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Abstract: A series of experiments were designed and implemented to explore dynamic responses of steel pipes to blast waves
The time histories of dynamic strains, vibration velocities and accelerations of the steel pipes were obtained, and the vibration
velocity-time curves were gained. It is known by analyzing the experimental data that in the near and middle fields of the blast
wave, the peak dynamic strains are negatively correlated with the relative stiffness coefficient of the pipe and the soil, and they
follow the attenuation law of the power function with scaled distance; that the attenuation indexes are different for the blast
wave propagating in the different sections of the field. The peak particle vibration velocities of the ground and the pipes have
good linear correlations with the peak strains of the measuring points at the pipes. On the basis of the spectrum analysis by the
fast Fourier transform on each test quantity, it is found that the spectrum energy of each test quantity is mainly concentrated in
the low-frequency band, the centroid frequency is in 10—60 Hz, but there are obvious differences compared to the spectra of

natural seismic waves. The centroid frequency of the dynamic strain spectrum is decayed in the exponent form of a power
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function with the increase of the explosive charge. By taking logarithm, there is a linear attenuation relationship between the
scaled distance and the centroid frequencies of velocity spectra that the blasting cavity factor is considered. The test data can be
directly applied to the seismic calculation under similar conditions, and some conclusions can be used as the theoretical basis
for further study of the impact damage mechanism of buried pipelines.
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Table 2 Experimental schemes
H/m R/m QOlg
2.2 50 75 100 125 150 175 200
2.0
2.7 50 75 100 125 150 175 200
2.2 50 75 100 125 150 175 200
1.5 2.7 50 75 100 125 150 175 200
3.2 50 75 100 125 150 175 200
1.0 2.7 50 75 100 125 150 175 200

022202-3



5 40 4 15 743 5 i i g2

2 IEERDW

21 NTHH
2.1.1 &AEm T B b 3B & AR 0 5

FE LGRS R = R/ QY3 RS2 kU M RN 26 24 1 PN DR 2R SE ) i 255 A8 1t o 30 BBORH [ LL 91 BE 2 1Y)
4 A B AR DN A5 A T 2H B840 R8O DGV 43 A, S BRI 0, A8 IR 43 1 DL 35 3 FNIEL 4. By by A8 RO i A AL
PRI DU, T 2 B8 000 1 e (07 728 o R BMORE 1 o AORH DG4 2 A R Jd 5 P A 6, 79 2 50 S i A DG, A I
AT (5%) TR, [\ 43 A B A 45 i AT A5 MESR DL 3R 4. 36 4 sl H 45 000 117 2 AR 45, 56
3T, A5 4 7 R S, H 3RoR IR0, Z ol .

*3 LREH x4 REER
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Fig. 4 Comparison of dynamic strain waveforms at different measured points
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Table 5 The maximum peak strains at different measured points of pipe S3 (R=2.2 m)

I UG AE N AE/107°

Olg

S321H S3417Z S323H S323Z S331Z S332H 83327 S333H S333Z S334Z

50 —31.1 35.1 -50.7 -31.7 104.3 53.8 —66.3 483 44.5 —58.5

75 —32.1 39.4 —51.8 -35.8 103.9 62.7 -75.4 43.8 50.4 —65.9

100 -30.7 52.9 —63.7 -35.9 97.3 61.1 -77.8 452 52.9 —61.6
125 —26.4 443 —45.2 -333 1225 74.5 —81.2 60.3 54.3 —58.2
150 —42.7 60.7 —98.1 56.5 174.9 90.6 -117.7 69.6 76.4 —78.1
175 —78.5 72.2 -71.7 —64.3 187.8 93.6 —-118.6 79.9 79.2 -79.3
200 —53.9 86.3 —89.2 —84.1 228.9 103.4 —-131.3 100.5 90.4 —87.4

T TRRAR A X HE RS, T

#6 SIETENSHRAEERNE (R=2.7m)

Table 6 The maximum peak strains at different measured points of pipe S3 (R=2.7 m)

F R R A/107

Ot S321H S341Z S323H S323Z S331Z S332H S332Z S333H S333Z S334Z
50 -16.5 7.2 -33.7 -14.4 —26.1 445 14.6 21.0 7.6 -29.8
75 —22.4 10.4 =52.0 -20.2 -34.9 61.1 19.4 28.1 11.2 —28.2

