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Abstract: Rockfall disasters frequently occur in the tailrace branch tunnel slope of a hydropower sta-
tion, leading to partial damage to the original passive protection network and posing severe risk to the
safety of the tunnel exit area during the construction and operation period. It is very urgent and neces-

sary to repair and reinforce the original passive protection network. Given the steep and complex land-
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form, the rockfall sources could not be identified through manual survey. Therefore, high-precision
UAV aerial imagery was utilized to preliminarily identify four potential hazard areas. Rockfall software
was used for trajectory simulation calculations. By comparing and analyzing the simulated results with
the observed rockfall landing positions and the distribution of the threatened areas, two rockfall sourc-
es were identified through inverse analysis. Based on this, by analyzing the movement characteristics
of these sources, a review was conducted on the reasons behind the insufficient original protection ca-
pacity. It was discovered that the primary causes for rockfall disasters were the low energy level and in-
adequate height of the existing protection network. Two schemes were proposed to enhance the net-
work's energy level and height: in-situ repair and heightening reinforcement. The analysis results indi-
cated that both schemes could effectively reduce the area threatened by rockfalls, lower the rockfall oc-
currence rate, and improve movement characteristic parameters. Among them, the heightening rein-
forcement scheme had a more significant protection effect, with all rockfalls being intercepted. The
maximum values of rockfall's kinetic energy and bouncing height were reduced by 66.02% and
69.64% , respectively. The scheme of in-situ repair and reinforcement of the network’s damaged sec-
tions would be more logical and scientific when the actual site conditions and rockfall simulation results
were taken into consideration. The research results provide a scientific basis for rockfall protection mea-
sures of this project and serve as a reference for similar rockfall analysis and engineering design.

Keywords: rockfall disaster; passive protective network; rockfall trajectory simulation; rockfall source

determination; repair and reinforcement effect

0 31 B

fea e REEIIK =KRARKEZ—, B M
P R X R R EE R YRR Y. &
AR A B AT R RO R A BUR
P 3 S R AL AR R T AR e K A, IO R
R AR 2 T o T A i B AT Ok B g A
Bt oK, DR B 7 £ PR RRAR /D, G b i i o T
LATE S IR 18] A 32K 30 4% g 7K 7 3 i i R N R T
S T U PG R L DA P A A R A

Ve — R T IZ AFTE R M ST R A0 K FE ST
WOy 1 A A58 R, R T A R I E
Vi A0 18 B R WT T T8 A KU A LA KT8 A B IA B
TR TSGR V& A1 IR X PE T8 A1 18 ST K
JE o 1 L DAL IR S 9 A TR v A KU VAl LB By
POITRBAT S — o T X RE R K
WAz HZ R T s A e sk L
SN TS X Iy v AR Z B R . B XL S5
EAFER R IR, A AR 2 228 R IR ALY (T2
R HEROL A A AR 1 ik R AT v 0 U
SO O T R A S R . YR A i
B 5 LA B U3 I O v A R T IS A A, e
Bl 5 B E B b 7 R ISRk . K i
R PERT TS J2 EOR AT S T 97 1 0 S R (B

314

LS5 T Be b AT, HG B (B0 BE 8 5 L S Y 3 i
Vi Az S B MR R AT SR ELA R4S 0, DR R
TN THZ o A S R R AR B = AR AT
Vi A REALL, = 2 R A AU RT AR S 25 R 1) 2 R Y
T B0 T B AU 7 A7 I, G AR 9% £ 12 B S 4R S B
00, BSR4 i B RS H M H . %4 X
W PP Ak 0 95 7 A1 R AR MR A< DF Ak 0 7 0 1 AR 2 O
A T AT % 4 B 4 R B A R b . XU A
JA TR LRI 998 R T AR I ey B2 w42

T D TR FE KA AR SR AR R
Xb AR R AR A B, TR TR AR AR SR IR AR i T
Beo Frp Wesh B 3 AT S — Bh A AR B9 v A B
F eGSR A R R BOR B3 B2 AT
P B T v A 9 B iR TR SE Bk iE
ORI TR 2 0 TR A A S ROR W B 9
P B8 82 T 2 RPN 22 2 07, K o~ 28 6 2 B 1 T
R 2 SR MBI RE N R T R sl By
ER N R S 5 S O & TR A LR & R )
UL, TRESE B b ik = Bl o748 5 5 USRI TEAEAR
TSR E%RBE, FEE AR RN EOKE
DIRTER € KN E D 7 A BN 9 N A o S AR -3
Bt X A R A DX B A B 52 T ST RS, LA R
TR R AR A5 T [ O A2 L TR v 0 K
R TARRMESE ML



DU 1 A28 R H 3l K S 3 B A AR 22 b R B T
AR BRI K E TR S BN E R AR
BB AR, R T B AR R K S 1 38 BRI 1) T A XA it
T RN 32 17 30 ) 22 4, 5 6 DR 4 I TR A8 2 [
TAE . ARSCUIZ TR R B, 5 5 T I AL E
AN ST R B = AE i AL R T Rockfall #1474
17 7% A Bl A FALRLE B SOAr B i E VR A K
1) fe B TR, 7F I 3 Al b, AR 6 I TR 1 VK A i sl 4y
fiE, %k 5B 40 2R AT 2 A%, 4 B LB B R 0 R 2 1
JEER B P R A R A8 S . BT R
T % TR R I R IR PR LR 2 AR A

1 IiE#R

1.1 T X REH

K HL 3 A F U1 A BOBU% A YR MBS
ST MM B R BT X A SR T
Kl [ AR I3 HE KR B B K SR SR = E A
SR W R B s BE . R /K S 1 AL LA
JE I SE B 700 mo I Ok 3k A R I A B
BRHER . FRSAAA RS WO F e a —
25296 m B A o R K S H TR I b 2
B, AT DL A S 43 R AR S 13 3 B b
R G TG WAL CE T A

JFE 7K it TS 3 B = T e b XU A i T 1R
F R R KSR R R % T2 S i MR BE 1 5 S
2 B T P T 22T A 3 O TN B ik
& UE E A R AR B O R R T & i T K
B AT 1R) R K S Ak R K TR N DL A
7 E KU B B K A B 5 ab v BT 32 8 5 bk sh B
FrRgCE D) . H gk s B 4 o RX—050 8, i F
R 1 160~1 180 m i [l N, 55 18 % 5 22 29 30 m, By
P 4 m, kBT B 80 m(8 B, AR ES 10 m) .

35 ]

(ES VIR QI EAEIE TN

Fig.1 Present status of slope protection measures
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Fig.6  Rockfall disaster simulation of potential rockfall sources
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Fig.8 Probability density function and cumulative distribution
function curves of characteristic parameters of rockfall

movement at the location of protective network
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Fig.9 Schematic diagrams of protection network repair and

reinforcement schemes
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