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Abstract; Pre-splitting blasting has been widely employed in river channel slope excavation to effectively miti-
gate damage to the retained rock mass,reduce blast-induced vibrations, and optimize blasting parameters for water-
saturated slopes. Investigation of reasonable parameters for pre-splitting blasting in such conditions is important for

river channel excavation projects. Based on geometric, physical,, and dynamic similarity principles, an experimental
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model for pre-splitting blasting water-saturated slopes was designed, utilizing concrete as a substitute for red sand-

stone and detonators instead of emulsified explosives. The quality of pre-split crack formation,slope face shaping,and

retained rock mass damage were evaluated under various conditions. The results showed that the pre-split crack for-

mation quality and slope shaping quality significantly improved. The damage to the retained rock mass was reduced

by 24.86% when the hole diameter increased from 0.8 cm to 1.2 cm. Field test results indicated that the optimal blas-

ting effect can be achieved with a pre-split hole diameter of 115 mm and a hole spacing of 80 ¢m in a practical applica-

tion of pre-splitting blasting for water-saturated slopes when the geological conditions involve medium-hard rocks.
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Fig. 3 Test specimen sizes for pre-splitting blasting model
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Table 1 Summary of model test conditions
: T 241,254 ( Pre-splitting hole parameters )
e A B A TEATER B
conditions) ( Diameter) (Spacing) (Number) (' Average number of (Total number Of‘
D/mm a/cm m/ > detonators per hole) n/ % detonators) n,,./ &
1 0.8 4.5 12 1 12
2 0.8 6.0 9 1 10
3 0.8 8.0 6 1 6
4 1.0 4.5 12 2 24
5 1.0 4.5 12 1 12
6 1.0 4.5 12 0.5
7 1.0 6.0 9 1
8 1.0 6.0 9 0.5
9 1.0 8.0 6 1
10 1.2 4.5 12 1 12
11 1.2 4.5 12 0.5 6
12 1.2 6.0 9 1 9
13 1.2 6.0 9 0.5 5
14 1.2 8.0 6 6
15 1.2 10.0 5 2 10
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Table 2 Comparison of physical and mechanical properties of red sandstone and C30 concrete

e W AL SR LPLoR
(Material) ( Density) (Poisson’s ratio)  (Elastic modulus)  (Tensile strength)
atena o/ (kg +m™) E/GPa £./MPa
AR UFa
(Red sandstone) 2459 0.18 28.6 1.9
SELY
C30 IR 2350 0.21 30.0 2.0

(C30 concrete)
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Table 3 Pre-split surface flatness grading scale

50y
Level

PR AR

Evaluation criteria

1 9% RIE BRI | Ak B T 2 i S AR BLoR
1 level

Failure to form pre-cracks,failure to meet the basic requirements of pre-splitting and blasting

FRAZ 5 KA Y A W A2 A e

Improper control of over-excavation and under-excavation, with obvious over-and under-excavation and incomplete speci-

Over-excavation and under-excavation were relatively well controlled, and the half-hole rate was high,but the edges of

Over-excavation and under-excavation are more properly controlled , with higher semi-perforation rates and more aestheti-

2%
2 leve
mens
35 FRIZ G AT HORAT 2, LR B (R 5T
3 level the specimens cracked
4 FRIZG AT HURLAT 2, LA B, T F SR WL
4 level

cally pleasing slopes

59 R AR E ot oA I =i I S =W AT T =S )
5 level

Proper control of over-excavation and under-excavation, high half-hole rate,and beautiful slopes

®4 BIREMEEGBESHEFEEERIRLAR
Table 4 Summary of pre-splitting seam formation

indicator data and slope flatness indicator data

ik i
S (Slope :fﬂ?ij:;;iii?;s index)
Specimen —
. L 15
(Half-hole rate) /%  ( Smoothness grading)

1# 100 3
24 70 2
3# 0 1
44 75 2
S5# 75 2
6# 67 2
T# 89 3
8# 1
O# 1
10# 83 3
114 67 2
124 89 5
13# 67 2
144 0 1
15# 100 3

TEBEAT 55 S g e LA 52 i S TR
JEv L Sl 1517 S ot i s I NI 1] WA S R R o
o PR RE R . TR S oRAER A A
10 7R

Fe B A5 SR A AR 0 L TR P P PR 11 s o
TEEA T WS , W [ — B e 0 B s L A 5 Y
W % SRS A e, Ul WD A R AT R o 7 o £ B
ERSZIRNERL PR HIT , £ B R PR AR A A T 4

D30 Xk A T ) A 000 i 0 ) 8 T R i Y
Fe B S W (E Y s Dol R AT 3T, LA R AE AN R 15
ZALBHCT RN R, Gt 45 R IR S s

) 100

1
15# .14#. 13.# N ‘Pm—spfljiitﬁiurface Sﬁ)&ﬁzfé%
12#.11.#13#9.# s:g\\ 30351 g area
PR S s
HEHLAF 59 A

Piezoelectric signal measurement point

REEEK

Retained rock mass

70

40

200

Bl O LSS RARI s B R R P (LA - em)
Fig. 9 Schematic diagram of piezoelectric signal

acquisition measurement point locations (unit;cm)

3 ARG

3.1 IR BRES T

A LAE AL T B AL 245 5 R fL A 25 bk
T334 T S A AR X ) 320 48 3% T R AR OO T
12 ffr7s

