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Abstract: Changes in water level of the Three Gorges Reservoir are easy to induce the deformation and failure of
the reservoir slope. Periodic impoundment changes in the groundwater seepage field and stress field in the
reservoir slope reduce the shear strength of rock and soil mass, and have a great impact on the stability of the
reservoir bank slope and rock mass. It is urgent for the deformation monitoring of bank slopes in the reservoir
area. It is difficult to find out the overall change of rock mass by setting fixed observation points, and the terrestrial

laser scanning method (TLS) can obtain the point cloud data of the overall rock mass surface with centimeter
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accuracy, which is very suitable for the monitoring of rock mass of characteristics of no contact with the target,
fast acquisition speed and high precision. In this paper, the terrestrial laser scanning method is used to monitor the
dangerous rock mass of Jianchuandong in Wuxia county for two years (2017—2018) and three periods data are
acquired. The stable rock mass data around the observation target of the first period is selected as datum and the
iterative closest point registration (ICP) is carried out with the overlapping point cloud. The registration accuracy
of the point cloud is better than + 2.7 cm, which realizes the accurate alignment of multi-period data. According to
the change of dangerous rock mass in the observation period, the datum TIN model of dangerous rock body area is
constructed, and the deformation of dangerous rock mass is analyzed with the nearest distance method from point
to reference surface combined with the change range of dangerous rock mass. Through the comparative analysis of
the 3 periods observation data of the Jianchuandong dangerous rock mass, it is found that the dangerous rock mass
has the expansion trend in 2018 compared with the left rock mass in 2017. In the reservoir water storage stage,
there are obvious sag changes in some parts of the dangerous rock body, and the local deformation is about 30-70 mm
due to the influence of water storage. The experiment proves the correctness and validity of the proposed
monitoring method, which provides reference for the monitoring of dangerous rock state and the prevention and
control of geological disasters in the Three Gorges Reservoir area.

Keywords: terrestrial laser scanning; Three Gorges Reservoir area; dangerous rock mass; Jianchuandong;
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Fig. 1 Location of Jianchuandong and dangerous rock mass
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Fig. 3 Analysis of laser point cloud changes of dangerous rock

mass with the point-face method
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Fig. 4 Jianchuandong scanning station and reflector
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Fig. 12 Change analysis and statistics of dangerous rock mass

H P 12 AT R X L 95 2R O 22 IR B IE S A
A, SRR EATAE R 22 . b 2-1 SR, P24 0 6 4



- 130 - TR SCHb B TR 4 R 54

254 +0.029/-0.032 m, #5 #fE i 25 4 +0.039 m; 3-1 %t
e, 3 ¥ 0E 4 22 S +0.030/-0.039 m, Fr fE 1 22 N
+£0.042 m, ML 2-1, 3-1(1& 12) # Eb 2017 -5 &k Y-
TR, ZEMNFE A RS AR AR ST AR L 2E-0.04 ~ —0.06 m 1T
LN

B X A5 A R ARTE 43 BT, ) FH 4B 3835 (6 19 7 125 B
S5 B R P B R, Abellan 25" SR 3L T IR R
B35 1 ik WA A Ak, A R R A T R S R ) Hiw MR
BT DA A . TR MR X SR A Ak ) S, AR () BARECH
SCRASRAFE X ] 242 (R) R 0.3 m B3 Bl P9 B A8 1L 2
(B S SRR A I 25 SR (& 12, &1 13), ply Y (X sk Y
KRG ARG AR R AR AR AR

A016F
A015
A014+
A003 -
A0061

b
[=}
AOLTF

(a) ML EHT (2-1 XFHh)

2% /mm

14 FHERFEALSH ( 5HTXE£0.08 m )

Fig. 14 Local area change analysis (analysis interval of £0.08 m)

X 14 w5 A7 B R AT LR N, N P AR
(R) M 1.0 m, G55 4155 2 frw .

x2 fEERGARMENE

Table 2 Typical position measurement of dangerous rock mass

/m

X eI frE 1 {2 fLE3 fLE4 LS

2-1 -0.017 -0.012 —0.028 -0.010 -0.013

d 3-1 —0.002 0.005 0.012 0.027 0.010

(c) A0OT KI5 23 ~0015 0017  -0.040 0037  —0.023

E13 BETHABRENSLER (REFXEH03m)
Fig. 13 Measurements of typical values of dangerous rock i 2 Al Zok W (2-1) 550K (3-D) M L OF
change (R=0.3 m - .

