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Pre-splitting Blasting Technology for Tooth Groove
Slopes in Sandstone Mudstone Interlayer of Laomukong
Navigation Hydropower Hub
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(1. Sinohydro Engineering No. 5 Bureau,Chengdu 610010, China;2. Sichuan Minjiang Port &
Shipping & Electricity Power Development Co. ,Lid. ,Leshan 614000, China)

Abstract; Pre-split blasting serves as a critical technology in control blasting operations, with its superior forma-
tion quality contributing significantly to construction safety and project economic efficiency. To optimize pre-splitting
blasting performance for tooth groove slopes within the sandstone-mudstone interlayer at Laomukong Navigation Hy-
dropower Hub,this study integrates geological surveys,rock mechanics testing data,and theoretical analysis of blas-
ting mechanisms. The research systematically develops comprehensive blasting plans with detailed parameters, while
introducing customized linear charge density design methodology for individual blast holes adapted to complex geolog-
ical environments. Quality control protocols were established for drilling operations, charging procedures, and stem-
ming processes lo guarantee blasting quality, involving the development of drill pipe positioning devices, precise
charge control measures,and innovative stemming material formulations. Finite element numerical simulation of pre-

splitting blasting was conducted using the dynamic analysis software ANSYS/LS-DYNA , complemented by field blas-
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ting tests to validate the rationality of parameter design and construction methodology. Simulation results demonstrate
that the designed parameters enable effective superposition of stress waves between adjacent blastholes during tooth-
groove slope blasting, thereby achieving optimal fracture propagation while maintaining intact rock conditions in pre-
served zones with minimal damage. Field test results demonstrate that meticulous blasting parameter design and rigor-
ous construction quality control achieved exceptional pre-splitting performance for the tooth-groove slopes at Lao-
mukong Navigation Hydropower Hub, with average half-hole preservation exceeding 90% and surface flatness main-
tained at 6. 5 cm. This optimized blasting effect effectively mitigated vibration impacts, maintaining all monitoring
points’ vibration velocities and dominant frequencies within established safety limits. The concrete left guide wall ex-
hibits a maximum vibration velocity of merely 1. 10 cm/s, significantly below the safety threshold of 3.5 cm/s. Its vi-
bration frequency exceeds 10 Hz,surpassing typical structural natural frequencies(1 ~ 10 Hz). These findings vali-

date the rationality of the initial blasting scheme and establish technical references for pre-splitting blasting projects

under analogous complex geological slope conditions.
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Table 1 Main physical and mechanical parameters of rocks
iR {20 W U R BE EI ALY PR R
Rook t Value t Density/ Compressive Tensile Elastic modulus/
ock pe e pe (g+em™) strength/MPa strength/MPa GPa
b U [E{E Range value 2.61 ~2.66 54.0~85.9 4.10 ~7.99 21.0 ~31.5
Sandstone SEA4{E Average value 2.64 69.07 6.14 25.92
ey Ay JE A Range value 2.69 ~2.74 29.8 ~53.9 3.62~5.10 15.56 ~22.50
Pelitic silistone 57454 Average value 2.71 41.64 4.16 19.07
A YR JE A Range value 2.76 ~2.78 15.0 ~28.22 1.04 ~2.10 6.90 ~9.00
Silty mudstone Sz g4(# Average value 2.77 19. 10 1.60 7.78
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Table 2 Calculation results of line charge density

s o2
Stratum type Linear charge density/(g+ m™")

W

303
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N DA l\ L=E ]
kil 246
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. 158
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Table 3 Parameters of explosive material and state equation

p/(kg+m™®) D/(m-s"') A/GPa

B,/GPa

R, R, w P/GPa  E,/GPa

1.10 x 10° 4.00 x 10°

2.14 x10% 18.2x107* 4.20 0.90 0.15 9.70 4.19

2R 2 MR « MAT_NULL, AR 2575 2
35 45 « EOS_LINEAR_POLYNOMIAL 47 %
S SR BCORE T RSB R 4, £rhp,

FORETVHE E, FARPAARBNGE; C,.C, .G,
Cs 1 G

C,.C,. FIRIRE T BESEL

5

R4 ZEMBEREFTESH

Table 4 Parameters of air material and state equation

p./(kg-m™)

E,/GPa c, c

C, C, C, C, c,

1.25 2.50 x10™*  0.00 0.00

0.00 0.00 0.40 0.40 0.00
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Table 5 Constitutive parameters of rock

A B Cc N

K,/GPa

K,/GPa K,/GPa D, D,

0.66 1.34  1.80x10™* 0.84

0.85 x 10°

-1.71 x10* 2.08 x 10* 0.04 1.00
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Table 6
R R N A L 3% N7 iEQ
st Lk T
Positi f tooth ) Half-hole Slope
osttion of Tooth groove stope rate/ % flatness/cm
Tk ] b Y 1A 1
Upstream tooth groove of 92.3 5.7
flood discharge gate
LR T Ui 24 A
Downstream tooth groove 91.2 6.8
of flood discharge gate
TH it L i
Upstream tooth groove of 93.1 7.2
the dissipation pool
T T WA
Haiman downstream 90.7 6.3
tooth groove
Tt 91.8 6.5

Average value

5.2 BWRERIENFER
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Table 7 Blasting vibration monitoring data
o 1) P i)
W wi Radial direction Tangential direction Vertical direction
Measuring
ot i R R TR VAR AR
number Peak vibration Main vibration Peak vibration Main vibration Peak vibration Main vibration
velocity/(ecm + s™')  frequency/Hz  velocity/ (cm s~ frequency/Hz  velocity/(cm + s™')  frequency/Hz
P, 0.22 13.48 0.18 11. 04 0.28 12. 68
P, 1. 10 8.55 0. 09 12. 21 0.10 14. 65
P, 0.49 68.35 0.80 64.70 0.88 97.66

SRR AR, ol DU 2 TR B - 7 SR Y
AP VHRHEN 3.5 em - 57 TTR T PR S
BRALHy 1,10 em + s~ 1 HL, EEHUY) AR5 7
fE1 ~ 10 Hz, i3 7 A9 4 3h B R B A B AR A
10 Hz D1 m] UL, 1 58 4 m] DL 51 1 0 ) 0ok 72 2
R AR BH M EIRINRIYFT S L TR

6 #it

PAZEAALAT AR AL B8 2 B2 A M 0 5 TRt
BB, PR AR R 25 52 2% Ml o T B AR BB T 9 e T 4¢
A BRI R OR -

(1) B 5 2% M J2 1A 8 i 39 T b 0, AT T
BT RS SHRE.OBOT S T AR R
FLAPEAR D75 0F B, 0 1 48 g R o
A T BB FL e 20 AU o P e , LA
TERE A BT L2 . UG AT | Al A e
FHEE

(2) BUA BN R o, #5 IMBOTH R R S 5L
PEAT PRLHRAIE, AT M AL =2 1] 4B A A B AOR R
4 PR B E L AR A B BIR ; R, B T
e TR 57 T 5 | ABUE LA, Wl LA
SETHEA KT AR TR UE T AR ARl o o

(3) Bl g R W], i i BB e = kS O i 5
Bt TS, 28 AR FL A A i 39 0 AR A 2R
ROR RAF 4 RN R ALR I T 90% ,F-1°F
BEIE N 6.5 emi iy H. , RAF 1 PR MRBORAERICR , T
DA 3 1 A A i 8 A, i 2l 3 2 R 2 IR A R P 4
TEREOR,
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