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In-situ stress state in critical areas of the Taiyuan pumped storage power station and its application
in pivot project layout

Abstract: The hydraulic fracturing in-situ stress testing technology was used to test two boreholes (500-meter and 520-
meter deep) at the Taiyuan pumped storage power station in Shanxi Province. The in-situ stress state of critical areas was
obtained, and the ground stress level, underground building layout, and lining form in the project area were analyzed. The
results show that the maximum horizontal principal stress ranges from 10.98 to 18.09 MPa, the minimum horizontal
principal stress from 6.79 to 11.32 MPa, and the vertical principal stress from 9.61 to 13.57 MPa. Compared with the high
and low in-situ stress values at the north and south ends of Shanxi Province, respectively, the measured values are between;
Compared with the simulated in-situ stress field in the Qinshui Basin, the test results are basically consistent. The vertical
stress values are between the maximum horizontal principal stress values and the minimum horizontal principal stress
values (S;>S,>S,), which means the maximum horizontal stress at the measuring point is the maximum principal stress and
is in the strike-slip stress state. Its lateral pressure coefficient K, is between 0.92 and 1.09, reflecting that the tectonic action
in the engineering area is not intense. In the range of 330-506 meters, the saturated uniaxial compressive strength of the
two boreholes is betwwen 35 and 107 MPa, with an average of 63.79 MPa, and the ratio of the saturated strength to the
maximum principal stress (Ry/oy,) is between 3.54 and 5.81, belonging to the medium-high stress level. The direction of the
maximum horizontal principal stress in the project area is NE 43° to NE 70.5°, and the average is NE 59.5°, consistent with
the regional focal mechanism solution and GPS displacement data. From the perspective of in-situ stress orientation, the
average direction of the maximum principal stress in the engineering area is NE 59.5°, and the direction of the long axis of
the underground powerhouse is between NE 29.5° and NE 89.5°, which is conducive to the stability of the surrounding
rock of the powerhouse. The maximum water head Py of the underground hub project is about 4.62 MPa (i.e., Py <o3).
Based on the hydraulic splitting criterion, it can be seen that the rock mass can resist the maximum internal water pressure,
and the reinforced concrete lining of the water transmission tunnel can satisfy the stability of the water transmission tunnel.
The research results can be widely used in investigating and designing pumped storage power station projects.
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Fig. 1

Geological and tectonic characteristics of the project area and its surrounding area

I —Erdos block upwarping; I -Lyuliangshan block upwarping, ll-Fenwei fault depression basin; [l ,—Datong fault basin; Il ,~Xining fault

basin; Ill;-New Rift zone-Taiyuan fault basin in central Shanxi; Il ,~Hanhouling transverse uplift; IV-Taihangshan fault block upwarping;

IV —Hengshan—Wutaishan uplift zone; IV,~Taihangshan uplift zone in southeastern Shanxi; IV; —Taiyueshan uplift area; lll -~Linfen fault basin
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Fig.2 Schematic diagram of formation lithology and layout of hub facilities in the engineering area of pumped storage power station

(a) Schematic diagram of stratum lithology in the project area of the pumped storage power station; (b) Schematic diagram of the pivot facility

layout of the pumped storage power station
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Fig.3 Schematic diagram of single-loop hydraulic fracturing in-situ
stress test system

1-pressure relief device for packers; 2—waterless borehole;
3—packers; 4—fracturing test section; 5—push-pull switch; 6—drill
pipe; 7—drill rig; 8—drill tower; 9—steel wire rope; 10—hoist; 11—data
line; 12—laptop; 13—pump; 14—water tank; 15—flowmeter; 16—pump
17—digital pressure gauge;

head/pressure  gauge; 18—pipeline;

19—drill pipe connector

TR G R R T AR R B R R R,
B K s TR IE A B (115) 5 E R ER
(120) #H 0] iz 3l , & 45 7% 50 5% (130), H £ K £

110
111

112

114

115
141
140
142

151
150

161

162

(a) PRI ACIRES (b) HIEMACIRZ

10—t /K S48 3 5 111—%l i d /K fLs 12— % K &5 114—h 3
W R AL G B s 15— K &8 308 8% 6 Brs 120— 1 BR A7 & 4 5
21— F K A5 122— IR K fL s 130— 7R #0555 140—HE 5
s 141l 1 Kk L 142—48 1 S K AL s 150— i fa] B 1
151— “0” %% & [ 5 160— T #ad /K 4% 1F5 161— “O” L% 418 5
162—id K AL