’ : B2 AR A, G 3, 4,5 AR
(2) RS f T A 1 1 D15 AL 9, 75 K 29 40,02 ~ ~0.04 m.

TR AR A & 2%, o T 3k A i IX 3+ T B E K G A RS, R 46 G X A, KR AR AR
e, PEPEIE] 12 Ao 5B HE e HE PN 38 4 24T R 8 4 B, 45 R X [a] 35 8 —0.02 ~ 0.06 m X [a], 455 a1l 15 fis .
WK 14 Frw B 2R (R) R 0.3 my, &1 X & 15 v 10 4b s



2021 4F

MRS, A TR T TR = 2O Y =0 DA A AR M - 131 -

B B AT B, S5 RN IE] 16 R

(b) HOKIAE AT
15 BEKTUERESITXEER
Fig. 15 Compression statistical interval results of
dangerous rock mass change

e = 2-1 X} L
— 3-1X‘TH§
i 2-3 K [t &

16 fEEHRMARMETNHIHR
Fig. 16 Analysis of local typical position changes of
dangerous rock mass

EEXTIE 16 h MR AR fb A BT, 457 B A001—A003 .,
A007. A009. A010 7E 2018 4F 2 3 W I b 45 M Fa 5
M J=) B2 B A004, A005. A006, A008 fif B 7 4 I 7
7 B 2 A U RE AR AR (2-3 X H ), A8 b K 25 £ —0.03 ~

—0.07 m.

ZEA R 3 00 I E s X E AR B, 2R I fE e 1k
2018 A AHXT 2017 4F 22 M) AR 45 VL J7 0] 77 42 24 0.05 m
FRISE R , 76 2 X 25 K 30 (2-1) 5 203 16 25 PR 5L 138 A2 7T K
FE A7, S8 B A e AR, oK (3-1) Wl
A A= 1) VL [ 57 B e 34, 1 WY g IX 5 7K B0 ) s o
Jr F8 IX A 45 K )

4 Zit

(1) Mo T HOC G H AR o7 LA | 4 10 2K U 28
T & 2 PR 100 5 2, I 1T 5 A 5 AR DK 08 AR
W ASTRIHA 85 25 6 RS B 32 S ke 0 3 o % 4y
BT 735 W 5 1T« A6 K 5 6 D T, Y B A TR AR
525 QLR ARIR T30 B, BR AL B A5 A i
B Hibw; FEARTEXT L 43 B 75 1, St A A R AR
b, T BX HARIEAT 3 v BA gl g S5 b B . o — T
1, MR, 2 % IR, ARk 2B b R A
3 R 7Y Jay 305 2% T 43 A B VR A, SR X s AR Ak Ry ke
5 WP L, B R HH R P X AR AL B {E A

(2) i 25 1) & 2 A O8I0 B B P 0 ) 25 4y (7
M)A HVLIT AL 5 A ARTE & K B B A e B AR VL
7 1 7= AL RS, AR AE—0.03 ~ —0.07 m [A] . FR T 0
R AR SC IR H T X KA B AR K A s B A
BLO BT I X E K B e A RS Al ) AR A I B,
TE 2 H8 o L AT R

2 39 7 WL 2% 4 B okl B v 146, % fa e iR
A S ORG24 AR AL NI, TR R 2 IR SR N fE A
W A3, LA S50k b B — 5 W AN 4 T P R

2 E T #k ( References ) :

1] E PR, R ZE. 18 Ul 9 55 J 40010 3 T004 s T ik A2
Bk 52 (V). = K27 27 4R (A SR BE 27 i), 2006, 28(5):
385 —388. [ WANG Shangqing, XU Jinjun. New method
to monitor and forecast landslide disaster in short-term [J].
Journal of China Three Gorges University (Natural
Sciences), 2006, 28(5): 385 — 388. ( in Chinese with
English abstract) ]

