when it is possible to descent more than 12.5 m¹ in a 
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vertical manner across the staircase. Furthermore the applicant of an environmental permit can 
choose whether or not a toilet, a bathroom, an elevator-shaft and a technical room smaller than 100 
m² not intended for heating equipment with a power output of more than 160 kW lies within the 
boundaries of a fire compartment. These types of rooms can therefore be combined with a staircase or 
with a fire compartment, whichever suits the applicant of an environmental permit best. Given which 
rooms must lie within the fire compartment boundaries, the maximum size of a fire compartment is 
given in Building Decree art. 2.89 sub 1. For all the occupancies present within the ward the maximum 
fire spread area is 2,000 m². An additional rule is given in art. 2.89 sub 10 in order to facilitate 
horizontal evacuation of hospital beds. In this article it is stated when the occupancy-type “healthcare 
with bed area for bedridden patients” is situated within a fire compartment, this particular fire 
compartment may not exceed more than 77% of the total floor area of the floor on which the fire 
compartment is situated. Due to this additional rule fire compartment could become much smaller than 
the maximum allowable floor area of 2,000 m² when the floors are relative small in size. 
 
Besides the maximum size of a fire compartment, the time to which the compartment boundaries must 
contain the fire have to be determined. In The Netherlands the term “WBDBO” is used for the fire 
resistance of construction materials. WBDBO stands for the Resistance against Internal and External 
Fire Spread. The resistance can either be achieved by physically creating a barrier or by creating 
enough distance between a (radiating) object and the receiving surface. In Building Decree art. 2.90 
sub 1 it is given that the WBDBO should at least be 20 minutes for existing buildings. The internal fire 
walls and fire floors of a fire compartment  boundary should therefore be fire resistant for at least 20 
minutes. Since WBDBO is a term used for internal as well as external fire spread, the latter should 
also not be possible for at least 20 minutes from one fire compartment to another or to an extra 
protected escape route.  
 
When the regulations according to existing buildings are applied to the hospital ward the yellow area 
of figure 3.3 is a fire compartment with a total surface area of about 1,090 m², which could be 
considered quite small for an existing building. The 77% rule is met since there are four identical 
hospital wards and a central area on each floor, resulting in the fire compartment expanding over less 
than 20% of the total floor area of a storey.  
 
It is possible to climb more than 12.5 m¹ using the staircase in the center of the ward. For this reason 
the staircase should be designated as an extra protected escape route and should therefore be 
separated with a fire resistance of at least 20 minutes from the fire compartment. The utility shafts 
linking multiple stories should as well have a fire resistance of at least 20 minutes. Not doing so will 
result in multiple stories forming one large fire compartment in excess of 2,000 m². Concretely, the 
green lines given in figure 3.3 are 20 minutes fire rated separations as well as the yellow highlighted 
floors. 
 
Figure 3.3: Fire compartmentation prescriptive existing buildings 
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3.3.4 Sub-fire-compartmentation 
 
As we divided the hospital ward into fire compartments according to the prescriptive regulations for 
existing buildings, an additional check should be made whether or not subdivision into sub-fire-
compartments is required. The basic rule is that every fire compartment is at least one sub-fire-
compartment. 
 
Additional subdivision in sub-fire-compartments is necessary when the maximum travel distance to the 
exit of a sub-fire-compartment boundary is exceeded. Building Decree art. 2.112 sub 4 states the 
maximum travel distance between the exit of a sub-fire-compartment and a random location on a floor 
intended to be used by people is not allowed to exceed 75 m¹. As indicated in figure 3.4 with blue 
lines, the travel distance from the furthest point in a (random) room to the exit of the sub-fire-
compartment is about 44 m¹, which is much less than the maximum allowable travel distance of 75 m¹. 
It should be noted that the travel distance is even smaller since the door to the central staircase is also 
an exit of the sub-fire-compartment. Further subdivision into sub-fire-compartments is not necessary, 
therefore the fire compartment boundary coincides with the sub-fire-compartment boundary. The sub-
fire-compartment boundary should, analogue to the fire compartment boundary, have a resistance to 
fire of at least 20 minutes. But, in contrast to the fire compartment boundary, the sub-fire-compartment 
boundary only needs to be tested for the criterion integrity (EN-1363-1). So far no additional 
measurements have to be taken. 
 
 
Figure 3.4: (Sub) fire compartments and walking distance prescriptive existing buildings 
 

  
 
Some additional checks have to be performed with respect to the sub-fire-compartment boundaries 
when egress is considered. If more than 225 persons are present in a sub-fire-compartment that 
particular sub-fire-compartment should have at least two exits for egress (art. 2.112 sub 6). The 
preferred sub-fire-compartments of figure 3.4 has two exits towards the staircase and two exits 
towards the central area. Therefore the sub-fire-compartment complies to article 2.112 sub 6 of the 
Building Decree, even though the threshold value of 225 persons is not exceeded.  
 
When a subject reaches the exit of a sub-fire-compartment, in principle smoke free egress should be 
possible. The basic rule for egress according to the Building Decree is, that from the exit of the sub-
fire-compartment at least one smoke free egress route should start towards the exit of the building and 
from there to the public road. Measures to ensure this smoke free egress route have to be taken. 
Depending on the number of people that need to use this single escape route the status is increased 
to a protected route or an extra protected escape route. When the sub-fire-compartment has a 
(voluntary) second exit and both exits have their own safe egress routes, which are separated for at 
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least 20 minutes during fire (Building Decree art. 2.117 sub), the status of the egress routes doesn’t 
have to be increased to a higher level. Concretely the staircase and the central area have both their 
own escape route which means the status of the escape route doesn’t have to be raised. Therefore no 
additional fire resistant separations need to be introduced to the building. 
 
Finally the width of the escape route should be considered. For existing buildings an exit width of 0.5m¹ is required for all regular occupancies. For the occupancy “healthcare with bed area for 
bedridden patients” more exit width is required. It should be possible to evacuate a bed from a nursing 
room to the next fire compartment. In art. 2.117 sub 5 an additional requirement is given to pursue this 
goal. An escape route from a nursing room for bedridden patients towards the exit of the fire 
compartment must be wide enough in order for a block with the dimensions 2.3 m¹ x 1.1 m¹ x 1.2 m¹  
(LxWxH) to be moved horizontally over the escape route. This particular escape route may not cross a 
stair or an elevator.  
 3.3.5 Protected sub-fire-compartmentation 
 
The third and final step in determining the minimal required fire compartmentation boundaries 
according to prescriptive legislation, is the division of the ward into protected sub-fire-compartments. 
Recall that protected sub-fire-compartments are required when additional protection is needed for 
people whom are asleep or bedridden. 
For some types of occupancy specific rooms or areas are commissioned to be a separate protected 
sub-fire-compartment. The maximum extend of the protected sub-fire-compartment is given in Building 
Decree art. 2.99 sub 4 in which it is stated that an extra protected sub-fire-compartment in an existing 
building shall not exceed 1,000 m². In the same article it is also given that only bedrooms and rooms 
which serve these bedrooms are allowed within the protected fire compartment. Since the term “serve” 
is quite a vague concept, the infosheet of the Ministery of the Interior [3] is used as a guideline. It is 
stated that bathrooms, toilets, circulation areas and nurses-stations are rooms which serve the 
bedrooms. When bedridden patients are considered, the maximum size of the protected sub-fire-
compartment ranges according to art. 2.99 sub 5 from maximum 100 m² when no personnel is present 
to maximum 1,000 m² when 24 hours a day sufficiently qualified and trained personnel is present to 
evacuate all patients within a limited amount of time. The more emergency response personnel, the 
larger the protected sub-fire-compartment is allowed to be. In the latter case the building owner 
together with his fire safety advisor and emergency response team have to make a plan for safe 
evacuation of all occupants. The building characteristics concerning fire safety, the fire safety 
installations and the emergency response team (E.R.T.) have to be adjusted to oneanother, according 
to the BIO-concept (i.e. building, installations, organization). The AHJ has to check whether or not it is 
plausible to bring all people into safety with the presented compartmentation and size of the E.R.T.  
 
In the Building Decree it is not stated what is meant with a “sufficiently radiply” evacuation of the 
protected sub-fire-compartment. Reference [2] by the Ministery of the Interior gives guidelines what is 
considered a “sufficiently rapidly evacuation”. According to reference [2] a timeline is given with 
different goals which should be achieved within certain moments in time during evacuation. Patients 
are divided into four categories from I to IV, with category I being quite mobile patients and category IV 
being the less mobile patients. Since in our ward bedridden patients are considered, category IV is 
applicable. Category IV is described as: 
 

“Building in which non-self-reliant, bedridden patients reside such as treatment facilities for 
bed ridden patients for intensive care and nursing, like hospitals, nursing homes and 
specialized clinics.“ [2]. 

 
For buildings of type IV the timeline that should be used is given in figure 3.5. The upper part of the 
figure shows the normative course of the fire department. The lower part of the timeline gives the 
goals which should be achieved by the (internal) emergency response team. For clarity the goals for 
the E.R.T. are given below: 
 
0’- 1’ Within 1 minute after the fire has started, the fire should have been detected and the (internal) 

E.R.T. should have been alarmed. 
1’-5’ Within 4 minutes after fire detection the patient(s) in the room in which the fire started should 

have been evacuated towards a safe place (behind a compartment wall). For achieving this 
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goals at least two persons of the E.R.T. have to be within the fire room within two minutes and 
the patient has to be moved within two minutes after arrival of the E.R.T. 

5’-16’ Within 15 minutes after detection the patients in the threatened area of the building (protected 
sub-fire-compartment) have to be moved to a safe area. 

 
 
Figure 3.5: Evacuation goals, taken from [2] 
 

  
 3.3.6 Final compartmentation for existing buildings (prescriptive)  
Summarizing the previous paragraphs figure 3.6 shows the final compartmentation of the nursing ward 
according to the prescriptive legislation for existing buildings. The green lines represent the fire and 
sub-fire-compartment boundaries and have a fire resistance of at least 20 minutes (REI20). Each floor 
should as well comply to regulations for REI-20. The red lines represent the protected sub-fire-
compartment boundaries, which give additional protection to patients in the nursing rooms and have a 
fire rating of REW-20. 
 
According to category IV of reference [2] the entire yellow highlighted area of figure 3.6 should be 
evacuated 15 minutes after the fire is detected. Taking detection time to be one minute, the simulation 
time in order to assess the fire safety level according to prescriptive regulations should be 960 
seconds or 16 minutes. 
 
 
Figure 3.6: Final compartmentation according to quality level “existing buildings” 
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Since we will assume a fire starts within a nursing room and evacuation of patients is taking place 
through the circulation area we have to model at least these rooms in order to analyze what the effects 
of smoke and heat upon subjects are during an emergency in the ward.  
The research of prescriptive legislation for existing buildings in the previous paragraphs was 
necessary in order to determine the extent of our FDS-model for existing buildings. According to 
legislation, the entire circulation area of the ward (U-pattern) including the nursing room need to be 
modeled in order to determine the smoke spread across the ward. Figure 3.7 shows the modeled 
geometry for existing buildings in FDS. 
 
 
Figure 3.7: FDS model existing buildings according to prescriptive legislation  
 

  
 
 
For clarity, table 3.4 concerning the regulations for reaction to fire of linings is repeated below. Lining 
materials as gypsum and wood are allowed within the circulation area as well as the nursing room. 
Both wall linings and their impact on life safety are analyzed within the model for existing buildings. 
  
 
Table 3.4 (repeated): Minimal requirements reaction to fire existing buildings  
 Room type Wall & Ceiling 

linings 
(% excluded) 

Floor linings 
 
(% excluded) 

Yellow highlighted area figure 3.3 D;s2 (10%) Dfl;s1fl (5%) 
Staircase B;s2 (5%) Cfl;s1fl (5%) 
Utility shafts D;s2 (10%) Dfl;s1fl (5%) 
Exterior façade B - 
Exterior doors and frames D -  

 3.3.7 Fire detection system  
In Building Decree art. 6.20 it is set that for existing buildings a fire detection system according to 
NEN2535 should be installed in the building. For the occupancy “healthcare with bed area” smoke 
detection is mandatory in each room, as well as a direct line to the regional emergency center of the 
fire department.  
 
The maximum detection time of a fire by the fire detection system is given in the guide of the Ministry 
of the Interior [2]. Here it is given that at most after 60 seconds after the fire has started, detection 
should have occurred. As the maximum detection time by law is 60 seconds, this detection time is 
assumed during the analysis of the prescriptive codes for existing nursing wards.   
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3.4 Legal analysis ward using prescriptive rules for newly build buildings 
 3.4.1 Reaction to fire 
 
Prescriptive regulations for existing and newly build buildings concerning a healthcare occupancy with 
bed area are nearly identical as far as the reaction to fire is considered. An exception is made for the 
additional requirements for linings of the interior of an utility shaft. An additional requirement is 
incorporated in the Building Decree art. 2.58 where it is stated that the interior of a utility shaft must 
consist of materials which comply to Euroclass A1 or A2. At most 5% of the interior surface of the shaft 
is excluded from this requirement. 
 
Table 3.6 summarizes the minimum requirements with respect to reaction to fire for existing healthcare 
occupancies (with a bed area). 
 
Table 3.6: Minimal requirements reaction to fire new buildings 
 Room type Walls/Ceilings  

(% excluded) 
Floor coverings 
(% excluded) 

Yellow highlighted area figure 3.8 D;s2 (10%) Dfl;s1fl (5%) 
Purple highlighted area figure 3.8 D;s2 (10%) Dfl;s1fl (5%) 
Staircase B;s2 (5%) Cfl;s1fl (5%) 
Utility shafts A2 (5%) A2 (5%) 
Exterior façade  B - 
Exterior doors and frames D -   3.4.2 Fire compartmentation 

 
As with the legal disquisition for existing buildings we will start by dividing the hospital ward into fire 
compartments. Analogue to the regulations for existing buildings an enclosure must lie within the 
boundary of a fire compartment (art. 2.83 sub 1 Building Decree). An extra protected escape route is 
excluded from being within a fire compartment. The staircase within the ward should be pointed out as 
an extra protected escape route, as Building Decree art. 2.104 sub 7 demands staircases in which a 
vertical descent of more than 8 m¹ is possible must be so. Similar to the regulations for existing 
buildings, the applicant of an environmental permit can choose whether or not a toilet, bathroom, 
elevator-shaft and a technical room smaller than 50 m² which is not intended for heating equipment 
with a power output of more than 130 kW, is placed within the boundary of a fire compartment or not.  
 
Given which rooms have to be within a fire compartment, the maximum size of a fire compartment is 
given in Building Decree art. 2.83 sub 1. For all the occupancies in the ward the maximum fire spread 
area is 1,000 m². Equal to the regulations for existing buildings, an additional requirement is given in 
art. 2.83 sub 10 in order to facilitate horizontal evacuation of hospital beds. Here it is stated that a fire 
compartment for the occupancy “healthcare with bed area for bedridden patients” may not exceed 
more than 77% of the floor area of the floor upon which the fire compartment is situated. 
 
The fire compartment boundaries must contain the fire for at least 60 minutes according to Building 
Decree art. 2.84 sub 1. Since there are bedrooms within the building, no exceptions are made in the 
duration the fire has to be contained. Analogue to the regulations for existing buildings the WBDBO is 
applicable to internal and external fire spread. When the fire compartmentation is known, a steady 
state calculation should be performed according to NEN6068:2008 in order to assess the external fire 
spread for one hour. 
 
NOTE A calculation according to NEN6068 will not be performed since the exterior of the building 

consist of incombustible materials (concrete). Between two window openings at least 2 
meter of concrete is present, which is more than enough to prevent vertical flame spread 
according to NEN6068. 

 
When the regulations for newly build buildings are applied to our hospital ward with a floor area of 
about 1,090 m², the ward must be divided into two separate fire compartments. Figure 3.8 gives a 
possible solution for dividing the ward into two fire compartments each smaller than 1,000 m². The 
purple highlighted area is about 535 m² while the yellow highlighted area is about 555 m².  
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NOTE By dividing the ward in two fire compartments smaller than 1,000 m², the 77%-rule is now 

even applicable to a nursing ward instead of to the entire floor area of a storey as was the 
case for existing buildings. 

 
When applying the prescriptive regulations for new buildings, the staircase in the center of the ward is 
an extra protected escape route and should therefore be separated with a fire resistance of at least 60 
minutes from the fire compartments. The utility shafts linking multiple stories should as well have a fire 
resistance of at least 60 minutes. Not doing so, will otherwise result in multiple stories forming one 
large fire compartment, in excess of 1,000 m². 
Concretely, the green lines as well as the yellow and purple highlighted floors given in figure 3.8 are 
fire separations with a fire resistance of at least 60 minutes. 
 
 
Figure 3.8: Fire compartmentation prescriptive new buildings 
 

  
 

3.4.3 Sub-fire-compartmentation 
 The additional check whether or not sub-fire-compartmentation is necessary, should also be carried 
out for newly build buildings. The basic rule is that every fire compartment is at least one sub-fire-
compartment. Since the ward is split into two fire compartment for newly build buildings the ward also 
exists of at least two sub-fire-compartments (see figure 3.9). 
 
The need for subdivision into sub-fire-compartments depends on the maximum travel distance towards 
the exit of a sub-fire-compartment from any point in space in that compartment. Building Decree art. 
2.102 sub 4 and 5 state that the travel distance from a random location on a floor, intended to be used 
by people, towards the exit of the sub-fire-compartment in which that random location is situated may 
not exceed 30 m¹. The travel distance of 30 m¹ correlates to the highest occupant density class. If the 
occupant density within a sub-fire-compartment is less than one person per 12 m² the maximum travel 
distance is allowed to be increased to 45 m¹ according to sub 6 of the article mentioned before. As 
shown in figure 3.9 the travel distance from the furthest (random) point in a room to the exit of the sub-
fire-compartment is about 27 m¹. The maximum travel distance therefore complies to the travel 
distance for the highest occupant density class. It should be noted that the travel distance is even 
smaller since the door to the central staircase is also an exit of the sub-fire-compartment.  
 
In contrast to the regulations for existing buildings additional sub-fire-compartmentation is necessary in 
front of staircases when a vertical descent of more than 20 m¹ is possible over the stairs. For our 
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research object no additional sub-fire-compartmentation is necessary as the stairs serves only five 
floors.  
 
 
Figure 3.9: (Sub) fire compartments and travel distance new buildings (prescriptive) 
 

  
 
Besides maximum travel distance, additional checks have to be performed when egress is considered 
with respect to the sub-fire-compartment boundaries. If more than 150 persons are present in a sub-
fire-compartment, that particular sub-fire-compartment must have at least two exits for egress (art. 
2.102 sub 10). The preferred sub-fire-compartments given in figure 3.9 have three exits each and 
therefore both comply to the prescriptive regulations. 
 
After reaching the exit of a sub-fire-compartment smoke free egress should be possible. Concretely 
the staircase and the central area both have their own escape route which are separated at least 30 
minutes according to Building Decree art. 2.107 sub 2. Therefore the status of the escape routes does 
not have to be raised since blockage of one escape route means smoke free egress is possible over 
the other. 
 
Finally the width of the escape route should be considered. For newly build buildings an exit width of 
0.85 m¹ is required for all regular occupancies. For the occupancy “healthcare with bed area for 
bedridden patients” more exit width is required, since a bed should be evacuated from a patient room 
to the next fire compartment. In art. 2.107 sub 11 an additional requirement is given. An escape route 
from a nursing room for bedridden patients towards the exit of the fire compartment must be wide 
enough for a block with the dimensions 2.3 m¹ x 1.1 m¹ x 1.2 m¹  (LxWxH) to be moved horizontally 
over the escape route. This escape route may not cross a stair or an elevator.  
 
NOTE For moving bedridden patients no distinction is made between existing and new buildings, as 

the width of the bed is the limiting factor. 
 
 3.4.4 Protected sub-fire-compartmentation 
 
The protected sub-fire-compartmentation is an additional fire barrier to protect patients and requires a 
fire resistance (i.e. WBDBO) of at least 30 minutes as mentioned in Building Decree art. 2.94 sub 2. 
Similar to the regulations for existing buildings the ward has to be divided into protected sub-fire-
compartments. Difference is that for newly build buildings the maximum size of such a compartment 
ranges between 50 m² and 500 m² instead of 100 m² and 1,000 m². 
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Analogue to existing buildings, for newly build buildings the same category IV patients according to 
reference [2] apply as far as the evacuation of a protected sub-fire-compartment is considered. Since 
in both new and existing buildings we are considering the same group of patients, the goals which 
should be achieved by the E.R.T. are identical for new and existing buildings. 
 3.4.5 Final compartmentation for new buildings (prescriptive)  
Figure 3.10 shows the final compartmentation of the ward according to the legislation for newly build 
buildings as mentioned in the Building Decree. The green lines represent the fire and sub-fire-
compartment boundaries and have a fire resistance of at least 60 minutes (REI-60). Each floor is as 
well a REI-60 fire resistant floor. The red lines represent the protected sub-fire-compartment 
boundaries, which give additional protection to patients and have a fire resistance of at least REW-30. 
 
According to category IV of reference [2] it should be possible to evacuate each compartment of figure 
3.10 (purple and yellow highlighted area) separately within 15 minutes from the moment in time the fire 
is detected. Taking detection time to be one minute, the simulation time in order to assess the fire 
safety level according to prescriptive regulations should be 960 seconds or 16 minutes. 
 
NOTE  As can be seen by comparing figures 3.6 and 3.10 for newly build buildings about half the 

patients need to be evacuated within the same amount of time. The total time during which the 
protected sub-fire-compartment has to be evacuated is the same for existing and newly built  
buildings. 

 
Figure 3.10: Final compartmentation according to quality level “new buildings” 
 

   
 
Since we will assume a fire starts within a nursing room and evacuation of patients is taking place 
through the circulation area we have to model at least these rooms in order to analyze what the effects 
of smoke and heat upon subjects are during an emergency in the ward.  
The research of prescriptive legislation for newly build buildings in the previous paragraphs was 
necessary in order to determine the extent of our FDS-model for newly build buildings. According to 
legislation, half the circulation area of the ward (L-pattern) including the nursing room need to be 
modeled in order to determine the smoke spread across the ward. Figure 3.11 shows the modeled 
geometry for newly build buildings in FDS. 
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Figure 3.11: FDS model newly build buildings according to prescriptive legislation 
 

  
 

For clarity, table 3.6 concerning the regulations for reaction to fire of linings is repeated below. Lining 
materials as gypsum and wood are allowed within the circulation area as well as the nursing room. 
Both wall linings and their impact on life safety are analyzed within the model for newly build buildings. 
  
Table 3.6 (repeated): Minimal requirements reaction to fire new buildings 
 

Room type Walls/Ceilings  
(% excluded) 

Floor coverings 
(% excluded) 

Yellow highlighted area figure 3.8 D;s2 (10%) Dfl;s1fl (5%) 
Purple highlighted area figure 3.8 D;s2 (10%) Dfl;s1fl (5%) 
Staircase B;s2 (5%) Cfl;s1fl (5%) 
Utility shafts A2 (5%) A2 (5%) 
Exterior façade  B - 
Exterior doors and frames D -   3.4.6 Fire detection system  

In Building Decree art. 6.20 it is set that for newly build buildings a fire detection system according to 
NEN2535 should be installed in the building. For the occupancy “healthcare with bed area” smoke 
detection is mandatory in each room, as well as a direct line to the regional emergency center of the 
fire department.  
 
The maximum detection time of a fire by the fire detection system is given in the guide of the Ministry 
of the Interior [2]. Here it is given that at most after 60 seconds after the fire has started, detection 
should have occurred. As the maximum detection time by law is 60 seconds, this detection time is 
assumed during the analysis of the prescriptive codes for newly built nursing wards.  
 
Notice that the Building Decree makes no distinction between existing and newly build buildings as far 
as fire detection systems are concerned.  
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Chapter 4: Humans and fire 
 
Along with the (exothermic) combustion, hazardous flue gases are being produced. In high 
concentrations these flue gases could become life threatening to people in the vicinity of the fire. The 
threat to people from the generated heat and smoke gases depends on a variety of factors, including 
(but not limited) the burning products, the location of subjects relative to the fire, the susceptibility of 
each individual to the components within the smoke, the time at which people are in the hazardous 
environment and many others. It may become obvious that the hazard and risk to fire exposure for 
people is not a single parameter, but a complex cohesion of multiple factors. 
 
This chapter covers the interaction between humans and fire. In particular the effects of narcotic 
gases, heat (radiative and convective) and the lack of oxygen to subjects are explained. Also 
threshold values for assessing safe egress and to what extent personal injury could occur are obtained 
from literature. These threshold values will be used to answer our research question what the actual 
fire safety level of prescriptive codes in an academic hospital in The Netherlands is.  
 
 4.1 Effects of toxic gases 
 
During the combustion process, most items found in enclosures produce toxic smoke which consists 
of multiple potential toxic gases. These toxic gases can be divided into two categories, being narcotic 
(i.e. asphyxiant) gases and irritant gases. Since irritant-concentrations are hard to predict without full 
scale tests, and no such tests were done for this thesis, a simple chemistry model will be used in FDS. 
Since the simple chemistry model only accounts for reaction products water vapor, nitrogen, soot, 
carbonmonoxide and carbondioxide, only the effects of the narcotic gas carbonmonoxide, high 
concentrations of carbondioxide (i.e. hypercapnia) and oxygen lack (i.e. hypoxic hypoxia) to the 
human body can be directly assessed from the numerical simulations. For irritant gases an implicit 
determination is considered. According to literature [7], under normal circumstances (i.e. no storage 
facilities hazardous materials, etc.) incapacitation due to narcotics occurs faster than due to irritants. 
For our research into the prescriptive fire safety regulations a simple combustion model is therefore 
justified, provided that the results of the implicit determination for irritants are accounted for in the 
calculations of the narcotics (i.e. slower movement subjects). 
 
The example below of the simple chemical reaction of ethane demonstrates  the research phenomena 
we are interested in, being oxygen depletion and CO/CO2-production after combustion. 
 
 E X A M P L E : 

 
 
 

+ 3 + + 3  
  
 
 
 
 
 
In order to determine the personal injury of a person who is subjected to toxic gases the model 
developed by Purser is used. Purser developed a correlation to predict at what point in time, the 
subject will have inhaled a critical dose of toxic gases. The concept developed by Purser is called the 
Fractional Effective Dose (FED) concept [4]. As the name suggests the output of the concept is the 
fraction of the dose which leads to a certain toxic effect. By integrating the concentration/time curve 
the effective dose received by a subject is determined. In reference [4] by Purser, the FED-concept is 
expressed as given in equation 4.1: 
 

=     
      ℎ  

(eq. 4.1)  
 

Presence of O2 before combustion 

Presence of CO and 
CO2 after combustion 
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The FED-concept encompasses when a value of 1.0 is reached a pre-defined effect (i.e. injury, 
incapacitation, death) will occur. What should be kept in mind is that most data from literature comes 
from experiments on healthy persons (e.g. 70 kg males). There will be some margin of error when 
subjects deviate from the population of the experiment (i.e. gender, state of health, age). When a 
value of 1.0 is assumed to trigger incapacitation by healthy males of about 70 kg, this does not imply 
that a bedridden patient with a poor health becomes incapacitated when FED reaches unity. Since we 
are analyzing a hospital environment where bed ridden patients are recovering from surgery, the safe 
threshold should be lowered. In order to account for patients with poor health ISO 13571:2007 gives 
guidance what FED-threshold values would be appropriate. For an older (weaker) subpopulation 
FED=0.3 is advised. This value of 0.3 is therefore used as threshold value for ill patients. 
 
NOTE Remember that we are interested in the actual fire safety level for occupants according to 

prescriptive regulations. We are not engineering for a safe solution. 
 
In the remainder of the paragraph literature is consulted in order to obtain FED-correlations, which will 
be used for our analysis. 
 
Carbonmonoxide (CO): 
The target “organ” for carbonmonoxide is the concentration which is accumulated in the blood in the 
form of carboxyhemoglobin (COHb). The higher the carboxyhemoglobin in the blood, the less oxygen 
is able to bond to the red blood cells, which in turn results in fewer transport of oxygen to the organs. 
When not enough oxygen reaches the critical organs (e.g. heart) asphyxiation will occur. Stewart et al. 
[5] developed a correlation which predicts the carboxyhemoglobin in the blood considering the subject 
received a certain dose of carbonmonoxide. The correlation by Stewart is given in equation 4.2. 
  % = (3.317 ∗ 10 )( ) . ( )( ) 
 

(eq. 4.2)  
 
Thus for the FED-model we obtain, 
 

=  (3.317 ∗ 10 )( ( )) . ( )
%   

 

(eq. 4.3)  

Where: 
 Fractional Effective Dose of CO [-] 

   CO concentration [ppm] 
 Volume of air breathed [ltr/min] 

 Exposure time [min] %  Carboxyhemoglobin in the blood [%] 
 
 
In order to assess the personal injury of subjects using the -model the carboxyhemoglobin, the 
concentration of CO in the air, the respiratory minute volume and the exposure time need to be known. 
Parameters for carbonmonoxide-concentration and exposure time will be obtained by respectively the 
results from the FDS-models and the real life evacuation experiments. For the maximum allowable 
percentage of carboxyhemoglobin in the blood and RMV literature is consulted. Research [7] shows 
that RMV is generally age, gender, activity and state of health related. Table 4.1 shows some typical 
values for levels of activity of a healthy 70 kg male.  
 
Table 4.1: RMV and maximum %COHb for typical levels of activity; male 70 kg 
 Physical exertion RMV 

[dm³/min ]  
Maximum 
allowable 
%COHb  

Rest 8.5 dm³/min 
 

40%  
 

Light work 
(slow walk 6.4 km/h) 

25 dm³/min 30%  
 

Heavy work 
(fast walk 8.5 km/h or 17% incline) 50 dm³/min 20%  
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The maximum allowable carboxyhemoglobin depends heavily upon the activity level of the person in 
question. According to research by Speitel [21] active persons might be seriously affected by COHb 
concentrations which would only have minor effects on people at rest. This can be explained by the 
higher oxygen demand from the body when performing tasks compared to a body at rest. Meaning 
more oxygen needs to be transported to muscles and brain, which leaves less room for 
carbonmonoxide in the blood. Literature [21] suggests the maximum %COHb values as given in table 
4.1 and figure 4.1.  
 
 
Figure 4.1: Concentration CO and time to incapacitation for 70 kg human at diff. activity levels 
 

  
 
Carbondioxide (CO2): Carbondioxide is a common atmospheric gas. Under normal conditions the atmospheric concentration 
of carbondioxide is about 400ppm. Due to fire the concentration of CO2 can increase locally with 
negative effects for human life. For high concentrations of carbondioxide (hypercapnia) the respiratory 
minute volume increases as the frequency and depth of the respiration is increased. This results in a 
roughly doubled RMV at concentrations of about 3% CO2 in the (local) atmosphere and even a tripled 
RMV at concentrations CO2 of 5%. This hyperventilation can therefore increase the rate at which other 
toxic gases (in our case only CO) are inhaled.  
Since the rate at which other asphyxiant gases are inhaled is enhanced  due to the effects of CO2, this 
effect should be considered in our study-models. The hyperventilation is implemented in the models by 
considering the CO2-concentration as a multiplication factor ( ) for all the other asphyxiants. The 
multiplication factor for all the other asphyxiants is given in equation 4.4 and is constructed from 
average data of multiple authors [5]. 
 

= exp (0.1903 ( ) + 2.0004)
7.1  

 

(eq. 4.4)  

NOTE:  Equation 4.4 is adapted from the original to account for fewer efficiency of the uptake of the 
other gases as the ventilation increases [5]. 

 
 
Carbondioxide is a narcotic gas by itself at concentrations of approximately 5% - 6% and above. 
Negative effects as headeach, vomiting, the “feeling of choking” and eventually loss of consciousness 
at exposures to concentrations above 7% during prolonged periods of time. The incapacitating effects 
of carbondioxide could be predicted using the expression given in equation 4.5 [5]. 
 

= exp 6.1623 − 0.5189  
 

(eq. 4.5)  
Where: 

    time to incapacitation [min] 
 concentration CO2 in atmosphere [%] 
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Thus for the FED-model we obtain,  
 

=  exp 6.1623 − 0.5189  
 

(eq. 4.6)  

Where: 
 Fractional Effective Dose of  CO2 [-] 

    time to incapacitation [min] 
 concentration CO2 in atmosphere [%] 

 
 
Figure 4.2 (taken from [5]) gives a graphical interpretation of equation 4.5.  
 
 
Figure 4.2: Concentration CO2 and time to incapacitation 

  
Hypoxia: 
Hypoxia could best be described as a condition in which the body as a whole or a region of the body is 
deprived of adequate oxygen supply in order to function appropriately, or shorter: lack of oxygen. 
Apart from the hypoxia in tissues, caused by carbonmonoxide and other asphyxiants, hypoxia can also 
be caused by exposure to low oxygen concentrations in the ambient environment. 
During daily life people experience small deviations in oxygen concentration, but the body is able to 
adapt to these ‘hostile’ environments. Although the body being able to adapt to these small deviations, 
a sudden change in oxygen concentration will ensure side effects to occur (i.e. altitude sickness). This 
is best explained by comparing the lack of oxygen to the physical and psychological effects a subject 
undergoes on different heights. Table 4.2 relates the oxygen concentrations in ambient air as a height 
above sea level and the associated effects. 
 
 
Table 4.2: Effects of oxygen lack (adapted from [5]) 
 O2 concentration  

(equiv. height above sea level)  [%] 
Effects   

20.9 - 14.4 
(sea level / +3,000 m)  None to minor effects.  

Towards 15% beginnings effects on exercise tolerance. 
14.4 – 11.8 
(+3,000 / +4,500 m) 

Slightly increased ventilation and heart rate. 
Slighty reduced short term memory, phychomotor tasks 
and judgment.  
Maximal exercise work capacity is reduced. 

11.8 - 9.6 
(+4,500 / +6,000 m) 
 
*Dangerous region during fire 

Further increased ventilation. 
Further degradation of higher mental processes and 
neuromuscular control and loss of critical judgment. 
Dulling of the senses, hallucinations, heaviness.  

9.6 - 7.8 
(+6,000 / +7,600 m) Rapid deterioration of judgment and comprehension. 

Unconsciousness followed by cessation of 
respiration and eventually death if untreated 
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As with the narcotic gases carbonmonoxide and carbondioxide, the lack of oxygen is dose related and 
can best be modeled using the FED-model. Research from Luft [5], who exposed subjects to a sudden 
drop of atmospheric pressure (height simulation), derived equation 4.7 to predict the time to loss of 
consciousness. 
  

= exp 8.13 − 0.54 ∗ 20.9 −  
 

(eq. 4.7)  
Where: 

    time to incapacitation [min] 
 concentration O2 in atmosphere [%] 

 
 
Thus for the FED-model we obtain,  
 

=  exp 8.13 − 0.54 ∗ 20.9 − ( )  
 
Where: 

(eq. 4.8)  

 Fractional Effective Dose of  O2 [-] 
    time to incapacitation [min] 

 concentration O2 in atmosphere [%] 
 
 
Interactions between the toxic gases: 
Although correlations for the incapacitation of humans due to single narcotics is of importance the 
interaction between the gases is the most important parameter. From the available evidence, the 
following interactive relationships were derived by Purser. 
 = ( + ) ∗ +  
 

(eq. 4.9)  
Or  

 =  (eq. 4.10)  
 
Where: 

 Fraction of an incapacitating dose of all narcotic gases 
  Fraction of an incapacitating dose of carbonmonoxide 

  Fraction of an incapacitating dose of hydrogencyanide 
  Fraction of an incapacitating dose of low oxygen hypoxia  
  Multiplication factor for CO2 induced hyperventilation 

  Fraction of an incapacitating dose of carbondioxide  
 
 
Equation 4.9 indicates that the incapacitative doses of carbonmonoxide and hydrogencyanide are 
directly additive and should be multiplied using the ventilation factor for CO2-induced hyperventilation. 
The narcotic effect of low oxygen hypoxia is considered to be independent of CO2-induced 
hyperventilation, but it is additive to the combined effects of carbonmonoxide and hydrogencyanide.  
 
A second, separate FED-calculation, should be made for high CO2-concentrations. Equation 4.10 
indicates that the narcotic effects of carbondioxide are considered to act independently of the effect of 
the other gases. An additional check for  should therefore be made when the personal injury of 
persons is considered.  
 
The  will be part of the analysis of the prescriptive regulations. Paragraph 6.7 will explain 
the implementation of the equations obtained in this paragraph in the analysis of the FDS-models and 
final results. 
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4.2 Effects of heat   
In a certain manner people can be seen as highly sensitive, heat producing by nature engineered 
machine. The body core temperature of humans should always be about 37 ℃ with a deviation of no 
more than a few degrees. A core temperature of 40 ℃ results in consciousness becoming blurred and 
the subject is becoming seriously ill. Further increase of the core temperature causes irreversible 
damage, with temperatures above 42.5 ℃ being fatal, if untreated.  
Considering that humans produce heat, this heat needs to be lost to the environment by breathing and 
transpiration. Subject who are in the vicinity of a fire are exposed to heat which implies heat transfer to 
the environment is hampered. This additional heat comes from radiation of hot smoke layers and 
flames, as well as heat by convection of hot smoke gases. There are roughly three mechanisms to 
which exposure by heat could lead to incapacitation (followed by death) of a subject, these are: - heat stroke (hyperthermia); - burns to skin; - burns to respiratory tract. 
 
Influencing parameters for both heat transfer by radiation and convection are the intensity, exposure 
time, clothing, level of effort and the physical condition of the person in question. 
 
 4.2.1 Hyperthermia  
In general hyperthermia can be defined as prolonged exposure to heated environments at ambient 
temperatures too low to cause burns. From a fire engineering point of view, temperatures at which 
hyperthermia should be considered are temperatures below approximately 120 ℃ for dry air and 80 ℃ 
for saturated air [5]. The risk of incapacitation and death due to hyperthermia exists below these 
temperatures especially when the subject is active (e.g. nurses pushing a bed) and the humidity is 
high. Since hydrocarbons are burned it is inevitable that water vapor is being produced. Therefore, 
high relative humidity should be accounted for when the personal injury of subjects during fire is 
assessed.  
 
NOTE Temperatures in excess of 120 ℃ for dry air and 80 ℃ for saturated air will cause 

incapacitation and death due to hyperthermia as well, but other incapacitation-mechanisms 
concerning burns to skin and respiratory tract will happen faster (see following paragraphs).  

 
The risk of hyperthermia is a function of the gradual increase of body core temperature above the 
critical limits given in the previous paragraph. Basically this mechanism for incapacitation depends on 
the intensity of the heat to which the subject is exposed to. The amount of clothing and the activity 
level are the most influencing parameters. At temperatures below 120 ℃ evaporative heat loss from 
sweat accounts for a large fraction of heat loss from the body. The clothing offers some immediate 
protection at temperatures above 120 ℃, but at lower temperatures may reduce tolerance time by 
impeding heat loss due to evaporative cooling [5] and increasing the heat transfer to the skin. 
 
Taking into account relative humidity and exposure time, research by Blockley [5] showed that an 
ambient temperature of 60 ℃ is the maximum temperature people can resist for prolonged periods of 
time. Figure 4.3 shows the obtained tolerance time for exposure to convective heat by Blockley as 
function of temperature. The red line marks whether skin burns or hyperthermia is the incapacitation 
mechanism which is most important. It should be noted that these data are obtained when people 
were at rest, had a naked skin and with low air velocities (<0.5 m/s).  
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Figure 4.3: Tolerance time for exposure to convected heat, taken from [5] 
 

  
 
The correlation found by Blockley should be interpreted with care. Patients who are moved in a 
hospital bed are certainly at rest, but the personnel pushing the bed are carrying out heavy work. In 
the latter situation the body core temperature will rise quicker towards the safe threshold value as not 
only the heat of the fire is heating up the body from outside, but also the chemical and physical 
processes inside the person carrying out the heavy work.  
 
When considering convective heating, the low airspeed during the experiments should be verified 
during the analysis of the FDS-simulations. The need of verifying the air speed can be seen when 
equation 4.11 for solving convective heat transfer is assessed, combined with the expressions of table 
4.3 [22] for the convective heat coefficient over curved surfaces (i.e. approximation human head, arm 
or leg). Holding all the parameters but the velocity in equation 4.12, this will result in an increase in 
Reynolds-number. Although not a strong function the Reynolds number is the only parameter which 
depends on velocity in the expressions given in table 4.3. An increase in velocity will therefore lead to 
an increase in  the convection coefficient. Finally, an increased convection coefficient will mean more 
convective heat transfer to the subject. 
 
 
Convective heat transfer: 

= ℎ  ∆  
 

(eq. 4.11)  
Where: ℎ  convection coefficient [W/m²K] 

 Exposed area [m²] ∆  Temperature difference skin and air [K] 
 
 
Reynolds number: 

=   
 

(eq. 4.12)  
Where: 

 Fluid velocity [m/s] 
 Characteristic length of geometry [m]  
 Kinematic viscosity of the fluid [m²/s] 
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Table 4.3: Dimensionless convection coefficient (taken from [22]) 
 3D-Geometry  

 
Average empirical correlation 
 

 
  

 

 
   

 
 
Summarizing the above we can say that the following performance criteria are acceptable conditions 
for subjects to be in as far as the risk of hyperthermia is analyzed: - Threshold for long periods of time (>30 min) and a high relative humidity: 60 ℃; - Threshold for shorter periods of time (<30 min) and a low relative humidity: 80-120 ℃; - Threshold for only a few minutes at most, a very low relative humidity and low exertion: 120 ℃; 

 
NOTE The performance criteria above are valid as long as the air velocity is low (<0.5 m/s). 
 
 
Analogue to the FED-model for narcotic gases, for the exposure of a victim to convective heat it is 
feasible to consider a “dose of heat” is accumulated by the subject. Research by Crane [6]  gives an 
empirical correlation for the time to incapacitation of clothed healthy males to a certain constant 
ambient temperature. The time to incapacitation by convective heat  by Crane [6] is given by equation 
4.13. 
  

= 4,1 ∗ 10
.  

 
(eq. 4.13)  

Where: 
 Exposure time to incapacitation due to convective heat [min] 

 Air temperature [℃] 
 
 
Thus, for the FED-model we find: 
 = ∗ 4,1 ∗ 10 ∗ .  
 

(eq. 4.14)  
 
Where: 

 Fractional Incapacitative Dose of Convected Heat 
 Exposure time [min] 
 Air temperature [℃] 

 
 
NOTE As for , for the weaker subpopulation it is assumed that incapacitation occurs at 

=0.3. 
 
 4.2.2 Burns to respiratory tract and skin 
 
Burns to respiratory tract: 
Thermal burns to the respiratory tract are always accompanied by the burns to the skin of the face and 
will therefore not occur unless the combination of air temperature and humidity are sufficient to cause 
facial skin burns. Damage to the respiratory tract is even more dependent upon humidity than damage 
to the skin. Due to the low thermal capacity of dry air and the large wet area of the lungs it is unlikely 
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that burns to the respiratory tract will occur. However, in humid environments of about 100 ℃, steam is 
capable of causing severe burns to the respiratory tract. Given the fact that fires produce a 
considerable amount of water which raises the humidity, damage to the respiratory tract is a realistic 
possibility. 
In practice it was found that relative dry air could be breathed for a few minutes with temperatures up 
to 300℃ [7]. The highest temperature at which 100 percent water-vapor saturated air can be breathed 
is about 60 ℃. The latter tolerance limit being lower due to the drastic increase of the capacity of water 
vapor in air, which increases the deliverable latent heat considerably. From an engineering point of 
view, tenability limits for heat flux and temperature designed to protect subjects from incapacitation by 
skin burns to the naked skin should be adequate to protect them from burns to the respiratory tract.  
 
Skin burns: 
Skin burns occur from heat transfer of all heat transfer mechanisms, being conduction, convection and 
radiation. For this master dissertation burns by conduction are excluded since these burns will only 
occur when subjects come into contact with hot items, as for example door handles. Injury from these 
type of burns are considered too minor to cause incapacitation and are therefore not accounted for. 
 
Research from Büttner and Lawrence indicates that subjects feel pain when the skin temperature 
reaches respectively 44.8 ℃ at a depth of 0.1 mm or 43 ℃ at the surface. Soon after experiencing pain 
by heat, burns will occur causing incapacitation, severe injury or death depending on the severity of 
the burns [5].  
In contrast to hyperthermia, the likelihood of skin burns due to hot gases occur at air temperatures 
above approximately 120 ℃. Influencing parameters are again level of activity, humidity, protection of 
clothing and the rate of ventilation. In contrast to hyperthermia, clothes form a protective insulating 
layer for the skin and are therefore beneficial when skin burns are considered. However for 
unprotected areas such as the head and hands, data on naked skin is relevant. Figure 4.4 taken from 
literature [21] shows the research of various authors for both clothed and naked man and their 
tolerance to the painful effects of contact with hot air.    
Figure 4.4: Time to severe skin pain from convective heat, taken from [21] 
 

  
 
As for convective heat transfer at temperatures above approximately 120 ℃, clothing also greatly 
increases the tolerance time for radiant heat. The graph of figure 4.5 shows severe skin pain from 
radiant heat as function of time from various authors. In the corresponding table of figure 4.5, other 
effects are given when available. 
 
 
 

Careful: temperature in  
degrees Fahrenheit 
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Figure 4.5: Time to severe skin pain from radiant heat, taken from [5] 
 

    
NOTE Data from Perkins et al. in figure 4.5 should be handled with care since data is from 

thermal injuries caused by exposing subjects to radiant heat from search lights and are 
rather higher than from other authors.   

 
 

As with the fractional incapacitating dose of convected heat, Purser developed a model to assess the 
incapacitating dose of radiated heat to a subject. The tenability limit for exposure of skin to radiant 
heat for longer periods of time was found to be about 2.5 kW/m² (Babrauskas, NIST Technical note 
1103). Below this radiative flux subjects can tolerate exposure for longer periods of time as shown in 
figure 4.5. Above a radiative flux of 2.5 kW/m² skin pain is caused, followed by burns. The Purser 
model correlates exposure time to a given heat flux as: 
 

= " . ∗ 60  
 

(eq. 4.15)  
Where: 

  Fractional Incapacitative Dose of Radiant Heat 
 Exposure time [sec] " Radiant flux [kW/m²] 

 Dose of radiant heat for predicted effect 
 
 
Typical values for  can be found in literature [7], where the critical value for incapacitation is 

=1,000 and the sensation of pain is expected to start at =80. These values are subjective and are 
known to deviate with age, health, amount  of clothing. As we are not engineering the hospital, but we 
are interested in the moment in time incapacitation would occur,  is taken to be 1,000.  
  

= 1,000
" . ∗ 60  = 16 23" .  

 

(eq. 4.16)  

Where: 
 Exposure time to incapacitation due to radiant heat [min] " radiant flux [kW/m²] 

 
 
NOTE As for , for the weaker subpopulation it is assumed that incapacitation occurs at 

=0.3. 
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Comparable to the FED-model for toxic gases the subject may acquire a certain “dose of heat” over 
exposure time. The same fractional incapacitating dose model as for toxic gases could be applied, 
providing that the temperature in the fire is stable or increasing. As fires are all but stable, small time 
intervals should be taken to ensure realistic results for the fractional effective dose of heat till 
incapacitation ( ).   is obtained by summing the reciprocals of the radiant and convected 
fractions using equation 4.17. 
 

= 1 + 1 ∆  
 

(eq. 4.17)  

Where:  
  Fractional effective dose of heat till incapacitation 

     Time till incapacitation due to radiant heat [sec]   
  Time till incapacitation due to convected heat [min] ∆        Exposure time [min] 

 
 

 will be part of the analysis of the prescriptive regulations. Paragraph 6.7 will explain the 
implementation of the -model in the analysis. 
 
 4.3 Irritant smoke and visibility  
Although irritant gases are excluded from this research as data is scarce and modeling irritant gases is 
difficult in FDS (i.e. not possible using simple combustion model), it should be noted that irritant smoke 
from organic or inorganic irritants affect subjects by causing sensory pain to the eyes or to the lungs. 
The irritant smoke will therefore cause people to slow down in their egress, as sensory pain to the 
eyes reduces their sight.  
 
Alongside of irritant and asphyxiating gases, smoke contains particulate matter. This particulate matter 
scatters light resulting in the vision through the smoke becoming obscured. The actual obscuration of 
vision due to smoke gases is related to its concentration. A common way of expressing the visibility is 
by its reciprocal, the optical density (m-¹). People’s response to decreased vision is highly variable as 
is their ability in wayfinding. Experiments by various authors show subjects not daring to enter a room 
with poor visibility or even people turning back at visibilities below 4 m¹ [7].  
The actual visibility requirements depend largely on the size of the enclosure as well as the familiarity 
with the compound. Smaller rooms make wayfinding easier since a wall is always nearby. Orientation 
in large spaces can become difficult when sight is obstructed and walls are not visible. Since 
evacuation in the hospital ward is happening through a 2.4 m¹ wide corridor, it is safe to assume the 
enclosure being ‘small’ according to literature. As far as familiarity with the environment is concerned, 
all nursing wards within the hospital have a similar structure. This makes transfer of personnel from 
one nursing ward to another irrelevant as far as wayfinding is concerned. Besides working in the 
environment, nursing staff is obliged to follow emergency response training (incl. wayfinding) with non-
irritant smoke annually. It is therefore acceptable to assume the staff is familiar with its surroundings, 
even when visibility in circulation areas is reduced.  
 
Research by Jin [8], who used non-irritant and irritant smoke on test subjects, demonstrates that both 
smoke density and irritation of eyes and lungs affect the walking speed. The drop in walking speed is 
much sharper with irritant smoke compared to non-irritant smoke (see figure 4.6). Jin suggests this 
sharp drop is explained by the subjects not being able to keep their eyes open and therefore 
zigzagging through the enclosure or walking step by step along the side wall as if they are walking in 
pitch-black. In order to account for this particular effect of irritant smoke, the actual measured walking 
speed during the evacuation experiments as pointed out in paragraph 6.6 will be reduced to 0.3 m/s 
when the measured optical smoke density drops below 0.2. According to research by Jin, a walking 
speed of 0.3 m/s people behave as walking in pitch darkness, feeling their way along the walls [5]. 
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Figure 4.6: Walking speed in function of extinction coefficient 
 

       
 
The suggested tenability limit for moving though smoke in a small enclosure by nursing personnel who 
are familiar with their environment is an optical density of 0.2 m-¹ (=visibility 5 m¹). In expressions of a 
Fractional Effective Concentration model, equation 4.18 applies. 
 

=   ( )
0.2 = 5

 ( ) 
 

(eq. 4.18)  
When  becomes unity this implies that subjects are severely hindered by the irritants in the 
smoke and have difficulties in performing their tasks or their escape attempt is seriously affected. In 
chapter 6 the implementation of the  in the model is explained.  

Careful: extinction coefficient!! 
 
To obtain optical density divide Extinction coefficient by 2.3. 
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Chapter 5: Design fire  
In the previous chapters the building itself (i.e. layout, materials, inventory, HVAC), the fire safety 
legislation acting upon it and the interaction between humans and fire were discussed. In this 
paragraph we will discuss the final component, being the design fire, before implementation of all the 
components into the FDS-model is explained. 
 
By far the most important parameter of a fire is the heat release rate (HRR) as a function of time, since 
the HRR controls the main characteristics of the fire. The design fire is generally described by three 
distinct phases, being the growth phase, the fully developed phase and the decay phase. In order to 
obtain a design fire simple hand calculations and more complex methods are available for the fire 
engineer. Albeit with their own limitations and test conditions. In the following paragraphs we will 
discuss the creation of the design fire used for analysis. 
 
The actual calculations for the design fire are listed in appendix B. For more detailed information about 
the design fire appendix B should be consulted. 
 
 5.1 Error and uncertainty  
The manner in which the HRR-curve is defined and which data to use, is up to the fire engineer. Albeit 
that the engineer has to assess whether the data used is useful for his problem. Not only are there 
deficiencies (errors) in the experimental methods used for obtaining the data, also environmental 
factors (uncertainties) influence the test data. There are many factors influencing the test results of 
which we will point out a few. The fire engineer has to interpret and assess, if and how he can use the 
data.  
 
A well-known measuring error in the cone calorimeter is the assumption that every kilogram of oxygen 
consumed for combustion generates 13.1 MJ of energy. Although proven [23] that most fuels will 
generate about 13.1 MJ for each kilogram of oxygen consumed, the actual value will differ slightly from 
the empirical constant. The error of this assumption alone can be about ±15% [24], depending on the 
material to be analyzed. Adding up the error of the measuring devices, the error can be as large as 
±25%.  
The uncertainties generated by the used test-method are difficult to predict, but literature [24] mentions 
the HRR can be enhanced by a factor of 2 depending on the test-method used. This due to the fact 
that a burning object in a well-ventilated furniture calorimeter will burn much slower than when that 
same object is tested in a room calorimeter where radiative (and/or convective) feedback is given to 
the object by the hot smoke layer. In turn the burning rate of that same object in that same RCT can 
be enhanced by the position in the room. In the corner of the room the burning will be more intense, 
since relative cold ambient air can only be entrained from two sides, while the sides facing the walls 
gain additional radiative feedback from the walls when these are heated up during the fire.  
Another known uncertainty is the effect of the orientation of an object. Vertical objects with upward 
flamespread have higher viewfactors to the flame due to concurrent flows. As the flame is pitched the 
fuel is preheated by the flame. Upward vertical flame spread is aided even more by the natural 
buoyancy difference of the hot combustion products, which also preheats the vertical surface above 
the ignition front. For horizontal oriented or downward spreading flames over a vertical surface the 
mentioned effects of preheating are smaller due to a smaller viewfactor of the flame and buoyant hot 
combustion products not preheating the fuel. Besides preheating by flames and hot smoke gases the 
appearance of countercurrent flows as air is entrained for combustion reduce the burning. 
Countercurrent flows will pitch the flame, resulting in a lower viewfactor at the ignition front and also in 
cooling of the fuel in front of the flame with relative cold ambient air. Figure 5.1 indicates for common 
configurations the concept of concurrent and countercurrent flows.  
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Figure 5.1: Orientation of sample influences spread rate, taken from [23] 
 

  
 
Not only the measurements and orientation, but also the ignition source used for igniting an object as 
well as the location where the object is ignited will influence the burning behavior. A test by BFRL 
where two identical beds were ignited shows this phenomena best. During the first test the bed was 
ignited at a corner and during the second test ignition took place in the center of the bed. Figure 5.2 
shows the differences in burning behavior of the two identical bed, when only the position of ignition 
was changed.  
 
 
Figure 5.2: Location of ignition influences spread rate, taken from: [25] 
 

  
 
NOTE Similar differences in HRR could be observed in linings with similar orientation (i.e. horizontal 

or vertical) but ignition at the top or at the bottom. It is therefore of importance to know under 
which conditions the experiments took place. 

 
 
It is evident that a larger ignition source will ignite an object quicker than a smaller ignition source, due 
to the faster heating (i.e. more heat transferred) to the object being ignited. Figure 5.3 shows cone 
calorimeter data of three identical wooden panels ignited by a radiating cone. Two things can be 
noticed from the graph when the external heat flux is increased. The first being the quicker heating up 
of the fuel, which can be seen by the earlier peak at higher external fluxes and the second being the 
more intense burning as the external flux is increased, which can be seen by the higher HRRPUA-
output. This could be explained by the fact that a higher external flux will cause the fuel to produce 
more volatiles from the surface or in other words, more fuel is gasified from the surface for 

Countercurrent flow  
  
  
Concurrent flow   
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combustion. Besides producing more volatiles by increasing the external heat flux, the quicker 
heating-up means the critical surface temperature is reached earlier on, resulting in faster ignition. 
 
The impact of the increased external source is hard to predict as shown in figure 5.3, but a trend can 
be observed. The fire engineer should consider whether or not the data is appropriate for the 
engineering problem at hand and whether or not additional safety factors should be applied. In chapter 
6 (modeling assumptions) we will check whether or not the used HRRPUA-data for the linings is 
appropriate and defend the choice made. 
 
 
Figure 5.3: Influences on HRR by strength of the ignition source  
 

  
 
Assuming fixed positions for inventory like moveable nightstands and hospital beds is not realistic. In 
order to account for inventory being closer to oneanother than pointed out in the drawings delivered by 
MUMC+, during the hand calculations for “time to ignition” we will use a high radiative fraction of 0.4. 
Transient inventory, as medical equipment or clothes, is not accounted for due to its highly 
unpredictable nature. In contrast to transient inventory, we will account for errors in measuring devices 
and uncertainties in test methods, ignition sources, orientation, etc. as described above. In order to do 
so, for the inventory items included in the design fire multiple test data is gathered and the results are 
averaged and increased with one standard deviation.  
 
In the remainder of this chapter will describe per phase of the combustion process (i.e. growth, fully 
developed, decay) the methods and considerations used for the design fire as well as its limitations. 
The actual calculations are included in appendix B. 
 
NOTE The design fire in appendix B only includes the inventory within the room. The obtained 

design fire of the inventory is therefore completely imposed in the FDS-models. The fire 
spread across combustible wall linings is not included in the design fire as this would require 
knowledge of the time to ignition and surface area of the lining burning. Combustible wall 
linings will therefore be modeled by FDS, using a critical surface temperature, an imposed 
HRRPUA and a heat of gasification. Although the burning of the linings itself is controlled in 
this manner, FDS will calculate the heating up and ignition of the lining.  

  
5.2 Regime 1: growth  
 
During the growth phase of the fire, the HRR can be defined in many different ways. In its most basic 
form the HRR of a fire can be described using a so-called t-squared fire. Assuming a t-squared fire 
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implies a quadratic growth of the HRR over time, by multiplying the squared time with a growth 
constant ( ), which gives us equation 5.1. 
 

= α  
 

(eq. 5.1)  
Where: 

  = Heat Release Rate [kW] 
  = fire growth coefficient [kW/s²] 
  = time from ignition [s] 

 
 
The Dutch national appendix of Eurocode 1 (NEN-EN1991-1-2) gives guidance about which value for 
the fire growth coefficient  to use. Fires in bed areas of a healthcare occupancies are classified as 
“medium” fire growth. This “medium” fire growth, with a growth coefficient  of 0.012 [kW/s²] takes up 
to 300 seconds to develop into a 1.055 MW fire. Equation 5.1 would therefore simplify to: 
 

= 0.012  [kW] 
 
Although broadly accepted and implemented in the engineering community, for this master 
dissertation we will not use a single default value to describe the design fire in our nursing room. The 
lack of a broad range of resources with accurate and validated data for hospital environments makes 
using equation 5.1 with =0.012 too dependent on one single parameter (i.e. fire growth coefficient ). 
But, we will use the equation as a safety net. We will check if our final design fire has a growth equal 
to or faster than a “medium” t-squared fire. If not so, a medium fire is used as a lower threshold. 
 
