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Fig.1 Topography of the site area of the proposed converter station and the engineering geological

plan of the excavation slope
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Fig.2 Deformation characteristics of the excavation slope in the study area
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Fig.4 Deformation characteristics of the accumulation slope in the converter station
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Fig.5 The monitoring cumulative displacement—hole depth curve of the slope deep displacement in each point
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Fig.6 Process of the deformation and instability of the accumulation slope induced by excavation
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Fig.7 Numerical simulation model for reinforcement of

accumulation slope
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Fig.9 Numerical simulation results after slope reinforcement
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Fig.10 Displacement cloud map and displacement curve of the supporting structure under different support schemes
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Fig.11 Influence law of double — row anti —slide piles parameters on the safety factor of the accumulation body
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Fig.12 The transformation law of the dynamic response of the anti —slide pile

T SCHESC AR ) N 332847 T 40 A, LAkt fin
MR AT T 1 BY S VR A A, H R % B S sk
N7, FRBTIEAR I A B o 35 1 i AR fR B A (B 12
(b)) FTLLF MR B A 1.0 s 25, 37 1y 25
1E, Bk % 681.83 kN, YHBEEMEH] 1 ~4 s ]
[, BY 3 S i M IE B AR Sy 1, LI 8l 284k, 3k S
P TS 1) 15 3 o o T A T R AR SR Y, 4 s
Z IR Sz BN, — R R E A Ok,

B B IR N2 1 031.93 kN, R8T 1 84 4
BT, AT LASREN b 52 VR FH AN RE 5 | RS0 B BT J) 1E 71
J5 A3, 1 H e Al 87 ) e 2GR B i K IE (A
AF 8% BUHEBE A 09 25 R i AT T W (R
12(c)) o MHLRWEAEH 0 ~ 1 s B, Wil o5 i o
FEAE O ~ — 10 kN/m B3T3 8l , HLA WS fs KN
Eiﬁéﬁt% UM R AE 1 ~4 s I 254 EAE
TGN, 0 5 2 R AR R (E ;Y b AR B VR



- 110 - ok i

iOH A 2024 4F

4 s 5, B G B IE B BT K e KA Gk 3
48.96 kN/m,

BEAl , TN i =R FH i SCHEBT W A ) A B 25
BEAE AR 0 A8 LA (1] 12(d) ) 34T T IR AR
Vo B ER TR B 3, 250 2 < 0 ih 208
A, WA IO S JEEH , 2560 VA B e g s, i
S5 RIS R Y f R BRI R 2 15 m A,
9 87.21 kN/m , i A B Ab W Sk B B 27 8 I S B
Wr e, A WAL, T DLAE LA 34 15 32 25 84 757, T B 1k
U HESZ TR
5.4 FHEHUEHESE N EFLER IR T

Hi R e 22 BRI 28 A 1 2 4 HE FRLR T
W P AL IR 5 7 A R AT S R | TR R, B TR
() i, J 22 XoF b 752 0% 1) 25 S A g N, S 030 AR o B
it I ERRIERL, SU R, b= A2
I HERVA YR AS [R] 4 2 09 o0 AT, S 7=
S PritaE G, 25 R 3 AN FR e R DL
P MRS 50T SR B A 0 32 b 75 i) o7 50 (A L 5
SIHTATRN s RCHET I AR AP RT3 10 7K1 157 B8
KANFER B, S AR I X I ALK, PGA 1)
R RZBA AR T 1. 25 SEHEFUIEAE LIS, 4500 5
)45 TS B 1) S 2 AT, S PR 0 3k vy A AR
A AR, KR RO B LA B SR NI R S
YEHT, e W] i st J) R ME RRUA AR iy g2 e, >4
iR I LT B (0 T AR ), 3R B Bk b v
BERE B | 55— 3853 W2 5 B35 50 W A A ] 7 1
PR BIME B | S5 2 1 BU I AT B 1 75 D5 T B
T B s Ak,

