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R R EEM R, BEKSHRERAREREEE, kBB RN T HRER.
6PL
o,= B_hz
A, PRAKEBERBIRE TR L BREREE: h MIKE; B HKBEREE.
£ AORC, B iRBM B ERHBEERAKE LMEB R =10, EUARE 5K
BAE. ATEAEERAEIKENER SNMEBEROERMEL, BR+ EERRE .
BERRTH—F L= (5—6)hB=2h ERBENAHHSNER, HIEEREIRTE
w. BAEESR, BENERSNE ST LmE0ER 3R T EIL 234Hz B R
£igF., RBBIES, BRYENT 6 £ 10 BEER, 3—5 BEFRE TINREER KR
L) 3—S R BB R m LB URZHM). 1995 4 3 —5 A BRAKRE & AR,
MEBF MFITHTE L.

F1 TWHBERBILES
Tab.l Summary of flexural strength tests

B3 & R kxR BE O KE  RKE HE, EERNT FEIERA
(R-B) Jrm %GR (C) (mm) K K (N) #1385 (kPa) I i 38 (kPa)

)

03-21 fF 4 ~0.13 35.0 5.33 2.05 1.59 22.55 12.97
03-24 ®TF 4 -0.13 22.0 8.92 3.08 2.15 77.94 54.86
04-05 ’ T 4 -0.13 49.0 4.75 1.86 8.15 49.67 44.14
04-12 mF 4 -0.13 30.0 6.43 2.38 6.16 106.23 99.82
04-21 DY 3 -0.13 30.0 6.28 2.19 195 157.16 147.49 -
04-26 T 4 —0.13 62.0 3.83 1.59 16.32 61.07 58.40
04-26 mF 4 ~-0.13 62.0 4.12 1.60 10.66 41.30 37.15
04-27 M 4 -0.13 61.0 4.15 1.64 6.01 24.56 21.18
05-23 M 4 —0.21 33.0 6.03 2.32 1.05 14.30 13.97
05-23 BT 5 -0.21 33.0 6.22 2.31 0.85 12,79 12.51
05-30 mF 3 -0.21 58.5 5.49 2.31 23.67 99.47 96.69
05-30 M 4 -0.21 59.0 4.54 1.80 16.16 69.65 70.12
05-31 g 4 -0.21 58.5 5.00 2.10 7.55 32.38 29.27
03-21 MLk 3 ~0.13 35.0 5.76 2.13 2.44 32.31 22.49
03-24 Il 4 —0.13 220 8.39 2.82 1.21 47.53 42.30
04-05 m Lk 4 -0.13 49.0 4.69 1.98 8.72 50.53 45.78
04-12 L 4 -0.13 30.0 7.04 2.61 6.13 113.93 104.79
04-21 ml kB 4 -0.13 30.0 6.40 2.21 5.87 105.04 97.07
04-26 Mk 1 -0.13 62.0 4.00 1.85 15.32 51.57 43.59
04-26 Ak 1 -0.13 62.0 3.95 1.53 13.01 52.35 44.30
04-27 |k 3 -0.13 61.0 3.92 1.62 10.00 37.70 27.43
05-23 m L 3 -0.21 33.0 6.24 2.37 0.87 12.71 12.18
05-23 L 3 -0.21 330 6.12 2.40 0.93 13.13 12.10
05-30 L 2 -0.21 58.5 5.19 2.11 14.62 122.92 112.92
05-30 I 2 —0.21 59.0 4.79 2.06 11.68 95.01 89.0
05-31 M 3 -0.21 58.5 5.00 1.97 9.32 41.49 38.70
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2 HELERDH
2.1 BEHAME

YRR KB R A bR ARZ T EMEe, RERARZR LR, TEEMR
F1 LW R R E N, REAERE RBIRR RREREEM A, B R MR, (R ER
£ [ 7 1 ¥F 7 T % 48 4 0, ARG B AR ZE AT ER T B Bl 4R R A AN, R A PR R
MEE >, BERTEMR R B R Bt E 4.

ERERERRENELHB R BRAMEE. B, 5 X5 8B 8 5 o
KEBAKESZRThZE. KEE REIRE I 5 WARE B RIEW RN H R Bk
WERMAE. EXKSHEMSEEEHYRNEHRHEEERYEEERN, HEEEHRIER
Hep, WAEER S, NX—&KF, FHR%IER K 58 F (0 fwithout buoyancy) fBl
FHESTK GBS SR EER R BEME. MRBMANTHREBERESH
KREHNZENRBRER, WEEXER U THIEE (o fbuoyancy). HER 1 KiARKE
R.BRLSKBEREAZR THEAABEKE, AEERNHTHBRERESER K 1.03—
1.56 15, X112 15 Lk BB RAZ M LR IBEF, AEEF TN EHRERES
B3 A0 1.06—1.43 4%, FHH1.15 £5.
2.2 MEGEERN

