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a b s t r a c t

The purpose of this study is to analyze the relationship between the occurrence of intermediate peak and
time duration, and to conduct a review for the causes of the intermediate peak. In this test, ice impact
tests were conducted using a bow side shell frame and ice specimen. A total of 70 samples were man-
ufactured. Two types of ice specimen with relatively different surface conditions were used. The criterion
for dividing the two types of ice specimen was the different exposure times to room temperature after
freezing. This experiment was conducted for each parameter in order to reproduce the actual icebreaking
situation.

As a result of the analysis, the intermediate peak in the ice load signal have been found to be caused by
mechanisms by which the inner surface of broken ice contact with hull immediately after the initial
hitting point of ice has been broken.
© 2019 Society of Naval Architects of Korea. Production and hosting by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Considering the recent conditions of the Arctic ocean, vessels
can voyage the Northern Sea Route (NSR) relatively easily from July
through October. The NSR means the sea route connecting Europe,
Asia and America through the Arctic sea. It also collectively refers to
the northwest sea route and the northeast sea route. The distance
between Busan and Rotterdam through the NSR can be shortened
by about 7,200 km compared with sailing through the existing
Suez-canal, with the cost also being known to be saved (Shin, 2015).
In this way demands for icebreaking cargo ships such as ice-
breaking oil tanker, icebreaking LNG ships, etc. including ice-
breaking capability to the features of the existing vessels in
addition to icebreakers is being increased as the use of NSR is
increased.

Icebreaking capability is a capability essentially required for
vessels for sailing in ice-covered water. While performing ice-
breaking, the vessel is wholly or locally subject to forces by collision
or contact with sea ice (ABS, 2011). The force that the hull is sub-
jected to at this time is called ice load or ice pressure. The local ice

loads refers to ice load cases that relate to local structural reponse,
both shell plating and framing. The global loads in the case of ships
refers to those loads that cause a global structural response in the
hull girder (Kendrick and Daley, 2011).

Generally, magnitudes of the local ice load vary with type and
thickness of ice, interaction between ice and hull structure, and
icebreaking mode (ISSC, 2012). Since such ice load can act more
severely than slamming load as a large impact load occurring in
open waters. Therefore, ice load problems are treated with more
focus upon structure design of icebreaking vessels (Min et al.,
2016).

In general, a few times of collisions can occur in the collision
between a vessel and sea ice due to the characteristics of ice. The
amount of impact occurring in the impact at this time is deter-
mined by impact force and time duration. According to the analysis
results of ice load signals measured in the hull (Jeon et al., 2013), it
can be seen that there are many cases where intermediate peaks
are produced. Intermediate peaks mean the peaks produced before
or after ice load signals reach the peak stress spot. When the in-
termediate peaks are occurred, time duration can be increased due
to an increase in raising time or decaying time as illustrated in Fig. 1
(Lee et al., 2016; Ahn et al., 2017). Thus, if the amount of impact on
the vessel increase, time duration will increase. And increase the
possibility of structural damage at the part where ice collision
occurred.
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Thus, in the present study, the bow side part of icebreaker was
produced as a model and ice impact tests were conducted by using
ice specimens to analyze occurrence tendency of intermediate
peaks as a function of stern angle and impact speed upon ice-
breaking of an icebreaker, and variation of surface conditions for
the ice specimens. For ice specimens, two types of having mutually
different surface conditions were used by varying room-
temperature exposure times after freezing. To analyze the time
duration based on measured data, time history upon occurrence of
peak wasmade dimensionless, and arranged in terms of peak stress
and time duration. Also, measured signals were classified according
to initial hitting point for the ice specimen. Based on the arranged
data, relationships between the occurrence status of intermediate
peak and the time duration were analyzed, and a review was per-
formed in relation to experimental variables to presume occurrence
causes for the intermediate peaks.

2. Overview for test

2.1. Overview of test

Types of icebreaking performed by an icebreaker when sailing
ice-covered waters include continuous icebreaking and ramming.
Continuous icebreaking is a process of icebreaking while the vessel
voyages in the ice-covered water with the level ice of a uniform
thickness at a velocity higher than a certain value when thrust of
the vessel is larger than the force produced in the ice-hull inter-
action. For ramming, there is a method with repetition of backward
motion, full-speed collision, and backward motion since contin-
uous icebreaking is not possible when encountering a thick ice
ridge (Choi, 2015). In addition, the case where the vessel sails with
icebreaking while colliding with ice in ice-covered waters when ice
concentrations are relatively low also pertains to ramming.

