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Fig.1 Schemes of the upper—bench blasting and slope vibration velocity monitoring
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Table 3 The monitoring results
eS| LSME | 250 | 35E | 48 | SEIE | 65IA

PR/ (cm-s™) 8.32 4.96 4.13 2.38 1.75 1.55

2 /kg 24.00 24.00 24.00 24.00 24.00 24.00

BLREEE | SR ke 27.18 25.23 24.53 24.25 24.13 24.08
0o /m 14.23 17.93 22.15 26.64 31.28 36.02

SERUIR S /m 14.45 18.15 22.34 26.81 31.43 36.16

PR/ (cm-s™) 6.57 422 2.88 2.06 1.52 1.16
2 /kg 24.00 24.00 24.00 24.00 24.00 24.00

S2UREE | A ke 26.12 24.85 24.38 24.19 24.11 24.06
H D /m 15.70 19.66 24.01 28.57 33.26 38.03

S RN B /m 15.92 19.87 24.19 28.74 33.41 38.16

PR/ (cm-s™) 4.83 3.52 2.44 1.81 1.23 1.06
2 kg 19.20 19.20 19.20 19.20 19.20 19.20

SEIUCRNE | AF i ke 20.30 19.67 19.42 19.32 19.27 19.24
H D /m 17.45 21.63 26.09 30.72 35.45 40.24

S AN B /m 17.67 21.82 26.26 30.87 35.59 40.37

PR/ (cm-s™) 4.03 2.49 1.79 1.70 1.02 0.92
Zhikt/kg 19.20 19.20 19.20 19.20 19.20 19.20

HAWHRE | FR R kg 19.91 19.52 19.36 19.29 19.25 19.23
F0 I /m 27.93 27.65 27.54 27.49 27.47 27.45

S AN B /m 19.70 24.02 28.55 33.22 37.97 42.78
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Table 4 Accuracies of vibration velocities predictions

MIXFIRZE | 2R | B3UEREE | B4R
(%) | Bk | 125 | ek | fe4e | Bl | 1450
15 | 3.24 | =3.59 | -1.72 | -14.06 | -4.17 |-12.76
25 | 5.05 | -7.28 | -9.15 | -8.95 | 7.70 |-23.99
35MA | 740 [-11.22] -6.20 |-13.69| 10.25 |-27.39
45 A | 1036 | =521 | -5.52 | -5.98 |-11.39 | -0.92
5SS | 14.00 | -10.27 | -17.40 | -19.63 | 16.63 | -26.32
65 | 18.41 |-15.42|-13.83|-14.98 | 4.80 |-19.64
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Fig.3 Three—dimensional energy proportion distribution of each measuring point
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Table 5 Vibration energy distribution of each measuring point