A more complex design fire can be obtained when information about the furniture and lining materials 
are entered into the equation, although removing or adding fire load will change the course of the 
HRR. Heat release rates measured with a furniture calorimeter, cone calorimeter or a SBI-test are very 
useful in that respect. The actual HRR-time history of all the separate inventory items, under certain 
test conditions, could be implemented in the design fire. In order to do so we will adapt the whimsical 
HRR-time history from calorimetry tests in a more smooth fire curve which starts using a t-squared fire 
curve. For the growth coefficient ( ), the average of all the found data during the growth phase is 
taken added with one standard deviation is to account for errors and uncertainties (see appendix B). 
 
Distinction is made between local fire sources like televisions and hospital beds on the one hand and 
continuous fire sources like wall linings on the other. These local fire sources are considered as point 
fire sources which will release heat according to their HRR-time history, adjusted as appropriate, 
depending on the test method used (i.e. furniture or room calorimeter). These point sources could 
ignite other local fire sources and compartment linings. A single object could release enough energy in 
the room to cause flashover by itself. This depends on the object itself but also upon geometric factors 
of the room. 
 
In the following paragraphs we will discuss in which manner the ignition of a secondary item in the 
growth phase is accounted for in the design fire of appendix B.  
 
 5.2.1 Ignition of secondary item 
 
After having obtained design fires for all the separate inventory items within the nursing room, these 
inventory items should be superpositioned in one way or another. One way of superpositioning the 
HRR-data is to assume that all the inventory present within the room ignites at t=0. This method 
ensures the fastest growth possible for the inventory items present within the nursing room. A more 
realistic method is to calculate when a secondary item is ignited by the initial fire source. The ignition 
of a second object can be done in many different ways. Ignition of a secondary object, due to direct 
flame contact and flame-radiation are the most likely manners. Conduction and convection could also 
ignite a secondary item, but during the growth phase of the fire, where wall and gas temperatures are 
low the other mechanisms are quicker as flame temperatures are much higher. Therefore ignition of a 
secondary item  using direct flame contact and flame radiation is considered for the design fire in 
appendix B.  
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Ignition by direct flame contact: 
In order for direct flame contact to occur objects need to be in close proximity of each other. Literature 
[12] suggests direct flame contact is possible when objects are within a distance of 0.3 m¹ of one 
another. This is in accordance with experimental data from Ohlemiller [13] which indicates the reach of 
flames from the side of a burning twin bed is in-between 15 to 41 cm. Taking the average reach from 
the experimental study of 27.3 cm, added with one standard deviation of 8.25 cm, for the reach of the 
flames of a twin bed a value of about 0.35 m¹ is a safe estimate. Table 5.1 shows the experimental 
data. Given the values found in literature by Staffansson and the experimental data of Ohlemiller for 
bed, we will assume direct flame contact will happen when objects are within a range of 0.35 m¹ from 
each other.  
 
 Table 5.1: Maximum reach from side of bed, taken from [13] 

 Mattresses/ 
Foundation  
Design 

Bed size Maximum One 
Second Reach 
[cm] 

M3 Twin 15.7 
M3 Twin 18.0 
M3 King 13.5 
M3 King 16.0 
M5 Twin 30.5 
M5 Twin 29.7 
M5 Twin 34.0 
M5 King 32.8 
M5 King 40.9 
M1 Twin 31.0 
M1 Twin 28.4 
M1 King 34.0 
M1 King 30.5 Average test data 27.3 
Std. deviation test data ±8.25 

 
 Besides considering the horizontal reach of the flame, the case where fuel packages are stacked (e.g. 

television above bed) have to be accounted for. Although the flame height from a burning bed igniting 
the television could be calculated, it is more difficult to predict the time to ignition from the television to 
the bed (e.g. dripping plastic). Therefore is assumed for stacked fuels above each other that flame 
contact happens at the moment either fuel is ignited.   Concretely the above results in the inventory of our room being divided into two fuel packages which 
ignite at different moments in time. Figure 5.4 gives the inventory items belonging to a specific fuel 
package (i.e. all mentioned items within reach of 0.35 m¹ or above oneanother). The fire spread from 
fuel package to fuel package will be calculated using the method for ignition by flame radiation as 
pointed out below. 
 
 Figure 5.4: fuelpackages design fire  
 
 
 

 

Fuel package B: 
- television 
- hospital bed 
- nightstand 
Burner: 2x1 m¹ 

Fuel package A: 
- television 
- hospital bed 
- nightstand 
- curtain 
Burner: 2x1 m¹ 
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Ignition by radiation: 
The ignition of a secondary item (or in our case: a fuel package) by radiation comes from the radiant 
energy of the flame above a burning item, radiation from linings and the hot smoke layer. However, the 
latter two can be assumed to be negligible in the growth phase of the fire. After all the radiation from 
not yet burning wall linings towards the secondary object is fractional compared to the radiation by the 
flame since the linings will not be warmed up that much in the growth phase of the fire. Since heat 
transfer by radiation depends on the temperature to the power 4, the radiation from a flame is much 
higher, even when the view factor (no power law) is smaller. As far as radiation from the hot smoke 
layer is considered, its temperature and emissivity during the growth phase (i.e. thin layer) will be quite 
low compared to that of a hot radiating flame at a close distance. Concretly this means that radiation 
towards the second item is assumed to happen only from the flame above the first burning item during 
the growth phase of the fire.  
 
There are several methods to assess the radiative heat flux from a fire. One of which is used in NFPA 
92B, which assumes that all the energy originates from a point source on the flame centre axis at half 
the height of the flame above the fuel surface. Since knowledge of the flame height, which is unknown 
to us, is required for this method we need to adapt the method to become independent of flame 
height. Since radiation depends on the line-of-sight of an object towards the fire source, a worstcase 
assumption is taking the observation point at the same height as the radiating point source, as 
indicated with line P-S in figure 5.5. When this worstcase assumption is used knowledge of the flame 
height is not important as the angle  is irrelevant.  
 
 
Figure 5.5: Radiation from point source 

  
 

The heat flux at a radial distance R from the point source is according to NFPA92B found by equation 
5.2. 
 

" =   ( "∆ )
4 =   

4    ↔   =    
4 "  

 

(eq. 5.2)  

Where: 
"   = incident radiative heat flux on exposed surface [kW/m²] 
  = radiative fraction of exposing fire [-] 

  = HRR of exposing fire [kW] R  = radial distance from center of exposing fire to exposed surface [m¹] 
 
 
NOTE Equation 5.2 is based on free-burning conditions, without the influence of a hot smoke layer 

and hot surfaces radiating towards the second item. The preheating of the exposed fuel and 
the exposure time are not taken into account either in equation 5.2. On the other hand there 
are assumptions made which overestimate the radiative heat flux, i.e. the configuration factor 
and combustion efficiency are assumed to be unity.  

 
 

Lower view factor; but 
knowledge of flame height 
required due to angle  

Higher view factor; no 
knowledge of flame height 
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When the incident radiative heat flux ( ") of equation 5.2 is set to the radiative heat flux for piloted 
ignition of the exposed fuel, the safe radial distance from the point source by radiation can be 
determined. Taking the radiative heat flux for piloted ignition instead of non-piloted ignition takes into 
account that a heat source (e.g. hot smoke layer) is near the surface of the second object to ignite the 
degradation gases. A non-piloted radiative ignition requires a substantially larger (sometimes 2 to 3 
times) incident heat flux than a piloted ignition. Given the worstcase assumptions, the equation from 
NFPA92B is found to be appropriate for our design fire calculations in the enclosure. 
 
In his experimental study to the ignition of a secondary item [14], Babrauskas tested multiple materials 
with two different heat fluxes of 20 kW/m² and 40 kW/m². Babrauskas concluded there are generally 
three classes to describe the ease of ignition; 
  10 kW/m² (especially easily ignitable);   20 kW/m² (normal ignition);   40 kW/m² (difficult to ignite). 
 
The found values by Babrauskas in the 80’s correspond to the experimental study of Nazaré [26], who 
extrapolated experimental data to obtain critical heat fluxes for different kinds of fabrics, all of which 
were above 10 kW/m² except for thermally thin acrylic materials (9 kW/m²). James Quintiere [27] 
reports similar critical heat flux levels for thermally thin items to ignite. He even reports for most 
furnishings heat flux levels of 20 kW/m². Given the research done by multiple authors, it is therefore 
safe to assume a critical heat flux of 10 kW/m² in equation 5.2 when the critical heat flux of a certain 
item is unknown.  
 
The radiative fraction of the HRR for most objects in an enclosure varies between 0.2 and 0.4 
depending on the fuel used for combustion and the thickness of the flame. For many common 
materials the radiative fraction is found to be in the range of 0.3 to 0.35, although values of 0.5 are 
possible [28]. As a conservative estimate we will use a value of 0.4 for the radiative fraction of the fuel 
in equation 5.2 when the actual radiative fraction of the fuel is unknown. 
 
When the radiative fraction ( ), the critical radiative heat flux ( ") and distance from the point source 
towards a secondry item ( ) are known, the HRR ( ) at which ignition due to radiation occurs can be 
determined. By checking the HRR-time history curve of an object, the time at which the HRR for 
ignition is reached can be determined and the HRR-curve of the secondary inventory item needs to be 
superpositioned on HRR-curve of the first burning object from that moment in time. Detailed 
information about the HRR-curve used in this thesis is given in appendix B. 
 
NOTE Although the method used here is more realistic and accurate compared to a single t-squared 

fire, this method is more prone to changes in inventory and configuration. As a safety net, we 
will use the medium t-squared fire according to Dutch legislation as a lower threshold for fire 
growth.   

5.2.2 Fire growth across lining  
The HRR of linings is largely driven by the flame spread over the surface area of the lining. Since 
combustible wall linings are present all around the enclosure, the wall linings cannot be treated as a 
point source. The location of ignition, the surface area and orientation of the lining as well as the 
geometry of the room are all parameters that will influence the heat that is released by the lining 
material. When linings are considered the HRR doesn’t depend upon fire characteristics alone but also 
upon geometrical factors. For this reason we will not include the linings in the design fire calculations 
of appendix B. Instead the fire spread across linings will be modeled in FDS by using a critical surface 
temperature, an imposed HRRPUA (i.e. from cone calorimetry) and a heat of gasification. Although the 
burning of the combustible wall linings itself is controlled by the user in this manner, FDS will calculate 
the heating up and ignition of the fuel.  
 
The implementation of this method for the contribution of the wall linings to the fire is further pointed 
out in paragraph 6.4. 
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5.3 Regime 2: fully developed 
 
After the growth phase of the fire the fully developed burning phase is reached, that is when the fire is 
not extinguished. In this phase the fire can either reach its maximum burning rate (i.e. fuel controlled 
fire) or reach a phase where there is insufficient oxygen for combustion within the enclosure (i.e. 
ventilation controlled fire). The HRR of the fire therefore varies with the fuel characteristics and the 
ventilation profile of the enclosure as indicated in figure 5.6. 
 
 
Figure 5.6: dependency HRR of fuel characteristics and vent conditions 

    Depending on the geometry of the room, the ventilation openings and the fuel characteristics the peak 
heat release rate (abbr. PHRR) is either limited by the oxygen supplied through ventilation openings or 
by the fuel itself. Therefore we need to solve for both the ventilation controlled and fuel controlled 
PHRR for our design fire. The lowest value of the two is the PHRR for the design fire. However, for 
this research, FDS will calculate the actual HRR. Concretely this means only the HRR for the fuel 
controlled situation is solved and FDS will calculate whether all the fuel is able to combust within the 
enclosure due to enough oxygen supply towards the fire or if ventilation controlled conditions apply. 
This method is used in order to cancel out experimental uncertainties and limitations in correlations for 
ventilation controlled fires. 
 
Calculation of fuel-controlled HRR: 
The most simplistic way for creating a fuel-controlled HRR-curve is by adding the heat release rates of 
all the separate inventory items present within the enclosure at t=0. Assuming that all inventory items 
start burning at the same time will results in a rapidly worsening of the conditions in the enclosure. 
This method, although conservative, is not a realistic approach as some fuels might even be in their 
decay phase while others are in the growth phase or steady state phase. We will therefore first 
calculate the HRR-rates of separate inventory items and group the items which are assumed to be in 
direct flame contact into fuel packages. Finally the time to ignition of the inventory items is calculated 
and the HRR-curves of the fuel packages are superpositioned upon each other. 
 
Check for flashover: 
In order to obtain a correct as possible HRR-curve it is important to check during the course of the fire 
whether or not flashover is occurring within the enclosure. This as flashover would result in the 
participation of all the combustibles within the enclosure to the fire, even if it was calculated that during 
the growth phase the secondary item is not yet ignited. For the design fire calculated by hand in 
appendix B as a first estimate the correlation of Thomas (equation 5.3) is used to determine flashover. 
Although there are multiple criteria for flashover Thomas assumes flashover to occur at a uniform 
upper-layer temperature of 600 ℃.  
 

= 7.8 + 378  (eq. 5.3)  
Where: 

 = heat release rate at flashover [kW] 
  = total surface area of the enclosure, including [m²] 
 = area of ventilation openings [m²] 
  = height of ventilation openings [m¹] 
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After obtaining a fuel controlled HRR by hand calculations as worked out in appendix B, where the 
HRR for flashover is determined according to equation 5.3 a trial fire is run in FDS. During this trial fire 
we will check by the aid of Smokeview if an upper layer temperature of 500℃ is formed before the 
second fuel package is ignited. If so, the HRR-curve imposed on FDS will be adapted to the moment 
in time a steady upper layer temperature of 500℃ is reached. In appendix B this method is worked out 
in detail. 
 
Impact HVAC-system : 
As addressed before, FDS will calculate whether or not ventilation controlled conditions apply. The 
airflow towards the fire depends among others upon the fracture of the glass, the opening of the door 
to the circulation area and the additional air which is forced into the enclosure by mechanical means. 
Since the HVAC-system is a mechanical system which could fail we are interested in the fraction of air 
delivered by the HVAC-system compared to natural means. As failure could lead to a different  
ventilation profile and therefore a different release of energy by the fire. When the contribution of 
oxygen supply by the HVAC-system is large, during the FDS-simulations we should incorporate a 
scenario without HVAC.  
 
In order to compare the mechanical and natural ventilation, first we will determine the amount of air 
entering the enclosure during the fire by the use of the ventilation factor. The ventilation factor was first 
used by Kawagoe in 1958 in his study into compartment fires [23] using wood cribs. The Kawagoe-
formula, given in equation 5.4, is validated in post-flashover fires where the gas layer is at least twice 
as warm as the ambient (in Kelvin) and the temperature across the ceiling is evenly distributed.  
 

= 0.5   (eq. 5.4) 
Where: 

 = mass flow rate of air [kg/s] 
 = total area of ventilation openings [m²] 
 = weighted height of ventilation openings [m¹] 

 
 
Solving for the mass flow of air through the window and door together we find: 
 

= 0.5 = 0.5 ∗ 6.68 ∗ √1.77 ≈ 4.45 /  
 
Solving for the mass flow of air through the window only we find: 
 

= 0.5 = 0.5 ∗ 3.92 ∗ √1.4 ≈ 2.32 /  
 
The volumetric flow of air supplied by the HVAC-system is given by the Building Decree and is set to 
13.76 dm³/s and 48 dm³/s for respectively existing and new buildings. In order to convert the 
volumetric flow into a mass flow, the ideal gas law will be used for obtaining the density as function of 
temperature, which simplifies to: 
 

=  353 (eq. 5.5) 
Where:  

 = temperature [K] 
 = density [kg/m³] 

 
Taking the temperature of the supply air as ambient (293 K), we find for the density of air 1.205 kg/m³. 
This results in a mechanically supplied mass flow for existing and new buildings of:  
 

; ; =  1.205 ∗ 0.01376 ≈ 1.66 ∗ 10  /  
 

; ; =  1.205 ∗ 0.048 ≈ 5.79 ∗ 10  /  
 
It was found that the oxygen supply by the HVAC-system is in the order of 0.5% to 2.5% compared to 
the natural air supply depending on the ventilation conditions. The peak heat release rate will therefore 
only be influenced marginally by the HVAC-system and an additional calculation without mechanical 
ventilation is not necessary.  
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Although the impact of the HVAC-system in terms of oxygen supply is small compared to the natural 
ventilation openings, it should be considered that forcing air at high velocities into the enclosure will 
ensure better mixing and therefore a higher combustion efficiency. 
 
 5.4 Regime 3: decay 
 
When the vast majority of fuel within the room is consumed, the fire will finally decay, resulting in a 
decrease of the HRR. During the decay phase the fire can be assumed to decay using an 
experimental, t-squared, or linear decay. In appendix B the latter method is used. The question to be 
answered is when the decay phase kicks in. Although being situation-dependant, literature [12] 
suggests that when about 70%-80% of the total energy of an object is released, the decay phase will 
start.  
 
In order to determine when about 70%-80% of the fuel is being consumed we need to know the total 
fire load of an inventory item and calculate the time it takes to consume 70%-80% of the fuel. This is 
done by first taken the total energy released during the growth phase. The time it takes for the decay 
phase to start is than found by taking 80% of the total fire load and subtracting the energy released 
during the growth phase. The amount of energy that remains divided by the steady HRR in the fully 
developed phase gives us the duration of the fully developed burning. From that moment in time the 
linear decay starts. Detailed information about the decay phase of the HRR-curve used in this master 
dissertations is given in appendix B.   
5.5 Final design fire   
Following the methods and considerations mentioned in this chapter, a final design fire for the 
inventory within the nursing room is created. The final design fire for the inventory, which is imposed in 
FDS, is given in figure 5.7. The actual calculations are included in appendix B. One should recall that 
combustible wall linings are not included in the design fire given in appendix B, but are modeled in 
FDS using a simple pyrolysis model as pointed out in paragraph 6.4. 
 
The total duration of the design fire is limited to 16 minutes which was, according to the legal 
disquisition of chapter 3, found to be the maximum amount of time allowed for evacuation of the 
protected sub-fire-compartment. 
 
As a safety net (see paragraph 5.2), checking the speed of fire growth, we find the HRR-curve of 
figure 5.2 is comparable to an ultra fast fire when the PHRR of the curtains is considered and a fast 
growth when all the inventory items without the curtains are considered (see dotted red lines figure 
5.2). As the fire growth faster than a medium t-squared fire according to the Dutch National annex of 
Eurocode 1, adaptations to the HRR-curve are not necessary.  
  
Figure 5.7: Final design fire used for modeling in FDS 

 

Ultra fast fire development 
 

Fast fire development 
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Chapter 6: Modeling assumptions 
 
As the word ‘model’ is defined by dictionaries around the world as “a simplification of reality”, this 
indicates we have to define in detail what the in simplification the models used for analysis 
encompasses. Therefore, this chapter focuses on the assumptions made in the FDS-models as well 
as the implementation of these assumptions into the models.  
 

 6.1 Construction and boundary conditions 
 6.1.1 Geometry  
The most basic modeling assumption in FDS is the modeling of the geometry itself. Obstructions like 
walls, ceilings, openings etc. are forced to conform with the underlying mesh. This means when a cell 
size of 0.2 m¹ is chosen, an actual door opening of 2.3 m¹ high and a width of 1.2 m¹ can only be 
modeled as an opening of 2.2 m¹ or 2.4 m¹ high and a width of 1.2 m¹ as these numbers are a plurality 
of the chosen cell size. It becomes clear that modeling the geometry of a building should be handled 
with care. 
 
When creating the building geometry in FDS special attention goes to the ventilation openings, which 
are the door to the circulation area and the window to the ambient. As oxygen for combustion for the 
vast majority (i.e. according to paragraph 5.3 about 97.5% to 99.5%) comes from flows through the 
door and window opening, we need to model its dimensions as accurate as possible, in order not to 
overestimate or underestimate the flow through these openings, which could affect the HRR within the 
enclosure and therefore other fire characteristics. As guidance for openings not conforming to the 
underlying grid, empirical correlations as the ventilation factor for rectangular openings are consulted. 
Kawagoe found the ventilation factor to be more strongly dependent on height than on width (i.e. 
A*H1/2  W*H3/2). Therefore when modeling openings not conforming to the underlying grid, the 
ventilation factor for the actual opening is calculated and compared to four ventilation factors being 
one gridcell larger or smaller in width and height. The opening which approximates the ventilation 
factor of the actual opening best, is then used in the numerical model. 
 

E X A M P L E:  
The actual window opening is 2.8 m¹ wide and 1.4 m¹ high. Taking a cell size of 0.075 m¹ we 
are not able to model the exact opening. The width will be modeled as 2.775 m¹ and 2.85 m¹ 
while the height of the opening is modeled as 1.35 m¹ and 1.425 m¹. The ventilation factor of 
the actual opening is about 4.64 m5/2. An opening of 2.775 m¹ by 1.425 m¹ approximates this 
value best with a ventilation factor of about 4.72 m5/2 (error = 1.7%). 

 
As far as the height of 2.7 m¹ of the nursing room is considered, it is compatible with cell-sizes 0.05 
m¹, 0.075 m¹ and 0.1 m¹. When other cell sizes are to be used, we have to keep in mind that the 
height of the room is adapted to the cell size. In a situation when a mesh will not align appropriately 
with the ceiling height, as for the 0.2 m¹ mesh in the nursing room during the sensitivity studies, the 
ceiling will be modeled lower compared to the actual height as a worst-case assumption. That is due 
to the smaller volume of the room resulting in higher smoke concentrations and higher temperatures. 
  
6.1.2 Thermal properties materials  
All solid surfaces in FDS are assigned thermal boundary conditions and, if applicable, burning 
behavior. Table 6.1 lists the (multilayered) materials used in the FDS obstructions and table 6.2 gives 
for each material its thermal properties. Although thermal properties change with temperature, in the 
FDS-models it is assumed the properties have constant thermal properties. Exception is made for the 
insulation which has changing conductivity and specific heat with increasing temperature. The values 
for thermal (changing) properties are, when available, taken form validated data from the FDS 
Validation Guide [29].  
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Table 6.1: Materials in model 
 Construction  

 
Materials  

Floor 290 mm concrete. 
Concrete columns 500 mm concrete. 
Separating wall type 1 12 mm wood; 126 mm insulation; 12 mm wood. 
Separating wall type 2 25 mm gypsum; 100 mm insulation; 25 mm gypsum. 
Separating wall type 3 15 mm tiles; 25 mm gypsum; 100 mm insulation; 25 mm gypsum. 
False ceiling 25 mm gypsum. 
Windows* 6 mm glass; 15 mm air; 6 mm glass. 

 * see also paragraph 6.2.4  
 
Table 6.2: Thermal properties materials 

 Material 
 

Specific heat 
 
Cp [kJ/kgK] 

Conductivity 
 
K [W/mK] 

Density 
 
ρ [kg/m³]  

Emissivity  
 
ε [-] 

Ignition 
temperature 
Tig [oC] 

Concrete 1.04 1.8 2280 0.9 N/A 
Insulation 0.8 (20oC) 

2.0 (677oC) 
0.05 (20oC) 
0.1 (377oC) 
0.2 (677oC) 

208 0.9 N/A 

Gypsum 1.09 0.17 930 0.9 N/A 
Tiles 0.75 0.0611 313 0.9 N/A 
Wood 2.85 0.14 640 0.9 390 
Glass see paragraph 6.2.4   

Besides the thermal properties of obstructions it is important to know whether or not a material is 
thermally thick or thermally thin. When a material is found to be thermally thick during the simulation 
time, constructions behind the thermally thick material can be neglected as these are not heated 
during the time of simulation. Knowing if a material is thermally thick or thin tells us which type of 
‘backing’ should be modeled in FDS. Distinction is made between three types of backing being, air gap 
(default), insulated and exposed. 
The default backing is the air gap, which assumes an ambient temperature void at the back side of the 
material. Since heat transfer is possible through the material, this option could be used for thermally 
thick and thermally thin materials. The insulated-backing ensures that the material is perfectly 
insulated, meaning no heat loss from the backside of the construction (thermally thick materials). 
When the exposed-backing material is used, FDS will calculate the heat transfer through the 
obstruction into the space behind the obstruction. This option could also be used for thermally thin 
materials, heat transfer to an adjacent room should be accounted for. 
In order to determine whether or not a material is thermally thick or thin equation 6.1, taken from 
Drysdale [23], is used. 

> 4         with: =    (eq. 6.1)  
Where: 
  thickness construction [m¹] 

  thermal diffusivity [m²/s] 
  time [s] 
 conduction coefficient [W/mK] 
 density [kg/m³] 
 specific heat [J/kgK]  

When the construction materials of table 6.2 are checked for their thermal thickness, table 6.3 shows 
from which thickness the materials are thermally thick during 960 seconds.  
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Table 6.3: Thermal thickness materials 
 Material 

 
Time 
 
t [sec] 

Thermal  
diffusivity 
α [m²/s]  

Thermally 
thick from  
l [m¹] 

Concrete 960 7.59*10-7 0.1080 
Insulation 960 4.81*10-7 0.0859 
Gypsum 960 1.68*10-7 0.0508 
Tiles 960 2.60*10-7 0.0632 
Wood 960 7.68*10-8 0.0343  

 
Comparing the thickness of the materials mentioned in table 6.1 and the results of table 6.3, all 
insulated separation walls as well as all concrete structures in the model are thermally thick for the 
duration of 960 seconds. Materials behind the insulation of the separating walls or concrete 
constructions can therefore be neglected. Only the false ceiling consisting of 25 mm gypsum is found 
to be thermally thin for a period of 960 seconds. As the concealed space above the ceiling is outside 
of the computational domain, in order to safe computational time by not including the concealed space 
in the models, the ‘air gap’ backing material is taken for the 25 mm gypsum ceiling.  
 
 6.1.3 Ambient conditions and radiation  
At the start of the simulation ambient conditions apply in the entire domain. Due to combustion and 
fluid motion some parameters will change over time. The most important environmental parameters, 
used in the FDS-models, are given in table 6.4. 

 
 
Table 6.4: Boundary conditions 
 Environmental parameters 

 
 

Ambient temperature 20.0 oC 
Ambient pressure 101,325 Pa 
Ambient oxygen mass fraction 0.232378 kg/kg 
Ambient carbon dioxide mass fraction 5.95*10-4 kg/kg 
Relative humidity 40% 
Initial wind velocity 0.0 m/s 
Specific gravity -9.81 m/s² (z-axis) 
Radiant fraction 0.35   

In FDS the radiation is modeled as a percentage of the total HRR. Since the actual radiant fraction of 
the fire we are modeling is unknown, the default value of 35% of the total heat release rate is used. 
The actual radiation from the fire depends on many factors, among which the sootiness of the fuel. 
Low soot producing flames like in alcohol fires have low radiant fractions, but high soot producing 
flames like PUR-fires have high radiant fractions. Although when the fire grows large and cold soot 
envelopes the flame, for the latter the radiant fraction can be reduced considerably. 
 
Research by Tewarson [23], using the Factory Mutual Flammability Apparatus, indicates radiant 
fractions for cellulose of about 0.365 and for plastics in the order of 0.209 to 0.413. Due to the variety 
of materials in the nursing room, among which cellulose and plastics, a radiant fraction of 0.35 is 
considered an acceptable value.  
 
In FDS radiation is angular discretized. By default the unit sphere is divided into 100 solid and 15 polar 
angles. As it is unknown to us if the amount of angles should be increased, a sensitivity study is 
conducted according to appendix C. During the sensitivity study it was found that the margin of error 
by increasing the amount of solid and polar angles is negligible, since the deviation in surface 
temperature and time to ignition of a solid was found to be negligible. Therefore, and to safe 
computational time, for this master dissertation the number of solid and polar angles are not changed 
and kept on respectively 100 and 15 angles. 
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6.1.4 Mesh 
 Fire is considered to be a turbulent phenomenon when the flows exceed a certain Reynolds number. 
When the turbulent flow is visualized a rotational movement of the flow can be observed for very large 
to the tiniest of scales. In order to simulate these rotational flows we need turbulence models. 
Turbulence  models could roughly be divided into three categories, being RANS, LES and DNS. All 
three will solve the Navier-Stokes equations, but all in its own manner.  
RANS time averages the velocity field over a period of time which is much higher than the velocity 
fluctuations. Therefore within the time period an average value is given and time dependent variations 
cannot be monitored. In other words the main flow is resolved and the fluctuations are to be modeled. 
The most common RANS-model is the κ-ε model which uses two partial differential transport 
equations. The first being κ for turbulent kinetic energy and the second ε for the rate of dissipation of 
kinetic energy. The equations are based on empirically determined constants and therefore the flow is 
completely modeled. A bonus on the other hand is that RANS-models are grid independent. 
LES-solutions on the other hand use the technique of spatially filtering the Navier-Stokes equations 
and therefore the solution is grid dependent. In fact the most important parameter in LES-solutions is 
the cell size, which is the filter for the flow scales which are to be solved and the ones to be modeled. 
The fluctuations smaller than the grid size are modeled while the fluctuations larger than the grid size 
are solved. In short this means that when a finer cell size is taken a solution of a higher quality is 
obtained. When the cell size as well as the time step approaches zero (i.e. capturing Kolmogorov 
scales) a DNS solution is obtained in which the Navier-Stokes equations are completely resolved and 
not modeled. Figure 6.1 gives the relation between the turbulence models and their degree of 
modeling and actually solving the Navier-Stokes equations. 
 
 Figure 6.1: Turbulence models 
 

   
FDS is based on the LES principle and can therefore generate LES or DNS solutions. As for this 
research we will solve for an LES-solution, the most important and influencing parameter in FDS is the 
cell size. In order to see what an appropriate cell-size for our problem is, we have to consult the FDS 
User Guide paragraph 6.3.6. where a relation between the characteristic fire diameter (D*) and the 
nominal cell size (dx) is suggested [10]. In research to the range of validity of fire models by McGrattan 
et al (2008b) it is suggested that D*/dx should be in the range between 4 to 16 to achieve good 
simulation results. Where D*/dx approaching 4 indicates a coarse mesh while D*/dx approaching 16 
indicating a fine mesh. The characteristic fire diameter should be determined according to equation 
6.2. 

D∗ = Q
ρ c T g  

(eq. 6.2)  
Where: 
Q  heat release rate [kW] ρ   ambient density [kg/m³] c   specific heat of the air [kJ/kgK] 
T   ambient temperature [K] g  gravity acceleration velocity [m/s²] 

FDS 
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A common technique for a sensitivity study is to start at a coarse mesh and gradually decrease the cell 
size until no noticeable differences between the results are visible. As a starting point we will take a 
cell size of 0.2³ m¹ as the D*/dx is about 7, which could be considered quite a coarse mesh. 
In appendix D a sensitivity study for the mesh size is prepared. The enclosure with the wooden linings 
was analyzed during the first 300 seconds of the fire and meshes with cells of 0.2 m¹, 0.1 m¹, 0.075 m¹ 
and 0.05 m¹ were compared. Although we are most interested the HRR of the fire as is determines the 
fire characteristics, also other aspects as the flow of air through openings, FED-values, temperature 
and pressure are analyzed. Table 6.5 gives a short summary of the sensitivity study. The deviations in 
table 6.5 are given compared to the finest mesh with cells of 0.05³ m¹. As indicated in the table the 
mesh of 0.1³ m¹ with a margin of error of 1% in HRR compared to a 12-fold of computational time 
gives satisfying results. 
 
 
Table 6.5: Summary sensitivity study 
 Number Quantity Mesh size  

 
 
[m] 

Average 
deviation 
300 sec. 
 [%] 

Average 
deviation 
last 60 sec. 
 [%] 

Computational 
time 
 
[h] 

I HRR 0.2³ - 1% - 5% 1.6 
II HRR 0.1³ 0% - 1% 14.2 
III HRR 0.075³ - 1% - 6% 34.7 
IV HRR 0.05³ NA NA 168.3 
V Volume flow out 0.2³ 10 % * 13% 1.6 
VI Volume flow out 0.1³ 3 % * 4% 14.2 
VII Volume flow out 0.075³ -1 % * - 4% 34.7 
VIII Volume flow out 0.05³ NA NA 168.3 

     * average over period 90-300 seconds   
For the assessment of the conditions in the nursing ward we will use a hybrid mesh with fine cells of 
0.1³ m¹ in the nursing room as it was found in the sensitivity study of appendix D that this mesh 
generates the best accuracy at the least amount of time. In zones far from the fire where the flow is 
less turbulent, cooler and where we are far more interested in the smoke spread a coarser 0.2³ m¹ 
mesh is being used. In the FDS User Guide [10] it is given to avoid mesh boundaries where critical 
action is expected, especially fire. In order to capture all the critical action of the flow, the position of 
the transition region from a finer to a coarser mesh should be considered carefully. There are roughly 
two options for positioning of the transition region (see figure 6.2). The first option is to model the 
entire nursing room in a 0.1³ m¹ mesh and the entire corridor in a 0.2³ m¹ mesh. Using this option the 
least amount of meshes are required as well as the least amount of cells. The second option is to 
extend the fine mesh from the nursing room into the corridor and start the coarser meshes from the 
sides of the fine mesh into the corridor. With this option one additional mesh is required and there are 
more cells within the computational domain. 
 
 
Figure 6.2: Division 0.1³ and 0.2³ mesh in models 
 

  
In order to choose the most appropriate mesh-configuration, it should be determined whether or not 
critical activity is happening in part of the corridor directly in front of the nursing room. As can be seen 
in figure 6.3, the flow velocity increases in the door-opening and the flow bumps into the opposing wall 
in a vortex-like manner. Further it was found that during some periods of time flames spread into the 

0.1³ m¹ 

Option 1: Option 2: 

0.1³ m¹ 0.2³ m¹ 

0.2³ m¹ 
0.2³ m¹ 
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corridor. Taking these factors into consideration as well as the information exchange across mesh 
boundaries not yet being as accurate as cell to cell exchanges within one mesh [10], the mesh-
configuration of option 2 will be implemented in our ward-models. 
 
 Figure 6.3: Flow velocity through door nursing room 
 

   
6.2 Glass breakage model  
The heat release rate of a fully developed fire depends heavily on the amount of fresh air (or better: 
oxygen) that is supplied for combustion. As calculated in paragraph 5.3, the flow of oxygen towards 
the fire room comes almost completely from the opening of a door and/or window. Only a small portion 
of oxygen for combustion is supplied by mechanical means. Since the opening of a door or a window 
has a large impact on fire growth it is of significant interest to know whether or not the glass in the 
façade will fracture. In this paragraph it is therefore described how the fracturing of the glass is 
implemented in the FDS-models. 
 
Regular float glass, used in most common buildings, will first crack due to thermally induced tensile 
stresses within the glass as the glass is heated by mainly convection and radiation. The cracking of 
the glass is most likely to start in one of the edges, where the glass is retained by the window frame. 
This cracking at the edge can be explained by the minor defects that occur at the edges during 
manufacturing when the glass is cut. In the cracking stage there is no effect on the ventilation. The 
airflow is only affected when pieces of glass are falling out. So we are rather interested in the latter 
case. Since the cracking, breaking and collapse of glass depends on many factors, like for instance 
the window size, glass thickness, single or double pane glass, vertical temperature gradients and 
mechanical properties (e.g. also deficiencies in glass), it is hard to predict the exact moment or 
temperature at which the glass will fall out. Let alone the wind pressure on the window will influence 
the breaking of the glass. In literature [30] glass break temperatures of 300 ℃ to 600 ℃ (i.e gas 
temperatures) are found. In order to assess which glass break temperature is best applicable for our 
models we have need to know the mechanisms which lead to collapse. In order to see which 
temperatures are most appropriate we first have to define the glass in our study. The windows in the 
façade with dimensions 1.4 m¹ x 2.8 m¹ (HxW) are made of an aluminum frame with standard quality 
double glass (two layers of 6 mm). 
 
 6.2.1 Heat transfer mechanisms  
 
All three heat transfer mechanisms (i.e. conduction, convection and radiation) will play a role in the 
breaking of glass panes. The two main heat transfer mechanisms for glass breakage are convection of 
hot gases at the interior surface of the window and radiation absorption throughout the thickness of 

Flow through door increasing 
and bumping into wall in 
vortex-like manner. 

Sometimes  
combustion  
in opening 
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the glass. Finally the heat is transferred from a hot window pane towards the external environment by 
convection (i.e. cooling).  
As the heat transfer to the glass by radiation is not as straightforward as the heat transfer by 
convection we will look more closely into what is happening. Since the window glass acts as a 
semitransparent medium reflecting, transmitting an absorbing (see figure 6.4) radiant energy the 
effects of radiation are difficult to predict. Influencing factors are the flames of the fire and the hot 
smoke layer. Radiation coming from flames depends largely on flame temperature and distance of the 
flames to the window. Radiation coming from the hot smoke layer depends largely of layer 
temperature and emissivity as the smoke layer will be toughing the glass.  
 
 
Figure 6.4: Radiation on sheet of double glass 
 

  
 
A double-glazed window is expected to survive much longer in a fire without breaking than a single 
layer of glass. According to literature [30] the reason for this longer resistance is found in the spectral 
radiant absorption characteristics of the glass (i.e glass is a selective surface). In the visible and the 
near infrared wavelengths of the spectrum glass has a high transmission, allowing us to see through it. 
Outside of this part of the spectrum, glass is nearly opaque. Figure 6.5 shows typical values for the 
transmission of radiation through standard glass panes of different thickness. 
 
Figure 6.5: Example of percent of transmitted radiation per wavelength 
 

  
 
Due to the partial opaque behavior of glass the first sheet of glass shields the second sheet of glass 
from wavelengths outside of the visible and near infrared spectrum (see figure 6.5). Since the second 
sheet of glass is also highly transparent in the visible and near infrared region, the wavelengths that 
are allowed through the first sheet of glass will also be transmitted by the second pane. Therefore 
almost no absorption takes place in the second pane, resulting in a slower heating of the second 
pane. Due to the slower heating thermal stresses are smaller and therefore the glass will break out 
later in time during a fire. This behavior was confirmed by experimental studies [16] into the breakout 
of double-glazed windows. 
 
 
 

Transmission 
under curve 

Absorption outside curve 
and below dashed line 

Absorption 
outside curve and below 
dashed line 

Reflection above dashed line (gray approx.) 
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6.2.2 Experimental studies  
The Loss Prevention Council of the UK conducted experimental studies into the fracturing of storey 
high glass facades during fire in office environments. Experimental room fire studies with a fully 
furnished office configuration demonstrated that about 5 minutes after the start of the fire the storey 
high glass broke out. The gas temperature was found to be about 600 ℃ at the time of failure. The 
report concludes that double-glazed windows using 6 mm thick glass will fail at ca. 600 ℃ and that, 
with a regular “office” fuel load, the failure may be expected to occur essentially at the instant that 600 ℃ is first reached.  
 
Another angle of approach is found within the small scale experiments by Skelly [16]. In these 
experiments a relation was sought between the temperature difference at the protected edges behind 
glazing beds and the fully exposed center of the glass. The glass temperatures were measured using 
thermocouples in the protected parts behind glazing beds and at the center of the pane. Skelly 
concluded that with protected edges and a temperature difference between the center of the glass and 
the protected edges of about 90 (±18) ℃ the glass will break out due to the thermal stresses within the 
glass (i.e. glass expands more in the middle than at edges). The experimental results are in 
accordance with analytical research of Pagni [15], who found that the glass would fracture for a 
temperature rise of about 80 ℃. 
 
 6.2.3 Implementation glass fracture FDS  
Given the fact that there is a lot of uncertainty in glass fracture models and some external influences 
as wind pressure not yet being investigated, it is hard to predict the actual break out of a window pane. 
Therefore in literature many glass fracture models with different angles of approach are found. A 
simplifying assumption that is made is that at the moment the glass fractures this will lead to an 
immediate collapse of the window due to strength loss and overpressures (either inside or outside). 
The fracturing (and removal) of window panes for this case study comes from the experimental data of 
Loss Prevention Council of the UK and research by Skelly and Pagni. Although the methods for 
collapse differ from oneanother, both models are implemented in order to eliminate uncertainties from 
a single research method as much as possible.   
 
The breaking of the glass in FDS is simulated by the use of two different kind of mechanisms using 
“control logic”. The first method, based on research by the Loss Prevention Council of the UK is based 
on the presence of the zone layering devices. When either of the two zone layering devices reaches 
an upper layer temperature in excess of 600 ℃, both the window panes will be removed from the 
models. Zone layering devices are used over gas phase temperature devices in order to forestall that 
the modeled window is removed when locally a single gust of hot smoke passes the gas phase 
temperature device. This method will ensure that when flashover has occurred in the enclosure the 
windows are removed. 
The second method is based on research by Skelly and Pagni were thermocouples are places in the 
center of the window panes. As the total window consists of a large and a smaller window pane and 
the surface temperature of both windows could differ from each-other independent collapse is 
possible. The window pane belonging to the thermocouple which reaches a preset temperature of 125 ℃ is removed from the model. The temperature of 125 ℃ is used as in the experiments of Skelly the 
protected edges were found to be on average about 33 ℃ (±8 ℃) at the point of fracture. Adding the 
temperature difference between the center and the corners of the glass of 90 ℃ (±18 ℃), this results in 
the implemented fracture temperature of 125 ℃. 
Whichever of the devices (i.e. zone layering or thermocouple) is triggered first will remove one or both 
window panes from the model. 
  
6.2.4 Modeling of double glass FDS  
The window panes of the nursing room consist out of two sheets of 6 mm glass with quiescent air in 
between. In order to account for correct heat transfer through the window pane, without modeling the 
flows in between the two layers of glass, adaptations in the conduction coefficient of the glass are 
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required as we model the window as a single 12 mm thick piece of glass. In order to do so, the thermal 
resistance concept of multilayered construction as given in equation 6.3 [22] is used. 
 

= + +  (eq. 6.3)  
 
Where: 

 total conduction resistance of construction [m²K/W] 
 thickness layer [m] 
 conduction coefficient [W/mK] 

 
 
In order to lose the same amount of heat through a modeled 12 mm single sheet of glass and an 
actual 6 mm double sheet of glass with an air gap of 15 mm in between, the total resistance to 
conduction of the construction ( ) should be the same in both cases. Taking the conduction 
coefficient of glass and air to be respectively 0.78 W/mK and 0.026 W/mK [22], the total resistance to 
conduction of a double layered 6 mm thick glass window with quiescent air of 15 mm according to 
equation 6.3 is: 
 

= 6 ∗ 10
0.78 + 1.5 ∗ 10

0.026 + 6 ∗ 10
0.78 = 0.5923   ² /  

 
 
Solving for the adapted conduction coefficient  for a single sheet of 12 mm thick glass, with the same 
thermal resistance as the double glass construction, we find: 
 

= 0.5923 = 1.2 ∗ 10                   = 2.03 ∗ 10  /  
 
The thermal conductivity of the glass in the FDS-model is adapted to 2.03*10-² W/mK. The other 
thermal properties for glass in the FDS-model are taken from literature [31] and presented in table 6.6. 
 
 
Table 6.6: Thermal properties glass 
 Property 

 
Value  
(at T∞) 

Density 2,500 [kg/m³] 
Specific heat 0.84 [kJ/kgK] 
Conductivity* 0.0203 [W/mK] 
Emissivity 0.93 [-] 

        * property adapted  
 6.3 Pressure   
Pressure differences are the driving forces of smoke spread throughout a building. An enclosure in 
which a fire exists is subjected to an overpressure due to the thermal expansion of gases in the room. 
Next to this natural overpressure phenomenon a manmade overpressure phenomenon is the forced 
ventilation blowing fresh air into a sealed compartment.  
 
FDS assumes the pressure to be composed of a “background” pressure (i.e. user defined hydrostatic 
pressure) which is everywhere in the computational domain, plus a “perturbation” pressure which can 
be adjusted at will. Using this perturbation pressure, the user can define so-called pressure zones in 
which the pressure is different from ambient pressure. A pressure zone can be any region within the 
computational domain that is separated from the rest of the domain, or the exterior, by solid 
obstructions. The pressure zones allow us to create multiple zones in which the pressure differs from 
one another. The different zones can be connected via ductwork of the HVAC-system and leakage 
areas. Due to these kind of connections smoke spread from the fire room to other enclosures as 



59  

nursing rooms and circulation spaces can be modeled. In figure 6.6 a simple model shows smoke 
being transferred by the HVAC-system from one room to another. 
 
 
Figure 6.6: Principe of smokespread through ductwork 

 

              
 
In this paragraph it is explained in what manner two pressure driven phenomena are included in the 
models, which involve: - Leakage areas; - HVAC systems. 
  
6.3.1 Leakage areas   
Where two construction materials come together, leakage seams will be present unless the seam is 
sealed airtight. Examples of leakage areas are cracks within walls or the seam between a window and 
the window frame. As a compartment is pressurized by a fire it is evident that when there is a pressure 
difference across the construction some air (or smoke) leakage will occur from the higher pressure to 
the lower pressure zone, even though the seams are quite small. Since the cracks in walls and seams 
are usually very small and therefore sub-grid phenomena, it is impossible to define a leak directly in a 
numerical mesh in FDS. Although cracks and seams could be simulated between two rooms by 
creating holes of the size of the numerical mesh, this could generate numerical instability due to the 
high flow velocities through the hole [10]. In order to tackle this problem a HVAC-solver is included in 
FDS, which solves this problem and handles the leakage by exploiting the pressure solver.  
 
In FDS there are two methods for modeling the flow through cracks and seams. The first method uses 
pressure zones, which usually encompasses flow through narrow cracks in walls and captures the 
bulk leakage. This method is best used when it is expected that the cracks are so narrow that the 
construction is able to cool the gases flowing through the crack. In other words, there is no heat 
transport between pressure zones by selecting this option. In FDS the volumetric leakage flow for this 
method is defined by equation 6.4. The signum-function of the pressure difference ensures the 
volumetric flowrate is from the higher pressure room to the room with the lower pressure. 
 

=  (∆ ) 2 |∆ | 
(eq. 6.4)  

 
Where: 

 Volumetic flow rate through path [m³/s]  
 Leakage area [m²] ∆  Pressure difference across path [Pa] 

 Ambient density [kg/m³] 
 
 
The second method is used to model local leakages through specific cracks [19], for example when 
doors are curved towards the fire. With this option the flow of hot gases escaping at the top of a door 
can be modeled as well as the entering of cold air at the bottom. This method does not require 
pressure zones as was the case for the first method, but the local pressure is used instead. In contrast 
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to the first method using the zone pressure, the heat transfer across the leak area could be accounted 
for using the second method.  
 
 
Modeling of leakages: 
Since part of our assessment is to analyze the conditions in the circulation space, we need to model 
the heat transfer from nursing room to circulation area in an accurate as possible manner. Although 
small cracks in regular stone wall would cool the flue gases due to a high thermal effusivity (i.e. high 
ability to exchange heat with its surroundings), this assumption is considered invalid for our insulated 
separation walls with wooden and gypsum linings. This since the insulation in the wall, which is the 
major contact area, will have a relative low thermal effusivity (i.e. low ability to exchange heat). 
Research by the TU/e [32] shows that materials with a low thermal effusivity will have low energy 
fluxes through the material when there is a temperature difference between material and flue gases. 
Since the thermal flux through the material is considered small, the flue gases are not cooled much, 
which means heat transfer through small cracks should also be considered. For this reason we will 
model all the leakage using the second method of the local leakages.  
 
Correcting of flow coefficient: 
Although FDS assumes the flow coefficient (Cd) to be unity, which is true for stationary, 
incompressible, isothermal, friction-free flows without heat losses to the surrounding structures, the 
problem at hand is not such a process (i.e. air is compressible, friction and heat losses occur in the 
cracks, the flow is transient and not isothermal). To account for all of these losses the flow coefficient 
has to be adapted. The flow losses are a function of the Reynolds number (Re), which is the ratio of 
kinetic forces to viscous forces and the geometry of the flow path. Low Reynolds numbers (below 
1,000) indicate smooth laminar flow, while high Reynolds numbers (above 2,000 to 4,000) mean the 
flow is turbulent. In the context of flow through gaps around doors and through construction cracks, the 
flow coefficient is generally in the range of 0.6 to 0.7 [17] [33]. Therefore to account for the difference 
in the flow coefficient of 1.0 in FDS and the actual flow coefficient through gaps and cracks, the 
obtained openings through cracks and gaps are reduced by a factor 0.65 before the value is entered 
in FDS. 
 
Leakage areas constructions: 
Since we are interested in the actual fire safety level of new and existing buildings it should be taken 
into consideration that older buildings are not as airtight as newer buildings are. The ASHRAE 
document [17] gives guidance about typical values for construction parts and their leakage areas. The 
leakage area ratios are given per construction part according to their air-tightness, which is divided 
into four subcategories: tight, average, loose, very loose.  
Since the prescriptive building regulations for existing buildings according to the Building Decree 
correspond to a quality level of about the beginning of the 20th century, no energy performance criteria 
are mentioned in the Building Decree about airtightness. Since we are considering a hospital where ill 
people will be present 24-hours a day, it is assumed that not the worst category is applicable but a 
quality level which is referred to in the ASHRAE document [17] as loose. 
For the regulations of newly build buildings a high energy performance is required, which implies the 
building should be airtight in order to minimize the heat losses to the surroundings. Therefore a tight 
airtightness as referenced in the ASHRAE document [17] will be used.  
 
In order to obtain the leakage areas for interior and exterior walls the total surface area of the 
separating constructions need to be known. Using the total area of the wall and the area ratio for the 
given airtightness the effective leakage area can be found. Table 6.7 summarizes the leakage areas.  
 
NOTE Reduction of the total leakage area using a flow coefficient of 0.65 is not applied here, as the 

leakage areas between these construction parts depend on workmanship rather than 
construction materials. Not correcting the leakage areas with the flow coefficient is considered 
an additional safety factor, as conditions in the corridor would worsten due to the larger 
openings. 
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Table 6.7: Leakage areas construction parts 
 Construction part 

 
Area 
construction 
part [m²] 

Area Ratio 
(Tightness) 

Leakage 
area [cm²] 

Exterior wall  
(incl. construction cracks and  
cracks around windows/doors) 

9.99 0.7 * 10-4 
(tight) 

7.0 

Exterior wall  
(incl. construction cracks and  
cracks around windows/doors) 

9.99 0.42 * 10-3 
(loose) 42.0 

Interior wall  
(excl. construction cracks and  
cracks around windows/doors) 

48.88 0.14 * 10-4 
(tight) 6.8 

Interior wall  
(excl. construction cracks and  
cracks around windows/doors) 

48.88 0.35 * 10-3 
(loose) 171.1 

 
 
Since cracks around interior doors are excluded in the data for interior walls, it is necessary to assume 
the tightness of the door and the hinges-and-lock joints. Literature [17] gives guidance for the total flow 
areas through standard 44 mm doors with a single bend of the flow path in the doorframe, a height of 
2.13 m¹ and a width of 1.12 m¹ depending on their hinges and lock joints. Although the doors for newly 
build buildings should be 2.3 m¹ high, the flow area involved will only increase marginally, since the 
smaller hinges and lock joints are affected by increasing the height of the door and not the bigger gap 
underneath the door. For a door width hinges and lock joints of 2 mm and a gap underneath the door 
of 6.35 mm the flow area is about 173 cm². The given flow area has already been corrected by a 
discharge coefficient (Cd) of 0.65. 
 
The found leakage areas for flows through cracks and seams will be implemented in the FDS models. 

 
 6.3.2 Mechanical ventilation 
 
As stated in chapter 2, according to the Building Decree ventilating a building is mandatory. The 
amount of fresh air supplied and the amount of air extracted depends on the building occupancy and 
whether or not an existing or newly built building is being considered. For extracting and supplying air 
to and out of certain rooms an HVAC-system is used. The actual ductwork of the air supply 
interconnects all the enclosures in the ward as shown schematically in figure 2.4. There where fire 
compartmentation is present fire dampers should be installed in the duct. These fire dampers are not 
fully airtight and fire dampers with a melting bob will only close when a certain temperature is reached 
(usually about 70 ℃). Before the critical temperature of the melting bob is reached smoke can pass 
the fire damper unimpeded. Remember that according to prescriptive legislation for existing buildings 
the entire ward is allowed to be one fire compartment and all of the nursing rooms are within one 
protected sub-fire-compartment, meaning no fire dampers have to be installed and smoke and heat 
can spread across the ward unimpeded. 
 
Since fans operate based on pressure difference, for the supply air and extracted air fans different 
regimes are applicable. When a fire within a nursing room starts, the enclosure will gradually fill with 
smoke and overpressure is created within the room due to the expansion of gas as it is heated. The 
overpressure caused by the fire within the room will aid the fan in the extraction system. Although 
marginal, this additional aid by the overpressure to the extraction fan could be considered a positive 
effect as toxic smoke is removed from the enclosure. Note that the extraction system, even with 
additional help by the overpressure, is not powerful enough to extract all of the combustion gases from 
the room. The downside to the extraction system is that about 25% from the supplied air is extracted 
from the circulation space, which creates underpressure in the circulation area. This underpressure 
will draw smoke from the nursing room towards the circulation space, as the separation is not 
completely airtight (see paragraph 6.3.1). In contrast to the extraction system, for the supply air 
system another regime is applicable since the pressure difference  generated by the fan and the 
overpressure generated by the fire in the nursing room are in the opposite direction. The performance 
of the fan will decrease as the overpressure within the room increases. The fan will keep supplying air 
towards the room until a certain stall pressure is reached. When the stall pressure is exceeded the fan 
is not able to overcome the pressure difference and beyond this point smoke is forced backwards into 
the ductwork, which will result into (rapid) smoke spread across the ward.  
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As this flowing back of smoke into the supply duct and the increase of the capacity of the extraction 
duct is not an instant phenomenon but a gradual process, a so-called fan curve should be 
implemented within the FDS-model. In concreto this means a relation between the maximum required 
flow ( ) by the Building Decree of 13.76 dm³/s and 48 dm³/s for respectively existing and new 
building and the stall pressure (∆ ) should be implemented into the model. Due to the absence of 
the actual fan curves, we will simulate this process using the quadratic fan curve in FDS which is given 
by equation 6.5. 
 

=  ∗ (∆ − ∆ ) ∗ |∆ − ∆ |
∆  

(eq. 6.5) 

Where: 
 Volume flow [m³/s] 
 Volume flow in absence of a pressure difference [m³/s] ∆  Pressure difference between two pressure zones [Pa] ∆   Stall pressure (difference) of the fan [Pa] 

 
Equation 6.5 gives a quadratic relation between the pressure difference and the volume flow. 
Checking the formula more closely it becomes clear that at zero pressure difference the actual volume 
flow ( ) is equal to the imposed flow ( ) which is 13.76 dm³/s for existing buildings and 48 dm³/s 
for new buildings. When the pressure difference between the two pressure zones (∆ ) becomes equal 
to the stall pressure of the fan (∆ ), the volume flow becomes zero. Increasing the pressure 
difference even more will generate negative values for the volume flow (due to the signum-function) 
and the flow is reversed. Expert judgment of the construction department of MUMC+ gives us a stall 
pressure for the fan of 500 Pascal. Using this stall pressure the volume flow for existing and new 
buildings is given in figure 6.7. 
 
Figure 6.7: Fan curves existing and new buildings 
 

 
 
When a fluid (i.e. smoke or air) is flowing through the ductwork flow losses will occur mainly due to 
friction. These flow losses could be local in the form of bends, tees, fire dampers etc. or the flow 
losses could be due to friction losses over the surface of the ductwork. Losses in tees or bend can be 
modeled using the HVAC-solver in FDS. However, according to the FDS User Manual [34], FDS will 
combine the losses in nodes with the losses in the ducts. This means that any losses that are 
physically associated with a node (i.e. tee or bend) must be expressed numerically as equivalent 

Stall pressure at 500 Pa 
gives volume flow of 0 dm³/s 

ΔP = 0 gives volume flow of 
13.76 dm³/s and 48 dm³/s 
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losses in the ducts attached to that particular node. The total flow loss in the duct (K) is calculated as 
the sum of fitting losses in the duct (e.g. elbows, expansion/reduction, orifice plates) plus losses due to 
wall friction. Wall friction losses are modeled as follows: 

=   (eq. 6.6)  
Where: 

  Duct diameter [m¹] 
 Duct length [m¹] 
 Approximation of Colebrook equation 

 
 
The Colebrook equation is a function of the ducts diameter, the wall roughness of the ducts and the 
flow pattern in the duct (i.e. Reynolds number). Since the Colebrook equation doesn’t have an 
analytical solution, the function of  is approximated in FDS according to equation 6.7: 
 

1 =  −2  /
3.7 − 4.518  6.9 + /

3.7
.

 
(eq. 6.7)  

 
Where: 

  Duct diameter [m¹] 
 Wall roughness [m¹] 

 Reynolds number [-] 
 
 
In order to solve the wall friction losses adequately, we need to know the diameter and length of the 
ducts as well as the wall roughness of the material used for the ducts. The most common material 
used for HVAC ducts is galvanized steel. Typical values found in literature [5] [17] for the wall 
roughness of galvanized steel are 0.15 mm (i.e.  = 0.00015 m¹). According to the construction 
department of MUMC+ the diameter of the ducts are 0.3 m¹. 
 
We will account for the local(/minor) losses using the equivalent pipe length method. In early design 
stages increasing the in pipe length by 15% is common practice. Later on, when the final design of the 
HVAC system is completed, the actual losses are implemented. Since we are not designing a HVAC 
system we will use the 15% extension method to account for friction losses in bends, tees, valves, etc.  
This method is also beneficial in reducing the computational costs of the HVAC solver as the number 
of nodes are reduced. Each node and duct results into an additional calculations per time step as 
pointed out in figure 6.8.  
 
 
Figure 6.8: Reducing computational costs HVAC-solver 
 

  
 

 

 
11 calculations: 
(5 ducts and 6 nodes) 

 
 
 
3 calculations: 
(1 duct and 2 nodes)  
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During the mesh sensitivity study in appendix D it was found that the maximum pressure within the 
enclosure is about 300-350 Pa, which is not enough to force smoke back into the ducts. Therefore 
computational costs can be reduced by not interconnecting all the HVAC-nodes, but by modeling the 
inlet and extraction vents as standalone systems. In concreto this means each inlet and extraction 
vent is modeled as a single duct with a fan, two nodes and on one end a connection to the outside of 
the computational domain and the other as a vent-surface in the computational domain. In appendix G 
a cold check of the inlet and extraction capacity is held, in order to see whether or not the modeled 
HVAC-system can deliver the required capacity. 
 