H I8 e o) 2 L i v 0 7K 50 3 T AR e
LI RS R RCRAT IR, PR H 18] 12 0] DU 3158
FLAE 2 2 FLAR LA S B 4 2 2 ) 48 v [ e 2
2y, WTBALEEL  TE/MLUE(FLEE Y 4.5 em) BYTE
DU /LR (FLE R 0.8 em) 1 FLAR K3 31
fLAE (LR 1.2 em) THLHY LR Kl 3er- % B
B, X SRRSO R TP R SR LA
R/ NBEAS [R] (0 FL B A R B — Bt R,
FEW KIS TR T AR S ey, IO T/NfLAR



38 O 2025 426 H

PR, nIIE 25 R N IRAL LI, T TRl AR a2 e I i FLAL I
FEHL {5 SOk 3

Piezoelectric signal amplifier
TR LR

Amplifier power

FEHLAR S RE T

Piezoelectric signal acquisition main unit

7
Coupling agent
it 3
Output terminal Input terminal
EHESRESHTRG
Coupling agent Piezoelectric signal acquisition

and analysis system

JEHLAS S i A R

Piezoelectric signal output sensor

Bl 10 AR R A B A

Fig. 10 Piezoelectric signal acquisition equipment arrangement

= 8} =
2 6F 2* 6r
: :
o0 a0 -
I 2 4
g Ll £ ol
g g
B E
S Sl
£ 27 £
o> 4t oo -4}
iz i
£ =
-8 ' f L , -8 ) ' L ,
0 0.5 1.0 1.5 x10° 0 0.5 1.0 1.5 x10°
At 18] (Time)t/s I 1] (Time)t/s
(a) 4R AT (b) HRJ5
(a) Before the explosion (b) After the explosion
K1 MR B RS S
Fig. 11 Typical piezo ceramic signals
—a— fL420.8 cmZEfLEZY —a— fL720.8 cm B fLEZY
Hole diameter 0.8 cm, charge hole by hole Hole diameter 0.8 cm, charge hole by hole
100 - - ALELO0emETLEL N —o - ALELOmBEILEL
N - Hole diameter 1.0 cm, charge hole by hole ED 5F A Hole diameter 1.0 ¢cm, charge hole by hole
= g0l SRR N A B2 em BT g A fLE1L2 emBLEL
g - \ Hole diameter 1.2 em, charge hole by hole 50 Hole diameter 1.2 ¢m, charge hole by hole
3 ®emeemeemeemeens N -v ALE L0 em IR o 4T =v= L 10 em AL
; 60 - \ N\ Hole diameter 1.0 cm, charged in gap hole 3 . Hole diameter 1.0 cm, charged in gap hole
S \ A\ oo AL L2 om IR £ == FLE12 em R
f ~\‘ RN Hole diameter 1.2 em, charged in gap hole = 3F * Hole diameter 1.2 ¢m, charged in gap hole
g L A =
ks 40 \‘\ ]
® N @ 2F &l
® 20f AN %@H
* N B 1F
0 L - L L L
4.5 6 8 4.5 6 8
i FLFLEE (Pre—cracking hole spacing)a/cm i FLFLEE (Pre—cracking hole spacing)a/cm
(a) FALE (b) 3 THT Y- 4 B2 S 4
a emi—hole ratio rading ot slope levellin
Semi-hol i b) Grading of slope levelling

P12 B3 Y o
Fig. 12 Quality of slope formation



a2k H2H LIRS SN S0 T o3 S 7 S TR SR AT & 2 A LR AT k] 39
x5 ERESEERBEHFELER
Table 5 Piezoelectric signal peak attenuation data summary table

iR JEHL 5 5 W {H 2 & ( Peak attenuation of piezoelectric signal ) AOP/V
(Specimen)  1# 24 3# 4# S# 6# T# 8# o#  10# 11# 12# 13#  14#  15#
1# 4.49 1.88 1.04 0.69 0.73 0.54 0.39 0.95 0.48 0.25 0.20 0.19 0.15 0.13 0.10
2# 4.33 1.88 1.01 0.65 0.53 0.40 0.29 0.81 0.32 0.26 0.17 0.12 0.20 0.15 0.09
3# 2.81 1.07 0.59 0.44 0.32 0.30 0.21 0.69 0.31 0.17 0.13 0.11 0.11 0.08 0.07
44 6.16 2.58 1.27 0.98 0.84 0.53 0.48 6.89 3.19 1.63 0.90 0.78 1.96 1.12 0.85
S5# 4.47 1.66 0.87 0.69 0.54 0.45 0.36 0.98 0.40 0.30 0.25 0.20 0.18 0.14 0.12
6 1.98 0.81 0.44 0.32 0.23 0.16 0.14 0.53 0.27 0.14 0.09 0.08 0.08 0.06 0.04
T# 3.95 1.64 0.76 0.73 0.40 0.31 0.34 0.95 0.30 0.19 0.18 0.17 0.13 0.14 0.10
8# 1.99 0.67 0.44 0.32 0.25 0.11 0.17 0.44 0.19 0.14 0.09 0.07 0.08 0.05 0.04
o# 2.47 0.97 0.51 0.37 0.29 0.26 0.17 0.55 0.18 0.13 0.09 0.07 0.08 0.06 0.06
10# 3.62 1.59 1.01 0.55 0.56 0.49 0.36 0.69 0.34 0.24 0.17 0.12 0.15 0.12 0.09
11# 1.67 0.68 0.47 0.29 0.26 0.20 0.21 0.46 0.18 0.13 0.08 0.06 0.08 0.07 0.05
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