M4 TAAERRAMEAMNKTEREEMTER
Fig. 4 Schematic diagram of the pressure relief device structure for
dry pore hydraulic fracturing stress test

110—water-through support terminal; 111-axial water-through hole;
112 —fastening card; 114 -—middle ring limit step; 115—bottom ring

support step; 120 —upper limit sleeve; 121 —wrench clip;

122 —threadless drain hole; 130 —load-bearing spring; 140 —chrome
mandrel; 141 —axial water-through hole; 142 —radial water-through
hole; 150—middle connector; 151— “O” -type seal ring; 160—lower

water-through connector; 161 — “O” -type seal ring. 162 —water-

through hole
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Table 3  Evaluation results of in-situ stress level in the project area

DB /m A 0.,/MPa )3 S K- Ry /MPa R/o, o3 F3 K- LiE M S KT
355.7 &) 10.98 g g 63.79 5.81 Hh A R g A R
370.5 T 12.17 SRR ) 63.79 5.24 A R A it R
388.9 &) 12.73 g g 63.79 5.01 Hh AR g Hh A R
453.6 W 17.05 AL ) 63.79 3.74 o0 % T %
4722 T 17.03 LIRS ) 63.79 3.75 oo 3 g R 7
480.2 = 18.01 AN 63.79 3.54 Fe L ) e L 7
15 W 12.12 AL ) 63.79 5.26 H e g H i
438.6 T 14.49 SRR ) 63.79 4.40 A R A R
467.4 = 15.48 AN 63.79 4.12 SR g R 7
4935 W 15.54 AL ) 63.79 4.10 H e g H i
4973 T 16.67 LIRS ) 63.79 3.83 oo 3 g R 7
502.1 W 17.62 AL ) 63.79 3.62 20 {7 2wl

5.2 bR A7 4R 7 7E 5 oK B SR 4 B 3% 1 P R R

fi 7K % IR Ak B0 = 32 A A A TR B A A A A
BT . Ho A TR R A A AR AR L i T
i B A B2 A AT RE L BUAS B R o 3B R K R
B Fed T B T B TR XM R M s AL P B
T2 16 M WU R K B 2 o D) A (2R K R 4 20065 T
fit [R5, 2008) o Hirpr, 7K 7 B 24 ) B A /N 5 0
WEN, LR 51K FAT— A KR BB KT
FRT RN ER . FIE, TR X SN E R
K BRI A BT R AR SR AT B
AN TR Y BTN S AAR, 182 g TR IR s s ok
ANEAEE, EEGERE KRB 6, i EE 5
7K E B HL 3 A 7K B IR SR FE B A7 TR BE - A A8, P TR
W B AT b R P B T R A K, X i K R IR Y b AR R
T WER b B il (CF 7R AR g, 20125 R4
AR IE L, 2017), KRG T 38 47 4E 3 LA, ik
B b 1 g 0 2% SR T 0 A K R A O
XKL TR J5 Wi e e

TR DX A5 B /N KT 2 0 T o e/ N
(BI Si=03) , 5 /N F 1 J1 18 03 N 6.79~11.32 MPa,
1M A 2l T F 1 fie KK Sk Py 298 4.62 MPa, i S
Py<os, WAIE UL, A RA B BA B98P R KN
KR J7 W RE T, SR FH A A0 TR e ek D, B AT AR A
KB B Fe s v . Dk, MR T R R ORF H K
Bk ) L £ SR A 7577 TS 6 4 i XA 2 1k

