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A new method for landslide safety assessments based on natural vibration frequency
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ABSTRACT Using model experiment in the condition that the sliding force unchanged the internal cohesive force and friction
force of the slope were analyzed by the natural vibration frequency. The stabilization of landslides was decided by comparing the
friction force with the maximum static friction force in the weak stable phase. Experimental results show that the friction force can
effectively analyze the safety of landslides in the weak stable phase and that the natural vibration frequency is more sensitive than the
displacement. By monitoring the natural vibration frequency a quantitative assessment about the damage of landslides can be made
which provide the static friction force index and the safety assessment of landslides after disturbances is achieved.

KEY WORDS natural vibration frequency; safety assessments; landslide; damage

: 2014—07-23
“ ” ( USTB201309FX)



- 1119 -

“

FLAC3D
4.3 km
. Burjanek
4
5
1
1.1
6
1 /K
/= 217\/;'
f Hz; K
m'' M kg

. Gao

1.2

K =4’1T2 of‘z M.

F=Kx=4m'f**Mex.

N;x

Fy =K,x, + uMgcoso

%, =, + Ax,.

Fr = Kyxy +u,Mgcost

%, =, + Ax,.



* 1120 - 37 9

: F, =uMgcos = Mgsing - K, x, (15)
K, =47’ M-f; (9) F\ =u,Mgcosd = Mgsin — K,x,. (16)
K, =4 M+f (100 L4
laser doppler vibrometer
K, =d4m ML (11) ( bp
i f LDV) - 632. 8 nm
s 20 MHz.
Hz.
2 U 3
1.3
! N
F, = Mgsing (12)
gﬁfm FEJE(0°~30°)
1
Fig.1 Landslide model
F,=F,. (13)
(4) . (12) (13) 1
Xy (5. (12) (13)
2 (Fo): (7). (12) (13)
(Fy)
Mgsi g
L= %no ( 14) Fig.2 Laser doppler vibrometer ( LDV)
- Fhf R R
0
20
T ool (AR
£ o
B -0.05
o
© AhIE SR B s it 2k
0
! 1
% 05 10 L5
i fal/s
3
Fig.3 Display of vibration data measured by LDV
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Fig.4 Vibration history ( a) and its velocity spectrum ( b) of the vibration
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Table 1 Experimental results 5
/s /pm /Ha Fig.5 History curves of frequency and displacement
5 1.585 41.02 0.5N 0.65N
300 3.289 35.16 0.5N
500 8.153 34.18 ( 6)
600 9. 960 35.16
650 14. 596 22.46
700 18.171 24.41 3
750 21. 159 21.48
810 27.304 23.44 3.1
860 30. 965 26.37
910 32.545 18.55
960 37. 449 10.74 Sarma
1010 302. 049 5. 80
30° 5 600 s
2 (14) .
(15) (16) 2 (2)
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Table 2 Friction calculation results
/s /mm /N /N /% /%
600 0. 0986 0.73 0 0 0
650 0. 1036 0.31 0.42 65.22 57.53
700 0. 1072 0.38 0.35 54.35 47.95
750 0. 1102 0.30 0.43 66.77 58.90
810 0. 1163 0.38 0.35 54.35 47.95
860 0. 1200 0.49 0.24 37.27 32.88
910 0. 1215 0.25 0.48 74.53 65.75
960 0. 1265 0. 086 0. 644 100. 00 88.22
1010 0.3910 0.078 0. 652 — 89.32
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Fig.6 History curves of frictional force and displacement
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