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Experimental Study on Unconfined Compression Strength and
Split Tensile Strength Properties in relation to
Freezing Temperature and Loading Rate of Frozen Soil

Young-Kyo Seo and Heon-Woo Choi

Department of Ocean Engineering, Korea Maritime University, Busan, Korea

KEY WORDS: Frozen soil 52 E, Uniaxial compression test 9595218, Indirect tensile test {H 1A 3, Freezing temperature &
AL%, Axial strain rate = Eﬁ 4%, Initial tangent modulus Z718H3AIG

ABSTRACT: Recently the world has been suffering from difficulties related to the demand and supply of energy due to the democratic movements
sweeping across the Middle East. Consequently, many have turned their attention to neverdeveloped extreme regions such as the polar lands or
deep sea, which contain many underground resources. This research investigated the strength and initial elastic modulus values of eternally frozen
ground through a uniaxial compression test and indirect tensile test using frozen artificial soil specimens. To ensure accurate test results, a sandy-
mud mixture of standard Jumunjin sand and kaolinite (20% in weight) was used for the specimens in these laboratory tests. Specimen were
prepared by varying the water content ratio (7%, 15%, and 20%). Then, the variation in the strength value, depending on the water content, was
observed. This research also established three kinds of environments under freezing temperatures of 5T, 10T, and 15T. Then, the variation in
the strength value was observed, depending on the freezing environment. In addition, the tests divided the loading rate into 6 phases and observed
the variation in the stressstrain ratio, depending on the loading rate. The test data showed that a lower freezing temperature resulted in a larger
strength value. An increase in the ice content in the specimen with the increase in the water content ratio influenced the strength value of the
specimen. A faster load rate had a greater influence on the uniaxial compression and indirect tensile strengths of a frozen specimen and produced
a different strength engineering property through the initial tangential modulus of elasticity. Finally, the longterm strength under a constant water
content ratio and freezing temperature was checked by producing stressstrain ratio curves depending on the loading rate.

1. M = o] A&tk 2 Fg 2AE 7PAE v o, =

A A, ALREHA %91 &S AT o] Aol gk 7=

AT B ¥ Afot FArkart MigE Ao g F AR FH, B4Y 2= A, AleHel B3 AAA ol d
EX 0] gt sto] EtatA JP=a Qltk o]l BEx AL A7 &E 9)\‘:]'. Al 1] FE #FHE Ad74d
Ao /N Ao B2 E A, AAVEs, Mg, dEas, Ak s B 54 AHEES A5 A3 (Gregory, 2003), TES] &
T Aol dlgEn wE pHER 2 AR, JeleEd md FE S B I §](ng, 2000), SES] =24 /5
I} sjolzelel FAL FAXA T RojAA aeju 3, gut, e A% 259 71E9] F&(Wang, 2005), ZHERNA FE
WAL 5 VA e] BEHo s kg Aoty ANt & 2 7% AWK ES] 913 (Konrad, 2001), 3t FE| s}
EXGL 7V, 7152, Aue] T8 B4, JBAY, ¥5 5§ U3keh] A% thdd el F2(Corapcioglu, 19%) 5 FECl
ARk A4 F7o] T e A AEe JE O NGk BEEHA o d7Ee] s JyH 3 o] flddx F

golalA tt2H, Fefo] Aulel] B3 7|2A 2L ag FE  EXAGNA sZsord AFEAEE At g3l A 712Ae

Received 21 September 2012, revised 9 November 2012, accepted 11 December 2012
Corresponding author Heon-Woo Choig : +82-10-5564-9676, hwbest24@hotmail.com

© 2012, The Korean Society of Ocean Engineers

It is noted that this paper is revised edition based on proceedings of KAOST 2011 in Busan

19



WES gofd whe A|Rkds), Auk 29 u
gl 7] W] mE k' aE, AREd
w2 At jAdE] T3 A4, HF, AEAF, 183 §
H7} 2 T4 712Ae] A71E Wy Foll tigk A7) 113
THHong, 1992; Cho et al., 1993; Hong et al,, 2010). ¥ A7
AMe FEAYGIA Yehe B BARE T SEAYY] &2
AR W 257 e 7ol o GAl HEA AR
ol 53 2o FAAHUTY FEHE vEhie dubE At
= g2 JFEEALS Hols Ad Bl AHE Edle] 1
018 BA3) Hedth HAGIE FeFo = u$ Bkl A
B AeEA A T3 RSS9 Xﬂ“*"l” = 74*-;‘-6‘—5—
H B2 33 ofgeo] ddd) oo &
A5 NEE T3 FEY Aews =

il

F

2. SZE0| dek=2 0jxl=

= s —|

F-54-E(Unfrozen water content)©|gt A|qto] FAs}IAE &
—301]’\1 IAg 227k 4R Fe FHE EAEle FES T
ght}. Auke)] Fodd do] dold o A2 HE BAIHAS] 9
3 &g & e & & Fere s B2E 3y olFdh=
Ao Z dHA Ut wEhA T4 Al FerEs wol x3stn
UE FA T ool EEalar, A X3t e HFAxe
FFo R Fogo] AA dojdth w3 BE4itol B Ay
o et SEES FAse & At Eoo 2ERBA 2t
Aeg THES A7t @EiAa, AR dXEE, A7H|
A& 5= ZATHKIm et al,, 2003; Kim, 2006; Choi, 2009).

