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Standardization of Ice Mechanics Experimental Procedures
in a Cold Room
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ABSTRACT: The first Korean cold room facility for ice mechanics experiments was assembled in 2004. Since then, the 4 m x 6 m cold room
facility has been used, extensively under various environmental and loading conditions. After reviewing published references on cold room
testing methods and also by trial and error, the standard procedures for testing and preparing laboratory ice material were established for the
measurement of basic ice properties. In this paper, laboratory experimental techniques with the cold room facility and standard procedures
established for ice material properties are introduced. Test specimens include laboratory-grown fresh water ice and frozen soils. Tests are carried
out for unconfined compressive strength. Preparation and dimension of the specimen are the most important issues arising in cold room tests.
The details of specimen preparation, testing procedure and strength test results are also discussed.
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Photo. 3 Ice specimen for compression tests
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Table 1 Test results of the fresh water ice strength

. a0t i Ductile Characteristics i ]

Specimen Temperature Strain-rate Strength a2 s x | ]
[no] [C] [s'] [MPa] et S ‘
4-A9 15 3.15E-04 9.982
3-A1 15 3.03E-04 13862 s A R A N

3-D1 -15 3.03E-04 13.194 "

2-A6 -15 3.03E-04 11.735 e S , Cod
5-A7 -15 3.03E-04 9.079 /S b
4A8 15 2.85E-04 10831 BN BN
6-A5 15 2.75E-04 9212 R
4-A7 -15 2.60E-04 9.712 1ot Brittle Characteristics

6-A6 15 2.50E-04 10.819 e N R A O ‘

3-B1 -15 2.30E-04 9.441

4B1 15 2.30E-04 7.899 L !
6-A7 -15 2.00E-04 10.193 rosacw ] | 1
6-A8 -15 2.00E-04 9.033 v l
4-A2 -15 1.80E-04 10.065 a2l L S I
5-A9 -15 1.80E-04 10.753 Iy e o }
3C1 15 1.70E-04 11.582 ol Pl S
2-A3 15 152E-04 967 w{"fr;)‘;/m W s e e w0 e e meima
2-A5 -15 1.52E-04 9.161 . )

A1 15 1.50E-04 9,887 Fig. 2 Typical stress-strain curves for brittle and ductile
4B A5 1.20E-04 9.174 failure modes

4-A6 15 1.00E-04 9.012

5B2 -15 8.70E-05 8519 1

3-D3 -15 7 58E-05 11.666

4-A3 -15 7.58E-05 10.167 "

5-A10 -15 7.58E-05 7.138 2t

2-A1 -15 7.58E-05 5.364 g

2-A2 -15 7.58E-05 6.358 g0

6-Al 15 6.50E-05 7.582 g,

6-A2 -15 6.50E-05 5.917 2

3B2 15 5.95E-05 10.932 g &

2-B6 15 5.95E-05 9.734 S 4l

4-A5 -15 5.01E-05 6.214

5-A11 -15 4.50E-05 6.715 20

5-A12 -15 4.50E-05 3.911 ok

5-A13 15 4 50E-05 7.589 1.00607 501E05 1.00804 150604 200604 250604 300604 350604
32 15 4.20E05 9.097 St rtelife)

6-A3 15 3.00E-05 6.571 Fig. 3 Compressive strength (MPa) versus strain-rates (s'l)
6-A4 15 2 50E-05 6132

2-B1 -15 1.21E-05 10.193

2-B2 -15 1.21E-05 911

2-B3 15 1.21E-05 8.83

2-B4 -15 1.21E-05 11.059

2-B5 15 1.21E-05 11.862

5-Al4 -15 1.21E-05 4.824

3-Ad -15 7.58E-06 6.621

4-A4 15 7.58E-06 7.925 ,

5-A15 -15 758E-06 5.379

3-B3 15 5.95E-06 5.952 Photo. 4 Thin section photograph of untested ice specimen

4-B3 -15 5.90E-06 7.976 (d = 1531 mm, o, = 9.607 MPa)
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(a) Brittle characteristics

