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Fig. 1 Schematic of chamber and velocity measuring points
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Table 1 Comparison of vibration velocity peaks in different zones

T YR S LV / Cem + s 1) BRI EEIEM/(em + s71) B DURZEE M/ (cm + s 1)

w/kg  Jrfl - ; : : :
A,y Al B, B Ci C, C;
x 1. 26 2.21 0.52 0.58 14.23 8.13 4.30
15 y 0.92 0. 80 0. 47 0.73 9.96 4.09 1. 90
z 1.37 2.05 3.34 3. 65 31. 86 15.69 8. 00
x 1.70 2.14 0.83 0.68 25.15 12. 41 8.10
20 y 1. 39 0.92 0.69 0. 94 22.53 6. 84 1.58
z 2.18 2.88 4.56 5.09 45.92 22.60 11. 24

2T AR 4 YRR 25BN R R KRR 18 (e 18D AR ) I A B R Bl A, SR 2 hn]
UL (1) FEEBRC R Ay D S CRR R Y M 1 9% H K SE 2 18] (e 16) J3E A5 % 3 38 i {1 76 78 K T
R 8 1) (o [0]) 315 B 7 WA (T (IS ol 22 125 I 91 0 0 Y0 )5 92 B 5 o D31 2 o B4 R 5% 1) % B ool R 0 1 K
TN 3 (2) TNT it M\ 15 kg #3834 2] 40 kg B e RIE(EIRE Ky 3. 67 cm/s, I H. 3 K0 FE 25 Y
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Table 2 Comparison of vibration velocity peaks at different measure points

PR M WEM/ (cm + s 1) P gl BEWE(E /(em » s 1)
w/kg Il w/kg I
A, A, As A; A, A, As A;
x 2.21 0.47 0.15 0.07 x 3.67 0. 64 0.23 0.11
15 v 0. 80 0. 14 0.06 0. 06 25 v 1. 95 0. 26 0.15 0.09
z 2.05 1.07 0. 28 0.22 z 2.09 1. 60 0.49 0. 44
x 2. 14 0.58 0.18 0.12 x 3. 11 0. 85 0.13 0.16
20 y 0.92 0.17 0.07 0.09 40 y 0.91 0.47 0.01 0. 08
z 2. 88 1.52 0. 36 0.29 z 2.19 2.20 0.48 0. 33
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Kl 2 R T b T PR B i Y R 3 JE DA R 28 PR R B AR 6 (fast Fourier transformation, FFT)
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5 v T A5 B B I AR AR, T DAAS B DL JLASA TR s (1) Hb T PR Sl 45 Ze i [a] — JREZE 5~10 s, 53 AR
A JRR — E, Wt PE /N2 6 4 LS SR A AR B AR 2, B AR (Y 48 S SR B 5 (2) diR B R J
16 15150 Hlz 3 P 15 25 38 52 0 5% SR A H o 8546000 56 /0 B 0 002 s 1o (R0 1 RS o 1
Cz 18] B HR B A3 AH e 7K SF- [ 100 55 1) R A0 75 1) 1) % 2l SEF B S R4 v, BID py 4 LE 9236 719 100~ 800 Hz
% 15~60 Hz,

H TR MEdR 3015 5 )8 T I AL A P AR LS 5 o PR T/ B4 23 BT B R D L2 58 i FET 43
T Rk, T E SR AT DL R R i R SR R e A E B . ARSI i E R AR 5 kHz, il
H Nyquist S50y 2.5 kHz, iz H] db8 #EAT /N4 3l DR A5 5 20 i 2026 9 J2, R 2° =512 /i
A of 7 ) e AR A S 0~9. 8 Hz, e i iafF b 1. 25~2. 50 kHz, £ 3 5 T 25 kg TNT B K hn 2 i 52
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Table 3 Energy distribution of the vibration signal in z direction

o/ Y
f/Hz
A, Gt ) A, CGHtLTAD As Gt T B, (JZTi) B, (JZTi) B; JZTiD

0~9.8 0.49 0.03 4. 65 0.02 0.01 0.14
9.8~19.5 45. 29 55. 24 64.93 26.43 31.78 43. 36
19.5~39.1 32.48 34.13 29.26 72.68 67.82 52.10
39.1~78.1 5.53 5.42 0.45 0. 55 0.29 4. 04
78.1~156.3 8. 20 3.83 0. 36 0. 24 0.07 0.32
156.3~312.5 3.18 1. 31 0.08 0.05 0.02 0.02
312.5~625.0 3.75 0.01 0.04 0.02 0. 00 0. 00
625.0~1250.0 1.03 0.01 0.07 0. 00 0. 00 0.01
1250.0~2500.0 0.05 0.02 0.15 0. 00 0. 00 0.01