6 i

61 TITERXKXIEBMNNEG
W B O 45 (2010) 78 11 75 48 55 A6 6 o 4 7 Hb X

13 Al L N JF J T 7K R 352 1l 1 i T AR, 3
o, b A L D] G HE X 400~ 600 m PR EE N,
AT e KoK 3 0 J1{E Ry 8~ 12 MPa, Tl 75 B i I
Ui, A28 IR X 400~ 500 m G JE , KA e KAKOE £
JIME K 20~28 MPa, b7 Bk 45 (2018) T 24 s 1
i IS 7 SN R B, ST 0 K A A PR T R (i AR R
AU, 48 B 2 B R D 7 3 iy A2 X B 400~ 500 m I8 JE
B K E R 1M 16.30~17.20 MPa, fx K 3 W 1 5 1)
4 NE 30°—NE 60°., 2009—2015 4F K Jii 4 #b % 4=
20 LN bbb R, R TR AL A 25 AR SR X R
VAL S e 21 280 LA SE W RN OE BT oA 3, IX e KK P
IV Gl i A N L e | @ = S
2017; 257 LA, 20175 42 5 VESE, 2022) o SRR K
BRSO R A b A 3 R T 5 1 5 i A R
F, W AR AT A IE AR — 1w R P4 1] R 5K N ) Y JRy N X
BN F1 3 5% Ry R e AU AR AR — R P P ) B R R S A
F, B RALH XN 15 O U 45, 2017) . F
75 SC A A7 [ 42 (2017) ) FH GPS %% BFIF 5% 111 75 H X
KA, BB T A B K-8 8 777 — 8 1 22
W, WX SN S G AFAE S A S . Rt U T b
S X oK EN I E R M A B, K
I 1 A AR — AR AR (B 9) 6

TR X AL T ¥ 1 M A BB, 355.7~502.1
m 520 % KA R 3 E 11~ 18 MPa, A3 #9328 1%
JE 9 B P g5 R 32 1 3 (B A F U T8 M T Y R b T
Z 6] 5 d5e K F2 W3 75 1) ~F ¥4 9 NE 43°—NE 70.5°2Z
6], S35 4 NE 59.5°, H.5 T 8 X K H & 2% JE AL
fift . GPS i B 45 S —E (&1 9), 2 B 2% S RE 1L
& X Bl 38 1 7 3 e K FE N 7 )



384 Wk /15 54k https://journal.geomech.ac.cn 2023

110°E 111°E 112°E 113°E 114°E 115°E 116°E

40°N

39°N

38°N |

37°N

. M 7.0 XU
@ 45060
@  M;40-49
@ wwEmEbLR

| < X 453 7 ) 1)

36°N

s DX A BT A2 D5 16D
— I FL A TR RN T R
e RJFAFL AN ST T5 1]
— HRA
— W
] TEKX
0 20 40 60 80 100 km
i —

340y RS
B9 TA&KKRXRKERA A G R IR A

Fig. 9 Distribution of stress fields and focal mechanism solution in the project and adjacent areas

62 IRRXRIENAKE MPa/km. 5T XA 0 g 4 B2 fE K, LR

W7 20 (2012) 38 2ek 40 B o R B 4 0 B D) R BT, R TN I 52 3 2 S 5 5 i e
YT A A A, 6 AR gy SRITHRAE  PR TR BRSO
B4 0.23 MParkm, BT R BE Y 0,17 Mpakm ¥ FIE PRI S 0258 g 52 AR b 51544
B . 2008, 2007, T 2007 e LTI I YA S P R 8

2007; EHi4EA, 2012; BB 5%, 2012), 10 A R 47K 7 i
e FL Ul TR X PN B T I Y B KK R
B £ SN 0.43 MPa/km, iz /)N 7K S 3£ W 1 Bl 0.26 SE T K K S AE R TR X 2 A b v S AL



53

AT, % e IR K 2 Ao X M 7 IR A T B AR 20T A 8 e 185

() N F1I T A, 345 T Hb S SPIRES, 58T o

(1) TR X 2 AN A5 5 KK 0 J7 28 10.98~
18.09 MPa, fiz /N 7K 3 1 J1 R 6.79~11.32 MPa; {il]
ALK, F0.92~1.09; E W1 KRN S5>8>S, H
AW RN I RA .

(2) T2 X fe KK F £ W J7 J7 n] i NE 43°—
NE 70.5°, *F- ¥4 NE 59.5°, 55 ff 76 [X 35 5 5 AL il f# |
GPS i1 B8 %E R 98 25 R — 2

(3)38 1 2 4~ Hu R 71 #L 330~506 m {5 il 4 8 41
FAFE S E N A A1 2E I, SRR A b
JE 58 B 4 35~ 107 MPa; 4 1 16 F1 5Ll 58 B 5 e K
FR 1 HAE( Ry/o) H 3.54~5.81, J& THh— i 1K

(4) I\ R 3 07 1) %5 i, TR X e K BN S
] ~F-#4 2 NE 59.5°, #th & | 5 K4k J5 ) {7 T NE
29.5°—NE 89.5°Z [], A F| T b5 i Fil ‘& R -

