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Abstract

The rock strata in the fault zone are characterized by low strength, poor self-stabilization ability, and
good water conductivity. This not only weakens the barrier effect against deep Ordovician limestone
water, increasing the risk of water inrush in the tunnel, but also leads to a decrease in the stability of
the surrounding rock and an increase in the difficulty of support, seriously restricting the safe and
efficient production of coal mines. In response to the challenge of simultaneously controlling deep
Ordovician limestone water hazards and the instability of the shallow fault zone and local water gush-
ing with a single treatment mode, taking the 61203 transport tunnel of Tangjiahe Coal Mine crossing
the DF2 fault as an engineering case, an advanced treatment technology combining “ground regional
grouting to block the deep Ordovician limestone water source” and “underground precise grouting to
reinforce the fault zone in the tunnel” was proposed. This technology first uses ground directional
drilling to implement high-pressure splitting grouting to block the vertical water-conducting channels
of the DF2 fault and the water supply path of the deep Ordovician limestone aquifer, achieving the
forward treatment of the water source. Secondly, following the principle of “exploration first, then
treatment”, underground exploration and curtain grouting are carried out in the fault zone and the
affected area to precisely reinforce the broken rock mass of the tunnel roof and floor and block the
residual water-conducting fractures, thereby establishing a dual-barrier governance system of
“blocking deep water sources and reinforcing shallow fault zones”. Finally, the treatment effect is com-
prehensively evaluated through drilling inspection, advanced detection by the transient electromag-
netic method, and dynamic observation of water inflow and surrounding rock stability during tunnel-
ing. The results show that this treatment technology effectively blocks the vertical upward conduction
of deep Ordovician limestone water, significantly improves the strength and stability of the surround-
ing rock in the fault-crossing area, overcomes the limitations of a single treatment mode, and provides
areliable technical path for the treatment of deep water-conducting faults. It has important engineer-
ing reference and promotion value for the safe and efficient tunneling under similar complex geolog-
ical conditions.
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Figure 1. Structural features and working face distribution of the No. 1 panel of the mine
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Figure 2. Plan and profile views of boreholes for surface treatment of the DF2 fault
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Figure 3. Distribution of final borehole locations in curtain grouting
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Figure 4. Schematic diagram of borehole surface and cross-section for downhole exploration and treatment
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Figure 5. Results of transient electromagnetic detection along the bedding direction in the tunnel
5. EBIRZ 75 [=1RE 2 B REAIR M AR SR

4.3. HEFERAENESYLM

35
30 “*A/A—A
25
s o0 000
£20}
R 15
®
10+ —m— 1A T T
o 24 I T T
St — A ST
0 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70

HH/d
Figure 6. Horizontal convergence curve of roadway in fault fracture zone

6. B = AR AT BB K S S 2

FEARE S5 278k DF2 W= By ST OO 7R - ARG TR, THUOMOK B A8 E 7E 1.00 m¥h BAR

DOI: 10.12677/me.2026.144111 1135 i AR


https://doi.org/10.12677/me.2026.144111

a5

FlA AR R e, RAETRER. FESRRIMS, g IEER; KPRSCEN(E 6)EmxR:
1#. 2#. 3T IS &4 58 18.45 mm. 23.22mm. 29.75mm, AFTEEIEN, FRiE Bk R A
L, AR, XRAH NEEEREGRONE TR, BERT T EE ARRE S, T
PEdk 2 4,

4.4. ZEWIESIR

BER S WIR KAWL E5 RS RIS 1 P RIIA B R A R . PR S BRI AE N i FHAS AL 5 4 3 30
JRAR K BURKI TR &, BLAEUESE 1 Mt v R s D BEL T 1 IR 3 B AU 2 e ] KT -
DRARHUR AR i 5 Se PR B 25 3T DL R it I LA AR oE . ASTE B/ NN ZE L, A5 e 1 T e
SO0 A T 5 R DX RN R PR A RN o BT - S AR S A IR TR PR AR08 I P TR B v s BAOK T 5 2
TR T A F AR, AR IE 2 A R R T SR AT BRI T ARAS DR

5. &g

1) ABIFIH T —F& “HmXBEa B P RHEE ES 7 A S IR EARE R . TRESCE
RY, ZfR R E MRS LA B RE R 5T “ i WERER AL &, AR0UR 78
IR RN, S PUEIE A R R SRR SR T S R R

2) IGEACRERY], ZBARRRBWT 7 IREK FE IR ZIRTT TR E EA faE M. e EAE W= 3 A
FAKIREG R R, AR K 2 R e s 94.44%, SEIL T BUBOK VRS AR AT BB R I E A A
PR A BT BB P 3R TT 89.6%, [ ‘A Y SIAR T B A% 72 30 mm LA, fR IR 1 Ji 28 9 18] Bl O A Wl 42

3) LREBNIR. VIR SRS ISAE T %, ZAEFLIESE T ABORTT SR SEVE . YR PR i FLiR /K
BRI, AR ENCE, BWAHGE I RS RHRE, DL R K TR K &
MISEbR 00, FEFM ST 2% 0 R BEAR 2R D F B e -

SE 3k
[1]1 H&, T, wWEHE, % 5T AHP-CRITIC BUK SR KMERE N 1 TAEH/KE 5 X B[], Bk, 2024,
33(12): 217-225.

