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The Applicable Investigation of Response Surface Methodology(RSM)
for the Prediction of the Ignition Time, the Heat Release Rate and
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ABSTRACT

The aim of this study is to predict the ignition times and the HRR(heat release rate) for building
interior materials. By using the literature data and RSM(response surface methodology), the new equa-
tions for predicting the ignition time and the HRR of building interior materials are proposed. The
A.A.P.E.(average absolute percent error) and the A.A.D.(average absolute deviation) of the reported
and the calculated ignition times by means of the thickness and the density were 4.35 sec and
1.57 sec, and the correlation coefficient was 0.987. The correlation coefficient of the reported and the
calculated the net HRR by means of burner width and power was 0.983. Also the correlation coeffi-
cient of the reported and the calculated the total HHR by means of burner width and power was 0.999.
The correlation coefficient of the reported and the calculated the maximum flame height by means of
burner width and power was 0.999. The values calculated by the proposed equations were in good
agreement with the literature data.

Keywords : Building interior materials, Ignition times, Heat release rate(HRR), RSM(response surface
methodology), Maximum flame height
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Table 1. Comparison between the predicted and the reference values for the ignition time of gypsum plasterboard

Couqtry Type Thickness Densit;y Average v;/eight Ignition time Predigted ignition
of origin [mm] [kg/m’] [kg/m-] [s] time [s]
Sweden Floor overlay 12.5 1173 14.7 86 85.9
Sweden A 12.3 742 9.23 37 38.5
Sweden F 154 864 133 53 50.1
Canada X 132 757 10.0 41 404
Canada X 13.1 682 8.9 32 319
Canada X 16.0 721 11.5 37 36.9
Canada X 159 713 114 35 36.1
USA X 159 682 10.9 31 333
USA X 249 716 17.9 34 333
USA X 15.8 676 10.6 35 32.7
USA C 12.9 695 9.0 33 333
USA Regular 124 638 7.9 27 26.2
USA Moisture Resistant 12.5 651 8.1 29 279
New Zealand Fire rated 9.5 748 7.1 35 38.1
New Zealand Fire rated 12.4 787 9.8 43 43.8
New Zealand Fire rated 16.0 843 13.5 49 47.7
New Zealand Fire rated 19.0 835 159 41 43.7
Japan Fire proof 9.3 708 6.6 29 325
Japan Fire proof 9.2 705 6.5 37 32.0
Japan Fire proof 9.2 741 6.8 38 37.0
APPE - - - - - 4.35
A.AD. - - - - - 1.57

Type A : Ordinary plasterboard according to prEn 520
Type F : improved core cohesion according to prEn 520
Type X : fire rated quality in the USA

Type C : improved fire rated quality in the USA

Fire proof, improved paper quality for lower ignitability
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Table 2. Summary of corner test result for vinyl ester/glass composites
Burner Burner Maximum Time to Average Peak HRR Time of
width power spread reach top | spread rate [kw] HRR peak
[cm] [kw] Hgt[cm] [s] [cm/s] Total Net [s]
23 31 187 oo 0 — —
23 31 190 oo 0 45 14 1250
23 63 244 410 0.60 152 89 1100
23 62 244 410 0.60 152 90 1350
38 31 116 oo 0 42 11 1000
38 31 114 00 0 71 40 1200
38 61 244 1280 0.19 112 51 1100
38 62 244 1390 0.175 ca.l16 54 1200
38 145 244 167 1.46 271 126 375
38 148 244 168 1.45 266 118 650
38 Non Fllg,&coate d minimal — — 162 14 1600
14
38 N0n7éR 244 120 2.0 576 429 175
Table 3. Comparison between the predicted and the reference values for the peak net HRR and the peak total HRR
Burner width | Burner power |Maximum spread Peak HRR [kw] Predicted peak HRR [kw]
lem] [kw] Hgtlem] Total Net Total Net
23 31 190 45 14 45.1 14.1
23 63 244 152 89 153.7 90.7
23 62 244 152 90 150.3 88.3
38 31 116 42 11 57.3 253
38 31 114 71 40 57.3 253
38 61 244 112 51 112.2 524
38 62 244 ca.l16 54 114.0 53.3
38 145 244 271 126 266.0 120.7
38 148 244 266 118 271.5 123.0
A.A.PE. - - - - 7.09 20.49
A.AD. - - - - 5.01 498
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