(5) XA T/ E KKk Py 29 4.62 MPa( Bl Py<os) ,
FE TR I BFZAME N W] 50, AR A B B R A KT A
KK FE T (4 fiE T, K s ) 5L 4% >R FH 4K A7 TR ¢+
Aol D B 25 71, LR T A 7 o ) 1 R e

W YR K T TR AT B B B ) 4D AR b
FIRFA . EBEBI LK TR IR T 241 L
4 Ml N7 D AR, ARAR T M ) S s, B AR
AE2 10 3R AR DAY M N )R, (B2 4 Ak T i T
T DX b 07 T AR A K H A3 AT AR, T B3 b 1 g
W BUE AL TAE. B M T B B #RF 6 1 42
FE ) By B 8 TAE R BR A, TR X 1l R g I L 4%
3G R b 1 g B E S B, RE 8 S 0 4 T M T R T
TR DX Mo N ) o3 AR S B FL oy i B . e R T
S A BT R K R TR Ao B X3k B I, SCEAY
IR g PR 2R 2 R, R 4G A T A A R it e
R A YHEAERERNZRITES S
M, AT7E T 4 TAEFIF R,
BUigt: A8 AR B0 95 5 KA K b By iR AT R
AN AN ESRIEN, KFFES
HZIAEF, WNEPFIRFRBLEARATG XS
X H. RN, LR P ERRFRERAFH
RATLHEENT, HEREZEIFHEZ KT, Ebk

7 B
References
BAIJ P, PENG H, MA X M, et al., 2013. Hollow inclusion strain gauge geo-

stress measuring instrument in deep borehole and its application

example[J]. Chinese Journal of Rock Mechanics and Engineering,

32(5):902-908. (in Chinese with English abstract)

BAO L H,DU Y, GUO Q L, et al., 2017. In-situ stress measurement and re-
search on tectonic stress field distribution law of Chengdu-Lanzhou rail-
way[J]. Journal of Geomechanics, 23(5): 734-742. (in Chinese with
English abstract)

BROWN E T, HOEK E, 1978. Trends in relationships between measured in-
situ stresses and depth[J]. International Journal of Rock Mechanics and
Mining Sciences & Geomechanics Abstracts, 15(4): 211-215.

CAI M F, QIAO L, LI H B, 1995. Rock-stress measurement principles and
techniques[M]. Beijing: Science Press: 1-27. (in Chinese)

CAIM F, PENG H, MA X M, et al., 2009. Evolution of the in situ rock strain
observed at Shandan Monitoring Station during the M8.0 earthquake in
Wenchuan, China[J]. International Journal of Rock Mechanics and Min-
ing Sciences, 46(5): 952-955.

CHAI B, GUO J J, GUO X J, et al. , 2022. Engineering geological survey re-
port on the pre-feasibility study stage of Taiyuan (Gujiao) pumped Stor-
age Power Station[R]. Taiyuan: Shanxi Water Conservancy and Hydro-
power Survey, Design and Research Institute Co. , Ltd. (in Chinese)

CHEN D D, NIU Z W, 2017. Selection of lining form for diversion system of
a pumped storage power station[J]. Small Hydro Power(4): 35-39. (in
Chinese)

CHEN Q C, AN Q M, SUN D S, et al.,, 2010. Current In-situ stress state of
Shanxi basin and analysis of earthquake risk[J]. Acta Geoscientica Sin-
ica, 31(4): 541-548. (in Chinese with English abstract)

FANG L, WANG S, XU K, et al., 2018. Characteristics of current in-situ
stress of Qinshui Basin[J]. Fault-Block Oil & Gas Field, 25(4): 413-418.
(in Chinese with English abstract)

FENG C J, LI B, LI H, et al., 2022. Estimation of in-situ stress field surround-
ing the Namcha Barwa region and discussion on the tectonic stability[J].
Journal of Geomechanics, 28(6): 919-937. (in Chinese with English
abstract)

GUO Q L, AN Q M, ZHAO S G, 2002. Application of hydraulic fracturing
test in the design of Guangzhou pump storage project[J]. Chinese Journ-
al of Rock Mechanics and Engineering, 21(6): 828-832. (in Chinese
with English abstract)

GUO X Y, JIANG C S, WANG X S, et al., 2017. Characteristics of small to
moderate focal mechanism solutions stress field of the circum-Ordos
block[J]. Journal of Geodesy and Geodynamics, 37(7): 675-685. (in
Chinese)

HAIMSON B C, CORNET F H, 2003. ISRM suggested methods for rock
stress estimation-part 3: hydraulic fracturing (HF) and/or hydraulic test-
ing of pre-existing fractures (HTPF)[J]. International Journal of Rock
Mechanics and Mining Sciences, 40(7-8): 1011-1020.

