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APPENDIX F

Fire Tests

Fire tests are used to assess material properties. The Heat Release Rate (HRR) is the single most important parameter in assessing material properties relevant to a real fire. HRR is a direct measure of fire size and limiting the HRR from a burning product restricts the heat and radiation imposed on a person exposed to a fire.

The HRR is also closely coupled to the mass loss rate that governs the production rates of toxic gases and smoke. A high HRR generates large flames which means high radiation feedback to he surface of the product causing the rate of fire growth to increase. The HRR from a fire is measured in a fire calorimeter.

The Room/Corner Test – ISO 9705

ISO 9705 “Fire Tests-Full Scale Room Fire Test for Surface Products” standardises what is commonly called the “room/corner” fire test. 

The control values in the HSC code relate to a large scale test where a complete assembly of the product including its mounting is tested. This is particularly important for sandwich panels with polymer foam insulation as their burning behaviour not always is truly reflected when testing small samples. For this purpose, the ISO 9705 is used. In this test, the product is mounted on three walls and the ceiling of a small room 2.4 m by 3.6 m floor area and a ceiling height of 2.4 m. 

The room has a door opening 0.8 m wide and 2.0 m high. The ignition source is a gas burner placed in one of the room corners. The burner heat output is 100 kW for the first ten minutes and then 300 kW for another 10 minutes. The smoke gases, coming out the doorway, are collected by a hood. HRR is obtained by measuring the volume flow rate and the oxygen content in the exhaust duct. In a similar way the smoke production rate is obtained by measuring the smoke optical density.

A new and powerful technique for measuring a large variety of toxic gas species has been introduced, the so-called FTIR (Fourier Transform InfraRed). This instrument makes infrared measurements simultaneously over the whole spectrum. NORDEST has published a standard, the “NT FIRE 047”, for FTIR measurements in fire testing. 

The FTIR technique is very promising. The concentration of a gas is measured continuously during a fire test. When combined with the heat release rate, yield data can be determined. Older techniques often only gave the time average and are time-consuming and not very suitable for routine work. 

As discussed before, IMO recommends certain criteria for classifying fire-restricting materials based on ISO 9705 test performance. Full-scale testing can be quite expensive, thus an effort to predict full scale performance from bench-scale tests such as the cone calorimeter and the LIFT apparatus has been made in recent years, although IMO has not yet approved the use of predictive models for qualifying materials. 

Some models have been shown to accurately predict time to flashover in the ISO 9705 test compartment. Several different researchers have developed models for this purpose. 

Among them, there are Karlsson, Magnusson, Quintiere and Janssens. These models typically operate by modelling flame spread, both upward (concurrent) and downward (opposed-flow), on the wall and ceiling lining materials and calculating the resulting heat release rate from the burning lining materials. 

The Cone Calorimeter – ISO 5660

The Cone Calorimeter is a small-scale method where specimens sized 100 mm by 100 mm are exposed to well defined irradiance levels. These levels can be set up to 100 kW/m2 corresponding to those of a real scale fire. As an example, the floor in a room with a fully developed fire is exposed to an irradiance in the range of 25 to 50 kW/m2.  Close to the flames on a burning wall lining the irradiance can be even higher. The surface of the specimen is heated and combustible gases are produced. The gases are then ignited by an electric spark ignitor. The smoke produced by the burning specimen is evacuated through an exhaust duct.

Data reduction is the same as for the large scale Room/Corner Test. Output parameters are HRR, smoke production rate as well as toxic gas species if required.

The products used on high speed craft have high performance fire properties and experiments show that they should e tested at an irradiance of at least 50 kW/m2. At lower levels they may not ignite or show a highly irregular behaviour which is not seen in the large-scale test.

Testing costs can be reduced if as mall scale test is used and the results for a large-scale test are predicted. As the two methods are based on the same measuring principle, the same result parameters can be calculated. This offers a good point of comparison between small and full-scale tests. At Swedish National Testing and Research Institute, a mathematical model has been developed that uses only cone calorimeter data as input and predicts the heat release history in the ISO 9705 test. The model is currently tuned to predict the time to flashover but it might be possible to develop it into a tool for calculating the classification parameters for fire restricting materials. 

Quintiere’s Fire Growth Model

[Quintiere, 1993] developed a mathematical model to simulate fire growth on wall and ceiling materials. The model predicts the burning area, the upper layer gas temperature, and the total heat release rate in the room among other things. 

It uses material properties data derived from cone calorimeter data and LIFT tests. The input routine is very flexible with regard to room dimensions, ignition source strength and location and material properties.

This flexibility gives the model the potential for the application to other room fire scenarios besides ISO 9705 Room/Corner test prediction. 

The results presented by Quintiere for the 13 Swedish fire test materials, show good agreement to the experimental results. Quintiere conducted a sensitivity analysis with his model, changing the material property data (within acceptable limits) for energy release per unit area and the material's effective heat of gassification to achieve an even better fit to the experimental results.

In a more recent paper, [Quintiere, 1995] presented models results compared to the EUREFIC fire test materials and eight materials used as cabin interior finish materials in commercial aircraft (FAA materials). The model results compared well with experimental results for time to flashover for the EUREFIC  materials. 

In some cases, making small changes within the range of uncertainty for material property data yielded better agreement with experimental results. For the FAA materials, experimental results from the room/corner test were not available, but rather compared results to post-crash fire tests conducted by the FAA. The application of the model to the FAA materials was viewed as successful in terms of consistency with the limited results of the post-crash fire tests.

As presented in Paragraph Error! Reference source not found., the IMO’s recommended criteria for qualifying a fire-restricting material for use in a HSC are six. All six of the requirements must be fulfilled in order to qualify as a fire-restricting material. 

Quintiere ‘s model is helpful for screening products to meet the HRR criteria. Since the model output also includes the location of the pyrolysis and burnout fronts throughout the test, the model can be useful for screening products based on the requirement of flame spread not reaching any further down the wall of the test room than 0,5 m from the floor. 

Quintiere’s model does not predict smoke generation, thus the criteria for smoke production cannot be evaluated. Likewise, the criteria for flaming drops or debris cannot be evaluated with the present model.
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