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ABSTRACT: This paper focuses on the estimation of local ice loads exerted from ship-ice interaction processes. The Korean IBRV ARAON was
used to perform field ice trials during her 2015 Arctic voyage. During ARAON’s general ice transit, a total of 72 channels of data from both
strain gauges on the inner hull plates and those installed on the transverse frames of the ARAON's bow section structures were analyzed to
calculate the local ice loads. The local ice loads estimated from the analysis of the shear strain data measured on the side frames were compared to
those from the hull plate pressures.
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Fig. 1 Layout of strain gauges on the hull panel of the IBRV
ARAON during 2015 Arctic ice cruise (Port side)
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Fig. 2 Layout of strain gauges on the hull panel of the IBRV
ARAON during 2015 Arctic ice cruise (Starboard side)
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+ Measuring for hull plate strain
+ Single Gauge : 1 Channel / 1 Gauge
*+ Rosette Gauge : 3 Channel / 1 Gauge

S/G Raw data

(Strain)

¥

+ Calculation the stress from the strain

+ Single Gauge : Equivalent Stress(Von-Mises eq. ,
make a supposition (g, & = 0))

+ Rosette Gauge : Equivalent Stress( Von-Mises eq.)

Stress

¥

+ Use the Influence matrix method

* {od=lclP} o (Pi)=le] o}

Pressure ({o} is stress {P} is pressure, [c] is influence
matrix)
* F=PXA

(F is load, P is pressure, A is the area occupied
by the gauge)
+ Area = 0.8m x 0.5m

Ice Load

Fig. 3 Stain gauge data analysis procedures

=3 A < adoly Ayt d7elA 1 7k
gol Aud vt Aok B =RelAe AAAS 2EHUACIA
g B3 AUNEL 7T olF B8 52 9o Aude



470 Jung Ki Min et al.

10709} 470 A8 e Fig 1014 B5o] e HA) 9
o W AXS 15 Alo)A] HX9 HA & FE-2 106~109%
Z ot} 82 15 Al°IA $X¢}F FA= T2l 108,109
zZydoltt. A iR Fgah= WAHA A vlwshr]
S8t Zde] ) =gl X 8712 Alo|A| e}t $He 2
A ZE ol X3 47)9] Alo]AE 13T

AA WEAol o3 5Fo] MFPL 3% ZAE AolAe W
B, 656 A2 Apm] W 45 7 e AA 2lo] Wkl &
HE AZEY Fig 40 AT 23 2o] Mohre] ¢& 43
o AHIEE 7 5 ok

AGHY=E 4 &= 2 ()Z A=k

—~
=
=

Yo T (26b 6T E(‘,)

1 e 9% AV, & olhFe] Akgeolet A %
ZelQel BT AT 4 (9 A

Yol7] “Hﬂ‘oﬂ ‘j??_ Ak
18% JEZ A4HEtHTimoshenko and Goodler, 1951). o}ef

59 A5 AolA7t AxE Z#Q) Alele] 7HAo] 0.8m ©]7]
Zel FEZ-L 144em HE=olth

olgf2s ol 106W ZEYe YHH 730mm><28mm+
100mm<35mme®| ™, 107~109¥ =ZF|Je] THz.e 600mm><
23mm-+80mm=<23mmo.2 AAETH HFAH o7 3o 7
5 Wt 4l T Yol Fe3 HoEs 2T g 75_44'
o st
EC
Y 4 €p
€ = € €q ;
C 42 -
! 1 % €q
/// ‘:;\A\\ I
oy 2 ‘\L“\ €max
A [ 1 \/,
[\i S C [:) €

Fig. 4 Calculation of shear strains from Mohr’s circle
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AAA Ao] YIthGhoneim et al., 1984; Takimoto et al., 2006;
Kujala et al., 2009; Suominen et al., 2013; Boersheim, 2007;
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Table 1 Raw data obtained during IBRV ARAON's 2015 Arctic voyage

Data group Date UTC time
7 0811 04:30 ~ 05:15
11 0814 07:45 ~ 08:00
12 08:20 ~ 09:20
14 10:27 ~ 11:28
16 16:40 ~ 17:45
17 17:50 ~ 20:15
22 0815 06:25 ~ 08:20
23 13:05 ~ 14:05
24 14:12 ~ 15:05
25 15:10 ~ 16:07
28 0816 02:50 ~ 03:50
29 04:09 ~ 05:10
30 05:20 ~ 06:15
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Fig. 7 Sum of shear forces acting on all frames
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Fig. 8 Ice load acting on hull section corresponding to each frame
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Table 2= AEE oWlE FIHlA F 71X o= ALkd

Hlw gk Aolth AXAIHe] A
A=A 2015 84 H=3)] WA dEle 2 WalFel AlZ
ekt 270] ophd AFo|r] Wil Z|EX BT & WilkE
oy F&d oMES 347} R 493 FHAh oWl
Eo] WY 3= F 433]0|H, 11, 12, 24, 25, 29, 301 Hlo]H
aFoE Yol 283 93 WalEo] 0.04MNS HE ghol
N7 o] olHES} LAYBEA] ¢UT). Table 3 Table 29
Uehd 93 WskEe] e 5 HAdigk € Baas JER A
ot} Hulgk2 QoA 9] WalEo| 0.33MN, ZH Y42 |
3F3o] 0.11IMNe]leH, HHgh-2 2+ 0.13MN, 0.05MNO =2
ol e] W3lgol vl Z# YAl Wakso| <F 40% A
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Table 2 Comparison of the local ice loads in each event section

Time Plate Frame Time Plate Frame
No. [sec] load load No. [sec] load  load
[MN]  [MN] [MN]  [MN]
7 579 0.08 0.05 4544 011 0.05
839 027  0.06 5322 014 0.04
1010  0.11 0.05 5691 011 0.04
1153  0.10 0.06 6039  0.33 0.04
1342 010 0.06 6072  0.16 0.06
1424 021 0.04 6349 013 0.04
4552 016 0.05 6808  0.23 0.04
1989  0.08 0.04 8035  0.08 0.04
2018  0.18 0.11 22 174 0.04 0.05
2030  0.16 0.04 998 0.06 0.04
2093 011 0.04 3328  0.05 0.07
2170 0.05 0.04 4045 007  0.05
2309  0.20 0.06 4194  0.08 0.06
14 2333 004 0.04 4227 0.05 0.04
2984  0.06 0.05 4616 013 0.06
3059 015 0.04 4992 013 0.05
17 1370 0.4 0.04 5642 017  0.06
1637 0.4 0.05 23 790 0.05 0.05
1712 0.10 0.04 827 012  0.08
3321 013 0.04 2192 0.16 0.05

3633 012  0.04 28 660 019  0.04
3827 013  0.05

Table 3 Number of event sections for two ice load estimation

No. Plate load Frame load

Event average 0.13 MN 0.05 MN

Event max. 0.33 MN 0.11 MN
e ke Fo 2AEE B3 WaEe 248 e
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