HAN D, ZHAO Z H, YAN B Z, et al. , 2022. Status and prospect of China’s
pumped storage development in 2021[J]. Water Power, 48(5): 1-4, 104.
(in Chinese with English abstract)

JING F, SHENG Q, ZHANG Y H, et al., 2007. Research on distribution rule
of shallow crustal geostress in China mainland[J]. Chinese Journal of
Rock Mechanics and Engineering, 26(10): 2056-2062. (in Chinese with
English abstract)

JING F, LIANG H C, BIAN Z H, et al., 2008. Review of geo-stress measure-

ment method and study[J]. Journal of North China Institute of Water


https://doi.org/$refDoi
https://doi.org/$refDoi
https://doi.org/$refDoi
https://doi.org/$refDoi
https://doi.org/$refDoi

386 ¥R 55 54 https://journal.geomech.ac.cn 2023

Conservancy and Hydroelectric Power, 29(2): 71-75. (in Chinese with
English abstract)

KANG H P, LIN J, ZHANG X, et al. , 2010. In-situ stress measurements and
distribution laws in Lu’an underground coal mines[J]. Rock and Soil
Mechanics, 31(3): 827-831, 844. (in Chinese with English abstract)

LI A W, CHEN Q C, SUN D 8, et al. , 2019-08-30. Emergency discharge
module for hydraulic fracturing measuring device: CN, 110185441A[P].
(in Chinese)

LI B, ZHANG W, WEN R, 2022. Study on the hydraulic fracturing in-situ
stress measurement in super-long highway tunnels in southern Shaanxi:
Engineering geological significance[J]. Journal of Geomechanics,
28(2):191-202. (in Chinese with English abstract)

LI P E, LIAO L, LIU P, 2017. Numerical simulation of relationship between
stress field evolution and historical strong earthquakes in Taiyuan
basin[J]. Earth Science, 42(9): 1623-1636. (in Chinese with English
abstract)

LIY S, YINJ M, AI K, et al., 2006. Measurement and analysis of geostress
for underground engineering design of Shenzhen pumped storage
plant[J]. Chinese Journal of Rock Mechanics and Engineering, 25(S2):
3965-3970. (in Chinese with English abstract)

LIULJ, TIANZ Y, ZHENG Y B, et al., 2016. Study of site selection of deep
underground powerhouse in Huanggou pumped storage power station[J].
Resources Environment & Engineering, 30(1): 96-99. (in Chinese with
English abstract)

LUO C W, LI H B, LIJ R, et al., 2018-01-19. Dry hole pressure relief valve
and hydraulic fracturing in-situ stress testing device: CN, 206905955U[P].
(in Chinese)

LYU C T, 2020. Analysis of in-situ stress and rock burst in surrounding rock
of underground powerhouse of Langjiang pumped-storage power
station[J]. Guangdong Water Resources and Hydropower(12): 57-61. (in
Chinese with English abstract)

MENG W, GUO C B, MAO B Y, et al., 2021. Tectonic stress field and engin-
eering influence of China-Nepal Railway Corridor[J]. Geoscience,
35(1):167-179. (in Chinese with English abstract)

MENG W, TIAN T, SUN D S, et al., 2022. Research on stress state in deep
shale reservoirs based on in-situ stress measurement and rheological mod-
el[J]. Journal of Geomechanics, 28(4): 537-549. (in Chinese with Eng-
lish abstract)

National Standard of the People's Republic of China, 2006. Code for hydro-
power engineering geological investigation: GB 50287-2006[S]. Beijing:
China Planning Press. (in Chinese)

PENG H, MA X M, JIANG J J, 2009. Process analysis of in-situ strain during
the M;8.0 Wenchuan earthquake-data from the stress monitoring station at
Shandan[J]. Acta Geologica Sinica, 83(4): 754-766.

