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1.1.1     
THE NATURE OF BUILDING FIRES
General
To design structures to resist fire loading, some assessment of the likely gas temperatures to which they may be subjected is required.  The first part of this paper summarizes the nature of fires that occur in buildings with reference to relevant tests.  The study of fire dynamics is a subject in its own right so only an overview of the available knowledge as applicable to the design of building structures can be given here.  For a complete survey of fire dynamics see Drysdale (1998).

Since fire is a highly complex phenomenon and the various factors affecting its behaviour are unlikely to be known with any certainty for most structures, it is necessary to develop models of building fires that simultaneously account for the likely variation in the possible fires that could occur, and are sufficiently simple to apply in design.  The second part of the paper discusses the various ways in which building fires may be modelled.  In the final section of the paper three compartment fire tests are reviewed and the results from these tests compared with the predictions of gas temperatures that the various models of compartment fires make.
Fires in small compartments

Most building structures are divided into a number of compartments such as offices, meeting rooms etc.  From a fire safety perspective these divisions are significant for two reasons. Firstly they provide a means of preventing fire spread and hence often allow a structure to be designed on the assumption that a fire will only occur in a single compartment.  Secondly a fire occurring within a compartment will develop in a different manner to a fire in an unrestricted space. Historically most research into the behaviour of compartment fires has focussed on small compartments and assumed a reasonably uniform distribution of fuel.  This work has informed most of the design fires currently used in structural design and will be discussed in this section.  The following section will consider the behaviour of fires in the larger compartments that are increasingly present in modern structures.

Immediately after ignition the behaviour of a fire in a small compartment will not be affected by the compartment boundaries.  However, hot gases will not be free to escape from the compartment but, due to buoyancy effects, will begin rapidly to accumulate in a layer under the ceiling.  As the fire grows in size and the layer of gases develops, a point will be reached when the downward radiation from the smoke layer becomes sufficiently intense to ignite objects distant from the seat of the fire.  Assuming a sufficient supply of air, this will result in full involvement of all combustible materials in the fire.  The transition from localised to fully involved burning tends to be rapid and is known as “flashover”. The above process is indicated in Fig. 1. After flashover, the rate of heat release within the compartment is controlled by the rate of supply of air through openings such as doors and windows. This is a ventilation controlled fire and in sufficiently small compartments will result in fairly uniform temperatures at any level within the compartment.  
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Figure 1.1.1. The growth of a compartment fire.
Fully-developed fires

The rate of heat release rate in fully-developed (flashed-over) fire in buildings is normally controlled by the amount of oxygen available. The most widely quoted relationship between the rate at which fuel in consumed in ventilation controlled fires and degree of ventilation is that of Kawagoe (1958), reported, for example, in Rasbash et al (2004) as
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where A is the area of ventilation opening and H its height. Kawagoe derived this result from fire tests in compartments containing wooden cribs.  The value of constant the K is somewhat uncertain but is often quoted between 0.5 and 0.9kgs-1kg5/2, depending on the size and shape of the ventilation opening.  Various more refined versions of relationships similar to Kawagoe’s are available. By multiplying the rate of mass loss by the heat of combustion of the fuel, hc, an estimate of the rate of heat release within a compartment fire can be obtained as
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Typical value of hc  for various fuels are shown in Table 1.1.1.
Table 1.1.1.  Heat of combustion, hc, of common fuels. Obtained from DiNenno (2002), Drysdale(1998) and EN 1991-1-2, 2004. 

______________________________________________

Fuel




                 Heat of combustion

____________

MJ/kg

______________________________________________

Wood (Beech)                                  19.5

Wood (Pine)                                     17.5
Leather                                               20

Wool




                              20.5

Nylon




                           30

Polyester




                     24-30

Alcohols



                           30

Petroleum



                           45

Diesel

                                         45

Coal
                                                   30

_____________________________________________

Fire in large compartments and travelling fires

Experimental and analytical evidence increasingly suggests that in larger fire compartments, such as typical office spaces, the assumption of uniform temperatures at any level within the compartment is not valid. Instead, fires in larger compartments will tend to travel within the compartment as fuel is consumed at a rate governed by the available ventilation.  This causes variations in gas temperatures within such compartments that are not present in older descriptions of compartment fires.

The first clear evidence of this was presented by Cooke (1998) who undertook a number of fire tests with uniform fire loads of wooden cribs in a long, thin (4.5×8.75×2.75m high) compartment in which ventilation was provided at one end.  The results showed a clear progression of temperature within the compartment. Peak values occurred near the source of ventilation early in the fire and then progressed away from the opening as fuel was consumed.  This progression occurred even when ignition was distant from the source of ventilation.  The progression of the peak temperature from the front to the rear of compartment took 20-30min, with higher levels of ventilation resulting in more rapid fire spread.

Similarly Welch et al (2007) report on a series of fire tests undertaken in a 12×12×3m high compartment in which a combination of wood and plastic fuel was burnt.  Ventilation was provided either along one or two walls of the compartment. The tests were heavily instrumented which allowed both temperature and heat-flux maps to produced after various periods of burning. Although the differences in temperature were modest, when converted to incident heat-fluxes on the compartment ceiling, very significant differences arose as a result of the T4 dependence of radiation.    

Correspondingly, the effect of non-uniform gas temperatures on structural temperatures has been shown to be significant in recent work by Gillie and Stratford (2007) who reported on temperatures in a concrete slab above a fire compartment.  Lower surface concrete temperatures varied by as much as 400°C despite a compartment size of only 3.5m by 4.5m.  


The above results have all been recorded in compartments that are still small in comparison the many modern office spaces and so highlight the need for a new approach to defining design fire for structural fire engineering.

1.1.1   

DESIGN FIRES
The nominal standard fire
The nominal standard fire curve is the best known and most widely used method of estimating temperatures in compartment fires. It assumes that the temperature in a fire compartment is uniform and that it increases indefinitely according to a logarithmic relationship with time, see Figure 1.1.2. The nominal standard fire curve has been incorporated, with minor differences, into a number of design standards worldwide. In EN 1991-1-2, 2002 the gas temperature, θ in °C, at time t in minutes, is given as
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Figure 1.1.2. The nominal standard fire curve as defined in EN 1991-1-2.
This form of temperature-time relationship was originally derived from measurements of tests taken early in the 20th century and has been shown to have only a very limited similarity to the temperatures in real compartment fires.  Notable shortcomings in the Standard Fire curve include the lack of a cooling branch and no dependence on either fuel load or the available ventilation.  Thus it is often referred to as a “nominal” temperature-time curve.  
Until recently almost all structural fire design was based on prescriptive methods where there is no requirement to make an explicit assessment of the likely response of a structure to fire.  Instead, fire protection is specified based on tests of single structural elements subject to Standard Fires.  The relationship between such single element tests and real, global structural behaviour in fire is limited at best so the crude nature of the Standard Fire curve is not seen as problematical for prescriptive design. 

Over the last ten to fifteen years, performance-based methods have been introduced to structural fire engineering. These do require the designer to make assessments of structural behaviour in fire, as assessments are made for other types of loading. Adopting the Standard Fire curve in performance-based design is difficult to justify on scientific grounds due to its lack of similarity with real fires and cannot be advised.  Despite this, its use remains widespread, partly due to its ubiquity in other branches of fire engineering and partly due to the high and sustained temperatures that it predicts being seen as conservative.
Heat balance and Zone models
Recognising that the Standard Fire curve was not physically reasonable, researchers in Sweden in the 1970s (Pettersson et al, 1976) developed a method of predicting fire temperatures by considering the heat balance in a fire compartment. By assuming

· the temperature within a fire compartment is uniform,

· all available fuel is burnt within the compartment,

· and that the thermal properties of the compartment walls are uniform,

the heat balance can be expressed as 
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where 
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is the rate of heat release due to combustion, 
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 is the rate of heat loss due to the replacement of hot gases by cold, 
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the rate of heat loss through the compartment boundaries and 
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the rate of heat loss due to radiation through the compartment openings.  By evaluating these terms it is possible to arrive at a differential equation that relates the temperature within the compartment to the fuel load, the available ventilation and thermal properties of the compartment walls.  The solution to this equation cannot be expressed explicitly so compartment temperatures based on Pettersson’s approach are normally presented graphically for various fire loads and ventilation conditions, e.g. Drysdale (1998) or Buchanan (2000).

The lack of an explicit solution to Petterson’s model was addressed in EN 1991-1-2 by instead using a parametric approach that fits a curve to the experimental data originally used to validate Petterson’s approach.  The input variables are very similar and take account of fire load, ventilation conditions and the thermal properties of the compartment.  Additionally, a fire growth rate is included and different behaviour is predicted for ventilation and fuel controlled fires.  Full details of how to use this approach are given in EN 1991-1-2 and are also presented by Franssen and Zaharia (2005) in a rather clearer manner.  A comparison of predicted gas temperatures for a typical compartment with various ventilation conditions is shown in Figure 1.1.3.
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Figure 1.1.3. Predicted temperatures within a compartment for various ventilation conditions using the parametric approach. The Standard Fire curve is shown for comparison.

Petterson’s model is the simplest example of a class of compartment fire models known collectively as “zone models”.  These all represent compartment temperatures by considering energy, mass and momentum conservation with various levels of sophistication.  One-zone models, such as Pettersson’s assume that all the gases within a compartment are at an equal temperature, whereas “two-zone” models divide the gases into an upper, hot zone and a lower, cooler zone.  The more sophisticated zone models allow for factors such as compartment boundaries with varying thermal properties and multiple compartment openings to be included in analyses.  Models that account the interaction between fires in more than one compartment are also available. All but the simplest zone models require numerical solutions

Approaches such as these remove some of the shortcomings of the Standard Fire test.  Notably cooling behaviour is included and the effects of compartment geometry and ventilation conditions are accounted for.  Thus, their use in performance-based design can be justified on the basis that the key factors affecting fire behaviour are included in the predictions of gas temperatures.  Since the models are also reasonably straightforward to use they are attractive for routine designs where more onerous calculations would not be economic.  

Despite their benefits, heat-balance and zone models do have restrictions on their applicability and fail to capture some aspects of fire behaviour.  The most significant simplification is the assumption that at any level within a compartment gas temperatures are uniform.  This has always been regarded as a reasonable assumption for small compartments – the EN 1991-1-2 parametric equation is applicable for compartments up to 500 m2​ floor area – although the recent work discussed above suggests significant variations in temperature will occur even in small compartments.  For compartments larger than around 500 m2​ uniform burning, and therefore temperatures, are unlikely because of restrictions on air supply to the fire.  If simple heat balance estimates are applied to large compartments, a more severe fire than is in fact likely will be predicted because peak temperatures will not be reached simultaneously across the whole area of the compartment (Cooke, 1998).

1.1.2 COMPUTATIONAL FLUID DYNAMICS
Computational Fluid Dynamics (CFD) models of fire growth and behaviour have been available for some years.  CFD modelling is a numerical approach to representing fluids that divides a fluid domain into small volumes and considers conservation of mass, energy etc. within each volume. Software exists that can represent the very wide range of physical phenomena known to affect fire behaviour including compartment geometry, heat release rates of burning fuel, complex ventilation conditions, turbulent gas flow, soot production and many others.  Using such software is complex and time-consuming and for this reason CFD models are currently little used in design work.

