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New Development Stage of Water Pressure
Blasting Technique in Tunnel Excavation

LI Guang-tao ,LI Da-chun
( China Railway 12" Bureau Group Co. ,Ltd. ,Taiyuan 030006 ,China)

Abstract; In tunnel driving blasting, the construction technique of replacing the stemming material or charge
decks with water is also called water pressure blasting. The development of charge structure in tunnel blasting can be
divided into three stages,from basically bottom initiation without stemming to stemming with solids or water at the
hole collar,then to the present technique of water cushion,isolation and plugging in multiple parts of the hole. The
first stage is from 2002 to 2015, when the main charging structure was based on the conventional charging structure.
The hole was stemmed and both bottom and the collar of the hole were padded with a water bag, and the charge of the
hole was reduced. The second stage is from 2016 to 2020. The main technological progress was that the charge section
in a smooth blasting hole was replaced by a shaped tube device,which improved the half cast factor and reduced the
number of smooth blasting holes. The new stage is from 2021 to now,with the new Meizhou to Longchuan railway He-
gongtang tunnel as a representative project. In this project, water bags were used for decks and stemming instead of
solid stemming materials. And the length of the water bag was increased from 20 c¢cm to 60 cm. Practice proves that
compared with conventional blasting technology , this new blast technique not only saves 25% of the explosive and re-
duces the workload of the smooth blasting holes,but also improves the efficiency of charging operations and the dust
removal effect.

Key words: tunnel excavation; water pressure blasting; water plugging; water stemming; water decking; dust

control by water bag
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Fig. 4 Layout of blast holes at the inlet of Hegongtang Tunnel (unit:cm)



H396 H3H

BV ERE BRIE K AR S SR B B 85

JITIE B T8 B 2 R R, RIEIR A 25 4
AEREE AN IHIEZE . H AT A DA AR
BUR HURRIE R SRR 2 A E S e AR, AR
ATHCRY, 5T RERAMR” A

RIUH U 216 MR G 1125 245 396 kg, ot
PRI IR R 3.8 m, SEPRHE R 3.5 m, 5 )5 38 X
30 minA GEFE 5
3.2 RREHEFHKERWIHMN ERMIREAEN

% 1 8 2E 7K H R RT B B AT R BB 4 5 RRARR B
JRR o3 A AR B R SO R RS AN
3.2.1 CRBJER LM

WITEPAUER 3.8 m, AH N A R M IR G-
3.8 m, HAM IR Z5 Al 5 s .

380
60 30 60 60 60 30 60 '§
i ES 1 e 7 Y e *
13 Iz 1 5] 51 12 ' 2 3

1—1 49K E%;2—1 25453 — IR R
1 —One water bag; 2 —One explosive column;3 — Detonating cord
Bl 5 SEREIEARTE 3.8 m &2 45K (FLf :om)
Fig. 5 Charging structure of 3.8 m deep

smooth blasting hole (unit;cm)

it SR LR AR 2, R 0 kK SRR — .
WrBOKAEI 20 cm, 1717 % 18 4 2E 7K s 48 0BT B Bk
48K 60 cm,

TR MR & FK A FN 25 BTy - 55— 21T
SRR TR 1 ARKAR 20 — AP0 | B ff 2l 2 =2
e 3 AKAR B MDA — B M2 5 TP 1 4R0K
REIH

TR IR S ERE IR R P IR 25
AR BN R R R R RS
e AP R B AR, L R R R R AU, 1T HLARAE
fRTE P, (H Y b A DA BRI ) R A5 R R
TS RO A . B AR K, i
BRI SRRENRLZ . AR EE S e
T AU IR A R BRI R R
3.2.2 KRBT A MR K M

JCHRILIR LLS M B A M R B SRR A 24 5
N R — M IR BRI 1 AKAR 56 AP LU MR
WD 1 ARKE2h 3 2 — D ARUKARBEIR 1 2450
B Y 2 2 R AR B B IR T B/ T 60 em A
AURBEBIRAR T o

VATHAEIIIR R 4. 8 m o], HAR 25 25 Hy K] 6
Fizn o FAREIIIR 4.8 m IR, HURICE 9 BhELy