[2] #RiE%E, T, P, & 5T =40t a0 W
B 75 T A 5 00 Ak B 07D, A R 4, 2010, 31(7):
2188 — 2191. [ XU Jinjun, WANG Haicheng, LUO
Yuzhen, et al. Deformation monitoring and data processing
of landslide based on 3D laser scanning [J]. Rock and Soil
Mechanics, 2010, 31(7): 2188 — 2191. (in Chinese with
English abstract) |

[3] JABOYEDOFF M, OPPIKOFER T, ABELLAN A, et al.


https://doi.org/10.3969/j.issn.1000-7598.2010.07.027
https://doi.org/10.3969/j.issn.1000-7598.2010.07.027
https://doi.org/10.3969/j.issn.1000-7598.2010.07.027
https://doi.org/10.3969/j.issn.1000-7598.2010.07.027
https://doi.org/10.3969/j.issn.1000-7598.2010.07.027
https://doi.org/10.3969/j.issn.1000-7598.2010.07.027

- 132 -

7K SCHb BT TR b S

5544

[4]

L6l

(71

[8]

(9]

[10]

Use of LIDAR in landslide investigations: a review[J].
Natural Hazards, 2012, 61(1): 5 — 28.
MR 5, BEBRT, W0, 45 ROB R W K H AR TR = 4
S W0 B AR A T (0], 7K SCHl B TR M R, 2015,
42(3): 128 — 134. [ CHU Hongliang, YIN Yueping,
CAO Feng, et al. Research on deformation monitoring of
large collapses and landslides based on 3D laser scanning
technology[J]. Hydrogeology & Engineering Geology,
2015, 42(3): 128 — 134. ( in Chinese with English
abstract) |
XA, Brap =, B R, 45 = A HOCHR T K
AR T v g N (0D I 2 5E 4R, 2016(2): 147 —
149. [ LIU Mingkun, DUAN Qisan, ZHAO Chenxi, et al.
Application of 3D laser scanning in monitoring landslide
deformation[J]. Bulletin of Surveying and Mapping,
2016(2): 147 — 149. (in Chinese) ]
HOBBS P, HUMPHREYS B, REES J, et al. Monitoring
the role of landslides in ‘soft cliff’ coastal recession[C]//
International Conference on Instability, Planning &
Management. Ventnor: Thomas Telford, 2002: 589—600.
HF T, WA, SO B R AE % BE 3 b
A AR 0], a0 5 5 TRE2E AR, 2006, 25(3
FJ2): 3629 — 3635. [ DONG Xiujun, HUANG Rungqiu.
Application of 3D laser scanning technology to geologic
survey of high and steep slopel[J]. Chinese Journal of
Rock Mechanics and Engineering, 2006, 25(Sup2):
3629 — 3635. (in Chinese with English abstract) ]
ABELLAN A, VILAPLANA J M, CALVET J, et al.
Rockfall monitoring by terrestrial laser scanning-case
study of the basaltic rock face at Castellfollit de la
Roca(Catalonia, Spain)[J]. Natural Hazards and Earth
System Sciences, 2011, 11(3): 829 — 841.
WS, 08, kA, 45 TLSHE A B HAe 1 3 e I v
f14 1oz P A2E e . ) 8 U R UK, 2014, 26(3): 8 — 15.
[ XIE Mowen, HU Man, DU Yan, et al. Application of
TLS technique to landslide monitoring: Summarization
and prospect[J]. Remote Sensing for Land & Resources,
2014, 26(3): 8 — 15. (in Chinese with English abstract) ]
KRR, B2, ks, & T @ = ot
G800 IR I Uy vk 0] vh [ b 5K 5 BT A
2k, 2016, 27(1): 71 — 76. [ PEI Dongdong, GUAN
Yunlan, ZHANG Yongfeng, et al. Landslide deformation
monitoring method based on vehicular laser scanning
system[J]. The Chinese Journal of Geological Hazard and
Control, 2016, 27(1): 71 = 76. (in Chinese with English
abstract) |

