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Study on regional stress background and prevention of the rock burst accident on October 20th,

2018 in the Longyun Coal Industry area, Shandong, China

Abstract: [Objective] The stability of underground chambers such as mine tunnels and transportation tunnels is closely
related to the stress environment of the surrounding rock mass and the geological conditions of the area. Analyzing the
relationship between deep-seated stress and factors such as the orientation and shape of underground chambers can help to
proactively mitigate the risks associated with chamber excavation. [Methods] This study, set against the background of the
rock burst accident on October 20th in the Longyun Coal Industry area in Shandong, reveals the current stress environment
of the shallow crustal layers in western Shandong through in-situ stress measurement and monitoring work. [Results]
According to the characteristics of the current ground stress field near the Longyun coal mining area, the study investigates
the regional stress background that led to the rock burst accident and proposes corresponding prevention and control
suggestions from the perspective of ground stress. The results indicate that the magnitude of the principal stress generally
increases linearly with depth within the measurement range, with the maximum horizontal principal stress ranging from
3.48 to 20.76 MPa and a gradient of 0.0182 MPa/m with increasing depth, while the minimum horizontal principal stress
ranges from 3.44 to 14.95 MPa with a gradient of 0.0130 MPa/m. The maximum horizontal principal stress azimuth in the

ESUIE v H T A He R A 590 ( DD20190317,  DD20221738, DD20230540) ; [E R [ AR 2£FE 4T H (U2244226) 5 v [E Hb i
Fh2f 5 i 5 1 2 BIF 52 B SE AR IF A 45 2% 31 H (DZLXIK202305)

This research is financially supported by the Projects of the China Geological Survey (Grants No. DD20190317, DD20221738, and DD20230540), the National
Natural Science Foundation of China (Grant No. U2244226), and the Reasearch Fund of the Chinese Academy of Geological Sciences (Grant No. DZLXJK202305).
B—EE: & (1984— ), Z, ML, SR TR, M X 8RR P 7 Ko i b 57 22 42 XU V- 46 5 T F 52 o

Email: mexijay@sina.com

BWAEE: KNG (1986— ) , J3, Wi, BIBFFEO, MEFEHL N Jy il Seat a0 . F kN ) 3% %5 7 A 5Y . Email:  zhangpeng0713@163.com
Wk HHA: 2023-06-12; fEEIEHHR: 2023-09-25; RABHR: 2023-09-25; WEHE A 2023-11-23; [ERKE: =5


https://doi.org/10.12090/j.issn.1006-6616.2023094
https://doi.org/10.12090/j.issn.1006-6616.2023094
https://doi.org/10.12090/j.issn.1006-6616.2023094
https://doi.org/10.12090/j.issn.1006-6616.2023094
https://doi.org/10.12090/j.issn.1006-6616.2023094
https://doi.org/10.12090/j.issn.1006-6616.2023094
mailto:mexijay@sina.com
mailto:zhangpeng0713@163.com

474 ¥R 55 54 https://journal.geomech.ac.cn 2024

area ranges from NE 43°to 89°, with an average azimuth of NE 75°. The tectonic action in the shallow crust is mainly
horizontal, but with increasing depth, they gradually transition to vertical. [Conclusion] The triggering mechanism of the
rock burst accident in the Longyun Coal Industry area on 20th October is primarily attributed to the vertical stress
exceeding the horizontal principal stress, indicating a current extensional stress environment, especially when the tunnel
orientation is parallel to the direction of maximum horizontal principal stress. It is suggested that the angle between the
tunnel axis and the direction of maximum horizontal principal stress in the Longyun Coal Industry area should be between
60° and 90°, and that the tunnel roof can be designed as an arch-shaped roof to ensure the stability of the tunnel rock mass.