 6.4 Pyrolysis model for linings 
 
In FDS there are two models concerning the actual burning which should not be confused with one 
another. The first is the combustion model which refers to the gas phase combustion (i.e. reaction fuel 
vapor and oxygen). The second is the pyrolysis model which refers to the generation of fuel vapor at 
the solid surface.  
 
In this chapter we are considering the pyrolysis model, which is related to the flame spread across the 
combustible wall linings. The modeling of flame spread, and with it the release of heat, across linings 
is difficult to simulate due to the many influencing factors (e.g. orientation, ignition temperature) which 
determining the rate of heating and ignition. Flame spread can best be described in words as [27]: 
 

  [ ℎ    ]
[     ℎ       

 
 In order to model the pyrolysis of the combustible wall linings, one of the models mentioned in the FDS 
manual should be used. In its most simplistic manner a fixed HRR-to-time curve could be imposed on 
an object. In its most realistic manner the thermophysical properties of the different materials should 
be known using thermal-gravimetric analysis (TGA). This data can be used to simulate the several 
reactions a material undergoes when it decomposes, using Arrhenius-type reaction expressions for 
the different reactions. The latter being a more time-consuming and costly process.  
 
For this research we will use a pyrolysis model in which the burning is controlled by an imposed 
HRRPUA, but the heating up and ignition of the lining is modeled by FDS. In order for FDS to model 
the spread of flame over the linings the HRRPUA, heat of vaporization, and ignition temperature of the 
material need to be known. Since wood is used to substitute for a Euroclass D material, cone-
calorimeter data which gives us the HRRPUA at different heat fluxes is easily obtained (see figure 
5.3). The results of the cone calorimeter should be used as a benchmark as the output does not 
include geometry factors. As a first estimate we will use the cone calorimeter data of wood at an 
irradiance of 50 kW/m². The HRR-time relation shown in figure 6.9 is implemented in the model 
(simplification of figure 5.3).  
 
 Figure 6.9: Modeled HRR wood 
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In order to check if the taken HRRPUA of the cone calorimeter test is a good first estimate, the 
incident heat flux on the combustible wall linings will be checked. This is done in FDS by outputting the 
heat flux at the boundaries. There are many different quantities that could be outputted when the 
radiation is concerned. As the HRRPUA was obtained during an experiment with an external heat flux 
of 50 kW/m², it is best to output the incident heat flux as it accounts for the actual incoming heat flux by 
radiation and convection. Equations 6.8 and 6.9 from the FDS User Guide show how the incident heat 
flux is calculated in FDS and why outputting the radiative heat flux would lead to wrong readings, as 
when the material is heated ;"  will increase, resulting in lower readings. 
  

" = ;" + "  (eq. 6.8)  
 

" = ;" − ;"  (eq. 6.9)  
Where: 

"  incident heat flux [kW/m²] 
"  radiative heat flux [kW/m²] 

;"  incoming radiative heat flux [kW/m²] 
;"  outgoing radiative heat flux [kW/m²] (radiation from wall to environment) 

"  convective heat flux [kW/m²] 
 
 
In order to check if our 50 kW/m² assumption is correct, a FDS-model containing wooden linings, is 
run (cell size = 0.05³ m¹) for 300 seconds. In figure 6.10 the results for the incident heat flux are 
plotted and the 50 kW/m² contour after about 300 seconds is given in black. Only locally near the fire 
and on the (incombustible) gypsum ceiling higher values of irradiance were observed. As according to 
figure 6.10, the incident heat flux on the wall linings does only very locally exceed 50 kW/m², 
implementing the cone calorimeter data for wood with an external heat flux of 50 kW/m² is acceptable.  
 
Figure 6.10: Incident heat flux wooden linings after about 300 seconds 
 

      
 
Besides having correct input values for the HRRPUA, other influencing factors for the pyrolysis model 
should be checked. These include the heat of evaporation and ignition temperature of the wood, as 
these two parameters will determine if the combustion of the wood starts at the correct moment. The 
heat of evaporation for wood varies according to literature [5] [35] [36] between 1,800 and 6,500 
kJ/kgK. While the ignition temperature of wood depends upon many factors like burning perpendicular 
or parallel to the grain, type of wood, thickness, presence of a pilot flame, etc. Research by 
Babrauskas [37] gives many different ignition temperatures of wood in relation to their test method. As 
we want to mimic the HRRPUA of the cone calorimeter test, a sensitivity study is performed in 
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appendix F, where we will check the best possible combination of heat of evaporation and ignition 
temperature. According to the results of the sensitivity study of appendix F an ignition temperature of 
390 ℃ and a heat of evaporation of 1,800 kJ/kgK are most appropriate.  
 
NOTE The finer the mesh is, the better the heating up and ignition of the lining is modeled. This due 

to the spatial discretization of the implemented LES-model. 
 
The fire spread model is only applicable to the simulations containing the wooden linings, as gypsum 
is modeled as an incombustible lining. In order to save computational time, the modeling of the flame 
spread across the wooden linings is carried out in two distinct steps. During the first step only the 
nursing room is modeled and the ignition of the wood will be simulated during 300 seconds by FDS 
using the parameters found above. This model will be used to assess the conditions within the nursing 
room and the impact these have on subjects within the room. During the second step the entire ward 
is modeled during 960 seconds using only incombustible linings. The HRR of the inventory and linings 
are both imposed on the burners. In this manner the burners include the HRR of the inventory as well 
as the HRR of the wooden linings. This as during the second step we are only interested in the smoke 
spread and heat far from the ignition source.  
 
 6.5 Gas phase combustion and species generation  
Since we are interested in the effects of fire and flue gases on humans, we need to account for the 
generation of species. In this paragraph we will created a compiled molecule for the combustion of the 
combustibles within the enclosure, solve for the Global Equivalence Ratio (abbr. GER) and finally data 
for species generation in ventilation controlled conditions. 
 
 6.5.1 Solving compiled molecule for gas phase combustion   
Although there are many types of combustibles present within the nursing room, the simple chemistry 
combustion model in FDS allows only one gaseous fuel for combustion [19]. As we want to account for 
the combustion of different fuels, we need to compile a chemical formula which encompasses all the 
fuels present within the enclosure. Since the vast majority of the fuel consist of wood and plastics, it is 
assumed that by volume 50% of the fuel consists out of wood and the other 50% consists out of 
polymers, wool and plastics. As the volume percent of wool and cotton is very small (i.e. only 
coverings) and most common fuels within the enclosure are synthetic polymers with a hydrocarbon 
backbone, polyurethane foam is taken as a substitute for the polymers, wool and plastics. Table 6.8 
gives the chemical formulas and molecular weights of the fuels used for obtaining the compiled 
molecule. 
 
 
Table 6.8: Combustibles used for compiled molecule 
 Combustible Chemical 

formula 
Molecular 
weight 
[gr/mol] 

Reference 

Wood 
cellulose 

 162 [38] 
Polyurethane foam 
GM-25 , , ,  61.68 [38] 

 
 
In order to enter a single gas phase combustible fuel in FDS which consists of 50% wood and 50% 
polyurethane foam the average density of the wood and polyurethane foam should be known. Due to 
the high variety in density of both materials an average value of 450 kg/m³ is taken for the density of 
wood and 30 kg/m³ for the density of polyurethane foam. Solving for the molar percent, we obtain a 
molecular percent of 15% for polyurethane and 85% for wood. Using the molar percent we obtain the 
following chemical formula for our compiled molecule, which encompasses all the fuels within the 
enclosure in a single molecule: 

. . . .  
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Besides having a single compiled molecule, we need to solve for the heat of combustion. Due to the 
many different fuels with each their own heat of combustion, the heat of combustion per gram of 
oxygen is used. Experiments [23] show that most fuels produce about 13.1 kJ of energy per gram of 
oxygen used for combustion. The deviations for common fuels are known to be in the order of about 
5% [23]. Taking into account that some fuels will produce slightly more and some slightly less energy 
per gram of oxygen used, the 5% margin of error is acceptable. Therefore we will not enter a fixed 
value for the heat of combustion in the FDS models, but the more generalized heat of combustion per 
gram of oxygen used of 13.1 kJ/g is implemented. 
 
 6.5.2 Solving Global Equivalence Ratio 
 
Now we have a compiled molecule for gas phase combustion, we need to consider in what degree 
species are being generated as reaction products from this compiled molecule. In order to do so we 
need to solve for the global equivalence ratio, which tells us in what degree the fire is overventilated or 
underventilated. As we are using a simple combustion model in FDS, only the reaction products 
carbonmonoxide, carbondioxide and watervapor are accounted for. 
 
When the fire becomes underventilated, combustion becomes incomplete and the yields of carbon 
monoxide and soot will increase. This is a common phenomenon for fairly closed compartment fires 
[33]. The example below is used to demonstrate in an easy manner how a lack of oxygen increases 
the yields of CO and soot.  
 
 E X A M P L E : 

Complete combustion of methane: 
 

CH ( ) +  4
2 O ( )   CO ( ) + 2H O( ) 

 
Incomplete combustion of methane with CO production: 

 

( ) +  32 ( )   O( ) + 2 O( ) 
 

Incomplete combustion of methane with soot production (very low oxygen concentration): 
 

CH ( ) + 2
2 O ( )   C( ) + 2H O( ) 

 
 
Since most of the experimental data is gathered from well-ventilated conditions as in cone or furniture 
calorimeter tests, we need to adapt the results found in literature to make them suitable for an under-
ventilated compartment fire. This is what is taken into account using the fuel-air equivalence ratio (φ). 
The fuel-air equivalence ratio gives us information about how much fuel (i.e.  in the example 
above) for combustion is present compared to the air (or  in the example above) available for 
combustion. Values for φ higher than unity imply a fuel rich mixture (i.e. ventilation controlled fire), 
which is an indicator for a higher production of CO and soot. On the other hand values for φ smaller 
than unity imply a fuel lean mixture (i.e. fuel controlled fire), in which the production of CO and soot is 
not enhanced compared to data found in literature for well-ventilated conditions.  
 
Now we know what the equivalence ratio is used for, we need to solve for the equivalence ratio. 
Distinction is made between models containing wooden wall linings in combination with a gypsum 
ceiling and models containing only gypsum linings. Although the generation of species is hard to 
predict, the generation of species could be predicted using the equivalence ratio given by equation 
6.10 [5]: 
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φ = ∗ 1
;

 =  ∗ 1
3030 (eq. 6.10)  

Where: φ Equivalence ratio [-] 
 Ideal HRR  [kW] 

 Air flow rate [kg/s]  
  HRR per mass of oxygen consumed (≈ 13,100) [kJ/kg] 

;  Mass fraction of oxygen in air (≈0.23) [-] 
 
 
In equation 6.10 some simplifying assumptions are made for the mass fraction of oxygen in air being 
0.23 and a heat release rate per mass of oxygen consumed of 13,100 kJ/kg. As indicated in 
paragraph 6.5.1, the latter assumption is acceptable as the fuels within the enclosure are a complex 
mix of different materials. The only two unknowns in equation 6.10 for solving the equivalence ratio are 

 and  . Both  and   are determined by two different FDS-simulations.  
 
The first FDS-simulation is for acquiring a HRR-time-curve for ideal combustion ( ). Free burning 
conditions for the room inventory as well as the wooden wall linings will be simulated. As FDS 
calculates the heating and ignition of the wooden wall linings (i.e. the moment in time the lining 
contributes to the HRR of the inventory), the model needs to include the wooden linings, but enough 
oxygen for combustion should be supplied towards the fire. In order to keep the mesh as small as 
possible to save computational time, supply enough air for combustion and also account for as much 
of the combustible linings as possible, the upper model of figure 6.11 is used. In this model the bottom 
0.6 m¹ is opened in order entrain enough air for combustion. The value for 0.6 m¹ was not chosen 
arbitrarily, but it was observed during a test-simulation (see figure 6.10) that for the majority of the wall 
linings the bottom 0.6 m¹ does not reach the ignition temperature during the initial stages of the fire. 
The second (separate) FDS-simulation solves for . During the second simulation the actual 
enclosure is simulated without the bottom 0.6 m¹ being open as shown in the bottom of figure 6.11. 
The mass flow of air through the window and door opening is measured by flow devices positioned 
within the openings.  
 
 
Figure 6.11: Geometry for determining  and       

  

  
 

Bottom 0.6 m¹ open to 
entrain much air but still account foor wooden linings. 

Negative and positive flow 
devices in window and door. 
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NOTE  The compiled molecule for all the fuels present within the nursing room (i.e. 
. . . . ) will be used as reactant for gas phase combustion during both the 

simulations for  and  . The heat of combustion per gram of oxygen (i.e. 13.1 kJ/g) 
is used as well in both simulations.  

 
The sensitivity study of appendix D indicates that a mesh with 0.1³ m¹ cells if fine enough to capture 
the HRR accurate enough with respect to the computational time. Both the models containing a 
wooden interior (excl. ceiling) and a complete incombustible gypsum interior were run with the bottom 
0.6 m¹ of the walls being open as described above. This should entrain enough air to make a complete 
combustion possible. As  should be obtained, in the &REAC-line the option IDEAL=.TRUE. was 
used. Selecting this option tells FDS not to account for yields of carbonmonoxide, soot and hydrogen, 
which simulates well ventilated combustion. Finally it was checked whether or not all the combustion 
took place within the computational domain or if energy was lost across the model boundary. The 
latter seemed to be true and new models with an extended mesh. Simulations of this second run 
indicated that all the combustion took place within the computational domain. 
  
Figure 6.12: Check combustion outside computational domain 
  
 
 

  
 
After having obtained the ideal heat release rate for both enclosures containing wooden (excl. ceiling) 
and gypsum linings, the model for  was run. Positive and negative flow measuring devices were 
positioned in the window and door opening. The measured quantity is the mass flow in kg/s in the 
desired direction, setting in the &DEVC-line QUANTITY='MASS FLOW +' and QUANTITY='MASS 
FLOW -'. Since we are interested in the flow of air towards the fire, for the windows the flow in the 
negative direction is measured, while for the door on the other side of the room the positive flow 
direction was measured.  
 
After having obtained the data for  and  , it is now possible to calculate the equivalence ratio. 
In order to do so, we will consider two different ventilation conditions (i.e. different  ) for both the 
models containing wooden and gypsum linings. The first ventilation condition is the door to the 
circulation area being closed, leaving the window opening as the only ventilation opening for supply 
air. In this case  is considered to consist of the entrained mass flow through the window opening. 
The second ventilation condition is the door to the circulation area being open and the mass flow of air 
thought the door and a broken window are summed. Following this procedure leaves us with the 
graphs shown in figure 6.13.  
 
NOTE In order to smoothen the outputted erratic pattern a five period average is displayed in 

figure 6.13. 
 
 
 
 
 
 

By extending the computational domain, no combustion is taking place outside of the computational domain as 
pointed out using HRRPUV in Smokeview. 
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Figure 6.13: Five period average equivalence ratio mesh 0.1³ m¹ 
 

   
As the effects of narcotics will be expressed in FED-values, which are based on the concentration of 
narcotics in the enclosure, distinction should be made between eight different equivalence ratios in 
order to approach reality. The first two influential factors are already given in figure 6.13 which are, the 
presence of a wooden or gypsum wall lining and secondly the door to the circulation area being open 
or not. A third factor is when and where the FED-values are measured (i.e. during initial stages in the 
nursing room or after 300 seconds in the circulation area). As the research design is divided into two 
stages, the equivalence ratio can also differ during these two stages for more accurate results. The 
first stage is a model of the nursing room with a fine mesh (i.e. 0.1³ m¹) for 300 seconds. The division 
in models at t=300 seconds is not taken arbitrarily but comes from the guide of the Ministry of the 
Interior [2] where it is given the fire-room has to be completely evacuated within 5 minutes after 
ignition. For this model we will therefore use a 300 seconds average of the equivalence ratio for 
assessing conditions within the fire-room during its evacuation. 
The second stage is a simulation of the nursing room with the circulation area during 960 seconds 
using a hybrid mesh (i.e. fine 0.1 ³ m¹ and coarser 0.2³ m¹). With this model we will observe the smoke 
spread across the ward. When conditions in the circulation area are to be assessed (i.e. after t=300 
sec) we will use the average equivalence ratio after 300 seconds till the fire starts decaying, which is 
between about 300 to 720 seconds. Figure 6.14 shows the averaging periods of time for the “room-
model” and “ward-model”. 
 
 Figure 6.14: Distinction equivalence ratio per model 
 

  

Equivalence ratio 
smoke spread ward Equivalence ratio 

nursing room 

Room model Ward model 
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According to the process described above the eight different equivalence ratios are given in table 6.9. 
It is found that the ventilation openings are large enough to ensure fuel controlled conditions during 
most of the time. Only when combustible wooden wall linings are present and the window is the only 
ventilation opening present, the equivalence ratio becomes larger than unity, which implies ventilation 
controlled conditions. 
 
 
Table 6.9: Equivalence ratio for different situations 
 Regime 

(#) 
Lining Ventilation 

condition 
Time 
averaging 

Equivalence 
ratio 

1 Gypsum Window 0-300 0.38 
2 Gypsum Window 300-720 0.93 
3 Gypsum Window+Door 0-300 0.15 
4 Gypsum Window+Door 300-720 0.35 
5 Wood Window 0-300 0.43 
6 Wood Window 300-720 1.45 
7 Wood Window+Door 0-300 0.17 
8 Wood Window+Door 300-720 0.54  

 6.5.3 Ventilation controlled reaction  
As we saw in the previous paragraph, ventilation controlled conditions apply to our case study when a 
wooden wall lining is used and the door to the corridor is closed. Given the fact that most data for 
combustion yields in literature are given for well ventilated conditions, we have to adapt the values 
found in literature to the ventilation controlled situation.  
Tewarson [18] established an empirical correlation by evaluating data obtained from the ASTM E2058 
fire propagation apparatus (abbr. FPA). The FPA is a small-scale calorimeter for quantifying ignition, 
heat release and fire propagation of materials. The generation of species can be quantified by 
additional analytical equipment. As with all small scale tests one should consider the limitations 
compared to full scale tests. Although small scale testing was done by Tewarson, in his research it is 
claimed that the obtained correlations are applicable for buoyant turbulent diffusion flames of 
polymers. These type of flames apply to our case study and are therefore the correlations given in 
equations 6.11 and 6.12 are applicable. 
 ( )

( ) = 1 + α
exp (2.5Φ ) (eq. 6.11)  

 ( )
( ) = 1 + α

exp (2.5Φ ) (eq. 6.12)  
 
Where: ( )  Ventilation controlled yield of carbonmonoxide [kg/kg] ( )  Well ventilated yield of carbonmonoxide [kg/kg] ( )  Ventilation controlled yield of smoke [kg/kg] ( )  Well ventilated yield of smoke [kg/kg] Φ Global equivalence ratio [-] α empirical coefficient [-] 
 empirical coefficient [-] 

 
 
As the empirical coefficients for the compiled molecule (i.e. . . . . ) are not given in 
literature, we need to assume the empirical coefficients. Therefore the material which resembles the 
compiled material closest should be taken. Due to the C-H-O-N aliphatic structure, nylon is the 
material which closest resembles our compiled molecule. The coefficients α and  of nylon are 
respectively 36 and 3 when carbonmonoxide is considered. When the soot production is considered 
the coefficients α and   are respectively 1.7 and 0.8. The last unknowns in order to solve for the 
ventilation controlled yields of carbon monoxide and soot are the well ventilated yields of carbon 
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monoxide and soot. According to literature [5] the well ventilated yields for wood and polyurethane 
GM23 are given in table 6.10. 
 
NOTE:  For regimes 1-5, 7 and 8 of table 6.9 well ventilated conditions apply and values given in table 

6.10 are directly applicable. 
 
 
Table 6.10: CO and soot-yields well ventilated conditions 
 

Well  
ventilated  
conditions 
 

Carbon 
monoxide  
yield 
[g/g] 

Soot yield 
 
 
[g/g] 

Wood 
 

0.004 
(0.0210 mol/mol)* 

0.015 
(0.2056 mol/mol)* 

Polyurethane 
 (GM23) 

0.031 
(0.1627 mol/mol)* 

0.227 
(2.7798 mol/mol)*          *calculated  

 
In order to obtain a single value for the well ventilated CO- and soot-yield, the well ventilated 
gram/gram yields need to be converted into mol/mol yields. The molar yields are given in table 6.10 
and are calculated using the following molar weights:  
 = 28.0 [ / ] = 12.0 [ / ] = 146.95 [ / ] 
 
Since we calculated in paragraph 6.5.1 the molar percent of wood in the compiled fuel molecule is 
85% and the molar percent of PUR in the compiled fuel molecule is 15%, we are able to solve for a 
single value for CO and soot yield:  
 

= 0.85 ∗ 0.0210 + 0.15 ∗ 0.1627 = 0.04225  
and 

= 0.85 ∗ 0.2056 + 0.15 ∗ 2.7798 = 0.59173  
 
Solving for a mass based yield, we find = . ∗

. = 0.008  and = . ∗
. = 0.0483 . 

 
Having obtained all the parameters the ventilation controlled yields can be solved using equations 
6.11 and 6.12. 
 ( )

0.008 = 1 + 36
exp (2.5 ∗ 1.45 )       →      ( ) = 0.135 [ / ]   

 
and 

 ( )
0.0483 = 1 + 1.7

exp (2.5 ∗ 1.45 . )       →      ( ) = 0.0611[ / ]  
 
In the underventilated regime 6 of table 6.9 per gram of fuel which is combusted 0.135 gram of CO 
and 0.0611 gram of soot are formed. Now we have the well ventilated as well as ventilation controlled 
soot and CO-yields we can enter them in the simple combustion model in FDS. Table 6.11 
summarizes the input parameters for our compiled molecule. 
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Table 6.11: FDS input CO and soot yields 
 

Ventilation conditions 
 

Carbon 
monoxide 
yield 
[g/g] 

Soot yield 
 
 
[g/g] 

Well ventilated  
(regimes 1-5,7,8 table 6.9) 

0.008 
 

0.0483 
 

Under ventilated  
(regime 6 table 6.9) 

0.135 
 

0.0611 
  

 6.6 Real life evacuation experiments 
 
Due to the lack of data in literature a real life evacuation experiment was organized in order to obtain 
among others data about the walking speed of nurses pushing hospital beds. Handling time in turning 
a bed from a room into a corridor as well as the time required for a nurse to move a patient in a 
hospital bed from a room are also investigated. In this paragraph we determine the time spent by 
personnel and patients in the hazardous environment. The findings will be used in the FED-
calculations as explained in paragraph 6.7. Further information about the setup of the experiment, the 
raw data of the evacuation experiments and the distribution curves are given in appendix E. 
 
Reliability of the system: 
As explained in appendix E, in order to account for a worst-case scenario we are interested in the 
results for subjects who are coupled to medical devices as evacuating them will require more time 
than persons who are not attached to medical equipment. Experimental data in appendix E from tests 
without coupling to medical devices are therefore neglected in the cumulative distribution functions. 
What should be determined is the reliability of the system, or in other words, how often we want the 
system not to fail. As we are considering an academic hospital with a high safety standard, a system 
reliability of 85% is pursued.   
 
Figure 6.15 show the obtained cumulative distribution function where the blue lines represent the 
discrete empirical data and the yellow line represents the GEV-distribution. Solving for F(x)= 0.85 we 
find it takes about 75 seconds to evacuate one person from a nursing room (see red dashed lines 
figure 6.15). 
 
 
Figure 6.15: Cumulative distribution function evacuation room 
 

  
 
Figure 6.16 show the obtained cumulative distribution function for the time required to turn a bed 
around a doorpost. Again the blue lines represent the discrete empirical data and the yellow line 
represents the distribution. Solving for F(x)= 0.85 we find it takes about 10 seconds (see red dashed 
lines figure 6.16) to push a bed through a door opening and turn it 90 degrees into the circulation area. 
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The time spent for uncoupling a patient from medical equipment and evacuating this person from the 
room (i.e. 75 seconds) added with the time required to turn the bed around into the corridor (i.e. 10 
seconds) is the total amount of time the door between the nursing room and circulation area will be 
opened during egress. Therefore in the FDS-simulations we will open the door for a total time of 85 
seconds. 
 
 
Figure 6.16: Cumulative distribution function turning bed  
 

  
 
The nursing rooms are systematically spread alongside the circulation area, which means the distance 
to the safe exit is variable. For this reason during the experiments not the time spent in the corridor is 
measured but the walking speed of a nurse pushing a hospital bed. When the walking speed is known 
and the distance from a nursing room to a certain point in space, the time required to travel the 
distance can be determined. This is convenient as we divided the circulation space in sections where 
point measurements for toxic gases and heat are averaged (see paragraph 6.7). The time spent in a 
certain zone can be determined more accurate in this manner. 
 
Since we are interested in the 85th-percentile of the walking speed at which the system does not fail, 
we need to assess the complementary cumulative distribution function (= reliability function) instead of 
the cumulative distribution function. Figure 6.17 shows the obtained discrete test data in blue and the 
Log-Logistic distribution in yellow. The 85th-percentile is found to be about 1.38 m/s (see red dashed 
lines figure 6.17). 
 
 
Figure 6.17: Reliability function walking speed 
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Taking the distance from the nurse station to the fire-room of about 20 meters and a walking speed of 
1.38 m/s (without bed) the distance can be travelled in roughly 15 seconds. As according to the guide 
of the Ministry of the Interior, detection of the fire should occur within 60 seconds, the nurse can reach 
the fire-room 75 seconds after ignition. This results in the door being opened in the models between 
75 and 160 seconds after ignition. 
 
 6.7 Implementation FED model 
 6.7.1 FED output using FDS 
 
In chapter 4 we discussed the effects the flue gases, radiation and elevated temperatures have on the 
human body. In order to investigate the effects of the fire to the human body within a nursing ward 
which is designed according to prescriptive legislation, the -model needs to be 
implemented in our FDS-models. According to the FDS User Guide [10] FED-values can be generated 
as output data.  
 Since FDS uses a temporally integrated output for FED-values, the values cannot be integrated 
spatially, meaning we can only output FED-data as point measurements using gas phase devices. As 
we do not want to be dependent of a single gas phase device per room, which is too sensitive to 
random deviations in the airflow, we will use multiple point measurements which will be averaged. 
Besides averaging multiple devices, measurements are taken at three distinct heights, which gives us 
three different -values for a certain FED-zone. The latter is done as subjects could be 
within three different situations. These are: - A person pushing a bed or escaping in upright position; - A person escaping in crawling position; - A person lying in bed.  
 Having determined that the FED-measurements will be taken at three different heights, we need to 
determine what these heights should be. Data for the height of the measuring devices for nurses in 
upright position are taken from the anthropometric database of TUDelft (DINED) [39]. For determining 
the height of a measuring devices in upright position the average nose height is used best. Since in 
the database no data is available for nose height, the average eye height of Dutch adults (i.e. males 
and females combined) in the age of 20-60 years (i.e. working class) is used. In figure 6.18, the used 
height is indicated by measurement 3. For measurements taken in 2004 the average eye height of the 
given population was 1,634 mm (st.dev. 102 mm). Since it is assumed that higher to the ceiling the 

-values will increase, we want to position the -devices at the average nose 
height added by one standard deviation. Aligning the measuring devices for FED with the 
computational mesh, the gas phase -devices are positioned at a height of 1,700 mm above 
floor level, for upright persons. 
  
Figure 6.18: Data DINED for determination of height FED measurements  
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Data for the nose height during crawling is scarce, but it is related to the reach or arm length (i.e. 
finger knuckle to back of shoulder or measurement 20 in figure 6.18) of a person. Using the same 
population as for upright persons according to the anthropometric database [39] the arm length is on 
average 720 mm (st.dev. 55 mm). Aligning the measuring devices for FED with the computational 
mesh, for crawling persons these are positioned at a height of 800 mm above floor level. 
 
Finally, the height of a nose of a patient lying in bed is determined. Since hospital beds are adaptable 
in height, the nose height of the patient is assumed to be about 1.0 m¹ above floor level. The 
measuring devices for the fractional effective dose of patients lying in bed are therefore positioned at a 
height of 1,000 mm above floor level. 
 
 
Table 6.12: Height of  measuring devices in FDS 
 Situation person 

 
Measuring point 
FED above floor 
[mm] 

Nurse standing 
(eye height) 

1,700 

Nurse crawling  
(arm length) 

800 
Patient in bed 
(height pillow) 

1,000 
 
 
Besides the height of the  devices, the amount of data points for averaging the 
measurements should be considered. In figure 6.19 the division of the geometry for new buildings in 
so-called “averaging-zones” is indicated by different colors. The -devices are indicated by 
yellow/black circles and belong to the “averaging-zone” these are positioned in. In appendix A a more 
detailed floorplan with the division in zones and the exact location of the devices is given. As can be 
seen in figure 6.19, for the nursing room we will use four data points per height (i.e. total of twelve 
devices) spaced 2.0 m¹ from each other for averaging the results. In the circulation area the devices 
are spaced 1.4 m¹ to 3.4 m¹ from one another, depending on the distance from the nursing room. The 
FED-data is assessed per averaging-zone and per situation (i.e. standing, crawling, laying).  
 
 
Figure 6.19: Measuring devices FED and zoning 
     FED device at three heights  
       Zones for averaging devices 
 

   
 
NOTE:  It should be kept in mind that changing the position of the fire room, height and/or grouping 

of the devices will influence the data gathering.  
 
 

0.9 m¹ 

1.2 m¹ 

1.2 m¹ 

Width zone in fire-room = 1.4 m¹ 
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Having fixed the measuring devices, the FDS User Guide [10] is checked in order to see what is 
actually measured by the FED-model in FDS. FDS calculates FED-values as given in equation: 
 

= + + + ∗ +  
 

(eq. 6.13)  
 
As we don’t solve for irritants and HCN as mentioned in chapter 4, equation 6.13 reduces to: 
 = ∗ +  
 
Where: 

 Fraction of an incapacitating dose of all narcotic gases 
 Fraction of an incapacitating dose of carbonmonoxide 
 Fraction of an incapacitating dose of low oxygen hypoxia  
 Multiplication factor for CO2 induced hyperventilation 

 
 
Values for  and  are calculated according to equations 4.4 and 4.8 and therefore need no 
adaptations. For the values of  the expression given in equation 6.14 is used: 
 

=  2.764 ∗ 10 ∗ ( ( )) .   
 

(eq. 6.14)  

Using equation 6.14 implies the subject is performing light work as indicated in table 4.1 (i.e. RMV of 
25 dm³/minute and a carboxyhemoglobin of 30% for incapacitation). This assumption would have been 
acceptable when subjects were able to walk by themselves to an exit. For the patients lying in bed, 
equation 6.14 overestimates the  as patients are in rest. However, for the nurses pushing a bed 
equation 6.14 will underestimate , as during the evacuation experiments held for this research 
(see appendix E), the heartrate of nurses pushing beds was found to rise up to 130 bpm and above, 
which should be considered as heavy work.  
 
As due to the heavy work done by nurses a correction should be made to the -calculations. 
Solving for persons performing heavy work, a RMV of 50 dm³/min and a COHb of 20% as suggested 
by Purser [4] are used. The ratio between heavy work and light work was found to be 3. Therefore, to 
account for the heavy work done by healthy nurses, when  reaches 0.3 (i.e. similar to ill 
patients) also for healthy nurses performing heavy work incapacitation is assumed to occur.   
 6.7.2 FED hand calculations using FDS  
Although FDS is able to output FED-values, it does not account for incapacitation due to heat or for 
incapacitation due to very high concentrations of carbondioxide. In order to see what the effects of 
prescriptive building regulations are on subjects during a fire in an academic hospital as far as heat 
and carbondioxide are considered, some hand calculations need to be performed.  
 
 6.7.2.1 Carbondioxide hand calculation  
As given in paragraph 4.1, equation 4.6 could be used for determining the time to incapacitation due to CO . Since we will not solve for a transient solution in our handcalculations, the expression is adapted 
to a steady concentration of CO  as given by equation 6.15. 
 

FED =  ∆t
exp 6.1623 − 0.5189C  

(eq. 6.15)  
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In order to check if FED  becomes life-threatening to nurses and patients, we need to formulate how 
∆t and C  are determined.  
 
Determining ∆t: 
As according to legislation [2], fire should be detected within 1 minute after ignition. This 60 seconds 
detection time is therefore taken as a starting point, as this is the maximum time allowed by law. 
Adding the time of 15 seconds, which nurses require to travel towards the fire-room, the first time-span ∆t is from 0-75 seconds. Since nurses are assumed to be in their nursing station (i.e. not in fire-room) 
and patients being present in the fire-room, separate calculations should be made for nurses and 
patients. That is, for nurses during the timespan 0-75 seconds FED  remains 0, as the door between 
circulation area and nursing room is closed. 
 
For the second time-span, the time required to remove one patient from the fire-room (or two patients 
at the same time) is essential. According to paragraph 6.6, for a system reliability of 85%, it takes 75 
seconds to evacuate a subject from the fire-room and it takes about 10 seconds to turn a bed in front 
of the nursing room (i.e. door nursing room is open, nurse standing in room). This results in a total 
evacuation time of one patient from a nursing room of 85 seconds. Therefore the second time-span in 
which the concentration of CO  is averaged is from 75-160 seconds.  
 
When the nurses use the evacuation method of removing the patients one-by-one instead of two at 
the same time, a third timespan within the room should be considered. This is the time required for 
evacuating one patient. Therefore the third time-span is from 160-245 seconds. 
 
Finally, the time spent by nurses and patients in the circulation area should be determined. Taking the 
reliability function of the walking speed and solving for 85% system reliability, we find a walking speed 
of 1.38 m/s. When vision drops below 5 m¹ the walking speed is reduced to 0.3 m/s. Depending on the 
conditions within the circulation area, the time given in table 6.13 is spend within the given FED-zone. 
For existing buildings, when the route to the shortest exit is taken, zones 1, 2 and 2a need to be 
assessed and when the long route is taken zones 1, 3, 3a, 4, 5 and 5a need to be assessed. For 
prescriptive regulations concerning new buildings, either zones 1, 2 and 2a or zones 1, 3 and 3a need 
to be assessed. The time-span per averaging-zone as given in table 6.13 is added to the second and 
third time-span in the direction of movement, depending on the chosen evacuation strategy. 
   
 Table 6.13: time spend per averaging-zone 
 Averaging-zone 

FED 
 

Time spend in zone 
using walking speed 
1.38 m/s 
[sec] 

Time spend in zone 
using walking speed 
0.3 m/s 
[sec] 

Zone 1 3.2 15 
Zone 2 5.0 23.3 
Zone 2a 5.0 23.3 
Zone 3 5.0 23.3 
Zone 3a 5.0 22.7 
Zone 4 6.0 28 
Zone 5 11.7 54 
Zone 5a 11.7 54  

 
Determining C : 
For the C calculations, we need steady CO -concentrations over the given time spans ∆t. In order to 
obtain these steady CO -concentrations, for each zone indicated in appendix A and for each time-step 
obtained above, the average of the CO -concentration is taken using volumetric aerosol fraction 
devices added with one standard deviation. The latter to account for time-averaging over long periods 
of time (i.e. 85 seconds) and higher CO -concentrations causing incapacitation faster (i.e. power law in 
equation 6.15).  
 
The averaging is done per zone as indicated in appendix A and separately in the nursing room over a 
height of 0.3 m¹ to 0.8 m¹ for crawling subjects, 0.8 m¹ to 1.4 m1 for bedridden patients and 1.4 m¹ to 
1.9 m¹ for standing subjects (i.e. nose heights ± 2 std.dev.).  
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NOTE When  reaches 0.3 patients are considered incapacitated, leading to death [7]. In 
contrast to , nurses are assumed to be incapacitated leading to death when 

, reaches unity.  
  6.7.2.2 Heat hand calculation  
As with FED , for  we need hand calculations in order to determine whether or not a subject 
is likely to become incapacitated by heat. The values for  are determined using the equation 
6.16 of Purser. 
 

= 1 + 1 ∆  
(eq. 6.16)  

Where: 
=  16 23" .  

 
and 

 
= 4,1 ∗ 10

.  
 
As shown in equation 6.16, irradiance and gas temperature need to be known in order to solve for 

. Since steady state values are required, we need to average the irradiance and temperature 
over time. In contrast to the long periods of time for averaging the CO -measurements, for the heat-
calculations within the nursing room, the time-span in which the irradiance and gas-temperatures are 
averaged are 10 seconds. Only between 70-75 seconds, 155-160 seconds and 240-245 seconds a 
shorter time-span is taken, in order to align with the time required for evacuating a patient from a 
room.  
In accordance with CO -measurements, measurements for temperature are averaged volumetric per 
averaging-zone and per height as indicated in appendix A. In contrast to the zone-averaging for CO  where the height of the nose is the critical body part, the height of the averaging zones for 
temperature and irradiance is fixed to 1.5 m¹ to 2.0 m¹ (i.e. average ± 2 std.dev.) above the floor as the 
head is the most critical body part exposed to heat. The height of the measurement zones for crawling 
people are therefore taken from 600 mm to 900 mm above the floor.  
 
NOTE When  reaches 0.3 patients are considered incapacitated, leading to death [7]. In 

contrast to , nurses are assumed to be incapacitated leading to death when 
 reaches unity.  

 
As indicated in paragraph 4.2.1, according to research by Blockley [5], the tenability limit for 
hyperthermia (i.e. temperature below 120 ℃) is only valid for low flow velocities (i.e. below 0.5 m/s). In 
the nursing room temperatures exceed 120 ℃ and burns become the dominant mode for 
incapacitation. Therefore within the nursing room no additional check needs to be done to the flow 
velocity. As temperatures in the corridor will remain below 120 ℃, an additional check of the flow 
velocity is required. According to figure 6.20 the flow velocities are below 0.5 m/s when the door to the 
nursing room is closed. When the door is opened in the upper 0.6 meters of the corridor the flow 
velocities are in excess of 0.5 m/s. But, from 0.0 to 1.8 meters above the floor, flow velocities are 
found to be below 0.5 m/s or slightly above. Given the results of figure 6.20, the tenability limit for 
hyperthermia according to Blockley is applicable in the corridor models. 
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Figure 6.20: Flow velocities nursing room two distinct moments in time 
 

  
 6.7.3 FEC visibility 
 
In paragraph 4.3 it is given that when  exceeds unity the walking speed is reduced to 0.3 m/s, 
as due to the presence of many plastics, the irritant-concentration becomes too high, causing pain to 
the eyes and throat. A walking speed of 0.3 is comparable to walking in pitch-black [7].  
 
As with species concentrations, the visibility varies in every point in space. In order to be able to 
assess the conditions in both corridor and nursing room, the volumetric mean of the optical density is 
outputted by FDS. Here again we use the averaging zones indicated in appendix A in order to 
determine the visibility per zone and per height. Instead of three heights, only two heights are 
outputted as bed ridden patients do not move by themselves. The first zone-averaging height is for 
people walking upright and the second is for people crawling over the floor. The same data from the 
anthropometric database of the TUDelft [39] is used as for the other FED calculations. As visibility is 
concerned, the eye height is the best parameter to use. The population of males and females between 
20-60 years had an average eye height of 1,634 mm with a standard deviation of 102 mm. For 
determining our optical density we will use the average eye height plus and minus at least two 
standard deviations. The two additional standard deviations account for tall people and people 
bending slightly forward in order to get a better visibility. Therefore the zone-averaging is done over a 
height of 1,400 mm to 1,900 mm for standing people.  
 
The height of the zone averaging for crawling people comes from the reach of the arm, since this 
determines the height of the shoulder above the ground with stretched arms. Therefore, analogue to 
the zone-averaging height for , the zone-averaging height for visibility is over a height of 600 
mm to 900 mm for crawling people.  
 
When  exceeds unity within an averaging-zone and a person is assumed to be within that 
particular zone, the walking speed is reduced to 0.3 m/s instead of the experimentally obtained 1.38 
m/s. The time spent per averaging-zone as indicated in the right column of table 6.13 is then 
applicable. 
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6.8 Numerical instabilities  
During the simulations some numerical instabilities occurred. These were all resolved during the 
process. The most important findings and adaptations are briefly discussed here. 
 
As far as the room-models are concerned, all simulations were found to be numerically stable during 
300 seconds. Therefore the models are run with the default settings in FDS as far as the pressure 
solver is considered. 
 
The corridor-models were found to become numerically instable at the moment of opening the door 
between circulation area and corridor. The numerical instability is induced by the sudden removal of 
the door, which creates havoc in the flow. Ideally the pressure between two zones should be brought 
in equilibrium instantly. But as the opening of a door is a gradual process, it is validated [19] that the 
pressure relaxation time (i.e. time for bringing zones into equilibrium) for the sudden removal of a door 
can be increased, as doors do not magically disappear [19]. In order to reduce the errors in the normal 
component of the velocity, the pressure solver is called upon more than the default 10 times and is 
increased to 100. An additional parameter for the iterative procedures for the coupling of the velocity 
and pressure is also increased. The pressure relaxation was set to 0.5 instead of 1, which indicates 
the error in the normal component of the velocity at a solid boundary is corrected within 2 timesteps 
instead of 1. Given the above, three additional lines were entered within the FDS code for modeling 
the sudden opening of a door. These are: 
 

&PRES PRESSURE_RELAX_TIME=2/ 
&PRES MAX_PRESSURE_ITERATIONS=100/ 
&PRES RELAXATION_FACTOR=0.5/ 

 
For the corridor-models containing wooden wall linings (note that HRR linings is included in burners 
during corridor models) an additional problem was encountered, as the more intense combustion 
caused numerical instabilities. First the initial two burners with dimensions 2.0 m¹ x 1.0 m¹ were 
divided into four burners of 1.0 m¹ x 1.0 m¹. This in order to prevent too much heat-release within a 
small part of the enclosure. This assumption is appropriate for the corridor models, as we are not 
interested in conditions close to the fire in the nursing room, but in the corridor far away from the fire. 
The use of another turbulence model and turning off the baroclinic torgue where finally necessary to 
prevent these instabilities. Instead of the default Deardorff turbulence-model, the Dynamic 
Smagorinsky turbulence-model was used. This, since according to the FDS Validation Guide [40] the 
Smagorinsky-model is numerically more stable. Turning off the baroclinic torgue is justified and 
validated [19] as long as no helium plumes are considered, which is true for our case study. The 
following two lines were therefore added to the FDS-code. 
 

&MISC BAROCLINIC=.FALSE./ 
&MISC TURBULENCE_MODEL='DYNAMIC SMAGORINSKY'/ 

 
As we do not want to create unnecessary differences between the different corridor-models, all 
simulations were run with the adaptations in the &PRES and &MISC-lines. 
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Chapter 7: Results and discussion 
 
In this chapter we will discuss the results from the FDS-models. First the importance of the glass 
fracture model is pointed out, followed by the assessment criteria for patients and nurses under 
different circumstances. As the research was conducted in two distinct stages, the results are 
discussed in two separate paragraphs. In paragraph 7.3.1 the results of the models which only 
encompass the nursing room for 300 seconds are discussed. Paragraph 7.3.2 discusses the results of 
the models in which the entire nursing ward is modeled during 960 seconds.  
  
As only the most important results are being discussed in chapter 7, a more complete overview of the 
results concerning FED, visibility, incident heat flux, gas temperature and species volume fraction are 
included in appendix H.  
 
 7.1 Glass fracture   
Analyzing the results it was found that glass break-out in all the models occurred at about 60 seconds 
after ignition. This early glass fracture is explained by the relative small and well insulated enclosure in 
combination with the ultra-fast burning of the curtains. The combination of these factors results in the 
glass being heated fast and finally the fracturing and break-out the glass.  
 
What should be considered is that when a slower fire is simulated, the glass will probably fracture and 
break-out in a later stage of the fire. This will, among others, influence the outputted FED-readings. 
When the windows do not break-out, the fire would probably become underventilated, creating more 

,  and soot, resulting in higher -readings. On the other hand, as the supply of fresh 
oxygen is prevented, the HRR will decrease resulting in lower gas-phase temperatures and irradiance. 
The -readings would than probably be lower than calculated now. But without further analysis, 
the outcome is difficult to predict. The effect of glass break-out with respect to the volume fraction of 
oxygen is given in figure 7.1. Here the rapid decrease in oxygen concentration, with closed windows 
can be seen. 
 
As we are interested in assessing what is allowed when prescriptive legislation is applied to a building, 
we will solve for the situation with the ultra-fast combustion of the curtains. As only one possible 
solution for the HRR of the inventory is considered for this master’s dissertation, it should be kept in 
mind that choosing other inventory will generate different results.  
 
 
Figure 7.1: volume fraction of oxygen in nursing room 
 

 

Fire becoming 
underventilated, but 
due to glass fracture 
additional oxygen 
supply for combustion. 

Moment in time glass 
fracture and breakout. 

After heat release is increased, 
due to combustion of linings 
and other inventory, even with 
open window fire becomes 
underventilated. 
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7.2 Assessment criteria  
As the output by FDS for  and the output of the hand calculations for ,  and 

 are given as real number, it is necessary to define when a certain bound is exceeded what 
this physically means for the subjects in question. 
 
In chapter 4, it was discussed what mechanisms could lead to incapacitation of a subject. Distinction 
was made between nursing staff and patients, as the latter are considered a more susceptible sub-
population. All the referenced equations for  are given with respect to incapacitation. Therefore 
when the threshold of 1.0 is exceeded, the effect to that person is “incapacitation leading to death”. 
For the susceptible sub-population this effect is assumed to occur at  =0.3 according to ISO 
13571;2007. For the weaker sub-population it is assumed that minor injuries, added to their already 
weak health, will lead to incapacitation and probably death. For both patients and nurses  in-
between 0.0 and 0.3 is considered safe, although minor injuries and pain are possible. For nurses 
severe injuries, probably incapacitation and death when untreated [7], are assumed when the 
Fractional Effective Dose is in-between 0.3 and 1.0. One exception is made for . As given 
in paragraph 6.7.1, due to the manner in which   is calculated by FDS, when  
exceeds 0.3 nurses are assumed to become incapacitated. 
 
Tables 7.1 and 7.2 summarize the effects occurring when certain threshold-values for   are 
exceeded for both nurses and patients. 
 
 
Table 7.1: FED and effects on nurses 
 FED  

[-] 
 

[-] 
 

[-] 
 

 [-] 
0 – 0.3 
 

Safe  
(Minor injuries 

possible) 
Safe  

(Minor injuries 
possible) 

Safe  
(Minor injuries 

possible) 
Safe  

(Pain and minor injuries 
possible) 0.3 – 1.0  

 
Lethal 

(Incapacitation 
resulting in death) 

Dangerous 
(Severe injuries;  

possibly resulting in 
incapacitation/death 

when untreated) 

Dangerous 
(Severe injuries;  

possibly resulting in 
incapacitation/death 

when untreated) 

Dangerous 
(Pain and severe injuries;  

possibly resulting in 
incapacitation/death 

when untreated) >1.0 Lethal 
(Incapacitation 

resulting in death) 
Lethal 

(Incapacitation 
resulting in death) 

Lethal 
(Incapacitation 

resulting in death) 
Lethal 

(Incapacitation resulting 
in death)  

 
Table 7.2: FED and effects on patients 
 FED  

[-] 
 

[-] 
 

[-] 
 

 [-] 
0 – 0.3 
 

Safe  
(Minor injuries 

possible) 
Safe  

(Minor injuries 
possible) 

Safe  
(Minor injuries 

possible) 
Safe  

(Pain and minor injuries 
possible) 0.3 – 1.0  

 
Lethal 

(Incapacitation 
resulting in death) 

Lethal 
(Incapacitation 

resulting in death) 
Lethal 

(Incapacitation 
resulting in death) 

Lethal 
(Incapacitation resulting 

in death) >1.0 Lethal 
(Incapacitation 

resulting in death) 
Lethal 

(Incapacitation 
resulting in death) 

Lethal 
(Incapacitation 

resulting in death) 
Lethal 

(Incapacitation resulting 
in death)  

 7.3 Results FDS-models  
In this paragraph the results of the simulations are discussed. Due to the many data, the assessment 
of the most important results is considered. A more complete overview of the conditions within the 
circulation area and nursing room are included in appendix H.  
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7.3.1 Results room-model 
 
First we will assess the conditions within the nursing room for both patients and the nursing staff 
responsible for the evacuation. In order to do so, we need to know how much personnel is required for 
the evacuation of the patients lying in bed. In the guide of the Ministry of the Interior [2] it is given that 
at least two nurses need to arrive at the fire-room. As there are two patients within the nursing room, 
these could be evacuated in two different manners. The first method is to evacuate the patients one-
by-one by the same nurse. The second method is to evacuate the patients at the same time, meaning 
it will take about half the time of the first method. Due to this uncertainty in evacuation method, the 
results concerning FED will be analyzed for an evacuation time of 85 seconds, equivalent to the 
egress of two beds at the same time and 170 seconds, equivalent to the egress of two beds one after 
the other.  
 
 7.3.1.1 Visibility  
As the nursing room is quite small in size, the rapid combustion of a large curtain, will cause the 
visibility within the room to drop rapidly as indicated in figure 7.2. Within 30 seconds visibility drops 
below 2.5 m¹. Only when the glass fractures and the door towards the circulation area is opened, the 
visibility low to the ground improves for a brief period of time (figure 7.2 left). In models where only the 
glass fractures and the door remains closed, visibility low to the ground only improves marginally. This 
is an indication that when the door is opened and the window has not yet broken, conditions within the 
room are also likely to improve only marginally, as the room is not ventilated along its length. This 
means the breaking-out of the glass is an important factor as far as visibility is concerned (i.e. 
otherwise no cross-ventilation). As some visibility is required for nurses to uncouple patients from 
medical devises, given the 1.5 m¹ of visibility low to the ground (i.e. average 600-900 mm) when the 
door is opened, nurses are assumed to be able to carry out the evacuation procedure as they are able 
to see the medical devices. This assumption is based on the results obtained by the held evacuation 
experiment, where visibility was reduced drastically by white smoke (i.e. backwall of nursing room was 
not visible). Poor visibility did not prevent nurses from carrying out their tasks. Although visibility is 
below 5 m¹, during this stage of the fire (i.e. burning of cotton curtain and no plastics), irritants are 
assumed not to cause pain to the eyes and respiratory tract. 
 
 
Figure 7.2: visibility in nursing room (difference door open and closed) 
 

  
 7.3.1.2 FED-narcotics  
For assessing the effects of narcotics to nurses and patients, the criteria given in tables 7.1 and 7.2 
are used. Remember that for both the nurses and patients the critical threshold value for incapacitation 
is 0.3 instead of 1.0, as due to the manner FDS calculates .  
 
Due to a well ventilated fire by the early glass fracture as well as the assumption the fuel consisting of 
50% PUR and 50% wood by volume, values for FED-narcotics remain fairly low during the evacuation 
of the nursing room. In tables 7.3 to 7.6 FED-narcotics are reported for respectively nurses and 

Glass 
fracture 

Door open 

Glass 
fracture 

Door remains 
closed 



85  

patients in new buildings with doors closed as these generate the highest FED-values. These higher 
FED-values are explained by the smaller air leakages for toxic gases in new buildings and the 
combustion gases not being able to flow through the door opening. Due to the additional combustible 
wooden wall linings and therefore more intense burning, the results for FED  are slightly higher 
in the models containing the wooden linings compared to the models containing gypsum linings. 
As indicated in tables 7.3 to 7.6 both nurses and patients will not become incapacitated due to 
narcotics, high doses of carbondioxide or due to lack of oxygen. These results are independent from 
the strategy of evacuation, that is evacuating the patients one-by-one by the same nurse or at the 
same time by two different nurses. Also the type of wall lining (wood or gypsum) is not that much of an 
influencing factor for exceeding the safe threshold.  
 
 
Table 7.3: FED-narcotics nurse gypsum model 
 

FED Nurse (standing) | Gypsum room door closed 
 

Time 
[sec]  

[-] 
 

[-] 
 

[-] 
Comment  
 

Conclusion 
assessment 
table 7.1 

0-75 sec 
 0 

 
0 
 

0 Nurse in nursing 
station 

Safe  
 

75-160 sec  0.0191 
 

0.0127 0.0028 Nurse rescuing  
patient 1 

Safe  
 

160-245 sec  0.0481  0.0199 0.0051 Nurse rescuing patient 2 Safe  
∑    
 

0.0672 
 

0.0326 0.0079   
  
Table 7.4: FED-narcotics patient gypsum model 
 FED Patient | Gypsum room door closed 

 
Time 
 
[sec] 

 
 
[-] 

 
 
[-] 

 
 
[-] 

Comment  
 

Conclusion 
assessment 
table 7.2 

0-75 
  0.0337 

 
0.0091 0.0117 

 
Patients waiting 
in fire-room 

Safe  
 

75-160   0.0128 
 

0.0147 0.0019 
 

Patient 1 
evacuated  

Safe  
 

160-245   0.0201  0.0237 0.0034  Patient 2 evacuated Safe  
∑    
 

0.0667 
 

0.0475 
 

0.0170 
 

  

 
 
Table 7.5: FED-narcotics nurse wood model 
 FED Nurse (standing) | Wood room door closed 

 
Time 
[sec]  

[-] 
 

[-] 
 

[-] 
Comment  
 

Conclusion 
assessment 
table 7.1 

0-75 sec 
 0  0  

0 Nurse in nursing station 
Safe  

 
75-160 sec 
 

0.0287 
 

0.0193 0.0033 Nurse rescuing  patient 1 
Safe  

 
160-245 sec 
 

0.0669 
 

0.0285 0.0081 Nurse rescuing 
patient 2 Safe  

∑    
 

0.0956 
 

0.0478 0.0113   
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Table 7.6: FED-narcotics patient wood model 
 FED Patient | Wood room door closed 

 
Time 
[sec]  

[-] 
 

[-] 
 

[-] 
Comment  
 

Conclusion 
assessment 
table 7.2 

0-75 
  0.0476  

0.0568 
 0.0005  Patients waiting in fire-room 

Safe  
 

75-160  
 0.0183  

0.0138 0.0022  Patient 1 evacuated  
Safe  

 
160-245  
 

0.0266 
 

0.0202 0.0027 
 

Patient 2 
evacuated Safe  

∑   0.0925 0.0907 0.0054 
 

  

 
 One should consider that when glass break-out happens in a later moment in time than predicted, that 
this could lead to a ventilation controlled situation. A ventilation controlled fire will produce more soot 
and carbonmonoxide compared to a well-ventilated fire, resulting in higher values for FED . As 
indicated in figure 7.3, oxygen levels are dropping rapidly (power law) when the window remains 
closed and carbonmonoxide and -dioxide levels are increasing in a fast pace. Without further research 
the actual impact to the FED -readings of the glass fracturing later in time is hard to predict. 
This as the fire will probably decrease in size due to lack of oxygen for combustion, but on the other 
hand it will produce more carbonmonoxide and become more toxic.  
 
 Figure 7.3: volume fraction species nursing room 
 

  
 7.3.1.3 FED-heat  
In contrast to narcotics, heat is found to have a powerful influence on the outcome of the chance of 
survival. Due the very fast combustion of the curtains (i.e. comparable to ultra fast fire) and the relative 
small enclosure, the temperature within the nursing room increases rapid over a short period of time, 
as can be seen in figures 7.4 and 7.5 for respectively the models containing wooden and gypsum 
linings. The peak to the left in the figures indicates the combustion of the curtains, while the bed, 
television and nightstand are burning more gradually and generate the increase on the right of figures 
7.4 and 7.5. 
 
  

Oxygen concentration 
dropping and CO/CO2 increasing. 
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What can be seen by comparing figures 7.4 and 7.5 is that the peak HRR during the first 60 seconds 
is similar for both gypsum and wooden linings. After about 60 seconds a noticeable difference 
between the models containing wooden and gypsum linings can be observed. Although for both types 
of wall linings the tenability limit of 60 ℃ is exceeded multiple times, the upper layer temperature for 
the models containing wooden linings is roughly 100 ℃ hotter than the models containing 
incombustible gypsum linings.  
Similar results are observed when the incident heat flux (i.e. convective and radiative) and radiometer 
are outputted. When comparing figures 7.6 and 7.7, during the first 60 seconds almost zero to none 
difference between the models containing wooden and gypsum linings can be seen. Only when the 
wooden wall linings are ignited, higher heat fluxes are observed. The heat flux is found to be well 
above the tenability limit of 2.5 kW/m², when wooden linings are present within the room. 
 
 
Figure 7.4: Average and peak gas temperatures nursing room; wooden linings 
 

  
 

Figure 7.5: Average and peak gas temperatures nursing room; gypsum linings 
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Figure 7.6: Average and peak incident heat flux and radiometer nursing room; wooden linings 
 

   
Figure 7.7: Average and peak incident heat flux and radiometer nursing room; gypsum linings 

 

  
 
In tables 7.7 and 7.8 the  is outputted for both nurses and patients within the nursing room. As 
indicated in table 7.7, when the linings are incombustible, nurses are able to survive the heat and 
irradiance till about 170 seconds after ignition. In theory after 160 seconds the nurse, together with the 
patient, should have left the room at a system reliability of 85%. Although according to the prescriptive 
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legislation survival by the nurse is possible, considering the assessment criteria of table 7.1, the 
criterion dangerous is applicable as  is up to about 0.73. This means the nurse will experience 
unbearable pain and possibly passes away after the fire due to his/her injuries when untreated. It is 
also questionable if a nurse is able to carry out her task in evacuating the patient(s) in the room. 
Besides, entering the nursing room 20 seconds later in time, will lead to incapacitation (followed by 
death) as  would be about unity due to the more intense fire during that moment in time. When 
staying close to the ground it is possible for a nurse to bring herself into safety (although badly injured) 
after a failed evacuation attempt.  
It can be concluded that it is plausible for a nurse to survive the heat and irradiance of the fire when 
linings are made of gypsum and only one evacuation attempt needs to be done (i.e. evacuating two 
patients at the same time by two nurses). Although the nurse will be seriously injured and requires 
treatment to her injuries soon after. 
 
When wooden linings are considered, according to table 7.7, conditions for a nurse are lethal at a 
system reliability of 85%. Due to the more intense irradiance and elevated gas temperatures, after 
about 30 seconds incapacitation (leading to death) is predicted to occur. It can be concluded that 
when an evacuation attempt is done by a nurse, incapacitation leading to death is likely to occur, 
unless the evacuation attempt is aborted within 20-30 seconds and the nurse will be crawling over the 
floor to the circulation area. However, bedridden patients are not likely to survive when wooden linings 
are present within the nursing room. This given the fact nurses are unable to reach them.  
  