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

T3, AR, AR, AR R KGR KT R 2 R
R AT R VL IR AR 1) 5 3R fE A N
i L. b it Jy 2 5 4, 2016, 22(3): 725 — 731

[ WANG Wenpei, LI Bin, HUANG Bolin, et al. Stability
analysis of sub-horizontal thick-bedded slope in Three

Gorges Reservoir Area: A Case study of Jianchuandong
dangerous rock mass in Wushan, Chongqing[J]. Journal
of Geomechanics, 2016, 22(3): 725 — 731. (in Chinese
with English abstract) ]
WANG G, PHILIPS D, JOYCE J, et al. The integration of
TLS and continuous GPS to study landslide deformation:
A case study in Puerto Rico[J]. Journal of Geodetic
Science, 2011, 1(1): 25— 34.
RUGHE, FE R, G, = 4B BB AR A A A
PR TR M 0 e g 1O L) 0 22 3 4z, 2017(11): 68 — 71.
[ ZHU Haixiong, SUI Lichun, LU Kaixiang. Application
of terrestrial 3D laser scanning technology in deformation
monitoring of dangerous rock mass[J]. Bulletin of
Surveying and Mapping, 2017(11): 68 — 71. (in Chinese
with English abstract) |
T RO, IR, EE T, R TR PN GE
Moz B b B R R Sy A (0] NIRRT, 2019,
50(4): 152 — 156. [ FANG Liangbin, ZHANG Hongwei,
ZHAN Jianyong, et al. Point cloud data processing of
dangerous rock and deformation analysis based on moving
average method[J]. Yangtze River, 2019, 50(4): 152 —
156. (in Chinese with English abstract) ]
A, MR, IR E, & M = 4R RO E AU
5 I AR RV E (7], I 2258 4z, 2016(2): 79 — 83.
[ XU Shouzhi, CHENG Pengfei, ZHANG Yu, et al.
Calibration and accuracy evaluation of terrestrial laser
Bulletin of Surveying
2016(2): 79 — 83. (in Chinese) |
MAT ZAM P M, FUAD N A, YUSOFF A R, et al.

Evaluating the performance of terrestrial laser scanning for

scanner [J]. and Mapping,

landslide monitoring[C]//Int Arch Photogramm Remote
Sens Spatial Inf Sci, 2018: 35-55.

OPPIKOFER T, JABOYEDOFF M, BLIKRA L, et al.
Characterization and monitoring of the Aknes rockslide
using terrestrial laser scanning[J]. Natural Hazards and
Earth System Sciences, 2009(9): 1003 — 1019.
ABELLAN A, JABOYEDOFF M, OPPIKOFER T, et al.
Detection of precursory deformation using a TLS
application to spatial prediction of rockfalls[J]. Natural
Hazards and Earth System Sciences, 2009(9): 365 — 372.

Ymig. iE E 4


https://doi.org/10.5194/nhess-11-829-2011
https://doi.org/10.5194/nhess-11-829-2011
https://doi.org/10.3969/j.issn.1006-6616.2016.03.026
https://doi.org/10.3969/j.issn.1006-6616.2016.03.026
https://doi.org/10.3969/j.issn.1006-6616.2016.03.026
https://doi.org/10.5194/nhess-11-829-2011
https://doi.org/10.5194/nhess-11-829-2011
https://doi.org/10.3969/j.issn.1006-6616.2016.03.026
https://doi.org/10.3969/j.issn.1006-6616.2016.03.026
https://doi.org/10.3969/j.issn.1006-6616.2016.03.026
https://doi.org/10.5194/nhess-11-829-2011
https://doi.org/10.5194/nhess-11-829-2011
https://doi.org/10.5194/nhess-11-829-2011
https://doi.org/10.5194/nhess-11-829-2011
https://doi.org/10.3969/j.issn.1006-6616.2016.03.026
https://doi.org/10.3969/j.issn.1006-6616.2016.03.026
https://doi.org/10.3969/j.issn.1006-6616.2016.03.026
https://doi.org/10.3969/j.issn.1006-6616.2016.03.026
https://doi.org/10.3969/j.issn.1006-6616.2016.03.026
https://doi.org/10.3969/j.issn.1006-6616.2016.03.026

