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Application of Subdrilled Cut Blasting Technology
in Deep-hole Hard Rock Shaft Sinking
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Abstract: Subdrilled cut blasting technology is extensively employed for deep shaft sinking through hard rock
formations. In contrast to equal-depth cutting methods, where the cutting depth matches the auxiliary hole depth, this
advanced technique significantly improves advance per round and enhances blast hole utilization rate. Optimizing
subdrilled-cut parameters is of substantial engineering significance in hard-rock shaft-sinking projects. Based on the
actual blasting design and geological conditions at the auxiliary shaft of the Ansteel Group Iron Mine in Xi’anshan,

this study uses the numerical simulation software ANSYS/AUTODYN to establish 7 types of subdrilled cut-blasting
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calculation models, including cutting holes and auxiliary holes. Through comprehensive simulations of excavation

blasting processes under varying subdrilling configurations, the research systematically analyzes variations in rock

particle velocity and overpressure dynamics during detonation. These investigations aim to elucidate the mechanisms

of damage evolution in rock masses under different subdrilling conditions and to determine the optimal depth range

for maximum blasting efficiency. Results demonstrate that subdrilled cut blasting substantially enhances advance per-

formance compared to traditional methods. Both peak rock pressure and particle ejection velocity between the cutting

and auxiliary holes increase progressively with greater subdrilling, thereby promoting rock fragmentation and excava-

tion efficiency. However, this growth trend gradually stabilizes as subdrilling increases. Field validation confirms sig-

nificant tunnelling improvement after parameter optimization, achieving an average advance per round of 4120 mm

(with a 4500 mm perimeter hole depth and a 500 mm subdrilling) and a monthly progress exceeding 115 m. These

findings provide valuable references for optimizing subdrilling parameters in similar engineering projects.
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Table 1 Table of blasting parameters

2 The amount of explosives

%L AR AR 8] 18] P 222 1) ek 73
S b 32 f ) B AA
N% i Number of Blasthole  Blasthole iﬂ“?ﬁfﬁﬂ 1 ke/ P&l f%ﬁj1l Interval delay time  Connection
ame blastholes  depth/mm spacing/mm Quantity o s.mg ¢ kg/Circle xplostve between rows/ms method
hole explosives diameter/mm
yiirg
UL 6 4500 900 10 30 40 50
Cut hole
— Rl AR
First round 12 4500 699 8 48 40 120
auxiliary hole
—EHBIR
Second round 15 4500 811 8 60 40 120
auxiliary hole
R A BIIR FiRi’S
Third round 18 4500 886 8 72 40 120 Parallel
auxiliary hole connection
Y el ity B AR
Forth round 24 4500 848 8 96 40 120
auxiliary hole
JAl AR
4 7 7 12 4 22
Peripheral hole 36 500 69 6 0 0
A
&1t
110 432
Total

900 450600 600 700 750

(a) S LT
(a) Top view of the blasthole

4500

(b) JEFLEITL A

(b) Sectional view of the blasthole

BI1 M AL A B P (B mm)

Fig. 1

Blast-hole layout diagram(unit;mm)
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60 mm .80 mm 100 mm 120 mm, MEFLFLEE VEZS K
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BB 100 mm , EEFLIRIFE R 200 mm, $548 5 4L
[EJEE g 80 mm, 48 L 5 %l B £L SE 459 ) 18] 5] B8
10 s AN 2 sy A, BEAL,
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2.2 HEXMBSH
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SEAILHEA T DN, 45 30 1 P 7 5 32 2 470 i 2 53531 A
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RHT AR R 0] 45 1 s R AE A8 0 r 2804 R
HAR AT, A5 A SR it B STk 28,
29 |0 A H RS B AT E , O S BOUE
mk2 Fos.