Table 7.7: FED-heat and FED-heat cumulative for nurses standing and crawling 
 FED Nurse | Door closed; Regulations new buildings 

 
Time 
[sec]   [-] 

∑    [-]   [-] 
∑   [-]   [-] 

∑   [-]   [-] 
∑    [-] 

0-75  0 0 0 0 0 0 0 0 
75-85  0.0876 0.0876 0.0037 0,0037 0,3535 0,3535 0,0372 0,0372 
85-95  0.0603 0.1479 0.0014 0,0051 0,3830 0,7365 0,0757 0,1129 
95-105  0.0593 0.2072 0.0016 0,0067 0,4186 1,1551 0,0859 0,1988 
105-115 0.0642 0.2713 0.0022 0,0089 0,4182 1,5733 0,0951 0,2939 
115-125 0.0720 0.3433 0.0020 0,0110 0,4382 2,0116 0,0989 0,3928 
125-135 0.0776 0.4209 0.0024 0,0134 0,4531 2,4647 0,0989 0,4917 
135-145  0.0882 0.5091 0.0039 0,0173 0,4570 2,9216 0,0966 0,5883 
145-155 0.1405 0.6496 0.0056 0,0229 0,4765 3,3981 0,1031 0,6914 
155-160 0.0813 0.7308 0.0036 0,0265 0,2542 3,6522 0,0548 0,7462 
160-170 0.1763 0.9071 0.0184 0,0449 0,5554 4,2076 0,1445 0,8907 
170-180 0.2548 1.1619 0,0665 0,1114 0,6226 4,8303 0,1476 1,0383 
180-190 0.2982 1.4601 0,0692 0,1806 0,7146 5,5448 0,1688 1,2071 
190-200 0.3429 1.8030 0,0808 0,2613 0,7960 6,3408 0,1903 1,3974 
200-210 0.4120 2.2150 0,0985 0,3599 0,8947 7,2356 0,2203 1,6177 
210-220 0.5102 2.7252 0,1176 0,4775 1,0319 8,2674 0,2742 1,8919 
220-230 0.6246 3.3498 0,1665 0,6440 1,1531 9,4205 0,3593 2,2512 
230-240 0.7949 4.1447 0,2331 0,8771 1,4324 10,8529 0,4322 2,6835 
240-245 0.4758 4.6205 0,1478 1,0249 0,8744 11,7273 0,3024 2,9858 

 Gypsum 
standing 

Gypsum 
standing 

Gypsum  
crawling 

Gypsum 
crawling 

Wood  
standing 

Wood 
standing 

Wood 
crawling 

Wood 
crawling 

  
Table 7.8 lists the results for  of the bedridden patients. What can be seen is that the intensity 
of the fire results in incapacitation leading to death within 40 seconds, regardless of the wall-linings. 
The rapid combustion of the curtains in a relative small enclosure, will result in being fatal to most ill 
patients before they are being rescued. Therefore the assessment criterion lethal is applicable to 
patients, regardless of linings, legislation for old or new buildings and doors being open or closed. 
 What is also observed from the results is that, at a system reliability of 85%, even when evacuation 
would have started at t=0 seconds instead of t=75 seconds, the subject would have a  of over 
1.4 or 1.5. Therefore the only option for patients, who are bedridden and coupled to medical devices, 
is a successful extinguishing attempt by nursing personnel. The patients within the fire-room not 
surviving is implicitly in accordance with Building Decree art. 2.93 sub 5. According to the explanatory 
note, when a compartmentation of 50 m² (or 100 m² for existing buildings) is chosen, no observation 
by nursing staff is required. Meaning the bedridden patient within the fire room will not be rescued 
immediately, probably leading to death. In this case, collateral damage to more than one or two 
nursing rooms is prevented by the mandatory small size of the protected-sub-fire compartments. 
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 Explanatory note Building Decree art. 2.93 sub 5 [1]. 
…..Bij een permanente bewaking, waarbij 24 uur per etmaal voldoende goed getraind 
personeel aanwezig is om de bedgebonden patiënten bij brand tijdig in veiligheid te kunnen 
brengen is een beschermd subbrandcompartiment van 500 m² toegestaan. Ontbreekt 
bewaking, dan mag het beschermde subbrandcompartiment niet groter zijn dan 50 m²….. 

 
What is also observed by the results is that the Building Decree does what the name says. That is, 
setting performance criteria for the building itself and not for the inventory. What is shown here is that 
when very fast combustible materials (e.g. curtains) and combustible linings are used, patients could 
become seriously injured or pass away as a result of the fire.   
Table 7.8: FED-heat and FED-heat cumulative for patients 
 FED Patient | Door closed; Regulations new buildings 

 
 Gypsum model Wood model 

Time 
[sec]   

[-] 
∑    
[-] 

  
[-] 

∑    
[-] 

0-10 0,0000 0,0000 0,0000 0,0000 
10-20  0,0000 0,0001 0,0000 0,0001 
20-30 0,0017 0,0018 0,0019 0,0020 
30-40 0,0462 0,0480 0,0474 0,0494 
40-50 0,4639 0,5119 0,4155 0,4648 
50-60 0,7530 1,2649 0,7696 1,2344 
60-70 0,1684 1,4333 0,2403 1,4747 
70-75 0,0046 1,4379 0,0374 1,5121 
75-85 0,0037 1,4416 0,0372 1,5493 
85-95  0,0014 1,4430 0,0757 1,6250 
95-105  0,0016 1,4446 0,0859 1,7110 
105-115 0,0022 1,4468 0,0951 1,8061 
115-125 0,0020 1,4489 0,0989 1,9050 
125-135 0,0024 1,4513 0,0989 2,0038 
135-145  0,0039 1,4552 0,0966 2,1005 
145-155 0,0056 1,4608 0,1031 2,2036 
155-160 0,0036 1,4644 0,0548 2,2583 
160-170 0,0184 1,4828 0,1445 2,4029 
170-180 0,0665 1,5493 0,1476 2,5504 
180-190 0,0692 1,6185 0,1688 2,7192 
190-200 0,0808 1,6992 0,1903 2,9096 
200-210 0,0985 1,7978 0,2203 3,1299 
210-220 0,1176 1,9154 0,2742 3,4040 
220-230 0,1665 2,0819 0,3593 3,7634 
230-240 0,2331 2,3150 0,4322 4,1956 
240-245 0,1478 2,4628 0,3024 4,4980 

 Lying 
in bed 

Lying  
in bed 

Lying  
in bed 

Lying  
in bed  

NOTE One should consider the uncertainties in gas temperatures of about 7.5% and irradiance of 
about 10% in FDS [40]. It is believed the possible underprediction in gas temperature and 
irradiance is accommodated for as the imposed HRR-curve is very conservative. Therefore 
no adaptations are required to the results to account for these uncertainties.   7.3.2 Results corridor model  

During the evacuation experiment, two different strategies for evacuation were observed. The first 
strategy was that nurses did not try to evacuate the patients in the fire-room, but call for the patients 
instead. As was explained in the interviews after the experiment, no response by the patient means, 
the nurse will not enter the room and unnecessarily endanger herself. The other strategy observed 
during the evacuation experiment was, nurses going into the fire-room and trying to evacuate the 
patients within the room and afterwards clear out the ward. 
 
Given the two different strategies of evacuation, we will assess a situation where the door between 
nursing room and circulation area is kept closed, which models the strategy of not entering the room. 
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For the second strategy where nurses will enter the fire-room, the door between the corridor and 
nursing room is removed temporarily from the model. As it was found in paragraph 7.3.1.3 that only 
one evacuation attempt could be made, the door is only opened for 85 seconds. The temporary 
opening of the door allows for smoke to flow unimpeded from the fire-room to the adjacent corridor.  
 
Due to the large difference in -readings between (fuel controlled) gypsum models and 
(ventilation controlled) wood models, we will discuss both types of models separately.  
  7.3.2.1 Gypsum models (fuel controlled) 
 
After running simulations it was found that all the gypsum models, regardless old or new buildings and 
doors being opened for 85 seconds or not, generated quite safe results. For a complete overview of 
the conditions in the ward and calculated tabulated FED-data, reference is made to appendix H. 
  7.3.2.1.1 Visibility 
 
Visibility was found to drop quite rapidly in the corridor due to the smoke leakage from the fire-room 
and the opening of the door. Especially when the windows are not broken, overpressure will push 
many flue gases and soot through the leakage areas.  
 
What is interesting to see is that although the quality level of existing buildings is lower compared to 
the one for newly build buildings. With respect to visibility, the quality level for existing buildings is 
actually higher. This due to the larger volume of the corridor in case of legislation for existing buildings 
(i.e. larger fire compartments allowed). Visibility at standing height for both existing and newly build 
buildings is reduced very rapidly. But, for existing buildings at crawling height visibility remains above 
the tenability limit of 5 m¹ for a long period of time, as indicated in figure 7.8. As visibility is reduced 
below 5 m¹ at a standing height, it is assumed subjects are hindered in their escape by the presence 
of irritants in the smoke. Therefore, walking speed is reduced to 0.3 m/s. 
 
 
Figure 7.8: Visibility zones corridor door open at t=75 s 
 

  
 As can be seen in figure 7.8 and appendix H, the visibility in zones 3 and 4 is better for longer periods 

of time compared to zones 5 and 5a, although zones 3 and 4 are closer to the fire. An explanation is 
found in the smoke layer not losing much energy to its surroundings and therefore buoyancy, in 
combination with a ricocheting-effect at the end of the corridor. The flue gases start spreading in a 
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lateral movement across the ceiling, moveing towards the end of the corridor with a certain velocity 
(see upper right figure 7.9 and 7.10). As the flue gases hit the door at the end of the corridor, smoke 
can go no further but downwards and in the opposite direction. As smoke keeps on being supplied by 
the fire in the fire-room, at low levels, the smoke moves backward into the corridor in the opposed 
direction it came from, resulting in the vision close to the ground being reduced backwards.  
 
 
Figure 7.9: Smoke spread corridor FDS 
 

  
 
Figure 7.10: Smoke spread corridor soot visibility FDS 
 

  
 
 

u 

u 

Velocity in u-direction 
close to ceiling 

Flow ricochets from door and 
moves in opposite direction 

Bottom half of corridor is filled with 
smoke in opposed direction of upper part 
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7.3.2.1.2 FED-Narcotics  
 
As far as the narcotics within the corridor are considered, the found values in averaging-zones close to 
the fire-room are all below 0.1 at all heights over a period of 960 seconds as can be seen in figure 
7.11 and appendix H. This is best explained by the door being closed during the majority of the time 
(i.e. at most 85 seconds opened) and the fire being fuel controlled, therefore not producing many toxic 
species.  
 
Even in combination with the results obtained in the room-models,  will not exceed the 
safe threshold value of 0.3 as given in table 7.1. Incapacitation due to narcotics, is therefore unlikely 
to occur. 
 
NOTE A calculation for nursing staff evacuating patients across the corridor with and without reduced 

visibility is included in appendix H. As for the low FED-results, these are left to the reader.    
Figure 7.11: FED circulation area; gypsum linings 
 

   
 7.3.2.1.3 FED-Heat 
In the line with narcotics, due to the door between corridor and nursing room being closed for the 
majority of the time (i.e. at most 85 seconds opened), tenability limits for heat in the corridor are not 
exceeded. The gas temperature and irradiance in the corridor, compared to the nursing room are 
therefore quite low. Even opening the door between corridor and nursing room for 85 seconds will not 
cause the temperature in the corridor to exceed the tenability limit for convective heat of 120 ℃, as 
can be seen in figure 7.12.  
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Figure 7.12: Gas temperature circulation area 
 

  
 
As research by Babrauskas indicated the tenability limit for irradiance is 2.5 kW/m². This threshold 
value is not exceeded as indicated in figure 7.13. Opening the door between nursing room and 
circulation area, will only result (very) locally in measurements in excess for 1.5 kW/m². Therefore, 
there is no risk of becoming incapacitated due to radiative heat within the corridor. 
 
 
Figure 7.13: Heat flux circulation area 
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In appendix H,  for a single crossing from a nurse with a bed to either exit is calculated. 
Although impossible, as was found in paragraph 7.3.1, the calculations are also performed when 
patients are evacuated one-by-one (i.e. leaving room at t=245 seconds). The worst calculated  
does not exceed 0.01. This means that even after accumulating a high dose of heat when rescuing a 
patient from a nursing room, once reaching the corridor the condition of the nurse and patient does not 
worsen as far as heat is considered. Given the results obtained by all the models containing gypsum 
linings (see appendix H), it is safe to state that when the doors between the nursing room and the 
corridor are only opened during evacuation, conditions within the corridor are survivable for occupants 
for long periods of time. The dose of heat received in the nursing room is therefore the leading factor.  
 
When nurses chose the evacuation strategy not to evacuate the patient in the fire room and keep the 
door closed, according to the assessment criteria of table 7.1, the criterion safe for the entire period of 
960 seconds is applicable. 
  7.3.2.2 Wooden models (ventilation controlled)  
The differences of the conditions in the corridor between models containing wooden and gypsum 
linings are small, in terms of visibility and . Therefore also when wooden linings are applied 
into the nursing room, the corridor can be used over long periods of time for evacuation purposes. In 
figure 7.14 the incident heat flux is outputted towards the boundaries. Note that between t=75 and 
t=160 seconds the door between nursing room and corridor is opened as nursing staff is evacuating 
the room. The heat flux is maximized to 2.5 kW/m² (red) indicating that  is not critical. Here 
also,  obtained in the nursing room is the leading factor. 
 
 
Figure 7.14: Incident heat flux model lining; different moments in time; Maximized 2.5 kW/m² 
 

 
 
As was calculated in paragraph 6.5, when wooden linings are applied to the nursing room, the fire will 
become underventilated and produce more narcotics and soot. The -values outputted by 
FDS, as indicated in figure 7.15, are therefore higher compared to the fuel controlled gypsum models 
(e.g. compare figures 7.11 and 7.15). Taking into account that nurses are performing heavy work, the 
conditions over long periods of time could become lethal to nurses, according to the assessment 
criteria of table 7.1. This as evacuating multiple patients across the corridor for 960 seconds, will result 
in  exceeding 0.3.   



96  

Figure 7.15: FED circulation area; wooden linings 
 

  
 
In order to see the impact of evacuating a single patient from the nursing room to a safe exit, a hand 
calculation is made for both the nurses and patients. In order to do so, the time spent per averaging-
zone is taken from table 6.13, starting at t=160 seconds (i.e. starting time 245 seconds is irrelevant, as 
conditions within the nursing room are by then lethal). 
The starting time of 160 seconds is justifiable as according to the guide of the Ministry of the Interior, 
nurses need to be alarmed within 60 seconds and nurses require 15 seconds to travel towards the fire 
room. Solving for a system reliability of 85%, an evacuation time of 85 seconds is obtained. Adding the 
previous time spans gives us the starting time for entering the corridor of 160 seconds.  
When a nurse reaches the corridor with the bedridden patient, there are two escape routes at hand as 
indicated in figure 7.16. For both routes and for existing and new buildings, the  are 
calculated in tables 7.9 to 7.11. As can be seen in tables 7.9 to 7.11, due to poor visibility a single 
crossing from the nursing room to the exit of the fire compartment, will result in accumulating a 

 of about 0.05. In an existing building, taking route 2, results in  of about 0.11 
for a single crossing. Adding the value of  already obtained within the nursing room of 
about 0.3, according to the assessment criteria of table 7.1, the nurses can evacuate both the patient 
and themselves safe.  
 
 
Figure 7.16: escape routes from nursing room to safe exit 
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Table 7.9: FED-narcotics nurse; single crossing; using route 1 
 

FED Nurse | Route 1 
 

Model Walking 
speed 
[m/s] 

Time in 
corridor 
[sec] 

∑   
 
[-] 

Wood;new;open 1.38 160-173 0.0144 
Wood;new;open 0.3 160-222 0.0570 
Wood;old;open 1.38 160-173 0.0149 
Wood;old;open 0.3 160-222 0.0552 
   

Table 7.10: FED-narcotics nurse; single crossing; using route 2 
 

FED Nurse | Route 2 
 

Model Walking 
speed 
[m/s] 

Time in 
corridor 
[sec] 

∑   
 
[-] 

Wood;new;open 1.38 160-173 0.0130 
Wood;new;open 0.3 160-222 0.0560 
Wood;old;open 1.38 160-203 0.0247 
Wood;old;open 0.3 160-358 0.1117 
  

 
Table 7.11: FED-narcotics patients; single crossing; using route 2 
 

FED Patient | Route 2 
 

Model Walking 
speed 
[m/s] 

Time in 
corridor 
[sec] 

∑   
 
[-] 

Wood;new;open 1.38 160-173 0.0096 
Wood;new;open 0.3 160-222 0.0404 
Wood;old;open 1.38 160-203 0.0088 
Wood;old;open 0.3 160-358 0.0635 
 

 
NOTE Tables 7.9 to 7.11 are taken only a cut-out of the tables in appendix H.  
 
 
After having brought a patient into safety, the nurse will probably go back and try to evacuate other 
subjects from the nursing ward. Given the graphs in figure 7.15 and according to the assessment 
criteria of table 7.1, doing heavy work over long periods of time in the circulation area will result in 
exceeding the lethal threshold of 0.3. 
 
 
NOTE As a general remark it should be taken into account that ventilation controlled fires in the 

nursing room, could create hazardous conditions for people who have to work for long periods 
of time in the corridor.  

 
 7.3.3 Additional corridor model 
 
After having analyzed the corridor-models with doors closed and opened for 85 seconds as indicated 
in paragraph 7.3.2, it was found that conditions within the corridor were survivable for long periods of 
time. Due to the extensive amount of computational time (i.e. 300 hours for 500 seconds of data) a 
single simulation is performed, using a model containing wooden linings, in which the door between 
circulation area and nursing room is opened for the entire duration of the simulation. This, in order to 
see the impact on the conditions within the corridor when nursing staff forgets to close the door after 
evacuating a bedridden patient. 
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The additional investigated scenario, with the door open for the entire simulation-time, is a model 
according to prescriptive legislation for newly build buildings using wooden linings, as these will 
generate the worst-case conditions.  
 As predicted visibility in the corridor decreases much more rapid than when the door remains closed or 
the door is only being opened for 85 seconds. It was found that visibility is reduced to less than 5 
meter within the entire corridor (i.e. high and low tot the ground) in about 75 seconds. In the models 
with the door only being opened between 75 and 160 seconds after ignition, this was found to be 
about 140 seconds.  
 What we are more interested in is the way the  and  are developing over time. As 
indicated by figure 7.17, being within the corridor for long periods of time will eventually lead to 
incapacitation, followed by death. Especially when the inventory items combined with the combustible 
wooden linings are reaching its PHRR between 300-400 seconds. Within a short period of time 

 -values increase rapidly as can be seen by the steep inclining graphs of figure 7.17. 
  
Figure 7.17: FED door corridor open 
 

   When we assess the effects of the narcotic gasses on the nurses during a single crossing starting at 
t=160 seconds, it is found that  is about 0.12. Adding up the  of 0.03 which 
have been accumulated by evacuating the patient from the nursing room, the conditions in the corridor 
are safe according to the assessment criteria of table 7.1 as long as  are considered. Also 
patients will survive the evacuation to the fire compartment boundary. After having done the heavy 
work and  reaching about 0.15, the nurse is unable to enter the corridor without personal 
protective measures, as otherwise incapacitation, leading to death is assumed to occur. Note that 
when nurses enter the circulation area between 245-307 seconds, a single crossing will produce a 

 of about 0.22, which is close to a fatal-dose, when doing heavy work. 
 
 Table 7.12: FED-narcotics nurse; single crossing; using route1 and 2 
 

FED Nurse | Route 1 and 2 
 

Model Walking 
speed 
[m/s] 

Time in 
corridor 
[sec] 

∑   
 
[-] 

Wood;new;open;route 1 1.38 160-173 0.0243 
Wood;new;open;route 1 0.3 160-222 0.1223 
Wood;new;open;route 2 1.38 160-173 0.0237 
Wood;new;open;route 2 0.3 160-222 0.1196 
 

Very high -readings 
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Table 7.13: FED-narcotics patient; single crossing; using route1 and 2 
 

FED Patient | Route 1 and 2 
 

Model Walking 
speed 
[m/s] 

Time in 
corridor 
[sec] 

∑   
 
[-] 

Wood;new;open;route 1 1.38 160-173 0.0200 
Wood;new;open;route 1 0.3 160-222 0.1017 
Wood;new;open;route 2 1.38 160-173 0.0206 
Wood;new;open;route 2 0.3 160-222 0.1032 
  

 
Leaving the door of the nursing room open will allow hot flue gases to flow to the corridor unimpeded, 
increasing the temperature within the corridor. As indicated in figure 7.18 the temperatures increase 
above 120 ℃, meaning hyperthermia is no longer the dominant mode of incapacitation due to heat, 
but burns to the respiratory tract and skin are. Being in the corridor for long periods of time is, given 
the gas temperatures at standing height ranging from 200℃ to the sides of the corridor to about 400℃ 
in front of the nursing room, not possible. Even at crawling height temperatures vary between 130℃ 
and 250℃ and incapacitation leading to death will occur, when subjects are in the corridor for long 
periods of time. 
 
A single crossing, starting at t=160 to t=222, from nursing room to the exit of the fire compartment is 
survivable according to prescriptive regulations. The assessment criterion safe according to tables 7.1 
and 7.2 is therefore applicable to nurses and patients.   
Figure 7.18: Gas temperatures corridor; wooden linings; door open 
 

  
 

When radiation is considered the safe tenability limit of 2.5 kW/m² found by Babrauskas is exceeded 
locally in front of the door of the nursing room after 260 seconds. After about 400 seconds in the entire 
corridor the tenability criterion is exceeded (see figure 7.19). Survival during long periods of time 
becomes therefore impossible, given the elevated incident heat flux (see also figure 7.20).  
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Evacuation of a patient from the nursing room to the exit of the corridor is safe possible, as far as 
radiation is a criterion. This as the evacuation, using a walking speed of 0.3 m/s, ends for prescriptive 
legislation according to new buildings at t=222 seconds. The tenability criterion at that moment in time 
has by than, not yet exceeded the safe threshold of 2.5 kW/m².  
 
The decrease in change of survival over long periods of time is best seen by comparing figures 7.14 
and 7.20. In these figures the incident heat flux towards the boundaries has been outputted. In both 
figures 2.5 kW/m² is outputted in red. By comparing the bottom right of both figures, the worsening of 
the conditions in the corridor over a long periods of time by leaving the door open, are clearly visible.   
Figure 7.19: incident heat flux corridor; wooden linings; door open 

 

  
 

Figure 7.20: Incident heat flux model wooden lining; different moments in time; Maximized 2.5 kW/m² 
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Chapter 8:  Conclusions and recommendations 
 
In this chapter, conclusions will be drawn based on the results of the FDS-simulations. The reader 
should consider the assumptions being made in order to obtain the results, and should read the 
conclusions to that respect. Besides drawing conclusions, some practical recommendations are given 
to the legislator, or anyone to whom these might concern, in order to improve the fire safety level of a 
nursing ward. 
 
 8.1 Conclusions 
 The conclusions are summarized with respect to three different criteria, being visibility, FED-narcotics 
and FED-heat. Distinction is made between conditions in the nursing room and the circulation area. 
  
Visibility; nursing room: 
Due to the presence of high soot-producing materials and fast burning materials within nursing rooms, 
visibility in the nursing room will drop quickly below 1 m¹, when both door and window are closed. 
When glass breakage has occurred, visibility low to the ground (i.e. height of bed) is about 1.0-1.5 m¹. 
Leaving the door to the circulation area open, will ensure cross-ventilation of the room and visibility is 
increased low to the ground for a brief period of time to 2.5-4.0 m¹.  
No noticeable difference was observed between legislation for existing and newly build buildings as 
well as for models containing wooden and gypsum linings. 
 Visibility; circulation area: 
With respect to visibility, conditions in existing buildings could be better than for newly build buildings. 
The larger allowable volume of the corridor (i.e. less fire compartmentation required) overcompensates 
the mandatory lower threshold for the extraction rate of the HVAC-system and less airtight 
constructions of existing buildings. It was found that in all models visibility at standing height within 
very short periods of time dropped below the tenability criterion of 5.0 m¹. For newly build buildings not 
soon after followed at crawling height. For existing buildings, due to its larger volume, low to the 
ground visibility was found to stay for a considerable amount of time above the tenability limit for pain 
to the eyes and sore throats.  
 FED-narcotics; nursing room: 
FED-narcotics were found not to increase above the safe threshold, during the initial stages (i.e. 
evacuation stage) of the fire. This due to the well-ventilated conditions as a result of the early glass 
fracture. The influence of combustible wall linings or opening or closing the door between nursing 
room and circulation area is found to only influence the results marginally.  
 FED-narcotics; circulation area: 
As for FED-narcotics within the nursing room during the initial stages of the fire, FED-narcotics in the 
corridor were found to remain below the safe threshold when doors between circulation area and 
nursing room are kept close or are only opened during the evacuation of patient and closed 
afterwards. The corridor can be used by nurses during the entire evacuation time of 960 seconds, as 
far as narcotics are concerned. Only when combustible wall linings are present in the nursing room 
(i.e. underventilated fire), due to the fire becoming underventilated higher concentrations of narcotics 
are observed within the corridor. The evacuation of a single patient (i.e. single crossing nursing room 
to exit fire compartment) will certainly not incapacitate the patient nor the nurse. But nurses who have 
to go back and forth, evacuating multiple patients, are likely to become incapacitated after a few 
crossings when combustible linings are used. 
Although only one simulation is performed with the door between nursing room and corridor open, it 
can be concluded, given the results, that leaving the door open will ensure very high concentrations of 
narcotics within the circulation area. Although evacuation of a single patient from the fire room is 
survivable to both patient and nurse, nurses going back into the corridor will become incapacitated 
short after. Leaving the door to the fire-room open is therefore found to be a very important parameter. 
 FED-heat; nursing room: 
The gas temperature and irradiance in the nursing room could become life-threatening to nurses. 
Nurses are only able to do one evacuation attempt when incombustible linings are present. When 
wooden linings (i.e. Euroclass D) are present, trying to save a patient is impossible and only an 
extinguishing attempt could be carried out.  
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Patients will, when the fire is not extinguished, probably pass away during the fire due to heat. This is 
implicitly in accordance with Building Decree art. 2.93 sub 5.  
 
FED-heat; circulation area: 
The conditions within the corridor are survivable for the entire duration of the evacuation of the ward 
(i.e. 960 seconds) as long as the doors between nursing rooms and circulation area are kept closed or 
are only opened for a brief moment in time. This conclusion is valid for both legislation concerning 
existing and newly build buildings and regardless of the type of wall linings. The corridor can therefore 
be used for evacuating all the patients from the ward as both heat and narcotics are found be stay 
below the safe threshold. 
When a door is left open, conditions within the ward will worsen over time and heat will become a 
thread to nurses as they have to make multiple crossings across the ward. 
 
 8.2 Recommendations  
The first thing to notice is the use of easily combustible linings in nursing rooms which are allowed by 
law. Depending on the fire compartmentation, easily combustible linings are even allowed in escape 
routes. Although for our research regular wooden linings, which are not allowed by hygiene codes, 
substituted for Euroclass D linings, solutions which both comply to hygiene codes and Euroclass D are 
at hand. Wood-plastic-composites are materials which comply to hygiene codes and also comply to 
Euroclass D. In order to prevent these materials from being used when non-self-reliant patients are 
considered, it is recommended not to use Euroclass D wall and ceiling linings in nursing rooms and 
their escape routes. Linings which do not contribute to the fire until flashover (i.e. Euroclass B) are 
considered safe, as it was found (in theory) that nursing staff is able to evacuate a patient from a 
nursing room when the linings do not contribute to the fire. 
 
Although many hospitals used fire-retardant inventory voluntarily nowadays, the use of regular curtains 
and mattresses is not set mandatory by the Building Decree. Not doing so, could lead to a very fast 
fire-growth, which becomes uncontrollable for nursing staff within a matter of minutes. It is therefore 
recommended to use, whenever possible, fire retardant curtains and mattresses. Although ignition of 
fire retardant inventory only postpones the contribution of the inventory item to the fire, this gives 
nursing staff a better chance in extinguishing the fire or evacuating a patient from the fire-room as the 
fire will not grow as quick. 
 
According to prescriptive legislation, only fire separations need to be self-closing. As demonstrated in 
chapter 3, for some prescriptive designs, between the corridor (escape route) and adjacent rooms no 
self-closing doors are required. As the impact of not closing the door between nursing room and 
circulation area, was found to drastically decrease the survival chances of persons who had to work 
for long periods of time within the corridor, it is advised to make all doors opening directly to the 
circulation area self-closing. As regular door-closers are inconvenient in use, the legislator should 
consider making freewheel-door-closers mandatory. With self-closing door human failure is ruled-out 
and the evacuation route can be used during prolonged periods of time. An alternative for automatic-
door-closers, would be to have personal protective equipment for staff members carrying out the 
evacuation.  
 
Since the evacuation experiment was done by trained and untrained nurses, the time required for 
uncoupling a patient from medical devices in a dark environment, was found to vary a lot between 
different evacuation crews. Training staff is essential for the survival of patients as patients could be 
moved quicker from the hazardous environments.  
As pointed out by this research, when certain types of linings are used in combination with fast burning 
items like mattresses and curtains, evacuating a patient with a bed is no option. Only an extinguishing 
attempt could save the patient’s life. During the interviews after the experiment, one of the remarks of 
a coordinator was that none of the nurses brought a fire extinguisher when responding to the fire 
alarm. Therefore training staff members in always bringing a fire extinguisher to a fire alarm call is 
essential.  
 
In order to protect nursing staff from becoming incapacitated during the evacuation of a nursing ward, 
personal protection measurements are advised. A breathing apparatus including goggles will ensure 
nurses are not affected by narcotics or irritant gases.   
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Chapter 9:  Future work   
In this closing chapter we will discuss possible future work. Future work is necessary in order to 
improve the models and/or cancel out some uncertainties, which could not be accounted for during 
this research. Be it by the lack of funds, available data or simply computational power. The suggested 
improvements are listed below: 

 - For this master’s dissertation a simple pyrolysis model for the combustible linings is being 
used. Although FDS will calculate the heating-up and ignition of the linings, the burning is still 
controlled by the user. Therefore a complex pyrolysis model using an Arrhenius-type of 
reaction could be implemented in order to improve accuracy. In order to do so, research by 
TGA is advised. When doing research using TGA, at least the by-products CO, CO2 and soot 
should be measured in order to better predict the generation of species. - In the extension of the previous, a complex combustion model could be implemented to 
account for the release of other species than water vapor, nitrogen, soot, CO and CO2. - Due to the complex mixture of materials within the fire-room, for the gas phase combustion it 
is assumed that the combustible materials consist of 50% by volume of PUR and 50% by 
volume of wood. A sensitivity study could be made in order to see how different ratios of 
combustibles would influence the results (i.e. more or less PUR, introduce other materials). - In general sensitivity studies could be performed on difficult to predict parameters, in order to 
see the impact of a certain assumption. One of the parameters for which a sensitivity analysis 
is advised, is the leakage area through doors and walls, as these parameters depend on 
craftsmanship rather than science. - We only accounted for a fire within a nursing room. It could also be investigated, what the 
conditions according to prescriptive legislation are when fire would start in a corridor or in the 
nursing station in front of one of the exits.  - Besides accounting for only a fire within a nursing room, also a single design fire is used in for 
this study. Although this research was about what is allowed by prescriptive legislation, the 
impact of the ultra-fast burning curtains is a strongly influencing factor. By doing a sensitivity 
analysis using multiple other design fires, it could be investigated what is allowed by 
prescriptive legislation when slower burning inventory is used. - As legislation is given semi-implicit, multiple configurations are possible according to 
legislation. The impact of different configurations could be assessed.  - According to prescriptive legislation, fire should be detected within one minute after ignition. 
Therefore we did not account for a smoke detection system within the FDS-models as the 
detection was given in the normative fire development by law. The model could be expanded 
by implementing a smoke detection system and assess the conditions when fire detection is 
faster than 60 seconds. - For the glass fracture model, empirical correlations by other authors were used. Given the 
current research into glass-fracture models, it is difficult to give an actual verdict when the 
glass will break-out (i.e. more research is required). As the fracturing of the glass will influence 
the dynamics of the fire, a sensitivity study could be made to see what the effects are when 
the glass does not break-out or when it breaks out later in time.  - Given the amount of computational time required for obtaining a solution. Only one simulation 
in which the door between nursing room and corridor is opened during the entire simulation is 
performed. Additional simulations using incombustible linings and models according to 
existing legislation should also be considered. - Calculations for FEDnarcotics, FEDheat and FEDCO2 are made by hand using averaging zones. It 
is better to use automated software like FDS+EVAC when determining the FEDnarcotics. - As no ventilation curves where available to us, a standard quadratic FDS-fan is used. Further 
the expert judgment of the construction department of MUMC+ is used to determine the stall 
pressure of the HVAC-system. It is better to use actual fan curves from manufacturers of 
HVAC-systems when the actual system is known to the user. - The academic hospital is intending to introduce climate ceilings to the nursing wards in the 
near future. The effects of climate ceilings compared to traditional ceiling could be investigated 
as the flue gases against the ceiling are actively cooled by a climate ceiling. 
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Appendix A Plans nursing ward 
 
This appendix includes a detailed section and floorplan of the analysed nursing ward.  

1,4 m¹ 

0,29 m¹ 
0,8 m¹ 





B.1  

Appendix B Design fire 
 A design fire can be created in a probabilistic or a deterministic manner. Since we want to 
demonstrate the actual prescriptive fire safety level of an academic hospital, the deterministic 
approach is used. Therefore, no research was done into the chance of occurrence of a certain fire. 
Only possible ignition sources are inventoried. Setting the chance of ignition to unity, every 
combustible object could be an possible ignition source. When the nursing room is analyzed the 
following possible ignition sources are found: - ignition of electrical equipment: television; - ignition due to open fire: curtain, bed. 
 
Fuel controlled Heat Release Rate (abbr. HRR):  
The fuel controlled HRR could be obtained by superpositioning the HRR’s of all the inventory-items 
within the room at t=0. Since this would lead to an unrealistic high fuel controlled peak HRR (abbr. 
PHRR) for the inventory during the initial stage of the fire, the time to ignition of a secondary object is 
determined and the HRR-curves of the single inventory items are superpositioned at the moment fires 
spread is calculated to occur.  
 
When the whimsical HRR-time history from calorimetry tests is taken, first we need to simplify the 
whimsical curve into a more smooth fire curve. This is done by assuming a t-squared growth, a steady 
fully developed fire stage and finally a linear decay phase [12]. After simplifying the HRR-time history, 
the Total Heat Release Rate (abbr. THRR) of the actual fire-test must be equal to the THRR of the 
simplified HRR-curve. In order to cover for deficiencies in measuring devices as well as other 
uncertainties, average values from multiple fire tests (if available) are taken and added with one 
standard deviation. 
 
Starting off with the growth phase, we need to determine the growth-constant . This is done by 
consulting literature which gives values for  for certain inventory items or by consulting actual HRR-
time graphs. In the latter case, the growth-coefficient  is found by the time it takes for the fire to grow 
to its PHRR from the moment of ignition. Equation B.1 gives the relation between the growth-constant, 
the PHRR and the time from ignition till PHRR. 
 

=   (eq. B.1)  
Where: 

 = growth coefficient [kW/s²] 
 = peak heat release rate [kW] 

 = time till peak heat release rate [s] 
 
 After having obtained the growth-coefficient, the PHRR needs to be determined. The PHRR is directly 
taken from literature or can be read directly from the HRR-time history of a fire test. When the PHRR is 
reached, steady state burning is assumed until 80% of the fuel [12] is consumed. In order to determine 
when 80% of the fuel is consumed the THRR of the inventory item needs to be known. The THRR is 
also taken directly from various literature (see tables B.1 to B.4). The final 20% of the THRR is 
assumed to follow a linear decay from steady state until all fuel is burned. Tables B.1 to B.4 give the 
experimental data found in literature, the reference source, as well as the test method (if available) for 
the combustible inventory-items within our nursing room. When available addition information is given 
about the fire-test. 
  
NOTE For our design fire we will work out the simplified HRR-curve for a hospital bed. The simplified 

HRR-curves for the other inventory-items are obtained in a similar manner. But due to the 
repetitive nature of the process, these simplified HRR-curves are not worked out in this 
appendix but left to the reader. 

 
Following the procedure above, we will create a simplified HRR-curve for a bed. Beds and mattresses 
are one of the objects tested most by researchers. Therefore enough data is found in literature and a 
good estimate of the PHRR, THRR and growth-coefficient can be given. The data used in table B.1 
comes for the vast majority from room calorimeter tests, which includes heat feedback from walls and 
the smoke layer. Data is therefore good applicable to our situation. 
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Table  B.1: Data fully made bed 
 

 Test  
method 

PHRR 
[kW] 

α  
[kW/s²] 
 

THRR 
[MJ] 

Reference  Comment  

 
- 690 0.0372 

 
- 

[25] Test C4 
Ignition central  

- 1010 0.0229 
 
- 

[25] Test C5 
Ignition corner 

RCT  730 0.01  - [24] y6/10; Standard hospital bed Ignition center and pillow 
RCT 

1000 0.0011 
 
- 

[24] y6/11; FR mattress 
Ignition woodcrib center RCT 

290 0.0001 
 
- 

[24] y6/12; Mattress jail 
Ignition pillow 

RCT 1900 0.0059  - [24] y6/15; Hospital bed FR Ignition side 
RCT 

2300 0.0038 
 
- 

[24] y6/16; Hospital bed 
Ignition side RCT 

1200 0.0059 
 
- 

[24] y6/17; Commercial bed 
Ignition side 

RCT 1200 0.0133  - [24] y6/19; Hospital bed;springs Ignition side 
RCT 

725 0.0041 
 
- 

[24] y6/20; Hospital bed;springs 
Ignition side RCT 

1200 0.0133 
 
- 

[24] y6/19; Hospital bed;springs 
Ignition side 

 -  -  - 628 [41] Hospital bed  
 
- 

 
- 

 
- 670 

[41] Regular Bed 
  

- 
 
- 

 
- 415 

[42] M01 
PUR-Mattress hospital 

 -  -  - 184 [42] M02 PUR-Mattress hospital 
 
- 

 
- 

 
- 225 

[42] M03 
Cotton mattress hospital  

- 
 
- 

 
- 

 
742 

[42] M04 
Latex mattress hospital 

 1104.5 
(567.4) 

0.0104 
(0.011) 

477.3 
(217.4) 

 Average and std. dev. 
between brackets 
 

 
 
In order to compile a single simplified HRR-curve for a bed using the data found in literature, the 
average growth-constant  and PHRR are determined, added with one standard deviation. Doing so 
results in: 
 

= 1104.5 + 567.4 = 1,671.9  
= 0.0104 + 0.011 = 0.0214 / ² 

 
Assuming a quadratic growth during the growth-phase, the time till  is reached is determined by 
solving equation B.1. Solving for , we find the growth-phase to last 280 seconds. 
 

=   =  , .  
. ≈ 280   

 
During the calculated 280 seconds the fire will follow the -curve with a growth-constant of 0.0214. 
 
According to literature used in table B.1, the average total fire load ( ) for the bed is 477.3 MJ. 
Adding one standard deviation of 217.4 MJ to account for uncertainties to the average, results in 694.7 
MJ. Assuming 80% of the total fire load is burned in the growth and fully developed phase combined 
[12], the total energy burned during the both phases together is: 
 + = 0.8 ∗ 694.7 = 555.76  
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The duration of the fully developed burning phase is then the surface area underneath the curve 
during the combined growth phase and fully developed phase. This surface area should be equal to 
the found value of 555.76 MJ. The energy released during the growth phase is obtained by taking the 
integral from start fire till the fully developed burning phase:  
    

= ( ) = ² =  ³ =   [ ]  
 

(eq. B.2)  
 
Solving for : 

= 1
3  =  1

3 ∗ 0.0214 ∗ 279.5 ≈ 155,754 ≈ 155.75  
 
 
Since 555.76 MJ of energy is released at the end of the fully developed burning phase and 155.75 MJ 
is burned during the growth phase, this leave 555.76 − 155.75 ≈ 400  to be burned during the fully 
developed burning phase. As the area underneath the curve for the fully developed burning phase is a 
rectangle, knowing the total energy to be released as well as the steady PHRR, the duration can be 
determined by: 
 [ ] =  [ ] ∗  ∆ [ ] (eq. B.3)  
 
Solving for ∆ : 

∆ = 1,000 ∗ = 1,000 ∗ 400
1,671.9 ≈ 239  

 
 
The fully developed burning phase will end 280 + 239 = 519  after ignition. The final 20% of the 
energy in the combustion process is released during the linear decay phase. The energy to be 
released during this stage is:  = 0.2 ∗ 694.7 = 138.94  
 
 
Since a linear decay is assumed from  to 0 kW, the total duration of the fire is obtained by: 
 

=  ( ) =  (  −  )
2  (eq. B.4)  

 
 
Solving for : 

= 2 ∗ + = 2 ∗ 138,940
1,671.9 + 519 ≈ 685  

 
 
The bed is assumed to be completely burned after 685 seconds. Using the found points in time, 
growth-coefficient  and PHRR a simplified HRR-curve for the hospital bed is created (see figure B.1). 
Similar to the method described above simplified HRR-curves of all inventory items were obtained. As 
to the repetitive nature of this process, no further calculations are made for single inventory items and 
these are left to the reader. 
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Figure  B.1: Simplified HRR-curve bed 
 

  
 

For some items, like a small nightstand, experimental data is scarce. In order to obtain a simplified 
HRR-curve for a nightstand the HRRPUA of a wooden particle board wardrobe is used. Since the 
materials and geometry of the objects are similar, the fire characteristics for the nightstand are 
assumed to be about the same as for a wardrobe. According to literature [33] a “fast” (i.e. 0.047 
kW/m²) growth-coefficient could be assumed and a HRRPUA of 2,550 kW/m². The peak HRR for the 
nightstand with dimensions 0.4 x 0.4 m² (= floor area 0.16 m² ) is therefore 2,550 * 0.16 = 408 kW. 
Since no further data about nightstands was found in literature no standard deviation could be 
determined. 
 
 
Table  B.2: Data nightstand 0.4x0.4 m² 
 Test 

method 
PHRR 
[kW] 

α  
[kW/s²] 
 

THR 
[MJ] 

Reference  Comment  

- 408  0.047 (fast)  - [33] Data super positioned from particle board wardrobe 
- 

- - 168 
[41]  

Nightstand with inventory - 
- - 200 

 
 

Calculated assuming: 
ΔHc = 20 MJ/kg;  
mass nightstand = 10 kg. 

 408 
  

0.047 
  

184.0 
(16.0) 

 
 Average and std. dev. 

between brackets 
 
 
 
Since a curtain is comparable to a lining as far as combustion is considered (i.e. HRRPUA), the PHRR 
of the curtain mainly depends on the area of curtain burning at the same time. The experimental data 
of references [24] and [43] show different results as far as PHRR is concerned. This could, among 
others, be explained by the difference in surface area of the curtains. Experimental tests in reference 
[43] were carried out using 3 m² of curtain, while the data in reference [24] were carried out using 9 m² 
of curtain. In order to assess the PHRR of the curtains in our hospital room, where curtains have a 
total surface area of 16 m², the data of both resources is converted to a HRRPUA (i.e. 1 m²) and 
multiplied by 16.  
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Table  B.3: Data curtain 16 m²   Test  
method 

PHRR* 
[kW] 

α  
[kW/s²] 
 

THR 
[MJ] 

Reference  Comment  

RCT 
1335 0.0261 24 

[43] exp.9 
3 m² cotton RCT  

723 0.027 16 
[43] exp.10 

3 m² acrylic/cotton 
RCT 834 0.042 15 [43] exp.11 3 m² acrylic/cotton 
RCT 

711 0.1975 50.5 
[24] Y7/12 

9 m² modified acrylic RCT 
1600 1 29.8 

[24] Y7/13 
9 m² cotton 

RCT 2667 1.6667 95.6 [24] Y7/14  9 m² acrylic 
 
 
* adapted 

1315 
(439.3)  

0.4932 
(0.6272)  

38.5 
(28.3)  

 Average and std. 
dev. between 
brackets 

 
 
Data for modern plastic televisions as present in our nursing room are taken from literature [44]. Older 
televisions with a wooden casing were excluded from the data used in table B.4 since results would 
become unnecessarily clouded, due to completely different burning behavior. Since a freeburning 
furniture calorimeter is used for all the data an underprediction of the HRR is expected. 
 
 
Table  B.4: Data modern television    Test 

method 
PHRR 
[kW] 

α  
[kW/s²] 
 

THR 
[MJ] 

Reference  Comment  

Freeburning furniture 
calorimeter 

274 
 

0.057 
 

165 
 

[44] TV1 (28”); ignition using 1 kW propane 
burner 

Freeburning furniture 
calorimeter 

239 
 

0.009 
 

130 
 

[44] TV2 (25”)  ignition using 1 kW propane 
burner 

Freeburning furniture 
calorimeter 

211 
 

0.0087 
 

155 
 

[44] TV3 (28”) ignition using 1 kW propane 
burner 

 241.3 
(25.8)  

0.0249 
(0.0227)  

150.0 
(14.7)  

 Average and std. dev. 
between brackets 

 
 
Now having separate HRR-curves for all the inventory items, we have to determine the time to ignition 
of a secondary object. The distance between different inventory items is important for calculating at 
which time the fire spread from object to object will occur. Although hospital beds and other medical 
equipment could be moved around through the enclosure, for design purposes we assume a steady 
setup as given in figure 2.5 of paragraph 2.2.3. Research by Ohlemitter [13] shows that the reach from 
a flame of a burning bed is about 0.35 m¹. It is assumed that direct flame contact will lead to the 
immediate ignition of the secondary item. Therefore when ignition of the hospital bed is considered, 
the television above the bed, privacy curtains and nightstand are assumed to ignite at the same time. 
When ignition of the curtains due to open fire or television due to electrical failure is considered, similar 
behavior will be assumed. The separate HRR-curves of the inventory items which will ignite at the 
same time are bundled in a single fuel-package. The two separate fuel packages including their 
composition are given in figure B.2.  
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Figure  B.2: Fuel packages and burners FDS 
 
 
 

   
The HRR for each fuel package is given in figure B.3. The only information missing to compose our 
final design fire is the time at which the HRR-curves have to be superpositioned to one another. The 
time to fire spread from one fuel package to the other is calculated below. 
 
Figure  B.3: HRR per fuel package 
 

   
NOTE The design fire is limited to a maximum duration of 16 minutes (=960 sec) as this is the 

maximum allowable evacuation period according to the implicit regulations of the Building 
Decree. 

  
Ignition of fuel package A: 
As indicated in figure B.2 fuelpackage A consists of a television, bed, nightstand and curtains. The 
HRR curves of the television, bed, curtains and nightstand are added at t=0 as all the items are within 
a range of 0.35 m¹. After the first inventory items have been ignited the fire is assumed to spread to 
other neighboring items according to equation B.5 [12]. 
 

" =    
4     (eq. B.5)  

Where: 
"   = incident radiative heat flux on exposed surface [kW/m²] 
  = radiative fraction of exposing fire [-] 

  = HRR of exposing fire [kW] R  = radial distance from center of exposing fire to exposed surface [m¹] 

Fuel package B: 
- television 
- hospital bed 
- nightstand 
Burner: 2x1 m¹ 

Fuel package A: 
- television 
- hospital bed 
- nightstand 
- curtain 
Burner: 2x1 m¹ 
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It was found that due to the large distance between inventory items, the beds where the most critical 
items to cause fire spread (e.g. HRR television not high enough to cause ignition by radiation of 
secondary item). Taking the critical heat flux for the ignition of a bed to be 10 kW/m², which 
corresponds to easily ignitable objects according to research by Babrauskas [14] and a distance from 
the center of the first bed to the second bed of 1.6 m¹. The HRR required for the first bed to ignite the 
second bed is calculated using equation B.5.  
 

=   4 " =  4 ∗ ∗ 10 ∗ 1.6
0.4  ≈ 805   

 
 
The time at which the first bed (fuel package A) reaches 805 kW can be determined by equation B.1. 
The growth-coefficient  for a bed of 0.0214 is taken from table B.1. Solving for the time to ignition of 
the second bed ( ), we find: 
 

=   =  . ≈ 194   
 
After about 194 seconds the HRR required to ignite the second bed is reached. From t=194 the HRR 
of the second bed (fuel package B) should be added to the design fire. The objects within fuel 
package B are assumed also to ignite at the same time due to flame contact. Superpositioning the 
HRR of fuelpackage B at t=194 seconds to fuelpackage A, the fuel controlled HRR-curve with ignition 
due to the television in fuel package A is given in figure B.4. It should be kept in mind that this is the 
HRR in well ventilated conditions (fuel controlled). 
 
 
Figure  B.4: Fuel controlled HRR due to ignition television fuel package A 
 

  
 
In a similar manner the fuel controlled HRR can be obtained when ignition starts with the bed of fuel 
package B. For this particular case, due to (near) symmetry in the fuel packages, fire spread 
calculations from fuel package B to A are identical to the fire spread from A to B. Figure B.5 
summarizes the fuel controlled HRR when ignition starts in fuel package A or B.   
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Figure  B.5: Fuel controlled HRR selected ignition sources 
 

   
 
  
Time to flashover: 
Finally the HRR required for flashover within the enclosure should be calculated. This, in order to see 
from which moment in time all combustible items contribute to the fire. When flashover occurs before 
ignition due to radiation (i.e. t=194 seconds), the HRR-curve of the second fuel package should be 
superpositioned from the moment in time flashover is calculated instead of the found time by radiative 
ignition. As a first estimate we will use a correlation found by Thomas [23], who found a relation 
between the room geometry and the ventilation factor, by doing a number of conservative but 
simplifying assumptions. 
 

= 7.8 + 378  (eq. B.6)  
Where: 

 = heat release rate at flashover [kW] 
  = total surface area of the enclosure, including openings [m²] 
 = area of ventilation openings [m²] 
  = height of ventilation openings [m¹] 

 
 
Although there are many different flashover correlations, the Thomas-correlation is chosen as in 
comparison to other correlations the Thomas-correlation is the most conservative. Figure B.6, taken 
from [23], shows a comparison between correlations of different authors for the prediction of the HRR 
required for flashover. Correlation B is the Thomas correlation used in the calculations for our design 
fire.  
 
 
Figure  B.6: Comparison of correlations  
 

 

A, Babrauskas (1980b);  
B, Thomas (1981) with AT = 35 m²;  
C, McCaffrey et al. (1981) with hkAT = 2.03 kW/K (incl. floor)  
D, as C, but with ΔT = 575 K 
E, Hägglund et al. (1974) with ΔHc;wood = 15 kJ/g  
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In order to calculate the HRR required for flashover, some geometrical factors need to be known. 
Chapter 2 and Appendix A give the dimensions and layout of a standard nursing room. The floor area 
of the room is found to be 25.25 m², the inner height of the room is 2.7 m¹ and all the vertical surfaces 
(walls/doors/window) cover 61.8 m². As the ventilation openings will assure oxygen for combustion is 
supplied towards the room, their dimensions are given in table B.5 
 
 
Table  B.5: Ventilation openings nursing room 
 Ventilation 

Opening 
Height 
[m¹] 

Width 
[m¹] 

Door  2.3 1.2  
Window 1.4 2.8   

 
Although the nursing room has two openings as a worst-case assumption (i.e. lower HRR required for 
flashover) we will only consider the window to fracture and the door being closed. According to the 
dimensions given above the total surface area of the enclosure is 112.3 m².  and  of the window 
are taken from table B.5 and are respectively 3.92 m² and 1.4 m¹. Entering these geometry-factors in 
the Thomas-correlation of equation B.6, the HRR required for flashover is: 
 

= 7.8 + 378 = 7.8 ∗ 112.3 + 378 ∗ 3.92 ∗ √1.4 ≈ 2,629  
 
 
When the total HRR of the inventory items reaches 2,629 kW, flashover is assumed to occur and all 
the combustible materials within the enclosure are assumed to participate in the fire from that time on. 
Checking figure B.5 teaches us the total HRR will reach 2,629 kW at about 225 and 260 seconds after 
ignition for respectively the ignition starting in fuelpackage B and A. The predicted time to flashover by 
the Thomas-correlation, is later in time than the predicted ignition of the secondary fuel package and 
therefore no adaptations have to be made to the fuel controlled HRR’s found in figure B.5.  
 
As correlations depend on simplifying assumptions we will check the FDS-results to see whether or 
not a hot smoke layer of 500 ℃ is formed (flashover criterion) before all inventory is assumed to 
contribute to the fire. Both the cases for the wooden wall linings and gypsum wall linings are 
considered as these also could contribute to the fire. As shown in figures B.7 and B.8, there is no solid 
hot smoke layer of 500 ℃ formed after about 195 seconds (i.e. calculated time to ignition by radiation). 
Therefore, also when considering the FDS-results no adaptations have to be made to our design fire.  
 
 
Figure  B.7: Gas temperature gypsum wall linings at t=195 seconds 
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Figure  B.8: Gas temperature wooden wall linings at t=195 seconds 

  
 
Composing design fires for FDS: 
The final fuel controlled HRR-curves for both the ignition starting in fuel package A and fuel package B 
are given in figure B.9. Although not that different the HRR-curve for the ignition staring in fuel 
package A is taken to be our final design fire, this due to the sharp increase in HRR in the initial 
seconds of the fire when subjects are still within the fire room. 
 

 
Figure  B.9: Final design fire for inventory 
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Appendix C Radiation sensitivity 
 
In FDS the radiation from an object is angular discretized in all directions. This means the unit sphere 
is divided into an user defined number of solid angles (see figure C.1). By default the number of solid 
angles is 100, which is a good estimate for solving radiation problems over a (relative) short distance. 
The number of polar angles is by default 15. In order to check whether or not the default values of 100 
solid angles and 15 polar angles generate enough accuracy, a sensitivity study explicitly for solving 
the radiation from a solid surface to the nearest wall and ceiling is conducted.  
 
Figure  C.1: Angular discretization into solid angles 
 

  
 
The model for the sensitivity study consists of an incombustible floor with a combustible wooden 
ceiling at a height of 2.7 m¹ above the lower floor (i.e. identical to our case study). The sides of the 
enclosure as well as the mesh are open which allows for smoke to escape. One side of the model is 
closed using a solid wall of 25 mm plasterboard with an insulated backing. Table C.1 summarizes the 
materials and their properties which are used for the sensitivity analysis. The dimensions of the model 
used for the sensitivity study are equal to the dimensions of the nursing  room used in the actual 
analysis. 
 
Table  C.1: Material data 
  Wall Floor  

 
Ceiling 
 

Material Gypsum Concrete Wood 
Thickness [mm] 25 290 12 (air backing) 
Density [kg/m³] 1,440 2,280 640 
Specific heat [kJ/kgK] 0.84 (constant) 1.04 (constant) 2.85 (constant) 
Conductivity [W/mK] 0.48 (constant) 1.80 (constant) 0.14 (constant) 
Emissivity [-]  0.9 0.9 0.88  

 
In contrast to the actual fire-room a combustible ceiling is used, as than there is at least some distance 
between ignition source and combustible lining. For the combustible ceiling the burning in FDS is 
modeled using a simple combustion model. Table C.2 summarizes the input parameters used in FDS 
to model the burning of the wood during the sensitivity analysis. Note that used values might slightly 
differ from data used in the actual analysis as the radiation sensitivity analysis was conducted early on 
in the process. The differences will not clutter the final outcome of this sensitivity study.  
 
 
Table  C.2: Combustion parameters wood 
 Combustion parameter  

 
HRRPUA [kW/m²] 150 
Ramp-up time t² [sec] 15 
Ignition temperature [oC] 350 
Heat of vaporization [kJ/kg] 2,300 
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A radiating panel with dimensions 1.0 x 1.0 m² and a surface temperature of 2,000 oC is positioned in 
the middle of the room. A radiating surface is taken instead of a burner in order to cancel out the 
unpredictable nature of flames during combustion. Besides, we are interested in the accuracy of the 
different polar and solid angles with respect to the ignition of lining materials. In order to assess the 
influence of angular discretization, three different number of solid angles are tested with two different 
kind of polar angles. The angular discretization is assessed against two different cell-sizes. As far as 
the solid angles are concerned the default value of 100 angles is chosen as a base value. This base 
value is set against 200 solid angles, to check the influence of doubling the number of angles and 
1000 solid angles, to check the influence of a higher order of angles. The number of polar angles are 
tested for 15 and 150 polar angles. The mesh is divided in cells of 0.2³ m¹ and cells of 0.1³ m¹. Figures 
C.2 and C.3 show the results from the sensitivity analysis as far as HRR, MLR and inside solid 
temperature (1 mm depth) are concerned. 
 
 
Figure  C.2: Results radiation sensitivity cell-size 0.2³ m¹  
      Heat Release rate             Inside wall temperature 

   
  

 
 

Figure  C.3: Results radiation sensitivity cell-size 0.1³ m¹ 
   Heat Release rate             Inside wall temperature 

   
  

 
 
As can be seen in figures C.2 and C.3 the results do not deviate much from one-another by increasing 
the solid and polar angles. The results for the HRR, which tell us the sensitivity of the heating up of the 
wood with respect to the discretized angles, are nearly independent of the number of solid and polar 
angles. When the inside solid temperatures at 1 mm depth are assessed, a 5% difference can be 
witnessed at the 0.2 m³ mesh and a 10% difference for the 0.1 m³ mesh. In order to assess the 
sensitivity of the model with respect to the number of polar and solid angles, the changes in input and 
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output are relevant. A common technique for sensitivity analysis [28] is to take one base case (i.e. 
case of interest: 100/15 angles) and hold all parameters but one and determine the effect. Each 
parameter is in- or decreased and the sensitivity of parameters is reported as a decimal, which is 
calculated according to equation C.1. 
 