If the greater resolution of fire behaviour available from CFD models is considered to worth the additional effort, great care must be taken when obtaining and interpreting predictions as the output can be influenced hugely by even minor differences in input data.  Obtaining the full range of input data needed in a sufficiently accurate and precise manner will be impractical for most structural engineering problems.  The implications of not having the correct input data was highlighted in a recent study where Rein et al (2007a) compared the blind predictions of a fire in a very well defined compartment by nine different analysts using CFD methods.  The predictions varied very widely. Rein et al concluded that at present CFD predictions of fire growth are not sufficiently reliable to be used in engineering design unless directly supported by experimental validation.  However, they also noted that if the use of CFD models is restricted to predicting gas temperatures for a given fire heat release rate, good predictions can be made.  The use of CFD in this way is likely to be advantageous for structures with complex compartment geometries for which the use of zone models can not be justified.
1.1.3 .  
COMPARISON TO FIRE TESTS
Cardington fire test 2003

The structural integrity fire test, large scale test No. 7, was carried out in a centrally located compartment of the building, enclosing a plan area of 11 m by 7 m on the 4th floor. The preparatory works took four months. The fire compartment was bounded with walls made of three layers of plasterboard (15 mm + 12,5 mm + 15 mm) with a thermal conductivity of between 0,19 - 0,24 Wm-1K-1. In the external wall the plasterboard is fixed to a 0,9 m high brick wall. The opening of 1,27 m high and 9 m length simulated an open window to ventilate the compartment and allow for observation of the element behaviour. The ventilation condition was chosen to produce a fire of the required severity in terms of maximum temperature and overall duration. The columns, external joints and connected beam, about 1,0 m from the joints, were fire protected to prevent global structural instability. The fire protection used was 18 - 22 mm of Cafco300 vermiculite-cement spray, with a thermal conductivity of 0,078 Wm-1K-1.
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Figure 1.1.4. Location of thermocouples in the compartment below the ceiling and on steel structure.

The geometry and measured material properties of the flooring system are summarised by Wald et al (Wald et al, 2003). . Wooden cribs with moisture content 14 % were used to provide a fire load of 40 kg/m2. The instrumentation used included thermocouples, strain gauges and displacement transducers. A total of 133 thermocouples were used to monitor the temperature of the connections, the steel beams within the compartment, the temperature distribution through the slab and the atmosphere temperature within the compartment, see Figure 1.1.4.
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Figure 1.1.5. Comparison of the prediction of the gas temperature to the measured temperatures.

The quantity of fuel and the dimensions of the opening in the facade wall were designed to achieve a representative fire in an office building. Figure 1.1.5 shows the measured time-temperature curve within the compartment. In the initial stages of the fire the temperature within the compartment grows rapidly to reach a maximum temperature of 1107,8  C after about 54 min. The maximum recorded compartment temperature occurred near the wall of the compartment. Figure 1.1.5 also compares the temperatures predicted by the parametric curve given in EN 1991-1-2: 2003 with the test results. The parametric curve predicts a maximum temperature of 1078 °C after 53 min and this compares well with the test results, see (Wald et al, 2004). 
[image: image14.png]Temperature,®C

Time, 54 min



      [image: image15.png]Temperature,®C

Time, 54 min




Figure 1.1.7. The influence of the secondary beam in the ceiling simulated by CFD code Almeida et al (2007).

The influence of the secondary beam with 0,5 m height placed at the ceiling in the draining and in the distribution of temperatures of the involving fluid was simulated by CFD code, see Figure 1.1.6 from Numerical simulation of the 7th Cardington Compartment Fire Test using a full conjugate heat transfer approach. The study confirming the difference till 10 % lead to the conclusion that the beam affected the results quite significantly. This was due to the manner in which the beam changed the flow pattern. Figure 1.1.7 shows the velocity field at the symmetry plane, for both simulations (with and without beam). Analysis of this results revealed that the vortex from the simulation with the beam was reduced in the middle back of the compartment and was directed towards the opening as time proceeded. The presence of the beam showed to have a significant role in the general vortex development, thus affecting the velocity and temperature field. 
Ostrava fire test 2006
The structure of Ostrava fire test was composed of tree storey steel structure with the composite slabs, the beam-to-beam and beam-to-column header plate connections, and the diagonal wind bracings. Internal size of fire compartment was designed 3,80 x 5,95 m with height of 2,78 m. The structure of enclosure was made from the light silicate and ceramic bricks. Opening of 2400 x 1400 mm ventilated the room during the fire. The doors of fire compartment 1400 x 1970 mm and columns were equipped by the fire isolation by boards, see Figure 1.1.6.
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Figure 1.1.6. Geometry of the fire compartment.
Fire load was represented by the unwrought timber bars 50 x 50 mm of length 1 m from softwood with moisture till 13% For the compartment fire were the bars placed into eight piles.
The gas temperature in the fire compartment was measured by four thermocouples 300 mm below ceiling, marked at Figure 1.1.7 as TGi. Two thermocouples were placed in front of the fire compartment 0,5 m and 1 m from front wall. 
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Figure 1.1.7. The position of the thermocouples for recording of gas and beams temperatures. 

Figure 1.1.9 shoes the comparison of the predicted gas temperature in the fire compartment by parametric fire curve according to EN 1993-1-2:2005 Annex A, and of the predicted primary beam temperature to the measured values.
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Figure 1.1.9. Comparison of the predicted temperature by the parametric fire curve to the measured average gas temperature and primary beam temperature.
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Figure 1.1.10. Fire compartment with description of the major floor and wall structures.

Mokrsko fire test 2008

The structure in Mokrsko fire test represents one floor of the administrative building of size 18 x 12 m, see Figure 1.1.10. The composite slab on the castellated beams was designed with a span 9 to 12 m and on beams with corrugated webs with a span 9 to 6 m. The deck was a simple trapezoidal composite slab of thickness 60 mm with the height over the rib 120 mm with sheeting . Two walls were composed from cladding, linear trays, mineral wool and external corrugated sheets. In two 6 m spans were compared the system with the internal grid and horizontal sheeting and with vertical sheeting without the internal grid. Two other walls are made of sandwich panels of thickness 150 mm filled with mineral wool. In front of the concrete wall was brick over by plaster blocks. The fire protection of columns, primary and edge beams as well as bracings was designed for R60 by board protection 2 x 15 mm Promatect H. The fire load created 15 m3 unwrought wooden cribs 50 × 50 mm of length 1 m of softwood. The cribs were placed into 50 piles. The openings of height 2,54 m and total length 8,00 m with parapet 1 m ventilated the compartment. To allow a smooth development of fire no glassing was installed.

The gas temperature in the fire compartment was measured by 14 jacketed 3 mm thermocouples located 0,5 m below the ceiling in the level of the beams lower flanges. Two thermocouples were placed in the openings. The temperature profile along the compartment height was measured between the window and in the back of the fire compartment below the backward secondary beam. The location of the thermocouples is shown in Figure 1.1.11.
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Figure 1.1.11. Location of thermocouples below the ceiling and in the window openings.

Figure 1.1.12 shows the comparison of prediction of the gas temperature by nominal and parametric fire curve to the measured average temperatures from part and whole fire compartment. The sensitivity of the prediction by zone model to the combustion factor m for fire growth rate coefficient t( = 300 s is documented on Figure 1.1.13. 
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Figure 1.1.12. Comparison of prediction of the gas temperature by nominal and parametric fire curve to the measured average temperatures from part and whole fire compartment measure 500 mm under the ceiling.
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Figure 1.1.13. Prediction by zone model with different combustion factors m for fire growth rate coefficient t( = 300 s.
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Figure 1.1.14. Predictions of far-field temperatures for different sizes of travelling fire in a 1250 m2 compartment using a near-field/far-field approach.  The nominal standard fire curve and parametric curve predictions for a fire load 420 MJ/m2 are shown for comparison (Rein, 2007b).

1.1.4 .  
FURTHER DEVELOPMENTS
The recently acknowledged variability of temperatures in large fire compartments, have led researchers to begin developing new approaches to modelling compartment fire behaviour that are more sophisticated than the simple heat-balance approach but avoid the complexities and uncertainties of CFD models.  Rein et al.(2007b)  proposed a model consisting of “near-field” and “far-field” temperatures where the far-field temperatures result from hot gases and near-field temperatures from direct impingement of a flame.  They proposed that the duration of exposure to near-field temperatures in well a ventilated fire is governed by the available fuel load and that for office fires this will be of the order of 15 minutes.  Exposure to far-field temperatures was found to be around 10 times longer and dependent on the size of the fire (itself governed by the ventilation conditions) and geometry of the compartment.  This method produces predictions of fire size, temperature and rate of travel based on fuel load and ventilation and thus appears to offer a useful method for predicting gas temperatures in large compartments that avoids the assumption on uniform temperatures present in other methods.  However, it is still under active development and will probably be refined further.  Figure 1.1.14 shows predictions of far-field temperatures for an example case.  If should be noted that in addition to the temperatures shown in this figure, structural elements may experience short exposure to near-field temperatures. This will be of the order 1250 °C.
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		Specific Heat Capacity		c				1200		J/kgK

		Density		rho				2300		kg/m^3								GAS TEMPERATURE CALCS ACCODING TO EUROCODE 1 PART 1-2

		Thermal conductivity		lambda				1		W/mK								T includes cooling curves hence horrible expression

		Length of compartment						10		m

		Height of compartment						2.5		m

		Width of compartment						10		m

		height of windows		heq				1.56		m

		Area of vertical openings		Av				15		m

		Fire Load		qf				600

		Growth Rate						FAST		(SLOW, MEDIUM, of FAST)

		Total surface area of enclosure		At				300

		Fire load (total area)		qt				200

		b						1661.3247725836

		Opening factor		O				0.06244998

		Gamma						1.19

		Tlim						0.25

		tmax						0.6405126152

		TEST						OK - VENTILATION CONTROLLED

		t*max						0.7611656981

		Theta max						928.6653705509

										medium growth=20min

		x

						Time		t*		T(heating phase)		T(cooling phase		T(actual)		Nominal Curve

						0		0		20		1354.6963391222		20		20

						0.01		0.0118836957		174.8036398754		1348.0449327572		174.8036398754		283.3826577792

						0.02		0.0237673913		294.8144306302		1389.5393122767		294.8144306302		373.7305235163

						0.03		0.035651087		388.1874922922		1382.1120024941		388.1874922922		429.6946486886

						0.04		0.0475347826		461.1594957545		1374.6846927115		461.1594957545		470.3462224591

						0.05		0.0594184783		518.5001298848		1367.2573829289		518.5001298848		502.2893029919

						0.06		0.0713021739		563.8573214047		1359.8300731463		563.8573214047		528.6046111063

						0.07		0.0831858696		600.021211608		1352.4027633636		600.021211608		550.9812540835

						0.08		0.0950695652		629.1260095646		1344.975453581		629.1260095646		570.4461965298

						0.09		0.1069532609		652.8043418633		1337.5481437984		652.8043418633		587.6706829254

						0.1		0.1188369565		672.3052782851		1330.1208340158		672.3052782851		603.1176476098

