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Rationality of frost susceptibility of soils
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Abstract: The frost heave and thaw weakening are the critical issues for the infrastructures in cold regions. How to reasonably
assess the frost susceptibility of soils has been a hotspot in cold-region geotechnics. The frost susceptibility has been studied for
about one hundred years since Casagrande (1931) proposed fine content as a main index to evaluate the frost susceptibility of
soils. In most cases, the frost characteristics defined by fines content are clear and very simple, and work well in guiding the
engineering construction in cold regions. However, the recent studies show that: (1) The frost heave occurs frequently in the
subgrade which is designed and constructed absolutely according to the existing frost susceptibility criteria. (2) The current
frost susceptibility criteria vary greatly in different countries and regions with different accuracies. (3) The vapour flow can lead
to considerable frost heave in coarse-grained soils, which is not considered in the existing frost susceptibility. The above issues
challenge the existing frost susceptibility. It is worth to analyze whether the concept of frost susceptibility is reasonable or not
as well as its evaluation system. This study tries to analyze the advantages and disadvantages of the existing frost susceptibility
criteria. The main findings are: (1) The reliability of the existing frost susceptibility is generally low, within the range of 50% to
80%. (2) The existing frost susceptibility criteria are not suitable to the case that the frost heave in coarse-grained soils is caused
by vapour transfer. The freezing environmental factors should be considered in defining the frost susceptibility. (3) The existing
frost susceptibility may be suitable to indicate the thaw weakening property of soils. The outcome of this study is helpful to

replenishing the classification of frost susceptibility criteria. It would be of great significance to frost disaster prevention in cold

regions. -
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Table 1 Four levels of classification of frost susceptibility
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Fig. 1 Predicted results of classification of frost susceptibility of 58 samples (The Chinese and English labels represent the countries and

the foreign scholars, respectively)
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Fig. 2 Reliability of frost susceptibility criteria
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Table 2 Design of water-supply frost heave test schemes
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Fig. 3 Schematic diagram of frost instrument
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Table 3 Test conditions of freeze-thaw
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Table 4 Test conditions of vapour-supply frost heave
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2 PR IK ARG 2 BT 5E AR R K A 1 1 — 4
RAK IR, W TR A B Ja 1k DA R P 85 TR R0 R

RS, QAL WIAR S KR TRES TR AT
KA, AR — e IR IR R B . 72
ANFZRALRIRE ARSI R i 3 A
fEZE S, (HAER— ARG, R RS AR L 7
SRR, PRlae 5 R RAT U Ay T OB B
B2 IR IKE RIS, FEIEN] KT AR+
VRIS, O9EVRIKBLR SEWT R, AR AT el R B
VRE T AT, RBP4
3.2 WIEMH

AU A 1% P S R ) O R AN AR R
BURBIERRL, A L KPR BRERER I
A HIFORATARRS -, 450 7 ZRE R 2 A IR
BRI S AL, 4 AP RPRAR A W& 4 PR .
12 i b TG 7 AR HERT L RRRUBIR . Bl & KA
B K5 FESE M PNE RE S HGIAT I, 45 R UR 5 P
No

=\=100‘ —e— ML

R —— KUH+

R 80F —— A4iHLK

;ﬁ —v— A%t

1= 60

&

B

Z 40}

&

w20

g

Yoo e = '
10* 10° 10% 10" 10° 10 10°

R AR /mm
4 TS oLk
Fig. 4 Grain-size distribution curves
3.3 REERS
(1) WK T LA R
K5 g5 TR A AR R IR B AR 3, R
#5120 hJa, B HEIKE A 13010 mm, FLEKE



230 "+ T OB % M

2022 4E

x5 MRS
Table 5 Physical properties of materials
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