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Inv, =InK +aln(Q'”*/R) )
i (1) X 1 b SR S BCHE AT I 34T, A5 B RS A A5 R, anlEl 4 FoR, Ho
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Table 1 On-site measured vibration data

Test MeasT.lring Lm Hm Rm  m/ke v/ (cm's™) fIHz
No. point x direction y direction z direction x direction y direction z direction

1 1880-1  128.06 14 128.82 370 0.23 0.54 0.40 18.4 21.0 10.8
1880-1 8237 14  83.55 380 0.62 0.81 0.70 61.7 63.2 21.9

2 1880-2 5048 14  52.39 380 11.00 5.35 7.77 111.3 44.1 75.3
1880-1 10842 14 109.32 380 0.41 0.69 0.69 78.8 41.6 25.0

: 1880-2 111.01 14 111.89 380 0.68 0.49 0.92 26.1 15.7 11.7
1880-1 5636 14 56.37 400 0.56 0.96 1.14 45.7 44.1 37.4

! 1880-2 67.80 14  67.81 400 1.24 1.34 1.04 21.5 36.1 17.8

5 1880-1 29834 26 299.47 390 0.08 0.11 0.12 23.6 17.3 19.5

6 1880-1 88.98 14  90.07 410 3.15 3.34 4.24 46.5 40.6 48.3

7 1880-1 208.52 26 210.13 380 0.16 0.23 0.21 13.5 9.0 11.4

8 1880-1 39.54 14 4195 400 4.08 8.07 5.31 23.9 82.6 522

9 1880-1 4574 14  47.83 300 10.12 5.57 5.71 41.9 15.6 63.5

0 1880-1 85.10 14  86.24 400 1.17 1.62 1.24 85.3 134.7 335
1880-2 13591 14 136.63 400 0.60 0.63 0.72 8.8 8.2 11.5

" 1880-1  337.01 14 338.01 350 0.14 0.11 0.13 243 25.2 21.2
1880-2  252.08 14 253.42 350 0.27 0.21 0.23 12.7 19.5 12.9

. 1880-1 23525 26 236.68 390 0.13 0.20 0.11 17.5 22.1 18.8
1880-2  147.76 26 150.03 390 0.32 0.38 0.34 12.5 9.6 10.3

3 1880-1 183.98 26 185.81 360 0.16 0.15 0.21 7.7 22.9 10.4
1880-2 85.07 26 88.95 360 0.56 0.69 0.72 12.0 28.8 10.5

@ ,[® ,[©@ ;
?_ vzfl.SZIH(Q"}/R)M;SS ° 1t ZZV::;_;(?IH(QI RS ) It v, =1.72In(Q' 3/R)+4.°24‘

R=0.80 , L

£ of =0 - 0} R*=0.80

L -1t -1}
ol K=95.06 ot K=49.37 ) ° K=69.72

a=1.82 a=1.72

a=1.69

40 -35 3.0 2.5 —2.0 15 40 -35 -3.0 -25 -2.0 —1.5 40 -35 3.0 25 2.0 —15
In(Q"*/R) In(Q"*/R) In(Q"*/R)

4 YRy
Fig. 4 Law of the vibration attenuation
LRI, 6 R A C DX AP 1 9IR 3l R R VP A R BB 3 %ok 30 DX A S o BRI, AF5E 3, ) TR A izt
DX AR Sl LA 00 A2 0 DX R 3 A B AN s 0, S ot SR RS Bl X IR AS0%F 15~ 48 m XIS N Y 9% 3h ik A7
W o XS HE R, R T ARG O, RIFIE A 15~48 m XN AR ZETE 16.55%~33.45% 2
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[, PR, o e T IR B 22 A BRI, BEOR B — B MR AR . SIS, A E) 3 AT 1) B U R 4R 5
(Vpen Vo V) BRI 1O 22 560 23 2

Vpr = 95.06(Q" /R)' 2 3)
vy =49.37(Q"*/R)" 4
Vpe = 69.72(Q"3/R)' " Q)
AR 3 (1) AT RS R 2 4 B B 24 ik ) T3 2 X
Q0 =R'(n,/K)"" (6)

