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Abstract

With the development of water conservancy construction technology, deep shafts, as a common un-
derground structure, are widely used in water conservancy and hydropower projects such as pres-
sure regulation, water diversion, and ventilation. Affected by the harsh terrain and complex geology,
the stability of the surrounding rock is very important for the construction safety of the large diam-
eter and buried deep shaft, and it is necessary to study and analyze the stress deformation gener-
ated by the surrounding rock and support in the construction process of the complex geological
deep shaft, so as to better ensure the stability of the surrounding rock and support. This article is
based on the excavation and support structure project of the water intake gate shaft of the Israeli
Kaff Hayadun pumped storage power station, using a combination of on-site monitoring and numer-
ical simulation methods, Numerical simulation studies were carried out on the support parameters
and construction excavation scheme during the excavation of the supporting diversion gate well.
Through the design orthogonal test, the parameter sensitivity analysis of three factors, namely the
length of the cast-in-place pile, the diameter of the cast-in-place pile and the footage outside the
opening, analyzed the pressure distribution and corresponding stability of the surrounding rock
after excavation of the shaft under 10 groups of different support schemes, and found that when the
excavation support scheme was selected as the diameter of the cast-in-place pile was 1 m, the exca-
vation footage was 2 m, and the burial depth of the cast-in-place pile was 35 m, the principal stress
value and displacement of the surrounding rock and its supporting structure around the diversion
gate well were the smallest, indicating that the excavation construction scheme was the most rea-
sonable. It can significantly improve the construction progress and safety of deep shaft excavation
under complex strata, which can provide reference for similar projects.
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Table 1. Parameters of physical and mechanical properties of the formation

F 1. MEYIENFMESH

Hu )z W /(kgm3)  HVERLE/(MPa) TAFALL K%K J1/(kPa) P BESEF/(°)
L= 1.8 17.5 0.385 11 17.6
PRREGLE 2.5 125 0.225 180 37
EEE 2.65 12500 0.35 1050 46.4
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Table 2. Orthogonal experimental design
2. BRI

il KFAHE PEE AR THEBER VR
1 Al1BI1C1 0.8 m Im 33m
2 A2B2Cl Im 2m 33m
3 A3B3Cl 1.2m 3m 33m
4 A3B2C2 1.2m 2m 35m
5 A2B1C2 1 m I m 35m
6 A1B3C2 0.8 m 3m 35m
7 A1B2C3 0.8 m 2m 37m
8 A2B3C3 I m 3m 37m
9 A3BIC3 1.2m Im 37m
10 A2B2C2 Im 2m 35m
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Figure 1. Finite element model

E 1. BRTERE

DOI: 10.12677/hjce.2025.146152 1422 TARTHE


https://doi.org/10.12677/hjce.2025.146152

e 5%

AR ) S B BUR S B TR B 52 iy, 455 DU SRR DLEAT 43 5 LU ARG I, AR A
BRI SR, EF R EE T RS, HRSEE 1, BRI EER - 48 (Mohr-Coulomb,
M-C)A IR o BB AR (AR 1 T ZR SRR, B 22 S HO R R 3 s, JHZ A% M-C
AHIRERL[ 7]

Table 3. Numerical model supporting structure material parameters
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HRGH Sy g P/ (kg/m®) B R /(MPa) TARA L
s B30 2420 3x10° 0.2
IS B40 2440 3.3 x10° 0.2
P 42 B40 2440 3.3 x10° 0.2

HARHRIY B20 2400 2.55 x 10° 0.2
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S, Max. Principal

(Avg: 75%)
+3.114e+02
+2.258e+02
+1.403e+02
+5.467e+01
-3.091e+01
-1.165e+02
-2.021e+02
-2.876e+02
-3.732e+02
-4.588e+02
-5.444e+02
-6.300e+02
-7.155e+02

Figure 2. The maximum principal stress of the surrounding rock

2. BERKEND

S, Max. Principal

(Avg: 75%)
+3.255e+02
+2.392e+02
+1.529e+02
+6.663e+01
-1.967e+01
-1.060e+02
-1.923e+02
-2.786e+02
-3.649e+02
-4.512e+02
-5.375e+02
-6.238e+02
-7.101e+02