						0.11		0.1307206522		688.5845818552		1322.6935242332		688.5845818552		617.1198851049

						0.12		0.1426043478		702.3737199413		1274.8794627427		702.3737199413		629.9246775262

						0.13		0.1544880435		714.232634737		1307.838904668		714.232634737		641.7207939692

						0.14		0.1663717391		724.5900951647		1300.4115948854		724.5900951647		652.6556092565

						0.15		0.1782554348		733.774552763		1292.9842851028		733.774552763		662.8463867416

						0.16		0.1901391304		742.0377363294		1285.5569753202		742.0377363294		672.3879609614

						0.17		0.2020228261		749.5726941604		1278.1296655375		749.5726941604		681.3581163255

						0.18		0.2139065217		756.5275905791		1270.702355755		756.5275905791		689.8214442589

						0.19		0.2257902174		763.0162559195		1263.2750459723		763.0162559195		697.8321677635

						0.2		0.237673913		769.1262539999		1255.8477361897		769.1262539999		705.4362483219

						0.21		0.2495576087		774.9250513071		1248.4204264071		774.9250513071		712.6729834103

						0.22		0.2614413043		780.4647346259		1240.9931166245		780.4647346259		719.5762356182

						0.23		0.273325		785.7856187142		1233.5658068419		785.7856187142		726.175390839

						0.24		0.2852086957		790.9190052311		1226.1384970593		790.9190052311		732.4961141787

						0.25		0.2970923913		795.889292655		1218.7111872767		795.889292655		738.5609527592

						0.26		0.308976087		800.7155899225		1211.2838774941		800.7155899225		744.3898211827

						0.27		0.3208597826		805.4129505749		1203.8565677115		805.4129505749		750.000396044

						0.28		0.3327434783		809.9933167164		1196.4292579289		809.9933167164		755.4084392004

						0.29		0.3446271739		814.4662410688		1189.0019481463		814.4662410688		760.6280647026

						0.3		0.3565108696		818.8394393413		1181.5746383636		818.8394393413		765.6719607711

						0.31		0.3683945652		823.1192128414		1174.147328581		823.1192128414		770.5515756104

						0.32		0.3802782609		827.3107718599		1166.7200187984		827.3107718599		775.2772739059

						0.33		0.3921619565		831.4184831753		1159.2927090158		831.4184831753		779.8584693857

						0.34		0.4040456522		835.4460595301		1151.8653992332		835.4460595301		784.3037377103

						0.35		0.4159293478		839.3967047306		1144.4380894506		839.3967047306		788.6209130917

						0.36		0.4278130435		843.2732248082		1137.010779668		843.2732248082		792.8171713789

						0.37		0.4396967391		847.0781132236		1129.5834698854		847.0781132236		796.8991018206

						0.38		0.4515804348		850.8136162197		1122.1561601028		850.8136162197		800.8727693102

						0.39		0.4634641304		854.4817829877		1114.7288503202		854.4817829877		804.7437685865

						0.4		0.4753478261		858.0845042183		1107.3015405375		858.0845042183		808.5172716077

						0.41		0.4872315217		861.6235417646		1099.874230755		861.6235417646		812.1980691051

						0.42		0.4991152174		865.1005515067		1092.4469209723		865.1005515067		815.7906071534

						0.43		0.510998913		868.5171010106		1085.0196111897		868.5171010106		819.2990194583

						0.44		0.5228826087		871.8746832049		1077.5923014071		871.8746832049		822.72715595

						0.45		0.5347663043		875.1747270071		1070.1649916245		875.1747270071		826.0786081777

						0.46		0.54665		878.4186056133		1062.7376818419		878.4186056133		829.3567319255

						0.47		0.5585336957		881.607642998		1055.3103720593		881.607642998		832.5646674069

						0.48		0.5704173913		884.7431190404		1047.8830622767		884.7431190404		835.7053573424

						0.49		0.582301087		887.8262735984		1040.4557524941		887.8262735984		838.7815631807

						0.5		0.5941847826		890.8583097722		1033.0284427115		890.8583097722		841.7958796883

						0.51		0.6060684783		893.8403965462		1025.6011329289		893.8403965462		844.7507480999

						0.52		0.6179521739		896.7736709517		1018.1738231463		896.7736709517		847.6484679971

						0.53		0.6298358696		899.6592398591		1010.7465133636		899.6592398591		850.49120806

						0.54		0.6417195652		902.4981814851		1003.319203581		902.4981814851		853.2810158178

						0.55		0.6536032609		905.2915466765		995.8918937984		905.2915466765		856.0198265082

						0.56		0.6654869565		908.0403600223		982.2175826845		908.0403600223		858.7094711409

						0.57		0.6773706522		910.7456208297		975.5661763195		910.7456208297		861.3516838508

						0.58		0.6892543478		913.4083039939		968.9147699546		913.4083039939		863.9481086135

						0.59		0.7011380435		916.0293607839		962.2633635896		916.0293607839		866.5003053891

						0.6		0.7130217391		918.6097195605		955.6119572246		918.6097195605		869.009755751

						0.61		0.7249054348		921.1502864404		948.9605508597		921.1502864404		871.4778680517

						0.62		0.7367891304		923.6519459157		942.3091444947		923.6519459157		873.9059821692

						0.63		0.7486728261		926.1155614373		935.6577381298		926.1155614373		876.2953738755

						0.64		0.7605565217		928.5419759676		929.0063317648		928.5419759676		878.6472588619

						0.65		0.7724402174		930.9320125073		922.3549253998		922.3549253998		880.9627964535

						0.66		0.784323913		933.2864746002		915.7035190349		915.7035190349		883.2430930406

						0.67		0.7962076087		935.6061468187		909.0521126699		909.0521126699		885.4892052533

						0.68		0.8080913043		937.8917952312		902.400706305		902.400706305		887.7021429012

						0.69		0.819975		940.1441678555		895.74929994		895.74929994		889.8828716998

						0.7		0.8318586957		942.3639950966		889.0978935751		889.0978935751		892.0323158006

						0.71		0.8437423913		944.5519901731		882.4464872101		882.4464872101		894.1513601427

						0.72		0.855626087		946.7088495299		875.7950808451		875.7950808451		896.2408526404

						0.73		0.8675097826		948.8352532411		869.1436744802		869.1436744802		898.30160622

						0.74		0.8793934783		950.9318654012		862.4922681152		862.4922681152		900.3344007189

						0.75		0.8912771739		952.999334507		855.8408617503		855.8408617503		902.3399846575

						0.76		0.9031608696		955.0382938286		849.1894553853		849.1894553853		904.3190768934

						0.77		0.9150445652		957.0493617725		842.5380490203		842.5380490203		906.2723681691

						0.78		0.9269282609		959.0331422344		835.8866426554		835.8866426554		908.2005225584

						0.79		0.9388119565		960.9902249444		829.2352362904		829.2352362904		910.1041788227

						0.8		0.9506956522		962.9211858032		822.5838299255		822.5838299255		911.9839516804

						0.81		0.9625793478		964.8265872098		815.9324235605		815.9324235605		913.8404329997

						0.82		0.9744630435		966.7069783826		809.2810171955		809.2810171955		915.6741929161

						0.83		0.9863467391		968.5628956713		802.6296108306		802.6296108306		917.4857808845

						0.84		0.9982304348		970.3948628621		795.9782044656		795.9782044656		919.2757266669

						0.85		1.0101141304		972.2033914756		789.3267981007		789.3267981007		921.0445412625

						0.86		1.0219978261		973.9889810574		782.6753917357		782.6753917357		922.7927177838

						0.87		1.0338815217		975.7521194618		776.0239853708		776.0239853708		924.5207322809

						0.88		1.0457652174		977.4932831287		769.3725790058		769.3725790058		926.2290445208

						0.89		1.057648913		979.2129373544		762.7211726408		762.7211726408		927.9180987207

						0.9		1.0695326087		980.9115365549		756.0697662759		756.0697662759		929.5883242419

						0.91		1.0814163043		982.5895245241		749.4183599109		749.4183599109		931.240136245

						0.92		1.0933		984.2473346852		742.766953546		742.766953546		932.873936309

						0.93		1.1051836957		985.8853903362		736.115547181		736.115547181		934.4901130174

						0.94		1.1170673913		987.5041048898		729.464140816		729.464140816		936.0890425132

						0.95		1.128951087		989.1038821075		722.8127344511		722.8127344511		937.6710890241

						0.96		1.1408347826		990.6851163279		716.1613280861		716.1613280861		939.2366053605

						0.97		1.1527184783		992.2481926899		709.5099217212		709.5099217212		940.7859333879

						0.98		1.1646021739		993.7934873509		702.8585153562		702.8585153562		942.319404475

						0.99		1.1764858696		995.3213676986		696.2071089912		696.2071089912		943.8373399188

						1		1.1883695652		996.8321925594		689.5557026263		689.5557026263		945.340051349

						1.01		1.2002532609		998.3263124006		682.9042962613		682.9042962613		946.8278411118

						1.02		1.2121369565		999.8040695283		676.2528898964		676.2528898964		948.3010026353

						1.03		1.2240206522		1001.2657982809		669.6014835314		669.6014835314		949.7598207762

						1.04		1.2359043478		1002.7118252173		662.9500771665		662.9500771665		951.2045721511

						1.05		1.2477880435		1004.1424693011		656.2986708015		656.2986708015		952.6355254509

						1.06		1.2596717391		1005.5580420807		649.6472644365		649.6472644365		954.052941741

						1.07		1.2715554348		1006.958847864		642.9958580716		642.9958580716		955.4570747466

						1.08		1.2834391304		1008.3451838907		636.3444517066		636.3444517066		956.8481711262

						1.09		1.2953228261		1009.7173404989		629.6930453417		629.6930453417		958.2264707307

						1.1		1.3072065217		1011.0756012884		623.0416389767		623.0416389767		959.5922068521

						1.11		1.3190902174		1012.4202432806		616.3902326117		616.3902326117		960.9456064608

						1.12		1.330973913		1013.7515370735		609.7388262468		609.7388262468		962.286890431

						1.13		1.3428576087		1015.0697469943		603.0874198818		603.0874198818		963.6162737582

						1.14		1.3547413043		1016.3751312471		596.4360135169		596.4360135169		964.9339657652

						1.15		1.366625		1017.6679420584		589.7846071519		589.7846071519		966.2401703001

						1.16		1.3785086957		1018.9484258179		583.133200787		583.133200787		967.5350859259

						1.17		1.3903923913		1020.2168232168		576.481794422		576.481794422		968.8189061011

						1.18		1.402276087		1021.4733693827		569.830388057		569.830388057		970.0918193536

						1.19		1.4141597826		1022.7182940108		563.1789816921		563.1789816921		971.3540094469

						1.2		1.4260434783		1023.9518214927		556.5275753271		556.5275753271		972.6056555387

						1.21		1.4379271739		1025.1741710418		549.8761689622		549.8761689622		973.8469323343

						1.22		1.4498108696		1026.3855568154		543.2247625972		543.2247625972		975.0780102324

						1.23		1.4616945652		1027.5861880345		536.5733562322		536.5733562322		976.2990554656

						1.24		1.4735782609		1028.7762691005		529.9219498673		529.9219498673		977.5102302353