MR 4 CHE A 22 4 B2 ) (GB 6722—2014) HLRE A B Ll 4 T8 4 A IR 3l 171 Ak v (465 44 40 1) [ A 00 %
£o<10 Hz B, 4 4R3H A 15~ 18 em/s; 10 Hz<f,<50 Hz i}, % 443 N 18~25 cm/s; £,>50 Hz i, & 4
BN 20~30 em/s), “LAPRHE 18 ecm/s. XTSRS SEAT LG, 45 BB I 20 42 i bm o T S5 K e 25
e S A AR AR R, ISR 2 PR . ARDRSE Y, A5 UM 5 SR B BT B W i /ME RS 10 m, B3 AN TT
fia) F B 0O e /N A O B R LB 2 i, MR T R Y R 2 Pl AR I AR B I AR B /N IR B
10 m B, 8 K 6 B m e/ i i KB B 25 1l 64.37 kg SR, B B 25 v SR SR BN L 22 a)
F 38 R, A5 T P BE 7K 52 0 BRI i R PR B 24 Bt 2RI HS O, e T L Bk B LA R O7 =, HAR 25 454
R SRR e 2N, B KB 2 f H PR M AL B B R e 2 i, R, R A M AL Y B ke 2 i, AT
MR AL 24 rhot S AR T S50 Z 1A B9 BE B R & S RIED 5 B MR ABE AR, mT 3k > o) A i 2 A% 3l 0T
Y LA M AL 2Z TR ) B, DA ARG R e S AR RS X A= 77 (4 5% T

®2 TREBTRARRLE

Table 2 Maximum charge per delay at different distances

R/m Ok
Horizontal radial Horizontal tangential Vertical
10 64.37 166.78 94.24
13 141.42 366.42 207.06
16 263.67 683.14 386.04
19 441.53 1143.95 646.44
22 685.43 1775.89 1003.55
25 1005.81 2605.95 1472.62
232 EIRESH
4P 3% 3 S R TR 0T A2 (4 45 K 1 ol T
A IR, AT REVS & 2EIR, T3 R B SR, D, ——y direction
SIE B4 3 2 R B 2 R D 0 A D0 450 1201 T detion
S 348 Sy 4 g 2 £ PR 2 4R 010 Sy R 100 -
307 W 3R B850 1 4R R A A R A, % N sop
th 20 ZBOIE 19 FARBUR AN G HEATAMPT, W S B ool
o B RRAL G R B BOE 91.67% (83 4R 3 ok
EIRAAK T 10 Hz, EE /A 7E 10~ 65 Hz JE ok
PO BRI, 405 30T T o4 T 0 ) £ 5
A 18~25 cm/s, 0 2 4'1 é 8 1'0 1'2 1'4 ll() 1I8 2'0 2'2
233 RERIR SN ST B B 4 AR Vibration data Fo-
LT 7 R A e, X 3 15 BT K5 TR

Fig. 5 Distribution of the vibration main frequency

RERE T o e IRUER R AU 65 Bk e b A9 R Ak 3l
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s 4T 40 B, 76 1880, 1840 Fl1 1800 m 43 Br 45 HEHL 1 M s A 4 sh A, X7 L & BE: 1880 i1 1840 m
Gy BETE x 7 ) 1 A A (B R 3 B K, 1800 m 43 BEAE 2 ] b B M B s i K o TR 3 A 43 Bl i e (L
T 1 RSN S HE T RE I AT, IR BIE S A&l 6 B, = 4ERE R A AN &l 7 PR .

I 7 BT LAFE e Bl T W D0 T A R B 6 B, 58 R A B AR S A O IR B e 76 1880 m
Oy B, KR B RE R IR A A R 3 A0 A AE 50~ 110 Hz [X [a], £ K BE R XTI (945K - 80~ 100 Hz; 7E
1840 m 43 B¢, PARIVREEHE N T 20 m, 4 30 A 2 55K 9 431 % IX B] 4 v 7E 50~ 80 Hz, -4l i it AH T ; %
1800 m 43 BERY, ¥R sl E i B3 A 7E 18~ 40 Hz X [i], B 7 9 1] T B A0 385 in, I s =5 4540 501 AR A3 1)
I
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Fig. 6 Time-history curves of
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Fig. 7 Three-dimensional energy spectra of
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vibration velocity gp
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it — W5 T K G YRR F R A )23 () 07 8 48 30T BB A A T8 (4 31 g i 187 A AE, >R 3l 1 A BRI
A ANSYS/LS-DYNA A7 RU(E AL . #EH0 fy 5 A 4R34 1l 4 i L K 25 RSB SE 4L, 6 B i B
12 m, 38 T30 31 55 T SR 58 SR 3 FLHE 85 10 mo 5 1R R JH Lagrange RS &1 43, K 25 FUEUSE W) 39 R
JH Euler W4& %143, K F Z9) 5T 2 H0A% B H -RK 7 (arbitrary Lagrangian-Eulerian, ALE) 3. 55, 1135 #0%
FH 3D-SOLID164 52 A& B, % {8 #E % 5% F cm-g-ps B0l . 7E LS-PrePost J5 Ab 34K 4, 38 i
NON_REFLECTED BOUNDAY #Ei-, X 45 AU i1 AL 1% 8 JC [ 3 A 25k . R IR I BRI i, K 5 By
L ERRTA L 5 BB T LA R S T RE T O Al i B, AT B R TE R I A, IS TG R K
Pl 5 8 1 A )R 4y Sz M =002 AR AL S AR T A T AR KO BE RS S,(3. 5. 10, 15, 20 Al
25m), 57 T 6 A HERA TR AN E 8 TN .
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1 890 m boundary line Ly
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(c) Tunnel lining model (d) Model sketch of different horizontal distances
8 BALREE
Fig. 8 Schematic diagram of the model
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VI ER 12 28, a3k 3 iR, o p A A MR B B, E R SRR v HIARA L, o, DAy JiE IR R
E HYIZAHE
*3 RAMRHERSY

