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Abstract - Gas cylinder cabinets have risks such as cylinder explosion and scattering of debris when a fire
occurs. These risks are likely to cause gas spills and cause secondary damage. In order to reduce damage, it is
very important to secure the fire resistance performance of the gas cylinder cabinet. In foreign countries, NFPA
codes in the United States and EN-14470-2 in Europe stipulate fire resistance test standards for gas cylinder
cabinets to protect internal cylinders for a certain period of time in a situation where gas cylinder cabinets are
exposed to flames. However, in Korea, only internal pressure performance and airtight performance standards
are specified, and the target is limited to piping, and research and regulations for the fire resistance perform-
ance of gas cylinder cabinets are insufficient compared to overseas. Therefore, in this study, finite element
analysis was used to establish fire resistance standards for domestic gas cylinder cabinets. In the event of a fire,
optimal conditions are derived in terms of structure and material.
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Table 1. Gas cylinder cabinet regulations.

Gas cylinder cabinet| Based on fire
dimensions resistance.
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Fig. 1. Process of 3D scanning.
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Table 2. SS410 mechanical property.

Property (Unit) Value
Density (kg/m®) 7800
Melting Temperature (C) 1480
Young’s Modulus (Pa) 2E+11
Poisson’s Ratio 0.29
Tensile Yield Strength (Pa) 3.39E+08
Tensile Ultimate Strength (Pa) 6.77E+08
Isotropic Thermal Conductivity (W/m-C) 25
Specific Heat,C, (J/kg-C) 465

Fig. 2. Gas cylinder cabinet modeling.

Fig. 3. Air layer structure of double steel sheet.
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Table 3. Boundary conditions according to the
US refractory test standards.

Division Condition
Internal temperature (C) 163
Minimum thickness (mm) 1.02
Test of fire proof time (min) 10

Table 4. The temperature of the fire applied to
the gas cylinder cabinet.

Time (min) Temperature (C)
1 349.2137
2 444.5049
3 502.2893
4 543.8873
5 576.4104
6 603.1176
7 625.7768
8 645.4551
9 662.8464
10 678.4273
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Fig. 4. Standard time - temperature curve graph.
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Fig. 5. Transient thermal analysis results.
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Table 5. Transient thermal analysis results.
(Air layer structure of double steel sheet.)

Air layer spacing. (mm) Thermal analysis result (C) (a) ()
38 68.68 Fig. 6. Changing the air layer spacing.
35 71.19
33 75.13
30 82.24
25 92.68
20 109.07
15 135.55
14 142.81
13 151.14
12 160.62
11 171.57
10 18436 Fig. 7. Transient thermal analysis results.
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Table 6. Chrome molybden steel (SCM440) mater-
ial property.

Property (Unit) Value
Density (kg/m®) 7860
Melting temperature (C) 1414
Young’s modulus (GPa) 205
Poisson’s ratio 0.29
Tensile yield strength (MPa) 415
Tensile ultimate strength (MPa) 655
Isotropic thermal conductivity (W/m-C) 42.6
Specific heat, . (J/kg-C) 473.11

Table 7. Machine structural carbon steel (SM45C)
material property.

Property (Unit) Value
Density (kg/m®) 7800
Melting temperature (C) 1480
Young’s modulus (GPa) 205
Poisson’s ratio 0.29
Tensile yield strength (Pa) 4.9E+08
Tensile ultimate strength (Pa) 6.86E+08
Isotropic thermal conductivity (W/m-C) 49.8
Specific heat,C, (J/kg-C) 486

Table 8. Stainless steel (STS304) material pro-

perty

Property (Unit) Value

Density (kg/m®) 8000

Melting temperature (C) 1480
Young’s modulus (Pa) 1.93E+11

Poisson’s ratio 0.29
Tensile yield strength (Pa) 2.15E+08
Tensile ultimate strength (Pa) 5.05E+08

Isotropic thermal conductivity (W/m-C) 215

Specific heat, C, (J/kg-C) 500
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