Keywords: western shandong; rock burst; in-situ stress measurement and monitoring; ground stress field characteristics;

rock mass stability
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Regional tectonic and geologial background map of Longyun Coal Industry and surrounding area

(a) Geotectonic outline of North China block and adjacent areas; (b) Map showing the main active faults and accident locations of Shandong

Peninsula
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Fig.2 Schematic diagram and photos showing 1303 drainage tunnel and its 3# connecting tunnel, illustrating the damage condition of the

tunnel roof
(a) Schematic diagram of 1303 drainage tunnel and its 3# connecting tunnel; (b) Photo showing the anchoring rod being squeezed into the roof;

(c) Photo showing the roof bottom drumming; (d) Photo showing convergence of both sides and roof subsidence; (e) Photo showing roof

subsidence and cracking of the anchor beam
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Fig. 3 Pictures of the deep drilling cores in Feicheng, Shandong Province

(a)Site picture of in-situ stress measurement and real-time monitoring drilling construction; (b)Picture of drill cores; (¢)Picture of typical drill

cores
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Fig. 4 Fracturing curves of in-situ stress in the deep borehole measured by hydraulic fracturing in Feicheng, Shandong Province
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Fig. 5 Directional impression results of the maximum horizontal principal stress in the deep borehole by hydraulic fracturing in Feicheng,

Shandong Province
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Table 1 Results of in-situ stress in the deep drilling core measured by hydraulic fracturing in Feicheng, Shandong Province
O o RS HU/MPa F S1{EH/MPa TR T 22K N
F 5 I /m - 7 P P 7 S, S, 5. X, X SulifiL
1 71.24 0.71 0.71 8.38 6.13 3.44 3.48 3.44 1.8 1.84 1.82
2 76.00 0.76 0.76 18.24 8.55 4.46 4.07 4.46 2.01 2.02 221 JL778°
3 96.00 0.96 0.96 14.20 10.37 6.48 8.11 6.48 2.54 3.19 2.55
4 117.36 1.17 1.17 20.71 10.11 6.58 8.46 6.58 3.11 2.72 2.12 db4<88°
5 129.57 1.30 1.30 17.51 8.85 5.12 5.21 5.12 3.43 1.52 1.49 Jb74<89°
6 144.36 1.44 1.44 17.61 8.75 6.00 7.81 6.00 3.83 2.04 1.57
7 190.48 1.90 1.90 18.95 13.36 8.35 9.79 8.35 5.05 1.94 1.66
8 206.11 2.06 2.06 16.68 11.62 8.22 10.98 8.22 5.46 2.01 1.51 Jt7R73°
9 243.00 2.43 2.43 17.97 11.73 8.14 10.26 8.14 6.44 1.59 1.26
10 251.60 2.52 2.52 19.71 12.83 8.98 11.59 8.98 6.67 1.74 1.35
11 266.01 2.66 2.66 22.28 14.58 9.79 12.13 9.79 7.05 1.72 1.39 dt4Re62°
12 291.13 291 291 18.31 10.09 7.61 9.83 7.61 7.71 1.27 0.99 Jt7:89°
13 342.01 3.42 3.42 17.20 11.73 8.40 10.05 8.40 9.06 1.11 0.93
14 368.77 3.69 3.69 20.40 12.82 9.91 13.22 9.91 9.77 1.35 1.01
15 400.68 4.01 4.01 4.01 19.63 14.65 20.31 14.65 10.62 1.91 1.38
16 417.18 4.17 4.17 17.37 13.17 10.43 13.95 10.43 11.06 1.26 0.94
17 446.68 4.47 4.47 17.99 13.59 10.72 14.10 10.72 11.84 1.19 0.91
18 452.44 4.52 4.52 19.96 8.58 7.50 9.40 7.50 11.99 0.78 0.63
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Fig. 6 Trends of the magnitude and direction of principal stresses with depth in the deep borehole in Feicheng, Shandong Province
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Fig. 7 Diagram showing the relationship between the tunnel orientation and the principal stress direction in the rock burst area
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