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Improvement of surface vibration velocity model for near earth explosions
based on dimensional analysis

Wang Tao Kong Deren Pan Zhengwei
(School of Mechanical Engineering, Nanjing University of Science and Technology,Nanjing 210094, China)

Abstract: Traditional explosion vibration velocity prediction models are mostly applied in mines and rock mass
blasting. There is little research on the surface vibration velocity model of near earth blasting, and the prediction
accuracy is low. In order to study the surface vibration intensity model of near earth blasting, a simulation model of
near earth blasting surface vibration velocity was established based on LS-DYNA analysis software. Through
dimensional analysis, the influence factor of vibration wave propagation velocity was introduced, and an improved
model of surface vibration peak velocity was established. The velocity model was subjected to multiple nonlinear
regression analysis through simulation data. Finally, the accuracy of the improved model in this paper was verified by
experimental application. The results showed that the average relative error predicted by the improved model in this
paper was 11.33% through simulation data fitting, while the average relative errors predicted by the two classical
models were 34.05% and 31.67%, respectively. The average relative error of the improved prediction model in
predicting the vibration velocity of the experimental measurement point was 8. 28% , and the prediction errors of both
classical models were higher than 44 %. Therefore, the improved model in this article has a significant improvement in
prediction accuracy compared to existing classical models, and can better characterize the intensity of surface vibration
and reflect the attenuation law of peak velocity of surface vibration. It can provide some theoretical basis for predicting
the peak velocity model of surface vibration in near earth explosion tests.
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Fig. 1 Schematic diagram of surface vibration formation of

near-ground explosion
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Table 2 Related parameters of air materials
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Table 3 Related parameters of soil materials
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Fig. 2 3D simulation model
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Table 6 Peak ground vibration velocity of 60 kg TNT
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o 42 e

2.427

V = 240. 644({?)

(23)
R* = 0.937
«76 2.687 H —0.319
V:9.671><22.577< ) (—)
R R 24
R* = 0.987
3 2.078 500
. 3 5 H 0.222
V = 267. 644 (@> (0.987) VR <*>
R R
R?* =0.993
(25)
F12 FLEEAFTMEELXHENRESITE
Table 12 Statistical table of relative errors of each formula
fitted by nonlinear regression analysis %
. R 50 15
A
20 kg 40 kg 60 kg 80 kg 100 kg
#2(23)  28.08 36. 96 37.53 32.33 35. 34
A(24)  24.79  33.43  34.92  30.21 35. 02
(25 15.23 16. 06 11. 20 8. 17 5.97

WAEF 1278, X Q2OBWEY M IREHE R
34. 04 % , 302 W B AT IR 25 3450 31. 67 %4 5 1 A SC3E
s AT IE S AR (25) MR 22 11, 339, LA A B
B U I 262 X 008 0 T 0T I e R b K IR B 06 {1 3k E gt
AT AL I ELAT DL 3R 3K 1 3 4R 20 06 (i 18 38 16 AN Tm) 454 T 1Y
TR

4 REHH

4.1 HRIRSFEMNKXAR

AYGRI L2 N TNT, 8 1 & M40 20 ke, 565 2
KM 25 kg, 50 A B 24 0 B AR BRI AR B 1.5 m
B HSE B s I RO IRAE R — 2R R L i T HRER
AN TR) Y 5 O ()8 O B 1 5% 10 T b 2 R 20 0 38 ) T D R A
T BEAT VLA [R5 O BE A A, AR T 7 AR 0 BE 19 U A5 4
A 5.7.9.11.13.15.17 m, M SR REHE 8 i,

Hh AR S R G 32 o AR D AL AR AN AR A A
I % K B 1) 41 75 U 1) A% S L A 30~ 300 Hz*, 7% B A%
TR A L e O BT (R] DL O A% JR 2 3 P b R I 4 A SR %
T v X A A DU R {38 FH BRI 4% 1) TC-4850, 1%
TR AR T2 25 7 NG BT A A - M P, 5 R RS T G R A%
FEAE BAAT 1 IF - HET5 52, AR A% 5% 30 A0 i % Sy — 44k, [
i 5 LR IE A% IR 4 22 255 58 UG PR R KT A5 ks R R
BT A 20 em. SEZYEEKERT, o 0 5 | T = Sh 8 T
- ) G A A L T R AT IR Y R Bl AT I A5 b 2% R B T
BE L IPRAS R N i s fil & BTSN 0.1 em/s, R
FERFEIY 8 s JF IR 2 s M HAEIR , DA R G A s B/ 9 i
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R 13 20 kg TNT 3 3% #fx 3h i (B % & L E 5 &
Table 13  Actual and predicted peak velocities of 20 kg

TNT surface vibrations

S {E / H(23) H(240) R(25)

¢

(emes™) B EOWE HO
1 80. 79 54. 64 62.10 91.77
2 42.2 24.15 27.99 47.91
3 28.9 13.12 15. 44 29.29
4 18. 42 8.06 9. 60 19. 67
5 15. 86 5. 37 6. 46 14. 05
6 11. 23 3. 80 4.61 10. 50
7 8.21 2. 80 3.42 8. 11

8 I A A ]

Fig. 8 Layout of test points

R 14 25 kg TNT b 3R 4k 3h i (B % & SSE S5 &
ST Hh e B 2 Table 14 Actual and predicted peak velocity of 25 kg TNT

surface vibration

SENAE / H(23) (20 (25

Wet o mes ) WM BONE BN
1 95.55 65. 45 75. 84 107. 11
2 52.55 28.92 34.19 55.92
3 33. 44 15.72 18. 85 34.19
4 18. 33 9. 66 11.72 22.95
5 16. 38 6. 44 7.89 16. 40
6 11.67 4.55 5.62 12. 25
7 8.58 3. 36 4.18 9. 46

F 15 20 kg INT EARXNEIIRESFHIT &

B9 YR SR R Gn 2 A Table 15 Statistical table of relative errors of
Fig.9 Schematic diagram of surface vibration velocity testing system 20 kg TNT formulas %
PR K (23) K (24) R(25)
1 32. 37 23.13 13.59
2 42.78 33.66 13. 54
3 54. 60 46. 58 1.35
4 56. 23 47. 89 6.77
5 66. 11 59. 25 11. 39
= 6 66.18 58. 99 6.51
10 ik B 4 5 R ! 0. 86 8. 20 L2
Fig. 10 Schematic diagram of sensor installation at the test site
F 16 25 kg INT EAXNEINIRESFK T %
4.2 RICHEHEBH Table 16 Statistical table of relative errors of
TR S5 UG SO0 SR A B IR AR B 7 A2 25 kg TNT formulas %
T 1 1t e I 20 o B ol 4 45 A I ) G R TR 13 N
LB A AR AR S I 15 A0 16 B Wet Aew A D A
MRYE R 15 A1 16 AT LISE B 20 (23) 1 F B AH X iR 22 58 1 31. 50 20. 63 12.10
53. 10 % , 20 (24) {9 2 M X 5 22 24 - 44. 13 %, 38 (25) B9 F 2 44.91 34.88 6.52
IR 2 0 18, 2896 . B 45, A% S0 £k <7 B 0 3 4 2 ) ; o (3“2) gz gg 225' 2233
T AR GU 3 R T A L A o Y 0 0 A A b R R S A R L AR 5 60. 69 51,81 0. 14
T oL 4 0 M AT ) ST A 2 R 3 06 {1 R A =X 6 61.02 51. 81 5. 00
FAAE B2 o » 1T DA 30 b 3R AE 2t Fe R B9 7 60. 87 51.26 10. 30
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