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Experimental Study on Blasting Technology of Square
Hole Layout with Deep and Shallow Holes under
Condition of Hard and Soft rock Layers
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Abstract: The blasting fragment size of a mine is required to be less than 0.4 m. However, this area has a geo-
logical structure consisting of both hard and soft layers, which makes the traditional blasting method easy to produce
boulders,and the blasting quality difficult to meet the requirements. In order to conquer the problem and save the
construction cost,blasting tests on square hole layout with both deep and shallow holes were carried out with the mid-
dle shallow hole depths of 0 m,4 m,5 m,6 m and 7 m. Firstly, ANSYS/LS-DYNA finite element software was used to
carry out numerical simulations with a limestone model with RHT constitutive relation in the upper part and a marl
model with HJC constitutive relation in the lower part,forming a hard-soft interlayer structure. Then, numerical tests
were conducted to initially obtain more optimal middle hole depths,and the distribution characteristics of rock mass

damage and the distribution law of blast effective stress under different test conditions were analyzed. Since ANSYS/
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LS-DYNA does not take the effect of detonation gas into account,the middle shallow hole depths of 4 m and 5 m were

selected for on-site blast tests in order to obtain more accurate experimental conclusions and not to excessively in-

crease explosive consumption. The research results show that it is effective to reduce the blasting boulder yield by

square hole layout combining deep and shallow holes. When the depth of the middle shallow hole is 5m, the curvature

coefficient Cc and the boulder yield can be reduced. Before the technology optimization, the average boulder yield was

about 64.4% ,and the rate of fragments larger than 0. 4m have been reduced to about 38. 1% after the technology

improvement, making the blast fragmentation to a favorable level. So, the scheme of 5 m shallow holes has a better

effect of reducing boulder yield than the original blasting scheme and the scheme of 4 m middle shallow hole.
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Fig. 1 Typical rock mass structure of the mine
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Fig. 2 Square hole layout combining deep and shallow holes
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Table 1 RHT-related parameters of upper limestone
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Table 2 Parameters related to the HJC model of the lower marl layer
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Fig. 3 Middle-shallow blasting model (unit;m)
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Fig. 4 Effective stress at different times

ARG A o3 XBRIE , 5 A1 PR B T TR AR
P HSZARARE Al 7 AR X R X MR RZ Bl X
B X BB th A A IR . A ST TR /Y
PR 1R T B PRS0 B 22 7= A R A i LR
or, FRUERRBIX o 248 AR A B8 1 v AR ik F)
FUVF I S/ NEB YR L AR I, 6 AR A2 475 0T ik e L )
BOHEN 1o APRHE S 58 B2 FR AT, A iR E

SERIR, HR I i p Ax i s AR e

PR BB
D = z Aiap (2)

Krf:Ae” %%*ﬂé’]i@fjx,s/ JERENAE
WitisE D MR, A AZ R MG, D =1 i
TRSE RRRE . 2 BRTE A KA v il b P 4 2 3 3R
RIS E D =0.75, 3847 % I L1 A 1]
UL WO D R 0. 8, BITAK 24 D=0. 8 i},
FAAITZ ERAG

SNSRI NP 1/ P oy V7 < Sl SR A =V
¥ | SR FHURVRES & 7 U A FLA it vl A48 R4 S B
FrARIB A TR X 2 DX A i R D A
e KA HA W AR . B ElE AL LA B
B8R, AL T] B4t A B T BRI TR ARUBRR K, B Y
[ERALFLIR N 4 m B JFLAE AP ELE] D =1 B
P B ;22 SUEREE R 6 m 7 m B M fL
A ATWELE] D =1 B a5 BHE Y L K, 3R
A U L 3% 28 BB 7= 26 BB IR A AR X 448 5

[T, AR 48 Mises A5 RN 7 80 DR o D), 4R 1) o
W T 5 AR SRR 0 5 32 PR o ZEM LR i o
HEAE TSR, AR TR YA RN
B R 75 B R AN A (3) B, A R R A
TE RUREREIX

o, = L[ (o,
5
(0.-0)']" =0, (3)

KXo, o Mises G750, AR ] WEAE L
150, AYIRIELE N 75 0. AT FLEME D7 1] 1E 1
H 50 RE RS AP SR B, BRIk B3R 19 A 3L
MNWHTFHR 0, =00

6 Sy ANIa] Hp E]E AL B A R Y Mises A5 %00
J153 4 &

(1) i (a) FrR , 76 JFERCFLEEBE 44T, JfL
B Qb R A LN R il 2 Ah A0 AR R B A5 K, TB I L BE
G3 A BT AR S €0 A AR50 T IR X, °F- 34 Miises A 2L
L JJ A A E] 350. 5 MPa,

(2)E 6(b) () Frw, R FLIEE J4 m,
5 m A, JRU0 FLA% ZE B H BT S5O 1 BB AR IX, 5

[ Rl S R AIRYN: 3y N1/ N 1 O S 1
TRALURBEHE K™= A= 0 R KE N bz 5, T
A RN FJWEAE AT 35 420. 6 MPa, JBLETH T R4
FLIFI B R AR, 720 DX PN 1 7 g 38 4 A S 0 T vk
FLRE A3 5 1450, T WU FL S 7 38 57 45 %) e Bl 72
I3

R AL

—o)’ + (0. —0)" +



40 1

FREA AR MRH 5,55 ORI S R RIR S

BT AR LR AR Y5 A 5 97

(3) K 6(d) ((e) , R HEALERE N 6 m |
7w B, B R FLIR BE AN B, IR LA 2E B
VAR B GRS M N = 1 5 VAP A - [ A
490. 8 MPa, ik i Hi T 1% fL IR 09 AN Wi g R B
RN ERE R AR D . B BTGk R i
L1 BB ERRE o, i 60.69 MPa, %t Hoek-Brown

Sd3

vo zZe

90

80

(a) AL
(a) The original
blasting model

(b) FIEEFLEE 4 m

hole is 4 m

(c) FEREFLERE 5 m
(b) The middle shallow (c) The middle shallow (d) The middle shallow (e) The middle shallow
hole is 5 m

HRGUR SR BT S A S B 5
0, M 25.75 MPa, TERENE BT = 3 N2 ST,
AR AR o, A R PR R W
10 45" ROHGABIBIR (A 20N L o =0, =
100

me ©

@ FERILESm () FHEALET m

hole is 6 m hole is 7 m

KS ANTR] b AL R AR 0 2 P (B 2 m)
Fig. 5 Damage diagram under different middle shallow hole depths(unit:m)
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Table 4 Rock fragmentation sample distribution

kit JRA I T
cm WELEERE 254 4 m HANRFL 5 m R EERAL

90. 00 87.64 94.71 98.81
75.00 75.16 84.57 95.94
63.00 62.63 72.48 90. 89
53.00 51.69 60. 04 82.45
37.50 35.60 38.93 61.95
31.50 30. 44 32.29 52.35
26.50 26.84 27.86 44.57
19.00 21.14 23.29 33.49
16. 00 18.23 22.05 28.75
9.50 11.62 14.77 18.09
4.75 6.39 8.66 9.77
2.36 3.49 5.05 5.25
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