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Abstract: The freezing characteristics of pore water is the basis for studying the moisture and heat transfer and frost heave of
frozen roadbeds. Based on the nuclear magnetic resonance (NMR) technology, the effects of the fine-grained soil type, the
fine-grained soil content and the maximum particle size on the freezing characteristics of graded soils are analyzed. The results
show that the pore structure of the graded soils is highly related to the fine-grained soil type and content, and the pore
distribution of the soil samples gradually changes from single peak to bimodal one as the clay content decreases. The influences
of the maximum particle size on SFCC of the graded soils are relatively small, and the type and content of the fine particles are
the important factors to control the unfrozen water content. The freezing of pore water gradually develops from large pores to
small ones, while it is the opposite during thawing, and there is an obvious hysteresis between the freezing and thawing
processes. After a freeze-thaw cycle, the pore structure of the soils changes slightly, the small and medium pores decrease and

the large pores increase.
Key words: graded soil; nuclear magnetic resonance; freeze-thaw cycle; freezing characteristic curve; unfrozen water content;

pore structure
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Fig. 1 Grain-size distribution curves of particles
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Fig. 2 7> time distribution curves of samples with different clay

contents
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Fig. 3 T» time distribution curves of samples with different
fine-grained soil types
B 3065 B T AN R AiAE = SR AR 5 1 7 73 A7
2. MIP 3 WAL, CL A SC ¥ B 2 ) Bl FLER &5
1, SC MIFLBAHN AR 4k L5 #E IR 60%
i, CL60 PR BAHZE /LR, LARB KON T,

1M SC60 HAEETE Z 1 H 7K. 1X i B 4RRL 28 A %)
e L R FLBR 548 FOK A T X B A B2 . &
4 JETR T RS B 2 15 mm e EAER T4
ik . HEA%, CL15-G Al CL15 (LB &5 fy %= 57
ARXT LN, $ LUK FLBR A 3 o 3X & B F CL15-G AT CL15
AR gnR & AR AL, R0 il 2R 1 R R 5
DA AN S KR ZEAR K. fE BRI T, kiR
Xof AL B ) R AR XN

801

. ——CL15
\ ——CL15-G
60} :
% i
|
o 4ol |
ﬂ 1
§ |
20| |

0 :

103 107210°! 10° 10' 102 10° 10* 10°
% ] S TR B B 7/ ms

4 NERARAZRAER 7> EE 2%k

Fig. 4 T» time distribution curves of samples with different

maximum particle sizes
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Fig. 5 Relationship between unfrozen water content and

temperature in fine-grained soils
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Fig. 6 SFCCs of graded soil samples with different fine-grained

soil types
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Fig. 7 SFCCs of graded soil samples with different fine-grained

soil contents
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Fig. 8 SFCCs of graded soil samples with different maximum

particle sizes
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Fig. 9 T» time distribution curves of soil samples with different

clay contents during freeze-thaw
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