(b) Ductile characteristics
Photo. 5 Two different failure modes for compression tests of

ice specimen

Photo. 6 An example of the failure mode of frozen soil

Table 2 Mixing and water content conditions

Standard Kaolinite =~ Water Water content(%)  Vcid ratio
and(g) (%) () Belore  Aflr (g
2695 7% 7% 0597
o 575 15%  15% 054
70 2%  18% 057
@08 o 20%  18% 057
770 0%  18% 0562
3500 20 294 7% 7% 0514
60  15%  14% 046
708 g0 20%  15% 055
o 85 7% 7% 0498
6825  15%  15% 0444
(10508) o919 0%  19% 0538

Photo. 62 15 ¥FAIES 3 & 5E AN dHd Z&s
BoFEn ln FEY 3 1P MEE Fg 4°) Yehhdth
Fig. 49] 2%E 29 (at JledUelE gl 44 10%,
20%, 30%=2 A o) Fgrle] Wsle] wE Moz I
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Fig. 4 Stress-strain curves for frozen soil (a) Unit clay contents, (b) Unit water contents

H7b 2718 o g4EAsx Frbsked 7%00A4 15%2 S}
& w= oF 2819 A= F7L AVAT 15%N4 20%=2 St
& de A% I/t masth ol FEY Il St
gl wet AEAEsE SUEeAN, 23} o] REE vt
Z71abo) wel BErt Ay Wiz EME(ZAYT
£79), 1998). 238 GEAET FT 4~11 MPa F= 9 Fhol
Aot )= st 42 7%, 15%, 20%2 R | Fhed]
UolE g0l me FHoeN Figol 45 4F%
Tt 27l AL & 2 Qo) skt A<l 7% wols
7t VolE T8 20% gro) Hul AEE Zted ol 7%
Fnle} 7L 2ol E 20% wie] o] FAXsPEE o7}
Fojct,

o]9} o], FEQ| IEFAEE JEuS) Feu 2 A
FReL 0 A EFE & Utk 2 I AL
<9 4EAY Wo) AFsle D) BF creepdt 2 A4
e veridch sa@de] viag A FF 2= 2 A
&% F Hoh Be A Aol 32 dart o

Az 8,

4.2 B

E =FHE Cold RoomE ©]83 AFEA A7 3t
2 993t 37 A9719HE LI o)F 3 g F
E9 15U4E 5P S AANFoEH o8 A5 $Y-¥Y
= A% 2 &EAE §A4E B4

1) g5 $F-HYE HuaME HPELTT} 107Ys

de FAE HA497) 107Ys olste] W ELT
= F2 AX9AE BY29 Ductile-to-brittle transition 38
A FAY F Atk AEATL FTEG & A8 #
A7F ARAET ole A1A AFT B o)A v 4275
3 2o gl oy AEAET WE Aer 90

Q) SEAME Fo8let FEFRLEVCIE)Y] vES 2e
3 A5, 587 QAT 1 Tt EvelEe vlgo) EFE

X mlm



66 34 - 374

T2 FEE 23 Fpnvt S7HEEE Al go] ARE ¢
T AT =P S4W T o ) F=rt =1 E3lo)
F A 2SI M Frt Fadich

@) BrEH TEY dEAES T HEARY B4 9
4T & AT, BFEe EdE 2 Fe e E Cold
Roomol| A} A|fA 2} APdate] #53} 7Y e vhdd &
AR

¥ APELET o|9d] 2x9} AAYA Z7)(Grain size)ol
OE AE5Ae] HEE Cold RoomeS o] 83t 4dT 5 3l
=5 EFEstd 4378e 2Regd 98Ut gom #(Sea
water) @ G4 (Brine water)E o83 A=A 3 2 A
W= AR/ HE A g A7E AHHos +3Y
& oot