QIAO E W, PENG H, MA X M, 2019. The surrounding rock condition ex-
ploration and construction method analysis of cross-Bohai strait
passage [J]. Journal of Geomechanics, 25(4): 563-573. (in Chinese with
English abstract)

SUND S, CHEN Q C, LI Q, et al. , 2019-09-06. A water level pressure differ-
ence control valve: CN, 110206509A[P]. (in Chinese)

WANG X W, YANG G H, 2017. Analysis of horizontal deformation along the

Shanxi fault zone by GPS measurement[J]. Journal of Geodesy and Geo-

dynamics, 37(11): 1101-1104. (in Chinese with English abstract)

WANG Y H, CUI X F, HU X P, et al., 2012. Study on the stress state in up-
per crust of China mainland based on in-situ stress measurements[J].
Chinese Journal of Geophysics, 55(9): 3016-3027. (in Chinese with
English abstract)

WANG Y, ZHU J F, 2012. Leakage treatment of steel lining in diversion sys-
tem of Baoquan pumped storage power station[C]//Collection of papers
on the construction of pumped storage power station. Beijing: China
Power Press: 328-331. (in Chinese)

WU M L, SUN L, 2019-06-21. Water discharge device and ground stress
measurement system of double-pipe hydraulic fracturing: CN,
109915100A[P]. (in Chinese)

XIE F R, CUI X F, ZHAO J T, et al., 2004. Regional division of the recent
tectonic stress field in China and adjacent areas[J]. Chinese Journal of
Geophysics, 47(4): 654-662. (in Chinese with English abstract)

XIE F R, CHEN Q C, CUI X F, et al., 2007. Fundamental database of crustal
stress environment in continental China[J]. Progress in Geophysics,
22(1):131-136. (in Chinese with English abstract)

YANG S X, YAO R, CUI X F, et al., 2012. Analysis of the characteristics of
measured stress in Chinese mainland and its active blocks and North-
South seismic belt[J]. Chinese Journal of Geophysics, 55(12): 4207-
4217. (in Chinese with English abstract)

YE G Q, FANG D, JIANG Y L, et al., 2015. Underground powerhouse loca-
tion and axis selection design of Baihetan hydropower station[J]. Zheji-
ang Hydrotechnics, 43(6): 46-51. (in Chinese with English abstract)

YINJ M, GUO X F, AT K, et al. , 2008. Analysis of in-situ stress measure-
ment and high pressure tunnel’s design verification for Qingyuan pumped
storage plant[J]. Journal of Yangtze River Scientific Research Institute,
25(5): 43-45, 83. (in Chinese with English abstract)

YU Z Y, SHEN X Z, LIANG H, et al., 2022. The characteristics of major
faults and stress field in Weihe-Yuncheng basin constrained by seismic
activity and focal mechanism solutions[J]. Seismology and Geology,
44(2):395-413. (in Chinese with English abstract)

ZHANG C Y, DU S H, HE M C, et al., 2022. Characteristics of in-situ stress
on the western margin of the eastern Himalayan syntaxis and its influence
on stability of tunnel surrounding rock[J]. Chinese Journal of Rock
Mechanics and Engineering, 41(5): 954-968. (in Chinese with English
abstract)

ZHANG N, LAN H X, LI L P, et al., 2022. Characteristics and implications of
in-situ stresses in Southeastern Tibetan Plateau[J]. Journal of Engineer-
ing Geology, 30(3): 696-707. (in Chinese with English abstract)

ZHANG S L, LIU R C, WANG X, et al., 2017. The variation characteristics of
stress field of the Taiyuan Basin before and after the Wenchuan earth-
quake[J]. Earthquake Research in China, 33(1): 46-55. (in Chinese
with English abstract)

ZHANG X L, ZHANG G Z, LIU Y, et al. , 2021-06-04. A rapid discharge
device suitable for ultra-low water level hydraulic fracturing method: CN,
213360088U[P]. (in Chinese)

ZHAO D A, CHEN Z M, CAI X L, et al., 2007. Analysis of distribution rule
of geostress in ChinalJ]. Chinese Journal of Rock Mechanics and Engin-
eering, 26(6): 1265-1271. (in Chinese with English abstract)

ZHAO XY, GAN J, SONG X W, et al. , 2022. In-situ stress measurement and


https://doi.org/$refDoi

55 3 41 HaW, 2. KIEHKE

S HE H 3k 54 B 7 L I

high-pressure water pressure test report in the pre-feasibility study stage
of Taiyuan (Gujiao) pumped storage power station in Shanxi province[R].
Beijing: Beijing Engineering Corporation Limited. (in Chinese)

B o 325 STk

41, A8, B35, 55, 2013, TRAL 25 0 A0 0 i 1l o 0 o 430 R
R SE) 0], 8 125 TR 2R, 32(5) 1 902-908.