100 -28.2 14.9 —67.2 —28.3 —49.4 80.7 28.8 36.2 17.9 -31.3

125 -30.5 17.6 —69.6 -30.9 —58.3 88.7 33.6 39.1 239 —42.0

150 -36.5 21.0 -91.0 -37.1 -71.3 102.9 42.9 48.2 30.1 —48.4

175 -38.2 332 -103.2 —48.5 -94.1 121.3 52.3 60.1 34.5 -57.0

200 —42.1 28.9 -103.7 —44.6 —85.7 118.9 493 54.5 343 —48.5

®7 S3ETENSHRAEERNT (R=3.2m)
Table 7 The maximum peak strains at different measured points of pipe S3 (R=3.2 m)
BRI AE/107

Ot S321H S341Z S323H S323Z S331Z S332H S332Z S333H S333Z S334Z
50 -30.2 18.6 -36.9 —22.1 —49.1 39.3 -26.9 27.6 -15.5 34.4
75 —-16.2 17.4 -32.0 —22.3 —45.9 31.8 -25.5 26.2 -16.8 32.8

100 —18.6 22.7 -36.6 -26.8 -52.8 35.4 =329 26.5 -19.6 333

125 -19.1 22.5 —38.9 —32.7 —34.1 45.3 -30.7 31.1 —20.9 379

150 —-19.3 24.7 —41.5 -37.5 —61.1 52.3 -35.1 33.0 —22.1 38.2

175 -23.0 28.0 —43.0 -36.6 -71.8 53.0 —41.3 34.8 —28.6 40.9

200 -25.9 29.5 -47.7 -38.7 -90.8 58.1 —43.0 38.7 -38.1 425
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Table 8 Peak particle velocities of S3
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125 52 13.7 38
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Fig. 12 Attenuation of peak particle velocity with scaled
explosion distance for vibrations of S3 pipe and ground
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Table 9 Centroid frequencies of pipe S3 and ground vibration velocities (R=2.7 m, H=2.0 m)
JHz Sz
Olg i EIES Olg il EES
Xm Yirm ZiiT Xm o Yirm o ZiT Xm o Yirm ZiiT Xmm o Yirm ZiT
50 243 18.0 27.5 18.3 223 18.3 150 22.6 26.9 28.8 29.7 16.0 29.8
75 25.1 19.7 25.8 14.9 19.6 16.4 175 20.4 23.0 22.7 329 16.5 39.9
100 25.4 224 28.8 19.1 18.0 15.5 200 33.2 24.5 26.9 36.3 15.7 45.8
125 26.2 26.2 36.8 28.6 17.0 15.2
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Table 10 Peak particle vibration acceleration of pipe S2 (H=1.5 m, R=2.7 m)

D E/(m-s™?)

Olg X7 YJ5 Tl ZJ5 T ‘
IR
Max Min Max Min Max Min
50 4.7 —-11.1 3.7 0.3 6.7 -3.7 13.5
75 6.7 -12.9 4.0 0.0 8.1 -3.5 15.8
100 4.1 -10.4 2.2 -1.2 7.7 —2.5 13.2
125 4.7 —-16.1 1.5 -29 8.4 -7.0 17.8
150 3.1 —-15.5 0.9 —3.1 6.7 —6.5 17.1
175 1.7 -14.7 1.0 -33 6.8 -7.1 16.6
200 3.0 —18.2 0.3 —4.0 6.9 -7.4 20.1
F 11 MREROIAZER (H=1.5m, R=2.7 m)
Table 11 Centroid frequencies of acceleration (7/=1.5 m, R=2.7 m)
fJ/Hz
Qlg
XJrm YJ5TH] ZJ5m
50 55.9 40.1 329
100 413 41.9 33.0
200 41.1 39.1 36.8
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Fig. 19 Acceleration spectra of pipe S2 (0=50 g)
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Table 12 Peak acceleration, peak velocity and peak displacement of S3 (/=2.0 m, R=2.2 m)

Olg /M Vaw/(cm's™) e (m°5 ) (Vimax *dl ) /Hz (amax Vi) /HZ

50 0.99 7.45 12.73 75.60 170.85

75 0.82 5.89 11.23 71.69 190.78
100 1.02 7.21 15.17 70.50 210.32
125 133 9.33 23.59 70.40 252.82
150 157 10.19 2053 64.92 201.37
175 1.88 11.85 2531 62.91 213.55
200 2.54 16.68 41.92 65.58 251.26
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