Figure 3. The maximum principal stress of the supporting structure

3R AEN T

Table 4. Maximum principal stress results

F 4. FEZERERIIPERRAENDER

415 KL SCAP AL K FE LTI/ MPa [l A £ K 3 . J)/MPa
1 AIBICI 5.844 1.904
2 A2B2C1 4.369 3.169
3 A3B3Cl 5.190 8.738
4 A3B2C2 3.255 3.640
5 A2B1C2 2.664 6.960
6 A1B3C2 5.182 3.324
7 A1B2C3 5.988 3.872
8 A2B3C3 3.492 5.425
9 A3BI1C3 1.911 4.415
10 A2B2C2 1.665 3.642
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Figure 4. The mean value of the level R of each factor

B 4. BERKFIIPLERTMEL R HE

Table 5. Extremely poor stress levels of supporting structures

= 5. IPEHNHREKRF

T KFE W EAE FZRE R VR
0.8 1701.4
1 1219 1041.9
12 1035.6
2 - 1527.7

K18
3 - 1386.4
33 - - 15403
35 - - 1276.6
37 - - 1139.1

K 1 2 35

ik 27 ROREAHZACT E R .

4.2. BIERIPERAB O

N T BRI S K I A AR AN RN R 21 R R B R A v, 6 IE 2RI B H 1 10 S50 AL T
A RBATIOE . 50 [ 6 4 a4, KPS A3B2C2, HEEAZ 1.2 m, JFZ#ERN 2 m, #EE 35 m
(R 51 K 10 1] HE SO AR TR R St 40 25 g e KB i 45 R

RAE EAC IR Z5 L, X 51 KW ) U AR 2 [l I S S M B R AT AR ZE o AT, A 22 40 M m] LAY Bl
HARR SRR Z B ER KR, & 6 NGIKE T HFBUEE BT P2 H 5 RS a4 1

W ZE oy T SR WA 7, mIAE I 51K T EUER R, 13200 A f e MR AP A EARN 1 m,
FRPZRER 2 m, FEVEREAEIENTREE N 35 m (1 T %
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Table 6. Excavation of surrounding rock and displacement results of supporting structures

= 6. FHEEA RIIPLEHINBER

U, Magnitude

+5.368e-04
+4.921e-04
+4.473e-04
+4.026e-04
+3.579e-04
+3.131e-04
+2.684e-04
+2.237e-04
+1.789e-04
+1.342e-04
+8.947e-05
+4.473e-05
+0.000e+00

Figure 5. Displacement of surrounding rock

E 5. BAEL

U, Magnitude
+1.787e-04
+1.708e-04
+1.629e-04
+1.550e-04
+1.471e-04
+1.391e-04
+1.312e-04
+1.233e-04
+1.154e-04
+1.075e-04
+9.955e-05
+9.164e-05
+8.372e-05

Figure 6. Displacement of the supporting structure

6. STIPEEHINLTS

iR KFHE SR B KA /mm [ & B KAz /mm
1 A1BICI 21.18 52.38
2 A2B2C1 19.21 53.23
3 A3B3Cl 17.93 57.93
4 A3B2C2 17.87 49.67
5 A2BI1C2 20.16 50.92
6 A1B3C2 20.33 52.59
7 A1B2C3 19.69 52.14
8 A2B3C3 19.06 51.72
9 A3BIC3 17.37 53.20
10 A2B2C2 19.78 50.47
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Table 7. Displacement range level table

F 7. UBREKFR

Tt K PEEAR THZ#ER R
0.8 18
1 18 17
1.2 19
2 17
K {H
3 21
33 25
35 13
37 17
R 1 2 35
HUE: 7 RORBA A
—e— PEEAE
8F e JHZHER
—— HEE
e |-
ﬁ‘r
B
41
OTS i 1?2 i é ; 3I3 3I5 3I7
AN
Figure 7. Mean diagram of the influence coefficient R of surrounding rock
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