						1.25		1.4854619565		1029.9559997091		523.2705435023		523.2705435023		978.7116928409

						1.26		1.4973456522		1031.1255749612		516.6191371374		516.6191371374		979.9035978039

						1.27		1.5092293478		1032.2851854721		509.9677307724		509.9677307724		981.0860959871

						1.28		1.5211130435		1033.4350174771		503.3163244074		503.3163244074		982.2593347094

						1.29		1.5329967391		1034.575252935		496.6649180425		496.6649180425		983.423457856

						1.3		1.5448804348		1035.7060696292		490.0135116775		490.0135116775		984.5786059837

						1.31		1.5567641304		1036.8276412667		483.3621053126		483.3621053126		985.7249164237

						1.32		1.5686478261		1037.9401375736		476.7106989476		476.7106989476		986.8625233787

						1.33		1.5805315217		1039.04372439		470.0592925827		470.0592925827		987.9915580178

						1.34		1.5924152174		1040.1385637612		463.4078862177		463.4078862177		989.1121485669

						1.35		1.604298913		1041.2248140279		456.7564798527		456.7564798527		990.2244203961

						1.36		1.6161826087		1042.3026299127		450.1050734878		450.1050734878		991.3284961043

						1.37		1.6280663043		1043.3721626068		443.4536671228		443.4536671228		992.4244955997

						1.38		1.63995		1044.4335598524		436.8022607579		436.8022607579		993.5125361783

						1.39		1.6518336957		1045.4869660246		430.1508543929		430.1508543929		994.5927325992

						1.4		1.6637173913		1046.5325222106		423.4994480279		423.4994480279		995.6651971573

						1.41		1.675601087		1047.5703662877		416.848041663		416.848041663		996.730039753

						1.42		1.6874847826		1048.6006329987		410.196635298		410.196635298		997.7873679602

						1.43		1.6993684783		1049.623454026		403.5452289331		403.5452289331		998.8372870914

						1.44		1.7112521739		1050.6389580638		396.8938225681		396.8938225681		999.8799002605

						1.45		1.7231358696		1051.6472708887		390.2424162031		390.2424162031		1000.9153084438

						1.46		1.7350195652		1052.6485154285		383.5910098382		383.5910098382		1001.9436105384

						1.47		1.7469032609		1053.642811829		376.9396034732		376.9396034732		1002.9649034191

						1.48		1.7587869565		1054.6302775205		370.2881971083		370.2881971083		1003.9792819932

						1.49		1.7706706522		1055.6110272809		363.6367907433		363.6367907433		1004.9868392532

						1.5		1.7825543478		1056.5851732987		356.9853843784		356.9853843784		1005.9876663282

						1.51		1.7944380435		1057.5528252341		350.3339780134		350.3339780134		1006.9818525333

						1.52		1.8063217391		1058.5140902785		343.6825716484		343.6825716484		1007.9694854172

						1.53		1.8182054348		1059.4690732126		337.0311652835		337.0311652835		1008.9506508088

						1.54		1.8300891304		1060.4178764634		330.3797589185		330.3797589185		1009.9254328619

						1.55		1.8419728261		1061.3606001594		323.7283525536		323.7283525536		1010.8939140982

						1.56		1.8538565217		1062.2973421851		317.0769461886		317.0769461886		1011.8561754495

						1.57		1.8657402174		1063.2281982336		310.4255398236		310.4255398236		1012.8122962984

						1.58		1.877623913		1064.1532618582		303.7741334587		303.7741334587		1013.7623545173

						1.59		1.8895076087		1065.0726245231		297.1227270937		297.1227270937		1014.7064265066

						1.6		1.9013913043		1065.9863756521		290.4713207288		290.4713207288		1015.6445872315

						1.61		1.913275		1066.8946026773		283.8199143638		283.8199143638		1016.5769102579

						1.62		1.9251586957		1067.7973910851		277.1685079988		277.1685079988		1017.5034677868

						1.63		1.9370423913		1068.694824463		270.5171016339		270.5171016339		1018.4243306881

						1.64		1.948926087		1069.5869845434		263.8656952689		263.8656952689		1019.3395685327

						1.65		1.9608097826		1070.4739512477		257.214288904		257.214288904		1020.2492496246

						1.66		1.9726934783		1071.355802729		250.562882539		250.562882539		1021.153441031

						1.67		1.9845771739		1072.2326154133		243.9114761741		243.9114761741		1022.0522086122

						1.68		1.9964608696		1073.1044640403		237.2600698091		237.2600698091		1022.9456170506

						1.69		2.0083445652		1073.9714217033		230.6086634441		230.6086634441		1023.8337298781

						1.7		2.0202282609		1074.8335598874		223.9572570792		223.9572570792		1024.7166095037

						1.71		2.0321119565		1075.6909485077		217.3058507142		217.3058507142		1025.5943172394

						1.72		2.0439956522		1076.543655946		210.6544443493		210.6544443493		1026.4669133263

						1.73		2.0558793478		1077.3917490869		204.0030379843		204.0030379843		1027.3344569587

						1.74		2.0677630435		1078.2352933529		197.3516316193		197.3516316193		1028.197006309

						1.75		2.0796467391		1079.0743527387		190.7002252544		190.7002252544		1029.0546185503

						1.76		2.0915304348		1079.9089898449		184.0488188894		184.0488188894		1029.9073498797

						1.77		2.1034141304		1080.7392659105		177.3974125245		177.3974125245		1030.7552555404

						1.78		2.1152978261		1081.565240845		170.7460061595		170.7460061595		1031.5983898427

						1.79		2.1271815217		1082.3869732595		164.0945997945		164.0945997945		1032.4368061852

						1.8		2.1390652174		1083.2045204974		157.4431934296		157.4431934296		1033.2705570754

						1.81		2.150948913		1084.0179386636		150.7917870646		150.7917870646		1034.0996941486

						1.82		2.1628326087		1084.8272826541		144.1403806997		144.1403806997		1034.9242681881

						1.83		2.1747163043		1085.6326061839		137.4889743347		137.4889743347		1035.7443291429

						1.84		2.1866		1086.4339618152		130.8375679698		130.8375679698		1036.5599261466

						1.85		2.1984836957		1087.2314009837		124.1861616048		124.1861616048		1037.3711075347

						1.86		2.2103673913		1088.0249740255		117.5347552398		117.5347552398		1038.1779208619

						1.87		2.222251087		1088.8147302028		110.8833488749		110.8833488749		1038.9804129187

						1.88		2.2341347826		1089.6007177287		104.2319425099		104.2319425099		1039.7786297478

						1.89		2.2460184783		1090.3829837923		97.580536145		97.580536145		1040.5726166599

						1.9		2.2579021739		1091.1615745821		90.92912978		90.92912978		1041.3624182493

						1.91		2.2697858696		1091.9365353097		84.277723415		84.277723415		1042.1480784087

						1.92		2.2816695652		1092.7079102325		77.6263170501		77.6263170501		1042.9296403439

						1.93		2.2935532609		1093.4757426763		70.9749106851		70.9749106851		1043.7071465881

						1.94		2.3054369565		1094.2400750567		64.3235043202		64.3235043202		1044.4806390158

						1.95		2.3173206522		1095.0009489005		57.6720979552		57.6720979552		1045.2501588563

						1.96		2.3292043478		1095.7584048664		51.0206915903		51.0206915903		1046.0157467068

						1.97		2.3410880435		1096.5124827654		44.3692852253		44.3692852253		1046.7774425455

						1.98		2.3529717391		1097.2632215806		37.7178788603		37.7178788603		1047.5352857439

						1.99		2.3648554348		1098.0106594862		31.0664724954		31.0664724954		1048.2893150791

						2		2.3767391304		1098.7548338668		24.4150661304		24.4150661304		1049.0395687457

						2.01		2.3886228261		1099.4957813354		17.7636597655		17.7636597655		1049.7860843672

						2.02		2.4005065217		1100.2335377516		11.1122534005		11.1122534005		1050.5288990078

						2.03		2.4123902174		1100.9681382392		4.4608470355		4.4608470355		1051.2680491832

						2.04		2.424273913		1101.6996172031		-2.1905593294		-2.1905593294		1052.0035708709

						2.05		2.4361576087		1102.4280083462		-8.8419656944		-8.8419656944		1052.7354995217

						2.06		2.4480413043		1103.1533446857		-15.4933720593		-15.4933720593		1053.4638700689

						2.07		2.459925		1103.8756585692		-22.1447784243		-22.1447784243		1054.1887169392

						2.08		2.4718086957		1104.5949816899		-28.7961847893		-28.7961847893		1054.9100740618

						2.09		2.4836923913		1105.311345102		-35.4475911542		-35.4475911542		1055.6279748782

						2.1		2.495576087		1106.0247792357		-42.0989975192		-42.0989975192		1056.3424523517

						2.11		2.5074597826		1106.7353139115		-48.7504038841		-48.7504038841		1057.0535389762

						2.12		2.5193434783		1107.4429783542		-55.4018102491		-55.4018102491		1057.7612667849

						2.13		2.5312271739		1108.1478012072		-62.053216614		-62.053216614		1058.4656673594

						2.14		2.5431108696		1108.8498105455		-68.704622979		-68.704622979		1059.1667718382

						2.15		2.5549945652		1109.549033889		-75.356029344		-75.356029344		1059.8646109243

						2.16		2.5668782609		1110.2454982155		-82.0074357089		-82.0074357089		1060.5592148938

						2.17		2.5787619565		1110.9392299731		-88.6588420739		-88.6588420739		1061.2506136039

						2.18		2.5906456522		1111.6302550925		-95.3102484388		-95.3102484388		1061.9388365001

						2.19		2.6025293478		1112.3185989989		-101.9616548038		-101.9616548038		1062.6239126241

						2.2		2.6144130435		1113.0042866241		-108.6130611688		-108.6130611688		1063.3058706211

						2.21		2.6262967391		1113.687342417		-115.2644675337		-115.2644675337		1063.9847387468

						2.22		2.6381804348		1114.3677903556		-121.9158738987		-121.9158738987		1064.6605448747

						2.23		2.6500641304		1115.0456539577		-128.5672802636		-128.5672802636		1065.3333165027

						2.24		2.6619478261		1115.7209562909		-135.2186866286		-135.2186866286		1066.0030807601

						2.25		2.6738315217		1116.393719984		-141.8700929936		-141.8700929936		1066.6698644139

						2.26		2.6857152174		1117.063967236		-148.5214993585		-148.5214993585		1067.3336938753

						2.27		2.697598913		1117.731719827		-155.1729057235		-155.1729057235		1067.994595206

						2.28		2.7094826087		1118.3969991272		-161.8243120884		-161.8243120884		1068.6525941245

						2.29		2.7213663043		1119.0598261063		-168.4757184534		-168.4757184534		1069.3077160117

						2.3		2.73325		1119.7202213431		-175.1271248183		-175.1271248183		1069.9599859173

						2.31		2.7451336957		1120.3782050344		-181.7785311833		-181.7785311833		1070.609428565

						2.32		2.7570173913		1121.0337970032		-188.4299375483		-188.4299375483		1071.2560683585

