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Experimental Assessment and Specimen Height Effect
in Frost Heave Testing Apparatus
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ABSTRACT : Frost heave is one of the representative engineering characteristics in cold regions. In South Korea, which is located
in seasonal frost area, structural damage caused by frost heave and thaw happens and the need for research on the frost heave is
increasing. In this paper, newly developed transparent temperature-controllable cell is used to focus on the frost heave. Frost
susceptible artificial soil is used to analyze water intake rate which is one of the important factors in frost susceptibility criteria.
Frost heave rate and water intake rate have similar behavior after heave by freezing of pore water converges. O-ring installed in
the upper pedestal to measure water intake rate generates side friction between the inner wall of the freezing cell and O-ring, thereby
hindering frost heave. Therefore, the frost susceptibility criteria using the water intake rate is not reliable. It is appropriate to use
frost heave rate which has similar behavior with water intake rate. Frost heave tests were performed under two different specimen
heights. Overburden pressure, temperature gradient and dry unit weight were set under similar state. Based on laboratory testing
results, frost heave is independent on the specimen height.

Keywords : Frost heave, Frost susceptibility, Transparent temperature-controllable cell, Frost heave rate, Specimen height
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Fig. 1. Testing apparatus including the transparent temperature—controllable cell (Jin et al., 2019)

Table 1. Characteristics and freezing method using the transparent temperature—controllable cell

Inner diameter of mold Material of mold

Freezing type

Freezing direction Drainage condition

100.00 mm Acrylic double tube system

Unidirectional freezing

Bottom — Top Drained

68 >> Experimental Assessment and Specimen Height Effect in Frost Heave Testing Apparatus



Ol
o
N2
=

mwor

WHEE =F(Jin et al., 2019)2] A

3o djal) wrt AAsk

Q- ZE Hartificial soil)2 FEIFEZALL} 7F&ELIo]|E

E THHIE 9:19] v &2

o] o
IR—

ERES HolX

100

Jo] 3

Z33E 502, Fig 29F 22 ¢
™, 10.00%2] AHEL 385l &
At} Table 20| UERH B}9} Zho|

FARFHUSCS)o] oJ3) AELS T3

Z712 Table 3] Uepd Hie} gt

FS =0] 100.00mm, AZXHSEF 16.00

SR} 3l o, AlA= l'=0] 102.98mm,

15.86kN/m’ 9] A|&7} ZH|E]91 23} & &

—~

g

[ 80+

>

I

S

[

S 60-

Q

>

£

& 404

3

Q

[

2

Al

3 201

S

g

3
0 - — - —
1E-3 0.01 0.1 1 10

grain size (mm)

Fig. 2. Grain size distribution curve of artificial soil

Table 2. Engineering properties of Joomunjin standard sand

AN A |
S Fig. 33} 2k, AR el sgo] AAg WIS 4
Z|(LVDT)2EE| dojx|= =AM Fig. 30]|A] total heave),
FURE o] 2 ATl L 2 20 o

Hu s 2 Fig. 3|4 heave by water intake), “12]3l
Pl 5 0] O3 AL 8 e 0l

Fu] 9 2(Fig. 3¢|4] heave by pore water)o|tt. 9] gk
7195 B0l olat Halwae gz ojy
2 2714l HZo]| FHQaditl o7} Aoz Ao

Qo YR L% maujele 4hsh Hd At
= =4 AX|(thermocouple) ZHE] 24 H =S
o7 A o235} 2= 9tk et al, 2019). uwla}
g 49t e Am YR 2E Z2adS A& ¢ e

-0
o, o] A|79] 54 Zo|(frozen depth)= 90.50mmezt= %

l

mE

o fﬂ%‘

o

=

oo lo
rfo oﬁ‘. e

im&m&i&ﬁm]nﬁ@um{n

LRl

—
N

20

—— total heave

- - — heave by water intake

------------- heave by pore water

15

o~
g
&
A
§ s i N
S 10 mem T
g =
< i
g %
'] 7
(3 /
< 54 I

4

!
0 . T - T - T T )
0 20 40 60 80

time (hr)

Fig. 3. Laboratory frost heave testing results including water intake
(Jin et al., 2019)
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Uniformity coefficient, C,

Coefticient of curvature, C. | Specific gravity, Gs USCS

0.25

0.39

0.48

1.92

1.27 2.62 SM

Table 3. Boundary conditions for frost heave test (Jin et al., 2019)

Temperature (C)

Specimen height Dry unit weight, ~, )
3 Measured . O-ring
(mm) (KN/m”) Setting periphery
Top Bottom
102.98 15.86 2.7 -9.5 1.0 (¢}
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Table 4. Calculated and measured heave by pore water (Jin et

al., 2019)
Heave by pore water (mm) Error
Calculated value Experimental value (%)
2.74 2.96 7.81
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E 80
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Fig. 4. Temperature profile of the tested artificial soil
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(d) Estimated and extrapolated heave rates by water intake

