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Feasibility Study of a Corrugated Steel Protective Structure for
Ammunition Test Facility

ABSTRACT

Harmful factors such as shock waves and fragments are generated at domestic ammunition testing sites and military shell shooting
training sites due to frequent shooting and explosion tests. As a result, complaints from local residents are rapidly increasing, and there
is a high risk of damage to facilities and human life. The recently constructed ammunition test site built a test facility for firing artillery
and rocket propulsion in a narrow area with a radius of 300 m due to site restrictions, but damage to the facility is accumulating because
there is no adequate protective structure. Therefore, in this study, quantitative data on harmful factors such as noise, vibration, shock
wave, and thermal effect generated between artillery firing and rocket propulsion tests were measured, and explosion pressure
characteristics were analyzed to design a protective structure, and use Autodyn to protect performance. to perform verification.
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Table 1. Cases of Casualties Caused by Ammunition Explosions

Division Case Note
development test K-9 howitzer shooting system development test ‘97 year
Ammunition Stockpile Reliability Program Explosions during a guided missile test ‘99 year
development test 155 mm fuse development test 09 year
acceptance test K-9 howitzer barrel test ‘15 year
development test Explosions during a propellant fuel test ‘19 year
Produce Solid Propulsion Engine Filling Manufacturing ‘19 year
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Fig. 1. Pressure-Time Variation in Free Space Explosion (UFC
3-340-02)
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Table 2. Explosive Load Classification
Explosive load classification
explosive . rotective
P v classification pressure load P v
restraint structure
1. Atmospheric
unconstrained Explosion a. non-reflection
explosion 2. Air Explosion  |b. reflect shelter
P 3. Ground b. reflect
Explosion
4. Complete exhaust|c. internal shock
omplete exhaust|c. internal shoc bulkhead
explosion d. leak
5. Partial c. internal shock |  shielding
restraint Confinement e. internal gas structure
explosion Explosion d. leak shelter.
6. Full . .
Y c. internal shock | Fully shielded
Confinement .
. e. internal gas structure
Explosion
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Fig. 2. Ground Explosion (UFC3-340-02)
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Fig. 3. Ammunition Test Site Facility Location
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Projectile burst shock wave

7

Propellant shock wave

Fig. 4. Cannon Fire Shockwave Characteristics
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Fig. 5. Noise Measurement Location

Table 3. Noise Measurement Result
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Fig. 6. Vibration Measurement Position

Table 4. Vibration Measurement Result

Distance conversion
Measurement result o .
Measuring (building location)
position | distance . distance
(m) Peak (db)| distance attenuation (db) Peak (db)

N-1 19.5 169.0 | 19.5m 0 169.0
N-2 19.5 175.8 - - -
N-3 19.5 1712 | 128 m +3.7 174.9
N-4 19.5 170.5 | 26.6 m 2.7 167.8
N-5

G.T) 40.0 163.5 | 100 m -8 155.5

* Attenuating the distance of the point sound source: db = SPL
(measurement) - 20 log [Separation distance/Measurement distance]
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. vibration speed o )
Measuring (cms) vibration against the
position standard standard

X Y zZ
V-1 0.45 | 4.61 | 1.04 Excess
V-2 0.53 | 0.88 | 0.95 satisfied
1.0 ~4.0 (cm/s)
V-3 - 9.11 | 0.97 Excess
V-4 - 2651031 satisfied
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Fig. 7. Exhaust Flame Structure (Davenas (ed), Solid Roket Pergamon
Press)
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Table 5. Shock Wave Measurement Result

division Measurement point | Measurement point
(P1) (P2)
Maximum ox.ierpressure 279 o1
(psi)
Mm1mum overpressure 4071 45.756
arrival time (ms)
Positive pressure impulse 583 6.10
(ms psi)
distance (m) 2.5 4.7
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Fig. 9. Exhaust Flame Thermal Imaging
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A - PEI - AT
Table 6. Comparison of Sound Absorbing Material Properties
division metallic polymer type concrete ceramic
material foamed Al powder PE PU con+sand ceramic
sound absorption Good Good Good Good Good Good
thickness 9t 1.6t 50t 50t 100 t 50t
fire resistance 780 °C 700 °C poor poor Good very good
function durability good good average average Good Good
stability good good average average Good Good
recycle good good average impossible possible impossible
moisture resistance None None Influenced Influenced None None
selection O @) - - - -

steel

waveform

- Advantages - Advantages

- Air shaft (factory made) - Air shaft {dry construction, factory

- Economic (no-bone) made)

- Procurement Agency Designated - Relatively economical (using steel)
New Technology Excellence Products - Disadvantages

- Disadvantages - High risk of fire

- Limited shape (arch) - Structural property required
-Wind influence when assembling - Construction costs : 115%

- Construction costs : 100%

On-site poured concrete

- Advantages
- Strength excellent
- High shielding performance
- Disadvantages
- Increased air (copper bar, on-site}
- Increased costs, separate finishes
required

- Construction costs: 115%

Fig. 12. Comparative Analysis of Construction Methods
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Precast Concrete

- Advantages

- Air shaft (factory made)

- High quality
- Disadvantages

- Increased construction costs dueto
lack of demand

- Large equipment and separate
yard space required

- Construction costs: 125%
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Table 7. Comparison of Hot Dip Galvanizing and General Coating

Division Hot dip galvanizing General painting
Construction method - Drying after immersion in the plating furnace - Direct spraying on the surface
zinc
I } l way of painting
" " % sacrifice material
Dving | [ v

- Sacrificial corrosion suppression
- Excellent adhesion effect
- good quality

Characteristic

- Regular maintenance required
- Weak adhesion

- Reduction of labor cost

Economics - good durability

- Repainting required

- Based on zinc adhesion amount of 900g/ m*
- Coastal area: 65 years

- Suburban area: 120 years

- Urban area: 50 years

Useful life

- Confirmation through facility inspection

Fig. 13. Ground Test Site Protective Structure Concept
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