						2.33		2.768901087		1121.6870167082		-195.0813439132		-195.0813439132		1071.8999293869

						2.34		2.7807847826		1122.3378832513		-201.7327502782		-201.7327502782		1072.5410354301





Sheet1 (2)

		Specific Heat Capacity		c				1200		J/kgK

		Density		rho				2300		kg/m^3								GAS TEMPERATURE CALCS ACCODING TO EUROCODE 1 PART 1-2

		Thermal conductivity		lambda				1		W/mK								T includes cooling curves hence horrible expression

		Length of compartment						10		m

		Height of compartment						2.5		m

		Width of compartment						10		m

		height of windows		heq				1.56		m

		Area of vertical openings		Av				12		m

		Fire Load		qf				600

		Growth Rate						FAST		(SLOW, MEDIUM, of FAST)

		Total surface area of enclosure		At				300

		Fire load (total area)		qt				200

		b						1661.3247725836

		Opening factor		O				0.049959984

		Gamma						0.76

		Tlim						0.25

		tmax						0.800640769

		TEST						OK - VENTILATION CONTROLLED

		t*max						0.6089325585

		Theta max						830.5799661331

										medium growth=20min

		x

						Time		t*		T(heating phase)		T(cooling phase		T(actual)		Nominal Curve

						0		0		20		1194.5796697866		20		20

						0.01		0.0076055652		88.2333418945		1190.0333149452		88.2333418945		283.3826577792

						0.02		0.0152111304		149.665417445		1201.6558586442		149.665417445		373.7305235163

						0.03		0.0228166957		205.0016066264		1196.9023803833		205.0016066264		429.6946486886

						0.04		0.0304222609		254.8738970204		1192.1489021225		254.8738970204		470.3462224591

						0.05		0.0380278261		299.8485223027		1187.3954238616		299.8485223027		502.2893029919

						0.06		0.0456333913		340.4328057153		1182.6419456007		340.4328057153		528.6046111063

						0.07		0.0532389565		377.081291268		1177.8884673399		377.081291268		550.9812540835

						0.08		0.0608445217		410.2012368039		1173.134989079		410.2012368039		570.4461965298

						0.09		0.068450087		440.1575353451		1168.3815108181		440.1575353451		587.6706829254

						0.1		0.0760556522		467.2771242246		1163.6280325573		467.2771242246		603.1176476098

						0.11		0.0836612174		491.8529353155		1158.8745542964		491.8529353155		617.1198851049

						0.12		0.0912667826		514.1474341198		1140.023411689		514.1474341198		629.9246775262

						0.13		0.0988723478		534.3957905096		1149.3675977747		534.3957905096		641.7207939692

						0.14		0.106477913		552.8087194575		1144.6141195138		552.8087194575		652.6556092565

						0.15		0.1140834783		569.5750261043		1139.8606412529		569.5750261043		662.8463867416

						0.16		0.1216890435		584.8638859371		1135.1071629921		584.8638859371		672.3879609614

						0.17		0.1292946087		598.8268876465		1130.3536847312		598.8268876465		681.3581163255

						0.18		0.1369001739		611.5998633646		1125.6002064703		611.5998633646		689.8214442589

						0.19		0.1445057391		623.3045284132		1120.8467282094		623.3045284132		697.8321677635

						0.2		0.1521113043		634.0499503869		1116.0932499486		634.0499503869		705.4362483219

						0.21		0.1597168696		643.9338653365		1111.3397716877		643.9338653365		712.6729834103

						0.22		0.1673224348		653.0438569643		1106.5862934268		653.0438569643		719.5762356182

						0.23		0.174928		661.4584130906		1101.832815166		661.4584130906		726.175390839

						0.24		0.1825335652		669.2478721639		1097.0793369051		669.2478721639		732.4961141787

						0.25		0.1901391304		676.4752712605		1092.3258586442		676.4752712605		738.5609527592

						0.26		0.1977446957		683.1971058251		1087.5723803834		683.1971058251		744.3898211827

						0.27		0.2053502609		689.4640103388		1082.8189021225		689.4640103388		750.000396044

						0.28		0.2129558261		695.3213681455		1078.0654238616		695.3213681455		755.4084392004

						0.29		0.2205613913		700.8098578085		1073.3119456008		700.8098578085		760.6280647026

						0.3		0.2281669565		705.9659426037		1068.5584673399		705.9659426037		765.6719607711

						0.31		0.2357725217		710.8223090678		1063.804989079		710.8223090678		770.5515756104

						0.32		0.243378087		715.4082599049		1059.0515108181		715.4082599049		775.2772739059

						0.33		0.2509836522		719.7500659995		1054.2980325573		719.7500659995		779.8584693857

						0.34		0.2585892174		723.8712817943		1049.5445542964		723.8712817943		784.3037377103

						0.35		0.2661947826		727.7930278453		1044.7910760355		727.7930278453		788.6209130917

						0.36		0.2738003478		731.5342439692		1040.0375977747		731.5342439692		792.8171713789

						0.37		0.281405913		735.1119160459		1035.2841195138		735.1119160459		796.8991018206

						0.38		0.2890114783		738.5412792156		1030.5306412529		738.5412792156		800.8727693102

						0.39		0.2966170435		741.83599993		1025.7771629921		741.83599993		804.7437685865

						0.4		0.3042226087		745.0083390564		1021.0236847312		745.0083390564		808.5172716077

						0.41		0.3118281739		748.0692980076		1016.2702064703		748.0692980076		812.1980691051

						0.42		0.3194337391		751.0287496639		1011.5167282094		751.0287496639		815.7906071534

						0.43		0.3270393043		753.8955556709		1006.7632499486		753.8955556709		819.2990194583

						0.44		0.3346448696		756.6776715298		1002.0097716877		756.6776715298		822.72715595

						0.45		0.3422504348		759.3822407518		997.2562934268		759.3822407518		826.0786081777

						0.46		0.349856		762.0156792139		992.502815166		762.0156792139		829.3567319255

						0.47		0.3574615652		764.5837507372		987.7493369051		764.5837507372		832.5646674069

						0.48		0.3650671304		767.0916347998		982.9958586442		767.0916347998		835.7053573424

						0.49		0.3726726957		769.5439872041		978.2423803834		769.5439872041		838.7815631807

						0.5		0.3802782609		771.9449944307		973.4889021225		771.9449944307		841.7958796883

						0.51		0.3878838261		774.2984223371		968.7354238616		774.2984223371		844.7507480999

						0.52		0.3954893913		776.6076597894		963.9819456007		776.6076597894		847.6484679971

						0.53		0.4030949565		778.8757577534		959.2284673399		778.8757577534		850.49120806

						0.54		0.4107005217		781.1054643195		954.474989079		781.1054643195		853.2810158178

						0.55		0.418306087		783.2992560828		949.7215108181		783.2992560828		856.0198265082

						0.56		0.4259116522		785.4593662592		944.9680325573		785.4593662592		858.7094711409

						0.57		0.4335172174		787.5878098758		940.2145542964		787.5878098758		861.3516838508

						0.58		0.4411227826		789.6864063419		935.4610760355		789.6864063419		863.9481086135

						0.59		0.4487283478		791.7567996707		930.7075977747		791.7567996707		866.5003053891

						0.6		0.456333913		793.8004765994		925.9541195138		793.8004765994		869.009755751

						0.61		0.4639394783		795.8187828229		921.2006412529		795.8187828229		871.4778680517

						0.62		0.4715450435		797.8129375406		916.4471629921		797.8129375406		873.9059821692

						0.63		0.4791506087		799.7840464898		911.6936847312		799.7840464898		876.2953738755

						0.64		0.4867561739		801.7331136241		906.9402064703		801.7331136241		878.6472588619

						0.65		0.4943617391		803.6610515772		902.1867282094		803.6610515772		880.9627964535

						0.66		0.5019673043		805.5686910395		897.4332499486		805.5686910395		883.2430930406

						0.67		0.5095728696		807.4567891594		892.6797716877		807.4567891594		885.4892052533

						0.68		0.5171784348		809.3260370721		887.9262934268		809.3260370721		887.7021429012

						0.69		0.524784		811.1770666454		883.172815166		811.1770666454		889.8828716998

						0.7		0.5323895652		813.0104565251		878.4193369051		813.0104565251		892.0323158006

						0.71		0.5399951304		814.8267375518		873.6658586442		814.8267375518		894.1513601427

						0.72		0.5476006957		816.6263976161		868.9123803834		816.6263976161		896.2408526404

						0.73		0.5552062609		818.4098860085		864.1589021225		818.4098860085		898.30160622

						0.74		0.5628118261		820.1776173184		859.4054238616		820.1776173184		900.3344007189

						0.75		0.5704173913		821.9299749285		854.6519456007		821.9299749285		902.3399846575

						0.76		0.5780229565		823.6673141465		849.8984673399		823.6673141465		904.3190768934

						0.77		0.5856285217		825.3899650118		845.144989079		825.3899650118		906.2723681691

						0.78		0.593234087		827.0982348111		840.3915108181		827.0982348111		908.2005225584

						0.79		0.6008396522		828.7924103345		835.4176373107		828.7924103345		910.1041788227

						0.8		0.6084452174		830.4727598957		830.8712824692		830.4727598957		911.9839516804

						0.81		0.6160507826		832.1395351453		826.3249276278		826.3249276278		913.8404329997

						0.82		0.6236563478		833.792972695		821.7785727863		821.7785727863		915.6741929161

						0.83		0.631261913		835.4332955741		817.2322179448		817.2322179448		917.4857808845

						0.84		0.6388674783		837.0607145362		812.6858631034		812.6858631034		919.2757266669

						0.85		0.6464730435		838.6754292295		808.1395082619		808.1395082619		921.0445412625

						0.86		0.6540786087		840.2776292482		803.5931534204		803.5931534204		922.7927177838

						0.87		0.6616841739		841.8674950738		799.046798579		799.046798579		924.5207322809

						0.88		0.6692897391		843.4451989204		794.5004437375		794.5004437375		926.2290445208

						0.89		0.6768953043		845.0109054929		789.954088896		789.954088896		927.9180987207

						0.9		0.6845008696		846.5647726668		785.4077340546		785.4077340546		929.5883242419

						0.91		0.6921064348		848.1069520993		780.8613792131		780.8613792131		931.240136245

						0.92		0.699712		849.6375897764		776.3150243716		776.3150243716		932.873936309

						0.93		0.7073175652		851.1568265051		771.7686695302		771.7686695302		934.4901130174

						0.94		0.7149231304		852.6647983549		767.2223146887		767.2223146887		936.0890425132

						0.95		0.7225286957		854.1616370544		762.6759598472		762.6759598472		937.6710890241

						0.96		0.7301342609		855.6474703473		758.1296050058		758.1296050058		939.2366053605

						0.97		0.7377398261		857.1224223129		753.5832501643		753.5832501643		940.7859333879

						0.98		0.7453453913		858.5866136533		749.0368953228		749.0368953228		942.319404475

						0.99		0.7529509565		860.0401619528		744.4905404814		744.4905404814		943.8373399188

						1		0.7605565217		861.4831819095		739.9441856399		739.9441856399		945.340051349

						1.01		0.768162087		862.9157855459		735.3978307984		735.3978307984		946.8278411118

