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Bending test of multi-layer ice including sand particles
by
Shun'ichi KOBAYASHI , Tatsuo SAITO, Shin-ichi ABE,
Toshi-ichi KoBAYASHI , Kazuhide SATO and Kaoru IzZuMmi

(Abstract)

Measurements of breaking strength and the Young's modulus on multi-layer ice including
sands were conducted by using a bending test machine in a cold room of constant temperature,
— 5°C. The breaking strength and the modulus were intensified the increasing the amount of
gands in the ice and the number of ice layer. However, it is not clear to distingnish mutuality
between the amount of sands and the number of ice layer. The experiment done in 10 days aging

test of materials showed that the strengths of materials were not influenced by aging time.
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Fig. 1 Bending test (three-layers ice
including sand particles at boundaries
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Table.1 Results on breaking strength and
various modulus.
Mo A 6f | E1 | E2 | E3 | E4
1 36.86| 3.77| 4.65| 1.44| 0.31]15.72
2| 35.96| 4.08| 4.86| 4.86] 4.86] 4.86
"3 |x1m| 3555 3.47| 1.87| 1.37| 0.37| 219
1 35.51| 3.15| 1.94| 0.96| 0.09| 0.86
5| 36.05| 3.37| 3.10] 6.52 -| 2.89
mean 3.57| 3.29| 3.03| 1.41| 5.30
6|51 [36.76] 3.07| 1.94] 0.84] 0.09 -
i MR | 3648 2.70] 1.36| 0.64| 0.14| 2.47
mean 2.89| 1.65| 0.74| 0.12( 2.47
8 38.19| 3.74| 2.44| 1.67| 0.35( 10.40
::§: 36.19 3.91| 2.44{ 1.65| 0.29| 3.25
10 39.08| 2,75 2.16| 1.46] 0.78] 1.99
—{%3m
11} 40.37| 3.07| 1.76| 1.33| 0.38| 2.07
12 40.62| 2.93| 1.44( 1.08| 0.50( 1.65
13 36.31| 2.93| 2.74| 1.62| 0.17| 4.06
mean 3.22| 2.16| 1.47| 0.41] 3.90
14} 35.93| 3.14| 1.33| 1.00| 0.28| 1.62
15| g | 34.3¢| 4.31| 2,67 1.94] 0.75| 2.70
16| &3 [37.85| 4.80] 1.97] 1.66] 0.37] 2 98
17 37.57| 3.19| 3.20| 2.87| 1.15| 2.87
mean 3.86| 2.29| 1.87| 0.64| 2.54
18 41.30| 4.61| 1.67] 1.42 -l 179
19| gmA | 4118 3.12| 349] 9.66| 2.38[ 9.52
20| k6@ [ 3335 3.06) 2.21] 1.64] 0.67] 3.49
21 37.09| 6.17| 2.79| 2.21| 0.08| 6.12
mean 4.47| 2.54| 3.73] 1.04| 5.23
22 37.16| 2.64| 3.40| 2.51| 1.30| 4.20
23] 35.86] 2.77| 3.07| 2.36| 1.10| 3.13
24| gmA | 36.46] 5.49] 4.47| 13.81| 3.75| 13.82
25| XIOM | 36.19| 5.26| 2.33| 1.57| 0.12| 3.38
26 35.75| 4.20| 2.54| 2.29| 0.36| 6.30
27 36.39| 4.61| 1.84| 2.67| 2.18| 3.11
mean 4,16 2.94| 4.20| 1.47| 5.66
A WEST (cd) E | : ByResi (hek (X 10% kef/cd )
Of: EIIE (kof/cd ) E2: SMBHERE  (x10%kgf/cd )
E3: ¥iREeRat (X103 kef/cd)
E4: M (x10%kef/cd)
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Table.2 The relation of
breaking strength and
various modulus to number
of sand layer.

a b r

of 3.52| 0.10] 0.745

El 3.22] 0.28( 0.776

E2 0.41]| 0.12| 0.999

E3 2.13( 0.09( 0.997

E4 1.50] 0.33[ 0.954
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Fig. 3 The relation of breaking Fig. 4 The relation of taugen
strength ( ¢¢ ) to number of tial modulas (E,) to number
sand layer (N), of sand layer (N),
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Table.3 Results on one point load. Table.2 Results on two point load.
Yo T| a af E ) T| a a¢ E
1] 4 | 35.39] 10.67]| 6.14 1 4 [ 37.57] 13. 44| 3. 92