IR 8 B2

480

I_60 240 60 60 60

1—K48;2— 2545 3 — IR
1 — Water bag;2 — Explosive ;3 — Nonel
Bl 6 HEAEILAR (TR 480 cm) R 2545 (FAA :cm)
Fig. 6 Charge structure of cut hole
(depth of 480 cm) (unit;cm)

3.3 BGERBKEBRBHN R EHESR

(HPAE?STER 753 ) AR 125 e =& K VAR E2TE =)
0.67 kg/m’, 1 % MU K 0. 89 ke/m’, T4 KEZY
25%

A2 308 T T A 3 7K S I B B B TR 3 R
3.8 m, PR 3.8 m, HLAMEIR A ]2 100% , 11
B R AR G PR F R 3.8 m, 1 S5 PRtk R
3.5 m, BHEIAE AR IE 30 em, SEHTERAEAS KAZ T
ANKEEE  PIEE S, IR IR AR BA 3835 90% DL |, $25
TR AR, W7 A,

2022.02.15 09:37

K7 iR
Fig. 7 Smooth blasting effect

P T 4 K e R A 9 B i 6 IR A
148K 20 em KR, i IR 28 , FLAR A B 2 e
JET K2 90% , T ] 2 3% % T8 4l 1k 7K s A B80T Bt
B MRS 148K N 60 em /K4S, T HAS M )
EIE YRR EE RS KT 90% A7 R o2

AR 2 8 B T A0 0 7 T JR BT B B, Hh TR =
T B R TIR AN St K AR REORT o BOR AR 25 45
), — KA, RGE 7.6 m, — A H (3525 d 3
B0 FITHER 190 m, BLA B ) W ST

4 FRREREHKEREHHERAE

% T 0 22 7K s R BT o B HE S — L B Bt
HARBUT -



86

2022 49 H

— AN M 1] BB ZE ek R K 4%, 7 LU0 3l IX.
ANEULARET L, R 4R AR R i T U 2k T2
I, RS TN T2 R AT s M AR [l I 2 i o BB
BN W T R 5L ) T A

TRIKASK 20 em BUR 60 em , KRR LK AS AN
PR S 7 PRBE , F 0 AN A [n] A%
T, AR M IR EUK A N 2 5 16 )

—RETEAVHE AR I BRI T G IR
B ERAR, AMEREL TR 2, T H ey
PRI IRk ) P, PR UE 2 42t T

DU TR IR RS 60 em KOKAEHEN A
T e S 2E | R A RIUR K R R SE — B Be s
SRS = SEREN 7S VS Al (NN E= 2N
fath

5 #RIE

P8 TE 41 2 7K AR RBORT 7 BEAR B 25 25 H 2 S PR
FT, LU AT T B SCR, , TR A2 it B i,
ST R i RS B K AR 15 78

SRR A H KRBT 7 B IR f5e SIS #R2 1
AR 60 em JRAR, FE 20 em ROKARHA R TR, 2
AR ? i A e hB M IR LA 9 BT A R AR, K
Fe R O B A3 1 45 25 8 34 ] A ] LA /D
Yoo S TR BT o R A K
Fre B RBOHT I Bty A2 e A Fp b A7 W DN, DA s A 2
WZER T2 A

(SCFHRE 13 ST 7 O AR B 90, 0 A
i#1)

%2 3k ( References)

SERRE AT R A K R R R R 5 BT
[J]. BRI EHHA ,2021(7) :1-7,38.

WANG Shu-cheng, HE Guang-yi. Development and inno-
vation of water pressure blasting technology for tunnel bor-
ing[ J]. Railway Construction Technology,2021(7) :1-7,
38. (in Chinese)

U BB R I, A T RE PR AR AR K TR AR AR
WFFE R LT ] A B T AR ,2003,5(9 ) 143-48.

HE Guang-yi, DUAN Chang-yan, JING Shan, et al. Re-
search and application of hydraulic blasting for energy-
saving and environmental protection projects[ J]. Strategic
Study of CAE,2003(9) :43-48. (in Chinese)

SR AU, A KL E SR LSRR

[9]

[10]

[11]

[11]

[12]

[12]

B PERAR WS kg S S BT ). & @1, 2021 (1)
120-134.