In the present test, ramming was realized where the vessel sails
with icebreaking while colliding with ice when the ice concentra-
tion among icebreaking types is relatively low. By considering the
fact that the stern angle of ship ARAON as an icebreaking research
vessel of Korea is 20�, the impact angles among test variables were
selected to be 10�, 20�, 30�, 45� and 90�. These were selected to find
occurrence frequency of intermediate peaks when the impact angle
is the same as the stern angle at 20� upon icebreaking of the
existing ship ARAON and as a function of angle variation. Also, by
considering the fact that themaximumdesign speed of ship ARAON
was 16 knots, the impact speed as another test variable was such as
to allow realization of the maximum speed of 4.43m/s at the
impact angle of 90� capable of realizing the maximum speed in the
present test. In the tests, mutually different speeds were allowed by

controlling impact angle and impact height to realize impact
speeds, and the speed range was calculated to be from the mini-
mum of 1.13m/s to the maximum of 4.43m/s according to the
following equation.

vm¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
mghsinðqÞ

q
(1)

Fig. 1. Difference in terms of time duration due to the occurrence of intermediate peak.

Fig. 2. Overview of test set-up.
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where ym means the impact speed. m the mass, g the gravitational
acceleration, h the height, and q the impact angle.

For the environment upon implementation of tests, test were
conducted at �10 �C upon tests using ice specimens with the sur-
face of winter ice, and at 2 �C upon tests using ice specimens with
the surface of summer ice. For reference, actual temperatures of the
north pole are 0e5 �C in summer time, and �20~-30 �C in winter
time. Fig. 2 shows a picture taken of the appearance with instal-
lation of the test equipment.

2.2. Production of bow side shell frame model and ice specimens

For the bow side shell framemodel, No.108e109 of the bow side
shell frame for icebreaking research vessel ARAON were modelled,
with the overall size being 700 � 1000 � 200 (mm). While the size
of the actual frame was 600 � 23 þ 80 � 23 (mm), the model was
produced to be 100 � 5 þ 20 � 5 (mm) by reducing this. Fig. 3
shows a drawing for the model. Material used in the model pro-
duction was SS400. The minimum yield strength is 235MPa.

In 2010, 2013, measurements on ice load have been performed
using ship ARAON inmutually similar waters. In 2010, strain gauges
were attached to inside of the hull side shell on portside of the bow
thruster room to measure local ice loads action on the bow side. In
addition, more strain gauges than in 2010 were attached in 2013 by
expansion to Fr.110 in the bow direction (Lee et al., 2015; Hwang
and Lee, 2016). From the two actual ship measurement studies
mentioned, Fr.108~ Fr.109 as the common part became to be
selected (Lee et al., 2016).

Ice specimens used in the present test were produced by using
fresh water. Weight of the ice specimens was determined through
an advance stress analysis, where the minimum weight of ice
specimens to produce a stress of about 20MPa as theminimumwas
about 2.7 kg at least. For selection of 20MPa as the minimum stress
at this time, the analysis of data was referred to with an emphasis
on peak values above 20MPa to a relatively high level of stress
among the data measured in the previous study (Lee et al., 2014).
Dimensions were calculated based on the weights calculated
through an advance stress analysis. Here, the density of pure fresh
water ice with free of pores is generally 917 kg/m3 (Lim et al., 2008).

Since the diameter of ice guide jig is ∅200, the maximum length of
one side of ice specimen that can be inserted in the tube is 140mm.
Therefore, to produce a rectangular parallelepiped having the
minimumweight of 2.7 kg for the square cross section of 140mm in
the length of one side, the height should be 150mm. Thus, the
dimension of an ice specimenwas calculated to be 140� 140� 150
(mm).

Fig. 3. Drawing for bow side shell frame model.

Fig. 4. Ice specimen.

Fig. 5. Location for strain gauges.

Fig. 6. Installed strain gauges.
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In the present tests, variation of ice load signals was considered
as a function of surface condition of ice, and the ice specimens were
produced by division into two groups. One group is ice specimens
with the surface of winter ice and was stored at the same

temperature as in production, while the other group is ice speci-
mens with the surface of summer ice and exposed at room tem-
perature for 12 h. Surface condition is much affected by outside
temperatures. The ice specimens with the surface of winter ice are

Table 2
Summary on peak data of tests using ice specimens with summer ice surfaces.