E/(cm? « s7%) 1592. 31 911.57 109. 26 41877 17033 1564
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Fig. 2 Vibration velocity waves and their FFT spectra under 40 kg TNT load at A, point
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Table 4 Energy distribution of the vibration signal at A, point under two loads
op (w=15kg) /% op (w=140 kg) /%
f/Hz
x y z x y z
0~9.8 0.01 0. 04 0. 04 19.62 0.57 0.13
9.8~19.5 68.62 38. 87 60. 24 12.43 13.93 17. 30
19.5~39.1 25.17 28.68 28.29 50. 51 34.04 56.01
39.1~78.1 4.50 23.59 6.77 12.31 23.51 13.37
78.1~156.3 1. 14 6.43 3.72 4. 64 23.33 11.45
156.3~312.5 0.43 0. 44 0.90 0.25 3.04 1. 66
312.5~625.0 0.02 0. 37 0.01 0.05 0.33 0.01
625.0~1250.0 0.03 0.47 0.01 0.06 0.42 0.02
1250.0~2500.0 0.07 1. 10 0.02 0.12 0.83 0.04
E/(em® « s7%) 196. 68 14.01 735.87 352.25 54.45 1060. 20
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S HEAT R AT A v B AR ) BRI 5T e U A ) BRI ST Y 5 kg MRIERE HEAT T — & 4. 04 kg TNT
2k M T 4R 3 B I S . IS — A5 1 m IRFRIRIA . KRS PO BB N MU 0. 9 m, A B
AL SRARAT EAE 5 kg BAEREAMEE 2.8.,15 m Ab . M TH = 1] 4k 2 3 B W W3R 5. XFLLER 2 ISR 5 &K
80T L B B R B A RE G PR BB B, HL 40 kg BRIEIEAE 2.y 2 3 A5 ) b R 2 0 H i
ML 5 kg FEHEIE X T 40 kg BRIERE S BE B RO BOE R T 20 m) I M 17 4R AR PR FFE 2 HE 5 kg MR MEIE
15 m Ak Ak b BN AR JE

RS Ske BIEEHEIRDEEEENESR
Table S Vibration velocity peak of the ground neigboring

the 5 kg TNT equivalent blast containment chamber

IRBNHEIEE/ (cm » s 1)

PR BIWEE /s J7 17

2 m 8 m 15 m

x 0.99 0.48 0.25

1.73~1.95 v 0. 84 0.41 0.29
z 1.76 0.77 0. 44

SCHR S H W 0 38 0 b T 4R h i AR L 7E 0. 1~0. 2 s Z ] (255 0. 3~2. 3 kg TNT), i A 5256 th
R 5~10 s, H AT U0 b 1 4 20 3R 2% B[] 5 24 6 0 A G, RV 2h B R S RE St R . Rl E A s
6 m R B R 1A I A A B SCHER 5 1 i T Y B IR BOCR L BB BERR AR RCRAR 22 . TR AE? AR 4 R AL
PEal L, 80 %6 ~90 W PR S RE EHE H 7FE 10~80 Hz Ju il i B m R sl ik & 19 80 % ~ 95 % 7E 10~
40 Hz J [ 5 0 SCHR S T iy 3+ 58 7 2R 1 A i 1 45036 R 200 Hiz, WY 8o Al oK 24— %00aat 9, BV 52 o i 1)
Pt Ax BEA 28,5 m ZE AT A PRI A 4 0 S 1 sh GBI X 25 2R L 3Aw TR I B IR VA A B S A IRl 25 o o
TV BB 2 TR 5 DA 78 53 il 17 A ] [l PR AR 22 5 PR AR BUCR AR S . X B D6 I 7R I BE B8 S 00 =5
ST R AR S PR IR VA A RO LT T v K 2 R A R AR 0 vp s R B0 7 S PR TR BEME S, A
2% .

P, A 5 E BT = T 5 kg TNT 24 5 (8 85 X 38 B, P SR FH B U S 38 i B AR B 4l O 20091 L HAR
R VR 4 A SR SR P B A1 5 e O o % K 2 R S Bl R AR Y 25 Hz sl R S R IR AR AR A Ak L HE
i 10 F1 25 kg $5 KE 28 25 2 G0 B oA W 00 1) B S %) b v oo o PR s O HL D DR T R A A o A AR
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Pl 30 Bty A1) g A SE PR R T 24 10 £
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SR (e y 1)) R 3 BT 547 BE i 22 T 2. 5~4. 0 4% B SR Sh {5 Sl it 95 W I RE R T 10~
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Vibration monitoring and analysis of the 40 kg TNT
equivalent blast containment chamber

HU Bayi, XIAO Zhigiang, GU Yan, LIU Yu, FENG Dongsheng, LIU Jun
(Institute of Fluid Physics, China Academy of Engineering Physics,
Mianyang 621999, Sichuan, China)

Abstract: In the present work, the vibration velocities of the ground, roof and top of the 40 kg TNT
equivalent blast containment chamber resulting respectively from 15, 20, 25 and 40 kg TNT explosion
were monitored using velocity sensors and geophones. The measured results showed that all of the
ground velocity peaks were less than 5 cm/s, the vibration frequency was almost higher than 10 Hz
and the vibration duration reached 5 to 10 s, and the vertical vibration peak of the roof was obviously
enlarged by 6 to 7 times that of the horizontal ones. The wavelet packet analysis of the velocities’
signal showed that the vertical vibration energy of the ground was 2.5 to 4. 0 times that of the hori-
zontal vibration energy, more than 95% of the vibration energy mostly concentrated in the range of
0—160 Hz, while more than 90% of the vertical vibration energy was limited in the range of 10—
40 Hz. The results reveal that the attenuation effect of the vibration-isolating trench at a depth of 6 m
on the blast seismic waves is imperfect, the independent base and seismic isolation bearing should be
adopted if we hope to obtain an ideal attenuation effect especially when the explosive weight exceeds
5 kg TNT equivalent.

Keywords: blast containment chamber; vibration velocity; wavelet packet analysis; energy distribution
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