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Abstract

To investigate the development horizons and variation characteristics of stratum deformation dur-
ing high-pressure injection in a thick loose layer, this study focuses on a directional surface bore-
hole grouting project in a mining area of Anhui. Distributed fiber monitoring technology was em-
ployed to continuously measure deformation across the entire borehole profile. By combining strain
response features from different horizons, the development characteristics of stratum deformation
under grouting disturbance were analyzed. The research shows that distributed fiber monitoring can
achieve full-hole, continuous, and high-precision monitoring of internal stratum deformation during
the injection process under thick loose layer conditions, effectively locating deformation zones and
providing a new technical means for evaluating the injection influence range. Monitoring results
indicate that high-pressure injection disturbance caused varying degrees of deformation in multi-
ple layers, with key deformation areas mainly distributed within the depth range of 380~480 m.
Overall, stratum deformation was dominated by compressive strain, with local development of ten-
sile strain, indicating that grout diffusion primarily occurs by filling pores and fractures and com-
pacting the surrounding strata. The deformation transmission process exhibits clear upward atten-
uation and segmented characteristics. This study clarifies the deformation evolution process in key
horizons, which can provide important technical support and a scientific basis for optimizing high-
pressure injection parameters, evaluating grout diffusion range, and designing water hazard pre-
vention engineering in mining areas.
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Figure 1. Regional stratigraphic histogram
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Figure 2. The schematic diagram of BOTDR principle
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Figure 3. Optical fiber demodulator and monitoring cable

3. NLFRREIUR MM AT A 4%

4, USRS
4.1 BMMNRGHE

S DUl L 1 S22 I T PR RS S AR T, AR IR T RE B R Y 2 Tt i ELAG BB SLANFL LA
AT AR B A7 A B 2 AT M I AR Gt M DB Lt T (0 B BB B v I B T EL/K P4 264 m, I
BhiAL A B P Boas A0 4(a) . %R G0 RIS S AR BOCSIADC L i R A = A B AR
BEFLI ZRR Dy 481 m, AL T 58 = RR/KZ T8, eI FLE ) i P n 5] 4(b) i . AEAT B A
NORBECSE S UM Z KA RO G, SRR LB, AR Z B, FFmiRE SR S, 2
W o3 A 2O LF RAR AR . LRI R e 2kl 3 MH, EERIRNET, 2008 5xt
S 22 R R P A SR

Y DIS-1 553 K Bt
DI15-1 55291 3% B W EK : 260m
FERBK: 553.6m
J /

() MWL Tz B

DOI: 10.12677/me.2026.144109 1108 i AR


https://doi.org/10.12677/me.2026.144109

CLE

2% 7 L)

KR

481. Om
[So]
N
[=1

5 = b K 2 “: 7 v L 450

554 4 7K J2 N A B o
RS \JEAB D15 135 i B 550

s I ff: i 260m k700
e ——— L750

(b) Ik FLE i 1) i

Figure 4. Monitoring the plane position and profile of the borehole
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Figure 5. D15-1 grouting position and monitoring borehole dip profile diagram
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Table 1. Grouting parameter table of D15-1 grouting section
= 1. D15-1 EREERSHR

B FEH & /m? TENIK N EAF L1 fLEE F1/MPa
1 527.0 787 125 8.90
2 3887.0 1034 415.7 8.80
3 44935.0 30,298 / 10.05
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Figure 6. Data results of 2-2# sensing optical cable before and after grouting
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Figure 7. Comparison of dynamic changes of grouting parameters and feature point deformation
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Figure 8. The distribution results of formation deformation time history relationship in 2-2# scientific research test hole
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