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Factors influencing deformation of steep consequent slopes at the tail water
outlet on the left bank of Wudongde hydropower station

WANG liliang, YANG Jing, HAO Wenzhong, HUANG Xiaoquan, BAI Wei,
ZHANG Xiong, WEI Yujun, SONG Tao, ZENG Li
(Three Gorges Geotechnical Consultants Co., Ltd.(Wuhan), Wuhan, Hubei 430074, China)

Abstract: The slope located at the exit of left tail water tunnel of Wudongde hydropower station is a typical
bedding slope with a high dip angle, and the deformation occurred in two stages during the excavation. The
influences of the slope structure, the excavation at slope toe, the engineering blasting, the fault and the unloading
on the slope deformation were studied with the field monitoring and the numerical simulation. The results show
that the main reason of deformation is the cutting excavation at slope toe. In addition, the excavation of a tunnel
with large cross section at slope toe and the excessive blasting increase the deformation. The small fault in the
slope also affects the slope deformation to some extent. Therefore, it was suggested that excavation should be
carried out after the slope supporting at the intersection region of tunnel and slope.
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Fig.1 Plane view of engineering geology of tail water outlet slope on left bank



* 2196 «

HA1E S TR

2017 4

950 193.18

930
910
890

S
I 870
i
i

i& 850

830

810

790

Pty | Pty

1 1 1 1 1 1 1
7700 20 40 60 80 100 120 140

FEE/m
Bl 2 2" /KR il 2 TR b ) ]

Fig.2 Sectional view of engineering geology along the axis

of tailrace tunnel #2
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Fig.3 Monitored results of blasting vibration
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Table 1 Statistical results of multi-position extensometer

installation
e DU T WS wHEmfEm WIREm R
MO1 910.5 30 20130529
, M02 880.5 30 20130529
. MO3 851.0 30 20130529
M15 840.0 40 20131212
MO4 880.5 30 20130529
2 MO5 851.0 30 20130529
M16 840.0 40 20131224
, MO6 880.5 30 20130529
’ MO7 851.0 30 20130529
175 2% ] M12 826.5 40 20131212
2"5 3* 2 | M13 8385 40 20131004
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Fig.4 Positions of holes for geophysical prospecting and
multi-position extensometer
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Fig.5 Curve of displacement measured by the multi-position
extensometer
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« 2198« FR IS TR 2017 4
K2 FKzpfMBrtLO m A T RHIE
Table 2 Displacement characteristics of each multi-position extensometer at orifice point
o ET B -
ki a% I L&l ?ﬁ%%g BT RRERS E$ﬁ§kﬁ
e o' Wit e H 4 E ) PR I /d mm  F/(mm-dh) E/mm o BEM F/(mmed )
1y 20131205 20140108 34 5.14 0.15
Mo01 11, 20140108 20140130 22 14.07 0.64 35.23 90 0.39
13 20140130 20140305 34 16.02 0.48
1, 20131205 20140105 31 7.23 0.23
M02 11, 20140105 20140130 25 21.20 0.85 43,58 90 0.48
I3 20140130 20140305 34 15.15 0.45
¥ i Iy 20130614 20130628 14 30.02 2.14
37.29 43 0.87
I 20130628 20130727 29 7.27 0.26
M03 1y 20131112 20140106 58 19.41 0.33
11, 20140106 20140130 25 18.21 0.73 33.49 117 0.29
13 20140130 20140305 34 —4.13 —0.12
11, 20140106 20140128 22 22.31 1.01
M15 42.69 80 0.53
15 20140128 20140327 58 20.38 0.35
Iy 20130623 20130711 18 6.74 0.37
7.93 43 0.18
I 20130711 20130806 25 1.19 0.05
M04 1, 20131205 20140105 31 8.56 0.28
11, 20140105 20140201 24 23.15 0.96 53.81 123 0.44
13 20140130 20140408 68 22.10 0.32
Iy 20130614 20130706 22 23.01 1.05
2" 27.36 42 0.65
I 20130706 20130726 20 435 0.22
MO05 1y 20131205 20140106 32 3.76 0.12
11, 20140106 20140130 24 16.23 0.68 26.71 80 0.33
13 20140130 20140223 24 6.72 0.28
11, 20140106 20140128 22 36.05 1.64
M16 77.05 68 1.13
15 20140128 20140310 46 41.00 1.11
Iy 20130605 20130721 46 0.91 0.02 0.91 46 0.02
M06 11, 20131127 20140130 64 2.56 0.04
4.08 133 0.03
- 11, 20140130 20140409 69 1.52 0.02
3
Iy 20130605 20130721 46 2.26 0.05 2.26 46 0.05
Mo07 1, 20131127 20140130 64 3.79 0.06
4.96 106 0.05
11, 20140130 20140313 42 1.17 0.03
i o 11, 20140106 20140129 23 26.11 1.14
! %\Z,I’Bﬁ M12 46.00 59 0.78
ZIH] 13 20140129 20140306 36 19.89 0.55
R 11, 20140106 20140130 24 67.63 2.82
AL VIE 73.60 30 2.45
Z ] 13 20140130 20140205 6 5.97 1.00
—MO01 —=M02-----M03 —— M04 —— M05 —— M06
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E 50r =
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Fig.7 Gantt chart of displacements