7|

ok

2 =2 IFASAE AR FDRHTE A7AH
(ASERC R11-2002-008-01002-0)2] €77H] z|o 3
23S

o2

rok

oy

G (2003). TEEY IFUSHAES FETFE, 22T &
Zote] #A|, FFPH7IeATAR A,

Z38, £F9 (1993). A Study on the Properties of Frozen
Soil and Pile Foundation in Frozen Ground, 3+=71417]
SATERIA,

Bari, S.A. and Hallett, J. (1974). "Nucleation and Growth of
Bubble at an Ice-Water Interface”, Journal of Glaciology,
Vol 13, pp 489-520.

Cole, D.M. (1979). "Preparation of Polycrystalline Ice Specimens
for Laboratory Experiments" Cold Regions Science and
Technology, Vol 1, pp 153-159.

Cole, DM. (1985). "Grain Size and the Compressive
Strength of Ice", Proceedings 4th International Offshore
Mechanics and Arctic Engineering Symposium, Dallas,
Texas, Vol 2, pp 220-226.

Freitag, DR and Mcfadden, T.T. (1997). Introduction to
Cold Regions Engineering, ASCE Press.

Glen, JW. (1953). Mechanical Properties of Ice and Their

Relation to Glacier Flow, Ph.D. Thesis, University of

Cambridge.

Hawkes, 1. and Mellor, M. (1972). "Deformation and Fracture of
Ice under Uniaxial Stress," Journal of Glaciology, Vol 11, pp
103-131.

Hooke, RL. et al. (1980). "Mechanical Properties of
Polycrystalline Ice: An Assessment of Current Knowledge
and Priorities for Research," Cold Regions Science and
Technology, Vol 3, pp 263-275.

Jones, SJ. (1982). "The Confined Compressive Strength of
Polycrystalline Ice," Journal of Glaciology, Vol 28, pp
171-176.

Jones, SJ., Gagnon, RE, Derradji, A. and Bugden, A
(2003). "Compressive Strength of Iceberg Ice", Canadian

Journal of Physics, Vol 81, pp 191-200.

Masterson, DM, Graham, W.P and Childs, GR. (1997). "A
Comparison of Uniaxial and Borehole Jack Tests at Fort
Providence Ice Crossing, 1995", Canadian Geotechnical
Journal, Vol 34, pp 471-475.

Mellor, M., and Cole, D.M. (1982). "Deformation and Failure of
Ice under Constant Stress or Constant Strain-rate" Cold
Regions Science and Technology, Vol 5, pp 201-219.

Mellor, M. and Cole, D.M. (1983). "Stress/Strain/Time Relations
for Ice under Uniaxial Compression," Cold Regions Science
and Technology, Vol 6, pp 207-230.

Michel, B. (1978). "A Mechanical Model for Creep of
Polycrystalline Ice" Canadian Geotechnical Journal, Vol
15, pp 155-170.

Schulson, EM. and Cannon, N.P. (1984). "The Effect of Grain
Size on the Compressive Strength of Ice," Proc. of the IAHR
Symposium on Ice, Hamburg, Germany, pp 29-38.

Schulson, E.M. (1990). "The Brittle Compressive Fracture of Ice",
Acta Metall. Mat., Vol 38, pp 1963-1979.

Schwarz, J. (1980). "Standardized Testing Methods for
Measuring Mechanical Properties of Ice", Cold Regions
Science and Technology, Vol 4, pp 245-253.

Timco, GW. and Frederking, RM.W. (1982). “Comparative
Strengths of Fresh Water Ice", Cold Regions Science
and Technology, Vol 6, pp 21-27.

GW. and Frederking RMW. (1984). "An

Investigation of the Failure Envelopes of Granular/

Discontinuous Columnar Sea Ice", Cold Regions Science

and Technology, Vol 9, pp 17-27.

Timco,

20063 12€¥ 79 A1 HE
2007 3Y 9¢ &l =z FAE A