						1.02		0.7757676522		864.3380823961		730.851475957		730.851475957		948.3010026353

						1.03		0.7833732174		865.7501796766		726.3051211155		726.3051211155		949.7598207762

						1.04		0.7909787826		867.1521824384		721.758766274		721.758766274		951.2045721511

						1.05		0.7985843478		868.5441937053		717.2124114325		717.2124114325		952.6355254509

						1.06		0.806189913		869.9263145982		712.6660565911		712.6660565911		954.052941741

						1.07		0.8137954783		871.2986444473		708.1197017496		708.1197017496		955.4570747466

						1.08		0.8214010435		872.6612808936		703.5733469081		703.5733469081		956.8481711262

						1.09		0.8290066087		874.0143199806		699.0269920667		699.0269920667		958.2264707307

						1.1		0.8366121739		875.3578562373		694.4806372252		694.4806372252		959.5922068521

						1.11		0.8442177391		876.691982753		689.9342823837		689.9342823837		960.9456064608

						1.12		0.8518233043		878.0167912463		685.3879275423		685.3879275423		962.286890431

						1.13		0.8594288696		879.3323721259		680.8415727008		680.8415727008		963.6162737582

						1.14		0.8670344348		880.6388145476		676.2952178593		676.2952178593		964.9339657652

						1.15		0.87464		881.9362064651		671.7488630179		671.7488630179		966.2401703001

						1.16		0.8822455652		883.2246346766		667.2025081764		667.2025081764		967.5350859259

						1.17		0.8898511304		884.5041848673		662.6561533349		662.6561533349		968.8189061011

						1.18		0.8974566957		885.7749416484		658.1097984935		658.1097984935		970.0918193536

						1.19		0.9050622609		887.0369885924		653.563443652		653.563443652		971.3540094469

						1.2		0.9126678261		888.290408266		649.0170888105		649.0170888105		972.6056555387

						1.21		0.9202733913		889.5352822598		644.4707339691		644.4707339691		973.8469323343

						1.22		0.9278789565		890.7716912158		639.9243791276		639.9243791276		975.0780102324

						1.23		0.9354845217		891.9997148534		635.3780242861		635.3780242861		976.2990554656

						1.24		0.943090087		893.2194319918		630.8316694447		630.8316694447		977.5102302353

						1.25		0.9506956522		894.4309205729		626.2853146032		626.2853146032		978.7116928409

						1.26		0.9583012174		895.6342576809		621.7389597617		621.7389597617		979.9035978039

						1.27		0.9659067826		896.8295195609		617.1926049203		617.1926049203		981.0860959871

						1.28		0.9735123478		898.0167816369		612.6462500788		612.6462500788		982.2593347094

						1.29		0.981117913		899.196118528		608.0998952373		608.0998952373		983.423457856

						1.3		0.9887234783		900.3676040635		603.5535403959		603.5535403959		984.5786059837

						1.31		0.9963290435		901.5313112978		599.0071855544		599.0071855544		985.7249164237

						1.32		1.0039346087		902.6873125235		594.4608307129		594.4608307129		986.8625233787

						1.33		1.0115401739		903.8356792845		589.9144758715		589.9144758715		987.9915580178

						1.34		1.0191457391		904.976482388		585.36812103		585.36812103		989.1121485669

						1.35		1.0267513043		906.1097919163		580.8217661885		580.8217661885		990.2244203961

						1.36		1.0343568696		907.2356772373		576.2754113471		576.2754113471		991.3284961043

						1.37		1.0419624348		908.3542070154		571.7290565056		571.7290565056		992.4244955997

						1.38		1.049568		909.4654492211		567.1827016641		567.1827016641		993.5125361783

						1.39		1.0571735652		910.5694711409		562.6363468227		562.6363468227		994.5927325992

						1.4		1.0647791304		911.6663393862		558.0899919812		558.0899919812		995.6651971573

						1.41		1.0723846957		912.7561199023		553.5436371397		553.5436371397		996.730039753

						1.42		1.0799902609		913.838877977		548.9972822982		548.9972822982		997.7873679602

						1.43		1.0875958261		914.9146782483		544.4509274568		544.4509274568		998.8372870914

						1.44		1.0952013913		915.9835847132		539.9045726153		539.9045726153		999.8799002605

						1.45		1.1028069565		917.0456607347		535.3582177738		535.3582177738		1000.9153084438

						1.46		1.1104125217		918.1009690496		530.8118629324		530.8118629324		1001.9436105384

						1.47		1.118018087		919.1495717757		526.2655080909		526.2655080909		1002.9649034191

						1.48		1.1256236522		920.1915304189		521.7191532494		521.7191532494		1003.9792819932

						1.49		1.1332292174		921.22690588		517.172798408		517.172798408		1004.9868392532

						1.5		1.1408347826		922.2557584619		512.6264435665		512.6264435665		1005.9876663282

						1.51		1.1484403478		923.2781478753		508.080088725		508.080088725		1006.9818525333

						1.52		1.156045913		924.2941332462		503.5337338836		503.5337338836		1007.9694854172

						1.53		1.1636514783		925.3037731215		498.9873790421		498.9873790421		1008.9506508088

						1.54		1.1712570435		926.3071254753		494.4410242006		494.4410242006		1009.9254328619

						1.55		1.1788626087		927.3042477153		489.8946693592		489.8946693592		1010.8939140982

						1.56		1.1864681739		928.2951966884		485.3483145177		485.3483145177		1011.8561754495

						1.57		1.1940737391		929.2800286868		480.8019596762		480.8019596762		1012.8122962984

						1.58		1.2016793043		930.2587994536		476.2556048348		476.2556048348		1013.7623545173

						1.59		1.2092848696		931.2315641886		471.7092499933		471.7092499933		1014.7064265066

						1.6		1.2168904348		932.1983775539		467.1628951518		467.1628951518		1015.6445872315

						1.61		1.224496		933.1592936793		462.6165403104		462.6165403104		1016.5769102579

						1.62		1.2321015652		934.1143661678		458.0701854689		458.0701854689		1017.5034677868

						1.63		1.2397071304		935.0636481008		453.5238306274		453.5238306274		1018.4243306881

						1.64		1.2473126957		936.0071920438		448.977475786		448.977475786		1019.3395685327

						1.65		1.2549182609		936.9450500509		444.4311209445		444.4311209445		1020.2492496246

						1.66		1.2625238261		937.8772736708		439.884766103		439.884766103		1021.153441031

						1.67		1.2701293913		938.803913951		435.3384112616		435.3384112616		1022.0522086122

						1.68		1.2777349565		939.7250214435		430.7920564201		430.7920564201		1022.9456170506

						1.69		1.2853405217		940.6406462093		426.2457015786		426.2457015786		1023.8337298781

						1.7		1.292946087		941.5508378236		421.6993467372		421.6993467372		1024.7166095037

						1.71		1.3005516522		942.4556453805		417.1529918957		417.1529918957		1025.5943172394

						1.72		1.3081572174		943.3551174976		412.6066370542		412.6066370542		1026.4669133263

						1.73		1.3157627826		944.2493023211		408.0602822128		408.0602822128		1027.3344569587

						1.74		1.3233683478		945.1382475301		403.5139273713		403.5139273713		1028.197006309

						1.75		1.330973913		946.0220003416		398.9675725298		398.9675725298		1029.0546185503

						1.76		1.3385794783		946.9006075145		394.4212176884		394.4212176884		1029.9073498797

						1.77		1.3461850435		947.7741153548		389.8748628469		389.8748628469		1030.7552555404

						1.78		1.3537906087		948.6425697196		385.3285080054		385.3285080054		1031.5983898427

						1.79		1.3613961739		949.5060160216		380.7821531639		380.7821531639		1032.4368061852

						1.8		1.3690017391		950.3644992335		376.2357983225		376.2357983225		1033.2705570754

						1.81		1.3766073043		951.2180638927		371.689443481		371.689443481		1034.0996941486

						1.82		1.3842128696		952.0667541047		367.1430886395		367.1430886395		1034.9242681881

						1.83		1.3918184348		952.9106135482		362.5967337981		362.5967337981		1035.7443291429

						1.84		1.399424		953.749685479		358.0503789566		358.0503789566		1036.5599261466

						1.85		1.4070295652		954.5840127339		353.5040241151		353.5040241151		1037.3711075347

						1.86		1.4146351304		955.4136377352		348.9576692737		348.9576692737		1038.1779208619

						1.87		1.4222406957		956.2386024945		344.4113144322		344.4113144322		1038.9804129187

						1.88		1.4298462609		957.0589486169		339.8649595907		339.8649595907		1039.7786297478

						1.89		1.4374518261		957.8747173049		335.3186047493		335.3186047493		1040.5726166599

						1.9		1.4450573913		958.6859493623		330.7722499078		330.7722499078		1041.3624182493

						1.91		1.4526629565		959.492685198		326.2258950663		326.2258950663		1042.1480784087

						1.92		1.4602685217		960.2949648304		321.6795402249		321.6795402249		1042.9296403439

						1.93		1.467874087		961.0928278905		317.1331853834		317.1331853834		1043.7071465881

						1.94		1.4754796522		961.8863136261		312.5868305419		312.5868305419		1044.4806390158

						1.95		1.4830852174		962.6754609057		308.0404757005		308.0404757005		1045.2501588563

						1.96		1.4906907826		963.4603082217		303.494120859		303.494120859		1046.0157467068

						1.97		1.4982963478		964.2408936945		298.9477660175		298.9477660175		1046.7774425455

						1.98		1.505901913		965.0172550761		294.4014111761		294.4014111761		1047.5352857439

						1.99		1.5135074783		965.7894297536		289.8550563346		289.8550563346		1048.2893150791

						2		1.5211130435		966.5574547526		285.3087014931		285.3087014931		1049.0395687457

						2.01		1.5287186087		967.3213667412		280.7623466517		280.7623466517		1049.7860843672

						2.02		1.5363241739		968.0812020329		276.2159918102		276.2159918102		1050.5288990078

						2.03		1.5439297391		968.8369965907		271.6696369687		271.6696369687		1051.2680491832

						2.04		1.5515353043		969.58878603		267.1232821273		267.1232821273		1052.0035708709

						2.05		1.5591408696		970.3366056223		262.5769272858		262.5769272858		1052.7354995217

						2.06		1.5667464348		971.0804902985		258.0305724443		258.0305724443		1053.4638700689

						2.07		1.574352		971.820474652		253.4842176029		253.4842176029		1054.1887169392

						2.08		1.5819575652		972.5565929426		248.9378627614		248.9378627614		1054.9100740618

						2.09		1.5895631304		973.2888790989		244.3915079199		244.3915079199		1055.6279748782

						2.1		1.5971686957		974.0173667224		239.8451530785		239.8451530785		1056.3424523517

						2.11		1.6047742609		974.7420890899		235.298798237		235.298798237		1057.0535389762

						2.12		1.6123798261		975.4630791575		230.7524433955		230.7524433955		1057.7612667849

						2.13		1.6199853913		976.1803695628		226.2060885541		226.2060885541		1058.4656673594

						2.14		1.6275909565		976.8939926291		221.6597337126		221.6597337126		1059.1667718382