=   ℎ   
 ℎ    

 
(eq. C.1)  

When equation C.1 generates sensitivity values greater than unity the output is more sensitive to that 
parameter. A value smaller than unity indicates the output is less sensitive to that parameter. Given 
the input parameters change 100% and 900% and the output parameters deviate about 5% to 10%, it 
can be assumed that the model is less sensitive to the change of solid and polar angles. Therefore is it 
safe to assume the default values for 100 solid angles and 15 polar angles in our models of the 
academic hospital. An increase in solid and polar angles would mainly lead to additional computational 
time, without achieving much more accuracy. 
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Appendix D Mesh sensitivity 
 
Since FDS is an LES-based code, the solution strongly depends on the computational cell size. As it is 
unknown to us if the desired cell-size is appropriate, a sensitivity study into the cell-size should be 
performed. Since a finer mesh will require more computational time a balance between accuracy and 
computational time should be found. The solution is acceptable when the results of the calculation 
don’t change appreciably with the refinement of the mesh size. For our assessment of the prescriptive 
fire safety regulations within a nursing room we will refine the mesh systematically from 0.2³ m¹ to 0.1³ 
m¹ to 0.075³ m¹ and finally 0.05³ m¹. The smaller the grid, the more accurate the solution will become. 
An important accuracy improvement using a smaller cell-size with respect to the HRR, is the more 
accurate calculation of the heating of the linings and therefore the propagation of flame across it. 
Besides having a more accurate solution for the HRR we are also interested in other quantities within 
the nursing room, due to the presence of people within the room. In order to check the impact of the 
cell-size with respect to the interaction with humans, we will incorporate two FED-devices within the 
sensitivity analysis-model as well as zone measuring devices for visibility and gas temperature. The 
dependency to the cell-size of the thermocouple which removes the window pane is also analyzed. 
This, in order to see the influence of the cell-size to the fracture time of the glass. As the HVAC-
system is modeled using standard quadratic fans, the maximum pressure within the enclosure with 
respect to the cell-size is analyzed as well. This tells us whether or not the threshold-value of 500 Pa 
will be exceeded and smoke is forced into the ventilation inlets. Finally the volume flow through the 
window is checked (positive and negative).  
 
Figure D.1 indicates the location of the devices within the enclosure. The width of the zone measuring 
devices is 1,400 mm, measured from the wall. This part of the enclosure is chosen as this area is not 
direct in contact with the flames, which could clutter the results. The zone measuring device for 
maximum pressure is not indicated in figure D.1 as it is measured within the entire enclosure. 
 
 
Figure  D.1: Location devices within enclosure 
 

  
 
In order to see the influence of the cell-size to the quantities mentioned above, figures D.2 to D.6 show 
the obtained solutions using different cell-sizes. It should be noted that for the 0.075³ m¹ cells the 
model had to be adapted. These minor adaptations will also influence the results (e.g. window of 2.8 
m¹ x 1.4 m¹ is modelled as 2.775 x 1.425 m¹). For all quantities the median, average value over 300 
seconds and average value over the final 60 seconds are calculated. The median and average value 
over 300 seconds indicate the quality of mesh during the beginning of the fire, when we are mainly 
concerned about the conditions within the fire room. The average over the final 60 seconds (i.e. t=240 
to 300 sec) indicates the quality of the mesh when the fire is becoming fully developed. Note that not 
all averages make sense as for instance thermocouple readings are only relevant during the period of 
time the glass has not yet broken. This will be explicitly indicated in the figures and in table D.2. Since 
the sensitivity study is performed to obtain a good ratio between the correctness of the results and the 
computational time, table D.1 indicates the computational time per cell-size for the first 300 seconds of 
the simulation.  
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Table  D.1: Computational time 300 seconds 
 Cell-size 

 
[m] 

Computational 
time  
[h] 

0.05³ 168.3 
0.075³ 34.7 
0.10³ 14.2 
0.20³ 1.6  

 
Figure D.2 shows the most important parameter of the sensitivity study, being the HRR. According 
figure D.2 all grids are able to output the HRR adequatly, without strong deviations from each other. 
As can be seen at around 270-300 seconds the green and red graph are slightly higher than the 
yellow and blue graph. This could be an indication that the results could deviate more when the HRR 
is increased due to the ignition of the wood. 
 
 
Figure  D.2: Mesh sensitivity HRR 
 

  
 
We are interested in temperature readings for multiple reasons, one being the dependency of -
calculations of temperature. But also the flame spread across the combustible wall linings requires 
temperature input as the ignition is calculated by the heating of the wood. The latter could also be 
assessed by checking the HRR, where one would expect the 0.1 and 0.05 mesh to be quite similar. 
Besides a mean zone temperature the thermocouple readings at the window pane for the different 
grids are outputted, as these indicate the time to fracture of the glass.  
 
NOTE For the thermocouple readings at the window pane only the first 60 seconds are of interest as 

in this period of time the glass will fracture. 
 
   

Graph 0.1 follows 0.05 almost exactly, 
even when fire grows to higher HRR’s. 
0.2 and 0.075 give about 5% lower 
results 
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Figure  D.3: Mesh sensitivity temperature 
 

  
 
The volume flow of air into the enclosure is important as it is required to supply the fire with the 
necessary oxygen for combustion. Large deviations could lead to limitations in the HRR later on, when 
a ventilation controlled regime is applicable.  
 
 
Figure  D.4: Mesh sensitivity volume flow through window 
 

  
 
As some calculations concerning the interaction between humans and fire depend on visibility, this 
quantity is outputted to see if threshold values could differ using a different cell-size. As far as 
pressure is concerned, it is the driving force between the smoke spread through cracks and seams 
towards the circulation area as well as the driving force behind the smoke spread through ventilation 

Thermocouple readings till glass 
fracture are nearly identical, resulting 
in about the same fracture time. 

Average zone temperatures (0.75-2.0 m) 
coincide fairly well. As with HRR, mesh 
0.1 and 0.05 are almost spot on, while 
0.075 and 0.2 deviate about 5%. 

0.1 and 0.2 generate a overprediction 
compared to 0.05, while 0.075 has a 
small underprediction. The latter could 
be explained by the adaptations of the 
window. Deviation of 0.05 to 0.1 and 
0.075 is about 3%-5%. 
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ducts. Recall that standard quadratic fans with a stall pressure of 500 Pa are used. Assessing the 
maximum overpressure in the enclosure for different grid-sizes will tell us whether or not a more 
complex duct-network for the HVAC-solver is required.    
 
 
Figure  D.5: Mesh sensitivity volume maximum pressure and visibility 

 

  
 
As this master dissertation is about the effects of prescriptive fire safety regulations on humans, FED-
data will be outputted. Figure D.6 shows significant deviations in FED values for different cell-sizes. 
What should be kept in mind is that FED readings are time integrated quantities of a given point in 
space. A single gust of toxic smoke could seriously influence the readings. What is noticed in figure 
D.6 is that before glass-fracture (i.e. about 0 to 60 sec) the readings are quite similar. Shortly after 
glass fracture, the readings start deviating a lot. Due to the sudden release of pressure as the window 
fractures, the flow within the enclosure will become quite turbulent. Taking into consideration FDS is  
LES-based which depends on grid size for its turbulence-modeling, this could explain the large 
difference in FED-readings during that particular moment in time. After the flows in the room come into 
a sort of “equilibrium state”, the differences in FED-readings become quite small again, which can be 
seen in figure D.6 by the nearly parallel lines some time after the fracturing of the glass.  

 
  

Graphs visibility coincide perfectly. 

The maximum pressure within the 
zone is slightly higher in the 0.05 mesh 
compared to the others, but deviation 
is within acceptable limit.  
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Figure  D.6: Mesh sensitivity FED 
 

  
 
As shown in figures D.2 to D.6 the deviations for most quantities are small over the given period of 
time. Table D.2 shows for some parameters the average deviations over the given time periods. The 
average deviations are given compared to the finest grid of 0.05³ m¹. 

 
 

Table  D.2: Results sensitivity study 
 Quantity Grid size  

 
 
[m] 

Average 
deviation 
300 sec. 
 [%] 

Average 
deviation 
last 60 sec. 
 [%] 

HRR 0.2³ - 1% - 5% 
HRR 0.1³ 0% - 1% 
HRR 0.075³ - 1% - 6% 
Thermocouple 0.2³ NA 0%  * 
Thermocouple 0.1³ NA 2%  * 
Thermocouple 0.075³ NA 0%  * 
Mean gas temp. 0.2³ - 3% - 6% 
Mean gas temp. 0.1³ - 1% 0% 
Mean gas temp. 0.075³ - 1 % - 5% 
Volume flow out 0.2³ 10 % ** 13% 
Volume flow out 0.1³ 3 % ** 4% 
Volume flow out 0.075³ -1 % ** - 4% 
Volume flow in 0.2³ 5 % ** 9 %   
Volume flow in 0.1³ 0 % ** 0 % 
Volume flow in 0.075³ - 2 % ** - 3%     
Max Pressure 0.2³ - 20% - 28 %  
Max Pressure 0.1³ - 8% - 15 %  
Max Pressure 0.075³ - 37% - 35%    

* average over period 0-60 sec 
** average over period 90-300 sec  

 
According to figures D.2 to D.6 and table D.2 the differences in output quantities between cell-size 
0.05³ m¹ and 0.1³ m¹ are quite small. Given the twelvefold in computational time the optimum between 
computational time and accuracy is obtained using a 0.1³ m¹ cell size. Therefore for modeling the fire 
within the nursing room we will use a mesh with cells of 0.1 x 0.1 x 0.1 m³. 
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Appendix E Evacuation experiments 
 
In order to obtain actual evacuation data for the time required to dismount a patient from medical 
equipment and the walking speeds of evacuation personnel pushing a bed during real life evacuation, 
an evacuation experiment was organized especially for this research. Training and experience of 
nursing staff differs from person to person and therefore, in order to get a realistic view of the 
capabilities of staff, the evacuation experiment was held over three days with a total of six emergency 
response teams of two persons each.  
 
The setup of the experiment is given in paragraph E.1 and the raw data is given in paragraph E.2. In 
paragraph E.3 we will convert the raw data into cumulative distribution functions and reliability 
functions. 
 
 E.1 Setup evacuation experiment 
 
A priori information: 
Nursing staff who participated in the experiment were told in advance a regular emergency drill was 
taking place. Subjects were not told what the intend of the experiment was, only that they had to act 
whether they were conducting a real-life evacuation during a nighttime situation. As staff is usually 
trained according to the ZOEF-method (i.e. Zelf OEFenen), subjects were surprised finding a smoke 
filled corridor. Most characterizing for the unknown was a phrase of a member of evac crew 2 when 
her initial heart rate was measured: “wow…my hearth rate is high, I’m anxious of what is going to 
come”. 
 
After taking the heart rate and blood oxygen levels, staff was instructed to do whatever they would do 
during an actual emergency and that they had to evacuate at least the beds with real lotus victims. In 
order not to influence the data of walking speed or the time required in removing a patient from a 
room, staff were not told the meaning of the lines in the corridor.  
 
Situation evacuation experiment: 
The worst-case scenario to account for is an emergency response during a night shift. At nighttime a 
minimum of two nurses are present within the nursing ward, compared to about eight to ten nurses 
during daytime. Since the patient occupation of the ward is about equal during daytime and at night, 
the load on the nurses is higher at night. Given the previous, the emergency response team during the 
evacuation experiment consists of just two nurses. Nurses are allowed to call for backup from security 
or other staff, but data mentioned in this research is only from the nurses present in the ward, hence 
other personnel is neglected. It is justifiable that other personnel than nurses evacuating beds is 
neglected due the hospital procedures which tell nurses they have to move bedridden patients from 
their nursing room during an emergency. It is therefore more than highly likely, that nursing staff will 
evacuate the patients from the fire room. Clutter of the data by other (trained) personnel removing 
patients is therefore prevented. 
 
Measuring of heart beats per minute and blood oxygen: 
Since performing heavy work will result in a lower tolerance to high carboxyhemoglobin levels (see 
chapter 4), the heart rate and amount of oxygen bonded to the red blood cells are measured using a 
professional pulse oximeter of the academic hospital, before starting and directly after (within 60 
seconds) the experiment has ended. The used pulse oximeter is calibrated in order to output correct 
measurements. The heart rate of the nurses indicates whether or not light or heavy work is performed. 
The oxygen percent bonded to the red blood cells is in principle irrelevant for this research, but it gives 
an indication of the fitness of the test subjects. 
The heart rate will naturally increase as more labor is done. This explains why the heart rate of the first 
evacuation crew of the experiment is lower as than for the other crews as they only evacuated six 
beds while the other evacuation crews had to move up to 15 beds. Nonetheless, these readings give 
us a good estimate of the labor done by nurses during the first minutes of the fire.  
 
Lotus victims and coupling to medical devices: 
Assuming it is more difficult to evacuate a hospital bed with an actual patient in the bed than without, 
at least five up to eight beds are occupied by lotus victims. During the first day of the experiment the 
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lotus victims were not coupled to medical equipment. Therefore nurses during the first day only had to 
grasp a bed and start evacuating. During the second and third day of the experiment, the lotus victims 
were coupled to medical equipment (i.e. loose infusion and/or heart monitoring device) as indicated in 
figure E.1. During the latter experiments the dismounting of patients from the equipment will take more 
time, but this will give a more realistic view of the time spent by nurses in the fire room.  
 
Figure  E.1: Lotus patients coupled to medical device 
 

       
 
Smoke filled rooms: 
During the first day of testing three nursing rooms were filled with white smoke, which partially 
spreaded towards the circulation area. The smoke spread towards the circulation area influences 
visibility which in turn should affect walking speed according to literature [8]. In order to reduce the 
visibility even more, regular lighting is switched off in the nursing rooms as well as the circulation area. 
Navigation in the smoke filled corridor is only possible due to the emergency lighting present in the 
enclosure. Figure E.2 visualizes the conditions in the circulation area during day 1.  
 
NOTE:  It was not possible to measure visibility or optical density during the evacuation experiment 

due to the lack of appropriate equipment. 
 
 
During day two and day three, the regular lighting was again turned off, leaving emergency lighting 
again as the only means of navigation in the circulation area. The smoke machine was set up in 
another nursing room at the end of the corridor. This in order to interfere as least as possible with 
learned drills of the emergency response teams. Moving the smoke filled room to the end of the 
corridor also made it possible to evacuate more beds, resulting in more data. As can be seen in figure 
E.3 the visibility in the corridor during day 2 (and 3) was better than during day 1, as the end of the 
corridor could be seen. 
 
 
 
  

 Lotus victim coupled to medical 
device (infusion and IV pole). 
 
Other victims could also be coupled 
to oxygen supply in wall (arrow 
indicative).   
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Figure  E.2: Visibility in corridor during day 1 
 

        
 
Figure  E.3: Visibility in corridor during day 2 and day 3 
 

         

 Regular lights switched off in corridor 
day 1. 
 
 
 Emergency light only means of light in 
circulation area. 
 
 
Corridor filled with smoke. 
Visibility/optical density unknown.  

Regular lights switched off in corridor day 2 and 3.  
 Emergency light only means of light 
in circulation area.   Corridor was NOT filled with smoke 
during day 2 and 3 
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Time measurements and walking speed: 
The goal of the evacuation experiment is to obtain realistic data for the time required by evacuation 
personnel to go into a nursing room, dismount a patient from medical equipment and move the patient 
out of the nursing room to a safe place. In order to make accurate time measurements, markings are 
made on the floor (see figure E.4). The time it takes to dismount and remove a patient form the 
nursing room is started when the first foot of a nurse crosses the line in the doorpost (i.e. line T1 in 
figure E.4) and actually enters the room. The time is stopped when the first foot of the nurse crosses 
line T1 again coming out of the room. This tells us the amount of time a nurse is within the fire room, 
which we can use for our FED-calculations.  
 
Since cornering a bed around a doorstand requires time, a second measurement starts immediately 
after the measurement going in and out of the patient room. When the first foot of a nurse crosses the 
line in the doorpost (i.e. line T1 figure E.4) the measurement for cornering starts. This is the same 
point in time as where the first measurement ended. The measurement for cornering ends when the 
first foot of a nurse crosses the first distance measurement line in the circulation area (orange lines 
figure E.5). The initial acceleration is included into these measurements. 
 
Finally it is measured at which speed beds are being pushed across the corridor by the nurses. For 
this reason measurement lines have been drawn at the end of each doorpost (i.e. where cornering 
measurement ends) and at least every 5 meters. The time measurement for walking speed is started 
when the first foot of a nurse crosses a measurement line, while the time measurement ends when the 
first foot of the nurse crosses the 0 meter line. During the first day the green marked fire doors of 
figure E.5 were closed due to the smoke in the corridor. Since the fire doors open opposed to the 
direction of the escape route of the beds, this proved to be an additional obstacle in the corridor. Since 
the closed fire doors will clutter the results for our case study (i.e. according to legislation no additional 
fire doors required), the results with doors closed are separated from the results with open doors 
during day 2 and 3. The latter telling us the unimpeded walking speed. 
 
 
Figure  E.4: Markings corridor and nursing room 
 

       
 
For all time measurements a stopwatch was used and the obtained results were rounded off to the 
nearest 0.5 seconds. The major drawback from timing by hand without electronic aid are the minor 
errors from the reaction time of the observer pressing the buttons of the stopwatch and the decision 
when the subject crosses a line. But, due to the many time measurements as well as the length of the 
time measurements compared to the reaction time of the observer, deviations in timing by hand will be 
minimal. Moreover as a the date is used in a probability distribution. 
 

Line for time for the determination 
and measurement of the time 
spend in room (T1). 
 
 
Line indication the walking 
distance to the exit. 
 
 
 Lines which are used for the 
determination and measurement 
of the rotation time of a bed. 
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Visual overview of test setup: 
Figure E.5 shows the initial setup of the experiment. The location of lotus victims and smoke machines 
are given as well as the location of the time measurement lines on the floor. The mandatory 
evacuation route is given by a pink arrow. The doors in the corridor opening opposed to the direction 
of egress, which were closed during day 1, are indicated in green in figure E.5. 
 
 
Figure  E.5: Floor plan with setup experiment   

   

  
 E.2 Results evacuation experiment 
 
This paragraphs lists the raw data obtained during the evacuation experiment. Two evacuation crews 
were asked per day of testing. This means Evac crews 1 and 2 participated in the experiment during 
day 1, Evac crews 3 and 4 participated during day 2 and finally Evac crew 5 and 6 during day 3. In 
each table the column “remark” gives additional information under which conditions the measured data 
was obtained. 
 
 
Table  E.1: Physiological data 
 Evac  

crew 
 
[#] 

Membership crew  Blood O2 start 
evacuation 
[%] 

Blood O2 end 
evacuation 
[%] 

Heart rate 
start 
evacuation 
[BMP] 

Heart rate 
end 
evacuation 
[BMP] 

Remark 

1 1 female (20-35 yrs) 
1 female (20-35 yrs) 

100 
99 

99 
98 

79 
99 

(108) 
(113) 

Evacuated total 
of six beds; 
Walking. 

2 1 female (20-35 yrs) 
1 female (36-50 yrs) 

99 
99 

98 
98 

88 
87 

150 
147 

Evacuated total 
of ten beds 
Running. 

3 1 female (20-35 yrs) 
1 female (36-50 yrs) 

99 
98 

98 
96 

78 
93 

130 
148 

Evacuated more 
than ten beds 
Running. 

4 1 female (20-35 yrs) 
1 female (50+ yrs) 

100 
99 

98 
97 

77 
75 

137 
118 

Evacuated more 
than ten beds 
Running/walking. 

5 1 female (20-35 yrs) 
1 female (50+ yrs) 

99 
100 

96 
98 

89 
84 

130 
147 

Evacuated more 
than ten beds 
Running/walking. 

6 1 female (20-35 yrs) 
1 female (36-50 yrs) 

100 
100 

96 
97 

91 
74 

136 
142 

Evacuated more 
than ten beds 
Running. 
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Table  E.2: Time required to evacuate one bed from nursing room 
 Evac  

crew 
[#] 

Time 
[s] 

Remark 

1 28 Not connected to medical equipment; smoke filled room. 
1 33 Not connected to medical equipment; smoke filled room. 
2 17  Not connected to medical equipment; smoke filled room. 
2 11 Not connected to medical equipment; smoke filled room. 
2 21 Not connected to medical equipment; smoke filled room. 
2 15 Not connected to medical equipment; smoke filled room. 
3 61 Connected to medical equipment; smoke free room. 
3 32 Connected to medical equipment; smoke free room. 
3 57 Not connected to medical equipment; quarantine room smoke free room. 
3 38 Connected to medical equipment; smoke free room. 
3 30 Empty bed; smoke free room. 
4 31 Connected to medical equipment; smoke free room. 
4 13 Empty bed; smoke free room. 
4 22 Empty bed; smoke free room. 
4 18 Empty bed; smoke free room; door nursing room was held open by security 
4 42 Connected to medical equipment; smoke free room. 
4 50 Connected to medical equipment; smoke free room. 
5 23 Empty bed; smoke free room. 
5 57 Connected to medical equipment; smoke free room. 
5 85 Connected to medical equipment; smoke free room. 
5 132 Connected to medical equipment; smoke free room. 
5 85 Connected to medical equipment; smoke free room. 
6 31 Connected to medical equipment; smoke free room. 
6 29 Connected to medical equipment; smoke free room. 
6 34 Connected to medical equipment; smoke free room. 

 
 
Table  E.3: Time required to corner bed into circulation area 

 Evac  
crew 
[#] 

Time 
[s] 

Remark 

1 - No data measured 
2 - No data measured 
3 4.5 Two subjects turning bed 
3 4.5 Two subjects turning bed 
3 3.5 Two subjects turning bed 
3 4 Two subjects turning bed; empty bed. 
3 3.5 Two subjects turning bed 
4 10 One subject turning bed; empty bed. 
4 8.5 One subject turning bed; empty bed. 
4 7 One subject turning bed 
4 6 One subject turning bed 
5 12 Two subjects turning bed 
5 5.5 Two subjects turning bed; empty bed. 
5 10 Two subjects turning bed 
5 5 Two subjects turning bed; empty bed. 
5 5 Two subjects turning bed 
6 13 Two subjects turning bed 
6 6.5 Two subjects turning bed 
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Table  E.4: Walking speed with hospital bed; door corridor closed 
 Evac  

crew 
[#] 

Distance 
travelled 
[m¹] 

Time 
 
[s] 

Walking  
speed 
[m/s] 

Remark  

1 18 20 0.90 smoke filled room. 
1 18 18 1.00 smoke filled room. 
1 18 21 0.86 smoke filled room. 
1 25 23 1.09 smoke filled room. 
2 25  24.5  1.02 smoke filled room. 
2 25 21 1.19 smoke filled room. 
2 25 20 1.25 smoke filled room. 
2 25 23 1.09 smoke filled room. 
2 25 22.5 1.11 smoke filled room. 
2 20 21.5 0.93 smoke filled room. 
2 23 22 1.05 smoke filled room. 
2 18 16 1.13 smoke filled room. 
2 18 17 1.06 smoke filled room. 

 
Table  E.5: Walking speed with hospital bed; door corridor open 
 Evac  

crew 
[#] 

Distance 
travelled 
[m¹] 

Time 
 
[s] 

Walking  
speed 
[m/s] 

Remark  

1 25  13  1.92 smoke filled room. 
3 18 7.5 2.40 smoke free room. 
3 20 8 2.50 smoke free room. 
3 25 12 2.08 smoke free room. 
3 32 13.5 2.37 smoke free room; empty bed. 
3 30 14 2.14 smoke free room; empty bed 
3 32 24 1.33 smoke free room; empty bed 
4 20 18.5 1.08 smoke free room. 
4 25 15 1.67 smoke free room. 
4 30 21 1.43 smoke free room; empty bed. 
4 20 12 1.67 smoke free room; empty bed. 
4 20 11 1.81 smoke free room; empty bed. 
4 18 13 1.38 smoke free room; empty bed. 
4 22 11.5 1.91 smoke free room; empty bed. 
4 27 18 1.50 smoke free room; empty bed. 
4 20 10.5 1.90 smoke free room; empty bed. 
4 25 15 1.67 smoke free room. 
4 18 12 1.50 smoke free room. 
5 17 12 1.42 smoke free room;  
5 22 14 1.57 smoke free room; empty bed. 
5 22 13 1.69 smoke free room; empty bed. 
5 17 11.5 1.48 smoke free room; empty bed. 
6 27 17 1.59 smoke free room. 
6 22 9,5 2.32 smoke free room. 
6 20 9 2.22 smoke free room; empty bed. 
6 22 10 2.20 smoke free room; empty bed. 
6 22 13.5 1.63 smoke free room. 
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E.3 Probability distribution 
 
As the raw data from experiments cannot be directly implemented into the calculations, we need to 
create a probability distribution for the walking speed, turning time of the bed into the corridor and time 
required for staff to remove a subject from a nursing room. In addition to the probability distribution the 
reliability of the system needs to be determined.  
 
Before creating the cumulative probability distribution function, a histogram of the evacuation of the 
nursing room is created in order to compare the raw data for smoke filled and smoke free rooms in 
relation to the lotus victims being coupled or not to medical equipment. The histogram of figure E.6 
clearly indicates that the evacuation of a patient from a nursing room requires about the same amount 
of time when the room is smoke free or filled with (white) smoke. More influencing parameters are 
whether or not a subject is coupled to a medical device and the staff carrying out the evacuation.  
 
 
Figure  E.6: Histogram of room evacuation 
 

  
 
In order to obtain a cumulative distribution function the software package Easyfit Professional version 
5.6 is used. The software package allows for empirically obtained data to be transformed into 
cumulative, survival/reliability or hazard distribution functions. Easyfit allows for up to 61 different 
distributions to be analysed at once, depending upon bounds entered by the user. As negative values 
would make no sense in our case we will use continuous bounded non-negative distributions which 
leaves us with 33 different distributions to be analysed. In a “Goodness-Of-Fit”-test the best 
distribution according to the Kolmogorov-Smirnov test (KS-test) is used for this research.  
 
Evacuation of a room: 
For the empirical data of the evacuation of a patient from a nursing room, the best fit according to the 
KS-test was the “generalized extreme value”-distribution with parameters:  κ=0.36125;   σ=14.453;   µ=38.117. 
 
Figure E.7 shows the cumulative distribution function of the time required for patients coupled to 
medical devices to be evacuated for a nursing room by staff members. The blue lines represents the 
discrete empirical data and the yellow line represents the Generalized Extreme Value distribution. 
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Figure  E.7: Cumulative distribution function evacuation room 
 

 Similar to the method used for the evacuation of a patient in a bed from a nursing room, the time 
required to turn a bed from a nursing room around the doorstand into the corridor was analyzed. Again 
Easyfit was used to fit a distribution to the obtained empirical data. The best fit for the cumulative 
distribution function for turning a bed into the corridor, according to the KS-test, was the Burr 
distribution with the following parameters:  α=9.6885;   β=4.0221;   κ=0.22162. 
 
Figure E.8 gives the cumulative distribution function for the turning of a bed around the doorstand by 
staff. Again the blue lines represent the discrete empirical data and the yellow line represents the 
actual probability-distribution (i.e. Burr). 
 
 
Figure  E.8: Cumulative distribution function for turning bed into corridor 
 

  
 
In contrast to the previous two distribution functions, a complementary cumulative distribution function 
(= reliability function) at which the system does not fail, is created for the movement speed of a nurse 
pushing a bed. According to the KS-test for goodness of fit, the Log-logistic distribution with the 
following parameters generates the best probability distribution:  α=7.624;   β=1.7303. 
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Figure E.9 shows the obtained discrete test data in blue and the Log-Logistic distribution in yellow.  
 
 
NOTE: Recall that from the moment in time visibility in the corridor drops below 5.0 m¹, the walking 

speed is reduced to 0.3 m/s as irritant smoke is assumed to impede the egress (see also 
paragraph 4.3). 

 
 
Figure  E.9: Reliability function walking speed 
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Appendix F Ignition of wood 
 
For our research into the actual fire safety level of a hospital ward according to prescriptive 
regulations, wooden wall linings are introduced in our nursing room. This as by law applying Euroclass 
D (e.g. spruce wood [45] materials is allowed. Accurate modeling (i.e. mimicking) of the burning 
behavior of wood is therefore required. The modeling in FDS is done by using a simple pyrolysis 
model, in which we impose the HRRPUA of the burning of the wood. The only unknown factor is at 
which time the ignition of (part of) the wall lining starts. Therefore a sensitivity study to the ignition 
temperature and heat of gasification is performed, as these parameters are used by FDS to model the 
ignition of the wood. 
 
Given that according to paragraph 6.4 an exposure to an external heat flux of 50 kW/m² is an 
appropriate assumption, we will try to mimic the cone calorimeter data found in literature [11] as 
accurate as possible. The red line of figure F.1 from Tsantaridis [11] is the burning behavior we are 
trying to model. Cone calorimeter data is used, as results from cone calorimetry make quite good 
benchmarks. 
  
 
Figure  F.1: Modelled HRR of Wood, taken from [11] 
 

  
 
Wood is an inhomogeneous material which consists mainly out of hemicelluloses, cellulose and lignin. 
Due to its inhomogeneous composition the burning of wood encompasses a complex thermal 
degradation process. Thermogravimetric analysis (TGA) of the degradation of wood shows that the 
constituents decompose to release volatiles for combustion at different temperatures [23], typically: - Hemicellulose: 200℃ to 260℃ - Cellulose: 240℃ to 350℃ - Lignin:  280℃ to 500℃ 
 
A literature study of Babrauskas [37] into the ignition temperature of wood suggests ignition 
temperatures ranging from about 250℃  to 500℃, depending on the test method used. Since the 
found range in Babrauskas’s study is to broad, we will eliminate the uncertainty of the correct ignition 
temperature by checking the impact of the ignition temperature to the time to ignition. 
Therefore we will create a cone calorimeter-like setup in FDS with a test specimen and a hot radiating 
panel above it. The temperature of the panel was adjusted to generate a heat flux of 50 kW/m² on the 
middle of the test specimen, as should be the case for the cone calorimetry test [46]. Figure F.2 shows 
the boundary quantity of the incident heat flux device in FDS. The black marked area is where the 
incident heat flux is 50 kW/m².  
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Figure  F.2: Setup ignition test FDS 

  
 The hypothesis is that the heat of gasification (i.e. energy required to create volatiles) also influences 
the time to ignition. Literature gives different heats of gasification for wood, ranging from about 1.82 
kJ/g [36] to 3.3 kJ/g [23]. Czichos [35] even mentions a heat of gasification for wood in the range of 
4.0 kJ/g to 6.5 kJ/g. Due to the uncertainty what value for the heat of gasification to use, also this 
parameter is assessed in the sensitivity study.  
 
For this sensitivity study three different ignition temperatures and three different heats of gasification 
are analyzed. The combination of the both which matches the time to ignition of the actual specimen 
by Tsantaridis [11] closest will be used in our research-models. The taken ignition temperatures are 
250℃, 320℃ and 390℃. For the heat of gasification values of 1.82 kJ/g, 3.0 kJ/g and 4.0 kJ/g are 
taken. 
 
First we need to determine the time to ignition of the 12.7 mm spruce specimen subjected to a 50 
kW/m² heat flux of figure F.3. Scaling figure F.3 we obtain a time to ignition of about 19 seconds as 
shown in green. 
  
Figure  F.3: Time to ignition spruce at 50 kW/m² flux according to [11] 
 

 

Radiating cone (1,250 ℃) 

Specimen 
(0.3 m¹ x 0.3 m¹) 
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Now we know the time to ignition, the numerical cone calorimeter setup as described above is run in 
FDS for different ignition temperatures and heats of gasification. Figure F.4 contains the results of the 
numerical tests using different ignition temperatures and heats of gasification. It was found that at an 
external heat flux of 50 kW/m² the influence of the heat of gasification was zero to none and therefore 
a conservative value of 1.8 kJ/g is used in this research.  
As for the ignition temperature, an ignition temperature of 390 ℃ resembles the actual time to ignition 
closest. Using an ignition temperature of 390 ℃, after about 17 seconds ignition started, independently 
from the heat of gasification. Given the close resemblance to the actual time to ignition as found by 
Tsantaridis, it is safe to assume an ignition temperature of 390 ℃ in our study. 
 
NOTE The time to PHHR is than 13 seconds, as by cone calorimetry by Tsantaridis the test 

specimen reached its PHRR after 30 seconds. 
 
 
Figure  F.4: FDS-results ignition wood different ignition temperature and heat of gasification 
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Appendix G Cold test HVAC-system  
 
In order to see whether or not the HVAC-system is modeled in a correct manner, a cold ventilation test 
(i.e. without fire) was done. For this test-model only the nursing room was modeled with its extraction 
vent in the toilet room and air inlet above the entrance door.  
The ventilation test was done in the absence of fire as the overpressure created by the fire would 
influence the volumetric flow as quadratic fans curves are used. Besides not having a fire in the 
enclosure, the window within the nursing room is removed. This, in order to prevent the room being 
pressurized by the HVAC-system itself, as the inlet has a capacity of 48 dm³/s while the extraction 
capacity is 36 dm³/s. 
 
As in the HVAC-solver the fan is modeled in a duct, the volumetric flow is not measured in the duct 
itself but within the computational domain using a flow device. The flow device is placed directly in 
front of the air inlet and extraction vent. According to figure G.1 the flow is modeled accurate enough 
for a HVAC-system with a flow of 48 dm³/s at the inlet and a flow of 36 dm³/s at the extraction point.     
Figure G.1: Volumetric flow HVAC-system without fire 
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Appendix H Results FDS-models 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Results corridor models 
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For interpreting tables H.1 to H.4, route 1 and route 2 need to be defined. Figure H.1 shows route 1 
and route 2 for tables H.1. to H.4. 
 
 
Figure  H.1: Route 1 and route 2 tables H.1 to H.4. 
 

 
 
Table  H.1: FED nurses route 1 
 

FED Nurse | Route 1 
 

Model Walking 
speed 
[m/s] 

Time in 
corridor 
[sec] 

∑   
 
[-] 

∑ *   
 
[-] 

∑ * 
 
[-] 

∑   
 
[-] 

Gypsum;new;open 1.38 160-173 0.0008 0.0007 0.0001 0.0007 
Gypsum;new;open 0.3 160-222 0.0034 0.0033 0.0005 0.0011 
Gypsum;new;open 1.38 245-258 0.0007 0.0006 0.0001 0.0001 
Gypsum;new;open 0.3 245-307 0.0031 0.0030 0.0005 0.0002 
Gypsum;new;closed 1.38 160-173 0.0001 0.0005 0.0001 0.0000 
Gypsum;new;closed 0.3 160-222 0.0003 0.0023 0.0003 0.0001 
Gypsum;new;closed 1.38 245-258 0.0001 0.0005 0.0001 0.0000 
Gypsum;new;closed 0.3 245-307 0.0004 0.0024 0.0004 0.0001 
Wood;new;open 1.38 160-173 0.0144 0.0007 0.0001 0.0005 
Wood;new;open 0.3 160-222 0.0570 0.0032 0.0005 0.0007 
Wood;new;open 1.38 245-258 0.0109 0.0006 0.0001 0.0000 
Wood;new;open 0.3 245-307 0.0505 0.0030 0.0005 0.0002 
Wood;new;closed 1.38 160-173 0.0011 0.0005 0.0001 0.0000 
Wood;new;closed 0.3 160-222 0.0054 0.0023 0.0003 0.0001 
Wood;new;closed 1.38 245-258 0.0014 0.0005 0.0001 0.0000 
Wood;new;closed 0.3 245-307 0.0070 0.0023 0.0003 0.0001 
Gypsum;old;open 1.38 160-173 0.0008 0.0007 0.0001 0.0005** 
Gypsum;old;open 0.3 160-222 0.0029 0.0030 0.0005 0.0008** 
Gypsum;old;open 1.38 245-258 0.0004 0.0006 0.0001 0.0000** 
Gypsum;old;open 0.3 245-307 0.0019 0.0026 0.0004 0.0001** 
Gypsum;old;closed 1.38 160-173 0.0001 0.0005 0.0001 0.0000** 
Gypsum;old;closed 0.3 160-222 0.0005 0.0023 0.0003 0.0001** 
Gypsum;old;closed 1.38 245-258 0.0001 0.0005 0.0001 0.0000** 
Gypsum;old;closed 0.3 245-307 0.0006 0.0024 0.0004 0.0000** 
Wood;old;open 1.38 160-173 0.0149 0.0007 0.0001 0.0004** 
Wood;old;open 0.3 160-222 0.0552 0.0031 0.0005 0.0006** 
Wood;old;open 1.38 245-258 0.0097 0.0006 0.0001 0.0000** 
Wood;old;open 0.3 245-307 0.0439 0.0027 0.0004 0.0002** 
Wood;old;closed 1.38 160-173 0.0021 0.0005 0.0001 0.0000** 
Wood;old;closed 0.3 160-222 0.0099 0.0023 0.0003 0.0001** 
Wood;old;closed 1.38 245-258 0.0027 0.0005 0.0001 0.0000** 
Wood;old;closed 0.3 245-307 0.0127 0.0024 0.0004 0.0001** 
*  FED calculated in zone 1 for entire duration of evacuation. 
**  FED not calculated for zones 4, 5 and 5a, instead FED zone 3a taken and extended by time required to      pass through zones 4, 5 and 5a.  
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Table  H.2: FED patient route 1 
 

FED Patient | Route 1 
 

Model Walking 
speed 
[m/s] 

Time in 
corridor 
[sec] 

∑   
 
[-] 

∑ *  
 
[-] 

∑ * 
 
[-] 

∑   
 
[-] 

Gypsum;new;open 1.38 160-173 0.0004 0.0006 0.0001 0.0000 Gypsum;new;open 0.3 160-222 0.0020 0.0030 0.0005 0.0002 
Gypsum;new;open 1.38 245-258 0.0004 0.0004 0.0001 0.0000 
Gypsum;new;open 0.3 245-307 0.0018 0.0018 0.0004 0.0001 
Gypsum;new;closed 1.38 160-173 0.0000 0.0005 0.0001 0.0000 
Gypsum;new;closed 0.3 160-222 0.0000 0.0022 0.0003 0.0000 
Gypsum;new;closed 1.38 245-258 0.0000 0.0005 0.0001 0.0000 
Gypsum;new;closed 0.3 245-307 0.0001 0.0023 0.0003 0.0000 
Wood;new;open 1.38 160-173 0.0084 0.0006 0.0001 0.0000 
Wood;new;open 0.3 160-222 0.0366 0.0029 0.0005 0.0001 
Wood;new;open 1.38 245-258 0.0073 0.0006 0.0001 0.0000 
Wood;new;open 0.3 245-307 0.0353 0.0027 0.0004 0.0001 
Wood;new;closed 1.38 160-173 0.0002 0.0005 0.0001 0.0000 
Wood;new;closed 0.3 160-222 0.0011 0.0022 0.0003 0.0000 
Wood;new;closed 1.38 245-258 0.0004 0.0005 0.0001 0.0000 
Wood;new;closed 0.3 245-307 0.0023 0.0023 0.0003 0.0000 
Gypsum;old;open 1.38 160-173 0.0004 0.0006 0.0001 0.0000** 
Gypsum;old;open 0.3 160-222 0.0009 0.0026 0.0004 0.0001** 
Gypsum;old;open 1.38 245-258 0.0001 0.0005 0.0001 0.0000** 
Gypsum;old;open 0.3 245-307 0.0003 0.0024 0.0004 0.0000** 
Gypsum;old;closed 1.38 160-173 0.0000 0.0005 0.0001 0.0000** 
Gypsum;old;closed 0.3 160-222 0.0000 0.0022 0.0003 0.0000** 
Gypsum;old;closed 1.38 245-258 0.0000 0.0005 0.0001 0.0000** 
Gypsum;old;closed 0.3 245-307 0.0001 0.0023 0.0003 0.0000** 
Wood;old;open 1.38 160-173 0.0064 0.0006 0.0001 0.0000** 
Wood;old;open 0.3 160-222 0.0186 0.0026 0.0004 0.0001** 
Wood;old;open 1.38 245-258 0.0023 0.0005 0.0001 0.0000** 
Wood;old;open 0.3 245-307 0.0116 0.0024 0.0004 0.0000** 
Wood;old;closed 1.38 160-173 0.0005 0.0005 0.0001 0.0000** 
Wood;old;closed 0.3 160-222 0.0024 0.0022 0.0003 0.0000** 
Wood;old;closed 1.38 245-258 0.0006 0.0005 0.0001 0.0000** 
Wood;old;closed 0.3 245-307 0.0030 0.0023 0.0003 0.0000** 
*  FED calculated in zone 1 for entire duration of evacuation. 
**  FED not calculated for zones 4, 5 and 5a, instead FED zone 3a taken and extended by time required to  
    pass through zones 4, 5 and 5a.  

  
  
   
  
   
  
   
  
   



H.4  

Table  H.3: FED nurses route 2 
 

FED Nurse | Route 2 
 

Model Walking 
speed 
[m/s] 

Time in 
corridor 
[sec] 

∑   
 
[-] 

∑ *  
 
[-] 

∑ * 
 
[-] 

∑   
 
[-] 

Gypsum;new;open 1.38 160-173 0.0007 0.0007 0.0001 0.0015 Gypsum;new;open 0.3 160-222 0.0032 0.0033 0.0005 0.0023 
Gypsum;new;open 1.38 245-258 0.0007 0.0006 0.0001 0.0002 
Gypsum;new;open 0.3 245-307 0.0029 0.0030 0.0005 0.0007 
Gypsum;new;closed 1.38 160-173 0.0000 0.0005 0.0001 0.0000 
Gypsum;new;closed 0.3 160-222 0.0001 0.0023 0.0003 0.0002 
Gypsum;new;closed 1.38 245-258 0.0000 0.0005 0.0001 0.0000 
Gypsum;new;closed 0.3 245-307 0.0001 0.0024 0.0004 0.0002 
Wood;new;open 1.38 160-173 0.0130 0.0007 0.0001 0.0011 
Wood;new;open 0.3 160-222 0.0560 0.0032 0.0005 0.0017 
Wood;new;open 1.38 245-258 0.0107 0.0006 0.0001 0.0001 
Wood;new;open 0.3 245-307 0.0470 0.0030 0.0005 0.0005 
Wood;new;closed 1.38 160-173 0.0010 0.0005 0.0001 0.0000 
Wood;new;closed 0.3 160-222 0.0055 0.0023 0.0003 0.0002 
Wood;new;closed 1.38 245-258 0.0012 0.0005 0.0001 0.0000 
Wood;new;closed 0.3 245-307 0.0060 0.0023 0.0003 0.0002 
Gypsum;old;open 1.38 160-203 0.0011 0.0007 0.0001 0.0007** 
Gypsum;old;open 0.3 160-358 0.0050 0.0027 0.0004 0.0009** 
Gypsum;old;open 1.38 245-288 0.0009 0.0005 0.0001 0.0001** 
Gypsum;old;open 0.3 245-443 0.0041 0.0026 0.0004 0.0003** 
Gypsum;old;closed 1.38 160-203 0.0000 0.0005 0.0001 0.0000** 
Gypsum;old;closed 0.3 160-358 0.0001 0.0023 0.0003 0.0002** 
Gypsum;old;closed 1.38 245-288 0.0000 0.0005 0.0001 0.0000** 
Gypsum;old;closed 0.3 245-443 0.0002 0.0024 0.0004 0.0002** 
Wood;old;open 1.38 160-203 0.0247 0.0007 0.0001 0.0006** 
Wood;old;open 0.3 160-358 0.1117 0.0028 0.0005 0.0009** 
Wood;old;open 1.38 245-288 0.0193 0.0006 0.0001 0.0001** 
Wood;old;open 0.3 245-443 0.0945 0.0028 0.0005 0.0004** 
Wood;old;closed 1.38 160-203 0.0026 0.0005 0.0001 0.0000** 
Wood;old;closed 0.3 160-358 0.0158 0.0024 0.0004 0.0002** 
Wood;old;closed 1.38 245-288 0.0035 0.0005 0.0001 0.0000** 
Wood;old;closed 0.3 245-443 0.0203 0.0025 0.0004 0.0002** 
*  FED calculated in zone 1 for entire duration of evacuation. 
**  FED not calculated for zones 4, 5 and 5a, instead FED zone 3a taken and extended by time required to  
    pass through zones 4, 5 and 5a.  

   



H.5  

Table  H.4: FED patient route 2 
 

FED Patient | Route 2 
 

Model Walking 
speed 
[m/s] 

Time in 
corridor 
[sec] 

∑   
 
[-] 

∑ *  
 
[-] 

∑ * 
 
[-] 

∑   
 
[-] 

Gypsum;new;open 1.38 160-173 0.0005 0.0006 0.0001 0.0001 Gypsum;new;open 0.3 160-222 0.0021 0.0030 0.0005 0.0005 
Gypsum;new;open 1.38 245-258 0.0004 0.0006 0.0001 0.0001 
Gypsum;new;open 0.3 245-307 0.0018 0.0028 0.0004 0.0003 
Gypsum;new;closed 1.38 160-173 0.0000 0.0005 0.0001 0.0000 
Gypsum;new;closed 0.3 160-222 0.0000 0.0022 0.0003 0.0001 
Gypsum;new;closed 1.38 245-258 0.0000 0.0005 0.0001 0.0000 
Gypsum;new;closed 0.3 245-307 0.0000 0.0023 0.0003 0.0001 
Wood;new;open 1.38 160-173 0.0096 0.0006 0.0001 0.0002 
Wood;new;open 0.3 160-222 0.0404 0.0029 0.0005 0.0004 
Wood;new;open 1.38 245-258 0.0062 0.0006 0.0001 0.0001 
Wood;new;open 0.3 245-307 0.0280 0.0027 0.0004 0.0002 
Wood;new;closed 1.38 160-173 0.0001 0.0005 0.0001 0.0000 
Wood;new;closed 0.3 160-222 0.0009 0.0022 0.0003 0.0001 
Wood;new;closed 1.38 245-258 0.0003 0.0005 0.0001 0.0000 
Wood;new;closed 0.3 245-307 0.0019 0.0023 0.0003 0.0001 
Gypsum;old;open 1.38 160-203 0.0004 0.0006 0.0001 0.0000** 
Gypsum;old;open 0.3 160-358 0.0030 0.0024 0.0004 0.0002** 
Gypsum;old;open 1.38 245-288 0.0005 0.0005 0.0001 0.0000** 
Gypsum;old;open 0.3 245-443 0.0028 0.0024 0.0004 0.0001** 
Gypsum;old;closed 1.38 160-203 0.0000 0.0005 0.0001 0.0000** 
Gypsum;old;closed 0.3 160-358 0.0000 0.0022 0.0003 0.0001** 
Gypsum;old;closed 1.38 245-288 0.0000 0.0005 0.0001 0.0000** 
Gypsum;old;closed 0.3 245-443 0.0000 0.0023 0.0003 0.0001** 
Wood;old;open 1.38 160-203 0.0088 0.0006 0.0001 0.0000** 
Wood;old;open 0.3 160-358 0.0635 0.0024 0.0004 0.0001** 
Wood;old;open 1.38 245-288 0.0111 0.0005 0.0001 0.0000** 
Wood;old;open 0.3 245-443 0.0631 0.0024 0.0004 0.0001** 
Wood;old;closed 1.38 160-203 0.0001 0.0005 0.0001 0.0000** 
Wood;old;closed 0.3 160-358 0.0015 0.0022 0.0003 0.0001** 
Wood;old;closed 1.38 245-288 0.0005 0.0005 0.0001 0.0000** 
Wood;old;closed 0.3 245-443 0.0043 0.0023 0.0003 0.0001** 
*  FED calculated in zone 1 for entire duration of evacuation. 
**  FED not calculated for zones 4, 5 and 5a, instead FED zone 3a taken and extended by time required to  
    pass through zones 4, 5 and 5a.  

  



Gypsum; corridor; new building; door closed;
Fractional Effective Dose | zone 1, 2 & 3 Volume fraction species | zone 1 Visibility | zone 1, 2, 2a, 3 & 3a

Gas temperature | zone 1, 2, 2a, 3 & 3a

Heat flux | zone 1



Gypsum; corridor; old building; door closed;
Fractional Effective Dose | zone 1, 2 & 3 Volume fraction species | zone 1 Visibility | zone 1, 2, 2a, 3 & 3a

Gas temperature | zone 1, 2, 2a, 3 & 3a

Heat flux | zone 1



Gypsum; corridor; new building; door open t=75/160s;
Fractional Effective Dose | zone 1, 2 & 3 Volume fraction species | zone 1 Visibility | zone 1, 2, 2a, 3 & 3a

Gas temperature | zone 1, 2, 2a, 3 & 3a

Heat flux | zone 1



Fractional Effective Dose | zone 4, 5 & 5a

Gypsum; corridor; old building; door open t=75/160s;
Fractional Effective Dose | zone 1, 2 & 3 Volume fraction species | zone 1 Visibility | zone 1, 2 & 3

Gas temperature | zone 1, 2, 2a, 3 & 3a

Heat flux | zone 1 Visibility | zone 4, 5 & 5a

Visibility | zone 2a & 3aFractional Effective Dose | zone 2a & 3a



Wood; corridor; new building; door closed;
Fractional Effective Dose | zone  1, 2 & 3 Volume fraction species | zone 1 Visibility | zone  1, 2, 2a, 3 & 3a

Gas temperature | zone 1, 2, 2a, 3 & 3a

Heat flux | zone 1

Fractional Effective Dose | zone  2a & 3a

mjasp
Momentopname



Wood; corridor; old building; door closed;
Fractional Effective Dose | zone 1, 2 & 3 Volume fraction species | zone 1 Visibility | zone 1, 2 & 3

Gas temperature | zone 1, 2, 2a, 3 & 3a

Heat flux | zone 1

Fractional Effective Dose | zone 2a & 3a Visibility | zone 2a & 3a

Visibility | zone 4, 5 & 5aFractional Effective Dose | zone 4, 5 & 5a



mjasp
Momentopname

mjasp
Tekstvak
Wood; corridor; new building; door open t=75/160s; 

mjasp
Lijn

mjasp
Lijn

mjasp
Lijn

mjasp
Lijn

mjasp
Lijn

mjasp
Tekstvak
Fractional Effective Dose | zone 1, 2 & 3

mjasp
Groeperen
Volume fraction species | zone 1

mjasp
Tekstvak
Visibility | zone 1, 2 , 2a, 3 & 3a

mjasp
Tekstvak
Gas temperature | zone 1, 2, 2a, 3 & 3a

mjasp
Tekstvak
Heat flux | zone 1

mjasp
Tekstvak
Fractional Effective Dose | zone 2a & 3a



Wood; corridor; old building; door open t=75/160s;
Fractional Effective Dose | zone 1, 2 & 3 Volume fraction species | zone 1 Visibility | zone 1, 2 & 3

Gas temperature | zone 1, 2, 2a, 3 & 3a

Heat flux | zone 1

Fractional Effective Dose | zone 2a & 3a Visibility | zone 2a & 3a

Visibility | zone 4, 5 & 5aFractional Effective Dose | zone 4, 5 & 5a



H.6  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Results room models 



Gypsum; nursing room; new building; door closed;
Fractional Effective Dose Volume fraction species Visibility

Gas temperature

Heat flux



Gypsum; nursing room; old building; door closed;
Fractional Effective Dose Volume fraction species Visibility

Gas temperature

Heat flux



Gypsum; nursing room; new building; door open t=75/160;
Fractional Effective Dose Volume fraction species Visibility

Gas temperature

Heat flux



Gypsum; nursing room; old building; door open t=75/160;
Fractional Effective Dose Volume fraction species Visibility

Gas temperature

Heat flux



Wood; nursing room; new building; door closed;
Fractional Effective Dose Volume fraction species Visibility

Gas temperature

Heat flux



Wood; nursing room; old building; door closed;
Fractional Effective Dose Volume fraction species Visibility

Gas temperature

Heat flux



Wood; nursing room; new building; door open t=75/160s;
Fractional Effective Dose Volume fraction species Visibility

Gas temperature

Heat flux



Wood; nursing room; old building; door open t=75/160s;
Fractional Effective Dose Volume fraction species Visibility

Gas temperature

Heat flux



 

Appendix I Compiled FDS-code 
 
In this paragraph a compilation of all the FDS-codes is given, for other researched to extend or adapt 
the current model. 