[2] Dong, F., Yin, H., Cheng, W., Li, Y., Qiu, M., Zhang, C., et al. (2022) Study on Water Inrush Pattern of Ordovician
Limestone in North China Coalfield Based on Hydrochemical Characteristics and Evolution Processes: A Case Study in
Binhu and Wangchao Coal Mine of Shandong Province, China. Journal of Cleaner Production, 380, Article 134954,
https://doi.org/10.1016/j.jclepro.2022.134954

[8] #05%, TR, Zkse, 5. B BIETUR AT 52 71700 5309 HLER[]. H EIEKR, 2025, 51(6): 57-70.

[4] ZUB4E, SR, Z2NIfd, S5, RERAN 2L FLE -4 A S I 280K It R R T K AR E 1 4 AT ). R BT, 2025,
34(9): 244-256.

[5]1 H#, TW, EWZFE, % KHE WA BE RS DREE AT RLD]. FEA Y, 2025, 34(6): 215-223.

[6] ®— L, KREE, Roh, & REARFELIEERBUKEB RIS b izim 5 S ). e 2R, 2025, 50(2):
1073-1099.

[7] bl Wi, ARG, 55, FT ol ROK RBOERRBOKE KIRER G B EOR D], &mi i, 2026(1): 218-
224,

[8] 3R, BXEIE, BE. BIZER M BB R K E R R o E R E], 2022, 32(S1): 145-151.
[9] & EH B SR 2 RAR K S A ) B 7L [0]. T H 31k, 2021, 47(2): 18-25.
[10] %08, ZHM, 807, £ HETFHAAE-TOPSIS SEHIN K RS IEN L], H EH Mk, 2024, 33(S1): 397-402.

[11] Z[AIFH, Mz, XGRS, 25 EFKA. KR FOKERKT M FERK AR AP AR I[T]. TR TS24
(ESREBIR), 2024, 43(5): 36-42.

[12] BRefh. WiE s getk SAGEE 4R SRR B E R[], SR TFE, 2025, 57(3): 58-64.

DOI: 10.12677/me.2026.144111 1136 ol TAE


https://doi.org/10.12677/me.2026.144111
https://doi.org/10.1016/j.jclepro.2022.134954

R 55

[13]
[14]
[15]
[16]
[17]

[18]
[19]
[20]
[21]

[22]

[23]

[24]

[25]
[26]

TA K. B HIR A2 AR BN S AR G54 5 SR LB AT [I]. B 9 Ik TRE 5441, 2025, 45(2): 490.
YRGS, dkiEdE, FR4kE, & Bd A IR R SO iR R R[], T E AR, 2022, 41(2): 259-275.
RAUE, XS5, XUH, . WA RHIE X B R K A & AL B R L[], R BRI R, 2022, 50(8): 166-171.
TN, IR KRR IR OT VAR St R S A [I]. P ERTL, 2025, 34(S1): 490-495.

Xie, F., Zhang, Z., He, W. and Chen, D. (2025) Research on Ground Directional Grouting Reinforcement Technology
and Coupling Control of Fault Fracture Zone through Rock Roadway. Applied Sciences, 15, Article 5647.
https://doi.org/10.3390/app15105647

TR, AR B A o 2 A 7 MK TR BEEOR[J]. R TR, 2023, 55(2): 81-85.

B, 2, AR5, A5 WY AR W R AR AR R BRI AU []. Bk 4 5 AR, 2022, 49(5): 102-108.
KHCE, BKRA, ERAR, & SRIE LR @EAEEEORIT ] BB HOR, 2021, 49(3): 30-36.

Kang, Y., Liu, Q., Xi, H. and Gong, G. (2018) Improved Compound Support System for Coal Mine Tunnels in Densely
Faulted Zones: A Case Study of China’s Huainan Coal Field. Engineering Geology, 240, 10-20.
https://doi.org/10.1016/j.engge0.2018.04.006

FAS T, IS, EAE, S AR K AT X A VR 45 OGS R (3], R S S R, 2023, 51(1):
185-195.

Zhu, J., Liu, Y., Liu, Q., Yang, S., Fan, J., Cui, Y., et al. (2021) Application and Evaluation of Regional Control Tech-
nology of Limestone Water Hazard: A Case Study of the Gubei Coal Mine, North China. Geofluids, 2021, 1-15.
https://doi.org/10.1155/2021/6661319

rE A, RS, Bl EE, . R TIENIMR AR X ST RAOKBTE BOR ). SR 5 YR, 2022, 50(1):
101-108.

Wk, 58 M IREARLER Biva K F R[], TR B, 2025(3): 150-152, 155.
XIRIE. 72 AHEAEN 2 SCFLAE B AT R /K TAE R I B [9]. TEFE R BHE, 2025(1): 139-142.

DOI: 10.12677/me.2026.144111 1137 ol TAE


https://doi.org/10.12677/me.2026.144111
https://doi.org/10.3390/app15105647
https://doi.org/10.1016/j.enggeo.2018.04.006
https://doi.org/10.1155/2021/6661319

	巷道过断层超前治理技术与工程应用
	摘  要
	关键词
	Advanced Treatment Technology and Engineering Application of Roadway Crossing Fault
	Abstract
	Keywords
	1. 引言
	2. 研究区概况
	2.1. 地质概况
	2.2. 水文地质概况

	3. 巷道过断层综合治理方案
	3.1. 地面区域治理
	3.1.1. 治理方案设计与实施
	3.1.2. 探查成果与注浆效果

	3.2. 井下探查治理
	3.2.1. 治理方案设计与实施
	3.2.2. 探查成果与注浆效果


	4. 巷道过断层效果验证及评价
	4.1. 钻探检验
	4.2. 物探探测
	4.3. 掘进期动态观测
	4.4. 综合验证结论

	5. 结论
	参考文献

