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ABSTRACT

This study presents an analytical study of investigating the effect of shock waves generated by the hydrogen detonation and damage to
structures for the safety evaluation of hydrogen storage facilities against detonation. Blast scenarios were established considering the
volume of the hydrogen storage facility of 10 L to 50,000 L, states of charge (SOC) of 50% and 100%, and initial pressures of 50 MPa and
100 MPa. The equivalent TNT weight for hydrgen detonation was determined considering the mechanical and chemical energies of
hydrogen. A hydrogen detonation model for the converted equivalent TNT weight was made using design equations that improved the
Kingery-Bulmash design chart of UFC 3-340-02. The hydrogen detonation model was validated for overpressure and impulse in com-
parison to the past experimental results associated with the detonation of hydrogen tank. A parametric study based on the blast scenarios
was performed using the validated hydrogen detonation model, and design charts for overpressure and impulse according to the standoff
distance from the center of charge was provided. Further, design charts of the three-stage structural damage and standoff distance of
adjacent structures according to the level of overpressure and impact were proposed using the overpressure and impulse charts and
pressure-impulse diagrams.
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Table 1. Scenarios for evaluating the overpressure and impulse resulting from hydrogen tank detonations

No. V(L)  Pua(MPa) SOC(%) Pi(MPa) | No. V(L)  Pua(MPa) SOC(%)  Pi(MPa)
1 50,000 100 100 100 17 50,000 100 50 50
2 30,000 100 100 100 18 30,000 100 50 50
3 20,000 100 100 100 19 20,000 100 50 50
4 10,000 100 100 100 20 10,000 100 50 50
5 5,000 100 100 100 21 5,000 100 50 50
6 3,000 100 100 100 2 3,000 100 50 50
7 2,000 100 100 100 23 2,000 100 50 50
8 1,000 100 100 100 24 1,000 100 50 50
9 500 100 100 100 25 500 100 50 50
10 300 100 100 100 26 300 100 50 50
1 200 100 100 100 27 200 100 50 50
12 100 100 100 100 28 100 100 50 50
13 50 100 100 100 29 50 100 50 50
14 30 100 100 100 30 30 100 50 50
15 20 100 100 100 31 20 100 50 50
16 10 100 100 100 32 10 100 50 50
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Table 2. Calculation of equivalent TNT for hydrogen vessel with the volume of 72.4 L and initial pressure of 34.3 MPa for
validation of hydrogen detonation model

Parameter Value Note

Vessel volume, V' (L) 724 -
Initial pressure of hydrogen, P, (MPa) 343 -
Heat of combustion of TNT (kJ/kg) 4,686 -
Total energy, E (MJ) 19.7 -

a E, (MJ) 9.42 -
Mechanical energy coefficient, @ 1.8 -
Mechanical energy, E,, (MJ) 5.23 -

B Een (MI) 10.3 -
Chemical energy coefficient, 5 0.052 -
Mechanical energy, E.;, (MJ) 198.4 -
Stored hydrogen mass, m, (kg) 1.654 -
Equivalent TNT weight, Winr g (kg) 421 Both E,, and E.,
Equivalent TNT weight, Wynr (kg) 2.01 E,, only
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Fig. 1. Validation for modeling of hydrogen detonation
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Fig. 2. Overpressure and impulse as a function of distance simulated for detonation of hydrogen with the pressure of 100
MPa (SOC 100%)
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Fig. 3. Overpressure and impulse as a function of distance simulated for detonation of hydrogen with the pressure of 50
MPa (SOC 50%)
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Fig. 4. Evaluation of structural performance using pressure-impulse diagram of Baker et al. (1983) for hydrogen storage
vessel with the pressure of 100 MPa
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Fig. 5. Evaluation of structural performance using pressure-impulse diagram of Baker et al. (1983) for hydrogen storage
vessel with the pressure of 50 MPa
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Tables 3 and 4+ 421787 2] Fu] 2} f o whe 1] F320] F o] AAZE A | flaf Als= 3. #5:14
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Table 3. Overpressure, impulse and standoff distance according to damage levels of building for hydrogen pressure of 100
MPa

Minor structural damage Major structural damage Partial demolition
Hydrogen storage vessel
Py (kPa) I, (kPa-ms) R (m) P;(kPa) I (kPa-ms) R (m) P;(kPa) I, (kPa-ms) R (m)

50,000 L, 100 MPa 4.7 134 276 18 353 104 43 590 60
30,000 L, 100 MPa 5.0 123 220 21 331 81 51 545 47
20,000 L, 100 MPa 5.6 117 176 25 324 63 65 525 36
10,000 L, 100 MPa 7.4 113 114 35 315 41 102 500 23
5,000 L, 100 MPa 10 110 72 55 309 25 162 475 15
3,000 L, 100 MPa 13 110 51 80 306 17 232 465 11
2,000 L, 100 MPa 16 110 39 106 295 13 310 461 8.1
1,000 L, 100 MPa 22 110 25 172 285 8.3 511 451 52
500 L, 100 MPa 32 110 16 324 295 5.0 945 452 32
300 L, 100 MPa 45 110 11 446 285 3.7 - 452 0.54
200 L, 100 MPa 60 110 8.0 644 289 2.8 - 452 0.46
100 L, 100 MPa 109 111 4.8 - 289 1.6 - 452 0.35
50 L, 100 MPa 197 111 29 - 289 1.3 - 452 0.26
30 L, 100 MPa 295 111 2.1 - 289 0.24 - 452 0.21
20 L, 100 MPa 410 112 1.6 - 289 0.2 - 452 0.17

10 L, 100 MPa 724 112 0.97 - 289 0.15 - 452 0.12
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Table 4. Overpressure, impulse and standoff distance according to damage levels of building for hydrogen pressure of 50
MPa

Minor structural damage Major structural damage Partial demolition

Hydrogen storage vessel

Py (kPa) I, (kPa-ms) R (m) P;(kPa) I (kPa-ms) R (m) P;(kPa) I, (kPa-ms) R (m)
50,000 L, 100 MPa 5.0 123 224 21 330 82 50 545 48
30,000 L, 100 MPa 5.8 116 168 26 322 60 68 522 34
20,000 L, 100 MPa 6.8 114 130 32 318 46 88 502 26
10,000 L, 100 MPa 9.2 110 83 48 311 29 143 483 17
5,000 L, 100 MPa 13 110 52 74 298 18 230 467 11
3,000 L, 100 MPa 17 110 37 113 296 12 326 457 7.7
2,000 L, 100 MPa 20 110 29 154 292 9.3 426 451 6.0
1,000 L, 100 MPa 28 110 18 272 294 5.8 765 450 3.8
500 L, 100 MPa 44 110 11 458 291 3.7 - 450 2.0
300 L, 100 MPa 65 111 7.5 704 292 2.6 - 450 0.45
200 L, 100 MPa 91 111 5.5 1,000 292 1.9 - 450 0.38
100 L, 100 MPa 167 111 33 - 292 0.32 - 450 0.29
50 L, 100 MPa 292 111 2.1 - 292 0.24 - 450 0.21
30 L, 100 MPa 436 112 1.5 - 292 0.19 - 450 0.16
20 L, 100 MPa 604 112 1.1 - 292 0.16 - 450 0.13
10 L, 100 MPa - 112 0.67 - 292 0.12 - 450 0.09
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