I.1 



I.2  

&HEAD CHID='COMPILATION OF SIMULATION COMPONENTS'/ &TIME T_END=960.0/ &DUMP RENDER_FILE='COMPILATION OF SIMULATION COMPONENTS.ge1', COLUMN_DUMP_LIMIT=.TRUE., DT_RESTART=300.0, SMOKE3D_QUANTITY='MASS FRACTION', SMOKE3D_SPEC_ID='SOOT'/  MESH 
&MESH ID='Room', IJK=114,45,30, XB=-2.4,9.0,0.3,4.8,-0.2,2.8/ &MESH ID='COR_ADJ_1', IJK=14,72,15, XB=-2.4,0.4,4.8,19.2,-0.2,2.8/ &MESH ID='COR_ADJ_2', IJK=14,72,15, XB=-2.4,0.4,-14.1,0.3,-0.2,2.8/ &MESH ID='COR_LINK_1', IJK=42,16,15, XB=-10.8,-2.4,-14.1,-10.9,-0.2,2.8/ &MESH ID='COR_LINK_2', IJK=42,9,15, XB=-10.8,-2.4,-6.5,-4.7,-0.2,2.8/ &MESH ID='COR_LINK_3', IJK=14,9,15, XB=-5.2,-2.4,12.0,13.8,-0.2,2.8/ &MESH ID='COR_PAR', IJK=14,180,15, XB=-13.6,-10.8,-14.1,21.9,-0.2,2.8/  Leakage areas  
&VENT SURF_ID='Gypsum insulated 25', ID='Leak Vent Inner1', XB=0.4,0.4,2.2,2.3,0.0,2.3/ &VENT SURF_ID='Gypsum insulated 25', ID='Leak Vent Outer1', XB=0.2,0.2,2.2,2.3,0.0,2.3/ &HVAC ID='DOOR LEAK1',TYPE_ID='LEAK',VENT_ID='Leak Vent Inner1',VENT2_ID='Leak Vent Outer1',AREA=0.006,LEAK_ENTHALPY=.TRUE./   &VENT SURF_ID='Gypsum insulated 25', ID='Leak Vent Inner2', XB=0.4,0.4,0.9,2.3,2.3,2.4/ &VENT SURF_ID='Gypsum insulated 25', ID='Leak Vent Outer2', XB=0.2,0.2,0.9,2.3,2.3,2.4/ &HVAC ID='DOOR LEAK2',TYPE_ID='LEAK',VENT_ID='Leak Vent Inner2',VENT2_ID='Leak Vent Outer2',AREA=0.006,LEAK_ENTHALPY=.TRUE./  &VENT SURF_ID='Gypsum insulated 25', ID='Leak Vent Inner3', XB=0.4,0.4,0.9,1.0,0.0,2.3/ &VENT SURF_ID='Gypsum insulated 25', ID='Leak Vent Outer3', XB=0.2,0.2,0.9,1.0,0.0,2.3/ &HVAC ID='DOOR LEAK3',TYPE_ID='LEAK',VENT_ID='Leak Vent Inner3',VENT2_ID='Leak Vent Outer3',AREA=0.006,LEAK_ENTHALPY=.TRUE./  &VENT SURF_ID='Concrete insulated 200', ID='Leak Vent Inner window', XB=8.0,8.0,1.0,3.8,2.2,2.3/ &VENT SURF_ID='Concrete insulated 200', ID='Leak Vent Outer window', XB=8.2,8.2,1.0,3.8,2.2,2.3/ &HVAC ID='WINDOW LEAK',TYPE_ID='LEAK',VENT_ID='Leak Vent Inner window',VENT2_ID='Leak Vent Outer window',AREA=0.0021,LEAK_ENTHALPY=.TRUE./  &VENT SURF_ID='Concrete insulated 200', ID='Leak Vent Inner window2', XB=8.0,8.0,1.0,3.8,0.7,0.8/ &VENT SURF_ID='Concrete insulated 200', ID='Leak Vent Outer window2', XB=8.2,8.2,1.0,3.8,0.7,0.8/ &HVAC ID='WINDOW LEAK2',TYPE_ID='LEAK',VENT_ID='Leak Vent Inner window2',VENT2_ID='Leak Vent Outer window2',AREA=0.0021,LEAK_ENTHALPY=.TRUE./  &VENT SURF_ID='Door', ID='Leak Vent Cor2 Inner', XB=-2.2,0.2,18.8,18.8,0.0,2.4/ &VENT SURF_ID='Door', ID='Leak Vent Cor2 Outer', XB=-2.2,0.2,19.0,19.0,0.0,2.4/ &HVAC ID='DOOR COR2 LEAK',TYPE_ID='LEAK',VENT_ID='Leak Vent Cor2 Inner',VENT2_ID='Leak Vent Cor2 Outer',AREA=0.0275,LEAK_ENTHALPY=.TRUE./  &VENT SURF_ID='Door', ID='Leak Vent Cor3 Inner', XB=-5.0,-5.0,12.2,13.6,0.0,2.4/ &VENT SURF_ID='Door', ID='Leak Vent Cor3 Outer', XB=-5.2,-5.2,12.2,13.6,0.0,2.4/ &HVAC ID='DOOR COR3 LEAK',TYPE_ID='LEAK',VENT_ID='Leak Vent Cor3 Inner',VENT2_ID='Leak Vent Cor3 Outer',AREA=0.0173,LEAK_ENTHALPY=.TRUE./  &VENT SURF_ID='Door', ID='Leak Vent Cor4 Inner', XB=-4.6,-4.6,-6.3,-4.9,0.0,2.4/ &VENT SURF_ID='Door', ID='Leak Vent Cor4 Outer', XB=-4.8,-4.8,-6.3,-4.9,0.0,2.4/ &HVAC ID='DOOR COR4 LEAK',TYPE_ID='LEAK',VENT_ID='Leak Vent Cor4 Inner',VENT2_ID='Leak Vent Cor4 Outer',AREA=0.0173,LEAK_ENTHALPY=.TRUE./  &VENT SURF_ID='Door', ID='Leak Vent Cor5 Inner', XB=-6.6,-6.6,-11.1,-13.5,0.0,2.4/ 



I.3  

&VENT SURF_ID='Door', ID='Leak Vent Cor5 Outer', XB=-6.8,-6.8,-11.1,-13.5,0.0,2.4/ &HVAC ID='DOOR COR5 LEAK',TYPE_ID='LEAK',VENT_ID='Leak Vent Cor5 Inner',VENT2_ID='Leak Vent Cor5 Outer',AREA=0.0275,LEAK_ENTHALPY=.TRUE./  Adaptions for more stable models 
&PRES PRESSURE_RELAX_TIME=2/ &PRES RELAXATION_FACTOR=0.5/ &PRES MAX_PRESSURE_ITERATIONS=100/  &MISC BAROCLINIC=.FALSE., TURBULENCE_MODEL='DYNAMIC SMAGORINSKY'/  Compiled molecule 
&REAC ID='WoodPUR',       FUEL='REAC_FUEL',       C=5.565,       H=9.31,       O=4.4,       N=0.033,       CO_YIELD=0.135,       SOOT_YIELD=0.0611/  Opening door nursing room 
&RAMP ID='door open_RAMP', T=74.75, F=1.0/ &RAMP ID='door open_RAMP', T=75.25, F=-1.0/ &RAMP ID='door open_RAMP', T=159.75, F=-1.0/ &RAMP ID='door open_RAMP', T=160.25, F=1.0/  Control logic door and window 
&CTRL ID='Small pane', FUNCTION_TYPE='ALL', LATCH=.FALSE., INITIAL_STATE=.TRUE., INPUT_ID='latch'/ &CTRL ID='latch', FUNCTION_TYPE='ALL', LATCH=.TRUE., INPUT_ID='or'/ &CTRL ID='or', FUNCTION_TYPE='ANY', LATCH=.FALSE., INPUT_ID='LAYER entrancetoilet->UTEMP','LAYER middle room->UTEMP','THCP small'/ &CTRL ID='Big pane', FUNCTION_TYPE='ALL', LATCH=.FALSE., INITIAL_STATE=.TRUE., INPUT_ID='latch2'/ &CTRL ID='latch2', FUNCTION_TYPE='ALL', LATCH=.TRUE., INPUT_ID='or2'/ &CTRL ID='or2', FUNCTION_TYPE='ANY', LATCH=.FALSE., INPUT_ID='LAYER entrancetoilet->UTEMP','LAYER middle room->UTEMP','THCP big'/ &CTRL ID='door open', FUNCTION_TYPE='CUSTOM', RAMP_ID='door open_RAMP', LATCH=.FALSE., INPUT_ID='TIME'/  Materials 
&MATL ID='GYPSUM',       FYI='NBSIR 88-3752 - ATF NIST Multi-Floor Validation',       SPECIFIC_HEAT=1.09,       CONDUCTIVITY=0.17,       DENSITY=930.0/ &MATL ID='INSULATION',       FYI='Isolatek BLAZE-SHIELD DC/F - WTC FDS5 Validation',       SPECIFIC_HEAT_RAMP='INSULATION_SPECIFIC_HEAT_RAMP',       CONDUCTIVITY_RAMP='INSULATION_CONDUCTIVITY_RAMP',       DENSITY=208.0/ &RAMP ID='INSULATION_CONDUCTIVITY_RAMP', T=20.0, F=0.05/ &RAMP ID='INSULATION_CONDUCTIVITY_RAMP', T=377.0, F=0.1/ &RAMP ID='INSULATION_CONDUCTIVITY_RAMP', T=677.0, F=0.2/ &RAMP ID='INSULATION_SPECIFIC_HEAT_RAMP', T=20.0, F=0.8/ &RAMP ID='INSULATION_SPECIFIC_HEAT_RAMP', T=677.0, F=2.0/ 



I.4  

&MATL ID='TILE MATERIAL',       FYI='UL Report NC987-96NK37863 - UL NFPRF Validation',       SPECIFIC_HEAT=0.75,       CONDUCTIVITY=0.0611,       DENSITY=313.0/ &MATL ID='CONCRETE',       FYI='NBSIR 88-3752 - ATF NIST Multi-Floor Validation',       SPECIFIC_HEAT=1.04,       CONDUCTIVITY=1.8,       DENSITY=2280.0/ &MATL ID='glass',       SPECIFIC_HEAT=0.84,       CONDUCTIVITY=0.0203,       DENSITY=2500.0,       ABSORPTION_COEFFICIENT=350.0,       EMISSIVITY=0.93/ &MATL ID='YELLOW PINE',       FYI='Quintiere, Fire Behavior - NIST NRC Validation',       SPECIFIC_HEAT=2.85,       CONDUCTIVITY=0.14,       DENSITY=640.0/  Surfaces 
&MATL ID='YELLOW PINE',       FYI='Quintiere, Fire Behavior - NIST NRC Validation',       SPECIFIC_HEAT=2.85,       CONDUCTIVITY=0.14,       DENSITY=640.0/ &MATL ID='INSULATION',       FYI='Isolatek BLAZE-SHIELD DC/F - WTC FDS5 Validation',       SPECIFIC_HEAT_RAMP='INSULATION_SPECIFIC_HEAT_RAMP',       CONDUCTIVITY_RAMP='INSULATION_CONDUCTIVITY_RAMP',       DENSITY=208.0/ &RAMP ID='INSULATION_CONDUCTIVITY_RAMP', T=20.0, F=0.05/ &RAMP ID='INSULATION_CONDUCTIVITY_RAMP', T=377.0, F=0.1/ &RAMP ID='INSULATION_CONDUCTIVITY_RAMP', T=677.0, F=0.2/ &RAMP ID='INSULATION_SPECIFIC_HEAT_RAMP', T=20.0, F=0.8/ &RAMP ID='INSULATION_SPECIFIC_HEAT_RAMP', T=677.0, F=2.0/ &MATL ID='TILE MATERIAL',       FYI='UL Report NC987-96NK37863 - UL NFPRF Validation',       SPECIFIC_HEAT=0.75,       CONDUCTIVITY=0.0611,       DENSITY=313.0/ &MATL ID='GYPSUM',       FYI='NBSIR 88-3752 - ATF NIST Multi-Floor Validation',       SPECIFIC_HEAT=1.09,       CONDUCTIVITY=0.17,       DENSITY=930.0/ &MATL ID='CONCRETE',       FYI='NBSIR 88-3752 - ATF NIST Multi-Floor Validation',       SPECIFIC_HEAT=1.04,       CONDUCTIVITY=1.8,       DENSITY=2280.0/ &MATL ID='glass',       SPECIFIC_HEAT=0.84,       CONDUCTIVITY=0.0203, 