BRRBERTIL PR EL B EE, HhTmE b mAR, K& R R
V8] i, R[], AT BT LA 234 4 SO o8 2 A 25 3 BE 2. I 1 44 5 TR 7 M) 25 il 55 B B
R AL, BRI B8 b4 8, 8 ) kB T Sk 8 il 55 B 3 BE E hn K R
EEABE. AT RABRNBERBEE/D, RELHALLUETOKEEXKELERK=
REWHRESH HERNMY R IR ER (EHFS,1996), BERE— M8 E 2 T % i 58
Xt B — B KA.
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Fig.1 Effect of loading rate on the flexural Fig.2 Flexural strengths in relation to model
strengths with buoyancy ice loaded upwards and downwards

O, ika: —0.13C; OFF, KA. —021C,; OEEEN, iK&: — 0.13C; OF BN, Ik —021C;
b, K. —0.13C; ok, K& —0.21C WREER S, KE: —0.13C; o RHERS, KA.
-021T

MINEREEE EF, e Sk B 25 5 1 i A A B, T 4 R B SR B R 2P A S R XE.
SRR UK B B SR R] 5 I 7E 1—2s Z 8] (Hayward ef al, 1993), EMi S RAKEBB R T i
BB R ER -, Xof, HEMERANEERSER BERLSEMR, FLE, X4
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BOIRET ] T B A AIER, IR R EE R 10—20, 382 K 4R vk Bk SR it 18] 2 1—2s, A8
B UK 5K B[] 2 48 7 B 0.22—0.63s. AORC BE Y pk 25 iy 38 FE A9 B SR i 1) 2 A X — 8
H.
23 B EBE

MBI EBEKRETRRERERRMBRENER. HXRAKME, B TRKEAE
T E B R KR RS 2R (E %%, 1988), [ LB HIRE (o) A1 T & iR E
(o )MEREFEMN. MEKNSELEHNREERE -, HEXAKNA KR ERE
FE, RENRBRREARENA —R. ©TF AORC WHEI KR, LFRABREMEHRLY
EZF. AHEREERIOELT, MREERTE. X—STAE 2 fiRME LEMET
I i SR E R X RE W, UL AORC #A! vk 4 4% 1) [/l 4.
2.4 WREBKYEYRBA

ARERR R KB R EFRIKARGBRESE. b THEMIEMK
PR R VBUA I B M, K2 B8 R R D FE A (B 3, 4) ., R IEAEE TR A, 5IA Y 48
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Fig.3 Hexural strengths in relation to the Fig.4 Relationship between flexural
content of the unfrozen solution strengths and density
OH T, k& —0.13C; O TF, %kK&: —021C; O[T, ikA: —0.13C; Ol F, ¥k&: —0.21C;
® b, kA - 0.13C; DR, K& —021T mEE, KR - 0.13C; Dk, k&R —021T
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Fig.5 Downward(a) and upward (b) flexural strengths vs. the evaluation index
® [ F, Km: ~0.13C; OMTF,¥Ka: —0.21C; m i bk, )k K. -0.13C; Diigk, wkK:-021TC
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B, K R EBEELE BN, TS R R R R A S BRI E EREE. HBRKA
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3 #ig
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= (5—6)h, B=2h.
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EXPERIMENTAL STUDY ON THE FLEXURAL STRENGTH OF
FINE GRAIN ETHANOL MODEL ICE

LI Zhi—jun, RISKA Kaj'!
( National Marine Environmental Monitoring Center; Dalian University of Technology, 116024)
1L(Helsinkz' University of Technology, FIN 02150, Espoo, Finland)

Abstract The fine grain ethanol model ice, used in the Arctic Offshore Research Centre (AORC),
Ship Laboratory, Helsinki University of Technology, is of international standard for modeling
interactions between model ice and structures (ships). One of the important laboratory simulation
results is concerned with the model ice properties. For the interactions with inclined structures and
ships, such as cone man—made islands, lighter towers, wave dams and ice-breakers, model ice
flexural strength is one of the dominant factors. A series of experimental studies have revealed the
physical and mechanical properties of fine grain ethanol model ice and their relations to the known
ice-making conditions (i.e. air temperature in ice basin, time periods of decreasing and increasing air
temperature, and model ice thickness) and yielded a new index, 8+ t/ h* based on the energy
balance. This paper presents the experimental study theory, method and results on the fine grain
ethanol model ice fiexural strength. The effects of buoyancy, loading rates and loading directions on
the model ice cantilever beam flexural strength are discussed. The authors’ findings that flexural
strengths loading downwards and upwards are nearly the same (the homogeneity of the fine grain
model ice) are confirmed. The processes affecting the strength with loading rates are similar to those
for the natural sea ice in the Bohai Sea. The effect of buoyancy on the strength is smaller than the
error which comes from tested data. The flexural strength depends on its physical properties, and
decreases with ice density, the increasing of unfrozen solution in the ice, and the increase in the
new evaluation index. From energy balance, the larger the index is, the more the unfrozen solution
in the ice is, and the higher the ice density.

Key words Fine grain ethanol model ice HFlexural strengths Experimental study
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