A bR, BRSO, SRR, 4, 2017, B 2% 4k 6 Hb . W B 5 6 3 R T 3
O3 A A BIE 5T (1], M 97 2% 27 31, 23(5): 734-742.

SR SE VR, TR 24 2R AR, 1995, b R W B B AN EE R (M. db 5 Bl 2
R AL 1-27.

e, BRA, EBEGE, 4F, 2022 KR (il 38) Hili K 5 AE H 3 TR T AT
AT B T b o 38 28 41 4 [R]. E: 1 P 48 7 R K e 38 0 34
WF5E B AT BRA .

W4 4, 40 TE B, 2017, BE 37K %588 #1051 K 2R 48 46 9 T8 =X A9 36 4 ().
JINIK HL (4): 35-39.

R RESE, 22 H 38, INAR 2R, 45, 2010, 11 74 20 b B4 b B 7 4R 25 45 3 72
& B M43 A ). HbBR 24 3R, 31(4): 541-548.

B B, B, AR ET, 45, 2018, L VG 90 7K A H BE A b 1V ) R AE (T W7 B
A H, 25(4) : 413-418.

PR, R0, 4 AF, 2022, R B M X M N ) 37 A B R i A
SEVERRT L] b BT ) %25 4, 28(6) 2 919-937.

ha R, LI, WA, 2002, K FE BB W AE T N 4l oK B g
H il B R R R (D). 4 A0 28 5 TR AE R, 21(6) - 828-
832.

Az, HRME, TR, %5, 2017, BB/R 2 100 B A 8 2 v /N b 7% 7 IR
B B 2 3 3 A L], R bl 428 5 3 Bk 3 ) 2%, 37(7) : 675-685.

A, BHE I, R L, £5, 2022, 2021 45 Hh [E il Kk F BE & R PR 5 R
Bk J1 %, 48(5): 1-4,104.

SBE, e, K 55 R, 4R, 2007 [ R R 2t e S 3t N g 4 AT R
ST [T]. A A 1% 5 TR A4, 26(10) : 2056-2062.

SR, RGO, M AR, A, 2008, 3 Iy vA BIF 5 45 b
TR F K B 2 B 2 4, 29(2) : 71-75.

LT, Mfd, B I5E, 45, 2010, 3% 2207 DX T b Rz 0 i K 43 A B A
BT [J]. 5+ J1%, 31(3): 827-831,844.

2 5, BRTRE SR, PR A, 45, 2019-08-30. — il 7K JT B 20 0 4k %5 A 1%
2K AL P E, 110185441A[P).

2=, K 30, 3O, 2022, @érﬁﬁﬁf\ﬂ%ﬁﬁ;‘ K B0k Ry )

25 L R TR M R R SCA AT (90, Ml R 2 2R, 28(2) 1 191-202.
VR BN, x'Jﬁh‘ 2017. K J5 4 1 ) 5 Ak 5 5 OC R M AU(E
B3 (T, HuER L2, 42(9) : 1623-1636.

25K, FHEE R, 3EHL, 55, 2006, VRN K 5 AR HL 3 H R 7 03R4 BT
B H A T E &y H L AA S TRM,
25(S2) : 3965-3970.

XISk A, MARED, B LLE, %, 2016. Tt 14 il K & g HL
A8 W5 0], BRI R 85 5 T/, 30(1): 96-99.

B S, AR, AR AN, A, 2018-01-19. T L ik I 18 K 7K T 2 24 1l 17
F1 00 % | 206905955U(P).

B3, 2020, TR VT A K 35 AE L3 3R T N 7 K B 2 R

RARE A

SR B

S3HT 31,7 AR KRR HL (12): 57-61.

0, B S, B, B, 2021, H T2 4k I 58 B 18 A ) 1 N
R H T AR (0], SR, 35(1): 167-179.

30, B, PNVAR R, AR, 2022, FE T JE A MR T 0 3R B T AR AR R G TR
HBUE T it )2 1 W S R A WG [T, 30 5 ) 24 24 4, 28(4): 537-
549.

Tr A6, A8, T 75 i, 2019. i) 1 W ik 145 0 58 18 1R A A R R A it
Lﬁ‘/&ﬁffﬁ[ﬂ.ﬂt Ji2f2E R, 25(4) 1 563-573.

