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1. Displacement sensor 2. 5TM water content sensor 3. Retractable
plexi-glass soil sample container 4. pF meter matric potential sensor 5. Water
supply pipe
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Fig.l1 Apparatus of one-dimension freezing test and
miniaturized matric potential sensor
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1 ARRRRLMEIRAE 2. MRAEEAR 3. 5TM LBOKMLESE 4. pF meter
EAALERGE 5 DERHH 6. BUERREM 7. FPIRSUE S ARG

1. Controllable freezing-thawing cycle box 2. Displacement sensor 3. 5TM
water content sensor 4. pF meter matric potential sensor 5. Mariotte bottle 6.
Data collection instrument 7. Modified soil sample container

A2 #ai4RkrER

Fig.2 Schematic of one-dimensional freezing experiment
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H: 2~16cm BRI FEmEE.
Note: 2-16 cm refers to height of soil sample.
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Fig.3 Temperature distribution during freezing of soil sample
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Fig.4 Dynamic changein freezing front position
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Fig.5 Liquidwater content of soil samplein different times
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Fig.6 Soil water content before and after experiment
and cryostructure after experiment
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Fig.7 Variation of frozen heave displacement and
water supply cumulant with time
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A8 TiRAZTAEFERYHTIA
Fig.8 Variation of matric potential during freezing
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ARG .

Note: (a) In situ freezing zone; (b) Fibrous structural zone; (c) Lamellar
structural zone; (d) Unfrozen zone; Left figure is photo of soil sample
cryostructure; Right figure is segregation ice distribution after binarization
processing for |eft photo.

B9 Hi)ksiRih/E LAk A A M
Fig.9 Soil sample cryostructure after one-dimensional
freezing experiment
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Note: 10-16 cm refersto the height of soil sample.
B 10 #%2R kg3 yRAE.
ASAE. BRI E
Fig.10 Variation of temperature, liquid water content and matric
potential in frozen region during soil freezing
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Note: T is temperature, Tsis segregation temperature, To is initia freezing
temperature, s is segregation potential, H is the height of soil sample.

B 11 AL%MiE kiR
Fig.11 Schematic of soil near frozen fringe
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Relationship between matric potential, moisture migration and frost
heave in freezing process of soil

Xue Ke'?, Wen zhi'*, Zhang Mingli®, Li Desheng'?, Gao Qiang'?
(1. Sate Key Laboratory of Frozen Soil Engineering, Northwest Institute of Eco-Environmental and Resources, Chinese
Academy of Sciences, Lanzhou 730000, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. College of Civil Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: The moisture migration from unfrozen region to freezing front is the main factor that causes frost heave during soil
freezing, it is generally believed that the energy difference between two positions in soil drives the liquid water migrate to
frozen region and leads water redistribution when soil freezing. However, limited by technical means, the matric potential
measurement in frozen soil is still an open problem. In this study, the relationship between matric potential, soil water content
and frost heave was investigated by using the newly introduced pF meter matric potential sensor and the 5TM water content
sensor that could liquid water content and matric potential in one-dimension saturated soil freezing. The results showed the
temperature field change caused the change of the liquid pore water phase into the ice, led the destruction of the initial energy
equilibrium in different position of the soil sample, and then caused the liquid water migrated from high potential area to a
relatively low potential area. During the freezing experiment, we found that the 16-cm depth of the soil sample began to freeze
when the experiment had been conducted for 4 hours, and the freezing was from top to deep soil. When the experiment had
been conducted for 4 hours, the freezing arrived at 10-cm depth of the soil sample, and the frozen depth kept unchanged. After
the experiment, the water content in 10-14 cm of the soil sample could reach as high as about 55%, and at the 6 cm soil sample
height, the liquid water content in the unfrozen region reduced to 25.8%, which supported the moisture movement upwards to
the upper part of the soil sample. The frost heave process of saturated soil could be divided into 3 stages: 1) In 0-4 h, the frost
heave amount was smaller; 2) In 4-60 h, the frost heave amount increased rapidly and the segregation ice began to grow, the
moisture migration process were active; 3) The growth of segregation ice tended to stabilize and the liquid water stopped
migrating to the freezing front; Similarly, the soil matric potential would have response to the change of the liquid water
content and the moisture migration during the freezing process. In the early stage of freezing, the liquid water content in frozen
region decreased, and the soil matric potential below the freezing front lasted for 0. When the freezing had been conducted for
20 h, the soil matric potential near the upper cooling plate reached about -1 000 kPa, and the soil matric potentia in 14, 12, 10
cm of the soil samples was -55, —47.5, —30.2 kPa, respectively. When the freezing rate slowed down and the segregation ice
began to grow, the liquid water tended to migrate upward, meanwhile, the soil matric potential below the freezing front
decreased continuously, which were due to the liquid water migration from the unfrozen region to the frozen region. Results
supported the moisture migration required 2 conditions: the matric potential difference between 2 positions in soil and the
sufficient time. After the experiment, the distribution of the water content in the soil was consistent with that of the segregation
ice lens. In the frozen region, the liquid water content was approximately linear with the temperature gradient, and in unfrozen
region, the liquid water content was related to the amount of migrated moisture, but not related to the temperature gradient. The
results provide an experimental basis for understanding frost heave mechanism and the establishment of frost heave model.
Keywords: soils; freezing; water content; temperature; frozen heave; segregation ice; matric potential; pF meter



