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Tab.2 Physical and mechanical parameters of rock mass
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WA/ (kNem™ %) /() /MPa  /GPa /MPa
1 27.5 55 1.80 25.00  0.225 0.90
n2 26.5 50 1.50 16.00  0.250 0. 80
1 25.5 45 1.10 11. 00 0.275 0.60
ll2 24,5 39 0.70 6.00  0.300 0. 40
\! 23.5 33 0. 45 3.65  0.325 0.22
V2 22.5 27 0.20 1.30  0.350 0.10
Vi 21.5 25 0.17 1,00 0.375 0.08
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Tab.3 Shear strength parameters of structural plane
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a 16 0.06 e 24 0. 10
b 18 0.07 f 26 0.11
c 20 0.08 g 28 0.12
d 22 0.09
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Tab. 4 Orthogonal test design
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Tab.5 Safety factor of slope for each test
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Fig.1 Diagram of numerical model
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Fig. 2 Typical sliding characteristics of anti-dip
slope (test 18)
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Fig. 3 Typical toppling characteristics of
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anti-dip slope (test 37)
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Tab. 6 Test of main effect with safety factor

as dependent variable
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Fig. 4 Relationship between safety factor and sum of slope
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angle and rock inclination angle for anti-dip slope
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Tab.7 Significance of each factor on key point displacement
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Research on Influencing Factors of Stability of Anti-dip

Layered Rock Slope Based on Orthogonal Test

ZHOU Heng', AN Xiao-fan'?,JU Guang-hong' , WANG You-lin'"*
(1. PowerChina Northwest Engineering Corporation Limited, Xi’an 710065, China; 2. High Slope and Geological
Hazard Research & Management Branch, National Energy and Hydropower Engineering
Technology R&.D Center, Xi’an 710065, China)

Abstract: Anti-dip layered rock slope is a common type of slope in hydropower engineering. Its stability is controlled
by slope geometry. rock characteristics and structural plane properties. To reveal the influence of multiple factors on the
stability of such slopes, taking the safety factor and displacement as dependent variables, the significance of six main fac-
tors, namely slope angle, slope height, rock inclination angle, rock thickness, rock quality and structural plane quality,
was studied based on the approaches of discrete element modelling and orthogonal test design. Moreover, the deformation
and failure laws of typical modes for anti-dip slopes were analyzed. The study can provide a reference for the optimal de-
sign of anti-dip layered rock slopes.

Key words: anti-dip slope; orthogonal test; sensitivity analysis; failure mode
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Monitoring of Tilt Deformation of Substation Column

Supported by 3D Laser Point Cloud

WU Jin-bo', ZHANG Xiao-chun', HU Wei-fei’, CHEN Jun-tao'

(1. State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan 430072,
China; 2. Jinshuitan Hydropower Plant, State Grid Zhejiang Electric Power Co. , Ltd. , Lishui 323000, China)
Abstract: Columns are commonly used in water conservancy project to support the upper structure. In order to en-

sure the stability of the upper structure, it is necessary to monitor the deformation of the column to ensure that the incli-

nation angle of the column is within the allowable range. The non-contact measurement and high-precision point cloud da-
ta acquisition was carried out by the total station scanner used waveform digital ranging technology. During the acquisition
process, the three-dimensional coordinates of each observation station were calculated by the rear intersection method,
and the observation data was unified into a coordinate system. Data registration avoided the transmission of observation
errors. This paper proposed a method for calculating the tilt deformation of the column using the point cloud. After col-
lecting the two phases of the point cloud data, the deformation was calculated based on the true pair of points, and the
point and surface optimization algorithm was used to reduce the error, and the tilt angle of the column was calculated. Fi-
nally, a simulation test of the tilted deformation of the column was designed to verify the accuracy of the deformation cal-
culation method. The test results show that the actual inclination angle is 0°16°49", the calculated inclination angle is
0°1657", the algorithm error is less than 20", which meets the requirement of deformation monitoring in high-rise struc-
ture. Therefore, the deformation calculation method can be applied to the field of column tilt deformation monitoring.

Key words: total station scanner; point cloud processing; rear intersection method; isolated point cloud selection; tilt
deformation