INZR AR, BRBE SR, 25 4, 4 2019-09-06. — Filt K A2 HE 2% 45tk 1 - v
110206509A[P].

T 7 30, b E AR, 2017, ) GPS % RHIF 5 1L V6 24 45 47 14 K - IE 2R
(30 R Hb ) 5t 5 M Bk 8h 73 2%, 37(11) : 1101-1104.

Ef@ﬂé,ﬁ:&*ﬁ%,&Ei%iﬂf,2012.%?%@?7‘3&@%@3%*[@%
i 3t 5% B 3B R 7R AS W 5 (9. M ER 4 B2 41, 55(9): 3016-3027.

FE, AR 0, 2012, 52 08 il K F AR HL UG 51K R G ) 5 e b B
[CY/Ah /K 7 e F b TR 15 SC 4. db ot v 1 A gt R A - 328-
331

S0 B, PIVRK, 2019-06-21. Mtk 7K %€ B T BUE K R 3 5 H N T DU 4
4t P E, 109915100A[P].

WA, A, R VS, 4, 2004, K ik B4 X B AR 5 T
43 X [T]. bR Wy 325 4L, 47(4) : 654-662.

MR, BRI, 45, 2007, [ K ML 5 L 7 PR BE L b AR
(1], sk st e, 22(1) 2 131-136.

T B, Wk, HE RUEE, 45, 2012 f KRG 54505 sh b | pg b bR
ST N 7 RRAE 2 BT (3], MR 4 FRAF 4R, 55(12) : 4207-4217.
AR, P, VLR TN, A5, 2015, 1R RE K L s R T B A6 R il £k

PRV (. W VLK R B4, 43(6) : 46-51.

T R, 58 0, SEL, A5, 2008. T 8 il K F AE FL O Hb S A7 03 4 BT
55 TR B A B0 B 3E (7], KT R 22 B B iz, 25(5) : 43-45,83.
AP, RN P A 2022, T Hb R E SRR TR ML R F 5
VAT 32 IR A Hb T T SR 0 REAE B T 3 A (90, b AR Hb SR,

44(2): 395-413.

ik T, KAt [ Mmﬁ'ﬂ fr 2022. B T 47 AR A 3 45 TG % R ) A
HE B Ho X g 3 Rl FEMER W] A A %5 TR,
41(5): 954-968.

ks, 22 AL, 2R RRO, A, 2022, T 5 R JRUAR B 4 92
AT (3], AR M B A A, 30(3) : 696-707.

kWS, X F A, TEE, AR, 2017, 301 R TS K R A R ) 5 25 1k
FEAERTZE (I, h [E 52, 33(1): 46-55.

SRR, 3R, X%, 45, 2021-06-04. — i 3E FH T R AR K 37 7K T B2
W 2 K ke B b ], 213360088U[P].

AR T, PR AR AR, B2 /NAK, 45, 2007, o E R g 3 o0 AR LA GE T o i
(.50 012 5 TR2E R, 26(6) : 1265-1271.

RS PH, R, R %8 S04, 2022, 1 16 4 K (il 38) il Kk 5 g e 3l T
T AT P A 5 B B Rz 0 R K R T R K O 58 4 [R]. b sk
] L, 8 A2 A A 00 3 0 5 e A BR A

e R IR E A B IR S @ R, 2016. 7K T K H TR Ml BT ) 4%
FLIE : GB 50287-2016 [S]. b 5T - v [ 3 %) i skt


https://doi.org/$refDoi

	0 引言
	1 区域地质背景
	1.1 大地构造
	1.2 地层岩性

	2 计算公式与卸压技术
	2.1 测试技术理论基础
	2.2 钻孔低水位卸压技术

	3 水压致裂地应力测试
	3.1 测试孔概况与测试段选择
	3.2 地应力测试数据可靠性分析
	3.3 地应力测试结果

	4 地应力测试结果分析
	4.1 主应力与深度关系
	4.2 测点的侧压系数
	4.3 主应力量级分级

	5 地应力状态在水电地下工程中的应用
	5.1 地应力在地下厂房布置设计中的应用
	5.2 地应力状态在输水隧洞衬砌设计中的应用

	6 讨论
	6.1 工程区区域应力场
	6.2 工程区主应力梯度

	7 结论
	参考文献

