36 I 2 # * | 2 Vol.36  Supp.2
20154 8 H Rock and Soil Mechanics Aug. 2015

DOI: 10.16285/j.rsm.2015.82.005

WRREEKF N IBRES NS
A 1:Fﬁ7‘3_/§‘ﬁ} R

Wi, el 3 o, & &2

1. S TRY AN TR L, IR H 266033;
2. PEAMRR SRR & TR, LR F5 266071)

W E: ERG BT SR RARS R Ak b, BRI T R KRR SRR e AR R S sl )
B SRS W SRR A ARZRIE RGea D024 M, ik 138 FH R /KSR Nzl g 5 088 i SRS 25 0 S 480k VP 12
ARG E PR I 5 RASAFAE, T DA R /KA AR S AR D MERRZ M R N4 0580, DU I IR A RS R A HL 30 2 g B 2
H, FESIRRE T R K EINES) 7 S AR N L TN S S VAL [RII, I8 AR ) 2R AR SR, gy T AL g
I3 L 5 AR A3 8 B RS T M R AT 8 G R LA S RAR G o LA Uk PR DX SR HE R S A o B, 38 T R KB ) 5008
R TS S AR PEMAT T AT 5VPY, R I R 7K B AL R A 5 T S 50078 A 5 i 3 Ao M S B sl AT AL A S AR )
Ho WIFURIRY, FTfiE S 502K R AR ZE B — G B B 8 1P 2480, nHz ZSHoHz s i zh A
o PEREAT SE I I TR 5 PP

X OB HEBEEEG KSR TS ENAM NG M b

h g 4345 0302 SCERBRIRIG: A XEHRS: 1000—7598 (2015) #4 2—0037—10

Prediction parameter of water dynamics coupled with displacement and
evaluation method of debris landslide

: 1 : 1 1 2
HE Ke-qiang', YANG De-bing, GUO Lu, LIJing
(1. Engineering Technique Research Center of Geo-Environment and Impact ,Qingdao Technological University, Qingdao, Shandong 266033, China;
2. Geotechnical Engineering Office, China National Petroleum Investigation and Design and Survey Institute in East China, Qingdao, Shandong 266071, China)

Abstract: On the basis of systematic analysis of the material composition and destabilized mechanism of debris landslide induced by
water, the dynamic action of unloading and loading and its response law of groundwater in the process of the dynamic stability
evolution of the slope are systematically analyzed. The unloading-loading response ratio parameter to evaluate the laws of the
dynamic stability of the landslide evolution and destabilized features are analyzed and put forward from the viewpoint of the
nonlinear system dynamics. This paper firstly proposes that the monthly change of groundwater table can be taken as the unloading-
loading parameter of debris landslide and its displacement velocity and acceleration rate can be taken as the response parameter to
unloading-loading are proposed. Thus, the dynamic displacement parameters and dynamic prediction model of the unloading-loading
response ratio of the groundwater table are determined. Meanwhile, the quantitative relationship between unloading-loading response
ratio and damage variable & the stability coefficient and the criterion of displacement response ratio to unloading-loading are
determined by using the theory of damage mechanics and the damage variable parameters of slope. Finally, taking the typical debris
landslide of the Three Gorges Reservoir region—Xintan landslide for example, the calculation of unloading-loading response ratio of
monitoring points of Xintan landslide is completed by using the dynamic displacement prediction models of the groundwater. The
computed results show that the curves of unloading-loading response ratio of monitoring points basically agree with the dynamic
evolution law of the slope stability. The results of the study show that the parameter proposed in this paper is a kind of effective
dynamics appraisal parameter of displacement in the stability of landslides induced by water and it can be used to make real-time
monitoring warning and evaluation on the dynamic stability of this kind of landslides.
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. E4y AR R (=K )
W
/a 1 2 3 4 5 6 7 8 9 10 1 12

1978 0.0 3.2 7.1 6.1 6.4 8.7 13.1 6.9 4.8 1.8 1.8 7.5
1979 1.6 7.2 1.0 1.6 5.0 10.5 5.7 19.7 336.3 161.3 39.8 1.6
1980 14.3 11.1 7.8 4.2 9.7 9.7 80.8 49.5 59.5 20.7 9.4 18.7
1981 22.9 6.9 6.2 10.6 6.5 5.0 34 10.2 8.6 11.7 6.8 1.9

A3 1982 8.2 7.5 6.8 332 66.7 82.2 54.5 3442 430.6 525.6 433.5 35.3
1983 453 15.0 31.8 16.4 20.0 20.8 439 348.1 101.3 171.2 298.7 156.2
1984 69.1 51.3 27.6 15.5 49.0 127.9 196 320.1 136.1 413.8 3258 214.6
1985 142.1 146.1 153.3 123.0 296.1 2 005.9
1978 0.0 34 3.8 4.3 4.0 14.6 17.1 6.0 8.5 2.6 0.2 10.0
1979 1.6 39 4.9 1.5 4.7 11.1 10.9 235 125.1 65.0 37.5 8.2
1980 15.2 9.9 4.6 9.0 5.0 15.0 49.0 68.0 100.0 1.7 31.7 8.1

