31 %5 2 W :[:H_j; Jﬂi jj % R j;ﬁ Vol. 31 No. 2
2025 4F 4 A JOURNAL OF GEOMECHANICS Apr. 2025

IR v Tk, DM S, A, 2025, ) i 0 S R E TR R B AT ) AR AR S TR R E A AT (D). B 2R, 31 (2) .
197-210. DOI: 10.12090/j.issn.1006-6616.2023169
Citation: QTAOE W, MA XM, GUOHL, etal, 2025. Characteristics of in-situ stresses and engineering stability analysis on the south section of the Bohai

Strait Cross-Sea Corridor project[J]. Journal of Geomechanics, 31 (2) : 197-210. DOI: 10.12090/j.issn.1006-6616.2023169

Ve T AR WS I T SR B T AR e B b N SRR S TR RS B b
e AR I RS BB RS Fh 221234 % B 1234

QIAO Erwei'***, MA Xiumin'****, GUO Hualin*®, Sun Yao'***, JIANG Jingjie'***

Lo o [ e R 2 e 5 2/ B S, k5T 1000815

FI AR B U B IE It b 5 By o R BT AR 2 WA S B, L BT 1000815

AR BT IR 17 ) T AR R AR L, LB 1000815

ISR BT IR AR S M i 5 B 2 2 B S M %, bt 1000815

Jem B R, At 100083;

S BRI ) TRRAERE, Wb I 430074

1. Institute of Geomechanics, Chinese Academy of Geological Sciences, Beijing 100081, China;

S i

Observation and Research Station of Crustal Stress and Strain in Beijing, Ministry of Natural Resources, Beijing 100081, China;
Technology Innovation Center for In-situ Stress, Ministry of Natural Resources, Beijing 100081, China;

Key Laboratory of Active Tectonics and Geological Safety, Ministry of Natural Resources, Beijing 100081, China,

University of Science and Technology Beijing, Beijing 100083, China,

S O

Engineering Faculty, China University of Geosciences (Wuhan), Wuhan 430074, Hubei, China

Characteristics of in-situ stresses and engineering stability analysis on the south section of the Bohai

Strait Cross-Sea Corridor project

Abstract: [Objective] The Bohai Strait Cross-Sea Corridor is an important maritime traffic project which joins the
Liaodong and the Shandong peninsulas. The state of geostress is an important reference for engineering design and
construction decision-making. [Method] In order to better understand the present characteristics of the geostress and the
distribution of the tectonic stress field in the southern section of the project, hydraulic fracturing tests were conducted for
stress measurements at 0~300 m depth at Beigou Town, southwest Penglai District, Yantai City. [Results] The analysis
of the measured data indicates that the in-situ stress field is controlled by horizontal tectonic stress in the study area, and the
horizontal stress values are at an intermediate level compared with those obtained elsewhere in the Northeast—North China
Stress Zone; Sy (the maximum horizontal principal stress), S, (the minimum horizontal principal stress), and S, (the vertical
principal stress) change linearly with the depth of the BGZ borehole; in the depth range of the measurements, the shallow
surface stress of the crust is mainly reverse fault type, that is, the relationship of the three principal stresses is Si>S>S,. The
measured Sy average azimuth angle in the borehole, N75.3°E, is in good agreement with the direction of the tectonic stress
field of the North China Stress Zone to which the study area belongs; and, it is basically consistent with the direction of the
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regional tectonic stress field revealed by the focal source mechanism solution and GPS measurement. The Coulomb friction
sliding criterion and the measured data are used to preliminarily evaluate the current level of geostress accumulation in the
study area and its impact on the engineering stability. It is believed that the overall level of stress accumulation in the
region is relatively low, and the crust in the engineering area is currently relatively stable. In addition, based on the
comprehensive discrimination criterion of rock burst danger, o, /R., the possibility of rock burst in the underground
tunnel of the Bohai Strait Cross-Sea Corridor is discussed. [Conclusion] It is primarily concluded that there is currently no
possibility of rock burst in the underground tunnel of the Bohai Strait Cross-Sea Corridor, and the rock surrounding the
tunnel is stable. [Significance] The findings in this paper provide a scientific basis for the optimization of the design and
the construction of the Bohai Strait Cross-Sea Corridor. The study also provides basic data for research on active faults,
seismogeology, regional dynamics in the survey area, and others.

Keywords: Bohai Strait; Cross-Sea Corridor project; hydraulic fracturing method; in-situ stress; surrounding rock stability;

tectonic stress field
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Fig. 1

Schematic diagram of the Bohai Strait Cross-Sea Corridor route and the structural geology of the Bohai Strait and surrounding areas

(a) Schematic diagram of the Bohai Strait Cross-Sea Corridor route (modified after Song and Wang, 2006); (b) Structural geology of the Bohai

Strait and surrounding areas (modified after Qiao et al., 2019)

F1—Yingkou-Weifang Fault Belt; F2—Huangxian Fault; F3—Zhaoyuan-Pingdu Fault Belt; F4—Beigou-Linglong Fault; F5—Penglai-Weihai
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Fig.2 Cores from the locations where the hydraulic fracturing stresses were measured in the BGZ borehole

(a) The core of the 30.00 m deep survey section; (b) The core of the 77.00 m deep survey section; (c) The core of the 91.30 m deep survey

section; (d) The core of the 160.50 m deep survey section; (¢) The core of the 175.50 m deep survey section; (f) The core of the 194.30 m deep

survey section; (g) The core of the 213.00 m deep survey section; (h) The core of the 213.60 m deep survey section
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Fig.4 Variations of stresses Sy, Sy, and S, with depth in the BGZ
borehole
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Fig. 6 Variations of the lateral pressure coefficients Ky, K;, and K,,
'S with depth at the BGZ borehole
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Fig. 5 Results of impression packer tests in the BGZ borehole

(a) Results of the impression packer test at a depth of 77.0 m; (b)
Result of the impression packer test at a depth of 231.6 m
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Fig. 7 Depth dependence of Sy in different regions

This study Sy = 0. 033D + 3.4834; Beijing area S;=0.0433D + 0.016
(Qin et al., 2014); Bohai Strait area Sy = 0.0684D + 1.120 (Zheng et
al.,, 2015); Shandong segment of the Tan-Lu fracture belt Sy =
0.0348D + 3.7231 (Feng et al., 2017); Shandong area Sy = 0.0242D +
9.4269 (Li et al., 2017); Tianchi volcano area in Changbaishan Sy =
0.0315D + 0.81 (Qiao et al., 2023); Penglai coast area, Shandong
Province Sy; = 0. 038D + 4.656 (Li et al., 2019).
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Fig. 8 Results of Coulomb failure criterion calculation for data

measured at the BGZ borehole
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Table 2 Results of rock burst analysis of surrounding rock
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