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Stability Analysis of Weibei Pitted Loess Cave Dwellings in
Rainfall Infiltration

HAN Jia-ming, SU San-qging
(School of Architecture and Civil Engineering, Xi’an University of Science and

Technology, Xi’an 710054, Shaanxi, China)

Abstract: The law of two kinds of loess physical and mechanical parameters changing with
moisture content whether loess with or without vertical joint fissure was obtained through
experimental analysis. Safety factor was defined by surrounding rock stress expression and Mohr-
Coulomb strength criterion. Rainfall Infiltration depth was 286 cm and the minimum value of
safety factor was 1. 183 while effective rainfall was 277 mm that return period was 10 years. Rain
could directly reach the cave surrounding soil that the mechanical parameters reduced with
moisture content increasing and maximum value of safety factor was 1. 183 when abandoned cave
overlying soil had vertical joints. Meanwhile, stratified slope calculation formulae were obtained
by Bishop slice method that the minimum value of stability safety factor was 5. 537. Results show
that when rainfall is 277 mm, loess cave dwelling is stable without vertical joint fissure and is
damaged with vertical joints, and the slope is in the steady state.

Key words: rainfall infiltration; Weibei pitted loess cave dwelling; slope; stability; moisture con-

tent; vertical joint fissure
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Tab.1 Infiltration Depths for Different Rainfalls

R it Pr/mm ABWE Zi/cm
8 9
10 14
22 25
33 52
60 60
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Tab.3 Gravitational Densities of Soil with Different

Moisture Contents

F2 HMAEREZUNFAELEHERELHEKE W/ % 7/ (kN +m %)
Tab.2 Moisture Contents of Different Soil Depths 6 13.4
Changed with Infiltration Depths 8 14.0
Zi/cm Wi/ % W2/ % Wi/ % 10 15.0
300 22.79 19.92 12.97 13 15.7
600 23.95 22.79 21. 48 15 17.1
900 24. 31 23.58 22.79 17 17.3
1 200 24,49 23.95 23. 39 20 18.1
1500 24.59 24.17 23.73 2 18.4
25 18.9
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Tab.4 Loess Mechanical Parameters

W/ % ¢/kPa o/ ()
6 82 30
8 81 30

10 81 29
13 80 28
15 80 27
17 80 26
20 69 25
23 42 22
25 20 22
27 20 21
30 20 20
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c=—0.160 5W*+2.595 2W+73. 11 (7)
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Fig.1 Geometric Cross Section of Cave Dwelling
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Tab.5 Stability Safety Factors of Cave Dwelling

H/m a/m b/m m Fy F; F;

6.75 1. 695 3.310 953 1.314 1.273 945 0.623 857
6. 30 1. 905 3.230 696 1. 296 1.253 943 0.639 243
6. 30 1. 685 3. 250 929 1. 363 1.317 270 0. 640 145
6. 30 1. 650 2.920 770 1.318 1.274 685 0.624 549
6. 30 1. 450 2. 800 931 1. 363 1.317 855 0.618 472
6.15 1. 605 3.210 . 000 1. 403 1. 353 846 0.645 164
6.50 1. 650 3.420 073 1. 375 1. 330 008 0. 638 700
6. 20 1. 550 2.930 890 1. 365 1.318 888 0.629 345
6. 20 1. 655 2.956 . 786 1. 335 1.290 451 0.630 649
6. 20 1. 901 3. 240 704 1. 311 1.267 352 0.644 232
6. 20 1.525 3.380 216 1. 452 1.401 160 0. 650 515
6.50 1. 550 3.080 987 1. 353 1.309 188 0.623 878
6.50 1.720 3. 460 .012 1. 359 1.315 218 0. 640 349
6.50 1. 615 3.300 . 043 1. 367 1.322 936 0.633 638
6.75 1. 750 3.600 . 057 1. 340 1. 298 648 0.635 322
6.19 1. 450 3. 350 . 310 1.477 1. 424 499 0. 649 660
7.10 1. 760 3. 260 . 852 1. 251 1.215 990 0.608 797
7.10 1. 900 3. 260 . 716 1.216 1.182 561 0.608 797
6. 30 1. 900 3. 440 . 811 1. 329 1. 285 858 0.648 452
5.70 1. 550 3. 000 935 1.451 1. 396 048 0. 656 904
6. 20 1. 660 3.300 988 1.392 1. 344 547 0. 646 956
7.00 1.720 3.360 953 1. 286 1.249 199 0.616 349
6. 20 1.675 3. 460 066 1.413 1. 364 329 0.653 992
6.50 1.930 3.350 736 1. 284 1. 244 140 0.635 769
6. 40 1. 665 3. 260 958 1. 358 1.313 213 0.636 184
6. 30 1. 690 3. 200 893 1. 353 1. 308 040 0.637 881
6.70 1. 440 3.100 . 153 1. 369 1. 326 010 0.616 840
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Fig.2 Geometric Cross Section of Slope
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Tab. 6 Stability Safety Factors of Slope
H/m F, F, F3
5.0 10. 313 9.132 8.203
5.6 9.225 8.252 7.307
6.2 8. 364 7.544 6. 604
6.8 7.664 6.955 6.034
7.4 7.092 6.472 5.537
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