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Soil-water characteristic curve model for undisturbed loess during humidification
JIN Songli' , XING Yichuan' ,ZHANG Aijun® ,CAI Hong' , SONG Jianzheng' , SUN Liming'
(1. China Institute o f Water Resources and Hydro-power Research s Beijing 100048, China;

2. College o f Water Resources & Architectural Engineering s Northwest A& F University ,Yangling 712100,China)
Abstract: In the humidification process, the water retention characteristics and the humidification deformation characteristics of
original loess interact with each other. The existing soil-water characteristic curve model mainly describes the correlation
between the water-containing state and the suction force. These models cannot fully reflect the water retention characteristics
and the deformation characteristics of loess during humidification process. Therefore, the graded humidification tests were
carried out in Xinjiang undisturbed loess using consolidation apparatus. Then a soil-water characteristic curve study,
characterized by moistening level and suction was conducted. The test results showed that curve shapes of moistening level
versus suction during humidification process under vertical pressure were alike in semi-common logarithmic coordinate system,
which possessed two sections: flat section and steep drop section. The influence of vertical pressure was manifested mainly by
the difference between initial suction force and slopes in the section of steep drop. Relationship curves of moistening level and
suction under different vertical stress can be regressed as a power function. On basis of the test results, the soil-water
characteristic curve model considered by moistening level and suction was proposed. Finally, the model was applied in the other

areas of loess. The results validated the applicability of the model to compression state or unpressurized condition state of
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original loess with different initial moisture content as well as humidification process of remolded loess in compression state,

Key words: collapsible loess; soil-water characteristic curve; stepped wetting tests; humidifying level; humidifying deformation
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Tab. 1 Physical properties of loess

- M WM/ YRR RURLAL V0 FKRe kS, BRTHE/
o -

HE % % % >0.075 mm 0. 075~0. 005 mm <C0. 005 mm % (g+cm?®)
PRFRE 1 2.72 29.2 19 10. 2 76. 42 23 6.6 1.21
ARG L 2 2,72 29, 2 19 10. 2 76. 42 23 6.5 1.45
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Tab. 2 Humidification test data of # 1 loess in Xinjiang

B S /kPa R EKE/ 2% FRASTE R %K THE/ (g cm®)  WAIEIKE/% ok W)/ kPa
50 6.5 0 1.23 44.6 0 224.4
50 10.8 0. 022 1.26 42.7 0.12 172.6
50 13.9 0. 029 1.27 42.1 0.21 128.1
50 17. 2 0. 031 1. 27 42.0 0. 30 88.6
50 20.0 0. 032 1.27 41.9 0. 38 55.4
50 22.6 0. 032 1.27 41.9 0.45 41.5
50 26.1 0. 032 127 41.9 0.55 20.7
50 28.6 0. 032 1.27 41.9 0. 62 13.1
200 5.8 0 1.27 41.7 0 244.2
200 9.9 0. 027 1.31 39.5 0.12 210.2
200 13.3 0. 036 1.32 38.8 0.23 169. 6
200 17. 6 0. 045 1. 34 38.0 0. 37 110. 2
200 21.6 0. 053 1.35 37.3 0.50 71.7
200 25.0 0. 065 1.37 36.4 0.63 25.9
200 28.5 0. 074 1.38 35.6 0.76 30.9
200 31.9 0. 075 1.38 35.5 0.88 10.0
400 5.7 0 144 32.5 0 250.5
400 9.7 0. 038 1.51 29.4 0.17 189. 9
400 14.3 0. 064 1. 56 27.3 0. 40 160. 7
400 18.9 0. 077 1.59 26.2 0. 65 96. 4
400 23.0 0. 098 1.63 24.4 0. 92 38.2
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Tab. 3 Humidification test data of # 2 loess in Xinjiang
B 0] )i /1 /kPa B EKE/ % BRIE R A THIEE/ (g s em™®) MRE KR/ % AR W 41 /kPa
50 6.5 0 1.45 32.1 0 188. 4
50 9.9 0. 005 1. 46 31.7 0.13 185.2
50 12.3 0.015 1. 47 311 0.24 133.2
50 15.5 0.016 1. 48 30.9 0. 37 105. 6
50 18.6 0.018 1.48 30.8 0.5 71.7
50 21.5 0.02 1. 48 30. 7 0.62 55.8
50 24.7 0.021 1.48 30. 6 0.75 33.5
50 27.5 0.023 1.49 30.5 0. 88 14. 6
50 30.1 0. 024 1. 49 30. 4 0. 99 0.1
200 6.5 0 1. 48 30.9 0 198. 6
200 10. 4 0. 005 1. 49 30. 5 0. 16 185.7
200 14.1 0. 008 1. 49 30. 3 0.32 130. 8
200 16. 6 0. 008 1. 49 30. 3 0.42 110. 6
200 19.5 0.01 1. 49 30.2 0. 55 80. 7
200 23.0 0.013 1. 50 30.0 0.70 50. 6
200 26. 4 0.018 1.51 29.6 0. 86 24.2
200 29.3 0.021 1.51 29. 4 0.99 0.3
400 6.5 0 1.52 29.2 0 201.9
400 8.7 0.011 1.53 28.5 0.1 180. 6
400 11.3 0.017 1. 54 28.1 0.22 160. 4
400 14. 2 0.02 1. 55 27.9 0. 36 135.4
400 17.2 0.02 1.55 27.8 0.5 105. 3
400 19.6 0. 031 1.57 27.1 0. 64 80. 2
400 22.9 0. 036 1.58 26.7 0. 81 48. 5
400 26.5 0. 04 1.58 26.5 1. 00 0.1
600 6.5 0 1.52 28.9 0 201. 6
600 9.7 0.028 1.57 27.0 0. 16 197.7
600 13.2 0. 044 1.6 25.9 0. 35 160. 8
600 16. 6 0.048 1.6 25.6 0.53 120. 5
600 19. 2 0. 059 1. 62 24.9 0. 69 86. 4
600 21.9 0.062 1. 63 24.7 0. 85 61.7
600 24.5 0. 065 1. 63 24,4 1. 00 0.3
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Fig. 2 Soil water characteristic curve of loess in Xinjiang region
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Tab. 4 Parameters of soil water characteristic curve

model for loess in Xinjiang

RG] RS/ kPa BIRISE S, BRIBE e HIKRREL
50 224. 4 0.37 0. 99
Hram R 1 1 200 244. 2 0. 60 0.98
400 250. 0 1. 20 0.97
50 188.4 0. 80 0.98
200 198. 6 0. 95 0.98
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LSS 400 201. 9 1.10 0. 99
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Fig. 3 Comparison of calculated and measured values of moistening level
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Fig. 4 Soil water characteristic curve of original

loess in Yangling
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Tab. 5 Parameters of soil water characteristic

curve model for loess in Yangling
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Fig. 5 Soil water characteristic curve of original loess in Zichang
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Tab. 6 Parameters of soil water characteristic curve
model for loess in Zichang

TR BEET)/kPa BIRBEL S, HRISHn MR
e 400 80 0.50 0.97
FRERRE 600 110 0. 65 0.98
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Fig. 6 Soil water characteristic curve of remolded loess in Xi'an
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Tab. 7 Parameters of soil water characteristic curve model for

remolded loess in Xi'an

RG] RS /kPa BRISES, BORSH e MR
50 80 0. 68 0.98
VU TR+ 100 100 0.70 0. 99
200 140 0.72 0. 98
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