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ABSTRACT

Many countries are interested in the development of the Antarctic area because of the abundant resources and living things of high
research value. Korea completed the second Antarctic research station in 2014 and spurring the development of the Antarctic area by
constructing runway for the airplanes and a third Antarctic research station. However, frozen soils, unlike typical soils, are sensitive
to creep behavior due to the influence of ice and unfrozen water. The creep tests for evaluating creep behaviors on the frozen soils
require expensive laboratory equipments and large amount of time. Thus, various empirical models had been developed to describe the
unconfined compressive creep behavior of frozen soils. In this study, new analytical creep model on frozen sands was proposed by
modifying Ting's Tertiary creep model with a new parameter considering fine contents. Thus, the unconfined compressive creep tests
were conducted with the frozen specimens of dense Jumoonjin sand with fine contents of 0, 5, 10 and 15% under various loads at -5°C,
-10°C and -15°C. Consequently, the modified Tertiary creep model with a new parameter for fine contents are not enough for the
description of the acutal creep behavior of the frozen sand and new framework should be developed.
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Fig. 1. Constant-Stress Creep Test: (a) Creep Curve Variations, (b)

Basic Creep Curve, (c) True Strain Rate Versus Time
(Modified after Andersland and Ladanyi, 2004)
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g. 6. Comparison between Actual Creep Curves and Calculated Creep Curves by Tertiary Creep Model for Frozen Sand with 0% Fine
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Table 2. Summary of Parameters A and n with Regard to Fine
Contents
Fine contents (%)
0 5 10 15
A 1.89E-10 2.41E-08 3.42E-07 2.46E-05
S5°C | n 10.2603 9.0298 8.2090 7.1155
R’ 0.9998 0.9747 0.9999 0.6001
A | 332E-11 5.08E-10 1.58E-08 2.89E-07
-10°C| n 10.2603 9.0298 8.2090 7.1155
R’ 0.9903 0.9681 0.7125 0.4969
A | 547E-12 1.68E-10 8.21E-09 7.19E-08
-15°C| n 10.2603 9.0298 8.2090 7.1155
R’ 0.9771 0.9952 0.8566 0.9052
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S YeRfo] Fig. 8& E3l Eq. (19)8} &

n= —0.2051¢+ 10.192 (19)
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o F71MF oz = Pt

Table 3. Parameters Band p with Regard to Fine Contents

B 3.73292E-07 s
0 R’=0.9999
P -4.71005
B 4.71255E-05 s
Fine 5 R*=0.9995
P -4.71005
coments B 6.70075E-04
%) 10 : R’=0.9994
P -4.71005
B 4.81461E-02 )
15 R*=0.9989
P -4.71005
0.12 —
| | Fine contents - B
Trend line
o 008 — B = 1.306E-07e" &5+
£
E
2 |
&
8
g
'E 004 —
0 . ‘ » ‘ ; l
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Fig. 10. Parameter Bwith Regard to Fine Contents
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Table 4. Summary of Parameters for the Calculation of the o,

Fine contents (%)
Parameters
0 5 10 15
n 10.260296 | 9.029769 8.209031 7.1155
P -4.710054 | -4.710054 | -4.710054 | -4.710054
—p/n 0.4590564 | 0.521614 0.573765 0.661943
@ 2.9923443 3.4744 3.93511 4.857263
g8 -0.083276 -0.09462 -0.10409 -0.12008

Table 5. Summary of o, with regard to Temperature and Fine

Contents
Fine contents Temperature (°C)
(%) 5 10 15
0 5.65 7.77 9.36
o, 5 4.19 6.02 743
(MPa) 10 3.50 5.21 6.57
15 2.33 3.68 4.81

Egs. (11) and (20)< 3l =9} Mg gl
F45p7] 913 Eq. Q1)& 9K < 9lom, Table 4= 0,2 4FHEP]
et AFES AEE iR e Folok

2 5 =2
— 0. =

0,= aexp(B¢) 0" [MPa] @n

A71A, o= AR TR %), 05 2%(°0), pe} n Figs.
7 and 95 B3 AAF= A a9t fE 22 Egs. (22) and
(23)0.2 A% & 9tk

a=(1.306 < 1077) V" x (0.01)1/" (22)
0.8544
g= - (23)

Table 45 53 2t AIHE ol 2o W o FS
Age 5= glom, o]Z Table 5o Aelste] YeRHSITH

Eq. 21)& 53] BAE o, (reference stress)S E34] S|
71 218517] $J8) Tertiary creep model] A5 €,, ¢, €, 7
$¥)(0, /0, )2}e] TAE ARSI

Fig. 112 2P 0.2 FE= A A Ajst | 2424e] 53,
0, W S0, /0,)9h H2BE(e,, )] TAIE Lk
Tzolt BE AR dlelelE & ez mAEIoH, olF
53] Eq. (24)9} 2 BAE Y533k

T - 2
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Fig. 11. Relationship between Stress Ratio and Minimum Strain
Rate on Frozen Sand with Various Fine Contents

o o, |7 . -
€,=001l—| , r*=0.71[min" '] (24)

HA2AYE S AR, )T A2 Ale) HEE E(e,)
o) WA EE HIMPE H5(e,)% B PHoE Sy
7} Al5e] YA S5 217} Egs. (14) and (15)9] Fej2 =25}
glon], o5 Egs. (25) and (26)9] FERASICE

®

—4.498
t,= 555.62( ) . P=0.71 (25)

1
O

0

€= 0.6266Xp(—04886)< ) , ?=0.81 (26)

c

A} Ale] WEE &5(c)e) AS, HlofE] AT s
Az epd Za 3R] TR dbsie] At 18
W] WEER ARaIGly] Yol FAT7re] AA9)xo] wa}
ARk diEgke] 2 Al wsigic) AAHS el M
ExS miksl) 18k A9, olefet WA} 13} el A% S4|
A v Hr] 9AE] TE ABS YER - 9l7] wjio]
Elole] EARgo Ak Al HEEe] 931F Zol7] 9J8h 3714
o1 977} "ast Ao ATkAL) s, FE= ARETE
Aol whedsl) $1a A 2H Aol Zel= i) ube
=25} ZEjEr} B AE, o) el 3%} Ze)Eh AlRbee
ARde] mjoto] Zesime ofefsh WA} 4 Agols 2 PR
FA) 9o ow gkt
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