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Abstract — In this study, predictive models based on machine learning for evaluating the extent of hazardous zone of
explosive gases are developed. They are able to provide important guidelines for installing the explosion proof
apparatus. 1,200 research data sets including 12 combustible gases and their extents of hazardous zone are generated to
train predictive models. The extent of hazardous zone is set to an output variable and 12 variables affecting an output are
set as input variables. Multiple linear regression, principal component regression, and artificial neural network are
employed to train predictive models. Mean absolute percentage errors of multiple linear regression, principal component
regression, and artificial neural network are 44.2%, 49.3%, and 5.7% and root mean square errors are 1.389m, 1.602m,
and 0.203 m respectively. Therefore, it can be concluded that the artificial neural network shows the best performance.
This model can be easily used to evaluate the extent of hazardous zone for explosive gases.
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Fig. 1. The hazardous area classification step.
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Table 1. Gas release rate formulas [5]
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Fig. 2. The chart for assessing the degree of dilution [5].
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Table 2. Physical properties of combustible gas [20,21]
Gas Molecular formula Molar mass (g/mol) Density (kg/m?) L.E.L (vol%)
Hydrogen H, 2.02 0.082 4.0
1,3Butadiene C,H, 54.1 2428 2.0
1Butene C,Hyg 56.1 2.366 1.6
Methylbutene CH, 70.1 2.993 1.5
Ammonia NH; 17.03 0.707 15
Butane C,H;, 58.12 2.110 1.8
Ethane C,H, 30.07 1.242 3.0
Ethylene C,H, 28.05 1.261 3.1
Hydrogen Sulfide H,S 34.08 1.406 43
Methane CH, 16.04 0.717 5.0
Propane C;Hy 44.09 1.868 22
Propylene C;Hq 42.08 1.786 2.0
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p-value (<0.05) 0.410 0.462 0.000 0.464 0.000 0.000 0.000 0.000 0.000 0.735 0.332 0.000 0.000
Tolerance - 0.002 0.634 0.188 0.555 0.609 0.931 0.977 0.972 0.916 0.002 0.134 0.357
V.LFE. - 637.553  1.578 5314 1.801 1.643 1.074 1.023 1.028 1.092  635.654 7.438 2.798
Table 4. The results of principal component analysis
PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PCI10 PCI11 PCI12
Initial Eigenvalues ~ 3.731 1.498 1.138 1.062 1.047 0.938 0.921 0.822 0.568 0.189 0.085 0.001
% Variance 31.094 12.479 9.484 8.848 8.722 7.820 7.679 6.848 4.737 1.572 0.710 0.007
% Cumulative 31.094  43.573  53.057 61905  70.627 78447  86.125 92973 97710  99.283  99.993  100.000
Table 5. The results of PCR
b PC1 PC2 PC3 PC4 PC5 PC6 PC7
Coefficient -0.014 0.172 0.299 -0.066 0.031 0.099 0.046 -0.138
t-value -0.592 27.817 19.278 -3.286 1.441 4.553 1.759 -5.570
p-value (<0.05) 0.554 0.000 0.000 0.001 0.150 0.000 0.079 0.000
Tolerance - 0.996 0.996 0.996 0.997 0.996 0.999 0.996
V.LE. - 1.004 1.004 1.004 1.003 1.004 1.001 1.004
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Fig. 4. The Comparison between the predictive and real values of
hazardous extent.

Sttlole] AES vlxe]ol shwe] Ze]i= WAola &2l
shadlold Aol shte] e FHE muht YonA S
skaL 2ueich A E 2gste] fulo]Eshs Aot mlu
A A o 2Eele AR A 0 RA TR A H O A1
AN} T FIAA T, FHe] ZAS Gl mdEiA S
FFOR oA o] ARESRAL QITH36]. & Aol vuEiA]
A& A8k
ARG M 2T kB S WESAYINA ds87E
A#3to] RMSESE MAPEZ} 7Hd 27 Whesz 28] A& =



71AI8E 719ke] ZhE R 9] SR el gk At 255
Table 6. Decision of ANN structure
Number of Hidden layer Number of Nodes RMSE (m) MAPE (%) R (%)
13 0.465 14.1 96.8
{ 16 0.434 12.6 97.2
19 0.454 132 98.3
23 0.212 6.6 99.3
13 0.203 5.7 99.4
5 16 0.364 10.2 98.0
19 0.441 12.5 97.1
23 0.354 8.7 98.1

Table 7. Comparison of predictive performance
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