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Abstract

The reservoir storage, in the process of hydropower station construction or operation, often trig-
gers a large number of reservoir bank slope instability of rock and soil mass in different degrees,
which not only affect the implementation of the project construction, but also seriously threaten
the river dam and surrounding people’s safety. The Huangtian landslide in a hydropower station
reservoir area close to the dam was taken as an example, the sliding causes and mechanism of
which were analyzed in this paper; on the basis of start-up speed and slip velocity calculation, the
surge after sliding into the water was analyzed and quantified. The concept of curve coefficient
that obtained from the surge monitoring results nearby the dam by inverse analysis was proposed
according to the characteristics of mountainous river reservoir and used to amend the Pan Jiaz-
heng formulas about the surge. Based on the instability scope which was determined by numerical
calculation under different water conditions, the surge was forecasted by the above method when
the rock and soil in a potentially unstable reservoir area can slide into the water, so as to obtain
more reliable predictions and provide an important basis for the safe operation of hydropower
station.
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Figure 1. Schematic diagram of the Huangtian landslide
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Figure 2. Panorama of the Huangtian landslide

2. FEHEBEER



K RS 3L R T 3B VR I 7

Fizme 2009 4F 7 H 20 Hi = 3:36 iAW 7E LR SRR 3, TE— %4 500 & m, /5% 350 m, At
J5 &Rt 500 73 m® F KR , Forh i NI A LR 2 100 75 m®, SR R ELK b i, G ST 1 30~40
m = EIR . TR UG 2 RERE =2 100 m, IREL) 60°, W IBOK AL Ja AEHERRAR IR 5 2% S h T A 1
ANEW G, HAESr G5 7 H %529 300 m,  H R & 1 7 A %40 150 m.

2.2. RKEHLE

EIIA R A A COA IR, T I IR B R R 2 B LU Ll 1) s AR R i e 45
Pl o R TR R AT S AL, B IR R KSR P RIVE Iz 235 4 1) 5 5 2 A v /s £
FERASE IR, R R RER A R & SR T 3 B RV P AR SR it T R 26 A, ANTTTAE B3 b R 3T i
BERENREGE, EEAMERNIREA L, 200 T XA GHURE T, e Iehmra,
—MJEE 10~20m, MNHIFE 30 m AdG . HEANTLEINEE EGRKOR A A BRbE, ERscam
R WS, 2R, SRR N8O'W/NE £50°~60°.  [X el i #5157~ 78 R 3 BT 2 & A 5 46 40
R R MW R, Hor J\ 2B e W28 AR 35 AT e VI I8, 54— 22 8 (L 28 ) A2 3 T i — )
MOBE IS, BT R RO R R E B R AR R RIS, YA R s R s PR S I AL E )
TER, TERRREE R T 1R G 158 4 Ak 4, RIS G G BERER et oL, JEA R, 4
AL JEFER] A 20~30 m. 2) FERIAIKPEE B /KEEMT . FRIEFEM Bk, MO ETTBOR X ARG RN, &K
PIEIR S . IR E A R RN E A RN, B R R V208 B 3 4 v A A AR AN 55 U 3R 78 5 2 1R R R
SRR . WHORETTKE CEHIRE K, FHWITSHEA T ZEKA LT, BT RHTATAIER, 7
GO AR BREE R P BRAIC, RN S SO RS T R . 3) RIS IG S Sk . ISR A
RIS R G, AR AT IR H 4 990~1100 m B #ehE, M4 50°~55°, X I 1= A4 4
BT R0 S 2R

HWFHHLE R 1) FHRBERIERFE IR E 52504 RS SRS MBI, 5Tk, Wk
RARTHISRPE N RE, FRCA i — BT g fd, EaURSCeE TR N IR A, BN
BIE RIS AE S BRSSPI e K. 2) KEBKIERET, RIS S Tkt
TR HH RS N RO b da T, — & AR T R s LRI, 5 —J7 T N KA 24
FErE AR ITRFE N T R T 42E LRI A N 1 R PUE R IR 52, W SBURECE Lk
N JIHR UL BT R RS, B KRR S BRI AT S B BE I BRI, AT R B T AR R 2
TR T TR N .
3. FiHEE BRI TREEITE
3.1 RRAEERAH

X T HER IO 5, BT W S AT R S S B(BE Y my ) A BT B B (s m, ), —
HLE SR ] B BT W IR, T B = sl B N S LR URL S5 R AR T RE 0 xR IR A e E B sh By N
AR RBRE, TS RD IRV EE v, W3 RS R B B B A B AR el L HE B — ki 3,
T U KA B, AT DL LIS Vi 35 32 B BORRE 50 By N 2 AR — 35, R B FE v, s SO A 3k
e HEARWTF:

1 5
Emlv =] (D)

myv = (m;+m, )V, 2)



K RS 3L R T 3B VR I 7

2J
! @3

(m,+m,)

IRYE DA BRI = RIS 1A LR KBRS 4 R, THEN S EUER W R, YO LEEash G T
MW %I c=15kpa , WEEHE A ¢=20", WHRYIR % B p=2100 kg/m® , AN I AR FLUA
v=52x10°m*, FBIE SNBSS AR BN shE shih A AR AR 2 %, REWEER ) R4 0.18,
T HCH RS BN AE N £ =1.0x107°, 5 HARBURR 3 BLE E =5.0x10° Mpa . A _FIR AR
AT 3ie 3 0 FE B FE D 3.99 m/s .

32. BETHEERETEH

TR NI IR R FANTE S, A 2R A ST B E BT SRR AN SRR S G S
1) HR TR

F AT BACR LA BE . RS VBRI ZRVE

@ BeRERIE R R E R, ISR R S BER(KCFEE L )R (V, ) -

v, :\/1—L—C—I-1/29H )

b o —WHBACEREBIT ), W —RREEE: . c— bty E 4.
H — A OE 2, | — PS5 m e i (2 5 1m) .

