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Expected Damage Analysis of Risk Exposure Object by Violation Rate
of Safety Distance in Explosion of Ground Type Magazine
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violation rate increased from 80% to 90%. It also confirmed that secondary damage
such as fire and explosion can cause casualties and property damage when the
violation rate is 60% or higher. The results show that building collapse becomes a risk
with a violation rate of 70% or higher. We conclude that taking ammunition depot safety
distance violation into account when planning military facilities and their land utilization

could better protect life and property.
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Table 1. Properties of each type of safety distance
Type Properties

IBD Distance maintained between an explosion site and an
inhabited building

PTRD  Distance to be maintained an explosion site and public
street, road, highway, railroad

ILD Distance maintained from an explosion site and a
non-explosion site

IMD Distance required between two magazine location
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Table 2. Scenarios about amount of ammunition and safety
distance

Amount of ammunition Safety distance

Ibs kg ft m
30,000 13,607.7 1,250 381.0
45,000 20,411.6 1,423 433.7
50,000 22,679.6 1,474 449.2
70,000 31,751.4 1,649 502.6
100,000 44,359.2 1,857 566.0
150,000 68,038.8 2,346 715.0

200,000 90,718.4 2,770 844.2
250,000 113,398.0 3,151 960.4
300,000 136,077.7 3,347 1020.1
500,000 226,796.1 3,969 1209.7

= AU Q049 EokES 13,607.7 kg~226,796.1 kg
oln ¢kAA e 381.0 m~1,209.7 mo]t}.
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Table 3. The effect of overpressure on window

Window
Overpressure
R — Expected damage
kPa  psig
021 003 Occasional breaking and partial damage of window
’ ’ made of glass [6][17][18][19]
028 0.04 Glass breakage and failure [6][17][20]
0.69 0.10 Breakage of small window under strain [6][17][18]
103 015 Typical pressure for glass breakage
' ' [61[17][18][19][20][21][22][23][25]
207 030 10% of glass window is broken [6][17][18][19]
Large and small windows usually shatter
347 050 (occasional damage to window frames)
[61[17][18][20][25]
7.00 1.02 Window glass shatters [26][27]

Table 4. The effect of overpressure on structural

Structural
Overpressure
. Expected damage

kPa  psig
276 040 Limited minor structural damage [17][18][20]

’ ’ Small damage limitation of building [5][19]
1450 2.10 Displacemen.t of cylinfirical storage tank,

failure of pipes [20]

15.80 230 Lower limit of serious structural damage [6][17][19]

3500 5.07 Displacement of pipe bridge, breakage of piping [21]

Table 5. The effect of overpressure on wall

Wall
Overpressure
(VEIPIESHE Expected damage
kPa  psig
1241 179 Failure of concrete block walls [22][23]

Weak concrete wall fracture [19]
13.79 2.00 Non-reinforced concrete or cinder block walls shattered
[17][20][22][25]

Collapse of unreinforced concrete or

1500 2.17 cinder block walls [21]
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Table 6. The effect of overpressure on oil tank

Oil tank
Overpressure
R — Expected damage
kPa  psig
13.80 2.00 Rupture of oil storage tanks [18]
20.70  3.00 Rupture of oil storage tanks [17]
27.58 4.00 Oil storage tank explosion [6][19]

Table 7. The effect of overpressure on building

Building

Overpressure
— Expected damage

kPa  psig

345 050 Minor damage to some buildings [22][23][24]
1720 249 Cladding of light industrial buildings ruptures [18]
27.60 4.00 Cladding of light industrial buildings ruptures [17]
34.50 5.00 Most buildings collapse [26][27]

7000 10.15 Total destruction of buildings [6][19][20][21][22][23][24]

Table 8, The effect of overpressure on house

House

Overpressure
e Expected damage
kPa  psig

483 0.70  Minor damage to house structures [6][17][18][19][20]

6.90 1.00 Partial demolition of houses [6][17][18][20][25]
Partial collapse of walls and roofs of houses [17][20][25]
13.80 2.00 50% destruction of brickwork of houses [18]
Moderate damage to houses occurs [26]
14.00 2.03 Moderate damage to houses [27]
1724 250 50% destruction of brickwork of houses [17][20]
21.00 3.05 Residential structures collapse [26][27]

3447 5.00 Nearly complete destruction of houses [17][18][20][25]
41.37  6.00 House whole breakage [6][19]

Table 9. The effect of overpressure on metal panel

Metal panel
Overpressure
R — Expected damage
kPa  psig
6.89  1.00 Corrugated metal panels fail and buckle [20]
7.58  1.10 Panels of Sheet metal buckled [22][23][24]

