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Experimental Study to Evaluate Thermal and Mechanical Behaviors of Frozen
Soils according to Organic Contents
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ABSTRACT

Recently, development of non-traditional energy such as oil sands has been actively conducted in the cold region such as
Canada. Frozen soil has different thermal and mechanical characteristics from general soil due to its high organic contents.
This study evaluated the impact of organic matter content on the thermal and mechanical behavior of frozen soil samples
collected from Alberta, Canada, and Gangwon Province, South Korea. As the organic content increases, the maximum dry
unit weight decreases and the optimum moisture content increases in compaction tests. In uniaxial compression tests under
frozen conditions, the strength of the frozen specimens increased as the temperature decreased. The strength of Canada
soil sample increased with higher organic matter content at low temperatures. However, the strength of frozen soil was not
significantly affected by organic matter content due to the complex behavior and unfrozen water content. Thermal
conductivity tests showed higher thermal conductivity in frozen conditions compared to unfrozen conditions, due to the higher
thermal conductivity of ice compared to water. These findings provide essential data for geotechnical design and construction
in large-scale projects such as oil sands development in cold regions. Further research is needed to explore the impact of
organic matter content on different types of frozen soils.
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1. M E

QUM E(oil sand)= HIAEHE] YFo= He, =, A
B, 93X So] 33ER HE 2tond] S UMEo|A] oF 1)
H(barrel) 7FFe] U5 AT 5= Uk A AA R
e e dMEE sHutte] dBjEl Alberta) S=9F AR
7FA] QK(Saskatchewan) F=of W= o] ¢13(Kim, 2008),
E3| AuE}RY] ofxpHlATH Athabasca) A%, ZE|o]
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FAQ LUME wig Ao, sk 2 2] YA] FERF
Tk Bz oF 8409 wljo] o] 2L gt} o qA] 4=¢ &J&
L7b w23l o] o Ak F2A SAS 7
AL Q= e oA A Ae] by A gRE Qfst
of edME i T S AAUAY] FE2 AR o
213t 9 =g 7137 2 4= JAATHKim et al., 2023),
ZWNEQ} 7|5k Aol tigh AA 9 AlF-E sliA= aiT
Ao Eoke] FahA Aol gl o= P44 o] th(Kim

et al., 2022).

Al =A0] & EAL 71X a1 @)t} Chalmers and Bustin
(2007)2 7yt BalglA] AZPH|oKBritish Columbia) 5=
o] H5 Ao Edfoll= F71= TFol Fa 0.6%00A
2] 10.1%714] EE3h HFA o 23%et3 B s}
HoH, Uno et al.(2005) AUttt s RAI A F7]=
grgol Bt 4.83%5 Hlon i 3.35%c4
6.63%°] k= M= Aerm AL, Ayt S5
A Eool §715 Tk 23~73%= B Hit A
O 2 42%Y-S R15F tMabit and Bernard, 2010). 4
W o2 Auke] Fakxiel o] BA} B 4712
&2 10% ool Auh H7HAIE ARg-sto] &0 S 7h

ok Aol A7) Rl wet 2] §7]%8o|

54 stIXMRMARESIE=EE H23P M23

2t EA47F € 4= Ath(Park and Koo, 2001). wahA] tf
e 7= el W B Aol gt olsie} o
=0, Ayttt deer X199 7|9 e AT o o
" Q1 vlsd 2700|419 Asnt ofye} 54 =19
Ao ARke] Ao gt ojsl7t atETh

EYY 7= dade S8e o, el 5 M
Z HsE A8k S0 vl A THASH ®ag o|§-st
= Zo] Yubzo|t}. National Institute of Agricultural
Sciences(2010)0l] W=H E4F Wf {7|¢k429] g H7}
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KoCr07)S E§5te] Al 7o}l 3| 71dste] ARshA]
off At ARSHA|O] o' frlka
v o|t), Walkley & Black &
Tyurin 3} fFARE 92 & ARG-SHARE 9 F9] 7FE glo]
FEA SAEAMEEY EHEE ol&sto] Akst 1
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AYAEe] &8 F FFY 7yt Al=(Canada
sample #1 2 Canada sample #2)+= 7yt e} =2
ofehutszt Q AMEAY Yol Aol WA F4l A
Aol AT AL ARE REZE AT T A
et B¢ dge HET Q= AFHeHA E3F At
A2} vlaEAs 9 §7)HES 23 FE ARE BA}
< flotd =ul A= ASA A9 w712 E(Korea
sample) 2 A|F/5te] Ule] AUABE Fstgich. Sy
() AR AFo] S9a siekoz TAE 91K
A AT AR A3 I 506k EE 10om YRS
AL Al AF oA