B IR Fa R
Augziliary hole Cut hole

B IR
Augziliary hole

EE RS
Sealing
material

YE2y

Explosive

Hik
Rock

FLALKEZ

Emulsion explosive

B2 BETH AR A, (B mm)

Fig. 2 Numerical calculation model A, (unit:mm)

Ak HIERRL

Rock Sealing material

(a) Bl R4 15

(a) Uniaxial compression

(b) SHPBHLHLIX K
(b) SHPB tensile test

experiment

K3 A s il

Fig. 3  Testing of rock mechanics property

%£2 AARHT K#g5H
Table 2 Rock RHT constitutive parameters

p/(kg+m™?) S(m-s') G/MPa P,GPa A/GPa  A,/GPa  A,/GPa B, B,
2.66 3650 15.4 6.5 3.0 32.14 41.25 10.05 .22 1.22

N T./K G/GPa f, f./MPa G B. B, D, D,

0.65 300 16.7 17.5  122.45 2.0 0.0103 0.014 0.04 1.0
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Table 3 The material parameters of explosive

p/ D/ E,/
P.,/GP A/GP: B/GP R R
(kg -m™) (m-s™") ar * ! l ’ ¢ (J-m™)
1145 4500 22.7 214.4 0.182 4.2 0.9 0.15 8.56 x 10°
£4 TSHBBH
Table 4 The material parameters of air
/ H/
- o 1,/K G GV E/(emT)
(kg - m™) (J-kg' - k™)
1.225 717.60 288.2 0.4 0.4 0 1 2.5%x107°
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2.3.1 BAKRAIA R
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(a) Simulation results of 4,

=20 ps
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(b) Simulation results of 4,

B4 BA KA, 1784k
Fig. 4 Pressure changes in the model of A, and A,
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Fig. 5 Overpressure variation curve of measuring iﬂ'ﬂ m! ‘12{ 1 W -,.;: “.'
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H 200 | 1 TR
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0F Sty 2 P N o LA
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K6 ANFEBAIN AL a, #8 AL 2R
Fig. 6 Overpressure variation curve of measuring

point a, in different models

W TR TR RE ) 8 o, W L s R B B T
R 3, X — 7 THI S Fh T PR RS B 25 g, H s e
e B 3G, 5 22 AR AR A A A A X, B
(B 2R BT, 55— i, kAR 7 5O S Ak
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FRT, B R B B B, 184 1 A PR A,
TRVREE B 40 mm 3 /i1 2= 60 mm (X i B Ag (A
Ay) I W (RIS AN B A2, 388 3035 O 10. 8% Jt
6. 1% , HIH AT UL, — & 1 SR TR TR A A T2 4
RSN (BB R TR BE IR AR BB 4, Bt TR FLAE
TR BE BRI , K 24 068 S A A FH %) s g e L8 o
GG , B3I 25 25 TR BBGR S T,

0 0.02 0.04 0.06 0.08 0.10 0.12
B} [8] Time t/ms
BT ATRBREI A a, 3R A 2R
Fig. 7 Velocity variation curve of measuring

point a, in different models
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G U EBE TSR, T I R T AR
O, WE 8 frw , X Bl e 1Ty Z AT Ak i
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Table 5 Table of blasting parameters

224 H The amount of explosives

HR %K MR BTG R
s % 2 5 N
fﬁ Sjim Number of Blasthole Subdrilling Blasthole iﬂé}jfﬁﬁ ) ke/ &
m -hem S
ame M P lastholes depth/mm depth/mm spacing/mm Qauntity o s.lng ¢ kg/ Circle
hole explosives
B, 6 4500 0 900 10 30
B, 6 4600 100 900 10 30
B, 6 4700 200 900 11 33
Ay
UL B, 6 4800 300 900 11 33
Cuthole
B 6 4900 400 900 12 36
By 6 5000 500 900 12 39
B, 6 5100 600 900 12 42

BRI R WA RS, T HEH 2= IR B bR ofiE, B
R4 T T v BN I O 2 A — e v A AT R R
SRR A, o B A A BT A I T BT R K 2y A
Wi T e geit s BRI I 45 U X Bl AL 3
2 i KR R T AR A I R AT gt
W25 TR S % 2 RO R PR AT G2 ORI SR IR
TR
3.2 RSN
AN B T3 58 R P AR I ROR B S
g 6 Frox, 1819 O #g il 7 SAE B ik R AR
k.