Fig. 1914 2l
BEsgEo] fadhes AEE
o] B8 AY BegEe £8A4 Aeo 3 dE54sH
7} Zolde A 4 JTHKim et al,, 2001; Kim et al., 203;
Kim et al.,, 2005; Kim, 2009).

0.7

Manchester fine sand

Grinite soil(Paju Tongildongsan)
Hawaiian clay
Clayey soil(Yulchon)

0.6 A

0.5 A

0.4 A

0.3 A

0.2 A

Unfrozen Water, Wu(g H20/g Soil)

ity

0.0 T T T T

Temperature, T(C)
Fig. 1 Unfrozen water alteration of soil to frozen temperature
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Table 1 Sand-mud mixed soil properties

3
Proctor Vdmax (t/ m ) 1.93
compaction test Wt (%) 12.0
Permeability (k, cm/sec) 8.25x10°
Uniformity coefficient (Cu) 1.88
Coefficient of gradation (Cg) 124
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Fig. 2 Unconfined compression strength to freezing time

Table 2 Specifications of Cold room

Dimension 4mx6mx2.6m

Temperature Control -30deg ~ + 15deg

Temperature Accuracy 10.5deg at -20deg
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Table 3 Max compressive stress result of unconfined compression test

Temperature (C)
Max Compressive
-5 -10 -15
Stress (Mpa)
Water content (%) Water content (%) Water content (%)

Axial strain rate 7 15 20 7 15 20 7 15 20
€=222x10"1(s71) 1.730 6.669 5.879 2.39 7.817 7.248 2923 8.951 8.552
€=222x10"3(s7") 2519 8.365 7923 3.038 9.937 9.341 3.525 11.129 12.429
€=222x10"2(s"1) 3.482 8.631 9.467 4.042 11.531 12.736 4.663 14.294 15.782
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s°” o water content : 15% | = | o-- water content : 15% | = | water content: 15% e
% 4 --v—- water content : 20% % 1 --v—- water content : 20% g LCE i watercontent:Z(/)j/g,/’f @
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Degrees below freezing (0 °C)
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Fig. 4 Max compressive stress behavior characteristics to freezing temperature and loading rate
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Fig. 5 Strength alteration curve of split tensile test
Table 4 Max tensile stress result of split tensile test
Temperature (C)
Max Tensile Stress
(Mpa) -5 -10 -15
Water content (%) Water content (%) Water content (%)
Axial strain rate 7 15 20 7 15 20 7 15 20
€=2.22x10"%(s71) 0.449 2.500 2.746 0.565 2.948 3.215 0.642 3.529 3.479
€=2.22x10"%(s71) 0.618 3.086 3.177 0.769 3.699 4.044 1.001 4150 4302
e=222x10"2(s71) 0.786 2.758 2.961 1.052 3.469 3.523 1.046 4.095 4.041
AAH AP ERe FALEI) dobdel et 22 FEge AFANEES 200mm/min® W) 2F ashe 7
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Table 5 Intial tangent modulus of unconfined compression test (Mpa)

Temperature (C)

Initial tangent

-5 -10 -15
modulus
Water content (%) Water content (%) Water content (%)
Axial strain rate 7 15 20 7 15 20 7 15 20
€=222x10"%(s7!) 14955 613.13 590.86 287.50 727.74 643.02 299.10 955.78 911.87
€=222x10"%(s71)  223.08 649.44 94542 276.61 968.98 823.01 329.29 1185.2 1235.7
€=222x10"%(s"") 26888 1017.7 1201.2 357.92 1194.1 1259.5 501.51 1539.2 1837.1
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Table 6 Intial tangent modulus of split tensile test (Mpa)

Temperature (C)

Initial tangent

-5 -10 -15
modulus
Water content (%) Water content (%) Water content (%)
Axial strain rate 7 15 20 7 15 20 7 15 20
€=222x10"4(s71) 0.24 0.97 0.97 0.32 116 1.04 0.36 1.29 134
€=222x10"°(s"") 0.29 1.34 123 0.34 1.92 179 0.46 1.99 2.06
€=222x10"2(s"1) 0.38 1.49 140 0.47 1.88 1.92 0.57 2.07 222
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