Impact Max. Min. Avg.

Angle [�] Speed [m/s] Smax [MPa] Td [msec] Smax [MPa] Td [msec] Smax [MPa] Td [msec]

10 1.13 53.58 15.70 7.76 4.07 25.17 7.49
1.60 54.76 19.03 9.47 7.00 21.21 11.04
1.85 44.52 22.08 7.27 11.59 17.68 15.20

20 1.59 40.65 18.14 7.80 4.82 19.85 10.79
2.24 75.58 20.57 8.43 3.88 31.05 10.43
2.59 60.92 20.96 8.19 5.32 26.37 11.30

30 1.92 54.63 14.75 8.08 6.24 23.01 10.31
2.71 117.56 19.65 7.80 4.53 37.44 8.88
3.13 33.98 23.06 8.62 8.43 20.92 14.89

45 2.28 74.34 19.77 8.68 7.40 26.83 11.44
3.23 90.77 14.80 14.06 4.75 36.21 7.92
3.72 99.95 15.44 13.30 4.51 39.45 8.60

90 2.71 101.78 9.56 18.31 3.01 47.96 4.89
3.84 119.58 6.64 21.59 3.63 53.71 4.97
4.43 108.76 18.18 11.99 4.25 45.63 9.17

Table 1
Summary on peak data of tests using ice specimens with winter ice surfaces.

Impact Max. Min. Avg.

Angle [�] Speed [m/s] Smax [MPa] Td [msec] Smax [MPa] Td [msec] Smax [MPa] Td [msec]

10 1.13 31.56 7.56 7.75 3.60 17.64 5.09
1.60 44.80 15.94 10.54 3.92 23.59 7.30
1.85 72.19 13.84 8.75 4.85 26.36 8.94

20 1.59 91.70 14.53 8.70 5.22 29.20 9.17
2.24 103.39 15.35 12.42 4.18 33.32 7.92
2.59 89.64 15.14 11.67 4.81 32.17 8.96

30 1.92 110.83 10.90 15.57 4.29 39.57 6.86
2.71 131.14 15.95 16.16 3.54 47.12 6.23
3.13 76.98 13.93 13.23 5.03 33.30 9.66

45 2.28 107.14 16.70 12.24 5.06 37.47 8.67
3.23 105.33 13.78 16.50 4.75 46.00 6.89
3.72 120.43 13.81 19.12 4.44 52.51 5.98

90 2.71 88.94 9.36 20.56 3.47 50.97 5.08
3.84 151.92 8.90 22.32 3.81 65.17 5.27
4.43 130.89 13.00 23.75 3.46 70.56 4.85

Table 3
Summary on signal type and peak data of ice load signals.

Type No. of data Summer surface Winter surface

Summer surface Winter surface Smax [MPa] Td [msec] Smax [MPa] Td [msec]

I 116 (50.2%) 170 (73.6%) Max. 119.58 15.13 151.92 12.05
Min. 7.76 3.01 7.75 3.46
Avg. 39.96 6.40 44.77 5.55

II 46 (19.9%) 23 (9.9%) Max. 74.34 22.08 49.06 13.36
Min. 7.27 5.72 8.70 6.34
Avg. 22.90 12.24 23.62 10.90

III 42 (18.2%) 21 (9.1%) Max. 65.72 23.06 34.21 15.95
Min. 7.80 4.84 14.97 6.39
Avg. 24.44 13.53 23.82 13.69

Ⅳ 26 (11.3%) 14 (6.1%) Max. 25.98 20.96 52.44 16.70
Min. 7.80 9.95 9.47 5.87
Avg. 16.44 15.48 23.48 11.97

Ⅴ 1 (0.4%) 3 (1.3%) Max. 13.08 14.71 31.62 15.94
Min. 103.08 14.71 18.20 15.14
Avg. 13.08 14.71 22.69 15.51

Total 231 231 Max. 119.58 23.06 151.92 16.70
Min. 7.27 3.01 7.75 3.46
Avg. 30.98 9.92 39.35 7.29
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intended to realize winter-time sea ice of the Arctic oceanwhile the
ice specimens with the surface of summer ice are to realize
summer-time sea ice. Fig. 4 shows a picture taken of completed ice
specimens.

