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Abstract :

tion of high gas tunnel after blasting, an optimization blasting scheme under gas conditions was carried out,and a gas

In order to study the gas diffusion-transport law and the influence of ventilation on the gas concentra-

diffusion-transport characteristic near the working face was investigated under both ventilated and unventilated condi-
tions in a project. The study shows that the residual rate of the blast hole and the utilization rate of the blast hole are
above 90% ,and the over-excavation control effect is better with an expected blasting footage of 1.2 m and an un-
coupling coefficient of 0.76. Under the condition of unventilated condition by numerical simulation,the gas accumu-
lation near the arch top and the arch waist at the tunnel’s working face is severe as the gas concentration is close to
30% . Meanwhile ,the gas concentration is higher in the area 7 m away from the working surface ,and the gas concen-
tration gradient is smaller in the area beyond 7 m after the gas state is stabilized. The gas concentration can be re-
duced to the safe range around 30 days after ventilation. However, gas accumulation quickly occurs at the arch foot
and the arch waist on the other side of the air duct, especially the gas accumulation at the arch foot is more promi-
nent,and the gas concentration is close to 20%. There is a ventilation blind area at the arch foot of the same side of
the air duct,and the gas accumulates in a small range as the concentration is about 5% . The monitoring and preven-
tion of the above areas should be strengthened. The field measured gas concentration distribution and gas influence

range are consistent with the simulation results, and the research results can provide a reference for similar gas tunnel

2024 4E 12 A

blasting construction and ventilation optimization.
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Fig. 2 Charge structure diagram
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Table 1 Orthocross mating scheme

FE HR/m RHEA/mm JFLEA/ mm RSHE R

1 0.8 32 40 0.80
2 0.8 32 38 0.84
3 0.8 32 42 0.76
4 1.2 32 38 0.84
5 1.2 32 40 0.80
6 1.2 32 42 0.76
7 1.6 32 38 0.84
8 1.6 32 40 0.80
9 1.6 32 42 0.76
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Table 2 Statistics of blasting effect

. HAL ML FIZAEE( +)
SREAR/ % MR/ % R(=)1%/em
1 89 84 +12.3
2 86 84 +13.5
3 91 86 +10.8
4 91 86 +11.6
5 92 88 +10.8
6 96 90 +9.40
7 87 80 +14.2
8 89 83 +13.5
9 90 84 +12.8
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Fig. 3 Effect comparison between the new

plan and the original plan
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Table 3 Summary of cross-section cloud diagrams of gas overflow after 3 mins and 1 h without ventilation
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Fig. 10 Layout of cross-sectional measurement points
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Fig. 12 Comparison between field data and simulated data

F P 12 R, 07 M O Sl A BB AUL 45 R
P AT b JE REIE P S HE T
Ab FC ST B2 24 L B B 4 4 S VR B LA, 7R T
7 m A PR R AR R, T m
FEL /1 14 DX P S0 7 38 o 2 U P22, 7 m Y FRIIN
HLEGE R X, 76 B G I T e 32 R R I AR DX
Y BLITHR I

6 #5it

DABERETE N OF TSRS G, 1 A B ST A LA L, XS
FUIHT g B R 2 AL FUIT T s B8 20 A1 R AR A
I A FLIr BE SR BEAT T FSE, A T U 4E .



HaE 4l EOB B, EVER, A PUM R T R A 5 SR M T AL FU S RS LAY 195

(1) 38 3 BB 5 3808 FE A7, 2 Rl T ok R
12 m, A RECE N 0.76 I, RIS 194
FLER B R AR LA AR I 1 90% L | iz 204
R

(2) i id FLUENT $C{E #0032 B, 70 R i X2
PR, BUlTE 1 3 min J5 LI AR RS TARE , BE
2R 2 TE T, 48 TOURI R A 18 2 4k PL ST AR SR R4
TR T R R A T 475 T v IO 32 R
TR HEREE AL i) B AT B2 I o AR I B EARAS 5
EERETESE T 1 7 m S [ PN 0 FU I R R X X
SR FUT IR B B e, B AR ALK, T m USRI X I
BN

(3) il WA AE T, 311 Ak R 73 DX Jsl A1 1
W30 s ZeAy FLvk B X C R B 22 4y N, JF 7 id
JX 30 min Bf 55 TTBRFT (4 FUI9T 341 T AR E , m
FR-H BRI XU BT S 0] 48 Aok 5 2 2 B0 AR, 2%
T Xob 3ok 46 X I ) U AT v S5 1) M R BT 3 B Lk B
Wk bR .

(4) PR S S5 A AU KA B A AR A B
N8 BRIRZEETE 3% , Bl 7 A4 MRy [F)
I P — 2 UESCARADL 4 B 1, ] O i S 2L T Bl e
FARBEA G4

22 3Lk ( References)

(1] AEmle, £ B, iRy, 45 Rid 1 S0 R SL ARk
ZHRURALHTSELT ] H#%,2011,28(3) :34-35,38.

