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Test of Shaped-charge Hydraulic Smooth Blasting
for Small Section Tunnel

HUANG Gao-xiang' , XU Guo-qing” , YAO Qiang® ,YANG Xu’ ,CHEN Xing-gen’ , LI Hong-tao’
(1. Sichuan Academy of Water Conservancy,Chengdu 610072 ,China;
2. College of Water Resource & Hydropower, Sichuan University , Chengdu 610065 , China)

Abstract; The drilling and blasting method is widely used in tunnel excavation. Typically, smooth blasting can
meet the quality formation requirements. However, achieving ideal contour control blasting effects and ensuring the
safety and stability of surrounding rock mass are challenging due to limitations in drilling conditions and charging in
small section tunnels, especially when encountering adverse geological conditions. This often results in increased costs
for subsequent support and lining. To address these issues,on-site blasting tests were conducted based on small-sec-
tion hydraulic tunnels to explore applying energy-gathering hydraulic blasting technology to improve blasting parame-

ters in poor geological conditions. The main conclusions from analyzing and evaluating the quality of contour excava-
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tion using 3D laser scanning technology are as follows: (1) The results indicate that shaped charge blasting can re-

duce over-excavation and under-excavation by 40. 8% and 54. 2% , respectively, compared to conventional blasting

under the same geological conditions. (2) A comparative analysis of blasting results under different borehole arrange-

ments shows that no boreholes are needed to connect the arch crown and the side wall. Utilizing the shaped charge

effect to control can reduce over-excavation at the arch shoulder. (3) In fourth-class surrounding rock mass,including

silty mudstone and stratified sandstone ,the smoothness of the wall surface is less affected by blasting parameters and

is promarily determined by lithology. Moreover , the smoothness of stratified sandstone can be improved by more than

30% compared to silty mudstone. In summary , the reasonable application of shaped charge water pressure blasting tech-

nology in small cross-section hydraulic tunnels can improve tunnel wall shaping under smooth blasting conditions.
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Fig. 1 Exposed rock layers in the experimental section

1.2 ReEKEBRHBNEREHGTE

ARG NOLT S P AE R 46 256 S M AL
BRI 28 “Un BRI T FLBE L0 £, A5 &
SR RIRE IR, nDRE LR 20 IR L EE 2
¥y whif iy s R

1 ,o(d\°
P = —p.D* Zc 1
$Po (db)” (1)

AXhD IR, m/s3p, HFELGH L kg/m’ ;5 d,
NHIALEAR sd, NARZY EAR s n I BORR R AL,
N8 ~ 11,

RBEIRBAN ] T XE2G MR 1] 2 200, RV
P RE YRR AME R T 1138 3l , e 25 1 4 (A it



a2t 1

AL VREIDS Bk SR AE /NI BRI 2R RE K O T AR A 5 91

7 IR, 25 40 E 1 5 2 iR RE SR, A 2
R o el R HART A e TR E T ) iR M FLBE , (1%
7 1) PRI A3 B, 2 FUH) B 5% , W) 4R SL 4 () )
B PN MR AR SR ERS S AR T T i — 20 R, f
ZALRBETT 10 UL #3848, e At I 1) 1B LI 2
e, MIALRESRRE DT i WEAE ) T

_ 2nu’p, WR, sin(w - 28)

(W +u)rsinB (2)

w= /20, (3)
D

W = 30 (4)

b Qy MIRALKELG P = R e, ) ke B
REEMHEMA R 02— Ry AEFRAAR,
m;r O E, m HARSHR L,

K2 REEBCA LB
Fig. 2 Mechanism of rock breaking by

concentrated energy blasting

R R ) 245 A HALKE 2% B p, 29K
1.1 g/em’, B3 D 29K 4000 m/s, HE 3 0, K
3688 ki/kg, Ml fL B A2 42 mm, 254 512 d,
32 mm, R BB A FERCEAR Ry 2970 13.4 mm, R BB
TEHEA B 30°, OB 7R R 22k 8, W ot
ISR C1) FIA R (2) 23 558 75 31 5 B0 A IR 2 25
RieRe 25 /EH T M fLEEE J1 435 R 3. 4 GPa,
30.6 GPa,

Ry AR K |,

_ . 2bnu’p, W sin(m — 28) \ =
b T b( o,(W+u) sin 8 ) (5)
=10 (6)

1 -pn
Kb, HHFLEAR 0, KA AT Bh AR
e A EAT AR L s o R DR R o =2 - b,
IR FEABE WA FH K A T 0 S AN T TR 4 A 2 %
REAIONE , /N T 2 A 2 S P ) 0, T Al s
IR SR BEL0 ™ KB B ST, AR 4 80y
WERRAS I s 5 — O T, KA e MR A R VAL, Rk
RS BV ALY UK 5, AT BELE R 2P

IR SRR A 7E B AR T BOUTRE , nT A Roks
TAETHAE ML PR, B AR A0 I 388 XU 18]