H ST R0, B AR Y BY ) 5 B R B G M
R B HE IS SERE S )N, B Ak B K R A2 Ak
G S 13 A 48 71 51 572 Tl i W) | D0 1 = o 1
QIR A K R TR N Sk (SR VAR e IR L =
Yy 1/2 Ab 7 B KA R AL 35 BT B, A B
WEAS Gy 77 AL B . UG B B, FE M= VR
T, X B MR BRSBTS R K Y
1.2 ~ 1.3 {5334 A, o 0 45 A 0k PN 7 1)
A3 AT AR LA SAE BY 07 3R 386 5 4 7 , 3 ek 0 BY
PERE M AR TR , & B K242 15

6 it

(1) E VT 35 s P o TR
BN 2 B b B 2 e R 0, e

Ul AR 10 3 O A7 A 2 S Al IR 2 12,5 ~
21.5 m, JFZERE I LAY e BE I 23 T S B R
HERRARIS AR TP R et il ME AR A2 38 - A
F8 AR S T D s R R S e A T IR B8 P35
SRR AR 225 | 2T - HiR

(2) FESEHTITAERT SRS A R T
R TI A, B AT B v B B0 S P AR AR AN 28 B A%
fit o RCHEBTI SR OL N S8 | 5 —HEDT I Bk A
BAE -5 fEHEARAL R SF 29 2.0 m x 3.0 m,
HIER 290 31 m, WHETHE LR EEZI 24 5.0 m i),
IR b

(3) M TOL N YUl HERE AR Bk, 5 1 A1l
2R B M R B S ST RS s, B 4k
KA A S S RS REAE AL THUIR A 5 24
172 b SR SCP BT RLAS A S 5 ) B A
AR 7R B g R R A 46 s i 177, 6 SR A0 BT 4
RE M THE AR A S e 8R4 BRI R 2 &
B R TR RS

£ % Uik ( References) :

(1] BELrgk sk, Bt e, 55, N T2 b KR e Mo i

5 RHRESHOE)]. A TR, 2002,24(5) :560 -
564.
Liao H J, Han B, Yin J H, et al. The long term stability of cut
slope and determination of effective strength index of soils[ J].
Chinese Journal of Geotechnical Engineering,2002,24(5) :560 —
564.

(2] WA VERE, SRV, 95 2000 T UM BORR A7 L RHBE T A

SR S AL [ )], A A 2 S TR AE i, 2002,21 (12) .
1831 - 1834.
Hu M J, Wang R, Zhang P C. Cause of frequent occurrence of
gravel slope landslide and experiment simulation [ J ]. Chinese
Journal of Rock Mechanics and Engineering, 2002, 21 (12) .
1831 - 1834.

[3] Kwon S,Wilson J] W. Deformation mechanism of the underground
excavations at the WIPP site[ J ]. Rock Mechanics and Rock Engi-
neering,1999,32(2) :101 - 122.

[4] Suh M,Koo M H,Choi S W, et al. Instability of an underground
ancient tomb due to excavation and its relationship to the tempera-
ture and ground water[ J |. Geotechnical and Geological Engineer-
ing,2004,22(2) :269 -283.

(5] boifs, 280 B AR, 45, 2010 - 2015 4E 4 LR ICH K& 4 M
FEEHT )], LB R K 5 Biif2R ,2018,29(5) :1 -6.
Fang H,Li Y, Yang X D, et al. Distribution characters of geo — haz-
ards in China during the period of 2010 —2015[ J ]. The Chinese
Journal of Geological Hazard and Control ,2018,29(5) ;1 —6.

[6] Malan D F. Manuel Rocha medal recipient simulating the time —



554 4]

TR 55

DR 488l S 23 S R S BT 2 A S AL B L hn 1 A R A

< 111 -

[10]

[11]

[12]

[14]

[16]

dependent behaviour of excavations in hard rock [ J]. Rock Me-
chanics and Rock Engineering,2002,35(4) :225 -254.

T RIS 2t WUZ S BOASOTHZ R E T oE ()] &
1% 5 TR ,2005,24(9) 1474 - 1478.

Feng J,Zhou D P,Li A H. Research on stability of rock bedded
slopes[ J]. Chinese Journal of Rock Mechanics and Engineering,
2005,24(9) :1474 - 1478.

SCZE B, AR MR KT I T2 X R s MR e Y
SR ). RIS, 2014 (2) :80 - 82,118.