[1] REN Gao-feng, WANG Wei, FENG Hai-yun, et al. Opti-
mization of medium and deep hole blasting parameters in
Rongguan No. 1 mine[ J]. Blasting,2011,28(3) :34-35,
38. (in Chinese)

(2] BU& AT, ), 5 K T IO LR RS
BARAEFERTFELT ). F#0%,2017,34(4) :125-132.

[2] HE Wei-qi, REN Gao-feng, FENG Guang-sheng, et al.
Research on optimization selection of blasting parameters
for clay layer of underwater sinkhole[ J]. Blasting,2017,
34(4) :125-132. (in Chinese)

(3] SRARHIEBEEE, 5k A, 55 L% 28 KR 0 R AL
SRR MBEZT[J]. R0k ,2023,40(3) :108-115,142.

[3] GUO Dong-ming, LAN Fan-ge, ZHANG Wei, et al. Study
on the influence of hole blocking length on blasting effect
[J]. Blasting,2023,40(3) :108-115,142. (in Chinese)

(4] g, A, 2 IE S T I 455 B e R L A
WA ARWIFEL )] IRAE A ,2023,20(4) :21-26.

[4] FENG Chang, WU Shi-yu, YUAN Zheng-bing. Research

on smooth blasting technology of large cross-section weak

[10]

[11]

[11]

[12]

surrounding rock tunnel[ J]. Modern Transportation Tech-
nology,2023,20(4) :21-26. (in Chinese)
RHEAS S LIRS AE QBT A S 0 R O A
T BB T[T ] 83,2023 ,40(1) :1-13.
ZHENG Shi-jie, FENG Chao, WEN Quan, et al. Research
on optimal design of tunnel blasting scheme for adjacent
buildings[ J]. Blasting,2023 ,40(1) ;:1-13. (in Chinese)
B A PUTER T M B AR R T SE [T ] fiE
B 55,2018 ,40(11) :71-74,78.
WU Lei. Research on safe blasting technology for over-
coal section of high gas tunnel[ J]. Energy and Environ-
mental Protection,2018 ,40(11) :71-74,78. (in Chinese)
EUE . B, KRS, S TU B B B G
BBt T AR [T ] BRIE SR, 2016 (4) :76-79.
WANG Ming-hui, YANG Kun, ZHANG Zhong-ai, et al.
Blasting construction technology of railroad tunnel in gas
stratum[ J ]. Railway Construction, 2016 (4 ) :76-79. (in
Chinese)
ZIENKIEWICZO C,HUMPHESON C,LEWIS R W. Asso-
ciatedand non-associated visco-plasticity and plasticity in
soil mechan-ics[ J]. Geotechnique ,1975,25:671-689.
bz a0 AL FR, SF SR E FUE B boE
BT RAFFELT]. AN % ,2023,43(2) :164-172.
WANG Zhong-qi, LIN Zhi, FENG Sen, et al. Research on
gas transport and ventilation disaster prevention in high-
way tunnels [ J ]. China Foreign Highway,2023,43(2) .
164-172. (in Chinese)
KES, T B, A BRI E T2 R
T BRI FEL T ] A B ACE AR, 2015,32(2)
119-126.
ZHANG Xue-jin,FANG Yong,PENG Pei, et al. Study on
the law of gas emission and diffusion from tunnel con-
struction excavation face [ J ]. Highway Transportation
Technology ,2015,32(2) :119-126. (in Chinese)
PR KRN, AR T R R TR R G 2R
FAMBEE T A s B RN [T ]. BEIR 5 3R
£4,2022 ,44(4) :269-275.
LI Dan,HUANG Fei, LI Shu-qing, et al. Study on the gas
migration law during the construction of a large cross-
section tunnel crossing small angle coal seams[ J]. Ener-
gy and Environmental Protection, 2022, 44 (4 ) . 269-
275. (in Chinese)
AT 7 BOUH] X GVE . IR PR AF T BB IE B
Wriz B RO SE [T]. G4k 2 Bir i, 2022,42(5) :
147-151.
YU Xiu,ZHAO Guang-ming, LIU Chong-yan, et al. Study
on the law of gas migration in tunnel under complex geo-

logical conditions [ J ]. Journal of Suihua University,



196

1

%

2024 4E 12 A

[13]

[13]

[14]

[14]

[15]

[15]

[16]

[16]

[17]

[17]

[18]

[18]

2022,42(5) :147-151. (in Chinese)

IMEZE. ZT FLAC F1 Fluent BB 0042 FOnE
MM [J]. BRIE 5 1% ,2019,41 (10) :30-32,
36.