Table 10. The effect of overpressure on vehicle

Vehicle
Overpressure
B Expected damage
kPa  psig
4826 7.00 Loaded train cars overturned [6][17][20]
6206 9.00 Loaded train box cars demolished [17][20]

Whole destruction of freight car [6]

J. Korean Soc. Saf., Vol. 37, No. 4, 2022
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Table 11. The effect of overpressure on wood structure

Wood structure
Overpressure
R — Expected damage
kPa  psig
20.70  3.00 Wooden utility poles snap [18]

3447 500 Collapse of wood framed buildings [6][20][22][23][24]

3450 5.00 ‘Wooden utility poles snap [17]

Table 12, The effect of overpressure on steel frame building

Steel frame building

Overpressure
R — Expected damage

kPa  psig

896 1.30 Building steel frame flexure [6][19]

9.00 130 Steel frame of clad building slightly distorted [17]
20.00 2.90 Collapse of industrial steel frame structure [21]
2068 3.00 Steel frame buildings distorted and pulled away from

’ ' foundation [6][19][20]
2758 400 Serious Damage to Steel Framed Buildings

[22][23][24]

Table 13. The Effect of Overpressure on Reinforced Concrete
Structures

Reinforced Concrete Structures

Overpressure
Cine Expected Damage
kPa  psig
Severe damage to reinforced concrete
437000 structures [23][24]
69.00 10.10 Reinforced concrete buildings are severely

damaged or demolished [26][27]

Table 15, Overpressure by safety distance violation rate
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Table 14, Expected damage by overpressure

k(z’\;etpreszri; Expected damage dm?;lgog gf; de

345 0.50 Window fracture

7.58 1.10 Metal panel fracture

1500 217 Collapse é)lt;l élerir%i?gglicii]laﬁsncrete or

20.68  3.00 Steel frame building flexure

27.58  4.00 Oil storage tank explosion

3447  5.00 Collapse of wood framed buildings

4137  6.00 Collapse of house

62.06  9.00 Destruction for freight car

69.00  10.01 Collapse of br;ﬁzg;ed concrete
3. o7 &at

3.1 ekd{E| 2lukeo]| mE 2 =4

A Atz A3 grerare] AE Fofero] ukt
A% 107H4] AUE] 2 Table 28 HlEo &2 QFH A
AukES 10%H S7MAA R Qg 7hE Fd
oF2] S Table 1537} 7o) AM&3Hlch $Jukgo] oty
of upe} gheralel feEtidte] Aele st
2 7hfAls dEol S7eke Ae e 4 AL
m] Zofefol wE AR SVt HEo] YASHA
Foug HeEtiidel 7HeiAle A= FeF
Folupet ddjzor F7sHA] e As Fld +
QlQlt). o] whe Eokeko mykstw Qx| ¢rulehal
2 gsiE AAE 5 ke Ae on|eith ghefal
AR E SRt FUE A5 7HIE SRk

(Unit: kPa)
Amount of ammunition Safety distance violation rate

Ibs kg 0% 10% 20% 30% 40% 50% 60% 70% 80% 90%
30,000 13,607.7 8.04 9.29 10.70 12.50 15.40 20.00 27.00 38.60 69.80 188.00
45,000  20411.6 8.38 9.44 10.90 12.70 15.70 20.60 27.80 40.60 74.60 215.00
50,000  22,679.6 8.39 9.74 10.90 12.70 15.80 20.70 28.00 41.10 75.70 222.00
70,000 31,751.4 833 9.67 11.20 12.70 15.80 20.80 28.30 41.70 78.20 242.00
100,000  44,359.2 841 9.77 11.30 13.30 16.10 21.20 29.00 43.40 82.00 267.00
150,000  68,038.8 731 8.49 10.00 11.80 14.30 18.50 25.80 37.20 72.90 245.00
200,000  90,718.4 6.63 7.69 9.09 10.90 13.10 17.10 23.40 34.50 66.40 227.00
250,000  113,398.0 6.14 7.13 8.42 10.20 12.30 15.70 21.70 3240 61.80 212.00
300,000  136,077.7 6.14 7.13 843 10.20 12.30 15.70 22.40 32.60 62.40 217.00
500,000  226,796.1 6.15 7.14 8.44 10.20 12.30 15.80 22.50 33.00 63.80 230.00
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Table 16. Expected damage by safety distance violation rate(Refer from table, 14)
(Unit: kPa)

Amount of ammunition Safety distance violation rate

Ibs kg 0% 10% 20% 30% 40% 50% 60% 70% 80% 90%
30,000 13,607.7
45,000 20,411.6
50,000 22,679.6
70,000 31,7514
100,000  44,359.2
150,000  68,038.8
200,000  90,718.4
250,000  113,398.0
300,000  136,077.7
500,000  226,796.1
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