PR — AR =R A e H 2454 A 5L
KL B 1.5 m, 8 ¢ 32 mm 2545 (1< 300 mm)
VI B S T1F 4 ~ 5 em A RARE , 5719 % n] ik
A 3.5 A2, ) 24 46 0m i ARUR TR BB I &
o P 7 T T RRLffT 24 465 ] 194 25 B SELG , B o o1 B
61, N8 3 iR o JKAER A 302, Sk AR HIK
JESZE EHshE 1, HARZ 40 mm K2 30 em,

s

(a) $E 2R (b) #2455
(a) Before charging (b) After charging

3 —RRnURREE
Fig. 3 Integrated buckle type energy gathering tube

1.3 RegkEXERBIREH R

T A A AR 0 K L, RIS R /N R /D%
RGO, T3 JGIE UG PR AR B CR
1, SRy Al £L A DU DRt TR B2, 2R T K[
2L ARRTT 5, [F, BT AR AL B AR RIR
25 B PR — 2, D1 A S 2 I ], P A7 e 24 1L 4%
A I — O R R S RS i S 2
B 255 G RAE I UL 1, J AL A B 4
NS

N T S B LR, B LR, SR ZL A 2
P AZ T (4 TR A2 AR R, bt ML RS B, I
SR, B REAL, B LR ZE AL 3 eme B 3 IR I
R AR 7 8 A B [T R ] R SR R R, £
A R0 A [7) —F- 1 _E

O AR SR TR FNAE b7 5 BRI 25 2E 17 DU 3k
R, 1 AN R A 1 AL A AL S B 2 45
Fy, N3 2 ~4 Fs [ EEAR T 5 AL R
PRETALEDS T8 1 —2,

TB T ~4 FEF SR AT, Hoh T80 1 2R H]
AR (1 KRS, ML A B0 B U iy
5 T00 2 S RAEAS 25 K ARIEOSE 4% J5U7 S A I
L, TUES AR AN TG 77 5844 0. 5 4~ 25%: , i
T3 O A Ak LUK A3 5 TR AR H AL Il 1N 0.5 A
25455 T 3 I RAEA 2 23 o, IR H 5 L
B2k IR R BERE 24 T 00 4 R RAEH 2 ==
SN, IRTTUR H WL 24 i i Ol B AR 25, AN T
B3 ps/ Nl R 2

THLS ~8 (EAEps T BRI AT, o AL 5 R



92 O 2025 423 H

RABAZY 25U BT, H 7 SR AT ERAL, USRS SESE, DI N B A BT AR A X A R B R 7R ) —
TR AR AL AR T T80 1 98 0.5 255 T Wi 22 0 5353 5 FH 2R 3 24 Mo R AR 2 24
U0 6 SR RAERE 2 25 S B, IR UR A AL 2, R ZE MR AR AEE 24, 13 SN A A A AL,
ZEHERATER IRIAG AT AL, A i SR U e Ab e s dd o A R e L ) B 0 2R RE D7 1) R A 8 2 5 A5 i
LB LIRS 2 120 em; T80 7 R MAEARES 55 BOIRUR W LR 25 I 4 IR A B L. W
f KASHOTE  FE RO oA EAL; T 8 ¥hkAY R2 K3 K4

®1 EXHEBRHESH

Table 1 Parameters of smooth blasting

AR AR/mm ALB/m AU AGBER/mm RBIER/ s AL kg M kg

FEREFL 1 2.5 2 0.5 1.2 2.4

HaplfL 2 2.5 4 1.0 1 4

a@%’ﬂl 0 2.5 4 - 1.5 0.8 3.2

AL 2 2.5 5 2.0 0.8 4.0

JE L 2.5 9 2.5 0.6~0.8 6.6

JEEHR AL 2.5 4 3.0 0.8~1.0 3.6
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Fig. 4 Blast hole layout and charge distribution ( unit ;lengths—cm ,explosives—roll )
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Table 2 Test conditions of Haitangba Tunnel ( unit : lengths—cm  explosives—roll )
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Table 3 Test conditions of Huafangzi Tunnel ( unit : lengths——cm  explosives

roll )
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Table 4 Charge structures
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Table 5 Contour shaping after blasting

under various working conditions
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Table 6 Flatness under different tolerances

FAESE/ % (FrR 1 m)

Tk NFZE0.05m AZ0.10m A%E0.15m
T 1 44.40 57.60 71.30
T2 44.80 53.40 68.10
T3 17.40 45.50 67.90
T4 42.20 55.90 68.90
TH5 4.12 23.50 44.20
T 6 3.71 19.30 41.20
T8 7.07 20.80 39.20

FH MG AT L2 R S R I J 10 B T - e oy T
By b e A, T2 AR B R X R AR B A TR A 22
0.05 m I - BE B 1 455 38. 8% , /222 0. 1 m I Y-
AR 31%, A 22 0. 15 m I /Y F 8 2
27.6% X alHE e 30% UL F .

3 it

(1) ph 2R Jo M A, 3R RE /K e R B mT A A 3



a2t 1 T, VRS B R, A

ZINT T o 1) 3R B 7K ' T Il 1 95

Fe O CHR T T8 R — AR A LG T M AR
FEEE AT [EAIR 40. 8% , )AZHEATFEAIR 54. 2% , (A7)
R4 ) 2 24 R L I 8 B e SR BE T 1

A
0F T~ e —a—A —a— A%0.05m
ol e AZ0.10m

... \ —& A%0.15m

FHEPE /%
S

ol— . . . . . .
TH1 TH2 TH3 THl4 THS THle TH8

izl Vi h
T
K7 & TR

Fig. 7 Comparison of flatness under

different working conditions
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