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Analysis of the Relationship between Unconfined Compression Strength
and Shear Sitrength of Frozen Soils
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ABSTRACT

The mechanical behavior of frozen soils is different from that of unfrozen soils due to the phase change between water
and ice. The strength characteristics of frozen soils are governed by the intrinsic material properties such as grain size, ice
and water content, air bubbles, and by externally imposed testing conditions such as temperature, freezing time, and strain
rate. Especially, the strength of the frozen soils is generally higher than that of unfrozen soils due to ice binding capacity
with soil particles, and is strongly affected by a highly complex interaction between the solid soil skeleton and the pore
matrix, composed of ice and unfrozen water. In this study, the direct shear test and unconfined compression test are carried
out inside of a large—scaled freezing chamber, and the relationships between cohesion and unconfined compression strength

under various freezing temperature conditions are discussed.
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Fig. 1. Grain size distribution curve of weathered granite soil



Table 1, Physical properties of weathered granite soil

Physical Property Weathered Granite

Gs 2.67

emax 1,227

emin 0.418
D50 0.1
Cu 6.07
Cc 1.29
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Table 2. Size and measurement precision of direct shear apparatus(Lee & Choi, 2012)

Components Size Measurement Precision
Shear Box 100 mm (W) X 100 mm (L) X 60 mm (H)
Vertical Loading System Vertical loading = Weight X 10
Lateral Loading System Max, applied loading = 9.5 ton 0.0t mm/min
Load Cell Max, measurement = 9.5 ton 0.01 kg
LVDT for Vertical Displacement Stroke = 10 cm 0.01mm
LVDT for Lateral Displacement Stroke = 20 cm 0.01mm
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Fig. 2. Specimen Preparation Mold for Unconfined Compresstive Strength Tests

26 ZESHREE=EE H12F HBE



8000 ! | : j
7000
6000
5000
4000

3000

Axial Stress, o (kPa)

2000

1000

Axial Strain, £ (%)

Fig. 4. Unconfined compressive strength test results with
respect to temperature variation

Table 3. 2EZ20f WE tZITSEQ Z= AIF Zut

5T -10C -15C

jaxial St th
Uniexial Streng 3,322 4,970 6,193

(q,, kPa)
Shear 0,100 (kPa) | 14693 | 2350 | 2.915.6
Strength o,: 200 (kPa) | 16897 25771 | 30496
(7. kPa)  [75 7300 (kPa) | 19127 | 2921 | 32926
SHA| =7t wopRlo| whet vt STkehe e &l
3k 4= QIATHTable 3). o]+= A8 A74(Choi, 2011)E 53l
97 SAES] s 2Lt WS E SRt A
AT Rl Ao R EO = 250 & 4
g et AL A5 5 AT

Fig. 5~72 Z}7}9] 2z 7oflA d&ZUEAE T 24
AAAF ] At v|wgt Tefzoln Fd 22704
33]9] d=UEAIY Auket 13]9] APHTAY 23S

47kpa 2045kpa,

S A0 44

2485kpa, 3097kpai 2 (c)m e} %_1% —?1—71-5.,] A}
g, /2)°] A e il
(1981) %= A AT

o=

o]

=
AR A3 dlo|ElS v wahH

o e n}‘i

AN

2 Jessberger(1981)
o Ago] o 2 g Mol a% gg @ 4 slston

Axial Strain, & (%)

0 2 4 6 8 10 12 14 16

4000 . ‘ : ‘ ‘ ‘ ‘ 4000
3500 [ 3500
: | Uncanfined Compressive Strength @)
3000 L e e 3000
_ W >
< A i 2
= 2500 LAY [ ] 2500 B
= L ONAL T 124724201685 »
. - =3
» R=0.99 :
£ 2000 o ebd 20000 2
= >
&
©2 Q
5 1500 ‘ 41500 =
= R T
~ SN &,
1000 * . - 1000
b
500 - - 500
i
] : : : : : : -
0 i i i i i i it 1y

0 50 100 150 200 250 300 350 400
Vertical Effective Stress, o '(kPa)
;

Fig. 5. Direct shear and unconfined compressive test results
in -5C

Axial Strain, £ (%)

6000 T | | | | | | 6000
5000 5000
i~ -
& 4000 4 4000 £
=] =
< =
Y 72}
|9
g g
& 3000 3000 @
] »
-]
«x Q
5 z
= 2000 - 42000 F
w2 " ~—
1000 |71 1000
.‘. i
; ;
0 i i i i i i i 0

0 50 100 150 200 250 300 350 400
Vertical Effective Stress, o '(kPa)
;

Fig. 6. Direct shear and unconfined compressive test results
in —10C

Axial Strain, £ (%)

8000 ; ; r ; , ; , 8000
7000 e 7000
6000 -4 6000

= >

g z

= 5000 —-{ 5000 =

Y w

o ; ; ; ; s

o _

g 4000 L _To27089+ 1888200 | 400 8

S u »

8

2 ; Q

5 3000 o -~ 3000 =

3 ~

- =

7} -
2000 i1 -+ 2000
1000 fyig---- ~ 1000

i
i
0 i i i i i i i 0

0 50 100 150 200 250 300 350 400
Vertical Effective Stress, o '(kPa)
;

Fig. 7. Direct shear and unconfined compressive test results
in —=15C



Table 4. Discrepancy between cohesions from direct shear tests and from Unconfined Compressive Strength (UCS) tests

-5C -10C -156C
¢ (kPa) 1247 2,045 2,709
Sand, w=15.5% q,/2 (kPa) 1,661 2,485 3,097
Error (%) 25 18 13
¢ (kPa) 2,100 3,200 3,700
Sand, w=28%
Data from Jessberger (1981) %./2 (kPa) 3.500 5.000 6.000
Error (%) 40 36 38
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