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Abstract 7 

This paper presents the application of a simplified method to estimate pyrolysis rates from rigid closed-cell 8 

cellular plastics by means of experimental temperature measurements. These materials are extremely 9 

effective in meeting energy efficiency goals in buildings and their safe use should also be enabled and 10 

optimised by undertaking comprehensive fire safety analyses. The proposed methodology consists of 11 

determining the mass loss as a function of the thermal evolution by applying a mass conversion directly 12 

using thermogravimetric data under non-oxidative conditions. In order to verify this simplified method, an 13 

experimental programme based on 100 mm thick samples of rigid polyisocyanurate foam was conducted 14 

using a Cone Calorimeter, obtaining measurements of mass loss and temperature within the core of the 15 

material. A Monel plate was used on top of the sample in order to represent a simpler boundary condition 16 

by eliminating the smouldering process of the charred material. Although the pyrolysis rates using this 17 

methodology did not provide a perfect fit with experimental data, they showed similar trends, with a slightly 18 

delayed prediction but still accurate magnitude. This methodology presents potential for fire safety 19 

engineering applications in two domains: (1) as a complementary technique to improve the interpretation 20 

of results from standard and ad-hoc testing, and (2) as a design technique for the evaluation of potential 21 

heat release contribution and gaseous emissions of assemblies incorporating insulation materials. 22 
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5.1. Model testing 366 

The presented simplified method can be used to develop a model of the pyrolysis behaviour under well- 367 

defined testing conditions. The concept consists of running ad-hoc and/or standard fire testing including a 368 

series of thermocouples to allow an a posteriori quantification of the pyrolysis behaviour from the 369 

insulation. This approach would also allow quantification of the effectiveness of various protection systems, 370 

to allow an optimised design solution to be generated. The provision of pyrolysis predictions can 371 

complement heat release rate calculations and measurements of gas species from the generated smoke. 372 

Within this scope, error bars need to be acknowledged, based on the model limitations and testing conditions 373 

noted previously. Clearly, if consistent data are used, expected errors can be quantified and delimited. The 374 

potential of this approach resides in the low-cost solution for improved product development, thus reducing 375 

costly research based on full-scale testing. 376 

5.2. Hazard quantification 377 

The proposed methodology can lead to evaluation of designs, by which the fire hazard from insulation 378 

materials can be quantified explicitly if a series of assumptions and hypotheses are established. A diagram 379 

describing the application of the methodology for design purposes is presented in Figure 10. The approach 380 

consists of evaluating the time to achieve a potential hazardous heat release contribution and gaseous 381 

emissions from the insulation. 382 

The first step is based on the definition of effective thermal properties and initial thickness for lining 383 

and insulation. Then, a series of fire scenarios defined as the conditions of heat exposure (thermal boundary 384 

conditions), their respective area of exposure, and exposure time have to be proposed. Next, the thermal 385 

evolution of the system lining-insulation has to be estimated for each boundary condition by using a heat 386 

transfer solver. For simplicity, the problem can be simplified as a one-dimensional problem and a perfect 387 

contact can be assumed between insulation and lining, which are conservative assumptions. At this stage 388 

practitioners can either apply the simplified methodology based on a critical temperature proposed 389 

elsewhere [26], or alternatively apply the uncoupled pyrolysis model presented in previous sections in order 390 

to estimate the pyrolysis rate for each area of exposure. If the former is applied, the failure time of the 391 

insulation system is defined as the time when the insulation reaches the critical temperature at the surface. 392 

If the latter is applied, a total rate of pyrolysis gas generation needs to be calculated as the sum from each 393 

of the exposure areas. The potential heat release contribution can be obtained by multiplying the generation 394 

rate by the corresponding effective heat of combustion, while analogously the potential gaseous emissions 395 

can be obtained by multiplying by the corresponding yields. The failure time then can be defined as the 396 

time to reach a critical value of HRR or emission concentration. 397 
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While the calculation of gaseous emissions represents an ambitious task, as these strongly depend on 398 

conditions such as oxygen concentration and temperature [44], a series of hypotheses can be set if further 399 

toxicity assessments are pursued. For instance, these values can be used as inputs for CFD modelling in 400 

order to estimate fractional effective concentrations/doses for tenability assessments [45]. Similarly, 401 

potential HRR contributions can be used for tenability assessments in fire (zone/CFD) models. 402 

The potential of this approach resides in the fact that the data required to develop these quantifications 403 

can be obtained by using bench-scale tests (for instance, thermogravimetric data or material properties such 404 

as thermal properties, yields or heat of combustion) that are often readily available from manufacturers, or 405 

by using values presented in the literature. 406 