JIN Long-zhe, GUO Jing-zhong, Ll Gang, et al. Research
progress and prospect of blasting dust toxicity prevention
and control technology in metal mine [ J]. Metal Mine,
2021(1) :120-134. (in Chinese)

A7) B TE R K KR B A R[] TR AR,
2021,27(5) :53-58.

HE Guang-yi. Development of water pressure blasting
technology for tunnel boring [ J ]. Engineering Blasting,
2021,27(5) :53-58. (in Chinese)

TRLT A SRR R TE B R RS T2 AR P R
[J]. gt 53645 ,2021,17(10) :271-272.

NIE Hong-jun. Overexcavation process and cost control
effect of railroad tunnel drilling and blasting construction
[J]. Building Materials and Decoration,2021,17 (10) :
271-272. (in Chinese)

Wi AL, 2 UL A, GF. 20 RE GE A L K
PRWALEE[ ] M (8 TR, 2021 ,40(13) :164-166.

CHEN Zhu,LUO Jiang, YANG Jian-chao,et al. Benefit of
hydraulic blasting in soft surrounding rocks of highway
tunnels[ J ]. Value Engineering,2021,40(13) ;164-166.
(in Chinese)

7)Y AR R L, S T RERAR AR [ M ].
Jeat: Bl H R, 2007.

)T RPE RS, R, A B 2R BB K T O T AR A
HHORIM . AL P BRGE At ,2018.

PR A 2 SR AR AR K HOL TR B R AR TE
TARBEER ST ] BACREE A ,2020,57 (S1)
1035-1041.

LI Jing-guo, YANG Kui. Application of the second-genera-
tion poly-energy tube hydrodynamic light surface blasting
technology in the Xia-Guili Tunnel[ J]. Modern Tunnel-
ling Technology ,2020,57(S1') :1035-1041. (in Chinese)

] 7T KN, 93 DR, 45 % G i E SR R /K TR DI T

SRS B SR A E, CN10691853A [ P]. 2016-

11009.

VLA Mk I 4725 5% G 2R B K T G T AR BT B A

PO LT]. BB ST A ,2017(5) :102-105.

SHEN Xian-cai. Analysis of the application of new tech-

nology of poly-energy hydro-pressure light surface blas-

ting in subway concealed tunnel[ J ]. Railway Construc-
tion Technology,2017(5) :102-105. (in Chinese)

AR, N XA, 45 SERE K S R BRI A

Fge T [J]. TARERE 540, 2020, 42 (9) : 1130-

1138.

XIA Bin-wei, GAO Yu-gang, LIU Cheng-wei, et al. Ex-



H396 H3H

)V ERE B

KA IEE A 2 S B i B 87

[13]

[14]

[14]

[15]

[15]

[16]

[16]

[17]

[17]

[18]

[18]

perimental study on rock-breaking load by hydraulic
blasting in seam channels[ J]. Chinese Journal of Engi-
neering,2020,42(9) :1130-1138. (in Chinese)

RNEFE  Mbise , 2 ik, 55 5T RAEK HOLEmH A
4 J 30 TR 25 45 R AR BIF 7 [ 7). Il At 3 (v
) ,2022,42(1) :103-112.

SONG Peng-wei, YANG Xin-an, LI Huai,et al. Research
on the optimization of perimeter eye charge structure
based on concentrated energy hydrodynamic light explo-
sion technology[ J ]. Tunnel Construction,2022,42(1)
103-112. (in Chinese)

Xz . TR AE /K Hs MR A A 7K Y- 3 22 1] e B 3 P )
FHLT]. it T4 A ,2020,49(8) . 110-113.

