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Frost Heaving Pressure and Physical Characteristics of the Railway

Roadbed Materials
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Abstract

The frost heaving pressure can be a problem for weakening of the railway roadbed material. This study was initiated
to investigate the soils frost heaving pressure and physical characteristics(Liquid limit, permeability, SEM analysis)
resulting from freezing and freezing-thawing cycle process. Therefore, upon freezing a saturated soil in a closed-system
from the top, a considerable pressure was developed. Weathered granite soils, sandy soil were used in the laboratory
freezing test which sometimes subjected to thermal gradients under closed-systems. The frost heaving pressure arising
within the soil samples and the temperature of the samples inside were monitored with elapsed time. The degree of
saturation versus heaving pressure curve is also presented for weathered granite soil and the maximum pressure is
closely related to this curve. Based on the laboratory test results, fine-grained soils with strong attractive forces
between soil grains and water molecules, and additional water is attracted into the pores leading to further volume

changes and ice segregation.

Keywords : Closed System(#]418), Degree of Saturation(3¥3}1), Frost Heaving Pressure(E43%4<h), Railway

Roadbed Materials(E = =HFA5)
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Table 1. Physical properties of soil
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Al g, @, (%) 16.5 17.2
v, G, 2.66 2.65
LL(%) / PI 31.9 / NP -/ NP
¥ d max (M) 1.89 1.95
@ opt (%) 12.4 11.1
FA, kicm/sec) 2.0x 1078 2.1x 1074
No. 2003 E32K%) 313 7.8
USCS SM SP
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Fig. 1. Schematic diagram of apparatus
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Fig. 2. Variation of frost heaving pressure with elapsed time and
phase down temperature

Table 2. Variation of frost heaving pressures of soil with elapsed time

2A) 28 B (T 3G %‘fﬂ_*lxé %*&ﬂ%f\lﬂ HAs 3389t
7FA12) Al 7Kmin) (min) (kg/cm?)
-5 > —10 — —15 — —19 400 780 3.574
—10 — —15 — —19 180 540 3.526
J}3L 3
KRS -15 - —19 130 320 3.471
-19 70 230 3.624
=5 — —10 — 15 — —19 70 320 0.363
[ 10 — —15 — —19 50 200 0.408
—15 - —19 45 140 0.403
-19 40 110 0.412
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Fig. 3. Comparison of frost heaving pressure for Incheon soils vs
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Fig. 4. Variation of frost heaving pressure as degree of satu-
ration( Weathered granite soil)
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Fig. 5. Relationship between liquid limit and number of freeze-
thaw cycles(Weathered granite soil)
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Table 3. Increasing of coefficient of permeability as freeze-thaw

cycles
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23}, J_Ei}_‘.:. 90%<} 100%<Y
el 21 24 s, 15 23

352 o vk 3 A5G4S A, FEEAA
S A }o 17kg/em’ 2 VERG 11, BAG3) HHE-g
A~ A0

T 13]oll M Zag0] 18%§A1 7};4 = UL@%% JERY

L Yo
o
iR
N
2L
—U
BN
]
N,
)
-0l
=)
Y
2
o °
ol
8
Hm
<
i,
=

9 3712 wBA ¥ 2
T M P
& B4l AY A iE357) 58] ol e 2o
ARG WRAY A 27gel A HAFHEE S4TH,
g4 &e 1724 AR Z7hekE Aoz vshgh ol

i rlr

FAG Wl e BU4e) Fel L 2GF Fo] ¥
B¥lo] 58] AYYE A2AA Frael ZAEE Ao
2 Alzdr.

ga2g

1. Hoekstra, P., Chamberlain, E. and Frate, A.(1965), “Frost hea-
ving pressures”, Cold Region Research Engineering Laboratory,
Report 176.

2. Aoyama, K., Ogwa, S., and Fukuda, M.(1985), “Temperature
dependencies of mechanical properties of soils subjected to
freezing and thawing”, The 4th International Symposium on
Ground Freezing, pp.217-222.

3. Yong, R. N. and Warkentin, B. P.(1975), Soil Properties and
Behaviour, Elsevier Scientific Publishing Company, pp.383-419.

4. Konrad, J. M.(1989), “Physical Processes during Freeze-Thaw
Cycles in Clayey Silts”, Cold Region Sciences Technology I6,
pp-291-303.

5. Chamberlain, E. J. and Gow, A.(1979), Effect of freezing and
thawing on the permeability and structure of soils, Engineering
Geology, Vol.13, pp.73-92.

6. ANl ;<J HDH_,A(ZO(B) O@Eg} %/E}ngl—cg— E/Hoﬂ 45} /;_]
| ﬁ?”, FZA T3] =517, A998 235, pp.65-74.