Wen K,Wang G, Yan C G. Analysis of influence of groundwater
and slope excavation on landslide stability[ J]. Railway Engineer-
ing,2014(2) :80 —82,118.

el 2= [ i 2R, T2 8 L e A B I ) AR B R T
IHUR BT[] #1015 2014 ,35(S2) :548 - 555.

Hou X K,Li T L,Li P. Analysis of stress path and deformation —
failure mechanism of high cutting loess slope[ J]. Rock and Soil
Mechanics,2014,35(S2) ;548 —555.

PRIZE IR, W R SR AL)Z AR X IZ I R I
TEBCALHIL Y] 4 I i S5 B4R, 2017 ,45(2) 296 - 100.
Zhong Y Y,Su H,Pan H S. Deformation characteristics and mech-
anism of an excavation slope in red bed area of Chengren high-
way[ J]. Coal Geology & Exploration,2017,45(2) :96 —100.
FAER VR, R, S 5 R R 5 R G UM AR A R R
OGRS [ T]. A+ %% ,2016,37(1) .87 - 95.

Wang W Z,Xu Q,Zheng G,et al. Centrifugal model tests on slid-
ing failure of gentle debris slope under rainfall[ J]. Rock and Soil
Mechanics ,2016,37 (1) :87 -95.

RPRAE T 20/ M T ICE R A B A R R AE X BB
FA TR A B2 LA 9T [ J/0L]. bERER22 .1 - 10. (2023 -
09 —12). hitps ://www. doc88. com/p —97647644202007. html.
Wu Q H, Wang K. Effect of angle and lithology on infiltrating
to fine/coarse dual - structure slope under rainfall condi-
tion[ J/OL]. Earth Sciences:1 —10. (2023 =09 —12). https://
www. doc88. com/p —97647644202007. html.

FRuR B, SRR L. 2 28 A 10 4B T Bt T A 45 3
BT[], A4 1255 TR2EH,2005,24(8) 11335 - 1340.
Cheng Q,Huang S B,Zhou Y J. Construction monitor and dynamic
design of highway deep road cut slope[ J]. Chinese Journal of
Rock Mechanics and Engineering,2005,24(8) :1335 - 1340.
HIAZE ARUE MG ZR AL FAR i ol 10 B T8 LB 2 I 7R B
TI]. £ AR, 2015,29(1) -8 - 12.

Dong Z J,Xu C, Shi J H. Mitigation of the excessive deformation
of a slope for the electricity transformation station[ J]. Soil Engi-
neering and Foundation,2015,29(1) .8 - 12.

A, BB, Y A ORI R ()], £ 4 S
b T2 ,2015,22(1) ;39 —44.

Xu C,Hu X L,Sha Y, et al. Study on deformation mechanism of a
fill slope [ J]. Safety and Environmental Engineering, 2015,
22(1):39 -44.

IR WRELIE 4B/, 4. BT Al 4E B2 30 1) b 72 3 302
SHREBHUAIEL T]. b s i 45,2023 ,10(3) ;102 - 109.

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Yang M Y, Chen H Q, Qi X B, et al. Prediction model for the
landslide movement distance induced by earthquake based on the
reliability theory[ J]. Geological Survey of China,2023,10(3):
102 -109.

R, ST B E. B TR G I A T B TR BBCR AN
—— LIS N A A B R A I [T ] e T
2023,10(2) :87 - 93.

Zhang H,Mo S, Tan H Y. Effect evaluation of landslide emergency
treatment based on automatic monitoring: A case study of
Tianchigong landslide in Tongzi county of Guizhou Province[ ] ].
Geological Survey of China,2023,10(2) ;87 —93.

XU AT EEF, S5, DOAE G B o 3 9% 28 K b 5 2%
S3TLI]. R TR A, 2022,9(6) 159 - 66.

Liu T,Ren R,Kuang Y et al. Analysis on the disaster — pregnancy
geological conditions of collapse and landslide in Beichuan Coun-
ty, Sichuan Province [ J ]. Geological Survey of China, 2022,
9(6) :59 —66.

W WRIR IR, TR S, 45, R T 8 2 - B TR0 5 9 B T ok
B EME T [J/0L]. TF /%1 - 12. http://engi-
neeringmechanics. en/en/article/doi/10. 6052/j. issn. 1000 —
4750.2022. 12.1047.