figtt [ 4L Bt Hz
/(%) 0~15.625 |15.625~31.25| 31.25~46.875 |46.875~62.5|62.5~78.125 | 78.125~93.75 |93.75~109.375| 109.375~500
B xJ7l) | 31.597 22.201 7.554 29.061 0.043 0.114 8.454 0.976
i y Il | 47.880 22.940 13.251 5.752 0.045 0.094 9.199 0.838
)5I| 4.184 10.439 48.827 26.651 0.016 8.430 0.225 1.231
.~ x I3l | 10.437 69.942 0.715 18.404 0.024 0.035 0.320 0.123
il yI7l | 26.965 34.213 2.069 35.294 0.049 0.190 0.757 0.465
ZJ50 | 13.780 47.727 0.195 38.179 0.001 0.022 0.054 0.041
- xJ7lA) | 33.775 43.287 5316 16.601 0.002 0.015 0.810 0.195
il yJ71) | 39.997 55.662 1.564 1.778 0.011 0.081 0.743 0.163
)51 | 26.411 17.684 36.013 13.157 0.003 0.022 6.158 0.552
s xJ7 1 | 29.609 51.700 5.781 11.797 0.001 0.007 0.944 0.162
il yJ7l) | 57.890 27.628 5.464 4.604 0.365 0.572 1.898 1.579
ZJ5I | 22.481 37.119 22.152 14.041 0.002 0.008 3.709 0.487
5o xJ71 | 92.904 5.274 0.219 1.540 0.001 0.001 0.052 0.009
e yJ5l] | 88.787 9.954 0.467 0.626 0.001 0.002 0.150 0.013
J7I | 59.425 26.487 4.900 7.652 0.010 0.009 1.430 0.086
- xJil | 89.377 10.119 0.020 0.461 0.006 0.001 0.004 0.012
il y i | 79.196 12.561 1.129 6.658 0.016 0.060 0.075 0.305
ZJ5I | 47.339 10914 2.892 37.728 0.008 0.015 0.171 0.932
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On the Law of Roadbed Slope Vibration Caused by Tunnel Blasting
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Abstract In order to study the law of slope vibration caused by fine delay control blasting, equivalent charge and
equivalent distance are introduced and a new formula of vibration velocity attenuation is established using dimen-
sional analysis method by taking the fine delay control blasting at the entrance of Heiyu tunnel reconstruction and
extension as the engineering background; based on the measured data of four times of test, fitting verification is con-
ducted and a comparison with Sodev’s empirical formula is carried out. Wavelet packet analysis is adopted to study
the distribution of vibration energy. The research shows that: the prediction error of traditional Sodev's formula is as
high as 27.39% regarding this project,\and the measured vibration velocity is generally larger than the calculated
one, which is not conduciveto'guiding construction, while the max. prediction error of the improved empirical formu-
la is 18.41%, indicatingthat the improved formula has good applicability; the blasting vibration energy is mainly
concentrated.in the range of 0-109.375 Hz and it is mostly concentrated in the range of 0— 46.875 Hz, around 1% of
vibration energy-is larger than 109.375 Hz; As the distance increases, the vibration energy concentrates the area of
low frequencies, and the high—frequency energy is gradually absorbed by the rock mass.

Keywords Tunnel blasting; Slope vibration velocity; Equivalent charge; Equivalent distance; Dimensional analy-

sis; Improved Sodev’s formula; Wavelet packet analysis method; Blasting vibration energy
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Prediction Method for Surface Settlement in Tunnel Construction with Pipe
Curtain Support

JIANG Yongtao' WANG Mingnian' ZHANG Yiteng' YU Li' JIANG Fan® XIAO Zerong’
(1 School of Civil Engineering, Southwest Jiaotong University, Chengdu 610031; 2 Fuzhou Municipal Construction Development Co.,
Ltd, Fuzhou 350108; 3 FujianFuzhou Planning Design & Reseaich Institute, Fuzhou 350108)

Abstract Pipe jacking construction for pipe curtain will distuth stratum and cause deformation and surface settle-
ment. At present the surface settlement caused by group pipes is calculated by superposition of single pipe settle-
ment without consideration of the interaction of group pipes of pipe curtain. Taking the pipe curtain at exit section of
Wenlinshan tunnel for example, which is constructed by the technology of mucking with screw conveyor and jacking
with casing, a calculation method for the surface settlement of single—pipe jacking construction considering ground
loss and construction stress is established based on stochastic medium theory and Mindlin solution, and the modi-
fied function for the surface settlement of group pipe construction is introduced to set up a calculation\miethod for the
surface settlement of group pipe construction; the change and distribution laws of surface settlements/caused by sin-
gle—pipe jacking and group pipe construction are analyzed and verified by the proposed ‘calculation method and
FLAC™ numerical simulation respectively. The results show that: (1) during thé jacking process of steel pipes, at
first the surface heaves in front and then subsides in the rear; (2) the surface deformation caused by steel pipe jacking
gradually attenuates from the center line of the tunnel to both sides, with the affected scope within 12 m of the two
sides; (3) the surface heaving caused by the subsequent pipe jacking is smaller than that caused by the first steel
pipe, and the surface settlement is larger than that caused by the first steel pipe.

Keywords Tunnel; Support with pipe curtain; Jacking pipe; Ground loss; Construction stress; Surface settlement;

Calculation method
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