4 HIEARTHAHE

BRI A TS L, 7E 17, 2 RKIR Bk
JHERAT T 9 AL BRI 4), AR4E S
PR, A Ay KPR FE — ik 32.0~37.0 m,
BIARATIL 39.0 m, Fi&oN 30.0 m, E U T HA{E
2.7~3.4 kmis; JERA A AR P IME 3.3~4.9
/st AR A Bt 5 A s B 2 A A ST P v

%3

Measured displacement curves by the multi- position extensometers at different depths

0.8~2.0 km/s(L. % 3).

MR v DA e S A R SR
FERTWiE f1 RO3IR, IR RT3 7= AR i = A i)
[ KTBEAETERSIRE . LA W26 BhFL AR Il ik il R
], JIE AR IRA SRR FE 9 36.8 m(ILE 8 H A),
IR R T 1 W 2R 28 FLAR 3R 30 m(ILIE 8
o B), IR TR A IV R I E A B LA ) i
KIBFEIEBIRE 11 m(ALE 11 7 C).

5 BFREMEHERLS

5.1 #=#MEHR

(1) BTV

AR FLAC® i3 ik 47 = 4 B 40
S8 JEEREN: X J71A 700 m, Y J71A] 660 m,
Z J7 1A R 500 m Z R, FHorb Xl LTI G
D3RRI N IE, Y B CLPAT IR = R 265 1A
WMCAIE, Z 8D E P FONIEEA F R8P R)
(LK 9, 10).

T K H I 33 sty K AR A st s 5 (A KT S e 7 e MR R 2R

Table 3 Buried depths and the acoustic geophysical results of relaxation zone and no relaxation zone at the tail water outlet

slope on left bank

N A St 5 A REAE b it A o
HITH e M fLiE  RZER R
fir v e m R T e IR FA5fi/ Wi KRR
(km=+s™ (km+sY (km=+s™ (km+s?
w17 895.5 <38.8 3.0~3.9 3.4 >38.8 3.5~5.4 45 36.8 -
w21 866.0 <39.0 24~28 2.7 >39.0 2.6~4.1 35 28.2 -
ek w22 866.0 <320 2.3~33 28 >32.0 2.5~3.9 33 28.2 -
e : . 3~3. . . 5~3. : .
W25 851.5 <326 2.2~32 2.7 >326 2.7~4.9 3.9 28.8 4.0
W26 8515 <368 2.1~38 2.9 >36.8 34~53 4.3 28.8 4.0
W20 896.0 <37.0 2.3~3.4 2.7 >37.0 2.5~5.6 42 7.1 5.0
R w23 866.0 <314 2.2~32 2.8 >31.4 3.6~5.9 48 7.4 10.5
Tk w24 866.0 <320 2.4~40 31 >32.0 4.0~56 4.9 7.4 105
w28 852.0 <30.0 2.6~38 3.2 >30.0 35~53 45 10.6 123
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Fig.10 The shape of slope after excavation
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Fig.11 Grid model of calculation after excavation
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F5 30 3 A0 KR IR S B 42 5 3K, o
S B S IE TS AT AT AN TS R
BRI =0 o G Al

(2) WEL )% S HUE

DA S ST 1 S B WUE S, BT
FEK H a0 3 B A = e B o A, R it
THFZI N AP GERL, XA R TS E
W SHORAT IR, RSN ERNERSE, W
x4,

2 R B R PRI 5 T R & 2 R A B
S, TR s B AR TG, B
% 20%~50%4T ek, AR R d% 50% ~60%4T ik ;
FRARIEKGSHMTIN, BRI 155
SHE IE 3 250 0.90 1 0.85 08,