I.5  

      DENSITY=2500.0,       ABSORPTION_COEFFICIENT=350.0,       EMISSIVITY=0.93/  &SURF ID='Wood insulated 12',       RGB=125.0,95.0,9.0,       TEXTURE_MAP='psm_spruce.jpg',       TEXTURE_WIDTH=0.67056,       TEXTURE_HEIGHT=2.4384,       HRRPUA=150.0,       RAMP_Q='Wood insulated 12_RAMP_Q',       HEAT_OF_VAPORIZATION=1800.0,       IGNITION_TEMPERATURE=390.0,       BACKING='INSULATED',       MATL_ID(1,1)='YELLOW PINE',       MATL_ID(2,1)='INSULATION',       MATL_ID(3,1)='YELLOW PINE',       MATL_MASS_FRACTION(1,1)=1.0,       MATL_MASS_FRACTION(2,1)=1.0,       MATL_MASS_FRACTION(3,1)=1.0,       THICKNESS(1:3)=0.012,0.126,0.012/ &RAMP ID='Wood insulated 12_RAMP_Q', T=0.0, F=0.0/ &RAMP ID='Wood insulated 12_RAMP_Q', T=17.0, F=0.933/ &RAMP ID='Wood insulated 12_RAMP_Q', T=27.0, F=0.933/ &RAMP ID='Wood insulated 12_RAMP_Q', T=47.0, F=0.8/ &RAMP ID='Wood insulated 12_RAMP_Q', T=77.0, F=0.5667/ &RAMP ID='Wood insulated 12_RAMP_Q', T=300.0, F=0.5667/ &RAMP ID='Wood insulated 12_RAMP_Q', T=400.0, F=0.8/ &RAMP ID='Wood insulated 12_RAMP_Q', T=450.0, F=1.0/ &RAMP ID='Wood insulated 12_RAMP_Q', T=500.0, F=0.8/ &RAMP ID='Wood insulated 12_RAMP_Q', T=600.0, F=0.2667/ &RAMP ID='Wood insulated 12_RAMP_Q', T=960.0, F=0.2667/ &RAMP ID='Wood insulated 12_RAMP_Q', T=1000.0, F=0.0/ &SURF ID='tile wall toilet',       RGB=146.0,0.0,137.0,       LEAK_PATH=2,4,       BACKING='INSULATED',       MATL_ID(1,1)='TILE MATERIAL',       MATL_ID(2,1)='GYPSUM',       MATL_ID(3,1)='INSULATION',       MATL_ID(4,1)='GYPSUM',       MATL_MASS_FRACTION(1,1)=1.0,       MATL_MASS_FRACTION(2,1)=1.0,       MATL_MASS_FRACTION(3,1)=1.0,       MATL_MASS_FRACTION(4,1)=1.0,       THICKNESS(1:4)=0.015,0.025,0.1,0.025/ &SURF ID='concrete column 500',       COLOR='GRAY 60',       LEAK_PATH=2,3,       BACKING='INSULATED',       MATL_ID(1,1)='CONCRETE',       MATL_MASS_FRACTION(1,1)=1.0,       THICKNESS(1)=0.5/ &SURF ID='Concrete insulated 200',       COLOR='GRAY 80',       TEXTURE_MAP='psm_concrete.jpg',       TEXTURE_WIDTH=0.762, 
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      TEXTURE_HEIGHT=0.762,       BACKING='INSULATED',       MATL_ID(1,1)='CONCRETE',       MATL_MASS_FRACTION(1,1)=1.0,       THICKNESS(1)=0.2/ &SURF ID='Concrete floor 290',       COLOR='GRAY 60',       BACKING='INSULATED',       MATL_ID(1,1)='CONCRETE',       MATL_MASS_FRACTION(1,1)=1.0,       THICKNESS(1)=0.29/ &SURF ID='Gypsum insulated 25',       RGB=146.0,202.0,166.0,       BACKING='INSULATED',       MATL_ID(1,1)='GYPSUM',       MATL_ID(2,1)='INSULATION',       MATL_ID(3,1)='GYPSUM',       MATL_MASS_FRACTION(1,1)=1.0,       MATL_MASS_FRACTION(2,1)=1.0,       MATL_MASS_FRACTION(3,1)=1.0,       THICKNESS(1:3)=0.025,0.1,0.025/ &SURF ID='Gypsum ceiling 25',       RGB=146.0,202.0,166.0,       BACKING='VOID',       MATL_ID(1,1)='GYPSUM',       MATL_MASS_FRACTION(1,1)=1.0,       THICKNESS(1)=0.025/ &SURF ID='Door',       RGB=102.0,102.0,0.0,       HRRPUA=150.0,       RAMP_Q='Door_RAMP_Q',       HEAT_OF_VAPORIZATION=1800.0,       IGNITION_TEMPERATURE=390.0,       MATL_ID(1,1)='YELLOW PINE',       MATL_MASS_FRACTION(1,1)=1.0,       THICKNESS(1)=0.04/ &RAMP ID='Door_RAMP_Q', T=0.0, F=0.0/ &RAMP ID='Door_RAMP_Q', T=17.0, F=0.933/ &RAMP ID='Door_RAMP_Q', T=27.0, F=0.933/ &RAMP ID='Door_RAMP_Q', T=47.0, F=0.8/ &RAMP ID='Door_RAMP_Q', T=77.0, F=0.5667/ &RAMP ID='Door_RAMP_Q', T=300.0, F=0.5667/ &RAMP ID='Door_RAMP_Q', T=400.0, F=0.8/ &RAMP ID='Door_RAMP_Q', T=450.0, F=1.0/ &RAMP ID='Door_RAMP_Q', T=500.0, F=0.8/ &RAMP ID='Door_RAMP_Q', T=600.0, F=0.2667/ &RAMP ID='Door_RAMP_Q', T=960.0, F=0.2667/ &RAMP ID='Door_RAMP_Q', T=1000.0, F=0.0/  RAMP Fuelpackage A and B without HRR linings (2 burners | 2 m¹ x 1 m¹) 
&SURF ID='fuelpackage A',       RGB=255.0,0.0,51.0,       TEXTURE_MAP='psm_fire.jpg',       HRRPUA=1170.0,       RAMP_Q='fuelpackage A_RAMP_Q'/ &RAMP ID='fuelpackage A_RAMP_Q', T=0.0, F=0.0/ 
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&RAMP ID='fuelpackage A_RAMP_Q', T=5.0, F=0.0131698/ &RAMP ID='fuelpackage A_RAMP_Q', T=10.0, F=0.0526793/ &RAMP ID='fuelpackage A_RAMP_Q', T=15.0, F=0.118528/ &RAMP ID='fuelpackage A_RAMP_Q', T=20.0, F=0.210717/ &RAMP ID='fuelpackage A_RAMP_Q', T=25.0, F=0.329246/ &RAMP ID='fuelpackage A_RAMP_Q', T=30.0, F=0.474114/ &RAMP ID='fuelpackage A_RAMP_Q', T=35.0, F=0.645321/ &RAMP ID='fuelpackage A_RAMP_Q', T=40.0, F=0.826492/ &RAMP ID='fuelpackage A_RAMP_Q', T=45.0, F=0.847493/ &RAMP ID='fuelpackage A_RAMP_Q', T=50.0, F=0.870965/ &RAMP ID='fuelpackage A_RAMP_Q', T=55.0, F=0.896908/ &RAMP ID='fuelpackage A_RAMP_Q', T=60.0, F=0.676178/ &RAMP ID='fuelpackage A_RAMP_Q', T=65.0, F=0.45792/ &RAMP ID='fuelpackage A_RAMP_Q', T=70.0, F=0.242132/ &RAMP ID='fuelpackage A_RAMP_Q', T=75.0, F=0.277687/ &RAMP ID='fuelpackage A_RAMP_Q', T=80.0, F=0.300266/ &RAMP ID='fuelpackage A_RAMP_Q', T=85.0, F=0.3255/ &RAMP ID='fuelpackage A_RAMP_Q', T=90.0, F=0.349795/ &RAMP ID='fuelpackage A_RAMP_Q', T=95.0, F=0.369853/ &RAMP ID='fuelpackage A_RAMP_Q', T=100.0, F=0.378735/ &RAMP ID='fuelpackage A_RAMP_Q', T=105.0, F=0.388073/ &RAMP ID='fuelpackage A_RAMP_Q', T=110.0, F=0.397866/ &RAMP ID='fuelpackage A_RAMP_Q', T=115.0, F=0.408115/ &RAMP ID='fuelpackage A_RAMP_Q', T=120.0, F=0.418819/ &RAMP ID='fuelpackage A_RAMP_Q', T=125.0, F=0.429978/ &RAMP ID='fuelpackage A_RAMP_Q', T=130.0, F=0.441594/ &RAMP ID='fuelpackage A_RAMP_Q', T=135.0, F=0.453664/ &RAMP ID='fuelpackage A_RAMP_Q', T=140.0, F=0.46619/ &RAMP ID='fuelpackage A_RAMP_Q', T=145.0, F=0.479172/ &RAMP ID='fuelpackage A_RAMP_Q', T=150.0, F=0.492609/ &RAMP ID='fuelpackage A_RAMP_Q', T=155.0, F=0.506501/ &RAMP ID='fuelpackage A_RAMP_Q', T=160.0, F=0.52085/ &RAMP ID='fuelpackage A_RAMP_Q', T=165.0, F=0.535653/ &RAMP ID='fuelpackage A_RAMP_Q', T=170.0, F=0.550912/ &RAMP ID='fuelpackage A_RAMP_Q', T=175.0, F=0.566627/ &RAMP ID='fuelpackage A_RAMP_Q', T=180.0, F=0.582797/ &RAMP ID='fuelpackage A_RAMP_Q', T=185.0, F=0.599422/ &RAMP ID='fuelpackage A_RAMP_Q', T=190.0, F=0.616503/ &RAMP ID='fuelpackage A_RAMP_Q', T=195.0, F=0.63404/ &RAMP ID='fuelpackage A_RAMP_Q', T=200.0, F=0.652032/ &RAMP ID='fuelpackage A_RAMP_Q', T=205.0, F=0.670479/ &RAMP ID='fuelpackage A_RAMP_Q', T=210.0, F=0.689382/ &RAMP ID='fuelpackage A_RAMP_Q', T=215.0, F=0.708741/ &RAMP ID='fuelpackage A_RAMP_Q', T=220.0, F=0.728555/ &RAMP ID='fuelpackage A_RAMP_Q', T=225.0, F=0.748824/ &RAMP ID='fuelpackage A_RAMP_Q', T=230.0, F=0.769549/ &RAMP ID='fuelpackage A_RAMP_Q', T=235.0, F=0.79073/ &RAMP ID='fuelpackage A_RAMP_Q', T=240.0, F=0.812366/ &RAMP ID='fuelpackage A_RAMP_Q', T=245.0, F=0.834457/ &RAMP ID='fuelpackage A_RAMP_Q', T=250.0, F=0.857004/ &RAMP ID='fuelpackage A_RAMP_Q', T=255.0, F=0.880007/ &RAMP ID='fuelpackage A_RAMP_Q', T=260.0, F=0.903465/ &RAMP ID='fuelpackage A_RAMP_Q', T=265.0, F=0.927378/ &RAMP ID='fuelpackage A_RAMP_Q', T=270.0, F=0.951747/ &RAMP ID='fuelpackage A_RAMP_Q', T=275.0, F=0.976571/ &RAMP ID='fuelpackage A_RAMP_Q', T=280.0, F=0.999976/ &RAMP ID='fuelpackage A_RAMP_Q', T=285.0, F=0.999976/ 
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&RAMP ID='fuelpackage A_RAMP_Q', T=290.0, F=0.999976/ &RAMP ID='fuelpackage A_RAMP_Q', T=295.0, F=0.999976/ &RAMP ID='fuelpackage A_RAMP_Q', T=300.0, F=0.999976/ &RAMP ID='fuelpackage A_RAMP_Q', T=305.0, F=0.999976/ &RAMP ID='fuelpackage A_RAMP_Q', T=310.0, F=0.999976/ &RAMP ID='fuelpackage A_RAMP_Q', T=315.0, F=0.999976/ &RAMP ID='fuelpackage A_RAMP_Q', T=320.0, F=0.999976/ &RAMP ID='fuelpackage A_RAMP_Q', T=325.0, F=0.999976/ &RAMP ID='fuelpackage A_RAMP_Q', T=330.0, F=0.999976/ &RAMP ID='fuelpackage A_RAMP_Q', T=335.0, F=0.999976/ &RAMP ID='fuelpackage A_RAMP_Q', T=340.0, F=0.999976/ &RAMP ID='fuelpackage A_RAMP_Q', T=345.0, F=0.999976/ &RAMP ID='fuelpackage A_RAMP_Q', T=350.0, F=0.999976/ &RAMP ID='fuelpackage A_RAMP_Q', T=355.0, F=0.999976/ &RAMP ID='fuelpackage A_RAMP_Q', T=360.0, F=0.999976/ &RAMP ID='fuelpackage A_RAMP_Q', T=365.0, F=0.999976/ &RAMP ID='fuelpackage A_RAMP_Q', T=370.0, F=0.999976/ &RAMP ID='fuelpackage A_RAMP_Q', T=375.0, F=0.999976/ &RAMP ID='fuelpackage A_RAMP_Q', T=380.0, F=0.999976/ &RAMP ID='fuelpackage A_RAMP_Q', T=385.0, F=0.999976/ &RAMP ID='fuelpackage A_RAMP_Q', T=390.0, F=0.999976/ &RAMP ID='fuelpackage A_RAMP_Q', T=395.0, F=0.999976/ &RAMP ID='fuelpackage A_RAMP_Q', T=400.0, F=0.999976/ &RAMP ID='fuelpackage A_RAMP_Q', T=405.0, F=0.999976/ &RAMP ID='fuelpackage A_RAMP_Q', T=410.0, F=0.999976/ &RAMP ID='fuelpackage A_RAMP_Q', T=415.0, F=0.999976/ &RAMP ID='fuelpackage A_RAMP_Q', T=420.0, F=0.999976/ &RAMP ID='fuelpackage A_RAMP_Q', T=425.0, F=0.999976/ &RAMP ID='fuelpackage A_RAMP_Q', T=430.0, F=0.999976/ &RAMP ID='fuelpackage A_RAMP_Q', T=435.0, F=0.999976/ &RAMP ID='fuelpackage A_RAMP_Q', T=440.0, F=0.999976/ &RAMP ID='fuelpackage A_RAMP_Q', T=445.0, F=0.999976/ &RAMP ID='fuelpackage A_RAMP_Q', T=450.0, F=0.999976/ &RAMP ID='fuelpackage A_RAMP_Q', T=455.0, F=0.999976/ &RAMP ID='fuelpackage A_RAMP_Q', T=460.0, F=0.999976/ &RAMP ID='fuelpackage A_RAMP_Q', T=465.0, F=0.995401/ &RAMP ID='fuelpackage A_RAMP_Q', T=470.0, F=0.990827/ &RAMP ID='fuelpackage A_RAMP_Q', T=475.0, F=0.984474/ &RAMP ID='fuelpackage A_RAMP_Q', T=480.0, F=0.978121/ &RAMP ID='fuelpackage A_RAMP_Q', T=485.0, F=0.971768/ &RAMP ID='fuelpackage A_RAMP_Q', T=490.0, F=0.965416/ &RAMP ID='fuelpackage A_RAMP_Q', T=495.0, F=0.959063/ &RAMP ID='fuelpackage A_RAMP_Q', T=500.0, F=0.95271/ &RAMP ID='fuelpackage A_RAMP_Q', T=505.0, F=0.946357/ &RAMP ID='fuelpackage A_RAMP_Q', T=510.0, F=0.940005/ &RAMP ID='fuelpackage A_RAMP_Q', T=515.0, F=0.933652/ &RAMP ID='fuelpackage A_RAMP_Q', T=520.0, F=0.927299/ &RAMP ID='fuelpackage A_RAMP_Q', T=525.0, F=0.899361/ &RAMP ID='fuelpackage A_RAMP_Q', T=530.0, F=0.871422/ &RAMP ID='fuelpackage A_RAMP_Q', T=535.0, F=0.843483/ &RAMP ID='fuelpackage A_RAMP_Q', T=540.0, F=0.815544/ &RAMP ID='fuelpackage A_RAMP_Q', T=545.0, F=0.787605/ &RAMP ID='fuelpackage A_RAMP_Q', T=550.0, F=0.759667/ &RAMP ID='fuelpackage A_RAMP_Q', T=555.0, F=0.731728/ &RAMP ID='fuelpackage A_RAMP_Q', T=560.0, F=0.703789/ &RAMP ID='fuelpackage A_RAMP_Q', T=565.0, F=0.67585/ &RAMP ID='fuelpackage A_RAMP_Q', T=570.0, F=0.647912/ 
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&RAMP ID='fuelpackage A_RAMP_Q', T=575.0, F=0.619973/ &RAMP ID='fuelpackage A_RAMP_Q', T=580.0, F=0.592034/ &RAMP ID='fuelpackage A_RAMP_Q', T=585.0, F=0.564095/ &RAMP ID='fuelpackage A_RAMP_Q', T=590.0, F=0.536157/ &RAMP ID='fuelpackage A_RAMP_Q', T=595.0, F=0.508218/ &RAMP ID='fuelpackage A_RAMP_Q', T=600.0, F=0.480279/ &RAMP ID='fuelpackage A_RAMP_Q', T=605.0, F=0.45234/ &RAMP ID='fuelpackage A_RAMP_Q', T=610.0, F=0.424401/ &RAMP ID='fuelpackage A_RAMP_Q', T=615.0, F=0.396463/ &RAMP ID='fuelpackage A_RAMP_Q', T=620.0, F=0.368524/ &RAMP ID='fuelpackage A_RAMP_Q', T=625.0, F=0.340585/ &RAMP ID='fuelpackage A_RAMP_Q', T=630.0, F=0.312646/ &RAMP ID='fuelpackage A_RAMP_Q', T=635.0, F=0.284708/ &RAMP ID='fuelpackage A_RAMP_Q', T=640.0, F=0.256769/ &RAMP ID='fuelpackage A_RAMP_Q', T=645.0, F=0.22883/ &RAMP ID='fuelpackage A_RAMP_Q', T=650.0, F=0.200891/ &RAMP ID='fuelpackage A_RAMP_Q', T=655.0, F=0.177527/ &RAMP ID='fuelpackage A_RAMP_Q', T=660.0, F=0.154163/ &RAMP ID='fuelpackage A_RAMP_Q', T=665.0, F=0.130799/ &RAMP ID='fuelpackage A_RAMP_Q', T=670.0, F=0.107434/ &RAMP ID='fuelpackage A_RAMP_Q', T=675.0, F=0.0840702/ &RAMP ID='fuelpackage A_RAMP_Q', T=680.0, F=0.060706/ &RAMP ID='fuelpackage A_RAMP_Q', T=685.0, F=0.0373418/ &RAMP ID='fuelpackage A_RAMP_Q', T=690.0, F=0.0355636/ &RAMP ID='fuelpackage A_RAMP_Q', T=695.0, F=0.0337854/ &RAMP ID='fuelpackage A_RAMP_Q', T=700.0, F=0.0320072/ &RAMP ID='fuelpackage A_RAMP_Q', T=705.0, F=0.030229/ &RAMP ID='fuelpackage A_RAMP_Q', T=710.0, F=0.0284509/ &RAMP ID='fuelpackage A_RAMP_Q', T=715.0, F=0.0266727/ &RAMP ID='fuelpackage A_RAMP_Q', T=720.0, F=0.0248945/ &RAMP ID='fuelpackage A_RAMP_Q', T=725.0, F=0.0231163/ &RAMP ID='fuelpackage A_RAMP_Q', T=730.0, F=0.0213382/ &RAMP ID='fuelpackage A_RAMP_Q', T=735.0, F=0.01956/ &RAMP ID='fuelpackage A_RAMP_Q', T=740.0, F=0.0177818/ &RAMP ID='fuelpackage A_RAMP_Q', T=745.0, F=0.0160036/ &RAMP ID='fuelpackage A_RAMP_Q', T=750.0, F=0.0142254/ &RAMP ID='fuelpackage A_RAMP_Q', T=755.0, F=0.0124473/ &RAMP ID='fuelpackage A_RAMP_Q', T=760.0, F=0.0106691/ &RAMP ID='fuelpackage A_RAMP_Q', T=765.0, F=0.0088909/ &RAMP ID='fuelpackage A_RAMP_Q', T=770.0, F=0.00711272/ &RAMP ID='fuelpackage A_RAMP_Q', T=775.0, F=0.00533454/ &RAMP ID='fuelpackage A_RAMP_Q', T=780.0, F=0.00355636/ &RAMP ID='fuelpackage A_RAMP_Q', T=785.0, F=0.00177818/ &RAMP ID='fuelpackage A_RAMP_Q', T=790.0, F=0.0/ &SURF ID='fuelpackage B',       RGB=255.0,0.0,51.0,       TEXTURE_MAP='psm_fire.jpg',       HRRPUA=1170.0,       RAMP_Q='fuelpackage B_RAMP_Q'/ &RAMP ID='fuelpackage B_RAMP_Q', T=0.0, F=0.0/ &RAMP ID='fuelpackage B_RAMP_Q', T=195.0, F=0.0/ &RAMP ID='fuelpackage B_RAMP_Q', T=199.0, F=0.00123537/ &RAMP ID='fuelpackage B_RAMP_Q', T=204.0, F=0.00494146/ &RAMP ID='fuelpackage B_RAMP_Q', T=209.0, F=0.0111183/ &RAMP ID='fuelpackage B_RAMP_Q', T=214.0, F=0.0197659/ &RAMP ID='fuelpackage B_RAMP_Q', T=219.0, F=0.0308841/ &RAMP ID='fuelpackage B_RAMP_Q', T=224.0, F=0.0444732/ 
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&RAMP ID='fuelpackage B_RAMP_Q', T=229.0, F=0.0605329/ &RAMP ID='fuelpackage B_RAMP_Q', T=234.0, F=0.0790634/ &RAMP ID='fuelpackage B_RAMP_Q', T=239.0, F=0.100065/ &RAMP ID='fuelpackage B_RAMP_Q', T=244.0, F=0.123537/ &RAMP ID='fuelpackage B_RAMP_Q', T=249.0, F=0.149479/ &RAMP ID='fuelpackage B_RAMP_Q', T=254.0, F=0.177893/ &RAMP ID='fuelpackage B_RAMP_Q', T=259.0, F=0.208777/ &RAMP ID='fuelpackage B_RAMP_Q', T=264.0, F=0.242132/ &RAMP ID='fuelpackage B_RAMP_Q', T=269.0, F=0.277687/ &RAMP ID='fuelpackage B_RAMP_Q', T=274.0, F=0.300266/ &RAMP ID='fuelpackage B_RAMP_Q', T=279.0, F=0.3255/ &RAMP ID='fuelpackage B_RAMP_Q', T=284.0, F=0.349795/ &RAMP ID='fuelpackage B_RAMP_Q', T=289.0, F=0.369853/ &RAMP ID='fuelpackage B_RAMP_Q', T=294.0, F=0.378735/ &RAMP ID='fuelpackage B_RAMP_Q', T=299.0, F=0.388073/ &RAMP ID='fuelpackage B_RAMP_Q', T=304.0, F=0.397866/ &RAMP ID='fuelpackage B_RAMP_Q', T=309.0, F=0.408115/ &RAMP ID='fuelpackage B_RAMP_Q', T=314.0, F=0.418819/ &RAMP ID='fuelpackage B_RAMP_Q', T=319.0, F=0.429978/ &RAMP ID='fuelpackage B_RAMP_Q', T=324.0, F=0.441594/ &RAMP ID='fuelpackage B_RAMP_Q', T=329.0, F=0.453664/ &RAMP ID='fuelpackage B_RAMP_Q', T=334.0, F=0.46619/ &RAMP ID='fuelpackage B_RAMP_Q', T=339.0, F=0.479172/ &RAMP ID='fuelpackage B_RAMP_Q', T=344.0, F=0.492609/ &RAMP ID='fuelpackage B_RAMP_Q', T=349.0, F=0.506501/ &RAMP ID='fuelpackage B_RAMP_Q', T=354.0, F=0.52085/ &RAMP ID='fuelpackage B_RAMP_Q', T=359.0, F=0.535653/ &RAMP ID='fuelpackage B_RAMP_Q', T=364.0, F=0.550912/ &RAMP ID='fuelpackage B_RAMP_Q', T=369.0, F=0.566627/ &RAMP ID='fuelpackage B_RAMP_Q', T=374.0, F=0.582797/ &RAMP ID='fuelpackage B_RAMP_Q', T=379.0, F=0.599422/ &RAMP ID='fuelpackage B_RAMP_Q', T=384.0, F=0.616503/ &RAMP ID='fuelpackage B_RAMP_Q', T=389.0, F=0.63404/ &RAMP ID='fuelpackage B_RAMP_Q', T=394.0, F=0.652032/ &RAMP ID='fuelpackage B_RAMP_Q', T=399.0, F=0.670479/ &RAMP ID='fuelpackage B_RAMP_Q', T=404.0, F=0.689382/ &RAMP ID='fuelpackage B_RAMP_Q', T=409.0, F=0.708741/ &RAMP ID='fuelpackage B_RAMP_Q', T=414.0, F=0.728555/ &RAMP ID='fuelpackage B_RAMP_Q', T=419.0, F=0.748824/ &RAMP ID='fuelpackage B_RAMP_Q', T=424.0, F=0.769549/ &RAMP ID='fuelpackage B_RAMP_Q', T=429.0, F=0.79073/ &RAMP ID='fuelpackage B_RAMP_Q', T=434.0, F=0.812366/ &RAMP ID='fuelpackage B_RAMP_Q', T=439.0, F=0.834457/ &RAMP ID='fuelpackage B_RAMP_Q', T=444.0, F=0.857004/ &RAMP ID='fuelpackage B_RAMP_Q', T=449.0, F=0.880007/ &RAMP ID='fuelpackage B_RAMP_Q', T=454.0, F=0.903465/ &RAMP ID='fuelpackage B_RAMP_Q', T=459.0, F=0.927378/ &RAMP ID='fuelpackage B_RAMP_Q', T=464.0, F=0.951747/ &RAMP ID='fuelpackage B_RAMP_Q', T=469.0, F=0.976571/ &RAMP ID='fuelpackage B_RAMP_Q', T=474.0, F=0.999976/ &RAMP ID='fuelpackage B_RAMP_Q', T=479.0, F=0.999976/ &RAMP ID='fuelpackage B_RAMP_Q', T=484.0, F=0.999976/ &RAMP ID='fuelpackage B_RAMP_Q', T=489.0, F=0.999976/ &RAMP ID='fuelpackage B_RAMP_Q', T=494.0, F=0.999976/ &RAMP ID='fuelpackage B_RAMP_Q', T=499.0, F=0.999976/ &RAMP ID='fuelpackage B_RAMP_Q', T=504.0, F=0.999976/ &RAMP ID='fuelpackage B_RAMP_Q', T=509.0, F=0.999976/ 
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&RAMP ID='fuelpackage B_RAMP_Q', T=514.0, F=0.999976/ &RAMP ID='fuelpackage B_RAMP_Q', T=519.0, F=0.999976/ &RAMP ID='fuelpackage B_RAMP_Q', T=524.0, F=0.999976/ &RAMP ID='fuelpackage B_RAMP_Q', T=529.0, F=0.999976/ &RAMP ID='fuelpackage B_RAMP_Q', T=534.0, F=0.999976/ &RAMP ID='fuelpackage B_RAMP_Q', T=539.0, F=0.999976/ &RAMP ID='fuelpackage B_RAMP_Q', T=544.0, F=0.999976/ &RAMP ID='fuelpackage B_RAMP_Q', T=549.0, F=0.999976/ &RAMP ID='fuelpackage B_RAMP_Q', T=554.0, F=0.999976/ &RAMP ID='fuelpackage B_RAMP_Q', T=559.0, F=0.999976/ &RAMP ID='fuelpackage B_RAMP_Q', T=564.0, F=0.999976/ &RAMP ID='fuelpackage B_RAMP_Q', T=569.0, F=0.999976/ &RAMP ID='fuelpackage B_RAMP_Q', T=574.0, F=0.999976/ &RAMP ID='fuelpackage B_RAMP_Q', T=579.0, F=0.999976/ &RAMP ID='fuelpackage B_RAMP_Q', T=584.0, F=0.999976/ &RAMP ID='fuelpackage B_RAMP_Q', T=589.0, F=0.999976/ &RAMP ID='fuelpackage B_RAMP_Q', T=594.0, F=0.999976/ &RAMP ID='fuelpackage B_RAMP_Q', T=599.0, F=0.999976/ &RAMP ID='fuelpackage B_RAMP_Q', T=604.0, F=0.999976/ &RAMP ID='fuelpackage B_RAMP_Q', T=609.0, F=0.999976/ &RAMP ID='fuelpackage B_RAMP_Q', T=614.0, F=0.999976/ &RAMP ID='fuelpackage B_RAMP_Q', T=619.0, F=0.999976/ &RAMP ID='fuelpackage B_RAMP_Q', T=624.0, F=0.999976/ &RAMP ID='fuelpackage B_RAMP_Q', T=629.0, F=0.999976/ &RAMP ID='fuelpackage B_RAMP_Q', T=634.0, F=0.999976/ &RAMP ID='fuelpackage B_RAMP_Q', T=639.0, F=0.999976/ &RAMP ID='fuelpackage B_RAMP_Q', T=644.0, F=0.999976/ &RAMP ID='fuelpackage B_RAMP_Q', T=649.0, F=0.999976/ &RAMP ID='fuelpackage B_RAMP_Q', T=654.0, F=0.999976/ &RAMP ID='fuelpackage B_RAMP_Q', T=659.0, F=0.995401/ &RAMP ID='fuelpackage B_RAMP_Q', T=664.0, F=0.990827/ &RAMP ID='fuelpackage B_RAMP_Q', T=669.0, F=0.984474/ &RAMP ID='fuelpackage B_RAMP_Q', T=674.0, F=0.978121/ &RAMP ID='fuelpackage B_RAMP_Q', T=679.0, F=0.971768/ &RAMP ID='fuelpackage B_RAMP_Q', T=684.0, F=0.965416/ &RAMP ID='fuelpackage B_RAMP_Q', T=689.0, F=0.959063/ &RAMP ID='fuelpackage B_RAMP_Q', T=694.0, F=0.95271/ &RAMP ID='fuelpackage B_RAMP_Q', T=699.0, F=0.946357/ &RAMP ID='fuelpackage B_RAMP_Q', T=704.0, F=0.940005/ &RAMP ID='fuelpackage B_RAMP_Q', T=709.0, F=0.933652/ &RAMP ID='fuelpackage B_RAMP_Q', T=714.0, F=0.927299/ &RAMP ID='fuelpackage B_RAMP_Q', T=719.0, F=0.899361/ &RAMP ID='fuelpackage B_RAMP_Q', T=724.0, F=0.871422/ &RAMP ID='fuelpackage B_RAMP_Q', T=729.0, F=0.843483/ &RAMP ID='fuelpackage B_RAMP_Q', T=734.0, F=0.815544/ &RAMP ID='fuelpackage B_RAMP_Q', T=739.0, F=0.787605/ &RAMP ID='fuelpackage B_RAMP_Q', T=744.0, F=0.759667/ &RAMP ID='fuelpackage B_RAMP_Q', T=749.0, F=0.731728/ &RAMP ID='fuelpackage B_RAMP_Q', T=754.0, F=0.703789/ &RAMP ID='fuelpackage B_RAMP_Q', T=759.0, F=0.67585/ &RAMP ID='fuelpackage B_RAMP_Q', T=764.0, F=0.647912/ &RAMP ID='fuelpackage B_RAMP_Q', T=769.0, F=0.619973/ &RAMP ID='fuelpackage B_RAMP_Q', T=774.0, F=0.592034/ &RAMP ID='fuelpackage B_RAMP_Q', T=779.0, F=0.564095/ &RAMP ID='fuelpackage B_RAMP_Q', T=784.0, F=0.536157/ &RAMP ID='fuelpackage B_RAMP_Q', T=789.0, F=0.508218/ &RAMP ID='fuelpackage B_RAMP_Q', T=794.0, F=0.480279/ 
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&RAMP ID='fuelpackage B_RAMP_Q', T=799.0, F=0.45234/ &RAMP ID='fuelpackage B_RAMP_Q', T=804.0, F=0.424401/ &RAMP ID='fuelpackage B_RAMP_Q', T=809.0, F=0.396463/ &RAMP ID='fuelpackage B_RAMP_Q', T=814.0, F=0.368524/ &RAMP ID='fuelpackage B_RAMP_Q', T=819.0, F=0.340585/ &RAMP ID='fuelpackage B_RAMP_Q', T=824.0, F=0.312646/ &RAMP ID='fuelpackage B_RAMP_Q', T=829.0, F=0.284708/ &RAMP ID='fuelpackage B_RAMP_Q', T=834.0, F=0.256769/ &RAMP ID='fuelpackage B_RAMP_Q', T=839.0, F=0.22883/ &RAMP ID='fuelpackage B_RAMP_Q', T=844.0, F=0.200891/ &RAMP ID='fuelpackage B_RAMP_Q', T=849.0, F=0.177527/ &RAMP ID='fuelpackage B_RAMP_Q', T=854.0, F=0.154163/ &RAMP ID='fuelpackage B_RAMP_Q', T=859.0, F=0.130799/ &RAMP ID='fuelpackage B_RAMP_Q', T=864.0, F=0.107434/ &RAMP ID='fuelpackage B_RAMP_Q', T=869.0, F=0.0840702/ &RAMP ID='fuelpackage B_RAMP_Q', T=874.0, F=0.060706/ &RAMP ID='fuelpackage B_RAMP_Q', T=879.0, F=0.0373418/ &RAMP ID='fuelpackage B_RAMP_Q', T=884.0, F=0.0355636/ &RAMP ID='fuelpackage B_RAMP_Q', T=889.0, F=0.0337854/ &RAMP ID='fuelpackage B_RAMP_Q', T=894.0, F=0.0320072/ &RAMP ID='fuelpackage B_RAMP_Q', T=899.0, F=0.030229/ &RAMP ID='fuelpackage B_RAMP_Q', T=904.0, F=0.0284509/ &RAMP ID='fuelpackage B_RAMP_Q', T=909.0, F=0.0266727/ &RAMP ID='fuelpackage B_RAMP_Q', T=914.0, F=0.0248945/ &RAMP ID='fuelpackage B_RAMP_Q', T=919.0, F=0.0231163/ &RAMP ID='fuelpackage B_RAMP_Q', T=924.0, F=0.0213382/ &RAMP ID='fuelpackage B_RAMP_Q', T=929.0, F=0.01956/ &RAMP ID='fuelpackage B_RAMP_Q', T=934.0, F=0.0177818/ &RAMP ID='fuelpackage B_RAMP_Q', T=939.0, F=0.0160036/ &RAMP ID='fuelpackage B_RAMP_Q', T=944.0, F=0.0142254/ &RAMP ID='fuelpackage B_RAMP_Q', T=949.0, F=0.0124473/ &RAMP ID='fuelpackage B_RAMP_Q', T=954.0, F=0.0106691/ &RAMP ID='fuelpackage B_RAMP_Q', T=959.0, F=0.0088909/ &RAMP ID='fuelpackage B_RAMP_Q', T=964.0, F=0.00711272/ &RAMP ID='fuelpackage B_RAMP_Q', T=969.0, F=0.00533454/ &RAMP ID='fuelpackage B_RAMP_Q', T=974.0, F=0.00355636/ &RAMP ID='fuelpackage B_RAMP_Q', T=979.0, F=0.00177818/ &RAMP ID='fuelpackage B_RAMP_Q', T=984.0, F=0.0/   RAMP Fuelpackage including HRR linings (4 burners type A | 1 m¹ x 1 m¹) 
&SURF ID='fuelpackage A',       RGB=255.0,0.0,51.0,       TEXTURE_MAP='psm_fire.jpg',       HRRPUA=1900.0,       RAMP_Q='fuelpackage A_RAMP_Q'/ &RAMP ID='fuelpackage A_RAMP_Q', T=0.0, F=0.0/ &RAMP ID='fuelpackage A_RAMP_Q', T=5.0, F=0.003/ &RAMP ID='fuelpackage A_RAMP_Q', T=10.0, F=0.0121/ &RAMP ID='fuelpackage A_RAMP_Q', T=15.0, F=0.0313/ &RAMP ID='fuelpackage A_RAMP_Q', T=20.0, F=0.0539/ &RAMP ID='fuelpackage A_RAMP_Q', T=25.0, F=0.0803/ &RAMP ID='fuelpackage A_RAMP_Q', T=30.0, F=0.114/ &RAMP ID='fuelpackage A_RAMP_Q', T=35.0, F=0.1646/ &RAMP ID='fuelpackage A_RAMP_Q', T=40.0, F=0.2003/ &RAMP ID='fuelpackage A_RAMP_Q', T=45.0, F=0.2284/ 
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&RAMP ID='fuelpackage A_RAMP_Q', T=50.0, F=0.2144/ &RAMP ID='fuelpackage A_RAMP_Q', T=55.0, F=0.2364/ &RAMP ID='fuelpackage A_RAMP_Q', T=60.0, F=0.2067/ &RAMP ID='fuelpackage A_RAMP_Q', T=65.0, F=0.1367/ &RAMP ID='fuelpackage A_RAMP_Q', T=70.0, F=0.0776/ &RAMP ID='fuelpackage A_RAMP_Q', T=75.0, F=0.0727/ &RAMP ID='fuelpackage A_RAMP_Q', T=80.0, F=0.0803/ &RAMP ID='fuelpackage A_RAMP_Q', T=85.0, F=0.087/ &RAMP ID='fuelpackage A_RAMP_Q', T=90.0, F=0.0918/ &RAMP ID='fuelpackage A_RAMP_Q', T=95.0, F=0.0992/ &RAMP ID='fuelpackage A_RAMP_Q', T=100.0, F=0.1028/ &RAMP ID='fuelpackage A_RAMP_Q', T=105.0, F=0.1006/ &RAMP ID='fuelpackage A_RAMP_Q', T=110.0, F=0.109/ &RAMP ID='fuelpackage A_RAMP_Q', T=115.0, F=0.0972/ &RAMP ID='fuelpackage A_RAMP_Q', T=120.0, F=0.1055/ &RAMP ID='fuelpackage A_RAMP_Q', T=125.0, F=0.1206/ &RAMP ID='fuelpackage A_RAMP_Q', T=130.0, F=0.1184/ &RAMP ID='fuelpackage A_RAMP_Q', T=135.0, F=0.1281/ &RAMP ID='fuelpackage A_RAMP_Q', T=140.0, F=0.1173/ &RAMP ID='fuelpackage A_RAMP_Q', T=145.0, F=0.1269/ &RAMP ID='fuelpackage A_RAMP_Q', T=150.0, F=0.1305/ &RAMP ID='fuelpackage A_RAMP_Q', T=155.0, F=0.1353/ &RAMP ID='fuelpackage A_RAMP_Q', T=160.0, F=0.1364/ &RAMP ID='fuelpackage A_RAMP_Q', T=165.0, F=0.1502/ &RAMP ID='fuelpackage A_RAMP_Q', T=170.0, F=0.1535/ &RAMP ID='fuelpackage A_RAMP_Q', T=175.0, F=0.1444/ &RAMP ID='fuelpackage A_RAMP_Q', T=180.0, F=0.1477/ &RAMP ID='fuelpackage A_RAMP_Q', T=185.0, F=0.1509/ &RAMP ID='fuelpackage A_RAMP_Q', T=190.0, F=0.1637/ &RAMP ID='fuelpackage A_RAMP_Q', T=195.0, F=0.1663/ &RAMP ID='fuelpackage A_RAMP_Q', T=200.0, F=0.1747/ &RAMP ID='fuelpackage A_RAMP_Q', T=205.0, F=0.1838/ &RAMP ID='fuelpackage A_RAMP_Q', T=210.0, F=0.1849/ &RAMP ID='fuelpackage A_RAMP_Q', T=215.0, F=0.1981/ &RAMP ID='fuelpackage A_RAMP_Q', T=220.0, F=0.2061/ &RAMP ID='fuelpackage A_RAMP_Q', T=225.0, F=0.215/ &RAMP ID='fuelpackage A_RAMP_Q', T=230.0, F=0.2244/ &RAMP ID='fuelpackage A_RAMP_Q', T=235.0, F=0.235/ &RAMP ID='fuelpackage A_RAMP_Q', T=240.0, F=0.2408/ &RAMP ID='fuelpackage A_RAMP_Q', T=245.0, F=0.2646/ &RAMP ID='fuelpackage A_RAMP_Q', T=250.0, F=0.2793/ &RAMP ID='fuelpackage A_RAMP_Q', T=255.0, F=0.2822/ &RAMP ID='fuelpackage A_RAMP_Q', T=260.0, F=0.3139/ &RAMP ID='fuelpackage A_RAMP_Q', T=265.0, F=0.3351/ &RAMP ID='fuelpackage A_RAMP_Q', T=270.0, F=0.3731/ &RAMP ID='fuelpackage A_RAMP_Q', T=275.0, F=0.3925/ &RAMP ID='fuelpackage A_RAMP_Q', T=280.0, F=0.4191/ &RAMP ID='fuelpackage A_RAMP_Q', T=285.0, F=0.4458/ &RAMP ID='fuelpackage A_RAMP_Q', T=290.0, F=0.4704/ &RAMP ID='fuelpackage A_RAMP_Q', T=295.0, F=0.5038/ &RAMP ID='fuelpackage A_RAMP_Q', T=300.0, F=0.5234/ &RAMP ID='fuelpackage A_RAMP_Q', T=305.0, F=0.5239/ &RAMP ID='fuelpackage A_RAMP_Q', T=310.0, F=0.5543/ &RAMP ID='fuelpackage A_RAMP_Q', T=315.0, F=0.5755/ &RAMP ID='fuelpackage A_RAMP_Q', T=320.0, F=0.608/ &RAMP ID='fuelpackage A_RAMP_Q', T=325.0, F=0.6423/ &RAMP ID='fuelpackage A_RAMP_Q', T=330.0, F=0.6725/ 
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&RAMP ID='fuelpackage A_RAMP_Q', T=335.0, F=0.718/ &RAMP ID='fuelpackage A_RAMP_Q', T=340.0, F=0.7648/ &RAMP ID='fuelpackage A_RAMP_Q', T=345.0, F=0.7888/ &RAMP ID='fuelpackage A_RAMP_Q', T=350.0, F=0.7921/ &RAMP ID='fuelpackage A_RAMP_Q', T=355.0, F=0.8148/ &RAMP ID='fuelpackage A_RAMP_Q', T=360.0, F=0.7992/ &RAMP ID='fuelpackage A_RAMP_Q', T=365.0, F=0.8193/ &RAMP ID='fuelpackage A_RAMP_Q', T=370.0, F=0.8278/ &RAMP ID='fuelpackage A_RAMP_Q', T=375.0, F=0.8693/ &RAMP ID='fuelpackage A_RAMP_Q', T=380.0, F=0.8313/ &RAMP ID='fuelpackage A_RAMP_Q', T=385.0, F=0.8257/ &RAMP ID='fuelpackage A_RAMP_Q', T=390.0, F=0.8248/ &RAMP ID='fuelpackage A_RAMP_Q', T=395.0, F=0.8412/ &RAMP ID='fuelpackage A_RAMP_Q', T=400.0, F=0.8485/ &RAMP ID='fuelpackage A_RAMP_Q', T=405.0, F=0.8053/ &RAMP ID='fuelpackage A_RAMP_Q', T=410.0, F=0.8141/ &RAMP ID='fuelpackage A_RAMP_Q', T=415.0, F=0.8428/ &RAMP ID='fuelpackage A_RAMP_Q', T=420.0, F=0.8041/ &RAMP ID='fuelpackage A_RAMP_Q', T=425.0, F=0.8235/ &RAMP ID='fuelpackage A_RAMP_Q', T=430.0, F=0.858/ &RAMP ID='fuelpackage A_RAMP_Q', T=435.0, F=0.8564/ &RAMP ID='fuelpackage A_RAMP_Q', T=440.0, F=0.8316/ &RAMP ID='fuelpackage A_RAMP_Q', T=445.0, F=0.846/ &RAMP ID='fuelpackage A_RAMP_Q', T=450.0, F=0.8269/ &RAMP ID='fuelpackage A_RAMP_Q', T=455.0, F=0.8618/ &RAMP ID='fuelpackage A_RAMP_Q', T=460.0, F=0.9055/ &RAMP ID='fuelpackage A_RAMP_Q', T=465.0, F=0.8468/ &RAMP ID='fuelpackage A_RAMP_Q', T=470.0, F=0.8532/ &RAMP ID='fuelpackage A_RAMP_Q', T=475.0, F=0.854/ &RAMP ID='fuelpackage A_RAMP_Q', T=480.0, F=0.8574/ &RAMP ID='fuelpackage A_RAMP_Q', T=485.0, F=0.8607/ &RAMP ID='fuelpackage A_RAMP_Q', T=490.0, F=0.8758/ &RAMP ID='fuelpackage A_RAMP_Q', T=495.0, F=0.8538/ &RAMP ID='fuelpackage A_RAMP_Q', T=500.0, F=0.8676/ &RAMP ID='fuelpackage A_RAMP_Q', T=505.0, F=0.8863/ &RAMP ID='fuelpackage A_RAMP_Q', T=510.0, F=0.955/ &RAMP ID='fuelpackage A_RAMP_Q', T=515.0, F=1.0/ &RAMP ID='fuelpackage A_RAMP_Q', T=520.0, F=0.816/ &RAMP ID='fuelpackage A_RAMP_Q', T=525.0, F=0.8648/ &RAMP ID='fuelpackage A_RAMP_Q', T=530.0, F=0.8733/ &RAMP ID='fuelpackage A_RAMP_Q', T=535.0, F=0.8339/ &RAMP ID='fuelpackage A_RAMP_Q', T=540.0, F=0.854/ &RAMP ID='fuelpackage A_RAMP_Q', T=545.0, F=0.7901/ &RAMP ID='fuelpackage A_RAMP_Q', T=550.0, F=0.8244/ &RAMP ID='fuelpackage A_RAMP_Q', T=555.0, F=0.8146/ &RAMP ID='fuelpackage A_RAMP_Q', T=560.0, F=0.7902/ &RAMP ID='fuelpackage A_RAMP_Q', T=565.0, F=0.7734/ &RAMP ID='fuelpackage A_RAMP_Q', T=570.0, F=0.7945/ &RAMP ID='fuelpackage A_RAMP_Q', T=575.0, F=0.7886/ &RAMP ID='fuelpackage A_RAMP_Q', T=580.0, F=0.797/ &RAMP ID='fuelpackage A_RAMP_Q', T=585.0, F=0.771/ &RAMP ID='fuelpackage A_RAMP_Q', T=590.0, F=0.7465/ &RAMP ID='fuelpackage A_RAMP_Q', T=595.0, F=0.7258/ &RAMP ID='fuelpackage A_RAMP_Q', T=600.0, F=0.7539/ &RAMP ID='fuelpackage A_RAMP_Q', T=605.0, F=0.7072/ &RAMP ID='fuelpackage A_RAMP_Q', T=610.0, F=0.7142/ &RAMP ID='fuelpackage A_RAMP_Q', T=615.0, F=0.7662/ 
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&RAMP ID='fuelpackage A_RAMP_Q', T=620.0, F=0.7145/ &RAMP ID='fuelpackage A_RAMP_Q', T=625.0, F=0.7497/ &RAMP ID='fuelpackage A_RAMP_Q', T=630.0, F=0.7818/ &RAMP ID='fuelpackage A_RAMP_Q', T=635.0, F=0.7026/ &RAMP ID='fuelpackage A_RAMP_Q', T=640.0, F=0.7361/ &RAMP ID='fuelpackage A_RAMP_Q', T=645.0, F=0.7288/ &RAMP ID='fuelpackage A_RAMP_Q', T=650.0, F=0.7567/ &RAMP ID='fuelpackage A_RAMP_Q', T=655.0, F=0.6999/ &RAMP ID='fuelpackage A_RAMP_Q', T=660.0, F=0.6971/ &RAMP ID='fuelpackage A_RAMP_Q', T=665.0, F=0.7194/ &RAMP ID='fuelpackage A_RAMP_Q', T=670.0, F=0.688/ &RAMP ID='fuelpackage A_RAMP_Q', T=675.0, F=0.6772/ &RAMP ID='fuelpackage A_RAMP_Q', T=680.0, F=0.679/ &RAMP ID='fuelpackage A_RAMP_Q', T=685.0, F=0.6751/ &RAMP ID='fuelpackage A_RAMP_Q', T=690.0, F=0.722/ &RAMP ID='fuelpackage A_RAMP_Q', T=695.0, F=0.7606/ &RAMP ID='fuelpackage A_RAMP_Q', T=700.0, F=0.8019/ &RAMP ID='fuelpackage A_RAMP_Q', T=705.0, F=0.6902/ &RAMP ID='fuelpackage A_RAMP_Q', T=710.0, F=0.7466/ &RAMP ID='fuelpackage A_RAMP_Q', T=715.0, F=0.7464/ &RAMP ID='fuelpackage A_RAMP_Q', T=720.0, F=0.7169/ &RAMP ID='fuelpackage A_RAMP_Q', T=725.0, F=0.7464/ &RAMP ID='fuelpackage A_RAMP_Q', T=730.0, F=0.7893/ &RAMP ID='fuelpackage A_RAMP_Q', T=735.0, F=0.7442/ &RAMP ID='fuelpackage A_RAMP_Q', T=740.0, F=0.7201/ &RAMP ID='fuelpackage A_RAMP_Q', T=745.0, F=0.7583/ &RAMP ID='fuelpackage A_RAMP_Q', T=750.0, F=0.7332/ &RAMP ID='fuelpackage A_RAMP_Q', T=755.0, F=0.7463/ &RAMP ID='fuelpackage A_RAMP_Q', T=760.0, F=0.7298/ &RAMP ID='fuelpackage A_RAMP_Q', T=765.0, F=0.7143/ &RAMP ID='fuelpackage A_RAMP_Q', T=770.0, F=0.7433/ &RAMP ID='fuelpackage A_RAMP_Q', T=775.0, F=0.7103/ &RAMP ID='fuelpackage A_RAMP_Q', T=780.0, F=0.6608/ &RAMP ID='fuelpackage A_RAMP_Q', T=785.0, F=0.631/ &RAMP ID='fuelpackage A_RAMP_Q', T=790.0, F=0.5926/ &RAMP ID='fuelpackage A_RAMP_Q', T=795.0, F=0.5964/ &RAMP ID='fuelpackage A_RAMP_Q', T=800.0, F=0.5769/ &RAMP ID='fuelpackage A_RAMP_Q', T=805.0, F=0.5671/ &RAMP ID='fuelpackage A_RAMP_Q', T=810.0, F=0.504/ &RAMP ID='fuelpackage A_RAMP_Q', T=815.0, F=0.5184/ &RAMP ID='fuelpackage A_RAMP_Q', T=820.0, F=0.5097/ &RAMP ID='fuelpackage A_RAMP_Q', T=825.0, F=0.4768/ &RAMP ID='fuelpackage A_RAMP_Q', T=830.0, F=0.4916/ &RAMP ID='fuelpackage A_RAMP_Q', T=835.0, F=0.4492/ &RAMP ID='fuelpackage A_RAMP_Q', T=840.0, F=0.4251/ &RAMP ID='fuelpackage A_RAMP_Q', T=845.0, F=0.4043/ &RAMP ID='fuelpackage A_RAMP_Q', T=850.0, F=0.3732/ &RAMP ID='fuelpackage A_RAMP_Q', T=855.0, F=0.3508/ &RAMP ID='fuelpackage A_RAMP_Q', T=860.0, F=0.33/ &RAMP ID='fuelpackage A_RAMP_Q', T=865.0, F=0.314/ &RAMP ID='fuelpackage A_RAMP_Q', T=870.0, F=0.2941/ &RAMP ID='fuelpackage A_RAMP_Q', T=875.0, F=0.2738/ &RAMP ID='fuelpackage A_RAMP_Q', T=880.0, F=0.2524/ &RAMP ID='fuelpackage A_RAMP_Q', T=885.0, F=0.2402/ &RAMP ID='fuelpackage A_RAMP_Q', T=890.0, F=0.2284/ &RAMP ID='fuelpackage A_RAMP_Q', T=895.0, F=0.218/ &RAMP ID='fuelpackage A_RAMP_Q', T=900.0, F=0.2064/ 
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&RAMP ID='fuelpackage A_RAMP_Q', T=905.0, F=0.198/ &RAMP ID='fuelpackage A_RAMP_Q', T=910.0, F=0.191/ &RAMP ID='fuelpackage A_RAMP_Q', T=915.0, F=0.1844/ &RAMP ID='fuelpackage A_RAMP_Q', T=920.0, F=0.1805/ &RAMP ID='fuelpackage A_RAMP_Q', T=925.0, F=0.1759/ &RAMP ID='fuelpackage A_RAMP_Q', T=930.0, F=0.1726/ &RAMP ID='fuelpackage A_RAMP_Q', T=935.0, F=0.1698/ &RAMP ID='fuelpackage A_RAMP_Q', T=940.0, F=0.1673/ &RAMP ID='fuelpackage A_RAMP_Q', T=945.0, F=0.1655/ &RAMP ID='fuelpackage A_RAMP_Q', T=950.0, F=0.1638/ &RAMP ID='fuelpackage A_RAMP_Q', T=955.0, F=0.1625/ &RAMP ID='fuelpackage A_RAMP_Q', T=960.0, F=0.1616/ &RAMP ID='fuelpackage A_RAMP_Q', T=970.0, F=0.0/   Obstacles 
&OBST XB=0.8,7.5,0.4,0.6,0.0,3.6, SURF_ID='Gypsum insulated 25'/ gypsum wall &OBST XB=0.4,0.8,3.0,3.2,0.0,2.7, SURF_ID6='Gypsum insulated 25','Gypsum insulated 25','Gypsum insulated 25','tile wall toilet','Gypsum insulated 25','Gypsum insulated 25'/ Obstruction &OBST XB=0.2,0.4,2.2,3.2,0.0,3.6, SURF_ID='Gypsum insulated 25'/ Obstruction &OBST XB=0.4,2.6,4.2,4.4,0.0,3.6, SURF_ID6='Gypsum insulated 25','Gypsum insulated 25','tile wall toilet','tile wall toilet','Gypsum insulated 25','Gypsum insulated 25'/ Obstruction &OBST XB=0.2,0.8,0.4,0.6,0.0,3.6, SURF_ID='concrete column 500'/ Obstruction &OBST XB=0.2,0.4,0.6,1.0,0.0,3.6, SURF_ID='Gypsum insulated 25'/ Obstruction &OBST XB=7.5,8.0,0.4,0.6,0.0,3.6, SURF_ID='concrete column 500'/ Obstruction &OBST XB=8.0,8.2,3.8,4.6,0.0,3.6, SURF_ID='Concrete insulated 200'/ Obstruction &OBST XB=8.0,8.2,0.0,1.0,0.0,3.6, SURF_ID='Concrete insulated 200'/ Obstruction &OBST XB=8.0,8.2,1.0,3.8,2.2,3.6, SURF_ID='Concrete insulated 200'/ Obstruction &OBST XB=0.2,0.4,1.0,2.2,2.3,3.6, SURF_ID='Gypsum insulated 25'/ Obstruction &OBST XB=8.0,8.1,1.0,2.0,0.8,2.2, SURF_ID='Glass', CTRL_ID='Small pane'/ small window &OBST XB=0.2,0.4,3.2,5.7,0.0,3.6, SURF_ID6='Gypsum insulated 25','tile wall toilet','Gypsum insulated 25','Gypsum insulated 25','Gypsum insulated 25','Gypsum insulated 25'/ Obstruction &OBST XB=8.0,8.1,2.0,3.8,0.8,2.2, SURF_ID='Glass', CTRL_ID='Big pane'/ big window &OBST XB=0.2,0.4,-13.7,0.4,0.0,3.6, SURF_ID='Gypsum insulated 25'/ Obstruction &OBST XB=2.6,8.0,4.4,4.6,0.0,3.6, SURF_ID6='tile wall toilet','Gypsum insulated 25','Gypsum insulated 25','Gypsum insulated 25','Gypsum insulated 25','Gypsum insulated 25'/ Obstruction &OBST XB=0.8,1.8,3.0,3.2,2.3,2.7, SURF_ID6='Gypsum insulated 25','Gypsum insulated 25','Gypsum insulated 25','tile wall toilet','Gypsum insulated 25','Gypsum insulated 25'/ Obstruction &OBST XB=0.3,0.4,1.0,2.2,0.0,2.3, SURF_ID='Door', CTRL_ID='door open'/ door nusring room &OBST XB=8.0,8.2,4.6,7.4,2.2,3.6, SURF_ID='Concrete insulated 200'/ Obstruction &OBST XB=8.0,8.1,4.6,6.4,0.8,2.2, SURF_ID='Glass', CTRL_ID='Big pane'/ big window &OBST XB=0.8,7.5,7.8,8.0,0.0,3.6, SURF_ID6='INERT','INERT','Gypsum insulated 25','Gypsum insulated 25','INERT','INERT'/ gypsum wall &OBST XB=0.2,0.8,7.8,8.0,0.0,3.6, SURF_ID='concrete column 500'/ Obstruction &OBST XB=7.5,8.0,7.8,8.0,0.0,3.6, SURF_ID='concrete column 500'/ Obstruction &OBST XB=8.0,8.2,7.4,8.0,0.0,3.6, SURF_ID='Concrete insulated 200'/ Obstruction &OBST XB=8.0,8.1,6.4,7.4,0.8,2.2, SURF_ID='Glass', CTRL_ID='Big pane'/ big window &OBST XB=0.2,0.4,7.4,7.8,0.0,3.6, SURF_ID='Gypsum insulated 25'/ Obstruction &OBST XB=0.3,0.4,6.2,7.4,0.0,2.3, SURF_ID='Door'/ Obstruction &OBST XB=0.2,0.4,5.7,6.2,0.0,3.6, SURF_ID='Gypsum insulated 25'/ Obstruction &OBST XB=0.2,0.4,6.2,7.4,2.3,3.6, SURF_ID='Gypsum insulated 25'/ Obstruction &OBST XB=2.6,2.8,6.2,6.4,0.0,2.7, SURF_ID='Gypsum insulated 25'/ Obstruction &OBST XB=2.6,2.8,7.6,7.8,0.0,2.7, SURF_ID='Gypsum insulated 25'/ Obstruction &OBST XB=2.6,2.8,4.6,5.6,2.3,2.7, SURF_ID6='tile wall toilet','Gypsum insulated 25','Gypsum insulated 25','Gypsum insulated 25','Gypsum insulated 25','Gypsum insulated 25'/ Obstruction &OBST XB=2.6,2.8,6.4,7.6,2.3,2.7, SURF_ID='Gypsum insulated 25'/ Obstruction 
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&OBST XB=8.0,8.2,1.0,3.8,0.0,0.8, SURF_ID='Concrete insulated 200'/ Obstruction &OBST XB=8.0,8.2,4.6,7.4,0.0,0.8, SURF_ID='Concrete insulated 200'/ Obstruction &OBST XB=-2.4,-2.2,-4.9,12.2,0.0,3.6, SURF_ID='Gypsum insulated 25'/ Obstruction &OBST XB=0.2,0.4,8.0,19.2,0.0,3.6, SURF_ID='Gypsum insulated 25'/ Obstruction &OBST XB=-2.2,0.2,18.8,19.0,0.0,2.4, SURF_ID='Door'/ Obstruction &OBST XB=-13.6,0.2,-13.7,-13.5,0.0,3.6, SURF_ID='Gypsum insulated 25'/ Obstruction &OBST XB=-10.8,-2.4,-11.1,-10.9,0.0,3.6, SURF_ID='Gypsum insulated 25'/ Obstruction &OBST XB=-11.0,-2.2,-13.5,-11.1,2.4,2.5, SURF_ID='Gypsum ceiling 25'/ Obstruction &OBST XB=-10.8,-2.4,-4.9,-4.7,0.0,3.6, SURF_ID='Gypsum insulated 25'/ Obstruction &OBST XB=-10.8,-2.4,-6.5,-6.3,0.0,3.6, SURF_ID='Gypsum insulated 25'/ Obstruction &OBST XB=-2.4,-2.2,-11.1,-6.3,0.0,3.6, SURF_ID='Gypsum insulated 25'/ Obstruction &OBST XB=-4.8,-4.6,-6.3,-4.9,0.0,2.4, SURF_ID='Door'/ Obstruction &OBST XB=-11.0,-10.8,-11.1,-6.3,0.0,3.6, SURF_ID='Gypsum insulated 25'/ Obstruction &OBST XB=-8.6,-8.4,-6.3,-4.9,0.0,2.4, SURF_ID='Door'/ Obstruction &OBST XB=-13.6,-13.4,-13.5,19.1,0.0,3.6, SURF_ID='Gypsum insulated 25'/ Obstruction &OBST XB=-11.0,-10.8,-4.9,13.4969,0.0,3.6, SURF_ID='Gypsum insulated 25'/ Obstruction &OBST XB=-13.4,-11.0,18.9,19.1,0.0,2.4, SURF_ID='Door'/ Obstruction &OBST XB=-10.8,-2.4,-6.5,-4.7,-0.29,0.0, SURF_ID='Concrete floor 290'/ Obstruction &OBST XB=-4.8,-2.2,-6.3,-4.9,2.4,2.6, SURF_ID='Gypsum ceiling 25'/ Obstruction &OBST XB=-11.0,-8.4,-6.3,-4.9,2.4,2.6, SURF_ID='Gypsum ceiling 25'/ Obstruction &OBST XB=-5.2,-2.4,13.6,13.8,0.0,3.6, SURF_ID='Gypsum insulated 25'/ Obstruction &OBST XB=-5.2,-2.4,12.0,12.2,0.0,3.6, SURF_ID='Gypsum insulated 25'/ Obstruction &OBST XB=-5.2,-2.2,12.2,13.6,2.4,2.6, SURF_ID='Gypsum ceiling 25'/ Obstruction &OBST XB=-11.0,-10.8,13.4969,19.1,0.0,3.6, SURF_ID='Gypsum insulated 25'/ Obstruction &OBST XB=-2.4,-2.2,13.6,19.2,0.0,3.6, SURF_ID='Gypsum insulated 25'/ Obstruction &OBST XB=-5.2,-5.0,12.2,13.6,0.0,2.4, SURF_ID='Door'/ Obstruction &OBST XB=-5.2,-2.4,12.0,13.8,-0.29,0.0, SURF_ID='Concrete floor 290'/ Obstruction &OBST XB=2.7,2.8,0.6,3.0,2.3,2.7, SURF_ID='Gypsum insulated 25'/ Obstruction &OBST XB=-2.4,2.6,3.1,3.2,-0.2,0.0, SURF_ID='Concrete floor 290'/ Obstruction &OBST XB=-2.4,4.3,0.8,1.6,-0.2,0.0, SURF_ID='Concrete floor 290'/ Obstruction &OBST XB=-2.4,4.3,3.3,4.1,-0.2,0.0, SURF_ID='Concrete floor 290'/ Obstruction &OBST XB=-2.4,8.2,0.3,0.8,-0.2,0.0, SURF_ID='Concrete floor 290'/ Obstruction &OBST XB=-2.4,8.2,1.6,3.1,-0.2,0.0, SURF_ID='Concrete floor 290'/ Obstruction &OBST XB=-2.4,8.2,3.2,3.3,-0.2,0.0, SURF_ID='Concrete floor 290'/ Obstruction &OBST XB=-2.4,8.2,4.1,4.8,-0.2,0.0, SURF_ID='Concrete floor 290'/ Obstruction &OBST XB=0.4,1.8,3.0,3.2,2.7,2.8, SURF_IDS='INERT','INERT','Gypsum ceiling 25'/ Obstruction &OBST XB=0.4,2.6,3.2,4.3,2.7,2.8, SURF_IDS='INERT','INERT','Gypsum ceiling 25'/ Obstruction &OBST XB=0.4,2.6,4.4,4.6,2.7,2.8, SURF_IDS='INERT','INERT','Gypsum ceiling 25'/ Obstruction &OBST XB=0.4,8.0,0.6,3.0,2.7,2.8, SURF_IDS='INERT','INERT','Gypsum ceiling 25'/ Obstruction &OBST XB=0.4,8.0,4.3,4.4,2.7,2.8, SURF_IDS='INERT','INERT','Gypsum ceiling 25'/ Obstruction &OBST XB=0.4,8.0,4.6,4.8,2.7,2.8, SURF_IDS='INERT','INERT','Gypsum ceiling 25'/ Obstruction &OBST XB=1.8,2.6,3.1,3.2,0.0,2.8, SURF_ID6='Gypsum insulated 25','Gypsum insulated 25','Gypsum insulated 25','tile wall toilet','Gypsum insulated 25','INERT'/ Obstruction &OBST XB=1.8,2.8,3.0,3.1,0.0,2.8, SURF_IDS='INERT','Gypsum insulated 25','Gypsum insulated 25'/ Obstruction &OBST XB=2.6,2.7,3.1,3.2,-0.2,2.8, SURF_IDS='INERT','Concrete floor 290','Concrete floor 290'/ Obstruction &OBST XB=2.6,2.8,4.3,4.4,0.0,2.7, SURF_ID6='tile wall toilet','Gypsum insulated 25','tile wall toilet','Gypsum insulated 25','tile wall toilet','tile wall toilet'/ Obstruction &OBST XB=2.6,2.8,3.2,4.3,0.0,2.8, SURF_ID6='tile wall toilet','Gypsum insulated 25','tile wall toilet','tile wall toilet','tile wall toilet','INERT'/ Obstruction &OBST XB=2.7,2.8,3.1,3.2,0.0,2.8, SURF_IDS='INERT','Gypsum insulated 25','Gypsum insulated 25'/ Obstruction &OBST XB=2.7,8.2,3.1,3.2,-0.2,0.0, SURF_ID='Concrete floor 290'/ Obstruction &OBST XB=2.8,8.0,3.0,4.3,2.7,2.8, SURF_IDS='INERT','INERT','Gypsum ceiling 25'/ Obstruction &OBST XB=4.2,4.3,0.8,1.6,0.0,0.2, SURF_IDS='fuelpackage A','INERT','INERT'/ Obstruction &OBST XB=4.2,4.3,3.3,4.1,0.0,0.2, SURF_IDS='fuelpackage A','INERT','INERT'/ Obstruction &OBST XB=4.2,5.2,0.7,0.8,0.0,0.2, SURF_IDS='fuelpackage A','INERT','INERT'/ Obstruction &OBST XB=4.2,5.2,1.6,1.7,0.0,0.2, SURF_IDS='fuelpackage A','INERT','INERT'/ Obstruction &OBST XB=4.2,5.2,3.2,3.3,0.0,0.2, SURF_IDS='fuelpackage A','INERT','INERT'/ Obstruction 
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&OBST XB=4.2,5.2,4.1,4.2,0.0,0.2, SURF_IDS='fuelpackage A','INERT','INERT'/ Obstruction &OBST XB=4.3,5.1,0.8,1.6,-0.2,0.2, SURF_IDS='fuelpackage A','Concrete floor 290','Concrete floor 290'/ Obstruction &OBST XB=4.3,5.1,3.3,4.1,-0.2,0.2, SURF_IDS='fuelpackage A','Concrete floor 290','Concrete floor 290'/ Obstruction &OBST XB=5.1,5.2,0.8,1.6,0.0,0.2, SURF_IDS='fuelpackage A','INERT','INERT'/ Obstruction &OBST XB=5.1,5.2,3.3,4.1,0.0,0.2, SURF_IDS='fuelpackage A','INERT','INERT'/ Obstruction &OBST XB=5.1,5.8,0.8,1.6,-0.2,0.0, SURF_ID='Concrete floor 290'/ Obstruction &OBST XB=5.1,5.8,3.3,4.1,-0.2,0.0, SURF_ID='Concrete floor 290'/ Obstruction &OBST XB=5.7,5.8,0.8,1.6,0.0,0.2, SURF_IDS='fuelpackage A','INERT','INERT'/ Obstruction &OBST XB=5.7,5.8,3.3,4.1,0.0,0.2, SURF_IDS='fuelpackage A','INERT','INERT'/ Obstruction &OBST XB=5.7,6.7,0.7,0.8,0.0,0.2, SURF_IDS='fuelpackage A','INERT','INERT'/ Obstruction &OBST XB=5.7,6.7,1.6,1.7,0.0,0.2, SURF_IDS='fuelpackage A','INERT','INERT'/ Obstruction &OBST XB=5.7,6.7,3.2,3.3,0.0,0.2, SURF_IDS='fuelpackage A','INERT','INERT'/ Obstruction &OBST XB=5.7,6.7,4.1,4.2,0.0,0.2, SURF_IDS='fuelpackage A','INERT','INERT'/ Obstruction &OBST XB=5.8,6.6,0.8,1.6,-0.2,0.2, SURF_IDS='fuelpackage A','Concrete floor 290','Concrete floor 290'/ Obstruction &OBST XB=5.8,6.6,3.3,4.1,-0.2,0.2, SURF_IDS='fuelpackage A','Concrete floor 290','Concrete floor 290'/ Obstruction &OBST XB=6.6,6.7,0.8,1.6,0.0,0.2, SURF_IDS='fuelpackage A','INERT','INERT'/ Obstruction &OBST XB=6.6,6.7,3.3,4.1,0.0,0.2, SURF_IDS='fuelpackage A','INERT','INERT'/ Obstruction &OBST XB=6.6,8.2,0.8,1.6,-0.2,0.0, SURF_ID='Concrete floor 290'/ Obstruction &OBST XB=6.6,8.2,3.3,4.1,-0.2,0.0, SURF_ID='Concrete floor 290'/ Obstruction &OBST XB=-2.4,0.4,4.8,19.2,-0.2,0.0, SURF_ID='Concrete floor 290'/ Obstruction &OBST XB=-2.4,0.4,-13.7,0.3,-0.2,0.0, SURF_ID='Concrete floor 290'/ Obstruction &OBST XB=-10.8,-2.4,-13.7,-10.9,-0.2,0.0, SURF_ID='Concrete floor 290'/ Obstruction &OBST XB=-2.4,-2.4,-6.5,-4.7,-0.2,0.0, SURF_ID='Concrete floor 290'/ Obstruction &OBST XB=-10.8,-10.8,-6.5,-4.7,-0.2,0.0, SURF_ID='Concrete floor 290'/ Obstruction &OBST XB=-13.6,-10.8,-13.7,19.1,-0.2,0.0, SURF_ID='Concrete floor 290'/ Obstruction &OBST XB=-2.2,0.2,0.3,4.8,2.4,2.6, SURF_ID='Gypsum ceiling 25'/ Obstruction &OBST XB=-2.2,0.2,4.8,19.2,2.4,2.6, SURF_ID='Gypsum ceiling 25'/ Obstruction &OBST XB=-2.2,0.2,-13.5,0.3,2.4,2.6, SURF_ID='Gypsum ceiling 25'/ Obstruction &OBST XB=-13.4,-11.0,-13.5,19.1,2.4,2.6, SURF_ID='Gypsum ceiling 25'/ Obstruction  Venting surfaces 
&VENT SURF_ID='OPEN', XB=9.0,9.0,0.3,4.8,-0.2,2.8/ Mesh Vent: Room [XMAX] &VENT SURF_ID='OPEN', XB=-2.4,-2.4,0.3,4.8,-0.2,2.8/ Mesh Vent: Room [XMIN] &VENT SURF_ID='OPEN', XB=0.4,9.0,4.8,4.8,-0.2,2.8/ Mesh Vent: Room [YMAX] &VENT SURF_ID='OPEN', XB=0.4,9.0,0.3,0.3,-0.2,2.8/ Mesh Vent: Room [YMIN] &VENT SURF_ID='OPEN', XB=-2.4,9.0,0.3,4.8,2.8,2.8/ Mesh Vent: Room [ZMAX] &VENT SURF_ID='OPEN', XB=-2.4,9.0,0.3,4.8,-0.2,-0.2/ Mesh Vent: Room [ZMIN] &VENT SURF_ID='OPEN', XB=0.4,0.4,4.8,19.2,-0.2,2.8/ Mesh Vent: COR_ADJ_1 [XMAX] &VENT SURF_ID='OPEN', XB=-2.4,-2.4,4.8,12.0,-0.2,2.8/ Mesh Vent: COR_ADJ_1 [XMIN] &VENT SURF_ID='OPEN', XB=-2.4,-2.4,13.8,19.2,-0.2,2.8/ Mesh Vent: COR_ADJ_1 [XMIN] &VENT SURF_ID='OPEN', XB=-2.4,0.4,19.2,19.2,-0.2,2.8/ Mesh Vent: COR_ADJ_1 [YMAX] &VENT SURF_ID='OPEN', XB=-2.4,0.4,4.8,19.2,2.8,2.8/ Mesh Vent: COR_ADJ_1 [ZMAX] &VENT SURF_ID='OPEN', XB=-2.4,0.4,4.8,19.2,-0.2,-0.2/ Mesh Vent: COR_ADJ_1 [ZMIN] &VENT SURF_ID='OPEN', XB=0.4,0.4,-14.1,0.3,-0.2,2.8/ Mesh Vent: COR_ADJ_2 [XMAX] &VENT SURF_ID='OPEN', XB=-2.4,-2.4,-4.7,0.3,-0.2,2.8/ Mesh Vent: COR_ADJ_2 [XMIN] &VENT SURF_ID='OPEN', XB=-2.4,-2.4,-10.9,-6.5,-0.2,2.8/ Mesh Vent: COR_ADJ_2 [XMIN] &VENT SURF_ID='OPEN', XB=-2.4,0.4,-14.1,-14.1,-0.2,2.8/ Mesh Vent: COR_ADJ_2 [YMIN] &VENT SURF_ID='OPEN', XB=-2.4,0.4,-14.1,0.3,2.8,2.8/ Mesh Vent: COR_ADJ_2 [ZMAX] &VENT SURF_ID='OPEN', XB=-2.4,0.4,-14.1,0.3,-0.2,-0.2/ Mesh Vent: COR_ADJ_2 [ZMIN] &VENT SURF_ID='OPEN', XB=-10.8,-2.4,-10.9,-10.9,-0.2,2.8/ Mesh Vent: COR_LINK_1 [YMAX] &VENT SURF_ID='OPEN', XB=-10.8,-2.4,-14.1,-14.1,-0.2,2.8/ Mesh Vent: COR_LINK_1 [YMIN] &VENT SURF_ID='OPEN', XB=-10.8,-2.4,-14.1,-10.9,2.8,2.8/ Mesh Vent: COR_LINK_1 [ZMAX] 
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&VENT SURF_ID='OPEN', XB=-10.8,-2.4,-14.1,-10.9,-0.2,-0.2/ Mesh Vent: COR_LINK_1 [ZMIN] &VENT SURF_ID='OPEN', XB=-10.8,-2.4,-4.7,-4.7,-0.2,2.8/ Mesh Vent: COR_LINK_2 [YMAX] &VENT SURF_ID='OPEN', XB=-10.8,-2.4,-6.5,-6.5,-0.2,2.8/ Mesh Vent: COR_LINK_2 [YMIN] &VENT SURF_ID='OPEN', XB=-10.8,-2.4,-6.5,-4.7,2.8,2.8/ Mesh Vent: COR_LINK_2 [ZMAX] &VENT SURF_ID='OPEN', XB=-10.8,-2.4,-6.5,-4.7,-0.2,-0.2/ Mesh Vent: COR_LINK_2 [ZMIN] &VENT SURF_ID='OPEN', XB=-5.2,-5.2,12.0,13.8,-0.2,2.8/ Mesh Vent: COR_LINK_3 [XMIN] &VENT SURF_ID='OPEN', XB=-5.2,-2.4,13.8,13.8,-0.2,2.8/ Mesh Vent: COR_LINK_3 [YMAX] &VENT SURF_ID='OPEN', XB=-5.2,-2.4,12.0,12.0,-0.2,2.8/ Mesh Vent: COR_LINK_3 [YMIN] &VENT SURF_ID='OPEN', XB=-5.2,-2.4,12.0,13.8,2.8,2.8/ Mesh Vent: COR_LINK_3 [ZMAX] &VENT SURF_ID='OPEN', XB=-5.2,-2.4,12.0,13.8,-0.2,-0.2/ Mesh Vent: COR_LINK_3 [ZMIN] &VENT SURF_ID='OPEN', XB=-10.8,-10.8,-10.9,-6.5,-0.2,2.8/ Mesh Vent: COR_PAR [XMAX] &VENT SURF_ID='OPEN', XB=-10.8,-10.8,-4.7,21.9,-0.2,2.8/ Mesh Vent: COR_PAR [XMAX] &VENT SURF_ID='OPEN', XB=-13.6,-13.6,-14.1,21.9,-0.2,2.8/ Mesh Vent: COR_PAR [XMIN] &VENT SURF_ID='OPEN', XB=-13.6,-10.8,21.9,21.9,-0.2,2.8/ Mesh Vent: COR_PAR [YMAX] &VENT SURF_ID='OPEN', XB=-13.6,-10.8,-14.1,-14.1,-0.2,2.8/ Mesh Vent: COR_PAR [YMIN] &VENT SURF_ID='OPEN', XB=-13.6,-10.8,-14.1,21.9,2.8,2.8/ Mesh Vent: COR_PAR [ZMAX] &VENT SURF_ID='OPEN', XB=-13.6,-10.8,-14.1,21.9,-0.2,-0.2/ Mesh Vent: COR_PAR [ZMIN] &VENT ID='VentIN Nurse', SURF_ID='HVAC', XB=0.4,0.4,1.4,1.8,2.4,2.7, TEXTURE_ORIGIN=0.0,0.0,-1.0/ &VENT ID='Vent OUT', SURF_ID='HVAC', XB=0.4,0.4,3.6,3.9,2.3,2.6, TEXTURE_ORIGIN=1.0,0.0,0.0/ &VENT ID='Vent COR00', SURF_ID='HVAC', XB=-1.2,-0.8,17.6,18.0,2.4,2.4/ &VENT ID='Vent COR01', SURF_ID='HVAC', XB=-1.2,-0.8,7.6,8.0,2.4,2.4/ &VENT ID='Vent COR02', SURF_ID='HVAC', XB=-1.2,-0.8,-2.4,-2.0,2.4,2.4/ &VENT ID='Vent COR03', SURF_ID='HVAC', XB=-1.2,-0.8,-12.4,-12.0,2.4,2.4/ &VENT ID='Vent COR04', SURF_ID='HVAC', XB=-12.4,-12.0,17.7,18.1,2.4,2.4/ &VENT ID='Vent COR05', SURF_ID='HVAC', XB=-12.4,-12.0,7.7,8.1,2.4,2.4/ &VENT ID='Vent COR06', SURF_ID='HVAC', XB=-12.4,-12.0,-2.3,-1.9,2.4,2.4/ &VENT ID='Vent COR07', SURF_ID='HVAC', XB=-12.4,-12.0,-12.3,-11.9,2.4,2.4/  HVAC-system 
&HVAC ID='INNode01', TYPE_ID='NODE', DUCT_ID='StartDUCT', VENT_ID='VentIN Nurse'/ &HVAC ID='OUTNode01', TYPE_ID='NODE', DUCT_ID='DuctOUT', VENT_ID='Vent OUT'/ &HVAC ID='OUTNode02', TYPE_ID='NODE', DUCT_ID='DuctOUT', AMBIENT=.TRUE., XYZ=-0.2,3.7,2.7/ &HVAC ID='StartIN01', TYPE_ID='NODE', DUCT_ID='StartDUCT', AMBIENT=.TRUE., XYZ=-0.2,1.6,2.7/ &HVAC ID='DuctOUT', TYPE_ID='DUCT', DIAMETER=0.3, FAN_ID='FANOUT', NODE_ID='OUTNode01','OUTNode02', ROUGHNESS=1.5E-4/ &HVAC ID='StartDUCT', TYPE_ID='DUCT', DIAMETER=0.3, FAN_ID='FANIN', NODE_ID='StartIN01','INNode01', ROUGHNESS=1.5E-4/ &HVAC ID='Node Cor001', TYPE_ID='NODE', DUCT_ID='DuctCor00', VENT_ID='Vent COR00'/ &HVAC ID='Node Cor002', TYPE_ID='NODE', DUCT_ID='DuctCor00', AMBIENT=.TRUE., XYZ=-1.0,17.8,2.6/ &HVAC ID='DuctCor00', TYPE_ID='DUCT', DIAMETER=0.3, FAN_ID='FanCOROUT', NODE_ID='Node Cor001','Node Cor002', ROUGHNESS=1.5E-4, LENGTH=0.2/ &HVAC ID='Node Cor011', TYPE_ID='NODE', DUCT_ID='DuctCor01', VENT_ID='Vent COR01'/ &HVAC ID='Node Cor012', TYPE_ID='NODE', DUCT_ID='DuctCor01', AMBIENT=.TRUE., XYZ=-1.0,7.8,2.6/ &HVAC ID='DuctCor01', TYPE_ID='DUCT', DIAMETER=0.3, FAN_ID='FanCOROUT', NODE_ID='Node Cor011','Node Cor012', ROUGHNESS=1.5E-4, LENGTH=0.2/ &HVAC ID='Node Cor021', TYPE_ID='NODE', DUCT_ID='DuctCor02', VENT_ID='Vent COR02'/ &HVAC ID='Node Cor022', TYPE_ID='NODE', DUCT_ID='DuctCor02', AMBIENT=.TRUE., XYZ=-1.0,-2.2,2.6/ &HVAC ID='DuctCor02', TYPE_ID='DUCT', DIAMETER=0.3, FAN_ID='FanCOROUT', NODE_ID='Node Cor021','Node Cor022', ROUGHNESS=1.5E-4, LENGTH=0.2/ &HVAC ID='Node Cor031', TYPE_ID='NODE', DUCT_ID='DuctCor03', VENT_ID='Vent COR03'/ &HVAC ID='Node Cor032', TYPE_ID='NODE', DUCT_ID='DuctCor03', AMBIENT=.TRUE., XYZ=-1.0,-12.2,2.6/ &HVAC ID='DuctCor03', TYPE_ID='DUCT', DIAMETER=0.3, FAN_ID='FanCOROUT', NODE_ID='Node Cor031','Node Cor032', ROUGHNESS=1.5E-4, LENGTH=0.2/ &HVAC ID='Node Cor041', TYPE_ID='NODE', DUCT_ID='DuctCor04', VENT_ID='Vent COR04'/ &HVAC ID='Node Cor042', TYPE_ID='NODE', DUCT_ID='DuctCor04', AMBIENT=.TRUE., XYZ=-12.2,17.9,2.6/ 
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&HVAC ID='DuctCor04', TYPE_ID='DUCT', DIAMETER=0.3, FAN_ID='FanCOROUT', NODE_ID='Node Cor041','Node Cor042', ROUGHNESS=1.5E-4, LENGTH=0.2/ &HVAC ID='Node Cor051', TYPE_ID='NODE', DUCT_ID='DuctCor05', VENT_ID='Vent COR05'/ &HVAC ID='Node Cor052', TYPE_ID='NODE', DUCT_ID='DuctCor05', AMBIENT=.TRUE., XYZ=-12.2,7.9,2.6/ &HVAC ID='DuctCor05', TYPE_ID='DUCT', DIAMETER=0.3, FAN_ID='FanCOROUT', NODE_ID='Node Cor051','Node Cor052', ROUGHNESS=1.5E-4, LENGTH=0.2/ &HVAC ID='Node Cor061', TYPE_ID='NODE', DUCT_ID='DuctCor06', VENT_ID='Vent COR06'/ &HVAC ID='Node Cor062', TYPE_ID='NODE', DUCT_ID='DuctCor06', AMBIENT=.TRUE., XYZ=-12.2,-2.1,2.6/ &HVAC ID='DuctCor06', TYPE_ID='DUCT', DIAMETER=0.3, FAN_ID='FanCOROUT', NODE_ID='Node Cor061','Node Cor062', ROUGHNESS=1.5E-4, LENGTH=0.2/ &HVAC ID='Node Cor071', TYPE_ID='NODE', DUCT_ID='DuctCor07', VENT_ID='Vent COR07'/ &HVAC ID='Node Cor072', TYPE_ID='NODE', DUCT_ID='DuctCor07', AMBIENT=.TRUE., XYZ=-12.2,-12.1,2.6/ &HVAC ID='DuctCor07', TYPE_ID='DUCT', DIAMETER=0.3, FAN_ID='FanCOROUT', NODE_ID='Node Cor071','Node Cor072', ROUGHNESS=1.5E-4, LENGTH=0.2/ &HVAC ID='FANOUT', TYPE_ID='FAN', MAX_FLOW=0.01032, MAX_PRESSURE=500.0/ &HVAC ID='FANIN', TYPE_ID='FAN', MAX_FLOW=0.01376, MAX_PRESSURE=500.0/ &HVAC ID='FanCOROUT', TYPE_ID='FAN', MAX_FLOW=0.005, MAX_PRESSURE=500.0/ &HVAC ID='FanCOROUT', TYPE_ID='FAN', MAX_FLOW=0.02, MAX_PRESSURE=500.0/ &HVAC ID='FanCOROUT', TYPE_ID='FAN', MAX_FLOW=0.02, MAX_PRESSURE=500.0/ &HVAC ID='FanCOROUT', TYPE_ID='FAN', MAX_FLOW=0.02, MAX_PRESSURE=500.0/ &HVAC ID='FanCOROUT', TYPE_ID='FAN', MAX_FLOW=0.02, MAX_PRESSURE=500.0/ &HVAC ID='FanCOROUT', TYPE_ID='FAN', MAX_FLOW=0.02, MAX_PRESSURE=500.0/ &HVAC ID='FanCOROUT', TYPE_ID='FAN', MAX_FLOW=0.02, MAX_PRESSURE=500.0/ &HVAC ID='FanCOROUT', TYPE_ID='FAN', MAX_FLOW=0.02, MAX_PRESSURE=500.0/  Measuring devices 
&PROP ID='THCP small props', BEAD_DIAMETER=0.01/ &PROP ID='THCP big props', BEAD_DIAMETER=0.01/ &DEVC ID='LAYER middle room->HEIGHT', QUANTITY='LAYER HEIGHT', XB=5.2,5.2,0.7789,0.7789,0.0,2.7/ &DEVC ID='LAYER middle room->LTEMP', QUANTITY='LOWER TEMPERATURE', XB=5.2,5.2,0.7789,0.7789,0.0,2.7/ &DEVC ID='LAYER middle room->UTEMP', QUANTITY='UPPER TEMPERATURE', XB=5.2,5.2,0.7789,0.7789,0.0,2.7, SETPOINT=600.0/ &DEVC ID='LAYER entrancetoilet->HEIGHT', QUANTITY='LAYER HEIGHT', XB=1.3,1.3,1.7789,1.7789,0.0,2.7/ &DEVC ID='LAYER entrancetoilet->LTEMP', QUANTITY='LOWER TEMPERATURE', XB=1.3,1.3,1.7789,1.7789,0.0,2.7/ &DEVC ID='LAYER entrancetoilet->UTEMP', QUANTITY='UPPER TEMPERATURE', XB=1.3,1.3,1.7789,1.7789,0.0,2.7, SETPOINT=600.0/ &DEVC ID='FED1_17', QUANTITY='FED', XYZ=1.0,1.5,1.7/ &DEVC ID='FED1_10', QUANTITY='FED', XYZ=1.0,1.5,1.0/ &DEVC ID='FED1_075', QUANTITY='FED', XYZ=1.0,1.5,0.75/ &DEVC ID='FED2_17', QUANTITY='FED', XYZ=3.0,1.5,1.7/ &DEVC ID='FED2_10', QUANTITY='FED', XYZ=3.0,1.5,1.0/ &DEVC ID='FED2_075', QUANTITY='FED', XYZ=3.0,1.5,0.75/ &DEVC ID='FED3_17', QUANTITY='FED', XYZ=5.0,1.5,1.7/ &DEVC ID='FED3_10', QUANTITY='FED', XYZ=5.0,1.5,1.0/ &DEVC ID='FED3_075', QUANTITY='FED', XYZ=5.0,1.5,0.75/ &DEVC ID='FED4_17', QUANTITY='FED', XYZ=7.0,1.5,1.7/ &DEVC ID='FED4_10', QUANTITY='FED', XYZ=7.0,1.5,1.0/ &DEVC ID='FED4_075', QUANTITY='FED', XYZ=7.0,1.5,0.75/ &DEVC ID='Temp1_17', QUANTITY='TEMPERATURE', XYZ=1.0,1.5,1.7/ &DEVC ID='Temp1_10', QUANTITY='TEMPERATURE', XYZ=1.0,1.5,1.0/ &DEVC ID='Temp1_075', QUANTITY='TEMPERATURE', XYZ=1.0,1.5,0.75/ &DEVC ID='Temp2_17', QUANTITY='TEMPERATURE', XYZ=3.0,1.5,1.7/ &DEVC ID='Temp2_10', QUANTITY='TEMPERATURE', XYZ=3.0,1.5,1.0/ &DEVC ID='Temp2_075', QUANTITY='TEMPERATURE', XYZ=3.0,1.5,0.75/ 
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&DEVC ID='Temp3_17', QUANTITY='TEMPERATURE', XYZ=5.0,1.5,1.7/ &DEVC ID='Temp3_10', QUANTITY='TEMPERATURE', XYZ=5.0,1.5,1.0/ &DEVC ID='Temp3_075', QUANTITY='TEMPERATURE', XYZ=5.0,1.5,0.75/ &DEVC ID='Temp4_17', QUANTITY='TEMPERATURE', XYZ=7.0,1.5,1.7/ &DEVC ID='Temp4_10', QUANTITY='TEMPERATURE', XYZ=7.0,1.5,1.0/ &DEVC ID='Temp4_075', QUANTITY='TEMPERATURE', XYZ=7.0,1.5,0.75/ &DEVC ID='Pressure nurse', QUANTITY='PRESSURE', XYZ=5.0,1.5,1.4/ &DEVC ID='HRRinside room', QUANTITY='HRR', XB=0.4,8.0,0.6,4.4,0.0,2.8/ &DEVC ID='FLOWDOORINNURSE', QUANTITY='VOLUME FLOW +', XB=0.2,0.2,1.0,2.2,0.0,2.3/ &DEVC ID='FLOWDOOROUTNURSE', QUANTITY='VOLUME FLOW -', XB=0.2,0.2,1.0,2.2,0.0,2.3/ &DEVC ID='FLOWWINDOWOUTNURSE', QUANTITY='VOLUME FLOW +', XB=8.2,8.2,1.0,3.8,0.8,2.2/ &DEVC ID='FLOWWINDOWINNURSE', QUANTITY='VOLUME FLOW -', XB=8.2,8.2,1.0,3.8,0.8,2.2/ &DEVC ID='CHECK_FLOW_OUT', QUANTITY='VOLUME FLOW WALL', IOR=1, XB=0.4001,0.4001,3.6,3.9,2.3,2.6/ &DEVC ID='CHECK_FLOW_in', QUANTITY='VOLUME FLOW WALL', IOR=1, XB=0.4001,0.4001,1.4,1.8,2.4,2.7/ &DEVC ID='PRES_VENT_OUT', QUANTITY='PRESSURE', XYZ=0.4001,3.7,2.5, ORIENTATION=1.0,0.0,0.0/ &DEVC ID='PRES_VENT_IN', QUANTITY='PRESSURE', XYZ=0.4001,1.6,2.6, ORIENTATION=1.0,0.0,0.0/ &DEVC ID='smoke detector', PROP_ID='Heskestad Ionization', XYZ=4.85118,2.35144,2.7/ &DEVC ID='THCP small', PROP_ID='THCP small props', QUANTITY='THERMOCOUPLE', XYZ=7.9999,1.5,1.5, ORIENTATION=1.0,0.0,0.0, SETPOINT=125.0/ &DEVC ID='THCP big', PROP_ID='THCP big props', QUANTITY='THERMOCOUPLE', XYZ=7.9999,2.9,1.5, ORIENTATION=1.0,0.0,0.0, SETPOINT=125.0/ &DEVC ID='FEDZONE1_1_80', QUANTITY='FED', XYZ=-1.0,0.3,0.8/ &DEVC ID='FEDZONE1_1_100', QUANTITY='FED', XYZ=-1.0,0.3,1.0/ &DEVC ID='FEDZONE1_1_170', QUANTITY='FED', XYZ=-1.0,0.3,1.7/ &DEVC ID='FEDZONE1_2_80', QUANTITY='FED', XYZ=-1.0,1.8,0.8/ &DEVC ID='FEDZONE1_2_100', QUANTITY='FED', XYZ=-1.0,1.8,1.0/ &DEVC ID='FEDZONE1_2_170', QUANTITY='FED', XYZ=-1.0,1.8,1.7/ &DEVC ID='FEDZONE1_3_80', QUANTITY='FED', XYZ=-1.0,3.3,0.8/ &DEVC ID='FEDZONE1_3_100', QUANTITY='FED', XYZ=-1.0,3.3,1.0/ &DEVC ID='FEDZONE1_3_170', QUANTITY='FED', XYZ=-1.0,3.3,1.7/ &DEVC ID='FEDZONE2_1_80', QUANTITY='FED', XYZ=-1.0,4.8,0.8/ &DEVC ID='FEDZONE2_1_100', QUANTITY='FED', XYZ=-1.0,4.8,1.0/ &DEVC ID='FEDZONE2_1_170', QUANTITY='FED', XYZ=-1.0,4.8,1.7/ &DEVC ID='FEDZONE2_2_80', QUANTITY='FED', XYZ=-1.0,6.2,0.8/ &DEVC ID='FEDZONE2_2_100', QUANTITY='FED', XYZ=-1.0,6.2,1.0/ &DEVC ID='FEDZONE2_2_170', QUANTITY='FED', XYZ=-1.0,6.2,1.7/ &DEVC ID='FEDZONE2_3_80', QUANTITY='FED', XYZ=-1.0,7.6,0.8/ &DEVC ID='FEDZONE2_3_100', QUANTITY='FED', XYZ=-1.0,7.6,1.0/ &DEVC ID='FEDZONE2_3_170', QUANTITY='FED', XYZ=-1.0,7.6,1.7/ &DEVC ID='FEDZONE2_4_80', QUANTITY='FED', XYZ=-1.0,9.0,0.8/ &DEVC ID='FEDZONE2_4_100', QUANTITY='FED', XYZ=-1.0,9.0,1.0/ &DEVC ID='FEDZONE2_4_170', QUANTITY='FED', XYZ=-1.0,9.0,1.7/ &DEVC ID='FEDZONE2_5_80', QUANTITY='FED', XYZ=-1.0,10.4,0.8/ &DEVC ID='FEDZONE2_5_100', QUANTITY='FED', XYZ=-1.0,10.4,1.0/ &DEVC ID='FEDZONE2_5_170', QUANTITY='FED', XYZ=-1.0,10.4,1.7/ &DEVC ID='FEDZONE2a_1_80', QUANTITY='FED', XYZ=-1.0,11.8,0.8/ &DEVC ID='FEDZONE2a_1_100', QUANTITY='FED', XYZ=-1.0,11.8,1.0/ &DEVC ID='FEDZONE2a_1_170', QUANTITY='FED', XYZ=-1.0,11.8,1.7/ &DEVC ID='FEDZONE2a_2_80', QUANTITY='FED', XYZ=-1.0,13.2,0.8/ &DEVC ID='FEDZONE2a_2_100', QUANTITY='FED', XYZ=-1.0,13.2,1.0/ &DEVC ID='FEDZONE2a_2_170', QUANTITY='FED', XYZ=-1.0,13.2,1.7/ &DEVC ID='FEDZONE2a_3_80', QUANTITY='FED', XYZ=-1.0,14.6,0.8/ &DEVC ID='FEDZONE2a_3_100', QUANTITY='FED', XYZ=-1.0,14.6,1.0/ &DEVC ID='FEDZONE2a_3_170', QUANTITY='FED', XYZ=-1.0,14.6,1.7/ &DEVC ID='FEDZONE2a_4_80', QUANTITY='FED', XYZ=-1.0,16.0,0.8/ &DEVC ID='FEDZONE2a_4_100', QUANTITY='FED', XYZ=-1.0,16.0,1.0/ &DEVC ID='FEDZONE2a_4_170', QUANTITY='FED', XYZ=-1.0,16.0,1.7/ 
