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Fig. 13 Stress-strain curves of saltwater ice at different loading

rates
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Fig. 14 Failure modes of saltwater ice specimens at different loading rates

15 Al G B ER K UK
Fig. 15 Saltwater ice specimens after tempering
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Fig. 19 Comparison curves of compressive strength during salt-
water ice freezing and freezing-tempering
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Fig. 18 Failure modes of saltwater ice-tempering specimen at different loading rates
15 — . 12 . :
—=—0,(20 C) —— v =4 mm/min (20 C)
-8--6.(-20 C,5 C) /\ -===v=4 mm/min (-20 C,~5 C)
0.9
£ 10 H A
= £
o 2 06
= ' R
2 0.5 ft werrTr]
= N —
& 0.3
U R e | el B A .
: [ SIETEE P--- P 2 P D D T =~
0 Li 0 5
0 70 140 210 280 350 0 0.05 0.10 0.15 0.20 0.25

NAE
K20 ERoKUKVATR 5V VRTINS I8 ) — A0 Ll il 2
Fig. 20 Comparison curves of stress-strain during saltwater ice

freezing and freezing-tempering
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Fig. 21 Comparison of saltwater ice failure modes during freezing and freezing-tempering
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Fig. 23  Stress-strain curves of urea ice at different loading rates
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Fig. 24 Comparison of failure modes of urea ice during freezing and freezing-tempering
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Fig. 28 Comparison of EG/AD/S ice failure modes during freezing and freezing-tempering

& 29 Fi 7R A EG/AD/S K& U A& U — ] i isf
TEN [F) N 28 R 0 R 4 o B, PR 1R 29 WT AT, FE
IR R AR 1 4 #RE o, B S EG/AD/S UK
T 45 5 B K % sl 49/ F o Il il T80 g 8718 )
B 2K 0] 350 0] 6L JS EG/AD/S 1) T 45 3 B 44 72 T
H A5 s 4 58 B 160~ 300 kPa, # EG/AD/S 7Kt A~
T T IF e vk R 4 A il g T 5

1.8 :
- @—0,(—20 C)
~m- 0(-20 C.~5 C)
1.5 S ;
<
=™
2
>
1.2
=
&
E® s P e
0.6

100 200 300
Jn#GE 2/ (mm-min ™)
K29 EG/AD/S UK To BRI KA 7 IR 465 0 bl
Fig. 29 Comparison of different compressive strengths in EG/AD/S

ice with or without tempering

25 BEAHKRBKKEER ST

0 B S KT I SR T R
PRI B 2 TE0 . A T K, I ge S04,
B2 R T UK KA T A AR A ARG AR SR

58 HR URLIR A 155 o IRk, B 6 SR T H P A
1 5 2Rl Ak UREAR A W, SR I K Rl Ak 5 0 s A3
AR E b, 2 JSA | B0 58 BUE 2 BRAR A vk
B2 B H, BIAT 3575 140 mmx70 mm %35 mm ¥
A1 BEAAY pIGRE, A1l 30 R o

B30 ARk
Fig. 30 Paraffin model ice

HR 48 5040 e 145 5, A 5 AE 70 UK ) R 40 it B
Al 432k 2 AR5y . FEMINZE# 2 0.1 ~6 mm/min B,
XFRET 1.19%10°~4.76x10" s 1N AS 3R, A7 A 780
VK1) e 45 it 5 R A% R 3R AR b i 2 G 5] 31 B
MINAS R £<7.14x 10" s I, Bl A8 SR I N,
4 i A B 2 S Y, LR R AR B
T 24 A5 R 7.14%107 s '<6<5.95x107 s I, Fi &
N7 A5 AR B, A RS DK 1) s 4 i B e R
NP R

32 Jim R A SRR UK AEAS [R5 R i
A R VG i 2




%23

RIS+ A Pt RS DA 4 B b s 44 500 88 A i U6 279

JE4RIRE 0/MPa

ol | s
0 0.02 0.04 0.06
Lo AR &/s7!

31 A AR R I s 2 i FEE %7 AR i 3 P AR A A 2

Fig. 31 Variation curve of compressive strength of paraffin model

ice with strain rate
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Fig. 32 Stress-strain curves of paraffin model ice at different load-

ing rates
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Fig. 33  Failure modes of paraftin model ice specimens at different loading rates
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Table1 Comparison of compressive strength between frozen model ice and non-frozen model ice
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BARUK=[E1R 1.210 1.010 1.180 1.200 0.850
oKUK 0.982 1.070 0.453 0.456 0.516
KoK=l 0.130 0.120 0.159 0.131 0.117
JREEVK 3.820 1.530 2.260 1.770 1.840
PRFVK-IR1IR 0.645 0.494 0.360 0.372 0.298
EG/AD/S¥K 1.650 1.120 1.520 1.040 1.050
EG/AD/S¥K—[EliR 1.050 0.893 0.966 0.968 1.015
SRR K 1.850 1.520 1.580 1.680 1.940
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Experimental study on uniaxial compressive strength charac-
teristics of conventional model ice in tank
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1 School of Ocean Engineering, Jiangsu Ocean University, Lianyungang 222005, China
2 Makarov College of Marine Engineering, Jiangsu Ocean University, Lianyungang 222005, China
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Abstract: [ Objective ] In the ice-propeller milling or collision test, in order to accurately test the ice load of
the propeller, it is very important to use model ice which satisfies similarity with the geometric and mechanical
properties of real ice. [ Methods ] Uniaxial compression tests of model ice using different materials are carried
out with freshwater ice, saltwater ice, urea ice, ethylene glycol/aliphatic detergent/sugar (EG/AD/S) ice and
paraffin model ice as the research objects. The compressive strength and failure modes of ice under different
strain rates, freezing and tempering conditions are then tested and analyzed. [ Results ] In its development
process, saltwater ice made with a freezing temperature and time of —20°C and 48 h, and tempering temperature
and time of —5°C and 24 h, can meet the requirements of the ice-propeller contact test. The order of the com-
pressive strength of the model ice in descending order is urea ice, freshwater ice, EG/AD/S ice, paraffin model
ice, freshwater ice-tempering, EG/AD/S ice-tempering, saltwater ice, urea ice-tempering and saltwater-temper-
ing. [ Conelusion | The results of this study can provide useful references for the selection of model ice in
subsequent ice-propeller milling or collision experiments.

Key words: freshwater ice; saltwater ice; uniaxial compression strength; ice-propeller test; ship pro-
pellers; iceformation; compression strength

to produce correct density (CD) model ice[C]//10th In-
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