Table 3 Parameters of the rock material model

py/(kg:m ™) E/GPa v o /MPa E/GPa
2700 71.25 0.24 75.5 0.4 0.5

3.1.2 #HIME

B FH K H MAT _JOHSON _HOLMQUIST CONCRETE AR R 2888 H TR EE+ . 54
B At A AR 25 A8 F8 R B AT RN, AT SR R B | R AR R S 5 2 Rl O R DY, Rk R

o' =[A(1-D)+Bp”](1+cln&") ®)
e o NEERON ) SRS IR Z L & = &/ T WAL, 60 WS E AR AL B, n, c ¥
REEEG pr W ERRE T D MIGIH T, 0SD<1., MBS HNE 4 Fin, L. p, Mtk kL i,
G M B, S, WH— AR IR, py SR TR A, p, N FE AR RN A2, p o SRR T,
pe WIEWEETE ST, f, HBUHRSREE, T R KPLEE T, e NRANRBONE, K|\ K, Ky HE I HE L,
D, F1 D, A4t K+
Fa WHEMBREYR

Table 4 Parameters of the lining material

p/(g-em™) G/GPa A B S ¢ n i e p/GPa
2.40 10.63 0.23 1.84 7 0.005  0.88 0.12 0.005 0.8

p/MPa f/MPa  T/MPa gols”! Emin D, D, K/GPa  K,/GPa  K,/GPa
10 20 2.8 1x10°  0.01 0.04 1 85 -171 208
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Table 5 MAT_SOIL_AND FOAM material parameters'®
Ve (KN-m ) G/MPa K/MPa A,/MPa A,/MPa A,/ MPa p/MPa
17 2.524 4673 0.0010 0.0049 0.0079 —-0.005
%6 FEEATLHFLE"
Table 6 Strain values of soil at different pressures'*
Pressure/MPa Volumetric strain Pressure/MPa Volumetric strain
0 0 800 -0.1878
100 -0.0216 1000 -0.2408
200 -0.0437 2000 -0.5586
400 -0.0895 3000 -1.0272
600 -0.1374 4000 -1.9380
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Table 7 Comparison of peak particle velocities of measured points

Voad(cm-s™

Direction Error/%
Simulation Test
X 10.89 10.12 7.6
y 5.11 5.57 83
6.13 5.71 7.4
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Fig. 10 Isoline of rock pressure at different time
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Fig. 11 Effective stress nephogram of adjacent existing roadway
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Fig. 13 PPVs of tunnel structure at different horizontal distances (Unit: cm/s)
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Fig. 16 Fitting curves of peak vibration velocity-peak effective stress in key positions of roadway
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Table 8 Fitting equations of peak effective stress-peak vibration velocity in key positions of roadway

Part of the roadway Fitting equation
Vault Omax = 0.0461v,+0.108 8
Right haunch Omax = 0.0592v,+0.0165
Right wall foot O max = 0.0709v, +0.4878
Left haunch Omax = 0.067 1v,+0.253 8

WFE A B, A0 T R A8 3 (9 8l g 3 B 2 A I B PO AR AR S/ T A TR A A W A A
BIR-C A7 568 J3E 75 3] — i 2 04 i v, 3K et PR A R M BIR B 77 A 58 B0 94 0 2 Ay MR B 280, 0o TR - 5 4
P ST R AN ORU Ut NN 24 i vl NS o 375 A N R s L0 | R A A o S WA i
RECY. BLAR UL, 7R IR 3 i 75 FI R, TR BE L b A UKL 23 7 A R 8%, UKL 22 1 B4 R 482 0 I/, A
T8/ PR A BE SRR T o IR, RS AV T, TRBE A 2 5 7= L (S 8% FIAZ TR , o P RE 7 A B
P95y o TR R b A PTRE 50 g N L T A A AT O, 2 L A3 A SN ST TRBE A B R R BT R