() LI SH

Fe R R D B R 114 ms FF42 3]
283°; =i 8505 m DL BE 15 m —Zididk, 3 m %
Y, IO 10 0.3; EFE 8505 m
A TLIEE 6.4 m; EiFE 850.5 m LL R A 545 m U EL
SR KIS IEFE RN 796.0 my R /KBEIR H
N 26.0 m KIETAREL, 2R N 19.8 mx27.15 m~
22.3 mx27.15 m(%Ex ), JREEE 22.7 m; AHAREK
T2 AR R B, B3 18.8 m, NE IR,
TERRI T FE 835.0 m 4b¥ 3 m T E, AL
820.0 m 4% 9.45 m B F &1,

IO T VE R B B T R 5 AR 2 I
EhAS BT R F 5 A el
52 HHEZERSH

(1) PRI

BEFAZ A m RN, MR 14
e e NIRRT o N & eyl [ ik 24N A
BRTRIAME, HRKT B TR,

FE/KIH a1 BB RE KA 20~
160 mm, KA 177 mm; F/KIA H Ak (fL R
AR 10~30 mm, & KA 40 mm; %
P TERAR KT AR N, KPR
HNETE RN 20~170 mm; IR LY BT 1A BA R UL
AN, BN 10~45 mm, =L 850 m LRIk
W E T W LR UTR R N E, 2= E N 20~50 mm;
SPAT I 5 1A B AR 20~40 mm(LIE 12).



H36E HoM F e SRR i 7e R SRR K S ) 3 A 5 e B 3R 40 A *2201
x4 TERANAKRSENTE %S
Table 4 Mechanical parameters of rock mass and structural plane

iz AT X A y (kN - m?) I EIGPa THRALE u PEBERAL f %1 c/MPa
I 26.8 18 0.25 1.20 1.40
Pt , Pty 55 26.7 13 0.28 0.90 1.00
L 26.7 3 0.30 0.70 0.60
Ik 26.8 14 0.27 1.00 1.10
Pt} , Pt 3 26.7 13 0.28 0.90 1.00
B 26.7 3 0.30 0.70 0.60
3 26.9 18 0.25 1.20 1.40
PtS, 5 26.9 17 0.28 0.90 1.00
Ei 26.8 5 0.30 0.70 0.60

FEFCIH - - - 0.50~0.70 0.10~0.20
I
P U8 475 3 - - - 0.50~0.60 0.05~0.08
Wiz f1, fL-1 26 05 0.35 0.35 0.05
)2 f6 26 05 0.35 0.25 0.01
£5 TR B By 10
Table 5 Supporting design scheme of stage construction details™®!
PINNES ipin: 721 L3R i B/ gubisnk:ivis ARG

3@28 mm,L=12m,2 H@2 mx2m

T=200t, L=30m, 24#@4 mx6m @28 mm, L=9m, 2H@2mx2m @28 mm, L=6/9m, 2mx2 m

£6 BB B R
Table 6 Dynamic adjustment supporting design scheme!*®!

W i i ATE VR S
BT ZH BT S A S
EF8505mEIF  T=200t L=40m, 24F  @fE8505m BT P2 mméﬁ]fm m
| . - —
= 837.5m, _ _ I _ 3428 mm, L=24m,
Pl Ly T=200t L=40m, 14 fif 637.5~833 m -
=2 850.5m T=200t, L=50m, 8ff, _ Y. 25 m(£)x18 m
N oL K IFIEE 4 m FEAGHIL " giyxa m(i)

WA I3 A5 XIHRE (LR 7), ALK
I DX AR T 3 KR I Ll Py A, A5 TR G A B R 0
e 2RO RO, 1 P HT A
A (B T A2 b AR T B B K, 1) e e R B T
ANy Y FREREIROR, Z FIRERSIRZ ., X TR /0N
BRI FSAMORA AT N o B KA RS Y BLAE

K12 BiAfREaXE

Fig.12 Contour of displacements

PRI TR 825 m i, MALREH 141.6
mm, X [[f7# 4 10.5mm, Y [fi# AN 133 mm, Z
FIL AN 47.4 mm.