Tu Y L,Chen X H, Wang X C, et al. Slope stability analysis by
strength reduction method upon continuous — discrete coupling
method[ J/OL]. Engineering Mechanics:1 - 12. http://engineer-
ingmechanics. ¢n/cen/article/doi/10. 6052/j. issn. 1000 — 4750.
2022.12.1047.

A, BRI, 5. W9 VLR 4 1 48 1 A0 K BB
BT[], T E BT A ,2022,9(4) 19 -26.

Wei Y J,Wang J H,Hu A G,et al. Analysis of formation mecha-
nism of Lajinshengu landslide in Lancang River[ J]. Geological
Survey of China,2022,9(4) :19 -26.

ML, ok e i, BRI IBE , S5, 30T 7K8 L 39 o TR DX 3 30 s o
R RSB —— L 3 T R DX f e oA il (] v
A ,2022,9(4) .74 - 81.

Tian K, Yao P P,Tie Y B, et al. Numerical simulation study of the
influence of groundwater seepage field on the stability of landslide
in reservoir: A case study in Yangjiaotan landslide of Baimaku ar-
ea[ J]. Geological Survey of China,2022,9(4) .74 -81.
L7210 S 11 1 R B BT B B GRS PR
FELI] R R 24 55 B BT} 22 T, 2003, 20 (4)
8 -12.

Hu Q A,Xia Y X,Zhao Z S. Finite element numerical simulation
of slipping slope treatment by anti — slipping piles[ J]. Journal of
Chang’an University ; Architecture and Environmental Science Edi-
tion,2003,20(4) :8 - 12.

Ry, KA, AP, 4F . BT FLAC3D BB MR R
HIOME LB T[], 4 = TR 4%, 2017,39(4) : 713 -
719.

Zhu A L,Zhang Y,Dai M L, et al. Reinforcement mechanism of
slopes with yielding anchor cables based on numerical simulation

of FLAC3D [ J]. Chinese Journal of Geotechnical Engineering,



- 112 - rh HooEOE A 2024 4F

2017,39(4) ;713 -719. B AT ARKIT,2023,54(10) 221 -227,242.
[24] JEBERS XIBHYE  H¥EAK. 22T ABAQUS MU AE =4k A BRIT Xian J Y,Chen J L,Li C D, et al. Optimal anchor angle of anchor
ST MR A 5 TR ,2010,6(S2) < 1614 - 1618. in composite multi — layer bedding rock slope using unified strength
Tang X S,Liu M W,Ye H L.3 — dimension FEM analysis on anti — theory[ J ]. Yangtze River,2023,54(10) ;221 —227,242.
slide piles based on ABAQUS[ J]. Chinese Journal of Under- [30] EAF,5kM 2RA A FET GIS AZ R HTHE B9 VR I i
ground Space and Engineering,2010,6(S2) ;1614 - 1618. Wb RISy BRI (1], Hh E R ,2022,9(5) :51 - 60.
[25] HAM,REE DSPTEBER  = 4/ Tk ()] & Wang C Z,Zhang W, Li C D, et al. Susceptibility evaluation of
A1 012585 TR, 2012,31(12) 12572 - 2578, landslide hazards of Shaxi river basin based on GIS and AHP[J].
Dai Z H,Xu X. 3D finite element method for design computations Geological Survey of China,2019,9(5) ;51 -60.
of anti — slide piles[ J]. Chinese Journal of Rock Mechanics and [31] BEASE 200K 1PN, 25, EIE 213 B0)1 — A% BOE DY B s B 8
Engineering,2012,31(12) ;2572 —2578. RS S BT 1], TR E R 2022,9(4) 1121 - 133.
[26] BULAE, B4, 1M 5. i SR B 2 A M 3B 0 B e ik A Huang Y Q,Li W L, Xu Z, et al. Remote sensing identification
s HEE J]. H sk ,2007,28(10) :64 -66,70. and susceptibility evaluation of landslide hazards in Wenchuan —
Xiao H W ,Huang X, Xiao B. Land slide characteristics of gravel con- Songpan section of National Highway 213 [ J]. Geological Survey
taining cohesive soil side slopes and its preventive measures|[ J]. of China,2022,9(4) :121 - 133.
Electric Power Construction 2007 ,28 (10) :64 —66,70. [32] JFA%k, TWIvE, 9, 5. 1 0 B0 B ¢ 3 52 i R 2 19 55 [a] 4y
(27] JEH,AREE, PMVEE. JET FLAC3D AYHTIHAEHT A [ AL K2 FPELT]. A EHL I A, 2022,9(4) 245 - 55.
PAAFFE[1]. K S & HL,2019,45(7) .33 - 37. Zhou Y ,Ding M T, Huang T, et al. Spatial heterogeneity of influ-
Tang Y, Yu X, Sun Z H. Study on seismic reinforcement mecha- encing factors of landslide disasters in Lushan county[ J]. Geolog-
nism and model of anti - slide piles based on FLAC3D[J]. Water ical Survey of China,2022,9(4) .45 -55.
Power,2019,45(7) :33 - 37. [33] e, ek M AE , 4. i P 27 VR0 EL A8 104505 Rl i
(28] BAmrIR, B, (o 3. ST im [ TR i 1A 3R ) 5 B KR B AR GEOS BUERBFE [ J]. v HLUB i 5, 2020,
PRI 1], TRRBURE S50 ek ,2009,31(6) 115 - 18. 7(4).104 - 111.
Chen F J,Huang S B,Bao H M. The system reliability of anti — Yang F,Xue G C,Liu C Z, et al. GEOS numerical simulation re-
slide pile and their calculating models|[ J ]. Earthquake Resistant search on the soil landslide in the front road of Fushan high —
Engineering and Retrofitting,2009,31(6) ;15 - 18. speed railway station in Chengmai county of Hainan province[ J].
[29] Beitball, REEAK 2R 4, 26, 52 4 22 2 AU 2 5 i 33 5 A0 4 Geological Survey of China,2020,7(4) :104 —111.