JE R RS v, B

055301-14



%39 % T ONSE BRIFCR B RO I T R E R S 5 55 5 )

o = Koo (14)
K o N AN BNEPRLRE; o0 N A A MRS PURL R B 5 Ky o8 5 A 10 5% B 1 K R 2, 3l F B
1.24~ 1.48, 5 [E 5 66 38 iy J01 000 95 327 i R B A 2 145 M), AR RS K 1,32,
C20 TR BE 1 () B b hr 58 B2 1.54 MPa, fC A (14), AT 4SS T8 4 191 09 3 S P58 R 2.03 MPa;
W shAPUHR BEACAGR 8 il 5 R, AR AR BRI HE IO, A7 HEIE | A7 S s A L A2 HEIEERS 6L ) i i [
B304 41.74 . 34.06, 21.79. 26.52 cm/s, BUH A IR /IME 21.79 em/s 1F S 38 46 1 10 48 4R 3 B, % &
) TR (Y R B RN BE A A B AR 2 R & A R e, DL & 2,301 71 Hp A o X iR s R A
15~48 m DX 35k 1) I 5 B A7 78— 8 B IR 22, T R — & 4 i, NI, AR B9 U 44k 2h 3%
19 cm/s,

4 DMIFHBFHSHMN

it b A B R Sl I 23 B A 0 DX 37 M R O 2 O 3t 7R R WA R, e B RS H i
A7 LT AR 9 22 2R3 19 em/s. RIS B2IE R 3R A 2, AT LIS B ER K & B i £L Y 22 e K
Bzt DATR DIRE U B pa o 7 v b DX o T 0T 9 1 0 A e 2 M0 o, B IX 5 T o 8 1 F
TH 5 ZR AN A 17 Fros .

Y,
[

*’?’fi;:/ — JESSLTRVEE R ) I ,_'/

— f\ 72,17 m N liasa b / L/ ’/r/
| i /
710 o6 31 @36 /97

@ d7 R {37 o

/

/" Monitoring point 2 /
Monitoring point 1 pook @ |

I /
g a8 @9 | J
s 2 2N [

-

2
S f Q /
2 4 | Blast zone
&y B 42
2 g | o
U ]

17 BXSHERAELR

Fig. 17 Relation of blasting area and roadway position
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Table 9 Parameters before and after adjustment

. Blast hole Hole Array Interval Length of Charge per
Adjustment . . .
diameter/mm spacing/m pitch/m length/m charge/m hole/kg
Before 200 7.0 5.5 0 8.5 360
After 200 4.0 4.0 2.5 6.0 250
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Effect of Bench Blasting on Vibration in Underground Roadways
during Open Pit-Underground Combined Mining

XU Jie'?, LI Xianglong'?, WANG Jianguo'?, HU Tao'?, ZHANG Biao’, LIU Jinbao'*

(1. Faculty of Land Resource Engineering, Kunming University of Science and Technology, Kunming 650093, Yunnan, China;
2. Advanced Blasting Technology Engineering Research Center of Yunnan Province Education Department,
Kunming 650093, Yunnan, China;

3. Liangshan Mining Co., Ltd., Huili 615146, Sichuan, China)

Abstract: In order to control the lining damage of underground roadways induced by the vibration effect of
bench blasting in an open-pit quarry, the dynamic response of the existing adjacent roadway at the transition
mining stage from open pit to underground in Lara Copper Mine were studied by means of field vibration
monitoring, theoretical calculation and numerical simulation. Through regression analysis of the monitoring
data, the vibration attenuation law was obtained, and the dominant frequency and instantaneous energy of the
vibration were analyzed. Six models with different relative spatial positions between the open-pit bench and
underground roadway were established using the LS-DYNA software. Subsequently, double-hole delayed
blasting models were developed to investigate the dynamic response of adjacent existing roadways under
blasting loads. The results show that for the existing roadway located below the explosion source of the open
pit bench, its maximum vibration velocity mainly appears in the arch and the side wall on the explosion-
facing side. The direction and position of the peak vibration velocity change with the different relative spatial
position of the roadway and the explosion source. When the vertical distance between the roadway vault and
the bottom of the blast hole is fixed at 10 m, and the horizontal distance between the roadway sidewall and
the blast hole is less than 15 m, the vibration velocity in the vertical direction of the tunnel structure is greater
after explosion. Beyond this 15 m horizontal distance, the vibration velocity in the horizontal and radial
directions of the tunnel structure is larger. By fitting the relationship between peak effective stress and peak
particle velocity and utilizing the ultimate dynamic tensile strength of the roadway, a vibration velocity
threshold of 19 cm/s was derived. After adjusting blasting parameters according to the safety threshold, the
safety of adjacent existing roadway can be ensured.

Keywords: open-underground combined mining; open-pit bench blasting; adjacent existing underground

roadway; vibration response; security threshold
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