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Table 1 The peak vibration velocity attenuation law models of velocity in each direction and resultant velocity
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Fig.3 Scatter plot with nonlinear regression fit of velocity in each direction and resultant velocity
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Fig.4 Dominant vibration frequency distribution
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Fig.6 Vibration velocity time history curves of different monitoring points in X direction
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Fig.7 Three-dimensional energy spectrum corresponding to different monitoring points
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Table 3 Comparison of particle vibration data at each monitoring point

Monitoring PPV (cm/s)
point Measured X Simulated X Measured Y Simulated Y Measured Z Simulated Z
126 0.604 0.615 1.123 1.180 0.689 0.607
127 2.117 2.532 2314 2.361 2.139 2.831
128 0.874 0.806 0.716 0.67 0.562 0.508
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129 0319 0.345 0.55 0.346 0.409 0.352
130 1.423 1.399 1.054 1305 0.381 0.525
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Table 4 The linear fitting formuld for, peak vibration velocity and peak tensile stress of each monitoring point in the key

area
(A LA AR e REL
Sotysiope o, = 0.22608PPV +0.02931 0.92
F1fallt o =0.07119PPV +0.1160 0.88
East slope o =031740PPV +0.05017 0.89

FEBBIG BAE T, ARSI A B . AR IS TR 58 5 sh A P
A B 5 B2 P 50 2R R 1230,

Jt = KaGtD

(7)
b o WARESIESTHLERE, MPa; K, A AR R R4, JEH I 1.24~1.48, BT

WA 1365 0 A A BIFURIRRE, MPa.
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RIS RFIII AR Z HKE, HRMPTRiEE )y 4.89 MPa, A (7D 1, 53]
FAHS . RIS R I Sh A PRI N 6.65 MPa, F1 W2 & B hi sy 1.02 MPa, [
HA R ZhAS PR IBRE N 1.39 MPa, LR = AN XS R sh S st st BEARNK 4 R & 712,
AR AR F1 W EPREBE > 58 29.28. 20.79. 17.89 cm/s. HHT %A X &K
AR R AN I3, 5 R AEVEAT . B 5 B S S s RS S, B AN B e A IRk
R R R IR A= o APRIER L TR ZefeE, T LREEEEN 22 REHITEIE.
Pl CGRFDIE TREAMTE) (GB50330-2013) , AF" X & KA &K A mmiad, 2455k
N—%. RIS R ZAEME)  (GB 6722-2014) XK AVER S A B B ™k sk, % e
AR I AR RN, A 2 e B MEAE IE R AL G U 1.7,

ST PR BN AT HEN R TR B 2 A s, RN A DR E B E RS, WEEE
ML KDY F1WZEIRERE S 308 17.220 1223, 10.52, AT FRERA, Z6 X
& R PRSI EE S AAE 10~50 Hzo (BRI ARFE)  (GB 6722-2004) X0 LK APES
A R R AR BN VPN AR R E AT s S IREIITR 10 Hz<fO<S0HZ B, H ARk HRE
P BB G I NN 8~12 em/s, ZREHIE, AW FRAR 2 2R HEEE N 10.52enl/s.

4 BT RRBRAENINAERS BN

W E SO IRS AR B E TSR T K o« B, ZIBAEKER T, 1%L R R
W 2 AARE DY 10.52 em/s. FRIE S0 R R0 E R A RECASCHE H oK LB 2 B i 5

218227

0. =(100061612ﬂ:;%; (8)
26462

g;,=(10008751§153§; 9)
1846

0)=0.001176 ——— (10)

0.1846
]

TR O X B 1035 G BOIYI I DL HEAT IR S R R B, JRIX AL T 1860 7K1, FH S Rl
B E AT B AL 7 od,/ AdEEE Y 102 m, R4 (8) - (100 HRAGHR KRB Z e RN
497.59 kgo WHAEH" 1L ARIBOF TR R, SOKRBZAE 646 kg, RIFXHZRIZ#EAT 25 B 424 .
N ] B R PRI 2, <3 2 Rl AR R M FLR T 2 R R 7 B 2, fa R HEAR B M L
(2 2l b i 2B AR, Ko KRB IRy 353 kg, BEHEPIRILIY 2 R IE IR, SE )
1B I K 507 ms A, HEMBI ML FLESONEEIT AT B . AL R B 55 R FLIR B S Bk 5 .

RITBEHRILBHEHR

Table 5 Parameter table of deep hole blasting in mine room

Maximum charge per Hole bottom
Burden (m) Empty hole length (m) Delay time (ms)
delay (kg) spacing (m)
1.8 353 2.7 2.0~3.0 50

AN M PR S AR Sh I R 2 T 15 B, B o, 127 BTN s i) S RIE(E IRE Ty 4.45
cm/s, 132 Y AN 1.67 em/se AN M e (00 304 AR A 22 4 BRUAEL LA A
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ZRER T LA T T RS LAR BRI 7 IR Eh MM R BB, 3 W 1 B R IA B DIR Sl i
P, LU,

(1) X AR AL B T AR R SR IR S HEAT BRER M I, 55 70 M B s Vi
L EIRMARNIRSIE T RER, 8L [T 0P, SRR A A AR R O, 45 R X IR

AR K. a f, NMIWEWSEERMET S5 .

(2) BUEBIULE RGBT, BRSNS RAIBAR DRI ARSI IR EE AT A 4L
TIHATAR LRI AN, A BR o i DRI At T 8 RS BB L ) S VAR IR 2 TR R % 5 1€
A3 TR A RO O 2 R s 2 AR R IA RSN 22 42 5 9 10.52em/s.

(3) MBI M Bhadth e st R/ EL, a5 S BB RIS R Z e RE, IMHA M 2Rk
B, X AR I, i T — e KR S fLR R AL 2GR AL P BUEME . SR
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Open-Pit and Underground Mining
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Abstract: In the process of open-pit and underground combined mining,in order to control the damage of
underground medium-length hole blasting vibration to open-pit slopeythe dynamic response law of open-pit
slope is studied by means of field vibration monitoring, theotetical«caletilation and numerical simulation.
Through the regression analysis of the monitoring data, the yibration-attenuation law of the open-pit slope
considering the elevation condition is obtained, and the mainAfrequency and spectrum energy of the vibration
are analyzed. Using MIDAS GTS NX software, a three<dimiénsiohal numerical model of slope rock mass and
mining area with emphasis on fault is established; and“tie'dynamic response law of slope in different
directions under blasting load is studied. The results, show that under the action of underground medium-
length hole blasting, the vibration of F1 fault is significantly attenuated due to the change of wave impedance,
and the potential sliding zone is formed on the surface of the slope where the fault is located, and the reflection
wave interference leads to the abnormal increase of vibration velocity in the adjacent fault area. The peak
values of vibration velocity and tehsile stress of the east slope are the highest and decrease monotonously
with the elevation, which reveals“that ‘the rock mass characteristics dominate the energy attenuation and
weaken the elevation amplification effect. The south slope shows irregular response due to fault modulation.
By fitting the relationship between stress and vibration velocity, the safety threshold of vibration velocity is
deduced to be 10.52 cm / by using the ultimate tensile stress criterion and considering the safety coefficient
of slope engineering. ‘After adjusting the blasting parameters based on the safety threshold, the safety of the
adjacent open-pit slopéis, guaranteed, and the blasting effect is guaranteed, which verifies the engineering
value of paratneter/optimization.

Key words: combined open-pit and underground mining; underground medium length-hole blasting; blast
vibration; slope dynamic response; safety threshold; parameter optimization
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