@ kS /K% (A. E. Scheidegger, 1978)

R T IR o AR 33 AN K A VORI, TR KR BRI AN R R R A ( ) 7EN Bk
i EREEERR. HERLRIEE .

Vo

Igf,=algV +b (5)
X VONIEIAAR; a=-0.15666; b=0.62219. iV R f, J5, & FaUiH5EHE:
V. =\2g(H-T.L) ®)
@ BLARIEE(H. J. Korner, 1976)
W RSN T, $LRAR I INE . SR A PSSy, — 050 B B BRI B
o Y TSR Ry, B

2

v
Ri= N, R = pg )
KA NAEFREA s N =pDg-cosa(p~ D NRMEERMEE): ENRAZRRA. S,
1 K
V2= = [VKZ (e —1)+v0] ®)

Arf: K= I:);éZ;VK =D:é(sina—fcosar) s Vo WAHTHFE.

R=MINEEN ] LA —E RIRME, BERERE T R m A s ie s, 1HESHE SR, H
ANBE SN B SRR O HERS VAR C A R B BRHE S IA I AN, B8 T SARBRN,
FE—E A T REV T H LA R YA RIEX BRI SCE A @i, (ERAMSEETHE, At
— I,



7K PRt AT 30 P R SRR T 7

2) WHRHES B
R O A (T I B SHR BLIRALIZSIRAL I 2 AL, WL T al(E 24 T8, 1988)HER I AR K

Y -
Vi =\/29H*{1—tgco;’/tg(i+¢;’ﬂ 9)

A U — R & %, BRSSPI AR OV % o —IHSERIE, PIHEHN o« =a
Qg — TSR A BN EE A, ABOIRIE SR N ORI TP 383 FR

it i FH R A R IR A T TS 0 48 SR LA 3. 22 & b e 5L SRl 28 mis, {1 )R 4t
A
4. FEHBBERITEMS
4.1. BECRREENHE

5] P 05 30 T SR IR ) AT K B AL, ERSE T 2R b ik AT A R (R, BRI AE
RTR B AU RAARA . KRS, 1 H IR L 32K BT PETHI 96 B2 . T3
T RE ARSI 18] UL R AR K B A R IO [7] [9] [15]s TAEBRA DX, BRI RE , 225
AT (R BELAG R 3R 4T S DA R JBt AE FA) A L P B N 45 R 3R AR R, A S A R T i) A8 45143
IR, A MRBE FEIRAR R W VR IR Al 4 50 T S5 7 VR 0 R A P AT AR AR 51 R A IR v P )
FHEE R, Rl AR R RS s i B AR R, BT BT B il A AR AR E 1 He b SR B B e
RTINS
411 ZEEXARIRFSEINAHERE

WITREUE, EAEE TR, HTESERTRE, RIEERm 2 mEmie, #He
M GEBIRIT R AN A AR EEE IR+ 2%, (BRI AR 2 2T S0 e 1) — L
22, ARl 0 ok BRI AR VR 7K A 1R BE B AR I B KB e TP R AR

1) PR AR . BV BE AR Vi =V/JgH, . Rk H kM) g RE
JIMESE . 2) THHEH/H, . H O R ER (m). 3) R4V RIH,/H, HE 4 e R, 4)
i<l 5, ARHE VT E T S sk IR TE K R AR IR R K by SRS H I LLAE, MR b o B) N
TRV AVE K SR X AR SR, sk R X = X/H,, SRJEARHE ] 6 1 il 28 BRIl SR8 45k

e
28.4 28
I 25.6 24.9 l

PRia PRe RIS 8
g Y %&ﬁ&%g E

40  36.7
35
30
@25 |
S~
~ 20 .
g |
10

%Yﬁ%’ﬁ\ \SX\K%%
Figure 3. Calculation results of slip velocity the Hangtian
landslide
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Figure 4. Zoning map of the wave characteristics
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Table 1. Calculation parameters of the initial maximum surge
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Table 3. Calculation parameters of the Huangtian landslide (introduction of the curve coefficient)
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Table 4. Calculation parameters of the potentially unstable bank slope stability

T4 BETRERBEREMETESH

A WA RE(KN/m®) P38 /1(Kpa) P EESRA(°)

KA 20.1 23.4 25.3

TEHUA T -
MK 22.0 12.0 12.4
KA 23.4 164 20.8

G R e
K 24.5 100 15
PN 26.3 1090 32

EE) R oo
MK 27.0 1000 30

Table 5. Slip velocity calculation of the potentially unstable bank slope

"5 BETRERREINKRETE

kg WEEN  mE RHEE  RO%E  REETFE AR B (mis)
(m  REERM M) MEEm M KTERM M) gee wmmss FEE
1200 5559 161.9 227.0 66.5 108.2 179.0 21.9 19.3 20.6
1240 3847 127.5 183.8 55.6 90.5 98.1 19.5 15.3 17.4
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Figure 10. Calculation results for the local stability of bank slope when the water to 1200 m (K = 0.692)
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Figure 11. Calculation results for the local stability of bank slope when the water to 1240 m (K = 0.703)
11, &K 1240 m R EEBEE M ELER(K = 0.703)

Table 6. Surge prediction of potential unstable bank slope

7 6. BEDRERBUBRIN

AGEEm) v (ms)  v/Jg-h m(90)  m(38) EEEEBM) & M) Sk (M) &, (M) A (m)
1200 20.6 0.4772 1 1.108 600 100.4 1.10 341 51.2

1240 17.4 0.3663 1 1.108 750 93.3 0.83 20.1 30.2
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