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Abstract - A fire station and scuba have operated filling facilities for respiratory high-pressure cylinder
without getting authority or reporting according to High-Pressure Gas Safety Control Act. They need facility
improvement and special management to make provision for the time of accident during filling process.

The Government have strived to correct illegal operations and suggested an alternative, establishing and op-
erating the safety cabinet. It insures a safety being distance from danger caused by overpressure and a safety
provoked by the protective wall equals or superiors. The safety cabinet is required to have an internal structure
that smoothly distribute overpressure at the time of rupture. Plus, it needs to minimize fragments. It is also
equipped with the performance of protective wall that makes overpressure to outside vent on the place where
there is no person (top or bottom). This study calculated the consequence of physical explosion damage and
built a prototype of safety cabinet. In addition, through the gas burst test, it derives for the ways to mitigate the
physical explosion damage.

Key words : Respiratory High-Pressure cylinder, Safety Cabinet, Physical Explosion Damage, Fire station
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Fig. 1. Filling System of Respiratory Cylinder.
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Table 1. Cylinder data for air respiratory

A | 7RSI
-84 °F 68L
2 H1ZA4E | 300 kef/en
el
o [WkAERLE | 500 kef/cn
HAnzd |
2,046 L
g |
=% 3.8kg °)3}

Table 2. Conversion about the specification of

parameter
Parameter Specification Conversion
v 6.8L 0.24014 £’
P1 300 bar 4,351.147 psia
P2 1 bar 14.50 psia
PO 1 bar 14.50 psia
T1 15C 518.67°R
TO 15C 518.67°R
R - 1.987 Btu/lbmole °R
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Table 3. Equations for the blast parameters
functions provided in figure
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Table 4. The overpressure according to distance
from the area of explosion(kPa)

0.0674<Z7Z<40 TNT . Scaled
. Distance R . Overpressure
-0.214362789 b 1.3503425 equivalent W (m) dlsram?sz (kPa)
2 ; ; (kg TNT) (kg
c0 2.780769166 c6 -0.026811235 1 1.5493 511.27
cl -1.695898874 c7 0.109097496 15 2.3240 201.81
c2 -0.154159377 c8 0.001628468 ) 3.0083 108.09
c3 0.514060731 c9 -0.021463103 25 3.8733 69.04
c4 0.098855437 clo 0.000145672 3 4.6479 4915
c5 0.293912623 cll 0.001678478 0.2689 35 5.4226 3756
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Fig. 3. The overpressure according to distance
from the area of explosion.
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Table 5. Diagnostic features of explosion dama- Table 6. Conversion from Probit to percentages
ge(Lees(1980))
% 0 1 2 3 4 5 6 7 8 9
Overpressure
Explosion Damage 0 - 267 295 3.12 325 336 345 3.52 3.59 3.66
(psi) (kPa)
10 |3.72 3.77 3.82 3.87 392 396 4.01 4.05 4.08 4.12
Large glass windows which already
0.03 0.21 .
under strain broken 20 | 4.16 4.19 423 4.26 429 433 436 4.39 442 445
004 028  Loud noise. Sonic boom glass failure 30 |448 450 453 456 459 4.61 464 467 460 472
015 103 Typical pressurc for glass failure 40 475 477 4.80 4.82 4.85 4.87 490 492 495 4.97
0.3 2.07 95% probability of no serious damage
50 [5.00 503 505 5.08 5.10 5.13 5.15 5.18 5.20 5.23
Large and small windows usually
05-1 345-6.89 shattered 60 |5.25 528 531 5.33 536 5.39 541 544 547 5.50
0.7 4.83 Minor damage to house structures 70 |5.52 555 558 5.61 5.64 5.67 571 5.74 5.77 5.81
1 6y  Tartial demolition of houses, made 80 [5.84 588 592 595 599 604 608 6.13 6.18 623
uninhabitable
3 co Steel frame of clad building slightly 90 |6.28 6.34 6.41 648 6.55 6.64 6.75 6.88 7.05 7.33
distorted % |00 01 02 03 04 05 06 07 08 09
23 137922068 Non-reinforced concrete or cinder walls 99 | 733 737 741 746 751 758 7.65 775 788 8.09
shattered
23 15.86 Lowerehmlt of serious structural
g Table 7. The probability of body injury according
Steel frame building distorted and to the distance from the area of explosion
3 20.68 .
pulled from foundation
3-4 20.68-27.58 Rupture of oil storage tanks DTS i Dzl 2N TN
5 34.47 Wooden utility poles snapped i (Pa) b (%) E (%)
5-7 34.47-4826 Nearly complete destruction of houses 0.5 2,727.34 24.04 100.00 | 1265 | 100.00
7 48.26 Loaded train wagons overturned 1 51127 13.73 100.00 977 100.00
9 62.05 Loaded train boxcars completely L5 201.81 731 98.94 798 99.85
demolished 2 10809 | 299 | 223 | 677 | 9.16
10 68.95 Probable total destruction of buildings 25 69.04 011 0.00 5.90 81.73
300 2068.4200 Limit of crater lip 3 4915 .45 0.00 525 59.84
* V. J. Clancey, "Diagnostic Features of Explosion Damage”, 35 37.56 431 0.00 473 39.36
Sixth Int. Mtg. of Forensic Sciences, Edinburgh(1972) ) ) : ) ) :
4 30.13 -5.84 0.00 4.30 24.34
Sl Zul g E | F o2 A HAQ EEYgFo 7 Q| 4.5 25.03 712 0.00 3.95 14.61
& A 23) g =] Tl Probit 28-S AHg-St] o 5 2134 | 822 | 000 | 364 | 867
=3 2ol A Ak T[4][5][6][7]
55 18.55 -9.19 0.00 3.37 5.14
(1) AEEE A3 APLe] 735 6 1639 | -1004 | 000 | 313 | 3.07
P =—-7714+6.91 In P, 4)
-84 -
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Fig. 4. The probability of body injury according
to the distance from the area of explosion.
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internal explosion in the safety cabinet for
respiratory high-pressure cylinder.
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(1) Screwed an adapter after processing flaw in composite
materials cylinder

(2) Preparation for the sound level meter and dynamic
pressure sensor

Fig. 6. Bursting test figure of the safety cabinet
for respiratory high-pressure cylinder.
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Table 8. The pressuring sequence
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16:13 &7 & E 33etaE 2= 7))
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(1) Pressuring and venting graph

(2) Composit cylinder and Safety Cabinet after rupture

TtEE 560.9 bar Yl SUE [0.124 bar = 124 Kpa]

(4) noise(126.7 dB) after the bursting test.

Fig. 7. Composite cylinder bursting test figure of
the safety cabinet for respiratory high-pres-
sure cylinder.
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(1) Screwed an adapter after  (2) Preparing nitrogen gas

processing flaw in seamless
cylinder

(3) Preparation for the sound level meter and dynamic
pressure sensor

Fig. 8. Bursting test figure of the safety cabinet
for respiratory high-pressure cylinder.

Fig. 9.

Change in appearance of the safety cabi-
net for respiratory high-pressure cylinder
and noise(126.7 dB) after the bursting test.
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Fig. 10. Change in appearance of the respiratory
high-pressure cylinder inside the safety
cabinet.
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