2.3. Data measurement

For strain measurements, the gauge was attached between the

two frames with reference to the impact area of ice specimen in the
present tests. Fig. 5 shows the parts to which rosette gauges were
attached in the model. In the tests, a total of 7 gauge were attached
by using 3-directional rosette form to constitute 21 channels. Fig. 6
shows the attached strain gauges. For the data-measuring equip-
ment, HBM MGC Plus was employed, with application of Bessel
low-pass filter (cutoff frequency of 10 Hz). Since impacts occur very
instantaneously in the present tests, the measurement frequency

Fig. 7. Five typical profiles of the measured ice loads at ice impact test.
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was selected to be 2.4 kHz as the maximum usable value to obtain
sufficient data.

3. Analysis of impact tests

3.1. Analysis of ice impact signals

In the present tests, 231 data were measured per each surface
condition of ice specimens from G1~G7 rosette gauges attached to
the frame model on bow side shell. Data here was measured from
the seven gauges attached to the testmodel when tested twice each
at three types of height to realize five types of impact angle and
impact speed. At this time, tests were conducted for 3 times each

per test case at the impact angle of 20� unlike at other impact an-
gles. Maximum,minimum, andmean values of peak stress based on
impact angle and impact height as well as time duration are ar-
ranged based on surface condition of the ice specimen and shown
in Tables 1 and 2. Here, Smax shows the peak stress, and Td the time
duration.

Also, strains measured in the present tests were converted to
peak stresses. And this values made dimensionless were classified
into 5 major types of ice load signals as shown in Table 3 by
application of the classification criteria of Lee et al. (2016). In Fig. 7,
examples for these 5 types are being shown, where TypeI refers to
the type with no intermediate peaks during raising and decaying
times, TypeII to the type with occurrence of intermediate peaks

Fig. 8. Ice impact process in the test using ice specimen with winter ice surfaces at impact angle of 20� .
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upon raising time, TypeIII to the type with occurrence upon
decaying time, TypeⅣ to the type with occurrence upon both
raising and decaying times and TypeⅤ to all types excluding the
types mentioned earlier.

Considering Table 1 where test results were arranged for ice
specimens with the surface condition of winter ice, the maximum
peak stress is 151.92MPa, and the longest time duration is
15.95msec. It is noted that maximum peak stress can be a little
larger than real value because of relationship between dynamic
effect of plate and number of monitoring points on impact problem.
Based on Table 3, themost frequently classified type among 5major
types of ice load signal was TypeI without occurrence of the in-
termediate peaks, having been measured for a total of 170 times. In

addition, TypeII was classified for 23 times, TypeIII for 21 times,
TypeⅣ for 14 times, and TypeⅤ for 3 times. TypesII, III, and Ⅳ with
occurrence of the intermediate peaks accounted for a total of 58
times or about 26% of the total.

Considering Table 2 where test results were arranged for ice
specimens with summer ice surfaces, the maximum peak stress is
119.58MPa, and the longest time duration is 23.06msec. Also, ac-
cording to Table 3, the most frequently classified type among 5
major types of ice load signal was TypeI without occurrence of
intermediate peaks in the same way as ice specimens with winter
ice surfaces, having been measured for a total of 116 times. In
addition, TypeII was classified for 46 times, TypeIII for 42 times,
TypeⅣ for 26 times, TypeⅤ for once. TypesII, III, and Ⅳ with

Fig. 9. Ice impact process in the test using ice specimen with summer ice surfaces at impact angle of 20� .
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occurrence of intermediate peaks accounted for a considerably high
total of 114 times or about 49% of the total unlike with ice speci-
mens with winter ice surfaces.

When tests were conducted by using ice specimens with sum-
mer ice surfaces, intermediate peaks occurred more frequently
than in the data measured by using ice specimens with winter ice
surfaces, and the time duration was also measured to be longer.
Meanwhile, the peak stressesweremeasured to be generally higher
in the tests using ice specimens with winter ice surfaces than in the
tests using ice specimens with summer ice surfaces.

