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Distribution of blast hole on the step excavation(unit:cm)
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Fig. 2 Profile of hilltop buildings and measure

points along the longitudinal direction of tunnel
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Tab.1 Parameters of blasting test
Yln] 1 1n) FEH
W BE N T B W g Es/ o g By e
cme+s ! Hz ] cme+s ! Hz ] cme+s ! Hz ]
12 26.4 38.0 58.14 0.24 13.43 10.25 0.48 13.18 10.25 0.63 29.05 38.54  0.81
2009 2J2 26,4 38.0 60.44 0.18 12.69 7.72 0.37 18.30 12.82 0.64 27.83 3472  0.64
32 26,4 38.0 62.80 0.14 12.69 15.76 0.45 35.40 21.06 0.63 27.83 39.02  0.73
12 26.4 22.0 49.19 0.04 51.31 0.15 1.12 42.40 77.96 1.14 42.48 52.47  1.45
2009 2j2 26,4 22,0 51.89 0.33 7.32 1249 0.15 35.80 5.94 0.61 20.75 17.34  0.62
32 26.4 22.0 54.62 0.25 6.10 851 0.03 27.85 0.12 1.07 17.08 50.51  1.08
12 26.4 0.5 44.00 0.21 36.62 32.86 1.12 52.73 131.37 1.65 86.91 179.62  1.92
2009 2F2 264 0.5 47.00 0.76 20.51105.28 0.26 20.51 10.58 0.31 20.51 32.92  0.76
$E 264 0.5 50.00 0.07 32.07 0.0l 0.07 30.07 0.31 0.85 23.68 103.56  0.85
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Fig. 4 Distribution of vibration Fig. 5 Distribution of the ratio of horizontal
velocity resultant vector along floors vibration velocity to vertical velocity along floors
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Tab. 2 Percentages of band energy distribution of blasting vibration signals %
A
R d/m w0~ 25~ 50~ 75~ 100~ 125~ 150~ 175~
25 Hz 50 Hz 75 Hz 100 Hz 125 Hz 150 Hz 175 Hz 200 Hz
B 99.9734  0.0047  0.0062 0.0070 0.0034 0.0023 0.0017 0.0014
12 M 99.9856 0.0033  0.0033 0.0035 0.0018 0.0011 0.0008 0.0006
M|H 99.9885  0.0021  0.0026 0.0028 0.0015 0.0011 0.0007 0.0007
P 99.0191  0.8392  0.1013  0.0154 0.0074 0.0065 0.0059 0.005 2
20938 22 4R 99.3817 0.5646 0.0276 0.0105 0.0052 0.0039 0.0035 0.003 1
M 97.2789 2.5167  0.1170 0.0411 0.0147 0.0118 0.0104 0.0095
PIfm 99.466 8  0.5020  0.0131 0.0087 0.0028 0.0025 0.0021 0.0020
3Z &M 99.9700 0.0028  0.0019 0.0118 0.0110 0.0011 0.0007 0.0007
M 99.9848 0.0035 0.0035 0.0039 0.0018 0.0010 0.0008 0.000 7
I 98,4991 1.4448  0.0199 0.0191 0.0062 0.0077 0.0014 0.0017
12 f&I 83.7386 3.5496 8.0032 1.1860 1.4292 0.8955 0.6946 0.503 3
FH 99.5557  0.3839  0.0444 0.0078 0.0022 0.0022 0.0022 0.0015
Pl 97.1364  2.7419  0.0796 0.0262 0.0046 0.0038 0.0042 0.0033
3(3)0197 22 2% &M 99.3103 0.5769  0.0572 0.0189 0.0107 0.0096 0.0083 0.008 0
#H 98.1605 1.6149  0.1098 0.0398 0.0230 0.0191 0.0173 0.0156
i 99.544 9  0.4404  0.0074  0.0047 0.0008 0.0007 0.0006 0.000 6
32 4RMm 98.0620 1.7783  0.0687 0.0380 0.0159 0.0136 0.0121 0.0114
MfH 99.2789  0.5167 0.1170 0.0411 0.0147 0.0116 0.0106 0.009 4
) 96.6215 3.2665  0.0657 0.0330 0.0036 0.0034 0.0033 0.0030
12 #JW 95.6771 4.1160 0.1551 0.0371 0.0040 0.0036 0.0039 0.0031
M 96.6579 3.2365  0.0650 0.0283 0.0036 0.0031 0.0029 0.0027
I 94.9596  4.6376  0.3001 0.0607 0.0119 0.0102 0.0117 0.008 4
ZO0% 05 2 ARl 96,0177 3.4176 04776 0.0376 0.0118 0.0140 0.0155 0.008 3
FEH  94.8799 4.4699  0.5636 0.0330 0.0150 0.0142 0.0147 0.009 7
I 94.9596 4.6376  0.3001 0.0607 0.0119 0.0102 0.0117 0.008 4
32 A 96.1605 3.6149  0.1098 0.0398 0.0230 0.0191 0.0173 0.015 6
#H 92.7215 6.7787  0.4166 0.0559 0.0068 0.0057 0.0094 0,005 4
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Fig. 6 Reconfiguration waveform by wavelet packet coefficient

and Fourier transformation of every frequency band
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Effect of Small-Distance Tunnel Blasting on
Hilltop Stone Building Vibration

ZHENG Qiang, LIN Cong-mou, LIN Li-qun,
HUANG Jin-shan, YANG Hai-shu

((Research Institute of Geotechnical Engineering, Huagiao University, Quanzhou 362021, China)

Abstract: According to the hilltop building vibration data in Da Ping mountain tunnel blasting, the distribution of vibra-
tion velocity spreading along the different floors is analyzed, the spectral characteristic, main vibration frequency and en-
ergy distribution along floor are obtained by wavelet package theory. It's found: on the third floor, vibration velocity ap-
pears elevation amplification effect, the ratio of the horizontal vibration velocity to vertical velocity on the ground floor is
greater than the one on upper two floors; the main frequency on every floor is dominantly in the low {requency, the fre-
quency components in other frequency-band is small, and with the increases of explosive distance and the floor number,
the frequency has the trend to decrease gradually, but every component main frequency on the third floor increases to a
certain degree; the vibration energy distributes widely in the hilltop building. however, the energy in three directions are
mainly concentrated in the first frequency band, the rank of energy from large to small is: vertical energy, radial energy,
tangential energy.

Keywords: small-distance tunnel; seismic wave; elevation amplification effect; stone building
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