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An Experimental Study on the Material Properties of the EG/AD Model
Ice Used for Ice Model Basins
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ABSTRACT: The EG/AD/S model ice, originally developed by Timco (1986), was selected as the primary model ice material for the newly built
MOERI Ice Model Basin in Korea. However, the existence of a sugar component in the EG/AD/S mixture may cause a serious maintenance
problem, as described in certain references. This study focuses on the tests of the mechanical properties of the EG/AD/S and the EG/AD model ice.
In order to understand the influence of sugar in the original EG/AD/S model ice and to find a possible substitute for sugar, a series of tests with
the EG/AD model ice were performed, and the results were compared to those of the EG/AD/S model ice. The relatively large size of the MOERI
Ice Model Basin made it difficult to control the initial strength of model ice, so it took a much longer time to achieve the target strength. In order
to obtain a lower strength and stiffniess for the model ice, the amount of chemical additives may be varied to achieve the desired strength level. This
paper is a preliminary study aimed at seeking a possible substitute for the original EG/AD/S model ice for utilization in a large-scale ice tank. To
understand the influence of sugar in the original EG/AD/S model ice, the mechanical properties of the EG/AD/S and EG/AD model ice, such as
flexural strength, compressive strength, and elastic modulus, were tested in the laboratory condition and compared to each other. The warm-up
procedure seems to be an important factor to reduce ice strength in the fests, so it is discussed in detail.
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Table 1 Principal characteristics of major ice model basins
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Year completed  Country Facility operator Model ice type Basin size (m)
1955 Russia Arctic and antarctic research institute (AARI) - Saline Tce 135 %19 x 1.7
Leningrad
1969 Finland Wartsila shipyard (WARC) Saline Ice 29%x48x12
Cold regions research and engineering laboratory o
1979 USA. (CRREL) - New Hampshire 0.95% Urea-Doped Ice ~ 37 x9x24
National research council, hydraulics laboratory
1980 Canada (CHO) - Ottawa Urea-Doped Ice 21 x7x12
1982 USA. Iowa institute of hydraulic research (IIHR) - Iowa Urea-Doped Ice 20x5x12
1983 Finland Kvaen'er msa—yards arctic research center (MARC) Saline Tce 773 % 65 %23
- Helsinki
1984 Germany  HSVA - Hamburg Saline Ice 78 x10 x 2.5
1985 Canada  NRG Institute of ocean technology (IOT) EG/AD/S- CD Ice  80x12x3
- St. John's
1986 Russia Krylov shipbuilding research institute (KSRI) - Saline Tce 45 % 6 x 175
St. Petersburg
. Arctic offshore research center (HUT) Alcohol Doped Ice
1987 Finland - Helsinki (GE Tce) 40 x40 x 2.8
1988 Finland Technical research center of finland (VTT) - Espoo Saline Ice 15x32x15
2006 Finland Aker arctic research center (AARC) - Helsinki FGX Saline Ice 75x8x21
2009 South Korea <ORDL Maritime ocean engineering  research EG/AD Ice 42x32%25

institute (MOERI) - Daejeon
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Table 2 Strength properties of various model ice material (Zufelt
and Ettema, 1996)

Flexural Compressive Specific
Material ~ strength (o) E/og  strength (o) pavi
[kPa] [kPa] S
Sea ice 700~800  2500~4500  8k~12k(v) 091
Freshwater 9 9 10k(v)
ice 500~1500  1500~1600 1.5-3k(v) 0.92
. 9 9 100~275(v)
Saline 20~80 1000~1700 75~180(h) 0.89
5 5 120~250(v) 0.93
Urea 20~120 1000~2500 75~160(h) ~0.94
0.88
FGX 15~90 700~8000 15~180 ~091
Urea 1545 200~310  10~45 0.92
(fine-grain)
9 9 150~370(v)
EG/AD/S 20~100 1500~2500 80~280(h) 0.93
GE ice 15~90 1000~2000 15~55 NR
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Fig. 1 Concept of the uni-axial compression test
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Photo. 1 Thin section photographs of model ice grown in a

cold room

Z+% (Granular) T=Rch 71%@(Columnar) Fzo| A #Fa A=
ol o ZA2d 1 olfe ks Aol olE JIskAl =4
7168 FRE e € B Foll o] WAsHA HA =
FE7] wZolth. gytdozg RYPYS 71FE FERE YA
1A% 27] A4 Alole EFFEHE AAE AAAAX B
AZIA =l o] W QWS YA FE Fol] FAETE 3T
W M2 B9 kel ztelk vA Eok

Fig. 4= cold roomol|Ax] A%l EG/AD E 8%} Timco

140 —

+ EG/AD ICE (Kim, 2010)

o 120 m  EG/AD/S ICE (Timco, 1986)
] i L
= 100 =
T |
5 ol
CZD 80 H=" / 7069 [ ]
= o
o -n
-
[ 60 -
- /+. i’_/
< 1 He 0.54
o 1 *
o 40 "_n ¥ TF
i g P
- -~
™ 7
20 —| /l %+ /"-'{- ]
.~
o
.
0
I I I I
0 20 40 60 80 100 120 140

FLEXURAL STRENGTH (') - kPa
Fig. 4 Comparison of the flexural strength measured with both
top and bottom in tension for EG/AD/S (Timco, 1986)
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Table 3 Measured flexural strength and compressive strength
with respect to warm-up time

EG/AD ICE
Warm-up Flexural strength Compressive strength
time o [kPa] o [kPa]
Typical value Range Typical value Range
Ohr 1235 85~150 256 150~320
2hr 722 75~98 193 120~240
4 hr 61 40~82 142 110~180
6 hr 45 35~73 115 80~130
8hr 24 20~52 75 65~120
400 —
+  EGIAD ICE (Kim,2010)
© B EG/AD/S ICE (Timco,1986)
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Fig. 5 Uni-axial compressive strength with horizontal loading
versus flexural strength for EG/AD/S (Timco, 1986) and
EG/AD model ice measured in a cold room
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Table 4 Average values in elastic modulus and flexural strength

measured for model ice

Flexural Elastic
strength  modulus

Solution [kP2] (MPa] E/o
ave. ave.
EG/AD/S
(EG 0.46%, AD 0.032%, 65 147 2261
S 0.049%)
EG/AD
(EG 0.46%,AD 0.032%) 61 128 2098
300 \
+ EG/AD ICE
> EG/ADI/S ICE |
© J
o
=
0 200 .
2 o
o o
= +
+
2 100 +*
@ *
3
w
0
50 100 150

FLEXURAL STRENGTH - kPa

Fig. 6 Elastic modulus and flexural strength of EG/AD/S model

ice and EG/AD model ice measured in a cold room
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