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In this paper, the theory of rectangular plate on the elastic foundation is used to get the relation equation between the effective Young's
modulus and the ice sheet deflection by applying the characteristic length concept, since the model ice sheet is rectangular shape in
KRISO (Korea Research Institute for Ships and Ocean Engineering) ice basin, The obtained relation equation is equal to that of using
the circular plate theory. A device is made and used to measure the deflection of ice plate using LVDT (Linear Variable Differential
Transformer) for several loading cases and the procedure of experiments measuring the deflection used for getting the Young's modulus
is explained, In addition, the flexural strength value obtained through flexural strength experiments is compared with that of finite
element analysis using the obtained effective Young's modulus, Also, a nonlinear FEA (Finite Element Analysis) of cantilever ice beam is
done with eroding effect and LS—-DYNA result shows the fracture of brittle ice under 1 mm/s velocity load,
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beam

(c) model ice cantilever beam

Table 1 Flexural strength of model ice

(d) load on beam
Fig. 1 Flexural strength experiment

Dimension of the

Case | Load specimen (mm) gy
1 (M) (kPa)
h B L
1 3.3 36.56 | 84.99 | 197.08 34.35
2 2.8 36.63 | 72.44 | 196.91 34.03
3 2.9 36.36 | 78.30 | 205.66 34.57
4 2.9 36.48 | 76.16 | 198.43 34.65
Avg. 3.0 36.51 | 77.97 | 199.49 34.40
Dimension of the
Case | Load specimen (mm) Of
2 (N (kPa)
h B L
1 3.6 39.03 | 78.60 | 190.37 34.34
2 3.8 39.42 | 75.20 | 181.90 35.49
3 3.6 38.22 | 77.25 | 192.54 36.85
4 3.4 39.12 | 73.24 | 188.98 34.40
Avg. 3.6 38.95 | 76.07 | 188.44 35.27
Dimension of the
Case | Load specimen (mm) gy
3 (M (kPa)
h B L
1 4.8 33.40 | 80.83 | 198.08 63.27
2 4.5 33.48 | 85.57 | 155.70 43.83
3 4.7 33.41 | 83.37 | 178.93 54.22
4 4.8 33.51 | 83.85 | 201.51 61.64
Avg. 4.7 33.45 | 83.40 | 183.55 55.74

Chl Ch2 Ch3 Ch4 Ch5 Che

(a) Measuring position (b) lce sheet
30m 23m 1Tm 10m
- I I
Carriage | [ ] ] ] Channel 1

Test 1 Test 2 Test 3 Test 4
Channel 2

Channel 3

|- o m- ]
Test & Test 7 Test & Test 5

Channel 4
Channel 5
Channel &

] ] d [u]
Test 9 Test10  Test1l  Test 12

Channel 7

(c) Measuring order
Fig. 2 Measuring positions in KIRISO model ice sheet
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(a) CAD of LVDT

(b) LVDT device

(c) LVDT in red circle at Carriage
Fig. 3 A device to measure ice sheet deflection
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Table 3 Measured flexural strength and FEA results

No % ij; (:tlle]w:;/ (I\k;lt(#) /\//EDa F/EQ; strain €
min. mm

11365 |344| 73 | 350 | 210 | 33.3 | 0.16E-3

21389 |32] 9 | 300 | 180 | 343 | 0.19E-3

31| 334 | 557 | 117 | 30.0 | 340 | 54.2 | 0.16E-3

(a) Beam stress

Il|q

(b) Beam deflection
] _ﬂ

(c) Plate stress (d) Plate deflection

Fig. 6 Stress and deflection of model ice sample
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Table 4 Properties for nonlinear FEA using LS-DYNA

p

Part E v o €

Ice 35

cheet 1000 200 MPa | 0.33 P2 0.00156

Load 7850 200 GPa | 0.3 o -
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S

Loading
by Push-pull Gauge

Fig. 7 Eroding at the root of cantilever model ice
sample
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