A Aol dste] 7R B AFE 59
(Kim et al., 2022), Fig. 13} Table 19] Q9Fs}o] Lye}
o Al 7HA] A& B w]sdh vlggho] AR E /1AL,
A9l F2) W526~273 Hsle Aok A
o). ObgEH AW 243 A1Ee 408 o] £}
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o
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Fig. 1. Grain size distributions

Table 1. Engineering properties of soil specimens

Ax ANEE ARSIt A3 = Fall Cone TestE &
3 B7FsERlaL, ARl ASTM D43182] AT o
wfet Bpskich @4l AAE AR Sem o))
S, 5 oF 22 Fofl diste] & 3W SAstom 4
o grEe BRe Ak BARFEel wEw
Canada sample #1-2 SC(clayey sand), Canada sample #2

+= SP(poorly graded sand), 12|31l Korea sample-
SC(clayey sand)= EHF% it

22 FE MNEY {71 &%

2 Aol A= ASTM D29745 whe} A< 4
sfo] 2t Aol 27] 712 S Bohskch of
, 718 S SEHIE AP 2i2E A

440+40C 2 L& 2 2|4 SAIZF A2 &, A4 A
7)) mehE AR Faat A
T e ARS| FF Aolz §71% FFS B
Nz 28 A 93t wARE 90£5°C2] LER
AaEo] o] Qe §71% Fhke] Wk itk A@e
ANeER F 63 S5t FtghS AN Al 2
Yh= Fig. 2] YER Q1AL Canada sample #12] #+7]& o
T2 1.1083%, Canada sample #2+= 0.6250%, 12|31l

o £ op

-3

=)}

i

4.5917
= Canada sample #1

-

@ Canada sample #2

(V3]

s Korea sample

[}

Organic matter content (%)

1.1083 ===
g 0.6250

—

0

Fig. 2. Organic matter contents obtained by loss on ignition
method

Soil specimen Canada sample #1 Canada sample #2 Korea sample
Specific gravity 2.69 2.64 2,69
Liquid limit (%) 22,94 - 41,88
Plastic limit (%) 1.99 - 30.79
Water content (%) 13.78 13.39 26.97
Unified soil classification system SC SP SC
7712 ERYN ME SE MRS X - Jeid HE GIIE fle 4™ A7 55



Korea sample-2 4.5917% =2 % 7}%| ¢t} Canada sample
#11} Canada sample #2¢f |3} Korea sample2 57| &
gheere] WA 27 vepde.

3712, o) AlFeI AR 718 BHEE A
o= zAaly] gofo] ALLE AUTHE TERAS B
SRk TERAL dBELET} e Ao]A 4
A7k BERE Astold o3l A7 HEHo Bajw
Aom Fz Afuirhel Bag 2|odoq ol AFEo] %
2 o8 A2 de] AR Zo|thKim and Kim, 2011).
2 AolA] AR TERAY 718 FE e
WoR 2SI it 09.44%] §71% o 24
s3iek. Ate] WolE Sfato] AlY Ao BERAe]
718 RS 100%E 7HY sk

1>
e
<

3. 55 N2 9718 ULl BE 5
g - U B4

(a) TDR body

TE0] A Tl wE 7 RS0 Fulu] BlgkE AL
ggof 57 o FEriwdS 578 3HrHKim
2015, 2548 A SR ZE, P71 U
Kbl RS w Ao, o] gk
AAZtel wet kA et 712

2 REsuel 2|2 Bl Slsto] AL © dalel
LECIO0IA ZF ABER ARE A7 A a
B 9} SARE AR 971E 9 249 00, 15, 45%
2 sEns 2o Egelel ARE 24 T ANge
WE Bttt

Fig. 39 Time Domain Reflectometry(TDR) “ZH]
(HL1101, 22212 Zo] 0.075m)E AREste] 714 k&
Zoll wg FsritdS BUIeksinh o] W g Ty
7|(pulse generator)o A "HAYH HA7F AR (S
olE, ZEH F)E wot HIE L, AP F4hHst
U A F=HE AR 5)9 S8 4d714] Weprt
= A9l HAT} HhAtE o] @ A2 AF I (oscilloscope) 2
Fert ol B3] A} AokE AZHS Z4sto]
9] G7l-8(dielectric constant)2 AAs}1, A&7}

=
geule] WA B RESHTS R0 B

(b) TDR probe

Fig. 3. Photography of the TDR system

~
(=}

= 0.00% T 1.50% =4.50%

=
S
!