() BiAiHE R

2 G, HEE AR iA T, AT
RECEITI A3, — s 30~60 m.
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Table 7 Displacements at every berms after slope excavation

R e hiA/mm

EUITEDA=A FEm XH o 7 pT

825 14 73.4 23.1 77.0

850 6.5 56.5 12.1 58.2

VIR 865 7.6 441 11.7 46.3

880 8.9 355 13.2 38.9

895 9.1 30.3 14.2 34.7

910 8.8 28.1 12.9 322

825 0.4 95.3 35.7 101.8

850 35 76.5 25.1 80.6

5 M2 1 865 9.1 60.1 26.6 66.4

880 10.3 46.3 26.4 54.2

895 115 345 245 439

910 135 30.2 23.1 40.4

825 10.5 133.0 47.4 141.6

850 14 106.8 28.1 110.4

T 865 49 90.5 34.7 97.1

880 10.1 56.8 33.1 66.5

895 11.8 40.3 32.0 52.9

910 14.3 33.0 325 48.4

825 11.0 28.4 —14.0 335

850 0.8 97.1 4.6 97.2

15 32 ] 865 14.3 86.5 12.8 88.6

880 16.2 64.3 14.2 67.8

894.5 6.9 40.1 19.2 45.0

910 45 34.2 19.3 39.6

825 4.2 36.0 —4.4 36.5

850 16.0 22.3 —11.3 29.7

32k 865 20.7 11.8 —89 254

880 22.3 5.1 —6.5 23.8

885 23.1 7.5 —6.0 25.0

TR RIS BRI 5 A S, A74E—
SEREFE R4, i8N 5~10 MPa.
ZERUE . A NARRTEE RIR X, FEH
PLLE & S BT RN )] — A 0.0~0.2
MPa, kiR 18 0.6 MPa, HEIFE 1%~ 3% ]
RE 34 A2 835 m P & TR ER (WL 13).

sig1 (MPa)

(8) KEMAZ

sig3(MPa)
0

=]
i

Lbobibinhifh

=]

(b) NERIIAHE
Bl 13 2% T oK 5 B 3 8 =
Fig.13 The maximum and minimum principal stresses in section
of tunnel #2
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6.1 FFZYIH MW

Fe R /K H 3 S SR B B 3, R
850.5 m VL ¥ 5 Emifmin—8, Joliim )
JEE) R, {EAE = AE 8505 m LAR, M TSI
IR T E, S NESIY, AAE A 3 IR
i

20134E 6 Hvfy, HRE/KH O E B ZE
= FE 820~810 m I, i r] 3 1) v B 30~40 m,
P CH it L e Rl e 850.5 m BT iR
RS AR S, DIIES B 3 R4S 2
FIRIE ], A B | BT, I3
VIS AR TR R

PNGE2ion I SRS BB VIE S =X UN N LREN L% tpu
T2 P ETE A TR FE L 8)e MEE RS TH R Ak
SR, DAL Y WA N, Z ARz (I
£ 7), BIERIAIAASTE R BB TERHIE o
6.2 WAKFIZERAFN

B RN XA A, MY E A
MR, HRRlE e KM O, 8 TAey L,
RN TR, AR A B 2 (R e B4 . BK
TR KA K 116.2 m, E/KIATEES 22.3 m, FH E
e 22.7 m, SIAEMY, EHEKTH L, 4
ST%I A A KA T2, 32 35 B S H 2 AR R
R A3%, —EFEEE LR T I R A R ) SR AR
Mo BRRAFFZSE, S R 7 32 2 bR a) B 455 7
H, SZIENIIRM, BRI RSN T, BTt
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SR TR R BRI BRIBIMU R )oK .

2013 4 11 A, 19R0 2PRKIATTFES, BRIR
T2 5 R S S E BB, A3 e 2
PTG, ARTE W I 28 IR, 22 B0 0 i A5
HNBIEH B 1.

6.3 EZVEMIL TN

PR IR A FH R BRI (1) Bk
R 7 SR W IR, S e
AR B RR —ERE G, RSl Ak rz)
JIRAR: (2) PRM AT B s S AE 2 B AR &5 440 THI 17
LT A MID  B =5 20 e AT R= T 1 KT
PSS /I, PR FH XS 2 T D s T B 2 5

5 1 43 22 10 R B XS 0 3 R e M s e R
(17, BREE T2 5 A il i B B 00 S R R ATk
HRasE, AT M2k RN 5 A8 T e,
1M fE RS, Bl — 2GR M
(TR B 1 20 K 5 AR 1) A 425 W) THT ) 453493 A B %o a2 3%
Fee MRS MR AN AT I ), 2R K AN B
SES IR 38, 02 W T VR (4 42 55 2 E
AR, FEIXPIEDL T, BEAR SR 2 TH 4,
TCSBE L IR 35 AR T ) BB AME A