In the present tests, ice impact processes were filmed in video to
more meticulously analyze the collision process between the bow
side shell frame model and the ice specimens. Figs. 8 and 9 show
snap pictures filmed of the ice impact test process between the bow
side shell frame model and the ice impact process using the ice
specimens with winter ice surfaces and ice specimens with sum-
mer ice surfaces. Figs. 8 and 9 displayed in sequence by filming

before impact, at impact time, and after impact per each test case.
According to the analysis of videos, the ice specimens generally
sprang up while being rotated due to destruction of the initial
hitting point after collision against the bow side shell frame model,
moved to the models tip, and re-collided with other surfaces in the
process. However, in Fig. 9 with occurrence of intermediate peaks,
the type tested at the impact speed of 2.59m/s presumably pro-
ceeded in the process where the ice specimens had the inner sur-
face of the broken initial hitting point re-contacted the model
without the phenomenon of rotation or spring-up following
destruction of the initial hitting point after the ice specimen
collided with the bow side shell frame model.

3.2. Data analysis with occurrence of intermediate peaks

In the previous study (see, ref. (Lee et al., 2016)), the following
two reasons for the occurrence of an intermediate peak in an ice
load signal between ice-going ship and sea ices can be assumed.
One is in case that the front of the initial contact of the ice against
ship structure break before the maximum load. The other is when
the initially contacted ice section rotates momentarily. Additional
reasons can be possible. For example, the intermediate peak can
occur when broken ice chips get stuck between the ship structure
and the ice block during the icebreaking process. The aim of this
study is to investigate whether the intermediate peak occurs in the
first of the above cases.

Fig. 10 shows snap pictures filmed sequentially of the process
where the ice specimenwith summer ice surfaces collided with the
model at the impact angle of 20�, and the impact speed of 2.59m/s.

Fig. 10. Process of ice impact test with intermediate peak occurrence.

Fig. 11. Ice load signal using ice specimen with summer ice surfaces at impact angle of 20� and speed of 2.59m/s.

Fig. 12. Picture of broken ice specimen with summer ice surface at impact angle of 20�

and speed of 2.59m/s.
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Examination of Fig. 10 reveals that fragments sprang up due to
initial impact when the ice specimen collided with the model.
Subsequently, the process can be seen where the ice specimen
continues to contact the model without being rotated.

Fig. 11 shows the measurement data for the test case dealt with
in Fig. 10 in ice load signals. As can be seen from the graph, inter-
mediate peaks occurred during raising time. Subsequently, it can be
seen to have produced additional collisions while moving to the
model's tip. Also, considering the ice specimen broken by collision
after test, ‘vertex’ part of the ice specimen can be seen to have been
broken due to additional collisions after ‘edge’ as the initial hitting
point had been broken (Fig. 11). In view of Figs. 10e12, it is pre-
sumed that the initial hitting point was ‘edge’ and intermediate
peaks occurred as a result of re-contact with the broken inner
surface as the initial hitting point was broken.

Meanwhile, according to Table 3, about twice as many inter-
mediate peaks were observed when the ice specimens with sum-
mer ice surfaces were used compared to the ice specimens with
winter ice surfaces. Here, due to the difference in time exposed to
room temperature after freezing, the ice specimens with summer
ice surfaces are more likely to have breakage of the initial hitting
point of the having contacted the bow side framemodel. Therefore,

Fig. 13. No. of intermediate peak occurrence data by impact angle.

Fig. 14. No. of intermediate peak occurrence data by impact speed. Fig. 15. No. of intermediate peak occurrence data by hitting point.
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intermediate peaks are analyzed to have occurred due to re-contact
with inner surface or other surfaces immediately after the initial
hitting point was broken.

Fig. 13 shows a graph for the occurrence frequencies and prob-
abilities of intermediate peaks as a function of impact angle. To
compare between the impact angle of 20� and different impact
angles under the same conditions, occurrence probabilities
compared with the total frequency of tests were calculated addi-
tionally in the graph. In the graph for ice specimens with winter ice
surfaces, the intermediated peaks occurred most frequently for 24
times in the total of 63 times for the impact angle of 20� at the
occurrence probability of about 38.1%, and relatively infrequently
for 6 times and 10 times in the total of 42 time for 10� and 45�, at
the occurrence probabilities of about 14.3% and 23.8%, respectively.
In the graph for the ice specimens with summer ice surfaces, the
intermediate peaks occurred most frequently in the same way as
with the ice specimens with winter ice surfaces for 41 times in the
total of 63 time at the occurrence probability of about 65.1% for the
impact angle of 20�, and relatively infrequently for 22 times and 18
times in the total of 42 time at the occurrence probabilities of 52.4%
and 42.9% for 10� and 45�, respectively.