3 w S W
(=] (=] (=] (=]
L L L L

Volumetric water content (%)

—_
(=]
L

(=]
1

T

Canada sample #1Canada sample #2 Korea sample

(a) Unfrozen condition

m0.00% o'1.50% 84.50%

Volumetric water content (%)

Canada sample #1Canada sample #2 Korea sample

(b) Frozen condition

Fig. 4. Water contents depending on the phase
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Hroloh APAAY AlA 2/ Sl wheh A8 ol e A3 As 548 E48HLA 0.0, 1.5, 3.0,
e fARS ZAst] fART P WA 15 45%9 ARE 24l AFS AWskc
sha, BAReNAE ARY GAEES S0l F4uE f71E TRl BE BN Auk: Fig 60 Lrehl
ArtstA ek & Aol AR et eeH] o] B ULk FUL 7= HFY ul, Canada sample #10] 7}
L Topp et al(1980)0] ARG AP TES Ag3t A 2 AZUIFHS B0 Korea sampleo] 713
Ak e Azdgigepe] BAH BE AR §712
‘ﬁﬂ{Fig. He geolde] FHull J1E AT FREel FU0E CIBAY T8l dukshi, A
(Kim et al,, 2022)9] Z7}9} U517 Korea sampleo] 7} Sjzek9|Fare grastglon], Haskiuls 27 5k
% =31 Canada sample #27} 717 2k ko] Yehgith 8o Uresdth. ol Kwon et al.(1997) ! Park and Kwon
F71E Tao] SV E 339 SUIE Q8 el (2008)2] Al Axtel FUg Avtolct
L3l 9 B A BESEGe DA gast  ARE AHT A Dole B AL AL Fat
Ao, o3| f718 FBaFl ZIUSE RESESF  1PCHH) TSR A (AdaptWest, 2022) (hitps:/adaptwest,
= Z7lhe Ao & YERgth Canada sample #12] 79 databasin.org/) S 2, & A|72] {74 hGako II]-— A
F71% TRl W2 RERRY il MY B A0 2 B A% 4L WRHIA B AFASAES
2 Ik TRtk 2 ASUAFAIE AHl= i ARl 5k
S Asshe el (frame), ASHEES 25T 5150
3.2 $E A2 9712 WPl U2 Uy 54
718 TR w2 B2 ARl o1t 215 58
B3] ikl ChIAET BAAFASARLS FH5
Aok FABE ] EE BT B2
KS F 2312 #3299 A X3S wttkFig. 5). T A3
9] I H(rammer) A= 2.5kg, tHH EX=(mold)2] U7
L 10cm, T3] 2433, 181 29 o3l 253
= AWk 171 BhE] 42 AR FATE
B7kst7] fleted, AlE Aol 4 ARE dxRoA
440+40°Co] &2 A SAI7F AAAA $7|5 -5
2 0% AT 71Fo R PN ARE AAT A
el Futct e 298 Black chetnozemic soil(7] &
A AN )2 AR 1 G712 Towol 5% vl
o8 2A}E|QIthHanes et al,, 2022). Wabd $7|& & Fig. 5. Compaction mold and rammer (KS F 2312)
2 2 2
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Fi64 ", E16 g0 M £1.6
= B ~Cm = . . s
‘g oo’ o S e =
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12 ‘ ‘ ; 12 ‘ ‘ ‘ 12 ‘ ; ;
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Water content (%) Water content (%) Water content (%)
(a) Canada sample #1 (b) Canada sample #2 (c) Korea sample
Fig. 6. Compaction test results according to the organic matter contents
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Fig. 7. Experiment set—up and specimen manufacture mold set
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Fig. 9. Uniaxial strengths of frozen samples according to the organic contents
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Fig. 11. Thermal conductivity under various conditions
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