2014 4E 1 H 6 H, 1R/AKIRI DRI, Fh
#5010 m AR MR I B BRI SR L 34.34 cms,
e €K H KR TR R i T B R R YE )
(DL/T5135—2013) 1 <<10 cm/s &R, HJF, £
% s AT R T W 2R B BEE (L 7)), BEAAR
TEM B Ny, HIGARPHEWSL, 5 ARE R
K RE]

6.4 f1EIESNG

112 A2 /K H VU3 42 4 a1 — 2k e K
UNOR PO €S R AT TR R = S 0 ¢
30°~63°, MEWREE, ZRAEEIR.

WA S5 0 2 s T At ok, A
FENT L Wi)E LA, f1 WE BRI RER,
BRIAYARTEEHE AR R T fL W2, FEE
1 W72 BOm 6 VR 2R b IR & A AR, T BT 1
TEhZR ) MO3 2 s i it e THE RS f1 W ERUa
27 W N0 U T HE N BEAS T s WA DA N R4
M, AP RAHIREERT L WE R B IREE.

BHUE AT L, fL W72 FF R 3 ORVE B AR TE 1) &
. HTHSEmA—ENHM, E—ERE Lk
B0 1 ) F0L A . BB AL S SR IR AT
CLIE i, fLIBTZEFOE Y R Z A s et BEK
(WK 7), HiTakr BN S KA EERR, fl
T J2 7 T2 35 28 T v A FH 2 TR A I v 355 A8 g

fitlh b, R A 3 B AR
6.5 ERTHEERSH

MM BT s, AT 3FR KR IZR 1 MOs,
MO7 £ fsififit 85 1%, 2 R/KIA FJ7 s As IR
WRA, BHFE L | MBI, (HASTE AR b,
BN, 2 AR THL IS 4.99 1 7.22 mm,
HUE A R SR, 3 RN ML R A
AR 7), HEFEZEAWTVNATE: (1)
AMINA A Tr) 5 00 2 B AR I, AP R i
BN, (2) 3K E O AR, T
TR AL 84 m, FITREME B2 18 A% U AH X
By 3) N MYBARIERE, 3R KA MR TTE,
JEIR A A SCPEAE F AR BS54k (4) 2B BT HAR
SR, WAEEIN, RSB RIS GEUDN,
FEHZ I E A AR FH AR /N o

7 4 it

DU 5 R /] L T3 38 TR 5 2% 1R 20 M Dy 25
fith, &5 AT AG I SR A, i L =4
HUE B SRSCR, WL 35 AR T AR AR [ A0 2
A EREATER G A A, 15 W g

(1) | BrBEGHARI A i R M 35 D2
SCPURRE S ERBE . i T IAHOT A SR )
Wr, S 3RE G £ RTANURI SR A B 0 R BE R
AECUERL B S EBGE BPPEPIRAS,  IXAN IR 7 4 A
BR P2 SCY 5 B B K Sy i, AR
A REFF LA, 1o B BOE N 98 54 18 e S it i R0
PRI 5E AR LIS SR BIAR G e 173X — i

(2) 11 By BUA I AT 1) 2 PRATS 9 Mt e 35 TR
51 BrBOARFERI, 1 Brh i i e S g K
B 142 2 A R AE R B B AE — e RE - n
TIUHARIY .

(3) WA FE IS N AA VIS E., (HEZR
SRMTERIR S A TS TR IR S, EEF
S, Xt E R IFOTZ 5 A B I S
UASTCHATLIR, JHIZIRBEE R T2 BHE
iy SCI YR PR A T R

(4) T35 RAER A B 1R O 2 P9 M ) 3 2 A7 DAy —
FPRAE LT A B EE AL, O A BRI 424, B
SCEEAEFIEISS, SPRASBASE AR, BER S1A35EX
FAL, IR R OCHE, T2 Ty BN ST
YA, FEABREE RIATIE T, AT B 7B B
T2, VIsBEi AT T F2 8035 5 B R HZ .
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(5) M3 A AR Sl A2 2 T AE AR Y e S SR iR
shintiia, KB HSHAE—ERE LA
MIAHENE, AR PWRATIT. HiT,

BOM S5 5EREK R K AR E
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