Based on this, the intermediate peaks can be seen to occur most
frequently at the impact angle of 20�, and least frequently at 10�

and 45� without distinction of ice surface conditions. However,
since the principle of continuous icebreaking in actual icebreakers
involves icebreaking by using weight of the vessel after riding on
level ice through powerful thrust, designing of stern angle as 45�

upon icebreaking is difficult. Therefore, analyzing that the inter-
mediate peaks occurred least frequently at the impact angle of 10�

is presumed to be rational.
Fig. 14 shows occurrence frequencies of intermediate peaks as a

function of impact speed as a graph. Examination of the graph re-
veals that the occurrence frequency of intermediate peaks tends to
increase with an increase in the impact speed up to 3.23m/s.
However, the occurrence frequency has been distinctly reduced
after 3.23m/s. In the test, the impact speed of 3.23m/s has realized
the actual vessel speed of 12.5knots. When a vessel collides with ice
while sailing at a high speed of about 12.5knots, the occurrence
probability is presumed to be lowered. In the graph for the ice
specimens with winter ice surfaces no intermediate peaks occurred
uniquely for the impact speeds of 1.13m/s and 1.60m/s at the

impact angle of 10� unlike the ice specimens with summer ice
surfaces.

Fig. 15 shows occurrence frequencies of intermediate peaks as a
function of initial hitting point of the ice specimen when the bow
side shell frame model collided with the ice specimen, and Fig. 16
shows pictures taken of the type where collision process is varied
due to a difference in the initial impact area. Although there is a
‘face’ case among the initial hitting point, it was excluded from the
analysis since it was measured only in the special situationwith the
impact angle of 90�. Based on the graph, more intermediate peaks
occurred irrespective of surface conditions when the initial hitting
point is'edge. In view of Figs. 13 and 16, the possibility of contact
with inner surface immediately after the ‘edge’ part is broken is
presumed to be increased in the closer to summer ice surfaces.

4. Conclusions

In this study, the bow side she of the icebreaking research vessel
ARAON ship was produced as a model. And ice impact tests were
performed by using 2 types of ice specimenwith variation of room-
temperature exposure time. Differences observed as a function of
test variables in test data have been arranged comprehensively.
And additionally occurrence data for intermediate peaks affecting
time duration analyzed with focus. Through this, relationships
between intermediate peaks and time duration were identified.
And considerations on the occurrence causes for time duration
were attempted.

1. While the intermediate peaks occurred more frequently in the
data measured using the ice specimens with summer ice sur-
faces than the ice specimens with winter ice surfaces, the peak
stresses were measured to be generally higher in the tests using
the ice specimens with winter ice surfaces.

2. For 112 times among 164 times of data with occurrence of in-
termediate peaks, no phenomena of being rotated or springing
up were observed after destruction of the initial hitting point. In
viewof this, the process is presumed to have occurredwhere the
inner surface is re-collided with the model after the initial
hitting point is broken following collision in the type with
occurrence of intermediate peaks.

Fig. 16. Collision processes with different initial hitting points.
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3. When the ice specimens with summer ice surfaces were used,
the intermediate peaks occurred more frequently by about
twice compared with the ice specimens with winter ice sur-
faces. According to the analysis results for test images, this
seems attributable to the fact that the initial hitting point of the
ice having contacted with the model are easily broken in the
case of the ice specimens with weakened surface due to a
relatively long exposure time at room temperature after
freezing.

4. The intermediate peaks occurred most frequently at the occur-
rence probability of about 38.1% for the impact angle of 20� upon
tests using the ice specimens with winter ice surfaces, and
relatively infrequently at the occurrence probability of 14.3% at
10�. The intermediate peaks also occurredmost frequently at the
occurrence probability of about 65.1% for the impact angle of 20�

in the tests using the ice specimens with summer ice surfaces in
the same way as the ice specimens with winter ice surfaces,
while they occurred relatively infrequently at the occurrence
probability of 52.4% at 10�. Although occurrence frequency of
the intermediate peaks is increased with an increase in impact
speeds, the change of tendency based on 3.23m/s has been
identified. Also, when the bow side shell frame model collided
with the ice specimen, more intermediate peaks were observed
to occur when the initial hitting point of the ice specimens is
‘edge'.
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