(a) BEZYIEL (b) R ROR
(a) Insert explosives (b) The effect
and connecting wires after blasting

(IR RS o) B R R

Fig. 8 Subdrilling excavation field test

®6 ARBHARIBRERSGIT
Table 6 The statistics of experimental results for different blasting schemes
Sz ﬁﬁc{%fﬁ PR PRI JIRFI IR Y24 ik
Seheme Subdrilling advance per Growth rate of Blast hole Powder
depth/mm round/mm advance per round/% utilization rate/% factor/kg
B, 0 3670 / 81.56 2.34
B, 100 3830 4.36 85.11 2.25
B, 200 3920 2.35 87.11 2.21
B, 300 4010 2.30 89.11 2.16
B; 400 4110 2.49 91.33 2.12
By 500 4190 1.95 93.11 2.09
B, 600 4210 0.48 93.56 2.10

AR AT, IR 0 mm 1], fr A
FLEREEY R 4500 mm, i K K 3. 67 m, M fLF %
1 81.56% , [ifi 45 8 TR TR B iy 364 i, 2F R =z 38
FRBOBCR BT . IR TREE K T 400 mm B, 4 iR A
FHFRIIAE 90% LA L, 3 R 2 14 4 2 i 2 2%

HER SRR BRI, BB VRV FE 2 600 mm B, 38 < 3R AL
W 1.51%, BEHEEE 45N 400 mm 500 mm A
600 mm [, YEZ5 K4 M 2. 12 kg/m’ 2.09 kg/m’
K210 kg/m’ o] UL, S AEERVERE K 600 mm B, 4 L
RBURTREE SR 500 mm I 2 HF NCB AT 34 0, (B iy T H:
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VT A S Al R B Bl AR R R 30 IR IR B R
4500 mm [}, BERVREE Ry 500 mm NS HE,

4.4r

by h
=) S
.

## R Drilling depth/m
w
)

361

0 B B B, B, B, B, B
752% Scheme
B9 TN[RIR s 7 22 S IR AE PR IRt £k &

Fg. 9 The cyclic footage curve of different blasting schemes

FEPG L B FE - 362 m /K S £ 18R R N
500 mm ST R AN, T 28 ANEER, A
IREFEFH4 26.5 h, SCIGZE SRR LIS RS
BSOS R B R IR FH 232 B B I ASCR, R
TEPRIE R4 4. 12 m, #E25 BFEF-14 2. 11 kg/m’,
AHERAE1LS m Db 8RN 21, 05% , A] ik 2]
DGR T ) 2 B R % 25 R A A T
FEE T HA —ENSHE L,

4 it

(1) BB RZE R R W, H R £L e DR TR B3
FrE LS Bl Z RS A e Wl T &, A A kLT
P B BG I, SR T A R A, (R TR IR
FEARBCBR G Bl 8 R B A R K, HR R AL
5 AL Z 8] A T 32 Fe ) S s B 3 K
AR 5% B SRR I

(2) SEYRLE A n] U, , Bl 25 88 TR IR B2 i 35 4 R
R B8 A0, R R 4G i 3670 mm BN 2 & 5 0] ik
4210 mm, 1 FLF) FH % i 81. 56% 2 F & 93. 56% ,
T 3% W el FH R R R TR e Ak 58 T A A8 v I
WA PRI ROR . BE A B R FE B3, ik RO KR
BWREAR . 25575 BT A S i R 3508, e Il
B & J8 3 RV BE R 4500 mm B, 48 TR TR B HL
500 mm #hAEHE

) IRAIE T RN, R SO B4T,
AL AR T 1 R, R TR BE R 500 mm, Ji] i R
S B UR R BE S 4500 mm [}, SF- Y 40 B i R K
4120 mm, A #FR T 115 m, B FSkRBE N 21.05% ,

A A B 50 B T A H o R A SR 2
LA TR I TR A —E WS HE L,
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