SUN Zhen-jun. Research on the migration law of coal
seam gas based on FLAC and Fluent numerical simula-
tion[ J]. Energy and Environmental Protection, 2019,
41(10) :30-32,36. (in Chinese)

WA, JE . BB TR T AR IE ILis B
BUHBFFE [J]. Ki42,2023,50(8) :146-148.

HU Yue-giang, ZHOU Yao. Research on gas migration
law in underground tunnels under complex geological
conditions[ J]. Bonding,2023,50(8) :146-148. (in Chi-
nese )

Z FLE DR S AR SRS LR EE T
s % 20 A MU 52 [0 ], BUACEE 36 £ A, 2021,
58(S1) :162-169.

LI Ke, WANG Fang, CHENG Liang, et al. Study on the
distribution law of gas migration during high altitude tun-
nel construction[ J ]. Modern Tunnel Technology, 2021,
58(S1) :162-169. (in Chinese)

VE UL, /NI, 2y A, A B DA A B AL RE il
KA T Rz BRI (1], A 7177, 2018,
39(1):103-111,122.

XU Jiang,SU Xiao-peng, PENG Shou-jian, et al. Experi-
mental study on gas migration characteristics under dif-
ferent drilling length extraction conditions in pressure re-
lief zones [ J ]. Geotechnical Mechanics,2018,39 (1)

103-111,122. (in Chinese)

EERAG . T BU B G i T E KU Ak B XU 4 PR
[D]. R HPKKY,2017.

CAO Wei-yang. Ventilation optimization and risk man-
agement for large section gas tunnel construction[ D ].
Chongqing: Chongging University,2017. (in Chinese)
XFOC 7,4 P, A PUITRE T T KUK
PACRAE AU BRI TE [T ] 2 %2412, 2015
28(11) :1001-7372.

LIU Dun-wen,TANG Yu, LI Bo,et al. Numerical simula-
tion and experimental study on optimization of ventilation
duct for gas tunnel construction [ J]. China Journal of
Highway and Transport,2015,28 (11) :1001-7372. (in
Chinese)

REM,E B, EHIUE. FET WOA-LSTM 19 TAE K
FUIRI A O AT [0 ] 87k 22 42 5 PR 4, 2023,

[19]

[20]

[20]

[21]

[21]

[22]

[22]

[23]

[24]

[25]

[26]

50(5) :50-55.

ZHANG Yu-cai, WANG Yi, GUO Kai-yan. Research on
prediction of gas emission from working face based on
WOA-LSTM[ J ]. Mining Safety and Environmental Pro-
tection ,2023,50(5) :50-55. (in Chinese)
BTN 3T B RO T O R AL S B W 5
[D]. P EPKK,2020.

ZHAO Bo. Experimental study on stress dominated coal
and gas outburst simulation [ D]. Chongqing : Chongqing
University,2020. (in Chinese)

WS, SOEA, SN, 55 5 RO o wh it 5 )
RO R BRSS9 2R Gt 5 [0 . e
241 ,2023,48(10) :3731-3749.

YANG Xue-lin, WEN Guang-cai, SUN Hai-tao , et al.
Development and application of simulation experiment
system for impact dynamics and disaster characteristics
of coal and gas protrusion [ J ]. Coal Journal, 2023,
48(10) :3731-3749. (in Chinese)

INARFE , BT L, PN, 458 R V- FUT A AR T N Y
BRI )], B4R ,2018,43(10) :2773-2779.
SUN Dong-ling, MIAO Fa-tian, SUN Hai-tao, et al. The
migration law of outburst coal gas in tunnels[ J]. Journal
of Coal Science, 2018,43 (10) :2773-2779. (in Chi-
nese)

wAaol, £ PR, B ARE, A5 2 OBUXU T il KUB% I FL
Wiz B AR E RO SR A 5 [T ] J o 3@ R
24,2023 ,47(2) .169-178.

YANG Yong-bin, WANG Qing, GAO Wei-zheng, et al.
Numerical calculation and experimental study of gas
transport law in double duct ventilation tunnels[ J ]. Jour-
nal of Beijing Jiaotong University, 2023,47 (2) : 169-
178. (in Chinese)

HUANG Y D,GONG X L,PENG Y J, et al. Effects of
the solid curtains on natural ventilation performance in a
subway tunnel [ J]. Tunnelling and Underground Space
Technology ,2013,38:526-533.

WENG M C,YU L X,LIU F,et al. Full-scale experiment
and CFD sinulation on smoke movement and smoke con-
trol in a tunnel with one opening portal [ J ]. Tunnelling
and Underground Space Technology,2014,42.96-104.
CHOW W K. Dispersion of carbon monoxide from a ve-
hiculartunnel with the exit located alonga hillside [ J].
Tunneling and Underground Space Technonogy, 1989,
4(2):231-234.