LIU Yun-ze. Application of poly-energy hydraulic blas-
ting in horizontal thin-layered surrounding rock tunnels
[J]. Construction Technology,2020,49 (8) ;110-113.
(in Chinese)

SRR SREBE K e KR B AE /K V- )2 T B T P 4
M EDITEL) ] AT & ,2021,48(2) :55-57.
SU Li-ming. Research on the application value of poly-
energy hydraulic blasting in horizontal thin-layered sur-
rounding rock tunnel [ J]. Building Technique Develop-
ment ,2021 ,48(2) :55-57. (in Chinese)

XTEF . TR RE 7K H D' T ka8 Bl B2 A A B8 % K B B 1
B T BRI L) ] SRR GE £ AR ,2019,56 (2) - 182-
187.

LIU Hai-bo. Application of new technology of poly-ener-
gy hydraulic light surface blasting in the construction of
Chenglan railroad tunnel [ J]. Modern Tunnelling Tech-
nology,2019,56(2) :182-187. (in Chinese)

/NG SRR, HE W] JRAEK R + WU R O 1 A
WEHARN BT[] BoAR 51537,2021,28 (4) :81-
82.

DONG Xiao-giang, JI Xian-jun, DONG Xi-ming. Analy-
sis of the application of poly-energy hydraulic + double
hollowing light surface blasting technology| J ]. Technolo-
gy and Market,2021,28(4) :81-82. (in Chinese)
FEFLX, X B Bl | N i 2 1% O RV R 1
MEKR T [V ]. A6 E (5 a) , 2016,
68(1):61-65.

DU Cui-feng, ZHAO Nan, HU Xing-chan. Experimental
study on the soot inhibitor of water cannon slurry for ex-

cavation blasting [ J |]. Nonferrous Metals ( Mining Sec-

[19]

[19]

[20]

[20]

[21]

[22]

[22]

[23]

[23]

[24]

[24]

tion) ,2016,68(1) :61-65. (in Chinese)
58, XUBAS. FF R URFLARBE 1 e 17 AT /K AR e
DRSS ] 5L BFA2 41, 2021,6(6) :703-
710.
GUO Yao, LIU Dian-shu. Study on the key parameters of
dust reduction by blasting water bags in front of deep
hole blasting in open pit[ J]. Journal of Mining Science,
2021,6(6) :703-710. (in Chinese)
K AR AT, A A AR R AR B R 4
ARBEFELT]. 0k %2 4 5 3R, 2018,45 (4) : 41-43,
48.
FENG Yong,ZOU Chang-fu, YANG Fang-fang, et al. Re-
search on dust control technology of artillery excavation
working face[ J]. Mining Safety and Environmental Pro-
tection,2018,45(4) :41-43,48. (in Chinese)
RBLMG | o AW RAT B, 4. 10 % S K T AR e e 2
FAE AT FE [T ] BUACES IE £ AR, 2021, 58 (2) : 188-
194.
LAI Hong-peng, ZHOU Dong-hui, SONG Zhu-bing, et
al. Experimental study on dust reduction agent for hy-
draulic blasting in mountainous tunnel[ J]. Modern Tun-
nelling Technology, 2021, 58 (2) : 188-194. (in Chi-
nese )
TeIif B R, REME. AR VR R A TR i By 2R
KLEE M A AL ARRR S 0 L) ] BB RL2 5 LR
42,2019,16(9) ;2281-2289.
QIAO Li-wei, JIANG Ge-fu, SANG Cong-hui. Non-sta-
tionary analysis of the evolution of dust particle size dis-
tribution in water cannon clay dust reduction construction
tunnel[ J]. Journal of Railway Science and Engineering,
2019,16(9) :2281-2289. (in Chinese)
EOKE OPRKGEIT, A BRE AR TR R
AR 78 [ )] BAR RS 38 £ R, 2021, 58 (5) : 196-
203.
WANG Fei, WANG Qing,JIAO Wei-ning, et al. Experi-
mental study of dust reduction technology for tunnel
drilling and blasting construction[ J]. Modern Tunnelling
Technology ,2021,58(5) :196-203. (in Chinese)
Wit , (SRR K I REAR AR L TSR B 52 [T ]
J&#711,2016(8) :148-151.
YANG Hai-tao, YI Hai-bao. Experimental study on hy-
draulic reduction of blasting dust toxicity [ J ]. Metal
Mine ,2016(8) :148-151. (in Chinese)

ES QLT