						2.15		1.6351965217		977.6039803673		217.1133788711		217.1133788711		1059.8646109243

						2.16		1.642802087		978.31036448		212.5670240297		212.5670240297		1060.5592148938

						2.17		1.6504076522		979.0131763638		208.0206691882		208.0206691882		1061.2506136039

						2.18		1.6580132174		979.7124471125		203.4743143467		203.4743143467		1061.9388365001

						2.19		1.6656187826		980.4082075203		198.9279595052		198.9279595052		1062.6239126241

						2.2		1.6732243478		981.1004880844		194.3816046638		194.3816046638		1063.3058706211

						2.21		1.680829913		981.789319008		189.8352498223		189.8352498223		1063.9847387468

						2.22		1.6884354783		982.4747302033		185.2888949808		185.2888949808		1064.6605448747

						2.23		1.6960410435		983.1567512941		180.7425401394		180.7425401394		1065.3333165027

						2.24		1.7036466087		983.8354116189		176.1961852979		176.1961852979		1066.0030807601

						2.25		1.7112521739		984.5107402334		171.6498304564		171.6498304564		1066.6698644139

						2.26		1.7188577391		985.1827659136		167.103475615		167.103475615		1067.3336938753

						2.27		1.7264633043		985.8515171581		162.5571207735		162.5571207735		1067.994595206

						2.28		1.7340688696		986.5170221912		158.010765932		158.010765932		1068.6525941245

						2.29		1.7416744348		987.1793089654		153.4644110906		153.4644110906		1069.3077160117

						2.3		1.74928		987.8384051641		148.9180562491		148.9180562491		1069.9599859173

						2.31		1.7568855652		988.4943382042		144.3717014076		144.3717014076		1070.609428565

						2.32		1.7644911304		989.1471352386		139.8253465662		139.8253465662		1071.2560683585

						2.33		1.7720966957		989.7968231591		135.2789917247		135.2789917247		1071.8999293869

						2.34		1.7797022609		990.4434285985		130.7326368832		130.7326368832		1072.5410354301





Sheet1

		Specific Heat Capacity		c				1200		J/kgK

		Density		rho				2300		kg/m^3								GAS TEMPERATURE CALCS ACCODING TO EUROCODE 1 PART 1-2

		Thermal conductivity		lambda				1		W/mK								T includes cooling curves hence horrible expression

		Length of compartment						10		m

		Height of compartment						2.5		m

		Width of compartment						10		m

		height of windows		heq				1.56		m

		Area of vertical openings		Av				10		m

		Fire Load		qf				600

		Growth Rate						FAST		(SLOW, MEDIUM, of FAST)

		Total surface area of enclosure		At				300

		Fire load (total area)		qt				200

		b						1661.3247725836

		Opening factor		O				0.04163332

		Gamma						0.53

		Tlim						0.25

		tmax						0.9607689228

		TEST						OK - VENTILATION CONTROLLED

		t*max						0.5074437987

		Theta max						762.8788136062

										medium growth=20min

		x

						Time		t*		T(heating phase)		T(cooling phase		T(actual)		Nominal Curve

						0		0		20		1079.0868604266		20		20

						0.01		0.0052816425		53.8025282378		1075.7956627275		53.8025282378		283.3826577792

						0.02		0.010563285		85.9322999478		1073.4291346602		85.9322999478		373.7305235163

						0.03		0.0158449275		116.4753753351		1070.1281080901		116.4753753351		429.6946486886

						0.04		0.02112657		145.5133733675		1066.8270815201		145.5133733675		470.3462224591

						0.05		0.0264082126		173.1237010333		1063.52605495		173.1237010333		502.2893029919

						0.06		0.0316898551		199.3797707657		1060.22502838		199.3797707657		528.6046111063

						0.07		0.0369714976		224.3512066419		1056.9240018099		224.3512066419		550.9812540835

						0.08		0.0422531401		248.1040399395		1053.6229752399		248.1040399395		570.4461965298

						0.09		0.0475347826		270.7008945963		1050.3219486698		270.7008945963		587.6706829254

						0.1		0.0528164251		292.2011630975		1047.0209220998		292.2011630975		603.1176476098

						0.11		0.0580980676		312.661173283		1043.7198955297		312.661173283		617.1198851049

						0.12		0.0633797101		332.1343465436		1039.5924880372		332.1343465436		629.9246775262

						0.13		0.0686613527		350.6713478513		1037.1178423896		350.6713478513		641.7207939692

						0.14		0.0739429952		368.3202280442		1033.8168158196		368.3202280442		652.6556092565

						0.15		0.0792246377		385.1265587671		1030.5157892495		385.1265587671		662.8463867416

						0.16		0.0845062802		401.1335604457		1027.2147626795		401.1335604457		672.3879609614

						0.17		0.0897879227		416.3822236548		1023.9137361094		416.3822236548		681.3581163255

						0.18		0.0950695652		430.9114242212		1020.6127095394		430.9114242212		689.8214442589

						0.19		0.1003512077		444.7580323854		1017.3116829693		444.7580323854		697.8321677635

						0.2		0.1056328502		457.9570163268		1014.0106563993		457.9570163268		705.4362483219

						0.21		0.1109144928		470.5415403462		1010.7096298292		470.5415403462		712.6729834103

						0.22		0.1161961353		482.5430579796		1007.4086032592		482.5430579796		719.5762356182

						0.23		0.1214777778		493.9914003046		1004.1075766892		493.9914003046		726.175390839

						0.24		0.1267594203		504.914859689		1000.8065501191		504.914859689		732.4961141787

						0.25		0.1320410628		515.3402692165		997.5055235491		515.3402692165		738.5609527592

						0.26		0.1373227053		525.2930780109		994.204496979		525.2930780109		744.3898211827

						0.27		0.1426043478		534.797422674		990.903470409		534.797422674		750.000396044

						0.28		0.1478859903		543.8761950335		987.6024438389		543.8761950335		755.4084392004

						0.29		0.1531676329		552.5511063959		984.3014172689		552.5511063959		760.6280647026

						0.3		0.1584492754		560.8427484808		981.0003906988		560.8427484808		765.6719607711

						0.31		0.1637309179		568.7706512105		977.6993641288		568.7706512105		770.5515756104

						0.32		0.1690125604		576.3533375166		974.3983375587		576.3533375166		775.2772739059

						0.33		0.1742942029		583.6083753168		971.0973109887		583.6083753168		779.8584693857

						0.34		0.1795758454		590.552426809		967.7962844186		590.552426809		784.3037377103

						0.35		0.1848574879		597.2012952209		964.4952578486		597.2012952209		788.6209130917

						0.36		0.1901391304		603.5699691456		961.1942312785		603.5699691456		792.8171713789

						0.37		0.1954207729		609.6726645898		957.8932047085		609.6726645898		796.8991018206

						0.38		0.2007024155		615.5228648499		954.5921781384		615.5228648499		800.8727693102

						0.39		0.205984058		621.1333583309		951.2911515684		621.1333583309		804.7437685865

						0.4		0.2112657005		626.5162744125		947.9901249983		626.5162744125		808.5172716077

						0.41		0.216547343		631.6831174637		944.6890984283		631.6831174637		812.1980691051

						0.42		0.2218289855		636.6447991018		941.3880718582		636.6447991018		815.7906071534

						0.43		0.227110628		641.4116687859		938.0870452882		641.4116687859		819.2990194583

						0.44		0.2323922705		645.9935428312		934.7860187181		645.9935428312		822.72715595

						0.45		0.237673913		650.3997319258		931.4849921481		650.3997319258		826.0786081777

						0.46		0.2429555556		654.6390672267		928.183965578		654.6390672267		829.3567319255

						0.47		0.2482371981		658.7199251089		924.882939008		658.7199251089		832.5646674069

						0.48		0.2535188406		662.6502506367		921.5819124379		662.6502506367		835.7053573424

						0.49		0.2588004831		666.4375798241		918.2808858679		666.4375798241		838.7815631807

						0.5		0.2640821256		670.0890607449		914.9798592978		670.0890607449		841.7958796883

						0.51		0.2693637681		673.6114735544		911.6788327278		673.6114735544		844.7507480999

						0.52		0.2746454106		677.0112494765		908.3778061577		677.0112494765		847.6484679971

						0.53		0.2799270531		680.2944888111		905.0767795877		680.2944888111		850.49120806

						0.54		0.2852086957		683.4669780126		901.7757530176		683.4669780126		853.2810158178

						0.55		0.2904903382		686.5342058851		898.4747264476		686.5342058851		856.0198265082

						0.56		0.2957719807		689.5013789437		895.1736998776		689.5013789437		858.7094711409

						0.57		0.3010536232		692.3734359811		891.8726733075		692.3734359811		861.3516838508

						0.58		0.3063352657		695.1550618833		888.5716467375		695.1550618833		863.9481086135

						0.59		0.3116169082		697.8507007317		885.2706201674		697.8507007317		866.5003053891

						0.6		0.3168985507		700.464568229		881.9695935974		700.464568229		869.009755751

						0.61		0.3221801932		703.0006634837		878.6685670273		703.0006634837		871.4778680517

						0.62		0.3274618357		705.462780186		875.3675404573		705.462780186		873.9059821692

						0.63		0.3327434783		707.8545172076		872.0665138872		707.8545172076		876.2953738755

						0.64		0.3380251208		710.1792886529		868.7654873172		710.1792886529		878.6472588619

						0.65		0.3433067633		712.4403333933		865.4644607471		712.4403333933		880.9627964535

						0.66		0.3485884058		714.6407241073		862.1634341771		714.6407241073		883.2430930406

						0.67		0.3538700483		716.7833758555		858.862407607		716.7833758555		885.4892052533

						0.68		0.3591516908		718.8710542125		855.561381037		718.8710542125		887.7021429012

						0.69		0.3644333333		720.9063829784		852.2603544669		720.9063829784		889.8828716998

						0.7		0.3697149758		722.8918514935		848.9593278969		722.8918514935		892.0323158006

						0.71		0.3749966184		724.8298215739		845.6583013268		724.8298215739		894.1513601427

						0.72		0.3802782609		726.7225340907		842.3572747568		726.7225340907		896.2408526404

						0.73		0.3855599034		728.5721152084		839.0562481867		728.5721152084		898.30160622

						0.74		0.3908415459		730.3805823015		835.7552216167		730.3805823015		900.3344007189

						0.75		0.3961231884		732.1498495663		832.4541950466		732.1498495663		902.3399846575

						0.76		0.4014048309		733.8817333425		829.1531684766		733.8817333425		904.3190768934

						0.77		0.4066864734		735.5779571598		825.8521419065		735.5779571598		906.2723681691

						0.78		0.4119681159		737.2401565251		822.5511153365		737.2401565251		908.2005225584

						0.79		0.4172497585		738.8698834615		819.2500887664		738.8698834615		910.1041788227

						0.8		0.422531401		740.4686108133		815.9490621964		740.4686108133		911.9839516804

						0.81		0.4278130435		742.0377363294		812.6480356263		742.0377363294		913.8404329997

						0.82		0.433094686		743.578586535		809.3470090563		743.578586535		915.6741929161

						0.83		0.4383763285		745.0924204043		806.0459824862		745.0924204043		917.4857808845

