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ABSTRACT

This paper describes the sound insulation and structural safety of the shelter which may be used for shooters.
The noise level of the shelter should be less than 100 dB on the basis of the Industrial Safety and Act, the
World Health Organization and the MIL-STD. The sound insulation design was designed for the shelter structure.

The designed shelter performance was verified by the real measurement after completing the construction of the

shelter. The system was also designed using the finite element method with data of sound pressure measured in

the test. Its response was obtained numerically. It is proved that the shelter structure is sufficiently safe

considering the calculated maximum stress level with the allowable stress of structural property.
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Fig. 1. The firing test by 155 mm howitzer at the
firing test range'®

Protection wall

Fig. 2. The figure of the fixed mount and shelter built
at the firing test range
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Fig. 3. Blast wave pressure—time history
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Fig. 4. The maximum value to each point according
to the frequency
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Table 1. The result of sound insulation design

A S(m) N [ T(m) M
Wall 1 I5L) x 4H) | 1 0.9 Concrete
Wall 2 15(L) x 4H) | 1 0.9 Concrete
Outside | Wall 3 10(L) x 4H) | 1 0.9 Concrete
Wall 4 10L) x 4H) | 1 0.9 Concrete
Roof 15L) x 10@L) | 1 0.6 Concrete
Entrance In/Out Sound
Door 1.00L) x 2.0(H) | 1 |Insulation| Insulation
door (1 Door)
Fitting
Sound
ill I
S“‘:;;O"ice 05(L) x 03(H) | 5 ;ﬁ? Tnsulation
' (2 Glass)
Sound
C\:ﬁ 13'2(XL)3 : (:BZ(L) 5| 005 | Absorbtion
Inside g ’ (Board)
Floor | 13.2(L) x 82(L)| 1 | 0.003 | Heat Tile
Reference
A : Area, S : Size, N : Number, T : Thickness, M : Material
L : Length
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Fig. 5. The transmission to interior noise of the
shelter after soundproofing design
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Table 2. The sound insulation efficiency of the sound
proofing door and the sound absorbtion of
the efficiency for interior material

Frequency(Hz) | 125 | 250 | 500 | 1k | 2k | 4k

The door of

sound proof

Performance
(TL, dB)

25 | 30 | 40 | 40 | 45 | 50

The finish of
indoor
Performance
(Ratio, a)
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Fig. 7. The measurement value of the noise at inside

and outside of the shelter
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Table 3. The data of Properties used for analysis

Properties Concrete | Filling layer
Young’s Modulus(GPa) 23 0.1
Possion’s Ration 0.15 0.35
Density (kg/m’) 2,400 1,800
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Table 4. Compressive strength of concrete masonry

Net area compressive Net area
strength of concrete compressive
masonry units(MPa) strength of
Type M or S Type N masonry
mortar mortar (MPa)
8.61 8.96 6.89
13.09 14.82 10.34
19.30 21.02 13.78
25.85 27.92 17.23
33.09 36.16 20.68
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