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Frost Heave Force of Ground and Countermeasure for Damage of Structures
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Abstract

Frost action may cause extensive damage to building, structures, roads, railways and utility lines in seasonal frost.
The research about frost heave of natural ground has been considerably performed. In late years various structures have
become complicated with the development of social infrastructure maintenance. Therefore countermeasure to frost heave
becomes a matter of great importance from a new viewpoint. This study was aimed at catching natural ground frost
heaving force quantitatively. Frost heaving forces on circular steel plates which were set on ground surface were measured
in field test. The frost heaving forces arise at freezing front propagates to the structures through frozen soil layer. Besides,
a full scale model of multi-anchored retaining wall was installed in field, and the freezing lines, frost heave pressure
to act on a wall block, and so on were measured. Finally, the position and shape of frost line were estimated by using

numerical simulation and a method to determine replacement range was suggested with soil properties and weather data.
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Fig. 1. Location map of the study sites
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Fig. 2. Schematic diagram of field test installation

Table 1. Soil properties

Type soil Clay Volcanic ash

Density of solid particle (g/cm?) 2.59 2.51

Gravel (%) 5.80 13.9

Sand (%) 57.0 63.9

Particle Silt (%) 27.5 18.2
size ”

distribution Clay (%) 9.70 40

Cu 43.4 21.1

Cc 1.74 1.37

. pamax (0/cm’) 29.4 29.8

Compaction

Wopt (%) 1.31 1.15

Frost .heave Frost heave ratio 1.3 082
experiment (%)
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Fig. 3. Transmission mechanism of frost heave force
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Fig. 4. Calculation method of freezing index

= 80 L ' | | 1 ¢ 16 E
X F —— Frost heaVe amount ! ! ' E o
$ 6o Frost fieaye force™ "~ 7~ 25, et 4-mmm - 12 €
2
8 t | g
4 WE---- N - A N 8 w«
© @
£ 2
5 O0F T i 4 2
i . E;
0 $ b 2
1
— - Mean air ¢ u.A
R | ! 0 8
"
2r ; o 85
D i + © E
T 60 ’ ! s g
2 r 1 1 i 1 =
2.0 ! ' : ! : 40FE
B ] | 1 1 ]
-100 } $ : + } -20

2001/11/11  2001/12/1  2002/111 2002/2/1  2002/3/11  2002/4/1 2002/5/1

Fig. 5. Test observations, 2001-2002

= 100 T T T 14
x ! ! ' .
hd , ) 112 £
5 80p--rmme—— L e =
£ L
4 B 410 =
s 5
£ 80f--- A ds 8
] , ©
[} B ) E Py
Lod
w 1 ] >
] L e LT ST LR ¢ 3
T | ' 1 <
s T i i i 4 @
£ 2b-----n-- beee B A _Frostdepth . 1 w
a 1 ~+@-— Frost heave force 2
% N : +.— Frost hq'ave amount
3 : : : -
g0 } f f 0
400 600 800 1000 1200

Freezing index (°C.days)

Fig. 6. Relationship between freezing index and frost depth, frost
heave force

$Awe) Zolo| jstel AAHAo] 27| ol 2&

shi nharele] apo] vehidtha F28ckh o7]o) A

2173 20cme} 40cme) ghe =S WAL FAY
Q Q)

& 9 A& B2 150kPa FEQ] A
o[t HolHe FUTHAHA;NA

filo

o

A
T

}
=
A8 A

B

e



Table 2. Measurement result (1994 ~ 2002}

Date Freezing index Frost depth Frost heave amount Frost heave force (¢10) Frost heave pressure (kPa)
('C-days) (cm) {em) {kN) $10 $20 $40
1994 714.6 73.7 5.1 24.1 376 105 49
1995 663.5 73.5 7.6 54.8 191 88 134
1996 7145 74.6 5.6 37.5 145 76 98
1997 688.2 83.0 9.3 57.6 159 119 142
1998 738.8 75.2 10.1 65.7 199 1N 159
1999 798.4 80.5 6.5 63.1 143 152 190
2000 1001.4 90.2 6.1 85.5 730 216 151
2001 654.9 67.5 11.8 56.2 248 166 232
2002 947.3 88.5 10.2 63.1 448 303 182
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