						0.84		0.443657971		746.5804328429		802.7449559162		746.5804328429		919.2757266669

						0.85		0.4489396135		748.0437579909		799.4439293462		748.0437579909		921.0445412625

						0.86		0.454221256		749.4834723555		796.1429027761		749.4834723555		922.7927177838

						0.87		0.4595028986		750.9005977818		792.8418762061		750.9005977818		924.5207322809

						0.88		0.4647845411		752.2961042699		789.540849636		752.2961042699		926.2290445208

						0.89		0.4700661836		753.6709126476		786.239823066		753.6709126476		927.9180987207

						0.9		0.4753478261		755.025897104		782.9387964959		755.025897104		929.5883242419

						0.91		0.4806294686		756.3618875931		779.6377699259		756.3618875931		931.240136245

						0.92		0.4859111111		757.6796721131		776.3367433558		757.6796721131		932.873936309

						0.93		0.4911927536		758.9799988679		773.0357167858		758.9799988679		934.4901130174

						0.94		0.4964743961		760.2635783171		769.7346902157		760.2635783171		936.0890425132

						0.95		0.5017560386		761.5310851208		766.4336636457		761.5310851208		937.6710890241

						0.96		0.5070376812		762.7831599829		763.1326370756		762.7831599829		939.2366053605

						0.97		0.5123193237		764.0204114001		759.8316105056		759.8316105056		940.7859333879

						0.98		0.5176009662		765.2434173206		756.5305839355		756.5305839355		942.319404475

						0.99		0.5228826087		766.4527267168		753.2295573655		753.2295573655		943.8373399188

						1		0.5281642512		767.648861077		749.9285307954		749.9285307954		945.340051349

						1.01		0.5334458937		768.8323158202		746.6275042254		746.6275042254		946.8278411118

						1.02		0.5387275362		770.003561638		743.3264776553		743.3264776553		948.3010026353

						1.03		0.5440091787		771.1630457668		740.0254510853		740.0254510853		949.7598207762

						1.04		0.5492908213		772.3111931948		736.7244245152		736.7244245152		951.2045721511

						1.05		0.5545724638		773.4484078066		733.4233979452		733.4233979452		952.6355254509

						1.06		0.5598541063		774.5750734683		730.1223713751		730.1223713751		954.052941741

						1.07		0.5651357488		775.6915550576		726.8213448051		726.8213448051		955.4570747466

						1.08		0.5704173913		776.7981994395		723.6375089219		723.6375089219		956.8481711262

						1.09		0.5756990338		777.8953363927		720.3463112228		720.3463112228		958.2264707307

						1.1		0.5809806763		778.9832794874		717.0551135236		717.0551135236		959.5922068521

						1.11		0.5862623188		780.0623269186		713.7639158245		713.7639158245		960.9456064608

						1.12		0.5915439614		781.1327622955		710.4727181254		710.4727181254		962.286890431

						1.13		0.5968256039		782.1948553911		707.1815204263		707.1815204263		963.6162737582

						1.14		0.6021072464		783.2488628524		703.8903227272		703.8903227272		964.9339657652

						1.15		0.6073888889		784.295028874		700.599125028		700.599125028		966.2401703001

						1.16		0.6126705314		785.3335858377		697.3079273289		697.3079273289		967.5350859259

						1.17		0.6179521739		786.3647549183		694.0167296298		694.0167296298		968.8189061011

						1.18		0.6232338164		787.388746658		690.7255319307		690.7255319307		970.0918193536

						1.19		0.6285154589		788.4057615125		687.4343342316		687.4343342316		971.3540094469

						1.2		0.6337971014		789.415990367		684.1431365325		684.1431365325		972.6056555387

						1.21		0.639078744		790.4196150273		680.8519388333		680.8519388333		973.8469323343

						1.22		0.6443603865		791.4168086845		677.5607411342		677.5607411342		975.0780102324

						1.23		0.649642029		792.4077363562		674.2695434351		674.2695434351		976.2990554656

						1.24		0.6549236715		793.3925553048		670.978345736		670.978345736		977.5102302353

						1.25		0.660205314		794.3714154341		667.6871480369		667.6871480369		978.7116928409

						1.26		0.6654869565		795.3444596659		664.3959503377		664.3959503377		979.9035978039

						1.27		0.670768599		796.3118242966		661.1047526386		661.1047526386		981.0860959871

						1.28		0.6760502415		797.2736393355		657.8135549395		657.8135549395		982.2593347094

						1.29		0.6813318841		798.2300288265		654.5223572404		654.5223572404		983.423457856

						1.3		0.6866135266		799.1811111518		651.2311595413		651.2311595413		984.5786059837

						1.31		0.6918951691		800.126999321		647.9399618422		647.9399618422		985.7249164237

						1.32		0.6971768116		801.0678012449		644.648764143		644.648764143		986.8625233787

						1.33		0.7024584541		802.0036199955		641.3575664439		641.3575664439		987.9915580178

						1.34		0.7077400966		802.9345540519		638.0663687448		638.0663687448		989.1121485669

						1.35		0.7130217391		803.8606975342		634.7751710457		634.7751710457		990.2244203961

						1.36		0.7183033816		804.7821404252		631.4839733466		631.4839733466		991.3284961043

						1.37		0.7235850242		805.6989687803		628.1927756474		628.1927756474		992.4244955997

						1.38		0.7288666667		806.6112649272		624.9015779483		624.9015779483		993.5125361783

						1.39		0.7341483092		807.5191076548		621.6103802492		621.6103802492		994.5927325992

						1.4		0.7394299517		808.4225723922		618.3191825501		618.3191825501		995.6651971573

						1.41		0.7447115942		809.3217313796		615.027984851		615.027984851		996.730039753

						1.42		0.7499932367		810.2166538288		611.7367871519		611.7367871519		997.7873679602

						1.43		0.7552748792		811.1074060766		608.4455894527		608.4455894527		998.8372870914

						1.44		0.7605565217		811.9940517299		605.1543917536		605.1543917536		999.8799002605

						1.45		0.7658381643		812.8766518034		601.8631940545		601.8631940545		1000.9153084438

						1.46		0.7711198068		813.7552648501		598.5719963554		598.5719963554		1001.9436105384

						1.47		0.7764014493		814.6299470849		595.2807986563		595.2807986563		1002.9649034191

						1.48		0.7816830918		815.5007525025		591.9896009571		591.9896009571		1003.9792819932

						1.49		0.7869647343		816.3677329887		588.698403258		588.698403258		1004.9868392532

						1.5		0.7922463768		817.2309384257		585.4072055589		585.4072055589		1005.9876663282

						1.51		0.7975280193		818.0904167928		582.1160078598		582.1160078598		1006.9818525333

						1.52		0.8028096618		818.9462142611		578.8248101607		578.8248101607		1007.9694854172

						1.53		0.8080913043		819.7983752842		575.5336124616		575.5336124616		1008.9506508088

						1.54		0.8133729469		820.6469426832		572.2424147624		572.2424147624		1009.9254328619

						1.55		0.8186545894		821.491957728		568.9512170633		568.9512170633		1010.8939140982

						1.56		0.8239362319		822.3334602145		565.6600193642		565.6600193642		1011.8561754495

						1.57		0.8292178744		823.1714885372		562.3688216651		562.3688216651		1012.8122962984

						1.58		0.8344995169		824.006079759		559.077623966		559.077623966		1013.7623545173

						1.59		0.8397811594		824.8372696763		555.7864262668		555.7864262668		1014.7064265066

						1.6		0.8450628019		825.6650928818		552.4952285677		552.4952285677		1015.6445872315

						1.61		0.8503444444		826.4895828233		549.2040308686		549.2040308686		1016.5769102579

						1.62		0.855626087		827.3107718599		545.9128331695		545.9128331695		1017.5034677868

						1.63		0.8609077295		828.1286913154		542.6216354704		542.6216354704		1018.4243306881

						1.64		0.866189372		828.9433715282		539.3304377713		539.3304377713		1019.3395685327

						1.65		0.8714710145		829.7548418997		536.0392400721		536.0392400721		1020.2492496246

						1.66		0.876752657		830.5631309398		532.748042373		532.748042373		1021.153441031

						1.67		0.8820342995		831.3682663092		529.4568446739		529.4568446739		1022.0522086122

						1.68		0.887315942		832.1702748614		526.1656469748		526.1656469748		1022.9456170506

						1.69		0.8925975845		832.9691826804		522.8744492757		522.8744492757		1023.8337298781

						1.7		0.8978792271		833.7650151184		519.5832515765		519.5832515765		1024.7166095037

						1.71		0.9031608696		834.5577968299		516.2920538774		516.2920538774		1025.5943172394

						1.72		0.9084425121		835.3475518055		513.0008561783		513.0008561783		1026.4669133263

						1.73		0.9137241546		836.1343034029		509.7096584792		509.7096584792		1027.3344569587

						1.74		0.9190057971		836.9180743768		506.4184607801		506.4184607801		1028.197006309

						1.75		0.9242874396		837.6988869074		503.127263081		503.127263081		1029.0546185503

						1.76		0.9295690821		838.476762627		499.8360653818		499.8360653818		1029.9073498797
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Sheet1

		Time		Standard Fire Curve				Equiv parametric curve

		0		20		0		20

		1		349.2136657566		0.0166666667		198.7297274442

		2		444.5048778755		0.0333333333		331.1690977216

		3		502.2893029919		0.05		429.8298998293

		4		543.8873092579		0.0666666667		503.8293316706

		5		576.4104305683		0.0833333333		559.8113416903

		6		603.1176476098		0.1		602.6178951616

		7		625.776825207		0.1166666667		635.7780421513

		8		645.4551080418		0.1333333333		661.8642405727

		9		662.8463867416		0.15		682.7519647736

		10		678.4273315131		0.1666666667		699.8088504927

		12		705.4362483219		0.2		726.1508948103

		14		728.3120630018		0.2333333333		746.0547275766

		16		748.1534500532		0.2666666667		762.276664184

		18		765.6719607711		0.3		776.2939639822

		20		781.354927231		0.3333333333		788.9041614926

		25		814.6026398101		0.4166666667		816.6838051892

		30		841.7958796883		0.5		840.976227997

		35		864.8036803673		0.5833333333		862.6942219242

		40		884.7442361797		0.6666666667		882.2608004865

		45		902.3399846575		0.75		899.9674700044

		50		918.084808554		0.8333333333		916.0518658869

		55		932.3313133664		0.9166666667		930.7172376593

		60		945.340051349		1		944.1395276482

		65		957.3090145383		1.0833333333		956.4714961639

		70		968.3921871334		1.1666666667		967.8458874578

		75		978.7116928409		1.25		978.3780924746

		80		988.366020184		1.3333333333		988.1684424701

		85		997.4357536099		1.4166666667		997.3041961328

		90		1005.9876663282		1.5		1005.861263541

		95		1014.0777065859		1.5833333333		1013.9057023023

		100		1021.7532180491		1.6666666667		1021.4950160857

		105		1029.0546185503		1.75		1028.6792816724

		110		1036.0166884022		1.8333333333		1035.5021271812

		115		1042.6695724179		1.9166666667		1042.0015811259

		120		1049.0395687457		2		1048.2108093666
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