B3 1981 7.5 7.7 8.4 15.2 12.5 8.8 4.2 2.9 26.0 2.0 5.0 8.0
1982 5.0 3.5 7.5 78.0 148.6 21.6 21.5 136.2 250.8 243.0 75.8 71.5
1983 100.7 28.7 31.9 312 321 288 1294 1521 152.1 152.1 152.1 151.8
1984 1524  152.1 152.1 1521 152.1 1521 2377 333 1518 5220 2717 2377
1985 158.3 1494 164.5 127.3 381.7 10 102.6
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K2 OFRBHX Y H R EHE"
Table2 Month rainfall values of Xintan landslide'"”!

by H R/ mm

/a 1 2 3 4 5 6 7 8 9 10 11 12
1978 30.4 7.6 58.4 95.1 224.6 1542 61.9 35.7 62.5 552 54.0 12.9
1979 6.0 2.3 21.7 116.1 168.3 138.8 146.9 87.9 359.3 12.4 7.6 50.9
1980 18.2 20.5 76.3 38.7 99.1 2925 2509 281.3 85.7 67.3 21.3 0.3
1981 14.8 31.5 61.7 99.3 54.5 67.1 90.9 2219 55.7 100.4 47.0 4.6
1982 19.7 18.1 86.4 86.1 87.6 170.0 189.7 137.8 159.8 78.4 75.3 4.1
1983 21.3 14.8 422 79.3 97.3 195.4 313.7 126.3 183.2 276.4 40.8 12.3
1984 19.0 2.6 39.4 65.4 103.1 2432 99.9 108.3 1542 80.2 54.2 47.6
1985 52 38.5 16.6 79.1 162.6 126.6 156.1 121.7

K3 HPREH X KR K AL B R
Table 3 Depth data of groundwater level of Xintan landslide zone

R AFE A ) KA EE/ mm

/a 1 2 3 4 5 6 7 8 9 10 11 12
1978 7914 7.551 8.360 8.945 11.008 9.886 8.416 7.999 8.426 8.309 8.290 7.635
1979  7.526 7.467 7.776 9.279 10.111 9.641 9.770 8.830 13.154 7.628 7.551 8.241
1980  7.720 7.757 8.645 8.046 9.009 12.089 11.427 11.911 8.795 8.502 7.769 7.435
1981 7.666 7.932 8.413 9.012 8.298 8.499 8.878 10.965 8.317 9.029 8.179 7.503
1982  7.744 7.718 8.806 8.802 8.825 10.138 10.452 9.625 9.976 8.679 8.629 7.495
1983  7.769 7.666 8.102 8.693 8.980 10.543 12.427 9.442 10.348 11.833 8.080 7.626
1984  7.733 7.471 8.058 8.472 9.072 11.304 9.021 9.155 9.886 8.708 8.293 8.188
1985  7.513 8.043 7.694 8.690 10.020 9.447

R4 HEREE N X (8] 5
Table 4 Division of unloading and loading stage of Xintan landslide

R4 I 15/ 7

/a 1 2 3 4 5 6 7 8 9 10 11 12
1978 + + + +
1979 + + + + +
1980 + + + + +
1981 + + + + + + + +
1982 + + + + + +
1983 + + + + + + + +
1984 + + + + + + +
1985 + + + 6 J3 10 HilB kA

e R -7 AREER, “+7 RN
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Table 5 Average rainfall and acceleration response
parameters of Xintan landslide in unloading

and loading stage

A EINEH H T S N A e A
; Ukl A B3
HEAH- M AH, B a- e HEa K a
1978 -0.595 0.971 -3.075 3320 4925 4383

1979 -1.197 1298 58600  57.617 -21483  21.183
1980 —0.894 1.090  -15250  21.720 -11375  12.323
1981  -1.222 0.620 -4.413 4625  —6.150 6.133
1982 —0.556 0.555  —43283  46.067 -44414  74.880
1983 -1.824 0.928  -36250 46325 -19.075  31.320
1984  —0.849 0.686  —74.843 116460 -116.475 137.950
1985  —0.532 0.952  —72.500 2124.560 -44.150 2 656.675

Ve BRI SR BT 2k T 2t T M I AR R R PR AR SO R

WS B2, ST A3 £ 1982—1983 4EFI1 B3 45 1980 4
7 A% 039 5 I T 9 o R AR ST 8K B

R 6 A3 B3 g pyHEI NS L
Table 6 Unloading-loading response ratio of
monitoring points A3 and B3
ANFAEGY Ca) SN 3 L
1978 1979 1980 1981 1982 1983 1984 1985
A3 1.512 1.103 0.856 0.484 0.937 0.398 0.520 0.061
B3 1.834 1.100 1.221 0.508 0.592 0310 0.683 0.022
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Fig.6 Unloading-loading response ratio curves of
monitoring points of A3 and B3
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