The excavation deformation mechanism and the seismic reinforcement
effect evaluation of complex accumulation slope of a converter
station in Southern Sichuan

YIN Dong', WANG Shangjie’
(1. State Grid Sichuan Electric Power Construction Company, Sichuan Chengdu 610065, China; 2. Sichuan Shuneng Electric
Power Co. , Lid. , Sichuan Chengdu 610066, China)

Abstract: The excavation deformation mechanism of the widely distributed complex accumulation slopes in the
southwestern mountainous areas has a significant restriction effect on the construction of converter stations. To ad-
dress the urgent needs of the converter station construction in Baihetan — Jiangsu UHV transmission project, the
authors in this paper took the accumulation slope in the proposed station site as the research object, and adopted
the deep displacement monitoring, in —situ test and FLAC3D numerical simulation methods to evaluale the exca-
vation deformation mechanism of this accumulation slope and the seismic reinforcement effect under different de-
sign schemes and different pile parameters. Then the seismic reinforcement mechanism is analyzed. The results
are as follows. (D The excavation of the complex accumulative slope of “multi — genetic type soil” in the converter
station is prone to deformation, and the instability mode is “traction creep and tension failure mode”. (2 The high
and steep free face formed in the excavation process is the main factor leading to the accumulation slope deforma-

tion, and the high — water sensitivity of the accumulation slope soil is the internal inducement of the slope deform-
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ation aggravation after short duration heavy rainfall. (3) Under the two slope reinforcement schemes of circular anti
— slide pile and rectangular anti — slide pile, the deformation amount of the slope body is significantly reduced,
and the maximum deformation position in the slope body is located in the middle and back of the slope body. The
stability coefficient of the accumulation body slope under natural and seismic conditions meets the design require-
ments. The use of rectangular anti — slide pile in the treatment of the accumulation body slope has higher anti —
slide retaining and economic benefits. (4 The top deformation of the anti — slide pile is the largest under seismic
condition, and the shear force and bending moment increase first and then decrease with the increase of seismic
wave, and finally reach the maximum change trend. The maximum bending moment value is about 1/2 of the
anti — slide pile body. The retaining design of slope should be combined with the distribution law of pile shear
force and bending moment. The research results of this paper could provide some references for the design and
construction of similar projects.

Keywords: multi — genetic type soil; complex accumulation slope; excavation deformation mechanism; anti -

slide pile optimization design; evaluation of seismic reinforcement effect
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