_2x1m 413593 11.04] 626 T2 |x1m |4 3595] 12.27| 4.73
3 4 | 38.31] 10.23| 4.58 —

—— o6 566 3 4 [ 39.13] 10.50] 4.23
4] 4 [36.95| 6.63] 4.48 mean 12.04] 4.29
5 k3@ |4 36.22] 9.06| 4.93 4 4] 36.66| 10.58| 7.21
6 4 [36.19] 12.61] 534 5 |53%| 4| 3654] 10.62| 5. 56
7“'"" Ty 2~ ;g :~ fl’i 8 | 36.14| 10.06| 4.75

N 4 RS TN TR T mean 10.42| 584
9 4]35.95] 10.67] 4.62 T mn || 87| 1183 4.8

mean 9.25] 4.68 i %3 @ 4] 34.46) 13.35| 6.57

10] o g ] 889] 10.60] 167 B) 33.82| 6.22[ 2.9
1115 4] 34.55] 11.14] 2.68 — 0471 .51
12 4] 3893 6.78] 1.73 m TT2aeil s30 299

mean 9.51] 2.03 — ' @ : : :

13]m w@][6]34.39] 839 1.43 ._IL X1mE 4139.73| 7.31| 110
14]|%1@ 6| 35.99] 6.03] 209 12 4] 3819 9.86] 1.99

mean 7.21 1.76 mean 7.891 2.03
15 2] 3494 7.877 3.93 =

16 15k | 2| 36.46] 7.84] 2.84 14 | BBA | 4| 37.19] 10.63| 2 67
17 2 | 35.93] 7.47] 2.62 o] X3

mean 7.73 3. 13 15 35.71 4.54| 2.03

18]y @|2]3619] 7.57] 222 mean | 848 230

19 |WEA | 2| 35.00] 9.74] 3.80 A WEH (cd) i
20 | X3 5 36.19] 6.82] 2. 16 Ot : METSME (kof/cd) |

mean 8.04| 2.73 Efﬁﬁﬁﬁ%ﬁ(xlﬂ’ksﬂcﬂ)

2l lg g 4] 33.24] 7.09] 4.57 T 4% (day)

22 | WA (4] 35.32] 12.64] 3.44

mean 9.39] 3.74 g (ko f/ed) '

24[m 4| 6]3554] 478 343 Table.6 Comparison of b‘reakmg strength

25 |WEA | 6| 36.11| 9.46{ 3.06 with one point and two point load.
26| %38 |6 35.98] s5.25] 2.17 TR Y TR

mean 6.50] 2.89 — —

T la |8 36.38] 10.49] 3.94 * 1 @ | 1065] 1204

28 |WRA |81 3684 832 3.25 Dk 18 9.51 7.89
29 |X3M g 35.86| 11.49| 4.80 x 3 B 9.43 | 10.42

mean 10.10) 4.00 WEAKIE 9.25 | 10.47

30 #|10] 36.66] 8 18] 227 TRBEINS
31 g@g 10| 35.26] 10.51] 3.06 Asm] o 3? 8 48
32 10] 36.68 ;' Zg 3 é‘; -6 EEMEGENIcL B | A& 2 S
33mw‘ 2 [36.61] 6.97] 2.52 MO (X 10 ke f /o)

"3‘4‘% g 2 1 36.99] 6.54] 2 29 Table.6 Comparison of tanggntial modulus
351 K38 5 36 52 7.121 3 12 with one point and two point load.
N 6.88) 2.84 B R & | 1o6E | 2a68
Gf ggg&é_g(/ 2 kot /ed ) x 1A 5.66 4.29

X 9 N
SH <t ¢ WEoxk1@ | 203] 203
* 3 M@ 4.92 | 5.8
BERAKIE 4.68 | 4.3

BRHRAKI B 3.74 2.30
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Table.7 Comparison of break- Table.8 Comparison of tangen-
ing strength with plane and tial modulus with plane and
without plane. without plane.
BIER | PF2RE PILEG | B2
X 1 B/ 3. 57 10. 65 X 1 @| 5.3 5. 66
X 3 B 3.22 9. 43 X 3 B 3. 90 4.92
WRAKI® 3.86 9.43 WRAK3IA 2.54 4. 68
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