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&DEVC ID='FEDZONE2a_5_80', QUANTITY='FED', XYZ=-1.0,17.4,0.8/ &DEVC ID='FEDZONE2a_5_100', QUANTITY='FED', XYZ=-1.0,17.4,1.0/ &DEVC ID='FEDZONE2a_5_170', QUANTITY='FED', XYZ=-1.0,17.4,1.7/ &DEVC ID='FEDZONE3_1_80', QUANTITY='FED', XYZ=-1.0,0.3,0.8/ &DEVC ID='FEDZONE3_1_100', QUANTITY='FED', XYZ=-1.0,0.3,1.0/ &DEVC ID='FEDZONE3_1_170', QUANTITY='FED', XYZ=-1.0,0.3,1.7/ &DEVC ID='FEDZONE3_2_80', QUANTITY='FED', XYZ=-1.0,-1.1,0.8/ &DEVC ID='FEDZONE3_2_100', QUANTITY='FED', XYZ=-1.0,-1.1,1.0/ &DEVC ID='FEDZONE3_2_170', QUANTITY='FED', XYZ=-1.0,-1.1,1.7/ &DEVC ID='FEDZONE3_3_80', QUANTITY='FED', XYZ=-1.0,-2.5,0.8/ &DEVC ID='FEDZONE3_3_100', QUANTITY='FED', XYZ=-1.0,-2.5,1.0/ &DEVC ID='FEDZONE3_3_170', QUANTITY='FED', XYZ=-1.0,-2.5,1.7/ &DEVC ID='FEDZONE3_4_80', QUANTITY='FED', XYZ=-1.0,-3.9,0.8/ &DEVC ID='FEDZONE3_4_100', QUANTITY='FED', XYZ=-1.0,-3.9,1.0/ &DEVC ID='FEDZONE3_4_170', QUANTITY='FED', XYZ=-1.0,-3.9,1.7/ &DEVC ID='FEDZONE3_5_80', QUANTITY='FED', XYZ=-1.0,-5.3,0.8/ &DEVC ID='FEDZONE3_5_100', QUANTITY='FED', XYZ=-1.0,-5.3,1.0/ &DEVC ID='FEDZONE3_5_170', QUANTITY='FED', XYZ=-1.0,-5.3,1.7/ &DEVC ID='FEDZONE3a_1_80', QUANTITY='FED', XYZ=-1.0,-6.7,0.8/ &DEVC ID='FEDZONE3a_1_100', QUANTITY='FED', XYZ=-1.0,-6.7,1.0/ &DEVC ID='FEDZONE3a_1_170', QUANTITY='FED', XYZ=-1.0,-6.7,1.7/ &DEVC ID='FEDZONE3a_2_80', QUANTITY='FED', XYZ=-1.0,-8.1,0.8/ &DEVC ID='FEDZONE3a_2_100', QUANTITY='FED', XYZ=-1.0,-8.1,1.0/ &DEVC ID='FEDZONE3a_2_170', QUANTITY='FED', XYZ=-1.0,-8.1,1.7/ &DEVC ID='FEDZONE3a_3_80', QUANTITY='FED', XYZ=-1.0,-9.5,0.8/ &DEVC ID='FEDZONE3a_3_100', QUANTITY='FED', XYZ=-1.0,-9.5,1.0/ &DEVC ID='FEDZONE3a_3_170', QUANTITY='FED', XYZ=-1.0,-9.5,1.7/ &DEVC ID='FEDZONE3a_4_80', QUANTITY='FED', XYZ=-1.0,-10.9,0.8/ &DEVC ID='FEDZONE3a_4_100', QUANTITY='FED', XYZ=-1.0,-10.9,1.0/ &DEVC ID='FEDZONE3a_4_170', QUANTITY='FED', XYZ=-1.0,-10.9,1.7/ &DEVC ID='FEDZONE3a_5_80', QUANTITY='FED', XYZ=-1.0,-12.3,0.8/ &DEVC ID='FEDZONE3a_5_100', QUANTITY='FED', XYZ=-1.0,-12.3,1.0/ &DEVC ID='FEDZONE3a_5_170', QUANTITY='FED', XYZ=-1.0,-12.3,1.7/ &DEVC ID='FEDZONE4_1_80', QUANTITY='FED', XYZ=-2.4,-12.3,0.8/ &DEVC ID='FEDZONE4_1_100', QUANTITY='FED', XYZ=-2.4,-12.3,1.0/ &DEVC ID='FEDZONE4_1_170', QUANTITY='FED', XYZ=-2.4,-12.3,1.7/ &DEVC ID='FEDZONE4_2_80', QUANTITY='FED', XYZ=-4.5,-12.3,0.8/ &DEVC ID='FEDZONE4_2_100', QUANTITY='FED', XYZ=-4.5,-12.3,1.0/ &DEVC ID='FEDZONE4_2_170', QUANTITY='FED', XYZ=-4.5,-12.3,1.7/ &DEVC ID='FEDZONE4_3_80', QUANTITY='FED', XYZ=-6.6,-12.3,0.8/ &DEVC ID='FEDZONE4_3_100', QUANTITY='FED', XYZ=-6.6,-12.3,1.0/ &DEVC ID='FEDZONE4_3_170', QUANTITY='FED', XYZ=-6.6,-12.3,1.7/ &DEVC ID='FEDZONE4_4_80', QUANTITY='FED', XYZ=-8.7,-12.3,0.8/ &DEVC ID='FEDZONE4_4_100', QUANTITY='FED', XYZ=-8.7,-12.3,1.0/ &DEVC ID='FEDZONE4_4_170', QUANTITY='FED', XYZ=-8.7,-12.3,1.7/ &DEVC ID='FEDZONE4_5_80', QUANTITY='FED', XYZ=-10.8,-12.3,0.8/ &DEVC ID='FEDZONE4_5_100', QUANTITY='FED', XYZ=-10.8,-12.3,1.0/ &DEVC ID='FEDZONE4_5_170', QUANTITY='FED', XYZ=-10.8,-12.3,1.7/ &DEVC ID='FEDZONE5_1_80', QUANTITY='FED', XYZ=-12.2,-12.3,0.8/ &DEVC ID='FEDZONE5_1_100', QUANTITY='FED', XYZ=-12.2,-12.3,1.0/ &DEVC ID='FEDZONE5_1_170', QUANTITY='FED', XYZ=-12.2,-12.3,1.7/ &DEVC ID='FEDZONE5_2_80', QUANTITY='FED', XYZ=-12.2,-8.9,0.8/ &DEVC ID='FEDZONE5_2_100', QUANTITY='FED', XYZ=-12.2,-8.9,1.0/ &DEVC ID='FEDZONE5_2_170', QUANTITY='FED', XYZ=-12.2,-8.9,1.7/ &DEVC ID='FEDZONE5_3_80', QUANTITY='FED', XYZ=-12.2,-5.5,0.8/ &DEVC ID='FEDZONE5_3_100', QUANTITY='FED', XYZ=-12.2,-5.5,1.0/ &DEVC ID='FEDZONE5_3_170', QUANTITY='FED', XYZ=-12.2,-5.5,1.7/ 
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&DEVC ID='FEDZONE5_4_80', QUANTITY='FED', XYZ=-12.2,-2.1,0.8/ &DEVC ID='FEDZONE5_4_100', QUANTITY='FED', XYZ=-12.2,-2.1,1.0/ &DEVC ID='FEDZONE5_4_170', QUANTITY='FED', XYZ=-12.2,-2.1,1.7/ &DEVC ID='FEDZONE5_5_80', QUANTITY='FED', XYZ=-12.2,1.3,0.8/ &DEVC ID='FEDZONE5_5_100', QUANTITY='FED', XYZ=-12.2,1.3,1.0/ &DEVC ID='FEDZONE5_5_170', QUANTITY='FED', XYZ=-12.2,1.3,1.7/ &DEVC ID='FEDZONE5a_1_80', QUANTITY='FED', XYZ=-12.2,4.7,0.8/ &DEVC ID='FEDZONE5a_1_100', QUANTITY='FED', XYZ=-12.2,4.7,1.0/ &DEVC ID='FEDZONE5a_1_170', QUANTITY='FED', XYZ=-12.2,4.7,1.7/ &DEVC ID='FEDZONE5a_2_80', QUANTITY='FED', XYZ=-12.2,8.1,0.8/ &DEVC ID='FEDZONE5a_2_100', QUANTITY='FED', XYZ=-12.2,8.1,1.0/ &DEVC ID='FEDZONE5a_2_170', QUANTITY='FED', XYZ=-12.2,8.1,1.7/ &DEVC ID='FEDZONE5a_3_80', QUANTITY='FED', XYZ=-12.2,11.5,0.8/ &DEVC ID='FEDZONE5a_3_100', QUANTITY='FED', XYZ=-12.2,11.5,1.0/ &DEVC ID='FEDZONE5a_3_170', QUANTITY='FED', XYZ=-12.2,11.5,1.7/ &DEVC ID='FEDZONE5a_4_80', QUANTITY='FED', XYZ=-12.2,14.9,0.8/ &DEVC ID='FEDZONE5a_4_100', QUANTITY='FED', XYZ=-12.2,14.9,1.0/ &DEVC ID='FEDZONE5a_4_170', QUANTITY='FED', XYZ=-12.2,14.9,1.7/ &DEVC ID='FEDZONE5a_5_80', QUANTITY='FED', XYZ=-12.2,18.3,0.8/ &DEVC ID='FEDZONE5a_5_100', QUANTITY='FED', XYZ=-12.2,18.3,1.0/ &DEVC ID='FEDZONE5a_5_170', QUANTITY='FED', XYZ=-12.2,18.3,1.7/ &DEVC ID='HVACOUT', QUANTITY='DUCT VOLUME FLOW', DUCT_ID='DuctOUT'/ &DEVC ID='HVACIN', QUANTITY='DUCT VOLUME FLOW', DUCT_ID='StartDUCT'/ &DEVC ID='TIME', QUANTITY='TIME', XYZ=-2.4,0.3,-0.2/  &BNDF QUANTITY='CONVECTIVE HEAT FLUX'/ &BNDF QUANTITY='INCIDENT HEAT FLUX'/ &BNDF QUANTITY='RADIATIVE HEAT FLUX'/ &BNDF QUANTITY='RADIOMETER'/ &BNDF QUANTITY='WALL TEMPERATURE'/  &SLCF QUANTITY='TEMPERATURE', PBX=4.9/ &SLCF QUANTITY='VELOCITY', PBX=4.9/ &SLCF QUANTITY='TEMPERATURE', PBX=4.0/ &SLCF QUANTITY='TEMPERATURE', PBX=6.1/ &SLCF QUANTITY='TEMPERATURE', PBX=7.3/ &SLCF QUANTITY='TEMPERATURE', PBY=1.6/ &SLCF QUANTITY='TEMPERATURE', PBY=3.6/ &SLCF QUANTITY='PRESSURE ZONE', PBY=1.7/ &SLCF QUANTITY='PRESSURE', PBY=1.7/ &SLCF QUANTITY='PRESSURE', PBX=5.5/ &SLCF QUANTITY='OPTICAL DENSITY', PBY=1.7/ &SLCF QUANTITY='VISIBILITY', PBY=1.7/ &SLCF QUANTITY='VELOCITY', PBY=3.8/ &SLCF QUANTITY='VELOCITY', PBY=1.6/ &SLCF QUANTITY='TEMPERATURE', PBX=-1.0/ &SLCF QUANTITY='VELOCITY', PBX=-1.0/ &SLCF QUANTITY='VISIBILITY', PBX=-1.0/ &SLCF QUANTITY='TEMPERATURE', PBX=-1.8/ &SLCF QUANTITY='VELOCITY', PBX=-1.8/ &SLCF QUANTITY='VISIBILITY', PBX=-1.8/ &SLCF QUANTITY='TEMPERATURE', PBX=-0.2/ &SLCF QUANTITY='VELOCITY', PBX=-0.2/ &SLCF QUANTITY='VISIBILITY', PBX=-0.2/ &SLCF QUANTITY='TEMPERATURE', PBY=-13.1/ &SLCF QUANTITY='VISIBILITY', PBY=-13.1/ &SLCF QUANTITY='VELOCITY', PBY=-13.1/ 
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&SLCF QUANTITY='VELOCITY', PBY=-11.5/ &SLCF QUANTITY='TEMPERATURE', PBY=-11.5/ &SLCF QUANTITY='VISIBILITY', PBY=-11.5/ &SLCF QUANTITY='VELOCITY', PBY=-12.3/ &SLCF QUANTITY='TEMPERATURE', PBY=-12.3/ &SLCF QUANTITY='VISIBILITY', PBY=-12.3/ &SLCF QUANTITY='TEMPERATURE', PBY=-5.5/ &SLCF QUANTITY='TEMPERATURE', PBY=12.6/ &SLCF QUANTITY='TEMPERATURE', PBX=-12.2/ &SLCF QUANTITY='VELOCITY', PBX=-12.2/ &SLCF QUANTITY='VISIBILITY', PBX=-12.2/ &SLCF QUANTITY='TEMPERATURE', PBX=-13.0/ &SLCF QUANTITY='VELOCITY', PBX=-13.0/ &SLCF QUANTITY='VISIBILITY', PBX=-13.0/ &SLCF QUANTITY='TEMPERATURE', PBX=-11.4/ &SLCF QUANTITY='VELOCITY', PBX=-11.4/ &SLCF QUANTITY='VISIBILITY', PBX=-11.4/  &DEVC ID='Gas Temperature 060_090_MEAN', QUANTITY='GAS TEMPERATURE', STATISTICS='MEAN', XB=0.4,8.0,0.6,2.0,0.6,0.9/ &DEVC ID='Gas Temperature 060_090_MIN', QUANTITY='GAS TEMPERATURE', STATISTICS='MIN', XB=0.4,8.0,0.6,2.0,0.6,0.9/ &DEVC ID='Gas Temperature 060_090_MAX', QUANTITY='GAS TEMPERATURE', STATISTICS='MAX', XB=0.4,8.0,0.6,2.0,0.6,0.9/ &DEVC ID='Gas Temperature 150_200_MEAN', QUANTITY='GAS TEMPERATURE', STATISTICS='MEAN', XB=0.4,8.0,0.6,2.0,1.5,2.0/ &DEVC ID='Gas Temperature 150_200_MIN', QUANTITY='GAS TEMPERATURE', STATISTICS='MIN', XB=0.4,8.0,0.6,2.0,1.5,2.0/ &DEVC ID='Gas Temperature 150_200_MAX', QUANTITY='GAS TEMPERATURE', STATISTICS='MAX', XB=0.4,8.0,0.6,2.0,1.5,2.0/ &DEVC ID='Optical Density 060_090_VOLUME MEAN', QUANTITY='OPTICAL DENSITY', STATISTICS='VOLUME MEAN', XB=0.4,8.0,0.6,2.0,0.6,0.9/ &DEVC ID='Optical Density 060_090_MIN', QUANTITY='OPTICAL DENSITY', STATISTICS='MIN', XB=0.4,8.0,0.6,2.0,0.6,0.9/ &DEVC ID='Optical Density 060_090_MAX', QUANTITY='OPTICAL DENSITY', STATISTICS='MAX', XB=0.4,8.0,0.6,2.0,0.6,0.9/ &DEVC ID='Optical Density 060_090_MEAN', QUANTITY='OPTICAL DENSITY', STATISTICS='MEAN', XB=0.4,8.0,0.6,2.0,0.6,0.9/ &DEVC ID='Optical Density 140_190_VOLUME MEAN', QUANTITY='OPTICAL DENSITY', STATISTICS='VOLUME MEAN', XB=0.4,8.0,0.6,2.0,1.4,1.9/ &DEVC ID='Optical Density 140_190_MIN', QUANTITY='OPTICAL DENSITY', STATISTICS='MIN', XB=0.4,8.0,0.6,2.0,1.4,1.9/ &DEVC ID='Optical Density 140_190_MAX', QUANTITY='OPTICAL DENSITY', STATISTICS='MAX', XB=0.4,8.0,0.6,2.0,1.4,1.9/ &DEVC ID='Optical Density 140_190_MEAN', QUANTITY='OPTICAL DENSITY', STATISTICS='MEAN', XB=0.4,8.0,0.6,2.0,1.4,1.9/ &DEVC ID='Incident Heat Flux 060_090_MEAN', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MEAN', XB=0.4,8.0,0.6,2.0,0.6,0.9/ &DEVC ID='Incident Heat Flux 060_090_MIN', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MIN', XB=0.4,8.0,0.6,2.0,0.6,0.9/ &DEVC ID='Incident Heat Flux 060_090_MAX', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MAX', XB=0.4,8.0,0.6,2.0,0.6,0.9/ &DEVC ID='Incident Heat Flux 150_200_MEAN', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MEAN', XB=0.4,8.0,0.6,2.0,1.5,2.0/ &DEVC ID='Incident Heat Flux 150_200_MIN', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MIN', XB=0.4,8.0,0.6,2.0,1.5,2.0/ 
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&DEVC ID='Incident Heat Flux 150_200_MAX', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MAX', XB=0.4,8.0,0.6,2.0,1.5,2.0/ &DEVC ID='Radiometer 060_090_MEAN', QUANTITY='RADIOMETER', STATISTICS='MEAN', XB=0.4,8.0,0.6,2.0,0.6,0.9/ &DEVC ID='Radiometer 060_090_MIN', QUANTITY='RADIOMETER', STATISTICS='MIN', XB=0.4,8.0,0.6,2.0,0.6,0.9/ &DEVC ID='Radiometer 060_090_MAX', QUANTITY='RADIOMETER', STATISTICS='MAX', XB=0.4,8.0,0.6,2.0,0.6,0.9/ &DEVC ID='Radiometer 150_200_MEAN', QUANTITY='RADIOMETER', STATISTICS='MEAN', XB=0.4,8.0,0.6,2.0,1.5,2.0/ &DEVC ID='Radiometer 150_200_MIN', QUANTITY='RADIOMETER', STATISTICS='MIN', XB=0.4,8.0,0.6,2.0,1.5,2.0/ &DEVC ID='Radiometer 150_200_MAX', QUANTITY='RADIOMETER', STATISTICS='MAX', XB=0.4,8.0,0.6,2.0,1.5,2.0/ &DEVC ID='Visibility 060_090_VOLUME MEAN', QUANTITY='VISIBILITY', STATISTICS='VOLUME MEAN', XB=0.4,8.0,0.6,2.0,0.6,0.9/ &DEVC ID='Visibility 060_090_MIN', QUANTITY='VISIBILITY', STATISTICS='MIN', XB=0.4,8.0,0.6,2.0,0.6,0.9/ &DEVC ID='Visibility 060_090_MAX', QUANTITY='VISIBILITY', STATISTICS='MAX', XB=0.4,8.0,0.6,2.0,0.6,0.9/ &DEVC ID='Visibility 060_090_MEAN', QUANTITY='VISIBILITY', STATISTICS='MEAN', XB=0.4,8.0,0.6,2.0,0.6,0.9/ &DEVC ID='Visibility 140_190_VOLUME MEAN', QUANTITY='VISIBILITY', STATISTICS='VOLUME MEAN', XB=0.4,8.0,0.6,2.0,1.4,1.9/ &DEVC ID='Visibility 140_190_MIN', QUANTITY='VISIBILITY', STATISTICS='MIN', XB=0.4,8.0,0.6,2.0,1.4,1.9/ &DEVC ID='Visibility 140_190_MAX', QUANTITY='VISIBILITY', STATISTICS='MAX', XB=0.4,8.0,0.6,2.0,1.4,1.9/ &DEVC ID='Visibility 140_190_MEAN', QUANTITY='VISIBILITY', STATISTICS='MEAN', XB=0.4,8.0,0.6,2.0,1.4,1.9/ &DEVC ID='Pressure_VOLUME MEAN', QUANTITY='PRESSURE', STATISTICS='VOLUME MEAN', XB=0.4,8.0,0.6,4.4,0.0,2.7/ &DEVC ID='Pressure_MIN', QUANTITY='PRESSURE', STATISTICS='MIN', XB=0.4,8.0,0.6,4.4,0.0,2.7/ &DEVC ID='Pressure_MAX', QUANTITY='PRESSURE', STATISTICS='MAX', XB=0.4,8.0,0.6,4.4,0.0,2.7/ &DEVC ID='Pressure_MEAN', QUANTITY='PRESSURE', STATISTICS='MEAN', XB=0.4,8.0,0.6,4.4,0.0,2.7/ &DEVC ID='CO2 Volume Fraction 030_080_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='VOLUME MEAN', XB=0.4,8.0,0.6,2.0,0.3,0.8/ &DEVC ID='CO2 Volume Fraction 030_080_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MIN', XB=0.4,8.0,0.6,2.0,0.3,0.8/ &DEVC ID='CO2 Volume Fraction 030_080_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MAX', XB=0.4,8.0,0.6,2.0,0.3,0.8/ &DEVC ID='CO2 Volume Fraction 030_080_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MEAN', XB=0.4,8.0,0.6,2.0,0.3,0.8/ &DEVC ID='CO2 Volume Fraction 080_140_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='VOLUME MEAN', XB=0.4,8.0,0.6,2.0,0.8,1.4/ &DEVC ID='CO2 Volume Fraction 080_140_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MIN', XB=0.4,8.0,0.6,2.0,0.8,1.4/ &DEVC ID='CO2 Volume Fraction 080_140_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MAX', XB=0.4,8.0,0.6,2.0,0.8,1.4/ &DEVC ID='CO2 Volume Fraction 080_140_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MEAN', XB=0.4,8.0,0.6,2.0,0.8,1.4/ &DEVC ID='CO2 Volume Fraction 140_190_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='VOLUME MEAN', XB=0.4,8.0,0.6,2.0,1.4,1.9/ &DEVC ID='CO2 Volume Fraction 140_190_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MIN', XB=0.4,8.0,0.6,2.0,1.4,1.9/ &DEVC ID='CO2 Volume Fraction 140_190_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MAX', XB=0.4,8.0,0.6,2.0,1.4,1.9/ &DEVC ID='CO2 Volume Fraction 140_190_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MEAN', XB=0.4,8.0,0.6,2.0,1.4,1.9/ &DEVC ID='CO Volume Fraction 030_080_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='VOLUME MEAN', XB=0.4,8.0,0.6,2.0,0.3,0.8/ &DEVC ID='CO Volume Fraction 030_080_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MIN', XB=0.4,8.0,0.6,2.0,0.3,0.8/ 
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&DEVC ID='CO Volume Fraction 030_080_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MAX', XB=0.4,8.0,0.6,2.0,0.3,0.8/ &DEVC ID='CO Volume Fraction 030_080_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MEAN', XB=0.4,8.0,0.6,2.0,0.3,0.8/ &DEVC ID='CO Volume Fraction 080_140_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='VOLUME MEAN', XB=0.4,8.0,0.6,2.0,0.8,1.4/ &DEVC ID='CO Volume Fraction 080_140_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MIN', XB=0.4,8.0,0.6,2.0,0.8,1.4/ &DEVC ID='CO Volume Fraction 080_140_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MAX', XB=0.4,8.0,0.6,2.0,0.8,1.4/ &DEVC ID='CO Volume Fraction 080_140_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MEAN', XB=0.4,8.0,0.6,2.0,0.8,1.4/ &DEVC ID='CO Volume Fraction 140_190_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='VOLUME MEAN', XB=0.4,8.0,0.6,2.0,1.4,1.9/ &DEVC ID='CO Volume Fraction 140_190_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MIN', XB=0.4,8.0,0.6,2.0,1.4,1.9/ &DEVC ID='CO Volume Fraction 140_190_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MAX', XB=0.4,8.0,0.6,2.0,1.4,1.9/ &DEVC ID='CO Volume Fraction 140_190_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MEAN', XB=0.4,8.0,0.6,2.0,1.4,1.9/ &DEVC ID='OXYGEN Volume Fraction 030_080_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='VOLUME MEAN', XB=0.4,8.0,0.6,2.0,0.3,0.8/ &DEVC ID='OXYGEN Volume Fraction 030_080_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MIN', XB=0.4,8.0,0.6,2.0,0.3,0.8/ &DEVC ID='OXYGEN Volume Fraction 030_080_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MAX', XB=0.4,8.0,0.6,2.0,0.3,0.8/ &DEVC ID='OXYGEN Volume Fraction 030_080_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MEAN', XB=0.4,8.0,0.6,2.0,0.3,0.8/ &DEVC ID='OXYGEN Volume Fraction 080_140_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='VOLUME MEAN', XB=0.4,8.0,0.6,2.0,0.8,1.4/ &DEVC ID='OXYGEN Volume Fraction 080_140_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MIN', XB=0.4,8.0,0.6,2.0,0.8,1.4/ &DEVC ID='OXYGEN Volume Fraction 080_140_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MAX', XB=0.4,8.0,0.6,2.0,0.8,1.4/ &DEVC ID='OXYGEN Volume Fraction 080_140_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MEAN', XB=0.4,8.0,0.6,2.0,0.8,1.4/ &DEVC ID='OXYGEN Volume Fraction 140_190_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='VOLUME MEAN', XB=0.4,8.0,0.6,2.0,1.4,1.9/ &DEVC ID='OXYGEN Volume Fraction 140_190_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MIN', XB=0.4,8.0,0.6,2.0,1.4,1.9/ &DEVC ID='OXYGEN Volume Fraction 140_190_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MAX', XB=0.4,8.0,0.6,2.0,1.4,1.9/ &DEVC ID='OXYGEN Volume Fraction 140_190_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MEAN', XB=0.4,8.0,0.6,2.0,1.4,1.9/ &DEVC ID='CO zone1 30_80_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,0.3,4.8,0.3,0.8/ &DEVC ID='CO zone1 30_80_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MIN', XB=-2.2,0.2,0.3,4.8,0.3,0.8/ &DEVC ID='CO zone1 30_80_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MAX', XB=-2.2,0.2,0.3,4.8,0.3,0.8/ &DEVC ID='CO zone1 30_80_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MEAN', XB=-2.2,0.2,0.3,4.8,0.3,0.8/ &DEVC ID='CO zone1 80_140_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,0.3,4.8,0.8,1.4/ &DEVC ID='CO zone1 80_140_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MIN', XB=-2.2,0.2,0.3,4.8,0.8,1.4/ 
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&DEVC ID='CO zone1 80_140_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MAX', XB=-2.2,0.2,0.3,4.8,0.8,1.4/ &DEVC ID='CO zone1 80_140_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MEAN', XB=-2.2,0.2,0.3,4.8,0.8,1.4/ &DEVC ID='CO zone1 140_190_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,0.3,4.8,1.4,1.9/ &DEVC ID='CO zone1 140_190_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MIN', XB=-2.2,0.2,0.3,4.8,1.4,1.9/ &DEVC ID='CO zone1 140_190_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MAX', XB=-2.2,0.2,0.3,4.8,1.4,1.9/ &DEVC ID='CO zone1 140_190_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MEAN', XB=-2.2,0.2,0.3,4.8,1.4,1.9/ &DEVC ID='CO2 zone1 30_80_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,0.3,4.8,0.3,0.8/ &DEVC ID='CO2 zone1 30_80_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MIN', XB=-2.2,0.2,0.3,4.8,0.3,0.8/ &DEVC ID='CO2 zone1 30_80_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MAX', XB=-2.2,0.2,0.3,4.8,0.3,0.8/ &DEVC ID='CO2 zone1 30_80_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MEAN', XB=-2.2,0.2,0.3,4.8,0.3,0.8/ &DEVC ID='CO2 zone1 80_140_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,0.3,4.8,0.8,1.4/ &DEVC ID='CO2 zone1 80_140_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MIN', XB=-2.2,0.2,0.3,4.8,0.8,1.4/ &DEVC ID='CO2 zone1 80_140_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MAX', XB=-2.2,0.2,0.3,4.8,0.8,1.4/ &DEVC ID='CO2 zone1 80_140_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MEAN', XB=-2.2,0.2,0.3,4.8,0.8,1.4/ &DEVC ID='CO2 zone1 140_190_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,0.3,4.8,1.4,1.9/ &DEVC ID='CO2 zone1 140_190_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MIN', XB=-2.2,0.2,0.3,4.8,1.4,1.9/ &DEVC ID='CO2 zone1 140_190_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MAX', XB=-2.2,0.2,0.3,4.8,1.4,1.9/ &DEVC ID='CO2 zone1 140_190_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MEAN', XB=-2.2,0.2,0.3,4.8,1.4,1.9/ &DEVC ID='O2 zone1 30_80_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,0.3,4.8,0.3,0.8/ &DEVC ID='O2 zone1 30_80_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MIN', XB=-2.2,0.2,0.3,4.8,0.3,0.8/ &DEVC ID='O2 zone1 30_80_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MAX', XB=-2.2,0.2,0.3,4.8,0.3,0.8/ &DEVC ID='O2 zone1 30_80_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MEAN', XB=-2.2,0.2,0.3,4.8,0.3,0.8/ &DEVC ID='O2 zone1 80_140_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,0.3,4.8,0.8,1.4/ &DEVC ID='O2 zone1 80_140_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MIN', XB=-2.2,0.2,0.3,4.8,0.8,1.4/ &DEVC ID='O2 zone1 80_140_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MAX', XB=-2.2,0.2,0.3,4.8,0.8,1.4/ &DEVC ID='O2 zone1 80_140_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MEAN', XB=-2.2,0.2,0.3,4.8,0.8,1.4/ &DEVC ID='O2 zone1 140_190_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,0.3,4.8,1.4,1.9/ &DEVC ID='O2 zone1 140_190_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MIN', XB=-2.2,0.2,0.3,4.8,1.4,1.9/ 
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&DEVC ID='O2 zone1 140_190_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MAX', XB=-2.2,0.2,0.3,4.8,1.4,1.9/ &DEVC ID='O2 zone1 140_190_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MEAN', XB=-2.2,0.2,0.3,4.8,1.4,1.9/ &DEVC ID='Visibility zone1 60_90_MEAN', QUANTITY='VISIBILITY', STATISTICS='MEAN', XB=-2.2,0.2,0.3,4.8,0.6,0.9/ &DEVC ID='Visibility zone1 140_190_MEAN', QUANTITY='VISIBILITY', STATISTICS='MEAN', XB=-2.2,0.2,0.3,4.8,1.4,1.9/ &DEVC ID='GasTemp Zone1 60_90_MEAN', QUANTITY='GAS TEMPERATURE', STATISTICS='MEAN', XB=-2.2,0.2,0.3,4.8,0.6,0.9/ &DEVC ID='GasTemp Zone1 150_200_MEAN', QUANTITY='GAS TEMPERATURE', STATISTICS='MEAN', XB=-2.2,0.2,0.3,4.8,1.5,2.0/ &DEVC ID='Inc Heat fl Zone1 06_90_MEAN', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MEAN', XB=-2.2,0.2,0.3,4.8,0.6,0.9/ &DEVC ID='Inc Heat fl Zone1 06_90_MAX', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MAX', XB=-2.2,0.2,0.3,4.8,0.6,0.9/ &DEVC ID='Inc Heat fl Zone1 150_200_MEAN', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MEAN', XB=-2.2,0.2,0.3,4.8,1.5,2.0/ &DEVC ID='Inc Heat fl Zone1 150_200_MAX', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MAX', XB=-2.2,0.2,0.3,4.8,1.5,2.0/ &DEVC ID='CO zone2 30_80_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,4.8,11.8,0.3,0.8/ &DEVC ID='CO zone2 30_80_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MIN', XB=-2.2,0.2,4.8,11.8,0.3,0.8/ &DEVC ID='CO zone2 30_80_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MAX', XB=-2.2,0.2,4.8,11.8,0.3,0.8/ &DEVC ID='CO zone2 30_80_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MEAN', XB=-2.2,0.2,4.8,11.8,0.3,0.8/ &DEVC ID='CO zone2 80_140_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,4.8,11.8,0.8,1.4/ &DEVC ID='CO zone2 80_140_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MIN', XB=-2.2,0.2,4.8,11.8,0.8,1.4/ &DEVC ID='CO zone2 80_140_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MAX', XB=-2.2,0.2,4.8,11.8,0.8,1.4/ &DEVC ID='CO zone2 80_140_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MEAN', XB=-2.2,0.2,4.8,11.8,0.8,1.4/ &DEVC ID='CO zone2 140_190_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,4.8,11.8,1.4,1.9/ &DEVC ID='CO zone2 140_190_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MIN', XB=-2.2,0.2,4.8,11.8,1.4,1.9/ &DEVC ID='CO zone2 140_190_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MAX', XB=-2.2,0.2,4.8,11.8,1.4,1.9/ &DEVC ID='CO zone2 140_190_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MEAN', XB=-2.2,0.2,4.8,11.8,1.4,1.9/ &DEVC ID='CO2 zone2 30_80_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,4.8,11.8,0.3,0.8/ &DEVC ID='CO2 zone2 30_80_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MIN', XB=-2.2,0.2,4.8,11.8,0.3,0.8/ &DEVC ID='CO2 zone2 30_80_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MAX', XB=-2.2,0.2,4.8,11.8,0.3,0.8/ &DEVC ID='CO2 zone2 30_80_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MEAN', XB=-2.2,0.2,4.8,11.8,0.3,0.8/ &DEVC ID='CO2 zone2 80_140_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,4.8,11.8,0.8,1.4/ &DEVC ID='CO2 zone2 80_140_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MIN', XB=-2.2,0.2,4.8,11.8,0.8,1.4/ 
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&DEVC ID='CO2 zone2 80_140_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MAX', XB=-2.2,0.2,4.8,11.8,0.8,1.4/ &DEVC ID='CO2 zone2 80_140_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MEAN', XB=-2.2,0.2,4.8,11.8,0.8,1.4/ &DEVC ID='CO2 zone2 140_190_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,4.8,11.8,1.4,1.9/ &DEVC ID='CO2 zone2 140_190_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MIN', XB=-2.2,0.2,4.8,11.8,1.4,1.9/ &DEVC ID='CO2 zone2 140_190_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MAX', XB=-2.2,0.2,4.8,11.8,1.4,1.9/ &DEVC ID='CO2 zone2 140_190_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MEAN', XB=-2.2,0.2,4.8,11.8,1.4,1.9/ &DEVC ID='O2 zone2 30_80_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,4.8,11.8,0.3,0.8/ &DEVC ID='O2 zone2 30_80_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MIN', XB=-2.2,0.2,4.8,11.8,0.3,0.8/ &DEVC ID='O2 zone2 30_80_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MAX', XB=-2.2,0.2,4.8,11.8,0.3,0.8/ &DEVC ID='O2 zone2 30_80_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MEAN', XB=-2.2,0.2,4.8,11.8,0.3,0.8/ &DEVC ID='O2 zone2 80_140_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,4.8,11.8,0.8,1.4/ &DEVC ID='O2 zone2 80_140_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MIN', XB=-2.2,0.2,4.8,11.8,0.8,1.4/ &DEVC ID='O2 zone2 80_140_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MAX', XB=-2.2,0.2,4.8,11.8,0.8,1.4/ &DEVC ID='O2 zone2 80_140_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MEAN', XB=-2.2,0.2,4.8,11.8,0.8,1.4/ &DEVC ID='O2 zone2 140_190_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,4.8,11.8,1.4,1.9/ &DEVC ID='O2 zone2 140_190_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MIN', XB=-2.2,0.2,4.8,11.8,1.4,1.9/ &DEVC ID='O2 zone2 140_190_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MAX', XB=-2.2,0.2,4.8,11.8,1.4,1.9/ &DEVC ID='O2 zone2 140_190_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MEAN', XB=-2.2,0.2,4.8,11.8,1.4,1.9/ &DEVC ID='Visibility zone2 60_90_MEAN', QUANTITY='VISIBILITY', STATISTICS='MEAN', XB=-2.2,0.2,4.8,11.8,0.6,0.9/ &DEVC ID='Visibility zone2 140_190_MEAN', QUANTITY='VISIBILITY', STATISTICS='MEAN', XB=-2.2,0.2,4.8,11.8,1.4,1.9/ &DEVC ID='GasTemp Zone2 60_90_MEAN', QUANTITY='GAS TEMPERATURE', STATISTICS='MEAN', XB=-2.2,0.2,4.8,11.8,0.6,0.9/ &DEVC ID='GasTemp Zone2 150_200_MEAN', QUANTITY='GAS TEMPERATURE', STATISTICS='MEAN', XB=-2.2,0.2,4.8,11.8,1.5,2.0/ &DEVC ID='Inc Heat fl Zone2 60_90_MEAN', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MEAN', XB=-2.2,0.2,4.8,11.8,0.6,0.9/ &DEVC ID='Inc Heat fl Zone2 60_90_MAX', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MAX', XB=-2.2,0.2,4.8,11.8,0.6,0.9/ &DEVC ID='Inc Heat fl Zone2 150_200_MEAN', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MEAN', XB=-2.2,0.2,4.8,11.8,1.5,2.0/ &DEVC ID='Inc Heat fl Zone2 150_200_MAX', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MAX', XB=-2.2,0.2,4.8,11.8,1.5,2.0/ &DEVC ID='CO zone2a 30_80_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,11.8,18.8,0.3,0.8/ &DEVC ID='CO zone2a 30_80_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MIN', XB=-2.2,0.2,11.8,18.8,0.3,0.8/ 
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&DEVC ID='CO zone2a 30_80_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MAX', XB=-2.2,0.2,11.8,18.8,0.3,0.8/ &DEVC ID='CO zone2a 30_80_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MEAN', XB=-2.2,0.2,11.8,18.8,0.3,0.8/ &DEVC ID='CO zone2a 80_140_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,11.8,18.8,0.8,1.4/ &DEVC ID='CO zone2a 80_140_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MIN', XB=-2.2,0.2,11.8,18.8,0.8,1.4/ &DEVC ID='CO zone2a 80_140_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MAX', XB=-2.2,0.2,11.8,18.8,0.8,1.4/ &DEVC ID='CO zone2a 80_140_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MEAN', XB=-2.2,0.2,11.8,18.8,0.8,1.4/ &DEVC ID='CO zone2a 140_190_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,11.8,18.8,1.4,1.9/ &DEVC ID='CO zone2a 140_190_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MIN', XB=-2.2,0.2,11.8,18.8,1.4,1.9/ &DEVC ID='CO zone2a 140_190_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MAX', XB=-2.2,0.2,11.8,18.8,1.4,1.9/ &DEVC ID='CO zone2a 140_190_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MEAN', XB=-2.2,0.2,11.8,18.8,1.4,1.9/ &DEVC ID='CO2 zone2a 30_80_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,11.8,18.8,0.3,0.8/ &DEVC ID='CO2 zone2a 30_80_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MIN', XB=-2.2,0.2,11.8,18.8,0.3,0.8/ &DEVC ID='CO2 zone2a 30_80_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MAX', XB=-2.2,0.2,11.8,18.8,0.3,0.8/ &DEVC ID='CO2 zone2a 30_80_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MEAN', XB=-2.2,0.2,11.8,18.8,0.3,0.8/ &DEVC ID='CO2 zone2a 80_140_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,11.8,18.8,0.8,1.4/ &DEVC ID='CO2 zone2a 80_140_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MIN', XB=-2.2,0.2,11.8,18.8,0.8,1.4/ &DEVC ID='CO2 zone2a 80_140_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MAX', XB=-2.2,0.2,11.8,18.8,0.8,1.4/ &DEVC ID='CO2 zone2a 80_140_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MEAN', XB=-2.2,0.2,11.8,18.8,0.8,1.4/ &DEVC ID='CO2 zone2a 140_190_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,11.8,18.8,1.4,1.9/ &DEVC ID='CO2 zone2a 140_190_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MIN', XB=-2.2,0.2,11.8,18.8,1.4,1.9/ &DEVC ID='CO2 zone2a 140_190_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MAX', XB=-2.2,0.2,11.8,18.8,1.4,1.9/ &DEVC ID='CO2 zone2a 140_190_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MEAN', XB=-2.2,0.2,11.8,18.8,1.4,1.9/ &DEVC ID='O2 zone2a 30_80_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,11.8,18.8,0.3,0.8/ &DEVC ID='O2 zone2a 30_80_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MIN', XB=-2.2,0.2,11.8,18.8,0.3,0.8/ &DEVC ID='O2 zone2a 30_80_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MAX', XB=-2.2,0.2,11.8,18.8,0.3,0.8/ &DEVC ID='O2 zone2a 30_80_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MEAN', XB=-2.2,0.2,11.8,18.8,0.3,0.8/ &DEVC ID='O2 zone2a 80_140_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,11.8,18.8,0.8,1.4/ &DEVC ID='O2 zone2a 80_140_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MIN', XB=-2.2,0.2,11.8,18.8,0.8,1.4/ 
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&DEVC ID='O2 zone2a 80_140_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MAX', XB=-2.2,0.2,11.8,18.8,0.8,1.4/ &DEVC ID='O2 zone2a 80_140_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MEAN', XB=-2.2,0.2,11.8,18.8,0.8,1.4/ &DEVC ID='O2 zone2a 140_190_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,11.8,18.8,1.4,1.9/ &DEVC ID='O2 zone2a 140_190_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MIN', XB=-2.2,0.2,11.8,18.8,1.4,1.9/ &DEVC ID='O2 zone2a 140_190_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MAX', XB=-2.2,0.2,11.8,18.8,1.4,1.9/ &DEVC ID='O2 zone2a 140_190_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MEAN', XB=-2.2,0.2,11.8,18.8,1.4,1.9/ &DEVC ID='Visibility zone2a 60_90_MEAN', QUANTITY='VISIBILITY', STATISTICS='MEAN', XB=-2.2,0.2,11.8,18.8,0.6,0.9/ &DEVC ID='Visibility zone2a 140_190_MEAN', QUANTITY='VISIBILITY', STATISTICS='MEAN', XB=-2.2,0.2,11.8,18.8,1.4,1.9/ &DEVC ID='GasTemp Zone2a 60_90_MEAN', QUANTITY='GAS TEMPERATURE', STATISTICS='MEAN', XB=-2.2,0.2,11.8,18.8,0.6,0.9/ &DEVC ID='GasTemp Zone2a 150_200_MEAN', QUANTITY='GAS TEMPERATURE', STATISTICS='MEAN', XB=-2.2,0.2,11.8,18.8,1.5,2.0/ &DEVC ID='Inc Heat fl Zone2a 60_90_MEAN', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MEAN', XB=-2.2,0.2,11.8,18.8,0.6,0.9/ &DEVC ID='Inc Heat fl Zone2a 60_90_MAX', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MAX', XB=-2.2,0.2,11.8,18.8,0.6,0.9/ &DEVC ID='Inc Heat fl Zone2a 150_200_MEAN', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MEAN', XB=-2.2,0.2,11.8,18.8,1.5,2.0/ &DEVC ID='Inc Heat fl Zone2a 150_200_MAX', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MAX', XB=-2.2,0.2,11.8,18.8,1.5,2.0/ &DEVC ID='CO zone3 30_80_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,-6.7,0.3,0.3,0.8/ &DEVC ID='CO zone3 30_80_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MIN', XB=-2.2,0.2,-6.7,0.3,0.3,0.8/ &DEVC ID='CO zone3 30_80_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MAX', XB=-2.2,0.2,-6.7,0.3,0.3,0.8/ &DEVC ID='CO zone3 30_80_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MEAN', XB=-2.2,0.2,-6.7,0.3,0.3,0.8/ &DEVC ID='CO zone3 80_140_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,-6.7,0.3,0.8,1.4/ &DEVC ID='CO zone3 80_140_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MIN', XB=-2.2,0.2,-6.7,0.3,0.8,1.4/ &DEVC ID='CO zone3 80_140_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MAX', XB=-2.2,0.2,-6.7,0.3,0.8,1.4/ &DEVC ID='CO zone3 80_140_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MEAN', XB=-2.2,0.2,-6.7,0.3,0.8,1.4/ &DEVC ID='CO zone3 140_190_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,-6.7,0.3,1.4,1.9/ &DEVC ID='CO zone3 140_190_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MIN', XB=-2.2,0.2,-6.7,0.3,1.4,1.9/ &DEVC ID='CO zone3 140_190_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MAX', XB=-2.2,0.2,-6.7,0.3,1.4,1.9/ &DEVC ID='CO zone3 140_190_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MEAN', XB=-2.2,0.2,-6.7,0.3,1.4,1.9/ &DEVC ID='CO2 zone3 30_80_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,-6.7,0.3,0.3,0.8/ &DEVC ID='CO2 zone3 30_80_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MIN', XB=-2.2,0.2,-6.7,0.3,0.3,0.8/ 
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&DEVC ID='CO2 zone3 30_80_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MAX', XB=-2.2,0.2,-6.7,0.3,0.3,0.8/ &DEVC ID='CO2 zone3 30_80_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MEAN', XB=-2.2,0.2,-6.7,0.3,0.3,0.8/ &DEVC ID='CO2 zone3 80_140_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,-6.7,0.3,0.8,1.4/ &DEVC ID='CO2 zone3 80_140_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MIN', XB=-2.2,0.2,-6.7,0.3,0.8,1.4/ &DEVC ID='CO2 zone3 80_140_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MAX', XB=-2.2,0.2,-6.7,0.3,0.8,1.4/ &DEVC ID='CO2 zone3 80_140_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MEAN', XB=-2.2,0.2,-6.7,0.3,0.8,1.4/ &DEVC ID='CO2 zone3 140_190_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,-6.7,0.3,1.4,1.9/ &DEVC ID='CO2 zone3 140_190_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MIN', XB=-2.2,0.2,-6.7,0.3,1.4,1.9/ &DEVC ID='CO2 zone3 140_190_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MAX', XB=-2.2,0.2,-6.7,0.3,1.4,1.9/ &DEVC ID='CO2 zone3 140_190_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MEAN', XB=-2.2,0.2,-6.7,0.3,1.4,1.9/ &DEVC ID='O2 zone3 30_80_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,-6.7,0.3,0.3,0.8/ &DEVC ID='O2 zone3 30_80_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MIN', XB=-2.2,0.2,-6.7,0.3,0.3,0.8/ &DEVC ID='O2 zone3 30_80_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MAX', XB=-2.2,0.2,-6.7,0.3,0.3,0.8/ &DEVC ID='O2 zone3 30_80_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MEAN', XB=-2.2,0.2,-6.7,0.3,0.3,0.8/ &DEVC ID='O2 zone3 80_140_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,-6.7,0.3,0.8,1.4/ &DEVC ID='O2 zone3 80_140_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MIN', XB=-2.2,0.2,-6.7,0.3,0.8,1.4/ &DEVC ID='O2 zone3 80_140_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MAX', XB=-2.2,0.2,-6.7,0.3,0.8,1.4/ &DEVC ID='O2 zone3 80_140_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MEAN', XB=-2.2,0.2,-6.7,0.3,0.8,1.4/ &DEVC ID='O2 zone3 140_190_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,-6.7,0.3,1.4,1.9/ &DEVC ID='O2 zone3 140_190_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MIN', XB=-2.2,0.2,-6.7,0.3,1.4,1.9/ &DEVC ID='O2 zone3 140_190_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MAX', XB=-2.2,0.2,-6.7,0.3,1.4,1.9/ &DEVC ID='O2 zone3 140_190_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MEAN', XB=-2.2,0.2,-6.7,0.3,1.4,1.9/ &DEVC ID='Visibility zone3 60_90_MEAN', QUANTITY='VISIBILITY', STATISTICS='MEAN', XB=-2.2,0.2,-6.7,0.3,0.6,0.9/ &DEVC ID='Visibility zone3 140_190_MEAN', QUANTITY='VISIBILITY', STATISTICS='MEAN', XB=-2.2,0.2,-6.7,0.3,1.4,1.9/ &DEVC ID='GasTemp Zone3 60_90_MEAN', QUANTITY='GAS TEMPERATURE', STATISTICS='MEAN', XB=-2.2,0.2,-6.7,0.3,0.6,0.9/ &DEVC ID='GasTemp Zone3 150_200_MEAN', QUANTITY='GAS TEMPERATURE', STATISTICS='MEAN', XB=-2.2,0.2,-6.7,0.3,1.5,2.0/ &DEVC ID='Inc Heat fl Zone3 60_90_MEAN', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MEAN', XB=-2.2,0.2,-6.7,0.3,0.6,0.9/ &DEVC ID='Inc Heat fl Zone3 60_90_MAX', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MAX', XB=-2.2,0.2,-6.7,0.3,0.6,0.9/ 
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&DEVC ID='Inc Heat fl Zone3 150_200_MEAN', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MEAN', XB=-2.2,0.2,-6.7,0.3,1.5,2.0/ &DEVC ID='Inc Heat fl Zone3 150_200_MAX', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MAX', XB=-2.2,0.2,-6.7,0.3,1.5,2.0/ &DEVC ID='CO zone3a 30_80_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,-13.5,-6.7,0.3,0.8/ &DEVC ID='CO zone3a 30_80_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MIN', XB=-2.2,0.2,-13.5,-6.7,0.3,0.8/ &DEVC ID='CO zone3a 30_80_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MAX', XB=-2.2,0.2,-13.5,-6.7,0.3,0.8/ &DEVC ID='CO zone3a 30_80_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MEAN', XB=-2.2,0.2,-13.5,-6.7,0.3,0.8/ &DEVC ID='CO zone3a 80_140_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,-13.5,-6.7,0.8,1.4/ &DEVC ID='CO zone3a 80_140_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MIN', XB=-2.2,0.2,-13.5,-6.7,0.8,1.4/ &DEVC ID='CO zone3a 80_140_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MAX', XB=-2.2,0.2,-13.5,-6.7,0.8,1.4/ &DEVC ID='CO zone3a 80_140_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MEAN', XB=-2.2,0.2,-13.5,-6.7,0.8,1.4/ &DEVC ID='CO zone3a 140_190_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,-13.5,-6.7,1.4,1.9/ &DEVC ID='CO zone3a 140_190_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MIN', XB=-2.2,0.2,-13.5,-6.7,1.4,1.9/ &DEVC ID='CO zone3a 140_190_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MAX', XB=-2.2,0.2,-13.5,-6.7,1.4,1.9/ &DEVC ID='CO zone3a 140_190_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MEAN', XB=-2.2,0.2,-13.5,-6.7,1.4,1.9/ &DEVC ID='CO2 zone3a 30_80_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,-13.5,-6.7,0.3,0.8/ &DEVC ID='CO2 zone3a 30_80_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MIN', XB=-2.2,0.2,-13.5,-6.7,0.3,0.8/ &DEVC ID='CO2 zone3a 30_80_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MAX', XB=-2.2,0.2,-13.5,-6.7,0.3,0.8/ &DEVC ID='CO2 zone3a 30_80_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MEAN', XB=-2.2,0.2,-13.5,-6.7,0.3,0.8/ &DEVC ID='CO2 zone3a 80_140_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,-13.5,-6.7,0.8,1.4/ &DEVC ID='CO2 zone3a 80_140_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MIN', XB=-2.2,0.2,-13.5,-6.7,0.8,1.4/ &DEVC ID='CO2 zone3a 80_140_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MAX', XB=-2.2,0.2,-13.5,-6.7,0.8,1.4/ &DEVC ID='CO2 zone3a 80_140_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MEAN', XB=-2.2,0.2,-13.5,-6.7,0.8,1.4/ &DEVC ID='CO2 zone3a 140_190_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,-13.5,-6.7,1.4,1.9/ &DEVC ID='CO2 zone3a 140_190_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MIN', XB=-2.2,0.2,-13.5,-6.7,1.4,1.9/ &DEVC ID='CO2 zone3a 140_190_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MAX', XB=-2.2,0.2,-13.5,-6.7,1.4,1.9/ &DEVC ID='CO2 zone3a 140_190_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MEAN', XB=-2.2,0.2,-13.5,-6.7,1.4,1.9/ &DEVC ID='O2 zone3a 30_80_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,-13.5,-6.7,0.3,0.8/ &DEVC ID='O2 zone3a 30_80_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MIN', XB=-2.2,0.2,-13.5,-6.7,0.3,0.8/ 
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&DEVC ID='O2 zone3a 30_80_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MAX', XB=-2.2,0.2,-13.5,-6.7,0.3,0.8/ &DEVC ID='O2 zone3a 30_80_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MEAN', XB=-2.2,0.2,-13.5,-6.7,0.3,0.8/ &DEVC ID='O2 zone3a 80_140_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,-13.5,-6.7,0.8,1.4/ &DEVC ID='O2 zone3a 80_140_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MIN', XB=-2.2,0.2,-13.5,-6.7,0.8,1.4/ &DEVC ID='O2 zone3a 80_140_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MAX', XB=-2.2,0.2,-13.5,-6.7,0.8,1.4/ &DEVC ID='O2 zone3a 80_140_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MEAN', XB=-2.2,0.2,-13.5,-6.7,0.8,1.4/ &DEVC ID='O2 zone3a 140_190_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='VOLUME MEAN', XB=-2.2,0.2,-13.5,-6.7,1.4,1.9/ &DEVC ID='O2 zone3a 140_190_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MIN', XB=-2.2,0.2,-13.5,-6.7,1.4,1.9/ &DEVC ID='O2 zone3a 140_190_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MAX', XB=-2.2,0.2,-13.5,-6.7,1.4,1.9/ &DEVC ID='O2 zone3a 140_190_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MEAN', XB=-2.2,0.2,-13.5,-6.7,1.4,1.9/ &DEVC ID='Visibility zone3a 60_90_MEAN', QUANTITY='VISIBILITY', STATISTICS='MEAN', XB=-2.2,0.2,-13.5,-6.7,0.6,0.9/ &DEVC ID='Visibility zone3a 140_190_MEAN', QUANTITY='VISIBILITY', STATISTICS='MEAN', XB=-2.2,0.2,-13.5,-6.7,1.4,1.9/ &DEVC ID='GasTemp Zone3a 60_90_MEAN', QUANTITY='GAS TEMPERATURE', STATISTICS='MEAN', XB=-2.2,0.2,-13.5,-6.7,0.6,0.9/ &DEVC ID='GasTemp Zone3a 150_200_MEAN', QUANTITY='GAS TEMPERATURE', STATISTICS='MEAN', XB=-2.2,0.2,-13.5,-6.7,1.5,2.0/ &DEVC ID='Inc Heat fl Zone3a 60_90_MEAN', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MEAN', XB=-2.2,0.2,-13.5,-6.7,0.6,0.9/ &DEVC ID='Inc Heat fl Zone3a 60_90_MAX', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MAX', XB=-2.2,0.2,-13.5,-6.7,0.6,0.9/ &DEVC ID='Inc Heat fl Zone3a 150_200_MEAN', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MEAN', XB=-2.2,0.2,-13.5,-6.7,1.5,2.0/ &DEVC ID='Inc Heat fl Zone3a 150_200_MAX', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MAX', XB=-2.2,0.2,-13.5,-6.7,1.5,2.0/ &DEVC ID='CO zone4 30_80_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='VOLUME MEAN', XB=-10.8,-2.4,-13.5,-11.1,0.3,0.8/ &DEVC ID='CO zone4 30_80_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MIN', XB=-10.8,-2.4,-13.5,-11.1,0.3,0.8/ &DEVC ID='CO zone4 30_80_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MAX', XB=-10.8,-2.4,-13.5,-11.1,0.3,0.8/ &DEVC ID='CO zone4 30_80_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MEAN', XB=-10.8,-2.4,-13.5,-11.1,0.3,0.8/ &DEVC ID='CO zone4 80_140_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='VOLUME MEAN', XB=-10.8,-2.4,-13.5,-11.1,0.8,1.4/ &DEVC ID='CO zone4 80_140_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MIN', XB=-10.8,-2.4,-13.5,-11.1,0.8,1.4/ &DEVC ID='CO zone4 80_140_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MAX', XB=-10.8,-2.4,-13.5,-11.1,0.8,1.4/ &DEVC ID='CO zone4 80_140_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MEAN', XB=-10.8,-2.4,-13.5,-11.1,0.8,1.4/ &DEVC ID='CO zone4 140_190_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='VOLUME MEAN', XB=-10.8,-2.4,-13.5,-11.1,1.4,1.9/ &DEVC ID='CO zone4 140_190_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MIN', XB=-10.8,-2.4,-13.5,-11.1,1.4,1.9/ 
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&DEVC ID='CO zone4 140_190_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MAX', XB=-10.8,-2.4,-13.5,-11.1,1.4,1.9/ &DEVC ID='CO zone4 140_190_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MEAN', XB=-10.8,-2.4,-13.5,-11.1,1.4,1.9/ &DEVC ID='CO2 zone4 30_80_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='VOLUME MEAN', XB=-10.8,-2.4,-13.5,-11.1,0.3,0.8/ &DEVC ID='CO2 zone4 30_80_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MIN', XB=-10.8,-2.4,-13.5,-11.1,0.3,0.8/ &DEVC ID='CO2 zone4 30_80_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MAX', XB=-10.8,-2.4,-13.5,-11.1,0.3,0.8/ &DEVC ID='CO2 zone4 30_80_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MEAN', XB=-10.8,-2.4,-13.5,-11.1,0.3,0.8/ &DEVC ID='CO2 zone4 80_140_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='VOLUME MEAN', XB=-10.8,-2.4,-13.5,-11.1,0.8,1.4/ &DEVC ID='CO2 zone4 80_140_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MIN', XB=-10.8,-2.4,-13.5,-11.1,0.8,1.4/ &DEVC ID='CO2 zone4 80_140_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MAX', XB=-10.8,-2.4,-13.5,-11.1,0.8,1.4/ &DEVC ID='CO2 zone4 80_140_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MEAN', XB=-10.8,-2.4,-13.5,-11.1,0.8,1.4/ &DEVC ID='CO2 zone4 140_190_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='VOLUME MEAN', XB=-10.8,-2.4,-13.5,-11.1,1.4,1.9/ &DEVC ID='CO2 zone4 140_190_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MIN', XB=-10.8,-2.4,-13.5,-11.1,1.4,1.9/ &DEVC ID='CO2 zone4 140_190_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MAX', XB=-10.8,-2.4,-13.5,-11.1,1.4,1.9/ &DEVC ID='CO2 zone4 140_190_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MEAN', XB=-10.8,-2.4,-13.5,-11.1,1.4,1.9/ &DEVC ID='O2 zone4 30_80_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='VOLUME MEAN', XB=-10.8,-2.4,-13.5,-11.1,0.3,0.8/ &DEVC ID='O2 zone4 30_80_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MIN', XB=-10.8,-2.4,-13.5,-11.1,0.3,0.8/ &DEVC ID='O2 zone4 30_80_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MAX', XB=-10.8,-2.4,-13.5,-11.1,0.3,0.8/ &DEVC ID='O2 zone4 30_80_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MEAN', XB=-10.8,-2.4,-13.5,-11.1,0.3,0.8/ &DEVC ID='O2 zone4 80_140_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='VOLUME MEAN', XB=-10.8,-2.4,-13.5,-11.1,0.8,1.4/ &DEVC ID='O2 zone4 80_140_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MIN', XB=-10.8,-2.4,-13.5,-11.1,0.8,1.4/ &DEVC ID='O2 zone4 80_140_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MAX', XB=-10.8,-2.4,-13.5,-11.1,0.8,1.4/ &DEVC ID='O2 zone4 80_140_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MEAN', XB=-10.8,-2.4,-13.5,-11.1,0.8,1.4/ &DEVC ID='O2 zone4 140_190_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='VOLUME MEAN', XB=-10.8,-2.4,-13.5,-11.1,1.4,1.9/ &DEVC ID='O2 zone4 140_190_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MIN', XB=-10.8,-2.4,-13.5,-11.1,1.4,1.9/ &DEVC ID='O2 zone4 140_190_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MAX', XB=-10.8,-2.4,-13.5,-11.1,1.4,1.9/ &DEVC ID='O2 zone4 140_190_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MEAN', XB=-10.8,-2.4,-13.5,-11.1,1.4,1.9/ &DEVC ID='Visibility zone4 60_90_MEAN', QUANTITY='VISIBILITY', STATISTICS='MEAN', XB=-10.8,-2.4,-13.5,-11.1,0.6,0.9/ &DEVC ID='Visibility zone4 140_190_MEAN', QUANTITY='VISIBILITY', STATISTICS='MEAN', XB=-10.8,-2.4,-13.5,-11.1,1.4,1.9/ 
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&DEVC ID='GasTemp Zone4 60_90_MEAN', QUANTITY='GAS TEMPERATURE', STATISTICS='MEAN', XB=-10.8,-2.4,-13.5,-11.1,0.6,0.9/ &DEVC ID='GasTemp Zone4 150_200_MEAN', QUANTITY='GAS TEMPERATURE', STATISTICS='MEAN', XB=-10.8,-2.4,-13.5,-11.1,1.5,2.0/ &DEVC ID='Inc Heat fl Zone4 60_90_MEAN', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MEAN', XB=-10.8,-2.4,-13.5,-11.1,0.6,0.9/ &DEVC ID='Inc Heat fl Zone4 60_90_MAX', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MAX', XB=-10.8,-2.4,-13.5,-11.1,0.6,0.9/ &DEVC ID='Inc Heat fl Zone4 150_200_MEAN', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MEAN', XB=-10.8,-2.4,-13.5,-11.1,1.5,2.0/ &DEVC ID='Inc Heat fl Zone4 150_200_MAX', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MAX', XB=-10.8,-2.4,-13.5,-11.1,1.5,2.0/ &DEVC ID='CO zone5 30_80_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='VOLUME MEAN', XB=-13.4,-11.0,-13.5,2.7,0.3,0.8/ &DEVC ID='CO zone5 30_80_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MIN', XB=-13.4,-11.0,-13.5,2.7,0.3,0.8/ &DEVC ID='CO zone5 30_80_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MAX', XB=-13.4,-11.0,-13.5,2.7,0.3,0.8/ &DEVC ID='CO zone5 30_80_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MEAN', XB=-13.4,-11.0,-13.5,2.7,0.3,0.8/ &DEVC ID='CO zone5 80_140_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='VOLUME MEAN', XB=-13.4,-11.0,-13.5,2.7,0.8,1.4/ &DEVC ID='CO zone5 80_140_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MIN', XB=-13.4,-11.0,-13.5,2.7,0.8,1.4/ &DEVC ID='CO zone5 80_140_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MAX', XB=-13.4,-11.0,-13.5,2.7,0.8,1.4/ &DEVC ID='CO zone5 80_140_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MEAN', XB=-13.4,-11.0,-13.5,2.7,0.8,1.4/ &DEVC ID='CO zone5 140_190_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='VOLUME MEAN', XB=-13.4,-11.0,-13.5,2.7,1.4,1.9/ &DEVC ID='CO zone5 140_190_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MIN', XB=-13.4,-11.0,-13.5,2.7,1.4,1.9/ &DEVC ID='CO zone5 140_190_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MAX', XB=-13.4,-11.0,-13.5,2.7,1.4,1.9/ &DEVC ID='CO zone5 140_190_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MEAN', XB=-13.4,-11.0,-13.5,2.7,1.4,1.9/ &DEVC ID='CO2 zone5 30_80_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='VOLUME MEAN', XB=-13.4,-11.0,-13.5,2.7,0.3,0.8/ &DEVC ID='CO2 zone5 30_80_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MIN', XB=-13.4,-11.0,-13.5,2.7,0.3,0.8/ &DEVC ID='CO2 zone5 30_80_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MAX', XB=-13.4,-11.0,-13.5,2.7,0.3,0.8/ &DEVC ID='CO2 zone5 30_80_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MEAN', XB=-13.4,-11.0,-13.5,2.7,0.3,0.8/ &DEVC ID='CO2 zone5 80_140_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='VOLUME MEAN', XB=-13.4,-11.0,-13.5,2.7,0.8,1.4/ &DEVC ID='CO2 zone5 80_140_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MIN', XB=-13.4,-11.0,-13.5,2.7,0.8,1.4/ &DEVC ID='CO2 zone5 80_140_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MAX', XB=-13.4,-11.0,-13.5,2.7,0.8,1.4/ &DEVC ID='CO2 zone5 80_140_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MEAN', XB=-13.4,-11.0,-13.5,2.7,0.8,1.4/ &DEVC ID='CO2 zone5 140_190_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='VOLUME MEAN', XB=-13.4,-11.0,-13.5,2.7,1.4,1.9/ &DEVC ID='CO2 zone5 140_190_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MIN', XB=-13.4,-11.0,-13.5,2.7,1.4,1.9/ 
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&DEVC ID='CO2 zone5 140_190_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MAX', XB=-13.4,-11.0,-13.5,2.7,1.4,1.9/ &DEVC ID='CO2 zone5 140_190_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MEAN', XB=-13.4,-11.0,-13.5,2.7,1.4,1.9/ &DEVC ID='O2 zone5 30_80_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='VOLUME MEAN', XB=-13.4,-11.0,-13.5,2.7,0.3,0.8/ &DEVC ID='O2 zone5 30_80_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MIN', XB=-13.4,-11.0,-13.5,2.7,0.3,0.8/ &DEVC ID='O2 zone5 30_80_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MAX', XB=-13.4,-11.0,-13.5,2.7,0.3,0.8/ &DEVC ID='O2 zone5 30_80_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MEAN', XB=-13.4,-11.0,-13.5,2.7,0.3,0.8/ &DEVC ID='O2 zone5 80_140_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='VOLUME MEAN', XB=-13.4,-11.0,-13.5,2.7,0.8,1.4/ &DEVC ID='O2 zone5 80_140_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MIN', XB=-13.4,-11.0,-13.5,2.7,0.8,1.4/ &DEVC ID='O2 zone5 80_140_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MAX', XB=-13.4,-11.0,-13.5,2.7,0.8,1.4/ &DEVC ID='O2 zone5 80_140_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MEAN', XB=-13.4,-11.0,-13.5,2.7,0.8,1.4/ &DEVC ID='O2 zone5 140_190_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='VOLUME MEAN', XB=-13.4,-11.0,-13.5,2.7,1.4,1.9/ &DEVC ID='O2 zone5 140_190_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MIN', XB=-13.4,-11.0,-13.5,2.7,1.4,1.9/ &DEVC ID='O2 zone5 140_190_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MAX', XB=-13.4,-11.0,-13.5,2.7,1.4,1.9/ &DEVC ID='O2 zone5 140_190_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MEAN', XB=-13.4,-11.0,-13.5,2.7,1.4,1.9/ &DEVC ID='Visibility zone5 60_90_MEAN', QUANTITY='VISIBILITY', STATISTICS='MEAN', XB=-13.4,-11.0,-13.5,2.7,0.6,0.9/ &DEVC ID='Visibility zone5 140_190_MEAN', QUANTITY='VISIBILITY', STATISTICS='MEAN', XB=-13.4,-11.0,-13.5,2.7,1.4,1.9/ &DEVC ID='GasTemp Zone5 60_90_MEAN', QUANTITY='GAS TEMPERATURE', STATISTICS='MEAN', XB=-13.4,-11.0,-13.5,2.7,0.6,0.9/ &DEVC ID='GasTemp Zone5 150_200_MEAN', QUANTITY='GAS TEMPERATURE', STATISTICS='MEAN', XB=-13.4,-11.0,-13.5,2.7,1.5,2.0/ &DEVC ID='Inc Heat fl Zone5 60_90_MEAN', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MEAN', XB=-13.4,-11.0,-13.5,2.7,0.6,0.9/ &DEVC ID='Inc Heat fl Zone5 60_90_MAX', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MAX', XB=-13.4,-11.0,-13.5,2.7,0.6,0.9/ &DEVC ID='Inc Heat fl Zone5 150_200_MEAN', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MEAN', XB=-13.4,-11.0,-13.5,2.7,1.5,2.0/ &DEVC ID='Inc Heat fl Zone5 150_200_MAX', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MAX', XB=-13.4,-11.0,-13.5,2.7,1.5,2.0/ &DEVC ID='CO zone5a 30_80_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='VOLUME MEAN', XB=-13.4,-11.0,2.7,18.9,0.3,0.8/ &DEVC ID='CO zone5a 30_80_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MIN', XB=-13.4,-11.0,2.7,18.9,0.3,0.8/ &DEVC ID='CO zone5a 30_80_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MAX', XB=-13.4,-11.0,2.7,18.9,0.3,0.8/ &DEVC ID='CO zone5a 30_80_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MEAN', XB=-13.4,-11.0,2.7,18.9,0.3,0.8/ &DEVC ID='CO zone5a 80_140_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='VOLUME MEAN', XB=-13.4,-11.0,2.7,18.9,0.8,1.4/ &DEVC ID='CO zone5a 80_140_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MIN', XB=-13.4,-11.0,2.7,18.9,0.8,1.4/ 
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&DEVC ID='CO zone5a 80_140_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MAX', XB=-13.4,-11.0,2.7,18.9,0.8,1.4/ &DEVC ID='CO zone5a 80_140_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MEAN', XB=-13.4,-11.0,2.7,18.9,0.8,1.4/ &DEVC ID='CO zone5a 140_190_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='VOLUME MEAN', XB=-13.4,-11.0,2.7,18.9,1.4,1.9/ &DEVC ID='CO zone5a 140_190_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MIN', XB=-13.4,-11.0,2.7,18.9,1.4,1.9/ &DEVC ID='CO zone5a 140_190_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MAX', XB=-13.4,-11.0,2.7,18.9,1.4,1.9/ &DEVC ID='CO zone5a 140_190_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON MONOXIDE', STATISTICS='MEAN', XB=-13.4,-11.0,2.7,18.9,1.4,1.9/ &DEVC ID='CO2 zone5a 30_80_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='VOLUME MEAN', XB=-13.4,-11.0,2.7,18.9,0.3,0.8/ &DEVC ID='CO2 zone5a 30_80_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MIN', XB=-13.4,-11.0,2.7,18.9,0.3,0.8/ &DEVC ID='CO2 zone5a 30_80_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MAX', XB=-13.4,-11.0,2.7,18.9,0.3,0.8/ &DEVC ID='CO2 zone5a 30_80_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MEAN', XB=-13.4,-11.0,2.7,18.9,0.3,0.8/ &DEVC ID='CO2 zone5a 80_140_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='VOLUME MEAN', XB=-13.4,-11.0,2.7,18.9,0.8,1.4/ &DEVC ID='CO2 zone5a 80_140_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MIN', XB=-13.4,-11.0,2.7,18.9,0.8,1.4/ &DEVC ID='CO2 zone5a 80_140_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MAX', XB=-13.4,-11.0,2.7,18.9,0.8,1.4/ &DEVC ID='CO2 zone5a 80_140_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MEAN', XB=-13.4,-11.0,2.7,18.9,0.8,1.4/ &DEVC ID='CO2 zone5a 140_190_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='VOLUME MEAN', XB=-13.4,-11.0,2.7,18.9,1.4,1.9/ &DEVC ID='CO2 zone5a 140_190_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MIN', XB=-13.4,-11.0,2.7,18.9,1.4,1.9/ &DEVC ID='CO2 zone5a 140_190_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MAX', XB=-13.4,-11.0,2.7,18.9,1.4,1.9/ &DEVC ID='CO2 zone5a 140_190_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='CARBON DIOXIDE', STATISTICS='MEAN', XB=-13.4,-11.0,2.7,18.9,1.4,1.9/ &DEVC ID='O2 zone5a 30_80_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='VOLUME MEAN', XB=-13.4,-11.0,2.7,18.9,0.3,0.8/ &DEVC ID='O2 zone5a 30_80_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MIN', XB=-13.4,-11.0,2.7,18.9,0.3,0.8/ &DEVC ID='O2 zone5a 30_80_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MAX', XB=-13.4,-11.0,2.7,18.9,0.3,0.8/ &DEVC ID='O2 zone5a 30_80_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MEAN', XB=-13.4,-11.0,2.7,18.9,0.3,0.8/ &DEVC ID='O2 zone5a 80_140_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='VOLUME MEAN', XB=-13.4,-11.0,2.7,18.9,0.8,1.4/ &DEVC ID='O2 zone5a 80_140_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MIN', XB=-13.4,-11.0,2.7,18.9,0.8,1.4/ &DEVC ID='O2 zone5a 80_140_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MAX', XB=-13.4,-11.0,2.7,18.9,0.8,1.4/ &DEVC ID='O2 zone5a 80_140_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MEAN', XB=-13.4,-11.0,2.7,18.9,0.8,1.4/ &DEVC ID='O2 zone5a 140_190_VOLUME MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='VOLUME MEAN', XB=-13.4,-11.0,2.7,18.9,1.4,1.9/ &DEVC ID='O2 zone5a 140_190_MIN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MIN', XB=-13.4,-11.0,2.7,18.9,1.4,1.9/ 
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&DEVC ID='O2 zone5a 140_190_MAX', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MAX', XB=-13.4,-11.0,2.7,18.9,1.4,1.9/ &DEVC ID='O2 zone5a 140_190_MEAN', QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', STATISTICS='MEAN', XB=-13.4,-11.0,2.7,18.9,1.4,1.9/ &DEVC ID='Visibility zone5a 60_90_MEAN', QUANTITY='VISIBILITY', STATISTICS='MEAN', XB=-13.4,-11.0,2.7,18.9,0.6,0.9/ &DEVC ID='Visibility zone5a 140_190_MEAN', QUANTITY='VISIBILITY', STATISTICS='MEAN', XB=-13.4,-11.0,2.7,18.9,1.4,1.9/ &DEVC ID='GasTemp Zone5a 60_90_MEAN', QUANTITY='GAS TEMPERATURE', STATISTICS='MEAN', XB=-13.4,-11.0,2.7,18.9,0.6,0.9/ &DEVC ID='GasTemp Zone5a 150_200_MEAN', QUANTITY='GAS TEMPERATURE', STATISTICS='MEAN', XB=-13.4,-11.0,2.7,18.9,1.5,2.0/ &DEVC ID='Inc Heat fl Zone5a 60_90_MEAN', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MEAN', XB=-13.4,-11.0,2.7,18.9,0.6,0.9/ &DEVC ID='Inc Heat fl Zone5a 60_90_MAX', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MAX', XB=-13.4,-11.0,2.7,18.9,0.6,0.9/ &DEVC ID='Inc Heat fl Zone5a 150_200_MEAN', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MEAN', XB=-13.4,-11.0,2.7,18.9,1.5,2.0/ &DEVC ID='Inc Heat fl Zone5a 150_200_MAX', QUANTITY='INCIDENT HEAT FLUX', STATISTICS='MAX', XB=-13.4,-11.0,2.7,18.9,1.5,2.0/   &TAIL / 
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