Fig. 5. Decision process for thermal equilibrium and heave rate

(a) Photo of test method

259 —— 1 mm/min

- - - 2.5 mm/min

20

—-=- 7.5 mm/min
10 mm/min

Load (kPa)

Displacement (mm)

(b) Measurement of side friction

Fig. 6. Measurement of side friction without soil

Table 5. Boundary conditions for frost heave test without O-ring

Temperature (C)

Specimen height Dry unit weight, ~,

5 Measured . . O-ring
(mm) (KN/m”) Setting periphery
Top Bottom
104.22 15.67 2.7 -9.0 1.0 X
T AR 16A7E2 2, o] AJxefA] O-ringo] 2 AES Sl Aol O-ringoll o8 Ashe= A =
-] BT 47.33x10 mm/s, O-ring©] Q= 7§j{18.25X QUek = Qgiet whebA TR B 7S Slsl ARS
107 mnys) ot 1L o oF 2.6 TG WchFig. Tb). 3L 9l B FUSES FoP] Y18AE O-ringS A3
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Table 6. Engineering properties of Halden soil

100.00mm, 30.00mm =0]Q] AXAEE AX =
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= 27T, M 20.8C)9} 0.255C/mm(AHE-2= 0.7°C,
SHE2E -6.70)2 2EHlE FAAZIE F2 30l (frozen
depth)= 7 oH7 e 2go] AAH 2= 2% 4 (ther-
mocouple) 2HE| S 255 YAHORE AFsto] ALt
3t o m(Jin et al., 2019), SFEZHE 72127 86.69mm(Z 7]
AlR0] 88.49%) I 26.32mm(Z7] A]E2] 90.54%)7H7] &
= SATTable 7). A|7koll T2 BT Fig 9ask 20| 1}
eRdeh R4 9 WA 518814 9] 91 O-ringS
AAF7] W] SARPYERS AR S Ea YA o
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ofy
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Uniformity coeftficient, C,

Coefficient of curvature, C. | Specific gravity, Gs USCS
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Table 7. Boundary conditions for frost heave test of Halden silt

Temperature (C) b i weigh
Initial height | Temperature gradient ry unit weight, 7, Frozen depth
b (mm) (C/mm) Measured Temperature (kN (mm)
Top Bottom conditioning
H-1 97.94 0.240 2.7 -20.8 3.0 14.75 86.69
H-2 29.07 0.255 0.7 -6.7 0.9 14.91 26.32
40
——H-1
............. H-2
30
T
&
13
3 201
£
©
[
3
& 104
0 T T T 1
0 20 40 60 80
time (hr)
(a) Frost heave curves of Halden silt for H—1 and H-2 (b) Photos after freezing test
Fig. 9. Frost heave testing results with different specimen heights
4.3 03 5 &8 E
FHELE olop] & wf F/dH](frost heave ratio, &)z}
£ 7hde] AgE glon] At efAloel i Eq. ()9 = =2elis Al dE w9 2eAoE A2 2
Zro] AolE|T QIthIGS 0172, 2003; GOST 28622, 2012). &3l 719 Aol AR = e AR 24k
Aol Bk AT Sustgnh B9 AYY 0xE A
Frost heave ratio(£) 3 F A mZ7|ete AARAC] A A Y
_ frost heave amount @ orerstazl o, ot g2 AEE =&
initial specimen height (or frozen depth)
(1) 7ol Mzg AFEFE 245 /dAIHE 38
Aike sdulE el 7] AR Eolu 2 Hol(frozen 5193 11 ATt SAMEHAY ek total heave)T}t & 29l
depth)2}= Aglo] Az 2] 7|0 whe} =4 BEES 9J3t Hu|s 2 heave by water intake)S Z|HZ o7 o
CHTable 8). &, 5UF A|RYoE B35l ANAHES 2 4 3Tk BAAE Ao AlFAS ERE] ¢
Bl fojzl T Ad e g YEZlel 54 1 A= Ao AR EL AR 9] A3 F|T Agk] A

B WAL el Alze) Z7)0] i
A Alawofof ek,

Aot e

Table 8. Frost heave ratio (&)

2E 2% =% AX|(thermocouple) 2HE| ZAHF &0
£ dAMer ddsto] 54 sl o7t Fu=A)

(heave by pore water)-2 AAFSIAL, o|FA AAe A3}

Frost heave ratio (&)
No. Initial height Frozen depth Final frost heave amount frost heave amount frost heave amount
(mm) (mm) (mm, t=72hr) initial specimen height frozen depth
(JGS 0172, 2003) (GOST 28622, 2012)
H-1 97.94 86.69 32.55 0.332 0.376
H-2 29.07 26.32 32.80 1.128 1.247
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